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.1 EXECUTIVE SUMMARY

2 The United States Department of Energy (DOE) is responsible for the disposition of
3 transuranic (TRU) waste generated by the production of nuclear weapons and other
4 defense-related activities. Approximately 2.63 million ft3 (74,500 in 3) of these wastes
5 have been generated and are retrievably stored at government installations across the
6 country. It is projected that additional volumes of this waste will be generated through
7 decontamination and decommissioning activities in the future. The Waste Isolation Pilot
8 Plant (WIPP), located in southeastern New Mexico at a latitude of 32 degrees, 22
9 minutes, 11 seconds, north and a longitude of 103 degrees, 47 minutes, 30 seconds, west,

10 was sited and constructed to meet the criteria established by the scientific and regulatory
I1I community for the safe, permanent disposal of TRU and TRU mixed wastes. The
12 Environmental Protection Agency (EPA) Identification Numrber for the WIPP facility is
13 NM4890 139088.

14 TRU waste is defined as waste that contalns more than 100 nanocuries of alpha-emitting
15 TRU isotopes, with half'-lives greater than 20 years, per gram of waste. TRU-mixed

-- i,6  waste is waste that contains both hazardous waste and source, special nuclear, or by-
-47 product material subject to the Atomic Energy Act of 1954 ffiat is classified as TRU

*Y8 waste. In order to permanently dispose of TRU mixed waste, the DOE has elected to
19 petition the EPA for a variance from the Land Disposal Restrictions (LDR) of the
20 Resource Conservation and Recovery Act (RCRA), which are codified in Title 40 of the.21 Code of Federal Regulations (CER) Part 268. According -to the provisions of 40 CFR
22 §268.6, it may be demonstrated "to a reasonable degree of' certainty, that there will be no
23 migration of hazardous constituents from the disposal unit ... for as long as the wastes
24 remain hazardous." This document fulfills the requirements for the portions of a No-
25 Migration Variance Petition (NMVP), as outlined in 40 CFR § 268.6, and provides a
26 demonstration of no-migration for the operational time frame as well as after closure of
27 the facility.

28 The NMVP contains the following information:

29 0 Chapter 1 provides a brief discussion of the history of the WIPP project, a summary
30 of the site selection process, and a discussion of how the NMVP is structured to
31 demonstrate no migration for both the operational and pst-closure periods.

32 & Chapter 2 provides geological and hydrological characteristics of the site and
33 surrounding area. Geological descriptions include both regional and local geology
34 including structure, subsurface geology, geomorphology, geologic stability, soils, and
35 topography. -Hydrological descriptions include groundwater and surface water and
36 associated characteristics.

37 *Chapter 3 describes the facility systems with emphasis on those which prevent.38 migration of hazardous constituents such as location, design, layout, and barriers.
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1 Chapter 4 describes the wastes to be managed and disposed of at the facility and
2 incorporates the WIPP Waste Analysis Plan as submitted with the RCRA Part B
3 permit application.

4 0 Chapter 5 examines the potential environmental and human health impacts associated
5 with the waste emplacement activities at the WIPP facility throughout its projected 25
6 years of operation, as well as potential impacts during the 10-year closure period.

7 9 Chapter 6 details the monitoring activities planned at the W1PP facility.

8 0 Chapter 7 describes quality assurance programs and plans for each of the activities to
9 be completed in support of a no-mnigration variance.

10 0 Chapter 8 examines the potential long-term environmental and human health impacts
I1I associated with disposed waste at the WIPP facility after closure.

12 0 Chapter 9 provides an assessment of regulatory compliance with the no-migration
13 standards.

14 0 Chapter 10 contains the certification statement for this petition.

15 * Appendices should be considered part of this petition and detailed information in
16 support of the main body of the text. This includes, for example, long-term model
17 screening of features, events, and processes (FEPs).

18 The selected location of the WIPP facility was the result of extensive siting studies, which
19 began in 1973. The study focused on salt beds and salt domes, because salt was
20 recognized to be a good medium for a repository due to its low permeability and
21 radiological shielding properties. The U.S. Geological Survey (USGS) and the Oak
22 Ridge National Laboratory (ORNL) selected eastern New Mexico as the area which best
23 satisfied the tentative selection criteria. After additional criteria were considered, the Los
24 Medaiios site was chosen as the location for the geologic repository.

25 The characterization of the WIPP site shows that the geology, hydrology, climatology, air
26 quality, ecology, and cultural and natural resources are conducive to effective disposal of
27 TRU mixed waste with no migration of hazardous constituents beyond the unit boundary.

28 The design and operation of the WIPP facility are protective of human health and the
29 environment. Physical characteristics of the surface facilities, shafts and hoists,
30 underground waste disposal and support facilities, emergency response, waste
31 management support systems and engineered barriers combine to ensure that migration of
32 hazardous constituents from the disposal unit is prevented. Site policies and procedures
33 enhance the protection provided by the design of the facility through administrative
34 controls.
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@1 The waste destined for disposal at the WIPP facility must meet a stringent set of criteria.
2 These criteria were developed to address WIEPP operational. safety requirements,
3 applicable Department of Transportation (DOT) requirements, applicable Nuclear
4 Regulatory Commission (NRC) requirements, and applicable RCRA requirements.
5 Waste analysis will be performed at the generator/storage sites, and these activities will
6 be controlled through written operating procedures and verified through an audit program
7 conducted by WIPP facility personnel. Through this program, sites are granted the
8 authority to certify their waste as meeting the waste acceptance criteria and requirements.
9 Certification makes waste eligible for disposal at the WIPP facility.

10 The DOE has interpreted "no migration" to mean that hazardous constituents shall not
11I exceed agency-approved human health-based levels (HBLs) b~eyond the boundary of the
12 disposal unit. Prior to final closure of the WIPP facility, the potential for migration of
13 hazardous constituents exists because of the volatilization of organic compounds from
14 waste containers through air. After closure, the potential exis~ts for migration of
15 contaminated gas and brine through the subsurface.

-!ý6 During waste emplacement, concentrations resulting from the release of volatile organic
J7 compounds (VOCs) fromi the repository will not exceed HI3Ls at the point of compliance.

-.- "18 The point of compliance is 5.0 ft (1.5 m) above the ground surface within the WJPP site
19 boundary near the Exhaust Shaft. The DOE has specified a point 5.0 ft (1.5 mn) above the@20 ground immediately adjacent to the underground ventilation exhaust duct as the no-
21 migration boundary for emissions during operations and closure. This point has been
22 selected, because it is the nearest point to the emission source; where a hypothetical
23 individual could be exposed to hazardous constituents from disposed waste. Calculations
24 based on existing headspace VOC analyses and characteristics of the facility demonstrate
25 that there will be no migration of hazardous constituents dunring waste emplacement
26 activities above acceptable HBLs. In addition, during waste emplacement, the release of
27 VOCs from the repository will not pose a significant health ri sk to the public outside the
28 site boundary.

29 The long-term performance of the underground disposal unit has been modeled to
30 demonstrate that there will be no migration of hazardous cons;tituents from the disposal
31 unit for as long as the wastes remain hazardous. For the post-closure period, the unit
32 boundary used to demonstrate compliance for the Waste Isolation Pilot Plant (WIPP)
33 facility is defined as the portion of the Salado Formation bounded laterally by the land-
34 withdrawal area. Both gas flow and brine flow were examnined using modeling
35 techniques and bounding calculations, and the results show, that the repository will be an
36 effective disposal unit for TRU mixed waste for 10,000 years.

37 Various monitoring activities are conducted and will be conducted throughout the
38 operational life of the facility. These activities include metecrological monitoring, air@39 quality monitoring, water quality sampling, wildlife population monitoring, and aerial
40 monitoring. VOC monitoring has been conducted since 199 1. With more than four years
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I of data having been collected, a credible basis for determining the WIPP facility's
2 background levels of the targeted VOCs has been established.

3 The concentrations of VOCs at the point of compliance during disposal operations and
4 facility closure have been estimated to be one-third to five orders of magnitude below
5 HBLs. Because these calculations were based on conservative assumptions, and because
6 the DOE has collected more than four years of data to support the validity of background
7 levels of VOCs in air, the DOE will implement confirmatory VOC monitoring activities
8 into the disposal phase.

9 Quality assurance (QA) programs define the management systems to be employed to meet
10 the requirements prescribed by the Carlsbad Area Office's (CAO's) Quality Assurance
I1I Program Document (QAPD). The purpose of specifying requirements for QA programs
12 is to ensure that all participants develop and implement effective management systems to
13 ensure that items, processes, and services meet or exceed applicable CAO QA
14 requirements.
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.1 1.0 Introduction
2 Abstract*
3
4
5 The United States Department of Energy (DOE) is responsible for the disposition of
6 transuranic (TRU) waste generated by the production of nuclear weapons and other
7 defense-related activities. Approximately 2.63 million ft3' ('74,500 in') of these wastes
8 have been generated and are stored at government installations across the country. It is
9 projected that additional volumes of this waste will be generated through

10 decontamination and decommnissioning activities in the future. The Waste Isolation Pilot
11 Plant (WIPP), located in southeastern New Mexico, was sited and constructed to meet the
12 criteria established by the scientific and regulatory community for the safe, permanent
13 disposal of TRU and TRU-mixed wastes.
14
15 TRU waste is defined as waste that contains more than 100 nanocuries of alpha-emitting
16 TRU isotopes, with half-lives greater than 20 years, per graim of waste. TRU-mixed
17 waste is waste that contains both hazardous waste and sourcte, special nuclear, or by-
18 product material subject to the Atomic Energy Act of 1954 that is classified as TRU
19 waste. In order to permanently dispose of TRU-mixed waste, the DOE has elected to

,---,,20 petition the Environmental Protection Agency (EPA) for a variance from the Land
l Disposal Restrictions (LDR) of the Resource Conservation and Recovery Act (RCRA),

22 which are codified in Title 40 of the Code of Federal Regulations (CFR) Part 268. This
23 document fulfills the requirements for the portions of a No-Migration Variance Petition

24 (NMVP), as outlined in 40 CFR § 268.6, relevant to a demionstration of compliance.
25
26 Project Overview
27
28 The regulations require that the DOE demonstrate that the WIPP will isolate the wastes
29 placed in it for 10,000 years. The DOE has developed a phiased approach demonstrating
30 the performance of the WIPP facility. The phased approach implemented by DOE
31 provides the information needed to predict how the disposal system will perform during
32 the 10,000-year period. The phases are as follows:
33
34 0 Siting Phase
35
36 0 Site and Preliminary Design Validation Phase
37
38 a Construction Phase
39
40 0 Disposal Phase
41
42 0 Decommissioning Phase
43. 44 0 Post-Decommissioning Phase
45
46
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1 Site Selection
2
3 The site selection process for the WIPP began in 1973 with a review of information on
4 potential disposal media. This work focused on salt beds and salt domes. The tentative
5 selection criteria used in the initial stage of the process emphasized radiation and mine
6 safety, hydrologic isolation, and ease of construction. The criteria specified the following
7 conditions: 1,000-2,500 ft (305-762 mn) depth to salt, 200 ft (61 m) minimum of salt
8 thickness, lateral extent of salt sufficient to protect against dissolution, favorable tectonics
9 (low historical seismicity and no salt-flow structures nearby), minimal groundwater, low

10 resource potential, minimum number of existing boreholes, low population density, and
11 maximum use of federal lands. The U.S. Geological Survey (USGS) and the Oak Ridge
12 National Laboratory (ORNL) selected eastern New Mexico as the area which best
13 satisfied the tentative selection criteria from the bedded salt regions surveyed.
14
15 The Delaware Basin site was determined to be the best area. Eight additional selection
16 criteria were considered at this stage in the process:
17
18 1. The site should be at least 6 mi (10 kin) from the Capitan Limestone, referred to as
19 the "Capitan Reef," a major aquifer, to avoid any possible deformation hazard related
20 to the nearness of the reef.
21
22 2. To minimize potential conflicts with exploration of mineral resources, the central
23 4 mi2 (10 kin2 ) of the repository itself should not be in the Known Potash District, and
24 as little as possible of the surrounding buffer zone should be in the district.
25
26 3. No part of the central area should be less than 1 mi (1.6 kin) away from holes drilled
27 through the Castile Formation into underlying rocks in order to avoid dissolution by
28 water flowing upward through an inadequately plugged borehole.
29
30 4. Known oil and gas stratigraphic trends should be avoided.
31
32 5. The nearest dissolution front should be at least 1 mi (1.6 km) from the site.
33
34 6. The bedding of geological strata should be nearly flat as can be determined by surface
35 geophysical investigations to ensure mine safety and ease of construction and to avoid
36 the need for numerous exploratory holes that could pose a subsequent risk to the
37 integrity of the repository.
38
39 7. Salt of high purity should be available at depths between 1,000 and 3,000 ft (305 and
40 914 mn) to ensure mine safety and ease of construction. In addition, a salt thickness of
41 200 ft (61 mn) or more is preferred to confine thermal and mechanical effects to the
42 salt.
43
44 8. The use of state and private land should be minimized, especially in the central area,
45 to simplify land acquisition and to avoid any relocation of residents.
46
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I Based on these additional criteria in the site selection process, the Los Medafios site was
2 chosen for evaluation as the location for the geologic repository.
3
4 Regulatory Framework
5
6 In 1984, Congress enacted the Hazardous and Solid Waste Amendments (HSWA) to the
7 RCRA, which established, in § 3004(d)-(m), a stringent regulatory program to prohibit
8 the land disposal of hazardous waste unless (1) the waste is treated to meet the standards
9 or otherwise satisfy the requirements established by the EPAý under § 3004 (in); or (2) the

10 waste is disposed of in a land disposal unit that has been determined by the EPA to satisfy
I1I the statutory no-migration standard. In order to meet the second condition, it must be
12 demonstrated "to a reasonable degree of certalnty that there will be no migration of
13 hazardous constituents from the disposal unit ... for as long as; the wastes remain
14 hazardous." If such a demonstration can be made, an NMVP is submitted to the EPA by
15 the operator of the facility. A no-migration variance may be granted if, upon review of
16 the NMVP, the EPA determines that the operator of the faciiity has successfully
17 demonstrated no-migration of hazardous constituents in accordance with the requirements
18 of 40 CFR §268.6.
19
20 The WIPP facility qualifies as a land disposal unit under the following definition in 40
21 CFR §268.2:
22
23 "Land disposal" means placement in or on the land and includes... .placement in a landfill, surface

W 24 impoundment, waste pile, injection well, land treatment facility, salt dome formation, salt bed
25 formation, underground mine or cave, or concrete vault or bunker intended for disposal purposes.
26 ýmphasis added)
27 )

28 Pur'suant to the provisions of 40 CER § 268.6, the DOE submitted an NMVP for the
29 WIPP test phase in March 1989 and a revision in 1990. A final test phase No-Migration
30 Determination (NMD) was granted by the EPA in November 1990 (55 FR 47700). The
31 NMD allows the DOE to emplace a limited quantity of untreated TRU-mixed waste in the
32 WI[PP facility for testing. Since the NMD is only applicable to test-phase activities, the
33 DOE must seek another variance for permanent disposal of TRU-mixed waste in order to
34 proceed with the disposal phase.
35
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O1 1.0 INTRODUCTION

2 The United States Department of Energy (DOE) is responsible for the disposition of
3 transuranic (TRU) waste generated by the production of nuclear weapons and other
4 defense-related activities. Approximately 2.63 million ft3 (74,500 in3 ) of these wastes
5 have been generated and are stored at government installaticons across the country. It is
6 projected that additional wastes will be generated in the future. The Waste Isolation Pilot
7 Plant (WIPP), located in southeastern New Mexico, was sited and constructed to meet the
8 criteria established by the scientific and regulatory community for the safe, long-term
9 disposal of TRU and TRU-mixed wastes.

10 TRU waste is defined as waste that contains more than 100 nanocu ries of alpha-emitting
I I TRU isotopes, with half'-lives greater than 20 years, per grami of waste. TRU-mixed
12 waste is waste that contains both hazardous waste and source, special nuclear, or by-
13 product material subject to the Atomic Energy Act of 1954 that is classified as TRU
14 waste. In order to permanently dispose of TRU-mixed waste, the DOE has elected to
15 petition the U.S. Environmental Protection Agency (EPA) fcr a variance from the Land
16 Disposal Restrictions (LDR) of the Resource Conservation and Recovery Act (RCRA),
17 which are codified in Title 40 of the Code of Federal Regula Lions (CFR) Part 268. This

8 document fulfills the requirements for the portions of a No-Migration Variance Petition
/19 (NMVP), as outlined in 40 CFR § 268.6, relevant to a demonstration of compliance
20 during disposal operations, the closure period, and post-closure period.

@ 21 1.1 Project Overview

22 The DOE was authorized by the DOE National Security and Military Applications of the
23 Nuclear Energy Authorization Act of 1980 (Public Law 96-1,54) and funded by Congress
24 to provide a research and development facility to demonstrate the safe disposal of
25 radioactive waste resulting from defense activities and programs of the United States.
26 The WIPP facility near Carlsbad, New Mexico, was constructed to determine the efficacy
27 of an underground repository for disposal of TRU and TRU-xnixed wastes. The WIPP
28 Land Withdrawal Act (LWA) of 1992 (Public Law 102-579) transferred jurisdiction of
29 the land used for the WIPP project from the Secretary of the D~epartment of Interior to the
30 Secretary of the DOE and provided additional authorization to continue the activities
31 initiated by Public Law 96-164. The LWA requirements relevant to this petition focus on
32 compliance with the hazardous waste disposal regulations issaLed by the EPA. Once the
33 DOE demonstrates compliance with the disposal regulations and a no-migration variance
34 is obtained and other prerequisites in the LWA met, the WIPP facility will be used for the
35 permanent disposal of TRU and TRU-mixed wastes.

36 It must be demonstrated, to a reasonable degree of certainty, that hazardous constituents
37 will not migrate from the disposal unit for 10,000 years. The phased development of the
38 WIPP facility that the DOE has chosen to follow is intended to provide adequate

@ 9 knowledge of how the disposal system will perform in this timae frame.
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I Development of the WLPP facility began with a siting phase. During this phase, several0
2 sites were evaluated and the present site was selected on the basis of extensive
3 geotechnical research, supplemented by testing (see Section 1.2). The results of these
4 studies are reported in Powers et al. (1978), which is included as Appendix GCR. Based
5 upon the favorable properties of the selected site, the repository was designed and safety
6 analyses were prepared. Subsequent research has expanded the understanding of the
7 geologic, hydrologic, geochemical, and mechanical properties of the host rock and
8 surrounding strata of the site. The siting phase ended with the publication of a Final
9 Environmental Impact Statement (FEIS) in 1980, which evaluated alternatives for the

10 safe, long-term isolation of TRU waste. The Record of Decision (ROD) concluded that
I I the phased development of the WIPP facility was the preferred alternative -of those
12 considered.

13 The site and preliminary design validation (SPDV) phase followed the siting phase.
14 During this phase, two shafts were constructed, an underground testing area was
15 excavated, and various geologic, hydrologic, and other geotechnical features were
16 investigated, further expanding the knowledge of the site's characteristics. In addition,
17 methods for assessing the long-term performance of the WJ[PP facility were evaluated. A
18 series of geologic and hydrologic studies began in 1984 under an agreement between the
19 DOE and the State of New Mexico. The majority of these studies are summarized in
20 Lappin (1988) which, in effect, concluded the site characterization; however, limited
21 geologic and hydrologic studies of the WIPP site continue. Lappin (1988) is included in
22 this petition as Appendix SUM.

23 The construction phase followed the SPDV, during which surface structures for receiving
24 waste were built and underground excavations were completed for waste emplacement.
25 The DOE reached its decision to end the construction phase after all prerequisites for
26 ending construction were met and documented. These documents used the data collected
27 since 1980 to evaluate the potential short-term and long-term impacts of the WIPP
28 facility. The Final Safety Analysis Report (FSAR) was then written, approved, and
29 published.

30 At the conclusion of the construction phase, the DOE proposed to initiate a test phase that
31 would include testing with TRU and TRU-mixed wastes at the WIPP facility. In October
32 1993, the DOE decided not to conduct these tests at the WIPP facility. Instead, the DOE
33 implemented an accelerated regulatory compliance program, which focused on activities
34 and experiments directly relevant to a demonstration of compliance with applicable long-
35 term disposal regulations.

36 Once a successful demonstration of compliance with applicable federal and state laws and
37 regulations is made, the DOE will proceed through three additional phases at the WIPP
38 facility: a disposal phase, a decommissioning phase (closure), and a post-
39 decommissioning (post-closure) phase. The disposal phase, projected to last 25 years,

40 will consist of receiving, handling, and emplacing TRU and TRU-mixed wastes in the
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.I repository and will end when the design capacity of the repository has been reached.
2 Additional scientific studies may continue during the disposal phase.

3 The decommissioning phase will follow the disposal phase. The repository will be
4 prepared for permanent closure during this phase. Surface facilities will be
5 decontaminated and decommissioned, underground excavat:.ons will be prepared for
6 closure, and shaft seals will be emplaced. This phase is projected to last for 10 years.

7 The post-decommissioning phase will consist of active and passive institutional controls.
8 Active institutional controls will include activities such as control of access to the site.
9 Such controls will be implemented consistent with applicable regulations and permit

10 conditions and will continue for at least 100 years. The passive institutional control
I1I system is designed to provide "defense-in-depth" and includ-.s notification devices such
12 as permanent markers and records. These controls will be designed to ensure that the

'~13 potential for future, inadvertent human intrusion is unlikely.

&>'14 1.2 Site Selection Process

15 Salt deposits have been recognized as a medium well suited -for radioactive waste
16 disposal since the completion of a National Academy of Sciences-National Research
17 Council (NAS-NRC) study in 1955 (NAS-NRC [1957]'. Salt has a relatively high. 18 thermal conductivity, which serves to conduct heat away from the waste rapidly, and has
19 favorable plastic (creep) properties that permnit the absorption of significant pressure
20 without fracturing. The existence of large salt deposits demionstrates isolation from
21 circulating groundwaters for long periods of geologic time; moreover, the depositional
22 nature and the preservation of large salt deposits demonstrate that the region has been
23 stable for long periods of time.

24 The site selection process for the WIPP facility began in 1973 with a review of
25 information on potential disposal media. This work focused on salt beds and salt domes.
26 The tentative selection criteria used in the initial stage of the process emphasized
27 radiation and mine safety, hydrologic isolation, and ease of construction. The criteria
28 specified the following conditions: 1,000 to 2,500 ft (305 to 762 m) depth to salt, 200-ft
29 (6 1-rn) minimum of salt thickness, lateral extent of salt sufficient to protect against
30 dissolution, favorable tectonics (low historical seismicity and no salt-flow structures
31 nearby), minimal groundwater, low resource potential, minimrum number of existing
32 boreholes, low population density, and maximum use of federal lands. The United States
33 Geological Survey (USGS) and the Oak Ridge National Laboratory (ORNL) selected
34 eastern New Mexico as tbe area that best satisfied the initial selection criteria from the
35 bedded salt regions surveyed.

1While endorsing salt as a favorable medium for the disposal of high-leve'. liquid waste, the NAS-NRC
acknowledged that it had not conducted sufficient research in this area. T-ie NAS-NRC assumed that the
necessary research would be completed prior to a decision to proceed with the construction and operation of
such a disposal unit.
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I During the second stage of the selection process, two of three New Mexico locations were
2 determined to be inadequate: the Clovis-Portales site, because shallow salt formations
3 had a significant clay content and the purer salt formations were too deep; and the
4 Mescalero Plains area, because of extensive oil field development. After shifting the
5 potential site twice (in order to avoid borehole penetrations of the salt within 2 mi [3.2
6 kmn] of the repository border), the ORNL reduced the distance criterion to 1 mi (1.6 kin)
7 and selected a site in the Delaware Basin for extensive characterization.

8 In the final stage of the process, eight areas of the New Mexico portion of the Delaware
9 Basin in Eddy and Lea counties were evaluated by the Energy Research Development

10 Administration (ERDA). Eight additional selection criteria were considered at this stage
11 in the process:

12 1 . The site should be at least 6 mi (10 kin) from the Capitan Limestone, a major aquifer
13 referred to as the "Capitan Reef," to avoid any possible deformation hazard related to
14 the proximity of the reef.

15 2. To minimize potential conflicts with exploration for mineral resources, the central
16 4 mi2 (10 kin2) of the repository itself should not be in the Known Potash District, and
17 as little as possible of the surrounding buffer zone should be in the district.

18 3. No part of the central area should be less than 1 mi (1.6 kin) away from holes drilled
19 through the Castile Formation into underlying rocks in order to avoid dissolution by
20 water flowing upward through an inadequately plugged borehole.

21 4. Known oil and gas stratigraphic trends should be avoided.

22 5. The nearest dissolution front should be at least 1 mi (1.6 kin) from the site.

23 6. The bedding of geologic strata should be nearly flat, as can be determined by surface
24 geophysical investigations, to ensure mine safety and ease of construction and to
25 avoid the need for numerous exploratory holes that could pose a subsequent risk to
26 the integrity of the repository.

27 7. Salt of high purity should be available at depths between 1,000 and 3,000 ft (305 and
28 914 m) to ensure mine safety and ease of construction. In addition, a salt thickness of
29 200 ft (61 mn) or more is preferred to confine thermal and mechanical effects to the
30 salt.

31 8. The use of state and private land should be minimized, especially in the central area,
32 to simnplify land acquisition and to avoid any relocation of residents.

33 The Los Medafios site was found to best meet the additional selection criteria. The EIS
34 provided the basis for making the final decision regarding siting the WIPP facility at the
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1 Los Medafios site. This decision weighed the numerous advantages of the location and its
2 suitability against potential adverse environmental impacts. The WIPP site

3 (Figure 1 -1) was selected as the best of the available areas considered. The specific
4 horizon in the bedded salt was selected because of its desirable stratigraphic features.
5 The stratigraphy is continuous throughout a large geographic area, and clay seams and
6 interbeds of anhydrite or polyhalite are removed from the repository horizon. The facility
7 has been constructed at a horizon such that operational and rock-support problems are
8 minimized.

9 Subsequent validation and construction activities have confirmed that the site's features
10 are suitable for the long-term isolation of radioactive and hazardous wastes.

11 1.3 Regulatory Framework

~12 In 1984, Congress enacted the Hazardous and Solid Waste Amendments (HSWA) to the
RCRA which established, in § 3004(d)-(m), a stringent regulatory program to prohibit the

14 land disposal of hazardous waste unless (1) the waste is treat~ed to meet the standards or
15 otherwise satisfy the requirements established by the EPA under § 3004(m); or (2) the
16 waste is disposed of in a land disposal unit that has been determined by the EPA to satisfy
17 the statutory no-migration standard. In order to meet the second condition, it must be

* 18 demonstrated "to a reasonable degree of certainty that there will be no migration of
19 hazardous constituents from the disposal unit. ... for as long as the wastes remain
20 hazardous." If such a demonstration can be made, an NM*VP is submitted to the EPA by
21 the operator of the facility. A no-migration variance may be granted if, upon review of
22 the NMVP, the EPA determines that the operator of the facility has successfully
23 demonstrated no migration of hazardous constituents in accordance with the requirements
24 of 40 CER § 268.6.

25 The WIPP facility qualifies as a land disposal unit under the following definition in
26 40OCFR § 268.2:

27 "Land disposal" means placement in or on the land and includes. .placemnent in a landfill,
28 surface impoundment, waste pile, injection well, land treatment facility, salt dome formation,
29 salt bed formation, underground mine or cave, or concrete vault or bunker intended for
30 disposal purposes. [emphasis added]

31 Pursuant to the provisions of 40 CFR § 268.6, the DOE submitted an NMVP for the
32 WIPP test phase in March 1989 and a revision in 1990. A final test phase No-Migration
33 Determination (NMD) was granted by the EPA in November 1990 (55 FR 47700) (EPA
34 1990). The NMD allows the DOE to emplace a limited quantity of untreated TRU-mixed
35 waste in the WIPP facility for the purpose of testing. Because the NMD is applicable
36 only to test-phase activities, the DOE must seek another variance for permanent disposal
37 of TRU-mixed waste in order to proceed with the disposal phase.

@38 The EPA draft guidance document, "No Migration" Variances to the Hazardous Waste
39 Land Disposal Prohibitions: A Guidance Manual for Petitioners (EPA 1992), interprets
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1 "6no migration" as no movement of hazardous constituents beyond the unit boundary in
2 concentrations exceeding EPA-approved health-based levels (HBLs). HBLs are media-
3 specific levels of exposure believed by the EPA to be adequately protective of human
4 health.

5 The unit boundary for the WJPP facility is defined as the portion of the Salado Formation
6 (hereafter referred to as the Salado) bounded laterally by the land-withdrawal area. The
7 unit boundary is used as the point of compliance for demonstrating no migration of
8 hazardous constituents; the demonstration is made for a 10,000-year period.

9 During operations, the disposal unit is defined as the underground facility., The DOE has
10 specified a point 5.0 ft (1.5 mn) above the ground immediately adjacent to the underground
I1I ventilation exhaust duct as the no-migration boundary for emissions during operations.
12 This point has been selected since it is the nearest point to the emission source where a
13 hypothetical individual could be exposed to hazardous constituents from disposed waste.

14 Releases that exceed the following no-migration standards at the points of compliance
15 will be considered migration:

16 0 HBLs for air, based on an annual average
17 0 H-BLs for soil ,

18 0 HBLs for water.

19 1.4 Application Synopsis

20 The purpose of this document is to demonstrate, according to the requirements of 40 CFR
21 § 268.6, that there will be no migration of hazardous constituents from the WIPP facility
22 during disposal operations, closure of the facility, and after closure.

23 Chapter 2 presents a thorough discussion of the WIPP facility's natural environment. The
24 geology, hydrology, climatology, and meteorology of the site are described in detail along
25 with any other environmental factors that could affect repository performance.
26 Background environmental conditions are also described.

27 A description of the overall facility and its operations is presented in Chapter 3.
28 Specifically, descriptions of surface waste-handling and support facilities, shafts and
29 hoists, underground waste disposal and support facilities, emergency response, and waste
30 management support systems are included. Preliminary discussions of engineered
31 barriers are provided, as well as the facility closure and post-closure plans.

32 Chapter 4 includes a discussion and identification of the wastes the DOE intends to
33 dispose of at the WIPP facility. The chapter includes specific information relative to
34 waste types, the sources of the wastes, applicable RCRA hazardous waste codes,
35 descriptions of waste-generating processes, anticipated waste quantities, and other
36 relevant chemical and physical properties. Also included is a summary of the analytical
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.1 methods to be used in waste characterization activities as well as a discussion of future
2 plans for waste characterization activities.

3 Impacts to human health and the environment, as a result of the land disposal of TRU-
4 mixed waste during disposal and closure, are defined in Chapter 5. An assessment of all
5 viable release pathways is conducted to determine the criteria. for demonstrating no
6 migration during the operational and closure per *iods. The projected excess risk to the
7 public is compared to acceptable levels of risk defined by the EPA. In addition, this
8 chapter provides an analysis of infrequent events and processes that contribute to
9 uncertainty in the no-migration demonstration for the operational and closure periods.

10 Chapter 6 provides a description of the monitoring programs at the WIPP facility.
11 Monitoring activities will focus on the air pathway during disposal operations. The
12 concept of long-term monitoring is introduced in this chapter and Appendix LTM.

13 Chapter 7 describes the minimum requirements pertaining to DOE quality assurance

14 (QA) programs for the WIPP facility. QA programs for specific activities and the data
15 quality objectives, established as appropriate for these programs, are also described
16 throughout the document.

. 17 Chapter 8 provides an assessment of the long-term impacts tD human health and the
18 environment. The potential for migration of hazardous consd~tuents in the brine and gas
19 phase beyond the unit boundary is evaluated to identify all viable release pathways.
20 Modeling techniques and bounding analyses are used to demonstrate compliance to HBLs
21 for the applicable media. Also included is an analysis of feat~ures, events, and processes
22 that contribute to uncertainty in the no-migration demonstration for the post-closure
23 period.

24 An assessment of compliance with the no-migration standard~s is addressed in Chapter 9;
25 the specific requirements of 40 CFR § 268.6 are addressed individually. Based on
26 information and results presented in the previous chapters, a demonstration of compliance
27 is made for disposal operations, closure operations, and post-closure periods.

28 Chapter 10 provides the mandatory certification statement specified in 40 CER § 268.6.
29 This certification statement is signed by a representative of the petitioner, the DOE, who
30 is the owner and operator of the WLPP facility. DOE policy requires its facility
31 management and operating contractor to also sign certifications as "co-operator."
32 Therefore, the certification is also signed by a representative of the Westinghouse Electric
33 Corporation, Waste Isolation Division.

34 Supporting documents, such as project plans, procedures, and data are included as
35 appendices. In May 1995, the DOE submitted a draft version of this petition, which. 36 included all relevant information for the operational and closuare periods. This final
37 version of the petition includes Chapter 8 and other supporting documentation in
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1 appendices demonstrating no migration for the post-closure period. It also includes
2 updated information from the draft version.

3 This petition has been prepared in accordance with 'No Migration" Variances to the
4 Hazardous Waste Land Disposal Prohibitions: A Guidance Manualfor Petitioners
5 (Draft) (EPA 1992). Even though this guidance manual is draft, the EPA Office of Solid
6 Waste has indicated that it is appropriate for use by the DOE in preparation of this NMVP
7 submittal. The guidance manual includes a "Checklist of Information Needs" to assist the
8 petitioner in providing a complete document. Table I -1 provides this checklist and
9 indicates where specific information may be found within the petition.
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@1 Table 1-1. Checklist of Information Needs

2 hfornation Need Addressed in Section

3 Facility Description

4 Name of facility 1.0

5 Address of facility 3.0

6 Name of owner/operator 3.0

7 Anticipated period of operation 3.0

8 Status of RCRA permit application Appendix BECR

> 9 Location map 1.2

110 Detailed site plan 3.2

I1I Aerial surveys Appendix SIJRV

12 Advantages/disadvantages of location 1.2

13 Evaluation of storage/disposal unit

14 Design objective 3.1.15 Design criteria 3.2

16 Design performance projection 3.2

17 Materials specifications 3.2

18 Detailed drawings and specifications 3.2

19 Documentation of unit construction 3.2

20 Documentation of unit operation 3.2.3, 3.2.4, 3.4.1

21 Closure plans 3.7, Appendix CLP

22 Post-closure plans 3.7, Appendix CLP

23 Cover design 3.7

24 Design QA/QC demonstration (testing and inspection) 3.1, 3.2

25 Facility operation QAJQC demonstration 3.2, 3.4

26 Waste Characteristics

27 Waste type by name 4.1, 4.3, Appendix WAP

28 Processes that produced the waste 4.3.4.5, Appendix WAP

29 Hazardous properties 4.3.3, 3. 1. 1, Appendix WAP, Appendix

1 1 LTHBL
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Table 1 -1. Checklist of Information Needs (continued)

2 Informationi Need Addressed in Section

1 Physical characteristics 4.3.2, Appendix WAP,
Appendix SCR

2 Chemical characteristics 4.3.3, Appendix WAP,
Appendix SCR

3 Biological properties 4.3.3.3, 8.2.3.3,
Appendix SCR

4 Constituents and percentages of constituents 4.3.6, 8.3.2, Appendix WAP

5 Analytical methods and results 4.3.4, Appendix WAP

6 Projection of waste volume to be disposed 4.1

7 Quantity of banned waste being disposed 4.1

8 Frequency of disposal 4.1

9 Period of time waste has been and will be disposed 4.1

10 Handling procedures 3.2

11 Waste treatment before, during, and after disposal 3.2, 3.4

12 Liquid phase mobility information 8.3.3, 8.4. 1, Appendix SCR, Appendix
PAR, Appendix BRAGFLO

13 Gas/particulate mobility 8.3.2, 8.4. 1, Appendix SCR, Appendix
PAR, Appendix BRAGFLO

14 Solid phase mobility 8.3.3, 8.4. 1, Appendix SCR

15 Dust generation potential N/A'

16 Gas-liquid phase interactions 8.3.1, 8.4. 1, Appendix SCR, Appendix
PAR, Appendix BRAGFLO

17 Persistence/degradation potential in unit and environment 4.3.3.3, 8.3.1, Appendix SCR

18 QA/QC demonstration 4.3.1, 7.3.5

19 Waste Transformation and Immobilization

20 Estimation of quantity and quality of leachate formation 8.2.5, 8.4. 1, Appendix SCR, Appendix
OUTPUT

21 Waste/waste compatibility, interaction, reaction products 4.3.3.2, Appendix SCR

22 Waste liner compatibility N/Ab

23 Assessment of biodegradation potential 4.3.3.3, Appendix SCR

24 Assessment of oxidation/reduction potential 4.3.3.3, Appendix SCR

25 Assessment of immobilization due to insolubility Appendix SCR
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Table 1 -i1. Checklist of Information Needs (continued)

2 Information Need Addressed in Section

1 Assessment of photodegradation potential N/AC

2 Assessment of immobilization due to hydrolysis __ Appendix SCR

3 Assessment of immobilization due to adsorptivity LAppendix SCR

4 Site Characterization

5 Surficial geology and soils (regional and local)

6 Topography 2.1.4.2, Appendix SCR

Soil types 2.1.3. 10, Appendix SCR

8 Soil properties 2.1.3. 10, Appendix SCR

9 D epth to bedrock 2.1.3, Appendix SCR

10 Bedrock geology (regional and local)

11 Stratigraphy and lithology 2.1.3, Appendix SCR

12 Seismic activity of area 2.6, Appendix SCR.13 Assessment of ground motion potential and degree 2.6, Appendix SCR

14 Geologic cross-sections 2.1.3

15 Degree of bedrock faulting and fracturing 2.1.5, Appendix SCR

16 Rock characterization 2.1, Appendix SCR

17 Groundwater hydrology (regional and local)

18 Water table map 2.2.1.5

19 Seasonal variations, in the water table N/A', Appendix SCR

20 Identification of all aquifers and aquitards 2.2.1, Appendix SCR

21 Characterization of all aquifers 2.2.1, Appendix SCR

22 Vertical and horizontal hydraulic conductivity 2.2. 1, Appendix MASS

23 Aquifer interconnection 2.2. 1, Appendix SCR

24 Description of groundwater monitoring program 6.1, 2.4.2, Appendix SER

25 Monitoring QAIQC documentation 7.3.6, Appendix SER

26 Surface-water hydrology' _____________

27 Location of all watersheds I2.2.2
O28 Map of drainage patterns . 2.2.2

29 Map of floodplain 12.2.2
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Table 1-1. Checklist of Information Needs (continued)

2 Infrmation Need JAddressed in Section

1 Flood analysis J2.2.2
2 Meteorology/climatology

3 Wind rose 2.5, Appendix SER

4 Precipitation records 2.5, Appendix SER

5 Temperature records 2.5, Appendix SER

6 Relative humidity records 2.5, Appendix SER

7 Maps of storm tracks .2.5, Appendix SER

8 Monitoring Plan

9 Media to be monitored 6.1, 2.4, Appendix SER

10 Type of monitoring to be conducted at the unit 6.1, 2.4, Appendix SER

I1I Location of monitoring stations 6.1, 2.4, Appendix SER

12 Frequency of monitoring at each station 6.1, 2.4, Appendix SER

13 Specific hazardous chemicals to be monitored 6.1, 2.4

14 Implementation schedule for the monitoring program 6.1

15 Equipment used at the monitoring stations 6.1

16 Sampling and analytical techniques employed 6.1

17 Data recording/reporting procedures 6.1

18 Waste Mobility

19 Unsaturated zone soilsf

20 Soil samplings 2.1.3.4, Appendix GCR, Appendix PAR

21 Soil testing 2.1.3.4, Appendix GCR, Appendix PAR

22 Unsaturated zone physical properties'

23 Volumetric water content 2.2.1.3, 8.4, 8.4. 1, Appendix MASS-

24 Degree of water saturation 2.2.1.3, 8.4, 8.4. 1, Appendix MASS

25 Bulk density 2.2.1.3, 8.4.2.1

26 Pressure potential 2.2.1.3, 8.2.8, 8.4. 1, Appendix
BRAGFLO, Appendix PAR, Appendix

OUTPUT

27 Relative permeability 2.2.1.3, 8.2.3.2, 8.4. 1, Appendix PAR,
________________________________Appendix BRAGELO
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Table 1t-1. Checklist of Information Needs (continued)

2 Informati on Need Addressed in Section

1 Unsaturated hydraulic conductivity 2.2.1.3, Appendix PAR, Appendix MASS

2 Water capacity 2.2-..1 3, Appendix PAR, Appendix
BRAGFLO

3 Water diffusivity N/Ah

4 Leachate characteristics affecting mobility_______________

5 Leachate characterization Appendix SCR

6 Leachate interactions Appendix SCR

7 Secondary leachate evaluation Appendix SCR

8 Evaluation of transport mechanisms 5.1.1, 8.2.7, 8.3, 8.4. 1, Appendix SCR

9 Evaluation of fate of contaminants in unsaturated zone Appendix SCR

10 Vapor concentration of constituents at the source 5.2.2, 8.3.2, Appendix SCR

11 Vapor pressure of constituents 8.3.2. 1, Appendix SCR

12 Solubility data for constituents 8.3.3, Appendix SCR.13 Activity coefficients N/A'

14 Henry's Law constant 8.3.3, Appendix SCR

15 Background measurements for air 2.4.3, Appendix BAD

16 Assessment of volatilization potential 4.3.3.3, Appendix SCR

17 Modeling Evaluation

18 Model accounts for all transport mechanisms 5.2.5, F..2, 8.3, Appendix SCR, Appendix

ADM

19 Model appropriate for petitioned waste 5.2.5, 8.2, Appendix SCR, Appendix
ADM

20 Data input accurate and verified 5.2.5, 8.2, Appendix PAR, Appendix
ADM

21 Model tested under field conditions' 5.2.5, Appendix ADM

22 Model is accurate over long time periods 8"2 &4.1, Appendix SCR, Appendix
PAR, Appendix OUTPUT

23 Limitations of model 5.2.5, 8.2, 8.4.1, 8.4.2, 8.3, Appendix
ADM, Appendix MASS, Appendix

OUTPUT, Appendix PAR,
Appendix SCR.24 Model inputs adequately documented 5.2.5, 8.2, 8.4, Appendix ADM,

__________________________________ 1 Arpendix PAR, Appendix SCR
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Table 1-1. Checklist of Information Needs (continued)

2 Information Need Addressed in Section

1 Model outputs appropriate and reasonable 5.2.5, 8.4.1, 8.4.2, Appendix ADM,
_____________________________________Appendix OUTPUT

2 Assessment of Environmental Risk

3 Identification of all exposure pathways and routes 15.1.1, 8.1.2, 8.2, 8.4. 1, Appendix PAR,
_____________________________________Appendix SCR

4 Identification of all potential receptors

5 Wildlife 2.4.1

6 Vegetation 2.4.1.1

7 Identification of sensitive or endangered species 2.4.1.7

8 Assessment of bioaccumulation through the foodchain Appendix SER

9 Uncertainty Analysis

10 Natural events

I1I Climatic fluctuations 5.3, 8.4.3, Appendix SCR, Appendix CLI

12 Glaciation 5.3, 8.4.3, Appendix SCR

13 Stream erosion 5.3, 8.4.3, Appendix SCR

14 Magmatic activity 5.3, 8.4.3, Appendix SCR

15 Epeirogenic displacement 5.3, 8.4.3, Appendix SCR

16 Orogenic diastrophism 5.3, 8.4.3, Appendix SCR

17 Diagenesis 5.3, 8.4.3, Appendix SCR

18 Static fracturing 5.3, 8.4.3, Appendix SCR

19 Dissolution 5.3, 8.4.3, Appendix SCR

20 Sedimentation 5.3, 8.4.3, Appendix SCR

21 Flooding 5.3, 8.4.3, Appendix SCR

22 Undetected features (i.e., faults, lava tubes) 5.3, 8.4.3, Appendix SCR

23 Meteorites 5.3, 8.4.3, Appendix SCR

24 Fires 5.3, 8.4.3, Appendix SCR

25 Hurricanes N/A k

26 Tornadoes 5.3, 8.4.3, Appendix SCR

27 Earthquakes 5.3, 8.4.3, Appendix SCR

28 Ground motion 5.3, 8.4.3, Appendix SCR
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Table 1-1. Checklist of Information Needs (continued)

2 Infonnation Need _ Addressed in Section

1 Waste-induced or facility-induced events

2 Thermal effects 53 .. ,Apni C

3 Chemical effects 53 .. ,Apni C

4 Mechanical effects 5.3, 8.4.3, Appendix SCR

5 Modification of hydrologic regime 5.3, 8.4.3, Appendix SCR

6 Human-induced events

7 Improper design or operation 5.3, 8.4.3, Appendix SCR

8 Past intrusions N/Al

9 Future intrusions 5.3, 8.4.3, Appendix SCR

10 Intentional intrusion 5.3, 8.4.3, Appendix SCR

I11 Perturbation of groundwater system 5.3, 8.4.3, Appendix SCR

~"12 Biosphere alterations 5.3, 8.4.3, Appendix SCR

13 a The WIPP facility will only manage sealed containers of waste.

14 b The WIPP facility does not use an engineered liner for waste containraent.
15 CThe wastes emplaced in the WIPP facility will not be subject to ultraviolet light.
16 dDuring the operational phase, the WIPP facility will not be affected by seasonal variations in water
17 table. For the long-term demonstration, water table variation caused by climatic changes is screened
18 from the conceptual model in Appendix SCR.
19 e Surface water hydrology is also addressed in Appendix SCR.
20 f As applied to the WTPP, the DOE assumes "unsaturated zone soils" information requirements pertain to
21 the Salado Formation; relevant hydraulic properties are addressed in thie long-term demonstration as
22 input parameters and/or model results representing material regions; in the disposal unit (e.g., Salado
23 Formation, Repository and Shaft).
24 9 Water (or field) capacity is addressed indirectly in the NMVP long-teim simulation: two-phase flow
25 properties (e.g., residual brine saturation) and effective porosities used in the BRAGFLO model are
26 related to the field capacit~y of porous media.
27 h Parameters used to define water diffusivity (hydraulic conductivity/transmissivity and specific
28 storage/storativity) are em~ployed directly in the demonstration analy ses; water (or aquifer) diffusivity is
29 not relevant.
30 The rationale for not using activity coefficients is discussed in Section 8.3.3 (Liquid Phase Source Term)
31 -~Due to compliance restrictions and for other practical considerations, 73RAGFLO brine and gas
32 modeling has not been directly tested under field conditions in the underground facility.
33 kThe region in which the WIPP facility is located has no history of hurt icanes.
34 There have been no past intrusions into the underground structures at 1he WIPP facility.
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. 1 2.0 Site Characterization
2 Abstract
3
4
5 This chapter describes the site characterization information compiled by the Department
6 of Energy (DOE) for the Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico.
7 In particular, it addresses, "the site's climatology, meteorology, geology and hydrology ... in
8 sufficient detail to permit assessment of the degree of waste. isolation achievable." This
9 chapter has been prepared to demonstrate compliance with the no-migration standards of

10 40 Code of Federal Regulations (CFR) § 268.6(a)(3).
11
12 The DOE has developed conceptual models of the significant natural processes that are
13 working in the vicinity of the WJPP. These conceptual models are implemented through
14 numerical modeling to demonstrate that the WIPP disposal. system. will meet the
15 environmental performance standards of 40 CFR § 268.6. The information used in the
16 long-term simulation includes field studies, laboratory evaluations, experiments, and, for
17 those features not easily characterized, professional judgment. The Environmental

S18 Protection Agency (EPA) guidance specifies natural, waste- or facility-induced, and
19 human-induced events that must be considered in the petition. In reality, the events

/20 specified in the EPA' s guidance also include "features" of the site and "processes" acting
21 on the site. This combination of features, events, and processes is commonly referred to
22 in geologic repository programs as FEPs.. 23
24 In this chapter, the DOE, describes the WIPP site in terms of its geology, hydrology,
25 climatology, air quality, ecology, and cultural and natural resources. This chapter
26 provides information on the disposal system's natural FEPs t~hat are relevant to the
27 assessment of the WJ1PP site as a potential repository for trarnsuranic (TRU) waste and
28 establishes: (1) the favorable characteristics of the site, (2) background environmental
29 quality, and (3) discusses features of the site that might be important for inclusion in a
30 quantitative performance assessment.
31
32 Geology
33
34 Geological data have been collected from the WIEPP site and surrounding area for use in
35 evaluating the site's suitability as a mnixed waste repository. These data have been
36 collected principally by the DOE and its predecessor agenicies, the United States
37 Geological Survey (USGS), the New Mexico Bureau of Mines and Mineral Resources
38 (NMBMMR), and private organizations engaged in natural resource exploration and
39 extraction. The DOE has analyzed the data provided in this chapter and believes it
40 supports the DOE's position that the WIPP site is suitable for the long-term isolation of
41 hazardous waste. Many issues have been discussed, investigated, and resolved in order
42 for the DOE to reach the conclusion that the site is suitable.
43. 44 Data Sources and Quality. Because of intense interest in both hydrocarbon and potash
45 resources in the region, there exists a large volume of data as potential background for the
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1 WiIPP site, though some data are proprietary. Also, there is the geological information
2 developed directly and indirectly by studies sponsored by WIPP; it ranges from raw data
3 to interpretive reports.
4
5 Geologic History. In this chapter, the DOE summarizes the more important points of the
6 geologic history within about 200 mi (320 kin) of the WLPP site, with emphasis on more
7 recent or nearby events.
8
9 The geologic history in this region can be subdivided into three general phases:

10
11 - A Precambrian period, represented by metamorphic and igneous rocks ranging in age
12 from about 1.5 to 1. 1 billion years old
13 0 A period principally of erosion from about 1. 1 to 0.6 billion years, as there is not
14 known to be any rock record from this time
15 - An interval from 0.6 billion years to the present represented by a more complex set of
16 mainly sedimentary rocks and shorter periods of erosion and dissolution.
17
18 This latter phase is the main subject of the DOE's detailed discussion of this text. ,,.

19
20 The Delaware Basin is part of the larger Permian Basin, located in the southwestern part
21 of the central region of North America. During the Permian period, which came to a
22 close about 225 million years ago, ancient seas covered the basin. Their evaporation
23 resulted in the deposition of the salt and other marine materials in great abundance.
24 Three major evaporite-bearing formations were created in this manner:
25
26 *The Castile Formation, formed through evaporation of the Perinian Sea, which
27 deposited carbonates, anhydrites, and halite (salt). Its upper boundary is at a depth of
28 about 2,825 ft (861 in), and its thickness near the WIPP facility is about 1,500 ft (457
29 in).

30
31 *The Salado Formation, in which the repository is constructed, overlies the Castile and
32 resulted from prolonged desiccation that produced cycles containing some carbonates
33 and anhydrites, but predominantly halite. Its upper boundary is at a depth of about
34 850 ft (259 m) and it is about 2,000 ft (6 10 m) thick at the repository.
35
36 *The Rustler Formation, deposited in a lagoonal environment during a major
37 freshening of the basin, consists of carbonates, anhydrites, and halites and contains
38 small amounts of brine. The Rustler Formation's upper boundary is about 500 ft (152
39 m) below the surface and it ranges up to 560 ft (171 m) in thickness.
40
41 These evaporite-bearing formations lie between two other formations significant to the
42 geology and hydrology of the WIPP site. The Dewey Lake Red Bed Formation overlying
43 the Rustler Formation was formed through terrestrial, rather than marine, processes (such
44 as the deposition of river sediments), and consists almost entirely of mudstone, claystone,

45 siltstone, and interbedded sandstone. This formation forms a 650-ft (198-in) thick barrier
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* I of fine-grained sediments which -retard the downward percolation of water into the
2 evaporite units below. The Bell Canyon Formation is the first water-bearing unit below
3 the Salado. It is overlain by the thick evaporite sequences of the Castile Formation
4 above. It consists of 1,500 ft (457 m) of interbedded sandstone, shales, and siltstones.
5
6 Stratigraphy and Lithology in the Vicinity of the WIPP Site. In this chapter, the DOE
7 presents the stratigraphy and lithology of the Paleozoic and younger rocks underlying the
8 WIPP site and vicinity, emphasizing the units nearer the surface. The principal
9 stratigraphic data are the chronologic sequence, age, and extent of rock units, including

10 some of the nearby relevant facies changes. Characteristics such as thickness and depth
11 are summarized here from published sources for deeper rocks.
12-
13 Physiography and Geomorphology. The WIPP site is in the Pecos Valley Section of
14 the southern Great Plains Physiographic Province, a broad highland belt sloping gently
15 eastward from the Rocky Mountains and the Basin and Range Province to the Central
16 Lowlands Province. The Pecos Valley Section itself is dominated by the Pecos River
17 Valley, a long north-south trough that is from 5 to 30 mi (8. 1 to 501km) wide and as much
18 as 1,000 ft (305 mn) deep in the north. The Pecos River System has evolved from the
19 south, cutting headward through the Ogallala sediments and b:ecoming entrenched some

1___Z0 time after the middle Pleistocene. It receives almost all the surface and subsurface
'2 f\ drainage of the region; most of its tributaries are intermittent, because of the semiarid

21 climate. The local surface has a karst terrain containing superficial sinkholes, dolines,

-3 and solution-subsidence troughs from both surface erosion and subsurface dissolution.
24 The valley has an uneven rock- and alluvium-covered floor wvith widespread solution-
25 subsidence features, the result of dissolution in the underlying upper Permian rocks. The
26 terrain varies from plains and lowlands to rugged canyonlands, including such erosional
27 features as scarps, cuestas, terraces, and mesas. The surface slopes gently eastward,
28 reflecting the underlying rock strata. Elevations range from more than 6,000 ft (1,829 m)
29 in the northwest to about 2,000 ft (6 10 mn) in the south.
30
31 The land surface in the area of the WIEPP site is a semiarid, wind-blown plain sloping
32 gently to the west and southwest, and is hummocky with san~d ridges and dunes. A hard
33 caliche layer (Mescalero caliche) is typically present beneath the sand blanket and on the
34 surface of the underlying Gatufia Formation. Elevations at the site range from 3,570 ft
35 (1,088 mn) in the east to 3,250 ft (991 m) in the west. The average east-to-west slope is
36 50 ft per mi (9.5 mnper km).
37

38 Tectonic Setting and Site Structural Features. Most broad-scale structural elements of
39 the area around the WIEPP developed during the late Paleozoiic. There is little historical or
40 geological evidence of significant tectonic activity in the vicinity. The entire region has
41 tilted recently, and activity related to Basin and Range tectonics formed major structures
42 southwest of the area. Seismic activity is specifically addressed in a separate chapter.
43

* 44 Fault zones are well known along the Central Basin Platform, east of WIPP, from
45 extensive drilling for oil and gas. There are no known Quat~ernary or Holocene faults of
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1 tectonic origin offsetting rocks at the surface nearer to the site than the western
2 escarpment of the Guadalupe Mountains. A significant part of the tilt of basin rocks is
3 attributed to a mid-Miocene to Pliocene uplift along the Guadalupe-Sacramento
4 mountains trend, inferred on the basis of High Plains sediments of the Ogallala. Seismic
5 activity is low and is commonly attributed to secondary oil recovery along the Central
6 Basin Platform.
7
8 Within the Delaware Basin, only one feature of igneous origin is known to have formed
9 since the Precambrian. An igneous dike or series of echelon dikes occurs along a linear

10 trace about 75 mi (120 kin) long from the Yeso Hills south of White's City to the
11 northeast. The dike trend passes about 8 mi (13 kmn) northwest of the WIPP site center.
12 Evidence of the extent of the dike ranges from outcroppings at Yeso Hills to subsurface
13 intercepts in boreholes and mines to airborne magnetic responses.
14
15 The loading and unloading history of the site and surrounding areas may be considered a
16 factor in the development of the hydrological system, including the Culebra, at the WIPP
17 site. The depth to the base of the Culebra in the area indicates the current state of loading
18 for the unit. This depth is a function of regional dip, erosion, and dissolution/subsidence.
19
20 Non-Tectonic Processes and Features. Non-tectonic processes and features, which
21 include evaporite deformation and dissolution of strata, are known to be active in the
22 Delaware Basin. These processes are of interest because they represent mechanisms that
23 are potentially disruptive to the repository in the long term. Both processes have been
24 investigated extensively.
25
26 Surface-Water and Groundwater Hydrology
27
28 The DOE believes the hydrological characteristics of the disposal system are important
29 because contaminant transport via fluid flow could have great impact on the disposal
30 system. At the WIPP site, one of the DOE' s selection criteria was to choose a location
31 that would minimize these impacts. This was accomplished when the DOE selected (1) a
32 disposal medium that is essentially devoid of groundwater; (2) a location where the
33 effects of groundwater circulation are minimal and predictable; (3) an area where
34 groundwater use is virtually nonexistent; (4) an area where there are no surface-waters;
35 (5) an area where future groundwater use is unlikely; and (6) a repository host rock that
36 will not likely be affected by anticipated long-term climate changes within 10,000 years.
37
38 In order to provide a comprehensive understanding of the impact of groundwater and
39 surface-water on the disposal system, the following factors have been evaluated:
40
41 Groundwater
42
43 0 General flow direction
44 0 Flow type
45 0 Horizontal and vertical flow velocities
46 0 Hydraulic interconnectivity between rock units
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* 1 0 General groundwater use
2 0 Chemistry (including, but not limited to, salinity, mineralization, age, Ebi, and pH).
3
4 Surface-Water
5
6 * Regional precipitation and evapotranspiration rates
7 0 Location and size of surface-water bodies
8 0 Water volume, flow rate, and direction
9 * Drainage network

10 * Hydraulic connection with groundwater
11 0 Soil hydraulic properties (infiltration)
12 0 Genieral water chemistry and use.
13
14 The hydrological system is divided into three segments for the purposes of modeling and

K \15 discussion. These are (1) the Salado, which contains the repo~sitory; (2) the non-Salado
) 16 rock units, which are of interest to the extent they can affect the Salado and the
x17 demonstration of no-migration; and (3) the surface waters, which are impacted by the

18 natural variability of the climate.
19
20 The WIPP site lies within the Pecos River drainage area. The climate is semiarid, with a
21 mean annual precipitation of about 12 in. (0.3 in), a mean annual runoff from 0. 1 to 0.2

* 22 in. (2.5 to 5 mm), and a mean annual pan evaporation of mo:re than 100 in. (2.5 in).

23 Surface waters (Section 2.2.2) typically have high TDS concentrations, particularly of
24 chloride, sulfate, sodium, magnesium, and calcium.
25
26 At the WIPP site, the DOE obtains hydrologic data from conventional and special-
27 purpose test configurations in multiple surface boreholes. Geophysical logging of the
28 boreholes has provided hydrologic information on the rock strata intercepted. Pressure
29 measurements, fluid samples, and ranges of rock permeability have been obtained for
30 selected formations through standard and modified drill-stern tests.
31
32 Slug injection or withdrawal tests have provided additional data to aid in the estimation
33 of transmissivity and storage. Also, the hydraulic head of g~roundwaters within many
34 water-bearing zones in the region has been mapped from measured depths to water in the
35 boreholes.
36
37 Resources
38
39 "Resources" is used to broadly define both economic (mineral and non-mineral) and
40 cultural resources associated with the WLEPP site. These resources are important because
41 they (1) provide evidence of past uses of the area, (2) incdic ate potential future use of the
42 area, and the possibility that such use could disrupt the close'd repository, and (3) provide
43 a basis for designing and implementing long-term passive controls to reduce the

* 44 likelihood of human intrusion. Because of the depth of the disposal horizon, it is believed
45 that only the mineral resources are significant in predicting the long-term performance of
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1 the disposal system. However, the non-mineral and cultural resources are presented for
2 completeness. i
3
4 Background Environmental Conditions
5
6 The regulations in 40 CFR § 268.6 specifically require an assessment of background
7 environmental conditions. Background environmental conditions are provided in this
8 application as part of the complete description of the WIPP and its vicinity. Background
9 environmental conditions form the baseline for determining if releases to the environment

10 will occur during the operational period or during any post-operational monitoring period.
11 Emphasis is placed on ecological conditions, water quality, and air quality and includes
12 the following:
13
14 Ecological Conditions
15
16 0 Vegetation
17 - Mammals
18 * Reptiles and amphibians
19 - Birds
20 * Arthropods K -

21 * Aquatic ecologyf
22 * Endangered species
23
24 Quality of Environmental Media
25
26 - Surface water
27 - Groundwater
28 e Air
29
30 Terrestrial and Aquatic Ecology. The WIPP site is in an area characterized by
31 stabilized sand dunes. The vegetation is dominated by shinnery oak, mesquite, sand sage,
32 dune yucca, smallhead snakeweed, three-awn, and numerous species of forbs and
33 perennial grasses. The dominant shrubs are deep-rooted species with extensive root
34 systems. The shrubs not only stabilize the dune sand, but serve as food, shelter, and
35 nesting sites for many species of wildlife inhabiting the area.
36
37 The most conspicuous mammuals at the site are the black-tailed jack rabbit and the desert
38 cottontail. Common small mamimals found at the WIPP site include the Ord's kangaroo
39 rat, the plains pocket mouse, and the northern grasshopper mouse. Big-game species,
40 such as the mule deer and the pronghorn antelope, and carnivores, such as the coyote, are
41 present in small numbers.
42
43 Commonly observed reptiles in the study area are the side-blotched lizard, the western
44 box turtle, the western whiptail lizard, and several species of snakes, including the
45 bullsnake, the prairie rattlesnake, the western diamondback rattlesnake, the coachwhip,
46 the western hognose, and the glossy snake. Of these, only the side-blotched lizard is
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* 1 found in all habitats. The. others are mainly restricted to one or two associations within
2 the central dunes area, although the western whiptail lizard arid the western diamondback
3 rattlesnake are found in areas dominated by creosote bush as well. The yellow mud turtle
4 is found only in the limited number of aquatic habitats in the study area (i.e., dirt stock
5 ponds and metal stock tanks), but it is common in these locales.
6
7 Numerous birds inhabit the area either as transients or year-long residents. Loggerhead
8 shrikes, pyrrhuloxias, and black-throated sparrows are examples of common residents.
9 Migrating or breeding waterfowl species do not frequently re~side in the area. Some

10 raptors (e.g., Harris hawks) are residents. The density of large avian predators' nests has
11 been documented as among the highest recorded in the scientific literature.
12
13 About 1,000 species of insects have been collected in the study area. Of special interest
14 are subterranean termites. Vast colonies of these organisms are located across the study
15 area. They are detritivores, and play an important part in the recycling of nutrients in the
16 study area.
17

,18 Aquatic habitats within a 5-mi (8-kin) radius of the WLPP site are limited. Stock-
19 watering ponds and tanks constitute the only permanent surface waters. Ephemeral
20 surface-water puddles ft~rm after heavy thunderstorms. At greater distances, seasonally
21 wet, shallow lakes (playas) and permanent salt lakes are found.. 22
23 The DOE consulted with the U.S. Fish and Wildlife Service (FWS) in 1979 to determine
24 the presence of threatened and endangered species at the WLPP site (included in
25 Appendix I of the FEIS). At that time, the FWS listed the LeAe pincushion cactus, the
26 black-footed ferret, the American peregrine falcon, the bald eagle, and the Pecos
27 gamnbusia as threatened or endangered and as occurring or having the potential to occur
28 on lands within or outlying the WIPP site. The FWS advised the DOE that the list of
29 species provided in 1979 is still valid, except that the black-footed ferret should now be
30 deleted. The DOE believes that the actions described in the 1990 Supplement
31 Environmental Impact Statement (SEIS) will have no impact on any threatened or
32 endangered species, because these activities do not involve any ground disturbance that
33 was not already evaluated in the FEIS. In addition, thereis no critical habitat for
34 terrestrial species identified as endangered by either the FWS or the New Mexico
35 Department of Game and Fish (NMDG&F) at the site area.
36
37 Water Quality. Based on major solute compositions, four bydrochemnical facies are
38 delineated and described for the Culebra. Together, the variations in solutes and the
39 distribution of halite in the Rustler exhibit a mutual interdependence. Concentrations of
40 solutes are lowest where Rustler halite is less abundant, consistent with the hypothesis
41 that solutes in Rustler groundwaters are derived locally by dlissolution of minerals (e.g.,
42 halite, gypsum, and dolomite) in adjacent strata.
43. 44 In general, the chemistry of Magenta water is variable. Groundwater types range from a
45 predominantly sodium chloride type to a calcium-magnes,,ium-sodium-sulfate type
46 chemistry. In the WIPP area, the water quality of the Magenta is better than that of the
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1 Culebra. However, water from the Magenta is not used anywhere in the vicinity of the
2 WIPP.
3
4 The Pecos River is the nearest permanent water source to the WLPP site. Natural brine
5 springs, representing outfalls of the brine aquifers in the Rustler, feed the Pecos River at
6 Malaga Bend, 12 mi (19 kmn) southwest of the site. This natural saline inflow adds
7 approximately 70 tons of chloride per day to the Pecos River. Return flow from irrigated
8 areas above Malaga Bend further contributes to the salinity. The concentrations of
9 potassium, mercury, nickel, silver, selenium, zinc, lead, manganese, cadmium, and

10 barium also show significant elevations at Malaga Bend, but tend to decrease
11 downstream. The metals are presumably rapidly adsorbed onto the river sediments.
12 Natural levels bf certain heavy metals in the Pecos River below Malaga Bend exceed the
13 water quality standards of the World Health Organization (WHO), the EPA, and the State
14 of New Mexico.
15
16 Air Quality. Measurement of selected air pollutants at the WIPP site began in 1976 and
17 were reported by DOE in the FEIS. Since the preparation of that document, a more
18 extensive air quality monitoring program has been established. Seven classes of
19 atmospheric gases regulated by the EPA have been monitored at the WLPP site between
20 August 27, 1986 and October 30, 1994. These gases are carbon monoxide (GO),
21 hydrogen sulfide (H2S), ozone (03), nitrogen oxides (NO, NO2, NO.), and sulfur dioxide
22 (SO 2). The total suspended particulates (TSPs) are monitored in conjunction with the air-
23 monitoring programs of the WIPP.
24
25 Climate and Meteorological Conditions
26
27 The long time periods involved in the isolation of radioactive waste are significant with
28 respect to potential changes in climate. Climate changes are documented through studies
29 of floral, faunal, and geological data and lead to fuller understanding of cyclic effects that
30 may impact the long-term performance of the disposal system. The purpose of this
31 chapter is to build the basis for the modeling of future climate change.
32
33 Historic Climatic Conditions. Prior to 18,000 years ago, radiometric dates are relatively
34 scarce, and the record is incomplete. From 18,000 years ago to the present, however, the
35 climatic record is relatively well constrained, as shown by floral, faunal, and lacustrine
36 data. These data span the transition from the last full-glacial maximum to the present
37 interglacial period; given the global consistency of glacial fluctuations, they are broadly
38 representative of extremes for the entire Pleistocene.
39
40 Early and middle Pleistocene paleoclimatic data for the southwestern United States are
41 incomplete and permit neither continuous reconstructions of paleoclimates nor direct
42 correlations between climate and glaciation prior to the last glacial maximum, which
43 occurred 22,000-18,000 years ago. Stratigraphic and soil data from several locations,
44 however, indicate that cyclical alternation of wetter and drier climates in the southwest
45 had begun by the early Pleistocene.
46

June 14, 1996 2-viji DOEICAO-96-2160



Final No-Migration Variance Petition

* 1 Global climate models indicate that the dominant glacial effect in the Southwestern U.S.
2 was the disruption and southward displacement of the westerly jet stream by the physical
3 mass of the ice sheet to the north. At the glacial peak, major Pacific storm systems
4 followed the jet stream across New Mexico and the southern Rocky Mountains, and
5 winters were wetter and longer than either at the present or during the previous
6 interglacial period.
7
8 Gastropod assemblages at Lubbock Lake in western Texas suggest mean annual
9 temperatures 41*F (50C) below present values. Both floral and faunal evidence indicate

10 that annual precipitation throughout the region was 1.6 to' 2.0 times greater than today's
11 values. Floral evidence also suggests that winters may have,.-ontinued to be relatively
12 mnild, perhaps because the glacial mass blocked the southward movement of arctic air.
13 Summers at the glacial maximum were cooler and drier than at present, without a strongly
14 developed monsoon.
15

S16 Three significant conclusions can be drawn from the climatic rcdofteAmerica
17 Southwest. First, maximum precipitation in the past coincided with the maximum
18 advance of the North American ice sheet. Minimum precipitation occurred after the ice
19 sheet had retreated to its present limits. Second, past maximum long-term average
20 precipitation levels were roughly twice the present levels. Minimum levels may have
21 been 90 percent of the present levels. Third, short-term fluctuations in precipitation have

* 22 occurred during the present relatively dry, interglacial period, but they have not exceeded
23 the upper limits of the glacial maximum.
24
25 Recent Climatic Conditions. Recent climatic conditions, are provided to allow for the
26 assessment of impacts of these factors on the disposal unit and the site. The WIPP
27 facility does not rely on. climatic conditions to control waste migration; however,
28 meteorological information is used to evaluate the air pathway during operation of the
29 facility.
30
31 The climate of the region is semiarid, with generally mild temperatures, low precipitation
32 and humidity, and a high evaporation rate. Winds are mostly from the southeast and
33 moderate. In late winter and spring, there are strong west. winds and dust storms. During
34 the winter, the weather is often dominated by a high-pressure system situated in the
35 central portion of the western United States and a low-pressure system located in north-
36 central Mexico. During the summer, the region is affected by a low-pressure system
37 normally situated over Arizona.
38
39 Seismology
40
41 The seismic studies build a basis from which to predict ground motions that the WIPP

42 repository may be subjected to in the near and distant future. The concern about seismic
43 effects in the near future, during the operational period, pertains mainly to the design

* 44 requirements for surface and underground structures providing containment during
45 seismic events. The concern about effects occurring over the long term, after the
46 repository has been decommissioned and sealed, pertains more to relative motions
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1 (faulting) within the repository and possible effects of faulting on the integrity of the salt
2 beds and/or shaft seals.
3
4 Seismic History. Seismic data are presented in two time frames, before and after the
5 time when seismographic data for the region became available. The earthquake record in
6 southern New Mexico dates back only to 1923, and seismic instruments have been in
7 place in the state since 1961. Various records have been examined to determine the
8 seismic history of the area within 180 mi (290 kin) of the site. With the exception of a
9 weak shock in 1926 at Hope, New Mexico, and shocks in 1936 and 1949 felt at Carlsbad,

10 all known shocks before 1961 occurred to the west and southwest of the site more than
11 100 ni (160km) away.
12
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2

3 In Title 40 Code of Federal Regulations (CFR) § 268.6(a)(3), the U.S. Environmental
4 Protection Agency (EPA.) specifies that one component of the no-migration
5 demonstration include a comprehensive characterization of the disposal unit site,
6 including an analysis of background environmental conditions. The EPA (EPA 1992) has
7 also provided guidance to assist an applicant in determining the information that is
8 required to meet the specific requirements of 40 CFR § 268.6(a)(3). The EPA requires
9 that "the site's climatology, meteorology, geology and hydrology must be described in

10 sufficient detail to permit assessment of the degree of waste isolation achievable." In its
I1I detailed guidance, the EPA adds "background environmental quality" to the list of needed
12 information. The purpose of Chapter 2 is to address these information needs.
13

~ ~ ,> 14 The U.S. Department of Energy (DOE) uses the performance assessment simulation
15 codes described in Chapter 8 to demonstrate that the Waste Isolation Pilot Plant (WJPP)
16 disposal system will meet the environmental performance standards of Title 40 of the
17 Code of Federal Regulations (CFR) §268.6. The information used in the long-term
18 simulation includes field studies, laboratory evaluations, experiments, and, in the case of
19 some features not amenable to direct characterization, professional judgment.
20
21 The DOE selected the Los Medaflos region and present site for the WIPP based on certain
22 defined siting criteria. The siting criteria were specified to emphasize favorable features. 23 over unfavorable features. This siting process is discussed i this petition in Appendix
24 GCR.
25
26 In conducting the long-term demonstration, screening criteri a for features, events, and
27 processes (FEPs) have been formulated and applied to detennine those site characteristics
28 that affect disposal unit performance sufficiently to be included in the conceptual model
29 underlying the simulation. The screening criteria are also used to minimize conceptual
30 uncertainty (EPA 1992, 34-35).
31
32 Section 8.4.3 contains a comprehensive list of potential FE~s of interest (including many
33 not considered sufficiently likely or important to warrant discussion in previous
34 documents) and describes the methodology used to screen them. Appendix SCR contains
35 screening arguments for those FEPs that have been excluded from the conceptual model.
36
37 The DOE' s site screening, site selection, and subsequent characterization led to the
38 identification of specific FEPs that required in-depth evaluation. The DOE dealt with
39 these FEPs, for the most part, during the site characterization, and many were
40 documented with studies identified in an agreement signed 1:y the DOE and the State of
41 New Mexico (DOE and State of New Mexico 198 1). A list of FEPs related to the natural
42 environment is presented in Table 2- 1. The DEs basis for retention or elimination of
43 site-related FEPs in the development of the conceptual model, as discussed in
44 Section 8.4.3 and Appendix SCR, includes information presented in this chapter.. 45
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1 In this chapter, the DOE describes the WIPP site geology, hydrology, climatology, air
2 quality, ecology, and cultural and natural resources. This chapter's purpose is to explain
3 (1) characteristics of the site, (2) background environmental quality, and (3) discuss
4 features of the site that might be important for inclusion in a quantitative performance
5 assessment. The DOE uses this information to implement the long-term simulation used
6 to evaluate the efficacy of natural and engineered barriers in meeting environmental
7 performance standards (Chapter 8). Results of these predictive models are used by the
8 DOE to demonstrate that the DOE has a reasonable expectation that compliance with
9 applicable regulations will be achieved.

10
I I The DOE located the WIPP site 26 mli (42 kin) east of Carlsbad, New Mexico, in Eddy
12 County (Figure 2-1). The latitude of the WIPP site center is 32'22'11"~ N and the
13 longitude is 103 047' 30" W. The region surrounding the WIPP site has been studied for
14 many years, and exploration o 'f both potash and hydrocarbon deposits has provided
15 extensive knowledge of the geology of the region. Two exploratory holes were drilled by
16 the federal government in 1974 at a location northeast of the present site; that location
17 was abandoned in 1975 as a possible repository site after U.S. Energy Research and
18 Development Administration (ERDA)-6 was drilled and unacceptable structure and
19 pressurized brine were encountered. The results of these investigations are reported in
20 Powers et al. (1978, 2-6; included in this document as Appendix GCR). During late
21 1975 and early 1976, the ERLDA identified the current site, and an initial exploratory hole
22 (ERDA-9) was drilled. By the time an initial phase of site characterization was
23 completed in August 1978, 47 holes had been or were being drilled for various hydrologic
24 and geologic purposes. Geophysical techniques were applied to augment data collected
25 from boreholes. Since 1978, the DOE has drilled additional holes to support hydrologic
26 studies, geologic studies, and facility design. Geophysical logs, cores, basic data reports,
27 geochemnical. sampling and testing, and hydrological testing and analyses are reported by
28 the DOE and its scientific advisor, Sandia National Laboratories (SNL), in numerous
29 public documents. Many of those documents form the basis for the DOE's assertions in
30 this petition. As necessary, specific references from these documents are cited to
31 reinforce the statements being made. Additional sources of information on the various
32 topics in this section are listed in a bibliography at the end of the chapter.
33
34 Biological studies of the site began in 1975 to gather information for the Environmental
35 Impact Statement. Meteorological studies began in 1976, and economic studies were
36 initiated in 1977. Baseline environmental data were initially reported in 1977 and are
37 now updated annually by the DOE.
38
39 The DOE located the WIPP disposal horizon within a rock salt deposit known as the
40 Salado Formation (hereafter referred to as the Salado) at a depth of 2,150 ft (655 mn)
41 below the ground surface. The Salado is regionally extensive, includes continuous beds
42 of salt without complicated structure, is deep with little potential for dissolution in the
43 immediate vicinity of the WIEPP, and is near enough to the surface to make access
44 reasonable. Particular site selection criteria narrowed the choices when the present site
45 was located during 1975 and 1976 as discussed in Appendix GCR (2-10 to 2-27) and
46 summarized by Weart (1983).
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.1 Table 2-1. Issues Related to the Natural Environment That Were Evaluated for the
2 WIPP.Performance Assessment Scenario Screening
3
4 FEP Topical Heading WIPP Issuf Discussion
5 Gelogical Processes or Events
6 Stratigraphy Stratigraphy ________§ 2.1.3

7 Tectonics Changes in regional stress § 2.1.5.1
Regional tectonics § 2.1.5.1

__________Regional uplift and subsidence § 2.1.5.1
8 Structural Deformation Salt deformation § 2.1.6.1
9 effects Diapirism ________§ 2.1.6.1

Fracture Formation of fractures § 2.1.5.2
development Changes in fracture proper-ties § 2.1.5.2
Fault movement Formation of new faults § 2.1.5.3

Movement along faults § 2.1.5.3
Seismic Activity Earthquakes § 2.6

K _________ Ground shaking §____ _ §2.6
10 Crustal Igneous Activity Volcanic activity § 2.1.5.4
11 processes Magmatic activity ________§ 2.1.5.4

Metamorphism. Metamorphism _ _____App. SCR

12 Geochemnical Dissolution Shallow dissolution § 2.1.6.2
13 effects Lateral dissolution § 2.1.6.2

Deep dissolution § 2.1.6.2
Solution chimneys § 2.1.6.2
Breccia pipes § 2.1.6.2
Collapse breccias ________§ 2.1.6.2

Mineralization Fracture infilling § 2.1.3.5
__________ _____________Hydrothermal alteration ______________

14 Subsurface Hydrological Proce&;es
* 15 Groundwater characteristics Saturated groundwater floiw § 2.2.1

Unsaturated groundwater flow § 2.2.1
Groundwater flow--fracture. § 2.2.1

_______________________Effects of preferential path~ ays § 2.2.1

16 Changes in groundwater flow Thermal effects on groundwater flow § 2.2.1
Saline groundwater intrusion § 2.2.1
Fresh groundwater intrusion § 2.2.1
Density effects on groundwater flow § 2.2.1

______________________Hydrological response to earthquakes App. SCR

17 Subsurface Geochemnical Processes
18 Groundwater geoche nitr Groundwater geochemis g________ § 2.2.1

19 Changes in groundwater Saline groundwater intrusion App. SCR
20 geochemistry Fresh groundwater intrusion App. SCR

Changes in groundwater Eh App. SCR
Changes in groundwater p]H App. SCR
Effects of dissolution on groundwater App. SCR

__________________________chemistry _________ ______

21 Geomorphological Processes
22 Physiography Physiography § 2.1.4.23 Meteorite impact Meteorite impact APP. SCR

DOE/CAO-96-2160 2-3 June 14, 1996



Final No-Migration Variance Petition

1 Table 2-1. Issues Related to the Natural Environment That Were Evaluated
2 for the WIPP Performance Assessment Scenario Screening (Continued)
3
4 ~ FEP T ialHeading WIPP hssue Discussion
5 Denudation Weathering Mechanical weathering App. SCR

___________Chemical weathering App. SCR
Erosion Aeolian erosion § 2.1.4.2

Fluvial erosion § 2.1.4.2
_________Mass wasting App. SCR

Sedimentation Aeolian deposition § 2.1.4.2
Fluvial deposition App. SCR
Lacustrine deposition App. SCR

_______________Mass wasting App. SCR
6 Soil Development Soil development § 2.1.3. 10
7 Surface Hydrological Processes or Events
8 Fluvial -Surface flow characteristics: stream/river flow § 2.2.2
9 Lacustrine Surface water bodies § 2.2.2

10 Infiltration/recharge/discharge Groundwater discharge § 2.2.1
11 Groundwater recharge § 2.2.1
12 Runoff § 2.2.2
13 Infiltration § 2.5.2
14 Changes in surface hydrology Changes in groundwater recharge/discharge § 2.2.1
15 Lake formation/infilling § 2.2.2
16 River flooding § 2.1.4.2,

17Climatic Processes §__2.2.2 _

18 Climate Precipitation § 2.5.2.3
Temperature § 2.5.2.1
Wind § 2.5.2.4

19 Climate Meteorological Climate change § 2.5.1
20 change Drought § 2.5.1

Glaciation Glaciation § 2.5.1
Permafrost Poess§ 2.5.1

21 Marine________________ Processes_
22 Seas Coastal waters App. SCR
23 Ocean waters App. SCR
24 Estuaries App. SCR
25 Marine sedimentology Coastal erosion App. SCR
26 Marine sediment transport and deposition App. C
27 Sea level change Sea level change App. SCR
28 Ecological Processes
29 Flora & fauna Plants App. SCR

Animals App. SCR
Microbes JApp. SCR

30 Changes in flora & fauna .Natural ecological development JApp. SCR

31
32
33
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I The EPA has previously reviewed and commented on much of the information collected
2 by the DOE during the site characterization program. This review was conducted in 1989
3 after the DOE submitted a no-migration variance petition to the EPA for Test Phase
4 activities. The EPA issued a document titled "Background Document for the U.S.
5 Environmental Protection Agency's proposed decision on the. No Migration Variance for
6 U.S. Department of Energy's Waste Isolation Pilot Plant," (EPA 1990a). In this
7 document, the EPA reached conclusions regarding the adequacy of the DOE' s site
8 characterization program and the reasonableness of the DOE's interpretation of the results
9 of the site characterization activities. These conclusions were reached after thorough

10 review of the record by the EPA's geologists, hydrologists, and other scientists. The
I1I EPA's decision in 1990 to issue a variance was based on disposal system performance
12 over a relatively short time frame. This notwithstanding, many of the conclusions the
13 EPA reached apply equally for the long term. In the following sections, the EPA's
14 previous comments and conclusions are presented as background.
15

16 2.1 Geology
N,17

18 A thorough description of the WIPP facility's natural environmental setting is considered
19 crucial by the DOE for a demonstration of compliance with the disposal standards. The
20 DOE is providing the detail necessary to assess the achievable degree of waste isolation.
21 In this section, the DOE addresses environmental factors and long-term environmental

* 22 changes that are important for assessing the waste isolation p~otential of the disposal
23 system. The first of these environmental factors is geology.
24

25 Geological data have been collected from the WIEPP site and surrounding area to evaluate
26 the site's suitability as a radioactive waste repository. These: data have been collected
27 principally by the DOE, the DOE's predecessor agencies, the United States Geological
28 Survey (USGS), the New Mexico Bureau of Mines and Mineral Resources (NMBMMR),
29 and private organizations engaged in natural resource exploration and extraction. The
30 DOE has analyzed the data and has determined that the data support the DOE's position
31 that the WLPP site is suitable for the long-term isolation of TRU-mixed waste! Many
32 issues have been discussed, investigated, and resolved in order for the DOE to conclude
33 that the site is suitable. The DOE discusses these issues in the following sections. Most
34 of the data collected have been reported or summarized in Appendices GCR and SUM.
35

'The EPA, in its background document on the WIPP for the April 1990 proposed no-migration
determination (NMD), stated that "In general, the selected site has beer shown to be geologically and
seismically stable. The confining unit in which the WIPP has been constructed -- the Salado Formation -- is
a promising geologic medium for mixed waste disposal." The EPA, however, went on to state that there are
certain areas that require additional investigation, including brine inflow into the repository, far field
permeability, and groundwater flow patterns in the formations that overlie the Salado. Thiese latter topics
have been the subject of intense investigation and modeling since the EPA prepared its assessment and are
discussed in detail in this chapter.
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1 2.1.1 Data Sources and Quality
2
3 The geology of southeastern New Mexico has been of great interest for more than a
4 century. The Guadalupe Mountains have become a common visiting and research point
5 for geologists because of the spectacular exposures of Permian-age reef rocks and related
6 facies (see Shumard 1858, Crandall 1929, Newell et al. 1953, and Dunham 1972 in the
7 bibliography). Because of intense interest in both hydrocarbon and potash resources in
8 the region, a large volume of data exists as background information for the WJPP site,
9 though some data are proprietary. Finally, there is the geological information developed

10 directly and indirectly by studies sponsored by the DOE for the WIPP project; it ranges
I I from raw data to interpretive reports.
12

13 Elements of the geology of southeastern New Mexico have been discussed or described in
14 professional journals or technical documents from many different sources. These types of
15 articles are an important source of information, and where there is no contradictory
16 evidence, the information in these articles is referenced when subject material is relevant.
17 Implicit rules of professional conduct of research and reporting have been applied, as
18 have journal and editorial review. Elements of the geology presented in such sources
19 have been deemed critical to the WIPP and have been the subject of specific DOE-
20 sponsored WLPP studies.
21
22 The geological data that the DOE has developed explicitly for the WLPP project have
23 been produced over a 20-year period by different organizations and contractors using
24 applicable national standards for quolty assurance (QA) and documentation. The EPA
25 reviewed the DOE's various QA programs (including those of Sandia, Westinghouse, and
26 International Technology Corporation [ITC]) at the time that the 1990 NMD was issued
27 and concluded that these programs were adequate. In addition, during a rulemaking in
28 1988, the EPA addressed the use of older geological data in making a long-term
29 demonstration of repository performance. In response to comments on a proposed rule
30 regarding the permitting of underground injection wells, the EPA concluded that
31 "[e]xcluding historical data or information which might have been gathered off-site by
32 methods not consistent with certain prescribed procedures may be counterproductive."
33 The EPA further stated that such data should be used as long as their limitations are
34 accounted for. In the final rule, the EPA stipulated "that only measurements pertaining to
35 the waste or that result from testing performed to gather data for the petition
36 demonstration comply with prescribed procedures." Further, the EPA stated that "the
37 concerns about the accuracy of geologic data are addressed more appropriately by
38 requiring that the demonstration identify and account for the limits on data quality rather
39 than by excluding data from consideration" (53 FR 28188).
40
41 As site characterization activities progressed, the DOE, along with independent review
42 -groups such as the National Academy of Sciences (NAS) and the State of New Mexico
43 acting through the Environmental Evaluation Group (BEG), identified natural FEPs that
44 required additional detailed investigation. Because these investigations, in many cases,
45 were to gather data that would either be used in developing conceptual models or in the
46 prediction of disposal system performance, the QA standards applied to these
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I investigations were more stringent, thereby assuring accuracy and repeatability to the
2 extent possible for geologic investigations.
3
4 Geological data have been developed by the DOE through a variety of WIPP-sponsored
5 studies using drilling, mapping or other direct observation, geophysical techniques, and
6 laboratory work. Most of the techniques and statistics of data acquisition will be
7 incorporated by specific discussion. Borehole investigations are a major source of
8 geological data for the WIPP and surrounding area. Boreholes studies provide raw data
9 (for example, depth measurements, amount of core, geophysical logs) that support point

10 data and interpreted data sets. These data sets are used in computing other useful analysis
11 tools such as structure maps for selected stratigraphic horizons or isopachs (thickness) of
12 selected stratigraphic intervals.
13
14 The borehole data sets that were used specifically for obtaining WLPP geologic
15 information are included as reference information in Appendix BH. A map of some
16 borehole locations in the data set is provided in Figure 2-2. These boreholes are the ones

\17 used for most of the geological interpretations in this chapter. Other holes are not shown,
% 1 because they were not of sufficient depth, were not cored, or were not drilled for purposes
~_-19 of site characterization.

20
21 2.1.2 Geologic History

* 22
23 In this section, the DOE summarizes the more important points of the area's geologic
24 history within about 200 ml (320 kin) of the WJPP site, with emphasis on more recent or
25 nearby events. Figure 2-3 shows the major elements of the area's geological history from
26 the end of the Precambrian Period.
27
28 The geologic time scale that the DOE uses for WLPP is based on the compilation by
29 Palmer (1983, 503-504) for "The Decade of North American Geology" (DNAG). There
30 are several compiled sources of chronologic data related to different reference sections or
31 methods (see, for example, Harland et al. 1982 and Salvad~or 1985 in the bibliography).
32 Although most of these sources show generally similar ages for chronostratigraphic
33 boundaries, there is no consensus on either reference boundaries or most-representative
34 ages.- The DNAG scale is accepted by the DOE as a standard that is useful and sufficient
35 for WIPP purposes, as no known critical parameters require more accurate or precise
36 dates.
37
38 The geologic history in this region can conveniently be subdivided into three general
39 phases:
40
41 0 A Precambrian Period, represented by metamorphic and igneous rocks ranging in age
42 from about 1. 5 to 1. 1 billion years.
43 0 A period from about 1. 1 to 0.6 billion years ago, for which no rocks are preserved.
44 Erosion may have been the dominant process for much of this period.@45 0 An interval from 0.6 billion years ago to the present represented by a more complex
46 set of mainly sedimentary rocks and shorter periods of erosion and dissolution
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2 This latter phase is the main subject of the DOE's detailed discussion of this text.
3
4 Only a few boreholes in the WIPP region have bored deep enough to penetrate
5 Precambrian crystalline rocks, and therefore, relatively little petrological information is
6 available. Foster (1974, Figure 3) extrapolated the elevation of the Precambrian surface
7 under the area of WIPP as being between 14,500 ft (4,420 mn) and 15,000 ft (4,570 mn)
8 below sea level; the site surface at WIPP is about 3,400 ft (1,036 mn) above sea level.
9 Keesey (1976, vol. 1, exhibit no. 2) projected a depth of about 18,200 ft (5,550 mn) to the

10 top of Precambrian rocks in the vicinity of the WIEPP. The depth projection is based on
I1I the geology of the nearby borehole in Section 15, T22S, R3 IlE.
12

13 Precambrian rocks of several types crop out in the following locations: the Sacramento
14 Mountains northwest of WJEPP; around the Sierra Diablo and Baylor Mountains near Van
15 Horn, Texas; west of the Guadalupe Mountains at Pump Station Hills; and in the Franklin
16 Mountains near El Paso, Texas. East of the WIPP, a relatively large number of boreholes
17 on the Central Basin Platform have penetrated the top of the Precambrian (Foster 1974,
18 Figure 3). As summarized by Foster (1974, 10), Precambrian rocks in the area considered
19 similar to those in the vicinity of the site range in age from about 1. 14 to 1.35 billion
20 years.
21

22 For about 500 million years (1. 1 to 0.6 billion years ago), there is no certain rock record
23 in the region around the WIPP. The most likely rock record for this period may be the
24 Van Horn sandstone, but there is no conclusive evidence that it represents part of this
25 time period. The region is generally thought to have been subject to erosion for much of
26 the period until the Bliss sandstone began to accumulate during the Cambrian.
27
28 2.1.3 Stratigraphy and Lithology in the Vicinity of the WIPP Site
29
30 The FEP screening process has identified stratigraphy as a feature of the natural system to
31 be included in the performance modeling. The conceptual models developed for this
32 purpose are discussed in Chapter 8. Stratigraphic information provided in the following
33 sections is used in the conceptual model and includes the thickness and lateral
34 distribution of the various stratigraphic units; the lithology, including the presence of
35 soluble or insoluble constituents and the distribution of fractures or vugs; and the
36 presence of minerals of geochemical significance. This discussion has focused on the
37 general properties of the various rock units as determined from field studies. Specific
38 parameters used in the modeling described in Chapter 8 are summarized in Appendix
39 PAR. These parameters include some of those that are of hydrological, tectonic, or
40 geomorphological significance and are described in the subsequent sections.
41

42 This section describes the stratigraphy and lithology of the Paleozoic and younger rocks
43 underlying the WIPP site and vicinity (Figure 2-4), emphasizing the units nearer the
44 surface. Details begin with the Permian (Guadalupian) Bell Canyon Formation (hereafter
45 referred to as the Bell Canyon)-the upper unit of the Delaware Mountain
46 Group-because this is the uppermost transmissive formation below the evaporites. The

June 14, 1996 2-10 DOE/CAO-96-2 160



Final No-Migration Variance Petition

R~9 T - WIPP28

.WIPP27

",WIPP30 AEC7

4ERDA6

*WIpp1 *AEC8

",DOE2 WIPP Site Boundary
______ !WIPP14

WIP5 IP3 6 rP1 WIPP34 H5B1

4 PP8 W aSP-2

P14 H18H16 OWIP292P14 *~WIPP21 -

*H2A, ,OERDA9 ~Hi5
'WIPP26 H

*WIPP3W2 p
0

6 P15 *H11B3

H4? *C)BINI

6P17 *Hi 7

*H7C

ERDA1 0

USGS4

ENGOLE

Od

*HBB

[CI 1311F 931I1:321

M1 I AIA4 2 1 0 1 2
MI

This Illustration for Information, Purposes Only 3 i
Km

NMVP-6342-1 45-0

Figure 2-2. WIPP Site and Vicinity Bo~rehole Location Map

DOE/CAO-96-2 160 2-11 June 14, 1996



Final No-Migration Variance Petition

THIS PAGE INTENTIONALLY LEFT BLANK
2

June 14, 1996 2-12 DOE/CAO-96-21 60



Final No-Migration Variance Petition

3 ERA PERIODl EPOC~Hr DUATO BEORE SOU7EA T NW MEXREGiION
PRESENT

4 Quaternary Holocene 10,000 Ealian and erosion/solution activity. Development of present
5 C _____ _____landscape.

6 EPlitcn159,0
7 N Petoee,5000 1,600,000 Continued derposition of Gatufia sediments.
8 0
9 Z Pliocene 3,700,000 Deposition (of Gatuia sediments. Formation of caliche caprock.

10 0 Regional upl(ift and east-southeastward tilting; Basin-Range uplift of
I1I1 Miocene 18,400,000 Sacramento and Guadalupe-Delaware Mountains.
12 C Tertiary

Oligocene 12,900,000 Erosion dominant. No Early to Mid-Tertiary rocks present.

Eocene 21,200,000 Laramide "revolution." Uplift of Rocky Mountains. Mild tectonism

Palecen 8,60,00 66400000 and igneous activity to west and north.

13 M Cretaceous 77,600,000 Submergence. Intermittent shallow seas. Thin limestone and
14 E 144,000,000 clastics deposited.
15 S
16 0 Jurassic 64,000,000 Emergent conditions. Erosion, formation of rolling terrain.
1.77 Z 208,000,000

. 18 0 Deposition of fluvial clastics.
719 1

20 C Triassic 37,000,000 245,000,000 Erosion. Broad floodplain develops.

21 Deposition of evaporite sequence followed by continental redbeds.
22 Perman 41,000,000
23 Sedimentaton continuous in Delaware, Midland, Val Verde basins
24 286,000,000 and shelf ateas.

26Pennsylvanian 34,000,000 Massive deposition of clastics. Shelf, margin, basin pattern of
27 320,000,000 deposition develops.
28
29 P Regional tectonic activity accelerates, folding up Central Basin
30 A platform. Matador arch, ancestral Rockies.
31 L Mississippian 40,000,000
32 E Regional erosion. Deep, broad basins to east and west of platform
33 0 1360,000,000 develop .
34 Z
35 0Renewed sabmergence.
36 1
37 C Devonian 48,000,000 Shallow sea retreats from New Mexico; erosion.

Mild epeirogenic movements. Tobosa basin subsiding. Pedernal
408,000,000 landmass and Texas Peninsula emergent until Middle Mississippian.

Silurian 30,000,000 438,000(,00

Marathon-Quachita geosyncline, to south, begins subsiding.
Ordovician 67,000,000

Deepeninj: of Tobosa basin area; shelf deposition of clastics, derived
505,000,000 partly from ancestral Central Basin platform and carbonates.

Cabran65,000,000 570,000,000 Clastic sedimentation - Bliss sandstone.

Erosion to a nearly level plain.
PRECAMBRIAN

Mountain building, igneous activity, metamorphism, erosional
cycles

38. 39 Figure 2-3. Major Geologic Events - Southeast New Mexico Region
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Figure 2-4. Site Geologic Column
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I principal stratigraphic data are the chronologic sequence, age, and extent of rock units,
2 including some of the nearby relevant facies changes. For deeper rocks, characteristics
3 such as thickness and depth are summarized from published sources, and for shallower
4 rocks they are mainly based on data sets presented in Appendix BH (above the Bell
5 Canyon). The lithologies of upper formations and some formnation members are
6 described. A comprehensive discussion of stratigraphy in the WJPP area is presented in
7 this application in Appendix GCR. Detailed referencing to original investigations by the
8 United States Geological Society (USGS) and others is included.
9

10 2.1.3.1 General Stratigraphy and Lithology below the Bell-Canyon
11

12 As stated previously, the Precambrian basement near the site is projected to be about
13 18,200 ft (5,550 mn) below the surface (Keesey 1976, vol. I[, exhibit no. 2), consistent
14 with information presented by Foster in 1974. Ages of similar rock suites in the region
15 range from about 1. 14 to 1. 35 billion years.
16
17 A detailed discussion of the distribution of Precambrian rocks in southeastern New
18 Mexico and Texas can be found in this application in Appendix GCR, Section 3.3. 1.
19

* ,20 The basal units overlying Precambrian rocks are clastic rocks commonly attributed either
21 to the Cambrian Bliss sandstone or the Ellenberger Group (Foster 1974, 10Off), considered

___ 22 most likely to be Ordovician in age in this area. The Ordovician System comprises the
V 23 Ellenberger, Simpson, and Montoya Groups in the northern IDelaware Basin. Carbonates

24 are predominant in these groups, with sandstones and shales zcommon in the Simpson
25 Group. Foster (1974, Figure 4) reported 975 ft (297 mn) of Ordovician-age rocks north of
26 the site area and extrapolated a thicker section of about 1,300 ft (396 mn) at the present site
27 (1979, Figure 5). Keesey (1976, vol. HI, exhibit no. 2) projected a thickness of 1,200 ft
28 (366 mn) for the Ordovician System within the site boundaries.
29
30 Silurian-Devonian rocks in the Delaware Basin are not stratigraphically well defined, and
31 there are various notions for extending nomenclature into the: basin. Common drilling
32 practice is not to differentiate, though the Upper Devonian Woodford shale at the top of
33 the sequence is frequently distinguished from the underlying dolomite and limestone
34 (Foster 1974, 18). Foster (1974, Figure 6) showed a reference thickness of 1,260 and 160
35 ft (384 and 49 mn) for the carbonates and the Woodford shale, respectively; he estimated
36 thickness of these units at the present WIPP site of about 1, 150 ft (351 mn) and 170 ft (52
37 in), respectively. Keesey (1976, vol. HI, exhibit no. 2) projected 1,250 ft (381 mn) of
38 carbonate and showed 82 ft (25 in) of the Woodford shale.,
39
40 The Mississippian System in the northern Delaware Basin is commonly attributed to
41 Mississippian limestone and the overlying Barnett shale (Foster 1974, 24), but the
42 nomenclature is not consistently used. At the reference well used by Foster (1974, 25),
43 the limestone is 540 ft (165 mn) thick and the shale is 80 ft (24 in); isopachs at the WIPP

* 44 are 480 ft (146 mn) and less than 200 ft (61 in). Keesey (1976, vol. HI, exhibit no. 2)
45 indicates 511 ft (156 mn) and 164 ft (50 in), respectively, within the site boundaries.
46
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I The nomenclature of the Pennsylvanian System applied within the Delaware Basin is both
2 varied and commonly inconsistent with accepted stratigraphic rules. Chronostratigraphic,
3 or time-stratigraphic, names are applied from base to top to these lithologic units: the
4 Morrow, Atoka, and Strawn (Foster 1974, 3 1). Foster (1974, Figure 13) extrapolated
5 thicknesses of about 2,200 ft (671 m) for the Pennsylvanian at the WLPP site. Keesey
6 (1976, vol. 111, exhibit no. 2) reports 2,088 ft (636 m) for these units. The Pennsylvanian
7 rocks in this area are mixed clastics and carbonates, with carbonates more abundant in the
8 upper half of the sequence.
9

10 The Permian is the thickest system in the northern Delaware Basin, and it is divided into
I I four series from the base to top: Wolfcampian, Leonardian, Guadalupian, and Ochoan.
12 According to Keesey (1976, vol. II, exhibit no. 2), the three lower series total 8,684 ft
13 (2,647 m) near the site. Foster (1974, 35ff) indicates a total thickness for the lower three
14 series of 7,665 ft (2,336 m) for a reference well north of WJPP. Foster's isopach maps of
15 these series indicate about 8,500 ft (2,591 m) for the WIPP site area. The Ochoan Series
16 at the top of the Permian is considered in more detail later because the formations host
17 and surround the WIPP repository horizon. Its thickness at DOE-2, about 2 mi (3.2 kin)
18 north of the site center, is 3,938 ft (1,200 m) according to Mercer et al. (1987, 23 and 24).
19
20 The Wolfcampian Series is also referred to as the Wolfcamp Formation (hereafter
21 referred to as the Wolfcamp) in the Delaware Basin. In the site area, the lower part of the
22 Wolfcamp is dominantly shale with carbonate and some sandstone according to Foster
23 (1974, 38); carbonate increases to the north. Clastics increase to the east toward the
24 margin of the Central Basin Platform. Keesey (1976, vol. HI, exhibit no. 2) reports the
25 Wolfcamp to be 1,493 ft (455 m) thick at a well near the WIPP site.
26

27 The Leonardian Series is represented by the Bone Spring Limestone or Formation
28 (hereafter referred to as the Bone Spring). According to Foster (1974, 39) the lower part
29 of the formation is commonly interbedded carbonate, sandstone, and some shale, while
30 the upper part is dominantly carbonate. Near the site, the Bone Spring is 3,247 ft (990 m)
31 thick according to Keesey (1976, vol. II, exhibit no. 2).
32
33 The Guadalupian Series is represented in the general area of the site by a number of
34 formations exhibiting complex facies relationships (Figure 2-5). The Guadalupian Series
35 is known in considerable detail west of the site from outcrops in the Guadalupe
36 Mountains, where numerous outcrops and subsurface studies have been undertaken.
37 (See, for example, P.B. King 1948, Newell et al. 1953, and Dunham 1972 in the
38 bibliography).
39
40 Within the Delaware Basin, the Guadalupian Series comprises three formations: Brushy
41 Canyon, Cherry Canyon, and Bell Canyon, from base to top. These formations are
42 dominated by submarine channel sandstones with interbedded limestone and some shale.
43 The Lamar limestone generally tops the series, immediately underneath the Castile
44 Formation (hereafter refer-red to as the Castile). Around the margin of the Delaware
45 Basin, reefs developed when the Cherry Canyon and Bell Canyon formations were being
46 deposited. These massive reef limestones, the Goat Seep and Capitan limestones, are
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* I equivalent in time to these basin sandstone formations but were developed
2 topographically much higher around the basin margin. A complex set of limestone to
3 sandstone and evaporite beds was deposited further away from the basin behind the reef
4 limestones. The Capitan Reef and back-reef limestones are well known, because
5 numerous caves, including the Carlsbad Caverns, are developed in these and adjacent
6 rocks.
7
8 2.1.3.2 The Bell Canyon
9

10 The Bell Canyon is of interest, because it is the first laterally continuous transmissive unit
11 below the WJIPP repository. The significance of this unit is related to the potential for
12 groundwater to migrate from the Bell Canyon into the reposit~ory and cause dissolution.
13 The following discussion summarizes the basic understanding of the Bell Canyon
14 lithology. Dissolution is discussed in Section 2.1.6. Bell Canyon hydrology is presented
15 in Section 2.2.1.2.

1 16
17 The Bell Canyon is known from outcrops on the west side of the Delaware Basin and
18 from subsurface intercepts for oil and gas drilling. Several informal lithologic units are
19 commonly named during such drilling. Mercer et al. (1987, 28) stated that DOE-2
20 penetrated the Lamar limestone, the Ramsey sand, the Ford s~hale, the Olds sand, and the
21 Hays sand. This informal nomenclature is used for the Bell Canyon in some other WLPP. 22 reports.
23

24 The Clayton Williams Badger Federal borehole near the WIPP (Section 15, T22S, R3 1E)
25 intercepted 961 ft (293 m) of Bell Canyon, including the Lamar limestone, according to
26 Keesey (1976, vol. HI, exhibit no. 2). Reservoir sandstones of the Bell Canyon were
27 deposited in channels that are stralght to slightly sinuous. In their 1988 paper, Harms and
28 Williamson proposed that density currents flowed from shelf regions, cutting channels
29 and depositing the sands.
30

31 Within the basin, the Bell Canyon (Lamar limestone)-Castile contact is distinctive on
32 geophysical logs because of the contrast in low natural gammua of the basal Castile
33 anhydrite compared to the underlying limestone. Density oi acoustic logs are also
34 distinctive because of the massive and uniform lithology of the anhydrite compared to the
35 underlying beds. In cores, the transition is sharp, as described by Mercer et al. (1987,
36 312) for DOE-2. A structure contour map of the top of the B3ell Canyon in shown in
37 Figure 2-6. According to Powers et al. 1978 (App. GCR p. 4-59), this structure does not
38 reflect the structure of deeper formations suggesting differenat origins. The "rootless"
39 character of at least some of the normal faulting in the lower Permian suggests there are
40 shallow-seated features.
41

42 2.1.3.3 The Castile Formation
43. 44 The Castile is the lowermnost lithostratigraphic unit of the Late Permian Ochoan Series
45 (Figure 2-7) and is part of the thick layer of evaporites within the WIPP disposal system.
46 It was originally named by Richardson in 1904 for outcrops in Culberson County, Texas.
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I The Castile crops out along a lengthy area of the western side of the Delaware Basin. The
2 two distinctive lithologic sequences now known as the Castile and the Salado were
3 separated into the Upper and Lower Castile by Cartwright (1930). Lang in 1939 clarified
4 the nomenclature by restricting the Castile to the lower unit and naming the upper unit the
5 Salado. By defining an anhydrite resting on the marginal Capitan limestone as part of the
6 Salado, Lang in 1939 effectively restricted the Castile to the Delaware Basin inside the
7 reef rocks.
8
9 Through detailed studies of the Castile, Anderson et al. (1972, 59-86) introduced an

10 informal system of names that is widely used and included in many WIEPP reports. The
I I units are named from the base as anhydrite 1 (AlI), halite 1 (HlI), anhydrite 2 (A2), etc.
12 The informal nfomenclature varies through the basin from A3 up because of complexity of
13 the depositional system. The Castile consists almost entirely of thick beds of two
14 lithologies: (1) interlaminated carbonate and anhydrite and (2) high-purity halite.
15
16 In the eastern part of the Delaware basin, the Castile is commonly 1,400-1,500 ft thick
17 (427-457 mn) (derived from Borns and Shaffer 1985, Figures 9, 11, 16). At DOE-2, the
18 Castile is 989 ft (301 mn) thick. The Castile is thinner in the western part of the Delaware
19 Basin, and it lacks halite units. Anderson and Powers (1978, Figures 1, 3, 4, 5) correlated
20 geophysical logs throughout the WTEPP region, interpreting thin zones equivalent to halite
21 units as dissolution residues. Anderson further attributed the lack of halite in the basin to
22 its removal by dissolution.
23
24 For borehole DOE-2, a primary objective was to ascertain whether a series of depressions
25 in the Salado 2 mi (3.2 kin) north of the site was from dissolution in the Castile as
26 proposed by Davies in his doctoral thesis (1984, 175). Studies have suggested that these
27 depressions were not from dissolution but halokinesis in the Castile (see, for example,
28 Borns 1987 and Chaturvedi 1987 in the bibliography). Robinson and Powers (1987,
29 69-79) interpreted one deformed zone in the Castile as partly caused by synsedimentary,
30 gravity-driven, clastic deposition and suggested that the extent of dissolution may have
31 been overestimated by previous workers. No Castile dissolution is known to be present
32 in the immediate vicinity of the WIPP site. The process of dissolution and the resulting
33 features are discussed later in this chapter.
34

35 In Culberson County, Texas, the Castile hosts major native sulfur deposits. The outcrops
36 of Castile on the Gypsum Plain south of White's City, New Mexico, have been explored
37 for native sulfur without success, and there is no reported indication of native sulfur
38 anywhere in the vicinity of the WIPP.
39
40 In part of the area around the WIPP, the Castile has been significantly deformed and often
41 there are pressurized brines associated with the deformed areas; borehole ERDA-6
42 encountered both. WJPP-12, 1 ml (1.6 kin) north of the site center, revealed lesser
43 Castile structure, but it also encountered a zone of pressurized brine within the Castile.
44 Castile deformation is described and discussed in Section 2.1.6.1 and Appendix DEF,
45 which details structural features, and pressurized brine are described in Section 2.2. 1,
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I which details the area's hydrology. Appendix GCR contains additional discussions of
2 Castile brine.
3

4 The Castile continues to be an object of research interest unrelated to the WIPP program
5 as an example of evaporites supposedly deposited in deep wat~er. Anderson (1993,
6 12-13) discusses alternatives and contradictory evidence. Although these discussions and
7 a resolution might eventually affect some concepts of Castile deposition and dissolution,
8 this issue is largely of academic interest and bears no impact on the suitability of the Los
9 Medafios region for the WIPP site. Additional discussion of Castile deformation and the

10 associated WIPP studies appears in Section 2.1.6.1 and Appendix DEF.
11
12 2.1.3.4 -The Salado
13
14 The Salado is of interest because it contains the repository horizon and provides the
15i primary natural barrier for the long-term isolation of hazardous constituents. The
16 following section provides basic information regarding the genesis and lithology of the
17 Salado. Subsequent sections discuss Salado deformation, Salado dissolution, and Salado
18 hydrology. Appendix GCR provides detailed information about the Salado.
19
20 The Salado is dominated by halite, in contrast to the underlying Castile. The Salado
21 extends well beyond the Delaware Basin, and Lowenstein (19)88, 592) has termed the. 22 Salado a "saline giant."
23
24 While the Fletcher Anhydrite Member, which is deposited on the Capitan Reef rocks, is
25 defined by Lang (1939, 1569-1572; 1942, 63-79) as the base. of the Salado, some
26 investigators consider that the Fletcher Anhydrite Member rnay inteffinger with
27 anhydrites normally considered part of the Castile. The Castile-Salado contact is not
28 uniform across the basin, and whether it is conformable is un~resolved. Around the WIPP
29 site, the Castile-Salado contact is commonly placed at the top of a thick anhydrite
30 informally designated A3; the overlying halite is called the infra-Cowden salt and is
31 included within the Salado. Bodine (1978, 28-29) suggests -that the clay mineralogy of
32 the infra-Cowden in ERDA-9 cores changes at about 15 ft (4-.6 mn) above the lowermost
33 Salado and that the lowermost clays are more like Castile clays. At the WIPP site, the
34 DOE -recognizes the top of the thick anhydrite as the local contact for differentiating the
35 Salado from the Castile and notes that the distinction is related only to nomenclature and
36 has no relevance to the performance of the WLPP disposal system.
37

38 The Salado in the northern Delaware Basin is broadly divided into three informal
39 members. The middle member is known locally as the McNutt Potash Zone (MPZ) or
40 member, and it includes 11 defined potash zones, ten of which are of economic
41 significance in the Carlsbad Potash District. The lower and upper members remain
42 unnamed. The WIPP repository level is located below the MPZ in the lower member.
43 Figure 2-8 shows details of the Salado stratigraphy near the excavated regions.. 44
45 Within the Delaware Basin, a system is used for numbering the more significant sulfate
46 beds within the Salado, designating these beds as marker beds (MB) from MB 100 (near
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I the top of the formation) to MB 144 (near the base). The system is generally used within
2 the Carlsbad Potash District as well as at and around the WI[PP site. The repository is
3 located in the vicinity of MB 139 and MB 138.
4

5 In the central and eastern part of the Delaware Basin, the Salado is at its thickest, ranging
6 up to about 2,000 ft (about 6 10 m) thick and consisting mainly of interbeds of sulfate
7 minerals and halite, with halite dominating. The thinnest portions of the Salado consist
8 of a brecciated residue of insoluble material a few tens-of-ft thick and is exposed in parts
9 of the western Delaware Basin. The common sulfate minerals are anhydrite (CaSO4),

10 gypsum (CaSO4 -2H 20) near the surface, and polyhalite (K 2 S0 4 'MgSO 4 - 2CaSO4 '
11 21120). They form interbeds and are also found along halite grain boundaries.
12
13 In the vicinity of the repository, authigenic quartz (Si0 2 ) and magnesite (MgCO3 ) are also
14 present as accessory minerals. Marker beds in the salt are predominantly anhydrite with
15 seamns of clay. The clays within the Salado are enriched in magnesium and depleted in
16 aluminum. The magnesium enrichment probably reflects the intimate contact of the clays
17 with brines derived from evaporating sea water, which are relatively high in magnesium.
18
19 A partial list of minerals found in the Delaware Basin evaporites, together with their
20 chemical formulas, is given in Table 2-2. The table also indicates the relative abundances
21 of the minerals in the evaporite rocks of the Castile, Salado, and Rustler. Minerals found
22 either only at depth, removed from influence of weathering, or only near the surface, as
23 weathering products, are also identified.
24

25 Although the most common Delaware Basin evaporite mineral is halite, the presence of
26 less soluble interbeds (dominantly anhydrite, polyhialite, and claystone) and more soluble
27 admixtures (for example, sylvite, glauberite, kainite) has resulted in chemical and
28 physical properties of the bulk Salado that are significantly different than those of pure
29 halite layers contained within it. In particular, the MPZ, between MB 116 and MEB 126, is
30 locally explored and mined for potassium-bearing minerals of economic interest. Under
31 differential stress, interbeds (anhydrite, polyhialite, magnesite, dolomite) may fracture
32 while, under the same stress regime, pure halite would undergo plastic deformation.
33 Fracturing of relatively brittle beds, for example, has locally enhanced the permeability,
34 allowing otherwise nonporous rock to carry groundwater. Some soluble minerals
35 incorporated in the rock salt can be radiometrically dated, and their dates indicate the time
36 of the formation. The survival of such minerals is significant, in that such dating is
37 impossible in pure halite or anhydrite.
38
39 Liquids were collected from fluid inclusions and from seeps and boreholes within the
40 WIPP drifts. Analysis of these samples indicated that there is compositional variability of
41 the fluids showing the effects of various phase transformations on brine composition.
42 The fluid inclusions belong to a different chemical population than do the fluids
43 emanating from the walls. It was concluded that much of the brine is completely
44 immobilized within the salt and that the free liquid emanating from the walls is present as
45 a fluid film along intergranular boundaries mainly in clays and in fractures in anhydrites.
46 Additional information can be found in Appendix GCR.
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Final No-Mig tion variance Petition.I Table 2-2. Chemical Formulas, Distributions, and Relative Abundances of Minerals
2 in the Castile, Salado, and Rustler Formations
3

4 Mineral Formula Occurrence/Abundance
5 Amesite (Mg 4Al 2)(Si 2Al2)01 0(OH)8  S, R

6 Anhydrite CaSO4  CCC, SSS, RRR (rarely near surface)

7 Calcite CaCO, S, RR

8 Carnallite KMgCl,.6H,0 SS

9 Chlorite (Mg,A1,Fe)1 2(Si,Al)8020(OH),6  S, R

10 Corrensite mixed-layer chlorite and smectite 5, R

11I Dolomite CaMg(C0 3)2  RR

12 Feldspar (K,Na,Ca)(Si,AI) 40, C, S, R

13 Glauberite Na2Ca(S0 4)2  C, S (never near surface)

14 Gypsum CaSO 4-2H 20 CCC (only near surface), S, RRR

- ~ 15 Halite NaCI CCC, 555, RRR (rarely near surface)

N 16 Illite Kj_ 5A' 4[ISi 7-65A 1-1.50 201(OH) 4  S, R
17 Kainite KMgClSO,.3H 20 55

18 Kieserite MgSO4 .H,0 SS

19 Langbeinite K2Mg2(S0 4)3  S.20 Magnesite MgCO3  C, S, R
21 Polyhalite KCaMg(S0 4 )4 .-2H,0 SS, R (never near surface)

22 Pyrite FeS 2  C, S, R

23 Quartz Sio 2  C, S, R

24 Serpentine Mg3 Si2O5(OH)4  S, R
25 Smectite (Cal 12,Na)0.7(Al,Mg,Fe)4(Si,Al) 8020  S, R

(OH)4*nH2O

26 Sylvite KCl SS

27 Legend: C = Castile; S =Salado; R = Rustler
28 3 letters = abundant; 2 letters = common; 1 l etter =rare cr accessory

29
30
31 In its previous review of Salado data in 1989, the EPA reacl.-ed the conclusion that the
32 characterization of the Salado "has provided a good understanding of the conditions in
33 the area of WLEPP" and that the "Salado is a laterally continuous, homogeneous rock unit
34 that is thick, stable, and very low in permeability." The EIPAL also recognized further
35 information needs that have been met since the review. These include the characteristics
36 of the disturbed rock zone (DRZ) that forms around the excavation, hydrological factors
37 (far field permeability and brine inflow), and rock mechanic:s factors (fractures in the
38 marker beds) (EPA 1990a).
39.40 Early investigators of the Salado recognized a repetitious, vertical succession or cycle of
41 beds in the Salado: clay - anhydrite - polyhialite - halite and minor polyhalite - halite.
42 Later investigators described the cyclical units as clay - maagnesite - anhydrite or
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I polyhalite or glauberite - halite - argillaceous halite capped by mudstone. Lowenstein
2 (1988, 592-608) defined a depositional cycle (Type I) consisting of (1) basal mixed
3 siliciclastic and carbonate (magnesite) mudstone, (2) laminated to massive anhydrite or
4 polyhialite, (3) halite, and (4) halite with mud. Lowenstein also recognized repetitious
5 sequences of halite and halite with mud as incomplete Type I cycles and termed them
6 Type HI cycles. Lowenstein (1988, 592-608) interpreted the Type I cycles as having
7 formed in a shallowing upward, desiccating basin beginning with a perennial lake or
8 lagoon of marine origin and evaporating to saline lagoon and salt pan environments.
9 Type II cycles are differentiated because they do not exhibit features of prolonged

10 subaqueous deposition and also have more siliciclastic influx than do Type I cycles.
11
12 From detailed mapping of the Salado in the air intake shaft (AIS) at WIEPP, Holt and
13 Powers (1990a, 45-72) constructed a more detailed sedimentological analysis of Salado
14 depositional cycles, similar in broad aspects to the Type I cycle of Lowenstein.
15 Argillaceous halites and halitic mudstone at the top of many depositional cycles were
16 interpreted by Holt and Powers (1990a, 45-78) in terms of modem features such as those
17 at Devil's Golf Course at Death Valley National Monument, California. The evaporative
18 basin was desiccated, and varying amounts of insoluble residues collected on the surface
19 through surficial dissolution, eolian sedimentation, and some clastic sedimentation from
20 temporary flooding caused from surrounding areas. The surface developed local relief
21 that could be mapped in some cycles, while the action of continuing desiccation and
22 exposure increasingly concentrated insoluble residues. Flooding, most commonly from
23 marine sources, reset the sedimentary cycle by depositing a sulfate bed.
24

25 The details available from the shaft demonstrated the important role of syndepositional
26 water level to water table changes that created solution pits and pipes within the halitic
27 beds while they were at the surface. Holt and Powers (1990a, Appendix F, 3-26)
28 concluded that passive halite cements filled the pits and pipes, as well as less dramatic
29 voids, as the water table rose. Early diagenetic to synsedimentary cements filled the
30 porosity early and rather completely with commonly clear and coarsely crystalline halite,
31 reducing the porosity to a very small volume according to Casas and Lowenstein (1989).
32
33 Although Holt and Powers (1 990a) found no evidence for post-depositional halite
34 dissolution in the AIS, dissolution of the Upper Salado halite has occurred west of the
35 WJPP. Effects of dissolution are visible in Nash Draw and at other localities where
36 gypsum karst has formed, where units above the Salado such as the Rustler Formation
37 (hereafter referred to as the Rustler), Dewey Lake Redbeds (hereafter referred to as the
38 Dewey Lake), and post-Permian rocks have subsided.
39
40 Within Nash Draw, Robinson and Lang (1938, 87-88) recognized a zone equivalent to
41 the Upper Salado but lacking halite. Test wells in southern Nash Draw produced brine
42 from this interval, and it has become known as the brine aquifer. Robinson and Lang
43 (1938) considered this zone a residuum from dissolution of Salado halite (see Section
44 2.1.6.2). Jones et al. (1960) remarked that the residuum should be considered part of the
45 Salado, though in geophysical logs it may resemble the Lower Rustler. The approximate
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I eastern limit of the residuum and brine aquifer lies near Livingston Ridge (the eastward
2 margin of Nash Draw) and is marked by a thickening of the Salado (see Section 2.1.6.2).
3
4 At the center of the site, Holt and Powers in their 1984 report recognized clasts, of fossil
5 fragments and mapped channeling in siltstones and mudstones above the halite; they
6 considered these beds to be a normal part of the transition from shallow evaporative
7 lagoons and desiccated salt pans of the Salado to the saline lagoon of the Lower Rustler.
8 Although some Salado halite dissolution at the WJPP may have occurred prior to
9 deposition of the Rustler clastics, this process was quite different from the subsurface

10 removal of salt from the Salado in more recent time that caused the residuum and
11 associated brine aquifer in Nash Draw. Where the Salado halite is buried at depths
12 greater -than about 1,000 ft (approximately 305 in), physical evidence for large-scale
13 dissolution (for example, post-depositional accumulation of insoluble residues,
14 brecciation from differential collapse, and mass removal) is riot observed.
15
16 Given the susceptibility of evaporite minerals to dissolution by flowing groundwater,

N 7geochronological investigations provide a means to confirm -:he physical evidence
1s indicating that little or no rock-water interactions have occurred in the Salado at the
19 WIPP since the Late Permian Period. Radiometric techniques provide a means of
20 determining the approximate time of the latest episode of reioa rersaliaino
21 evaporite minerals, which can be inferred to be the approxirnate time of the latest episode

* 22 of freely circulating groundwater. Radiometric dates for mrinterals of the Salado are
23 available from mines and boreholes in the vicinity of the WLPP (Register and Brookins
24 1980, 39-42; Brookins 1980, 29-3 1; Brookins et al. 1980,, 6 35-637; Brookins 198 1,
25 147-152; and Brookins and Lambert 1987, 771-780). The distribution of dates shows
26 that rubidium-strontium (Rb-Sr) isochron determinations on evaporite minerals, largely
27 sylvite (179 to 229 million years ago), are in good agreement with potassium-argon (K-
28 Ar) determinations on pure polyhalites (195 to 216 million years ago). (Potassium-argon
29 ages for sylvite are significantly younger than Rb-Sr ages for the same rocks because of
30 the loss of radiogenic argon. Radiogenic strontium, as a solid, is less mobile than argon
31 and therefore the Rb-Sr ischron method is preferred for sylvite.) Clay minerals have both
32 Rb-Sr and K-Ar ages significantly older (390 plus or minus 77 million years) than the
33 evaporite minerals, presumably reflecting the detrital origin of the clays.
34

35 One significantly younger recrystallization event has been identified in evaporites in the
36 WIPP region and has been shown to be a contact phenomenon associated with the
37 emplacement of an Oligocene igneous dike (see Section 211.5.4) Polyhalite near the dike
38 yields a radiometric age of 21 million years, compared to the 32 to 34 million-year age
39 determined for the dike (Calzia and Hiss 1978, 39-45). This exception notwithstanding,
40 the results of radiometric determinations argue for the absence of pervasive
41 recrystallization of the evaporites in the Salado in the last 20X) million years. This
42 conclusion is supported by the number of replicate determinations, the wide distribution
43 of dated minerals throughout the Delaware Basin, and the co~ncordance of dates obtained. 44 by various radiometric methods.
45
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I The DOE believes that the Salado is of primary importance to the containment of waste.
2 As the principal natural barrier, many of the properties of the Salado have been0
3 characterized by the DOE and numerical codes were developed by the DOE to simulate
4 the natural processes within the Salado that affect the disposal system performance.
5 These properties fall into two categories: physical and hydrological. The physical
6 properties of importance are summarized in Appendix RM. The hydrological properties
7 are included in Section 2.2. 1.
8
9 2.1.3.5 Rustler Formation

10
11 The Rustler is the youngest evaporite-bearing formation in the Delaware Basin. It was
12 originally narndd by Richardson in 1904 for outcrops in the Rustler Hills of Culberson
13 County, Texas. Adams (1944, 1614) first used the names Culebra Member and Magenta
14 Member to describe the two carbonates in the formation, indicating that Lang favored the
15 names, though Lang did not use these names in his 1942 publication. Vine (1963)
16 extensively described the Rustler in Nash Draw and proposed the four formal names and
17 one informal term for the stratigraphic subdivisions still used for the Rustler (from the
18 base): unnamed lower member, Culebra Dolomite Member, Tamarisk Member, Magenta
19 Dolomite Member, and Forty-niner Member (Figure 2-9). (The Culebra Dolomite
20 Member, the Tamarisk Member, the Magenta Dolomite Member, and the Forty-niner
21 Member are hereafter referred to as the Culebra, the Tamarisk, the Magenta, and the
22 Forty-niner.) Though it has been noted by some investigators that the unnamed lower
23 member might be named the Los Medaflos Member, this nomenclature has not been
24 formalized and is not adopted here.
25
26 Two studies of the Rustler since Vine's 1963 work contribute important information
27 about the stratigraphy, sedimentology, and regional relationships while examining more
28 local details as well. Eager (1983) published a report on relationships of the Rustler
29 observed in the southern Delaware Basin as part of sulfur exploration in the area. Holt
30 and Powers (1988, Chapter 5) reported the details of sedimentologic and stratigraphic
31 studies of WJ[PP shafts and cores as well as of geophysical logs from about 600 boreholes
32 in southeastern New Mexico. Their work resulted in the more detailed subdivisions of
33 the Rustler indicated in the right column of Figure 2-9.
34
35 The Rustler is regionally extensive; a similar unit in the Texas Panhandle is also called
36 the Rustler. Within the area around WJPP, evaporite units of the Rustler are interbedded
37 with significant siliciclastic beds and the carbonates. Both the Magenta and the Culebra
38 extend regionally beyond areas of direct interest to the WIPP. In the general area of the
39 WIPP, both the Tamarisk and the Forty-niner have similar lithologies: lower and upper
40 sulfate beds and a middle unit that varies principally from mudstone to halite from west
41 to east (Figure 2-9).
42
43 In a general sense, halite in the unnamed lower member broadly persists to the west of the
44 WI[PP site, and halite is found east of the center of the WIPP in the Tamarisk and the
45 Forty-niner (Figure 2- 10). (Additional detail on the lithologies of these members0
46 follows.) Two different explanations have been used to account for the halite
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I distribution. A prominent interpretation in many documents is that halite was originally
2 deposited relatively uniformly in the noncarbonate members across southeastern New
3 Mexico, including the WIPP site. The modern distribution resulted from dissolution of
4 Rustler halite to the west of the site. As shown by Holt and Plowers (1988, 6-20 and 6-
5 22), sedimentary features and textures within WIPP shafts and cores led them to propose
6 an alternative interpretation of depositional facies for the mudstone-halite units; halite
7 was dissolved syndepositionally from mudflat facies, especially to the west, and was
8 redeposited in a halite pan to the east. As discussed in Sectio'n 2.2. 1, Culebra
9 transmissivity shows about six orders of magnitude variation across the area around the

10 site. Although some investigators have called attention to the correlation between the
I1I distribution of halite in the Rustler and variations in Culebra transmissivity and have
12 attributed the variation to fracturing resulting from post-depositional dissolution of
13 Rustler halite (see, for example, Snyder 1985), Holt and Powers' (1988) work largely
14 rules out this explanation. Variations in transmissivity of the Culebra have also been
15 correlated qualitatively to the thickness of overburden above the Culebra, the amount of
16 dissolution of the Upper Salado, and the distribution of gypsum fillings in fractures in the
17 Culebra. The DOE believes that variations in Culebra transmissivity are primarily caused
18 by the relative abundance of open fractures in the unit, which may be related to each of
19 these factors.
20
21 In the region around the WIPP, the Rustler reaches a maximum thickness of more than.22 500 ft (152 m) (Figure 2-11), while it is about 300 to 350 ft (91 to 107 m) thick within
23 most of the WIPP site. Much of the difference in Rustler thickness can be attributed to
24 variations in the amount of halite contained in the formation. Variation in Tamarisk
25 thickness accounts for a larger part of thickness changes thant do variations in either the
26 unnamed lower member or the Forty-niner. Details of the Rustler thickness can be found
27 in Appendix GCR, 4-39 and Figure 4.3-8.
28
29 Much project-specific information about the Rustler is contained in Holt and Powers
30 (1988). The WIPP shafts were a crucial element in Holt and Powers' 1988 study,
31 exposing features not previously reported. Cores were available from several WIPP
32 boreholes, and their lithologies were matched to geophysical log signatures to extend the
33 interpretation throughout a larger area in southeastern New Mexico. These data are
34 included in Appendix FAC.
35
36 Unnamed Lower Member
37
38 The unnamed lower member rests on the Salado with apparent conformity at the WLPP
39 site. It consists of significant proportions of bedded and burrowed siliciclastic
40 sedimentary rocks with cross-bedding and fossil remains. These beds record the
41 transition from strongly evaporative environments of the Sal ado to saline lagoonal
42 environments. The upper part of the unnamed lower member includes halitic and sulfatic
43 beds within clastics. Holt and Powers (1988, 9-iff) interpret these as facies changes.44 within a saline playa environment and not dissolution residues from post-depositional
45 dissolution.
46
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I According to Holt and Powers (1988, Figure 4.7), the unnamed lower member ranges in
2 thickness from about 96 to 126 ft (29 to 38 m) within the site boundaries. The maximum
3 thickness recorded during that study was 208 ft (63 mn) southeast of the WIPP site.
4

5 Halite is present in this unit west of most of the site area (see Figure 2- 10 for an
6 illustration of the halite margins). Cross-sections based on geophysical log
7 interpretations by Holt and Powers (1988, Figure 4.4) show that the unit is thicker to the
8 east where the halite is more abundant.
9

10 The Culebra
11
12 The Culebra rests with apparent conformity on the unnamed lower member, though the
13 underlying unit ranges from claystone to its lateral halitic equivalent in the site area.
14 West of the WIPP site, in Nash Draw, the Culebra is disrupted from dissolution of
15 underlying halite. Holt and Powers (1988, 6-12, 6-13, 8-l4fD) principally attribute this to
16 dissolution of Salado halite, while Snyder (1985, 6) indicates that salt was dissolved post-
17 depositionally from the unnamed lower member. These alternative interpretations offer
18 differing explanations of how the existing Rustler hydrologic system developed and
19 might continue to develop. Culebra hydrology and its significance to disposal system
20 performance are discussed in detail in Section 2.2.1.4.
21

22 The Culebra was described by Robinson and Lang (1938, 83) as a dolomite 35 ft (11 mn)
23 in thickness. The Culebra is generally brown, finely crystalline, locally argillaceous and
24 arenaceous dolomite with rare to abundant vugs with variable gypsum and anhydrite
25 filling; Adams (1944, 1614) noted that odlites are present in some outcrops as well. bolt
26 and Powers (1988) describes the Culebra features in detail, noting that most of the
27 Culebra is microlaniinated to thinly laminated, while some zones display no depositional
28 fabric. Holt and Powers (1984) described an upper interval of the Culebra consisting of
29 waxy, golden-brown carbonate; dark organic claystone; and some coarser siltstone of
30 probable algal origin. Because of the unique organic composition of this thin layer, Holt
31 and Powers did not include it in the Culebra for thickness computations, and this will be
32 factored into discussions of Culebra thickness. Based on core descriptions from the
33 WTEPP project, Holt and Powers (1988, 5-11) concluded that there is very little variation
34 of depositional sedimentary features throughout the Culebra.
35
36 Vugs are an important part of Culebra porosity. They are cormmonly zoned parallel to
37 bedding. In outcrop, vugs are commonly empty. In the subsurface, vugs range from open
38 to partially filled or filled with anhydrite, gypsum, or clay (Holt and Powers 1990a,
39 318-320). Lowenstein (1988, 20-21) noted similar features. Holt and Powers (1988, 8-4)
40 attributed vugs partly to syndepositional growth as nodules and partly as later replacive
41 textures. Lowenstein (1988, 592-608) also described textures related to later replacement
42 - and alteration of sulfates. Vug or pore fillings vary across the WIPP site and contribute to
43 the porosity structure of the Culebra. Natural fractures filled with gypsum are common
44 east of the WIPP site center and in a smaller area west of the site center (Figure 2-12).

46
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I After dolomite, Sewards et al. (1991, IX-1) report that clay is the second most abundant
2 mineral of the Culebra. Clay minerals include corrensite, illit-., serpentine, and chlorite.
3 Clay occurs in bulk rock and in fracture surfaces.
4

5 In the WIPP area, the Culebra varies in thickness. Depending on the area considered and
6 the horizons chosen for the upper and lower boundaries of the Culebra, different data
7 sources provide varying estimates (Table 2-3). Holt and Powers (1988, 4-7) considered
8 the organic-rich layer at the Culebra-Tamarisk contact separaitely from the Culebra in
9 interpreting geophysical logs.

10
11 Comparing data sets, Holt and Powers (1988) typically interpret the Culebra as being
12 about 3-ft (about 1 m) thinner than other interpretations. In g.-neral, this reflects the
13 difference between including or excluding the unit at the Culebra-Tamarisk contact.
14

15 LaVenue et al. (1988, Table B. 1) calculated a mean thicknesE. of 25 ft (7.6 m) for the
16 Culebra within their model domain based on thicknesses mneasured in 78 boreholes.
17 Mercer (1983, reproduced here as Appendix HYDRO, Table 1) reported a data set similar
18 to LaVenue et al. The borehole database for the region of interest is provided in
19 Appendix BH.
20

21 The Tamarisk
* 22"

23 Vine (1963, B 14) named the Tamarisk for outcrops near Tamarisk Flat in Nash Draw.
24 Outcrops of the Tamarisk are distorted, and subsurface inform-ation was used to establish
25 member characteristics. Vine reported two sulfate units separated by a siltstone, about
26 5 ft (1.5 m) thick, interpreted by Jones et al. in 1960 as a dissolution residue. The
27 Tamarisk is generally conformable with the underlying Cule::)ra. The transition is marked
28 by an organic-rich unit interpreted as being present over most of southeastern New
29 Mexico.
30
31 The Tamarisk around the WIPP site consists of lower and upper sulfate units separated by
32 a unit that varies from mudstone (generally to the west) to mainly halite (to the east).
33 Near the center of the WLPP site, the lower anhydrite was partially eroded during
34 deposition of the middle mudstone unit, as observed in the WVIPP waste-handling and
35 Exhaust Shafts. The lower anhydrite was completely erocdect at WIPP-19. Before shaft
36 exposures were available, the lack of the Lower Tamarisk anhydrite at WIPP- 19 was
37 interpreted as the result of dissolution and the mudstone was considered a cave filling.
38
39 Jones interprets halite to be present east of the center of the WIPP site based on
40 geophysical logs and drill cuttings. Based mainly on cores and cuttings records from the
41 WIPP potash drilling program, Snyder prepared a map in 1985 showing the halitic areas
42 of each of the noncarbonate Rustler Members. A very similar map based on geophysical
43 log characteristics was prepared by Holt and Powers (1990a) (see Figure 2-10).. 44
45 Holt and Powers (1988, 6-8) describe the mudstones and halitic facies in the middle of
46 the Tamarisk and postulate that the unit formed in a salt pan to mudflat system. Holt and
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i Table 2-3. Culebra Thickness Data Sets
2

3 Data Set Location
4 Source T22S, R31E T21-23S, R30~-32E Entire Set

5 n ave std dev n ave std dev n ave std dev

6 Richey (1989) 7 7.5 m 1.04 m 115 7.9 m 1.45 m 633 7.7 m 1.65 m

7 Holt and Powers (1988) 35 16.4 m 0.59 m 1122 17.0 m 1.26 m 508 6.5 m 1.89 m

8 LaVenue et al. (1988) 1___ t__ __ 78 7.7 m

9 Sourcv- WIEPP Potash Drillholes

10 Jones (1978) J ____ 21 7.5 m 0.70 m

11 Holt and Powers (1988) I __ ___J21 6.3 m 0.50 m

12 Legend: n = number of boreholes or data points
13 ave = average or mean
14 std dev = standard deviation
15 m = meters
16
17
18 Powers cited sedimentary features and the lateral relationships as evidence of
19 syndepositional dissolution of halite in the marginal mudflat areas. In contrast, other
20 investigators interpreted the lateral decrease in thickness and absence of halite to the west
21 as evidence of post-depositional dissolution (see, for example, Jones et al. 1960, Jones
22 1978, and Snyder 1985). The differing concepts for halite distribution in the Rustler, and
23 particularly the Tamarisk, have been used to explain the significant changes in hydrologic
24 properties of the Culebra, as described in later sections.
25
26 The Tamarisk thickness varies greatly in southeastern New Mexico, principally as a
27 function of the thickness of halite in the middle unit. Within T22S, R31E, Holt and
28 Powers (1988, Figure 4.9) show a range from 84 to 184 ft (26 to 56 mn) for the entire
29 Tamarisk and a range from 6 to 110 ft (2 to 34 mn) for the interval of mudstone-halite
30 between lower and upper anhydrites. Expanded geophysical logs with corresponding
31 lithology illustrate some of the lateral relationships for this interval (Figure 2-13).
32
33 The Magenta
34
35 Adams (1944, 1614) attributes the name Magenta Member to Lang, based on a feature
36 named Magenta Point north of Laguna Grande de la Sal. According to Holt and Powers
37 (1988, 5-22), the Magenta is a gypsiferous dolomite with abundant primary sedimentary
38 structures and well-developed algal features. It does not vary greatly in sedimentary
39 features across the site area.
40

41
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Final No-Migration Variance Petition.I Holt and Powers (1988, 5-22) reported that the Magenta varies from 23 to 28 ft (7.0 to
2 8.5 m) around the WJPP site. Additional detail on the Magenta can be found in Appendix
3 GCR and Appendix FAC.
4

5 The Forty-niner
6
7 Vine named the Forty-niner for outcrops at Forty-niner Ridge: in eastern Nash Draw, but
8 the unit is poorly exposed there. In the subsurface around the: WIPP, the Forty-niner
9 consists of basal and upper sulfates separated by a mudstone. It is conformable with the

10 underlying Magenta. As with other members of the Rustler, geophysical log
I1I characteristics can be correlated with core and shaft descriptions to extend geological
12 inferences across a large area.
13
14 The Forty-niner varies 'from 43 to 77 ft (13 to 23 m) thick wi thin T22S, R31IE. East and
15 southeast of the WIPP, the Forty-niner exceeds 80 ft (24 in), and some of the geophysical
16 logs from this area indicate that halite is present in the beds between the sulfates.
17
18 Within the waste-handling shaft, the Forty-niner mudstone displayed sedimentary features
19 and bedding relationships indicating sedimentary transport.. The mudstone has been
20 commonly interpreted as a residue from the dissolution of halitic beds because it is
21 thinner where there is no halite. These beds are not known to have been described in. 22 detail prior to mapping in the waste-handling shaft at WIPP, and the features found there
23 led Holt and Powers (1988, i and ii) to reexamine the available evidence for, and
24 interpretations of, dissolution of halite in Rustler units.
25
26 2.1.3.6 Dewey Lake Redbeds
27
28 The nomenclature for rocks included in the Dewey Lake Redheds Formation (hereafter
29 referred to as the Dewey Lake) was introduced during the 1960s to clarify relationships
30 between these rocks assigned to the Upper Permian and the Cenozoic Gatufia Formation
31 (hereafter referred to as the -Gatufia).
32

33 There are three main sources of data about the Dewey Lake in the area around WIPP.
34 Miller reported the petrology of the unit in 1955 and 1966. Schiel (1988) described
35 outcrops in the Nash Draw areas and interpreted geophysical logs of the unit in
36 southeastern New Mex~ico and west Texas to infer the depositional environments and
37 stratigraphic relationships in 1988 and 1994. Holt and Powters (1990a) were able to
38 describe the Dewey Lake in detail at the AIS for WIEPP in 1990, confirmling much of
39 Schiel' s information and adding data regarding the Lower Dewey Lake.
40

41 The Dewey Lake overlies the Rustler conformably, though SAocal examples of the contact
42 (for example, the AIS described by Holt and Powers in 1990a) show minor disruption by
43 dissolution of some of the Upper Rustler sulfate. The formation is predominantly.44 reddish-brown fine sandstone to siltstone or silty claystone with greenish-gray reduction
45 spots. Thin bedding, ripple cross-bedding, and larger channeling are common features in
46 outcrops, and additional soft sediment deformation features and early fracturing from the
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I lower part of the formation are described by Holt and Powers. Schiel (1988; 1994, 9)
2 attributed the Dewey Lake to deposition on "a large, arid fluvial plain subject to
3 ephemeral flood events."
4

5 There is little direct faunal or radiometric evidence of the age of the Dewey Lake. It is
6 assigned to the Ochoan Series of Late Permian age, and it is regionally correlated with
7 units of similar lithology and stratigraphic position. Schiel (1988, 1994) reviewed the
8 limited radiometric data from lithologically similar rocks (Quartermnaster Formation) and
9 concluded that much of the unit could be Early Triassic in age.

10
I I Near the center of the WJPP site, Holt and Powers (1 990a, Figure 5) mapped 498 ft
12 (152 m) of the -Dewey Lake (Figure 2-14). The formation is thicker to the east (Schiel
13 1994, Figure 2) of the WJPP site, in part because western areas were eroded before the
14 overlying Triassic rocks were deposited.
15
16 The Dewey Lake contains fractures, which are filled with minerals to varying degrees.
17 Both cements and fracture fillings have been examined and used to infer groundwater
18 infiltration. Holt and Powers (1990a, 3-8ff) described the Dewey Lake as cemented by
19 carbonate above 164.5 ft (50 m) in the AdS; some fractures in the lower part of this
20 interval were also filled with carbonate, and the entire interval surface was commonly
21 moist. Below this point, the cement is harder, the shaft is dry, and fractures are filled
22 with gypsum. Holt and Powers (1990a, 3-11, Figure 16) suggested the cement change
23 might be related to infiltration of meteoric water. They also determined that some of the
24 gypsum-filled fractures are syndepositional. Dewey Lake fractures include horizontal to
25 subvertical trends, some of which were mapped in detail (Holt and Powers 1986,
26 Figures 6, 7, and 8).
27
28 Lambert (1991, 5-65) analyzed the deuterium/hydrogen (D/H) ratios of gypsum in the
29 Rustler and gypsum veins in the Dewey Lake. He suggests that none of the gypsum
30 formed from evaporitic fluid such as Permian seawater but that the D/H ratios all show
31 influence of meteoric water. Furthermore, Lambert (1991, 5-66) infers that the gypsum
32 D/H ratio is not consistent with modemn meteoric water; it may, however, be consistent
33 with older meteoric fluids. There is no obvious correlation with depth indicating
34 infiltration. Strontium isotope ratios (875r/16 Sr) indicate no intermixing or
35 homogenization of fluids between the Rustler and the Dewey Lake, but there may have
36 been lateral movement of water within the Dewey Lake. Dewey Lake carbonate-vein
37 material shows a broader range of strontium ratios than does surface caliche, and the
38 ratios barely overlap.
39
40 2.1.3.7 The Santa Rosa
41
42 There have been different approaches to the nomenclature of rocks of Triassic age in
43 southeastern New Mexico. Bachman (1974) generally described the units as "Triassic,
44 undivided" or as the Dockum Group, without dividing it. Vine (1963) used "Santa Rosa
45 Sandstone," and Santa Rosa has become common usage. Lucas and Anderson (1993a)
46 import other formation names that are unlikely to be useful for WIPP.
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* 1 The Santa Rosa has been called disconformable over the Dewey Lake by Vine (1963,
2 B25). These rocks have more variegated hues than the underlying uniformly colored
3 Dewey Lake. Coarse-grained rocks, including conglomerates., are common, and the
4 formation includes a variety of cross-bedding and sedimentary features (Lucas and
5 Anderson 1993a, 231-2-35).
6
7 Within the WLPP site boundary, the Santa Rosa is relatively thin to absent (Figure 2-15).
8 At the AIS, Holt and Powers (1990a, Figure 5) attributed about 2 ft (0.6 m) of rock to the
9 Santa Rosa. The Santa Rosa is a maximum of 255 ft (78 m) i:hick in potash holes drilled

10 for WI[PP east of the site boundary. The Santa Rosa is thicker to the east.
11
12 2.1.3.8 -The Gatufia Formation
13
14 Lang (in Robinson and Lang 1938, 84) named the Gatufia for outcrops in the vicinity of
15 Gatufla Canyon in the Clayton Basin. Rocks now attributed 1.0 the Gatufia in Pierce.
16 Canyon were once included in the "Pierce Canyon Formation" with rocks now assigned
17 to the Dewey Lake. The formation has been mapped from the Santa Rosa, New Mexico,
18 area south to the vicinity of Pecos, Texas. It is unconformable with underlying units.
19 Vine in 1963 and Bachman in 1974 provided some limited. description of the Gatufia.
20 The most comprehensive study of the Gatufia is based on WIPP investigations and
21 landfill studies for the City of Carlsbad and Eddy County (Powers and Holt 1993). Much

* 22 of the formation is colored light reddish-brown. It is broadly similar to the Dewey Lake
23 and the Santa Rosa, though the older units have more intense hues. The formation is
24 highly variable, ranging from coarse conglomerates to claystones with some highly
25 gypsiferous sections. Sedimentary structures are abundant. Analysis of lithofacies
26 indicates that the formation is dominantly fluvial in origin with areas of low-energy
27 deposits and evaporiticrminerals.
28
29 The thickness of the Gatufia is not very consistent regionally as shown in Figure 2-16.
30 Thicknesses range up to about 300 ft (91 m) at Pierce Canyon, with thicker areas
31 generally subparallel to the Pecos River. To the east, the (3atufia is thin or absent. Holt
32 and Powers in 1990 reported about 9 ft (2.7 m) of undisturbed Gatufia in the MIS at
33 WJ[PP.
34

35 The Gatufia has been considered Pleistocene in age based on a volcanic glass in the Upper
36 Gatufia along the eastern margin of Nash Draw that has been identified as the Lava Creek
37 B ash, dated at 0.6 million years by Izett and Wilcox (1982). This upper limit age is
38 corroborated by the age determinations from the Mescalero zaliche (hereafter referred to
39 as the Mescalero) that overlies the Gatufia (see Section 2.1.'3.9). An additional volcanic
40 ash from the Gatufia in Texas yields consistent K-Ar and geochemical data, indicating
41 that it is about 13 million years at that location (Powers and Holt 1993, 27 1). Thus, the
42 Gatufia ranges in age over a period of time that may be greater than the Ogallala
43 Formation (hereafter referred to as the Ogallala) on the High Plains east of WIPP.. 44
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1 2.1.3.9 Mescalero Caliche
2
3 The Mescalero, caliche is an informal stratigraphic unit apparently first differentiated by
4 Bachman in 1974, though Bachman (1973, 17) described the "caliche on the Mescalero
5 Plain." Hie differentiated the Mescalero from the older, widespread Ogallala caliche or
6 caprock on the basis of textures, noting that breccia and pisolitic textures are much more
7 common in the Ogallala caliche. The Mescalero has been noted over significant areas in
8 the Pecos drainage, including the WIPP area, and it has been formed over a variety of
9 substrates. Bachman described the Mescalero as a two-part unit: (1) an upper dense

10 laminar caprock and (2) a basal, earthy-to-firm, nodular calcareous deposit. Machette
11 (1985, 5) classified the Mescalero as having Stage V morphologies of a calcic soil (the
12 more mature Ogallala caprock reaches Stage VI).
13
14 Bachman (1976, Figure 8) provided structure contours on the Mescalero caliche for a
15 large area of southeastern New Mexico, including the WIPP site. From the contours and
16 Bachman's discussion of the Mescalero as a soil, it is clear that the Mescalero is expected
17 to be continuous over large areas. Explicit WIPP data are limited mainly to boreholes,
18 though some borehole reports do not mention the Mescalero. The unit may be as much as
19 10 ft (3 m) thick.
20
21 The Mescalero overlies the Gatufia and was interpreted by Bachman on basic
22 stratigraphic grounds as having accumulated during the early-to-miiddle Pleistocene.
23 Samples of the Mescalero from the vicinity of the WLPP were studied using
24 uranium-trend methods. Based on early written communication from Rosholt, Bachman
25 (1985, 20) reports that the basal Mescalero began to form about 5 10,000 years ago and
26 the upper part began to form about 4 10,000 years ago; these ages are commonly cited in
27 WJEPP literature. The samples are interpreted by Rosholt and McKinney in 1980 in the
28 formnal report as indicating ages of 570,000 ± 110,000 years for the lower part of the
29 Mescalero and 420,000 ± 60,000 years for the upper part.
30
31 According to Bachman (1985, 19), where the Mescalero is flat lying and not breached by
32 erosion, it is an indicator of stability or integrity of the land surface over the last 500,000
33 years.
34

35 2.1.3. 10 Surficial Sediments
36
37 Soils of the region have developed mainly from Quaternary and Permian parent material.
38 Parent material from the Quaternary System is represented by alluvial deposits of major
39 streams, dune sand, and other surface deposits. These are mostly loamy and sandy
40 sediments containing some coarse fragments. Parent material from the Permian System is
41 represented by limestone, dolomite, and gypsum bedrock. Soils of the region have
42 developed in a semiarid, continental climate with abundant sunshine, low relative
43 humidity, erratic and low rainfall, and a wide variation in daily and seasonal
44 temperatures. Subsoil colors are normally light brown to reddish brown but are often
45 mixed with lime accumulations (caliche) that result from limited, erratic rainfall and
46 insufficient leaching.
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I A soil association is a landscape with a distinctive pattern of soil types (series). It
2 normally consists of one or more major soils and at least one minor soil. There are three
3 soil associations within 5 mi (8. 1 kin) of the WIPP site: the K ermit-Berino, the Simona-
4 Pajarito, and the Pyote-Maljamar-Kermit. Of these three associations, only the Kermit-
5 Berino soil series have been mapped across the WIPP site by Chugg et al. (1952, Sheet
6 No. 113). These are sandy soils developed on eolian material. The Kermit-Berino soils
7 include active dune areas. The Berino soil has a sandy A horizon; the B horizons include
8 more argillaceous material and weak-to-moderate soil structures. A and B horizons are
9 described as noncalcareous, and the underlying C horizon is commonly caliche.

10 Bachman (1980) interpreted the Berino soil as a paleosol that is a remnant B horizon of
I1I the underlying Mescalero. Rosholt and McKinney (1980) applied uranium-trend methods
12 to saqiples of the Berino soil from the WIPP site area. They interpreted. the age of
13 formation of the Berino soil as 330,000 ± 75,000 years.
14
15i Generally, the Berino Series, which covers about 50 percent of the site, consists of deep,

~---' 16 noncalcareous, yellow-red to red sandy soils that developed in wind-worked material of
17 mixed origin. These soils are described as undulating to hurrmocky and gently sloping (0
18 percent to 3 percent slopes). The soils are the most extensive of the deep, sandy soils in
19 the Eddy County area. Berino soils are subject to continuing wind and water erosion. If
20 the vegetative cover is seriously depleted, the water-erosion potential is slight, but the
21 wind-erosion potential is very high. These soils are particularly sensitive to wind erosion

* 22 in the months of March, April, and May, when rainfall is minimal and winds are highest.
23 These soil characteristics are a consideration for the design o C long-term passive controls
24 such as monuments and markers.
25
26 The Kermit Series consists of deep, light-colored, noncalcareous, excessively drained
27 loose sands, typically yellowish-red fine sand. The surface is undulating to billowy (from
28 0 to 3 percent slopes) and consists mostly of stabilized sand dlunes. Kermit soils are
29 slightly to moderately eroded. Permeability is very high; and if vegetative cover is
30 removed, the water-erosion potential is slight, but the wind-erosion potential is very high.
31 The distribution of soils at the WIPP site is shown on a surface geological map which is
32 Figure 4.2-4 in Appendix GCR.
33
34 2.1.4- Physiography aned Geomorphology
35
36 In this section, the DOE presents a discussion of the physiography and geomnorphology of
37 the WJ[PP site and surrounding area. This information is takeni from DOE (1980, 7-21 to
38 7-23). Geomorphology and physiography are discussed in this section and Appendix
39 SCR. Physiography is considered in the demonstration to the extent that: (1)
40 physiography determines the elevation of the regional water i:able, and (2) the elevation of
41 the water table partially effects the potential for fluid flow within the shaft system.
42 Information is presented in this section to support screening other geomnorphological
43 processes from the conceptual model, such as weathering, erosion, sedimentation, and

* 44 soil development. In order to perform this screening, such factors as slopes, proximity to
45 watercourses, dissection, and historic and existing processes are important. These are
46 presented in this section in terms of the regional and local physiographic and
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I geomnorphological characteristics. Tectonic processes that may alter the physiography of
2 the region or site area are discussed in Section 2.1.5. In addition, Section 2.1.6 presents
3 more specific details on nontectonic processes identified during site characterization as
4 having the potential for affecting the repository over the longer term and which required
5 detailed investigation. These include evaporite deformation and dissolution.
6
7 2.1.4.1 Regional Physiography and Geomorphology
8
9 The WI1PP site is in the Pecos Valley section of the southern Great Plains physiographic

10 province (Figure 2-17), a broad, highland belt sloping gently eastward from the Rocky
I1I Mountains and the Basin and Range Province to the Central Lowlands Province. The
12 Pecos Valley section itself is dominated by the Pecos River Valley, a long north-south
13 trough that is from 5 to 30 mi (8.1 to 48 kin) wide and as much as 1,000 ft (305 m) deep
14 in the north. The Pecos River System has evolved from the south, cutting headward
15 through the Ogallala sediments and becoming entrenched some time after the Middle
16 Pleistocene. It receives almost all the surface and subsurface drainage of the region; most
17 of its tributaries are intermittent because of the semiarid climate. The surface locally has
18 a karst terrain containing sinkholes, dolines, and solution-subsidence troughs from both
19 surface erosion and subsurface dissolution. The valley has an uneven rock- and alluvium-
20 covered floor with widespread solution-subsidence features, the result of dissolution in
21 the underlying Upper Perm-ian rocks. The terrain varies from plains and lowlands to
22 rugged canyonlands, including such erosional features as scarps, cuestas, terraces, and
23 mesas. The surface slopes gently eastward, reflecting the underlying rock strata.
24 Elevations vary from more than 6,000 ft (1,829 m) in the northwest to about 2,000 ft
25 (6 10 m) in the south.
26
27 The Pecos Valley section is bordered on the east by the virtually uneroded plain of the
28 Llano Estacado. The Llano Estacado is part of the High Plains section of the Great Plains
29 physiographic province and is a poorly drained eastward-sloping surface covered by
30 gravels, wind-blown sand, and caliche that has developed since early-to-middle
31 Pleistocene time. Few and minor topographic features are present in the High Plains
32 section, formed when more than 500 ft (152 m) of Tertiary silts, gravels, and sands were
33 laid down in alluvial fans by streams draining the Rocky Mountains. In many areas, the
34 nearly flat surface is cemented by a hard caliche layer.
35
36 To the west of the Pecos Valley section are the Sacramento Mountains and the Guadalupe
37 Mountains, part of the Sacramento section of the Basin and Range Province. The Capitan
38 escarpment along the southeastern side of the Guadalupe Mountains marks the boundary
39 between the Basin and Range and the Great Plains provinces. The Sacramento section
40 has large basinal areas and a series of intervening mountain ranges.
41

42 2.1.4.2 Site P-hysiography and Geomorphology
43

44 The land surface in the area of the WIPP site is a semiarid, wind-blown plain sloping
45 gently to the west and southwest, and is hummocky with sand ridges and dunes. A hard
46 caliche layer (Mescalero caliche) is typically present beneath the sand blanket and on the
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I surface of the underlying Gatufia. Figure 2-18 is a topographic map of the area.
2 Elevations at the site range from 3,570 ft (1,088 m) in the east to 3,250 ft (990 m) in the
3 west. The average east-to-west slope is 50 ft per mi (9.5 mn Per kin).
4

5 Livingston Ridge is the most prominent physiographic feature~ near the site. It is a west-
6 facing escarpment that has about 75 ft (23 m) of topographic relief and marks the eastern
7 edge of Nash Draw, the drainage course nearest to the site (see Figure 2-1). Nash Draw is
8 a shallow 5-mi-wide (8-kcm-wide) basin, 200 to 300 ft (61 to 91 m) deep and open to the
9 southwest. It was caused, at least in part, by subsurface dissolution and the

10 accompanying subsidence of overlying sediments. Livingston Ridge is the approximate
I1I boundary between terrain that has undergone erosion and/or solution collapse and terrain
12 that hag'been little affected.
13

K?>,14 About 15 mi (24 kin) east of the site is the southeast-trending San Simon Swale, a
15 depression caused, at least in part, by subsurface dissolution. Between San Simon Swale
16 and the site is a broad, low mesa named the Divide. Lying about 6 mni (9.7 kin) east of the
17 site and about 100 ft (30 in) above the surrounding terrain, it is a boundary between
18 southwest drainage toward Nash Draw and southeast drainage toward San Simon Swale.
19 The Divide is capped by the Ogallala and the overlying calic he, upon which have formed
20 small, elongated depressions similar to those in the adjacent High Plains section to the
21 east.

* 22

23 Surface drainage is intermittent; the nearest perennial strearm is the Pecos River, 12 mi
24 (19 kin) southwest of the WIPP site boundary. The site's location near a natural divide
25 protects it from flooding and serious erosion caused by heav 'y runoff. Should the climate
26 become more humid, any perennial streams should follow the present basins, and Nash
27 Draw and San Simon Swale would be the most eroded, leaving the area of the Divide
28 relatively intact.
29
30 2.1.5 Tectonic Setting and Site Structural Features
31
32 The DOE has screened out, on the basis of either probability or consequence or both, all
33 tectonic, magmatic and structural related processes. The screening discussions can be
34 found in Appendix SCR. The information needed for this screening is included here and
35 covers regional tectonic processes such as subsidence and. uplift and basin tilting,
36 magmatic processes such as igneous intrusion and events such as volcanism, and
37 structural processes such as faulting and loading and unloading of the rocks because of
38 long-term sedimentation or erosion. Discussions of structural events, such as
39 earthquakes, are considered to the extent that they may create new faults or activate old
40 faults. The seismicity of the area is considered in Section 2.6 for the purposes of
41 determining seismic design parameters for the facility.
42
43 2.1.5.1 Tectonics. 44
45 The processes and features included in this section are those more traditionally
46 considered part of tectonics, processes that develop the broad-scale features of the earth.
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I Salt dissolution is a different process that can develop some features resembling those of
2 tectonics.
3
4 Most broad-scale structural elements of the area around the WIPP developed during the
5 Late Paleozoic. There is little historical or geological evidence of significant tectonic
6 activity in the vicinity, and the level of stress in the region is low. The entire region tilted
7 slightly during the Tertiary, and activity related to Basin and Range tectonics formed
8 major structures southwest of the area. Seismic activity is specifically addressed in a
9 separate section.

10
11 Broad subsidence began in the area as early as the Ordovician, developing a sag called the
12 Tobosa Basin. -By Late Pennsylvanian to Early Permian time, the Central Basin Platform
13 developed (Figure 2-19), separating the Tobosa Basin into two parts: the Delaware Basin
14 to the west and the Midland Basin to the east. The Permian Basin refers to the collective
15 set of depositional basins in the area during the Permian Period. Southwest of the
16 Delaware Basin, the Diablo Platform began developing either in the Late Pennsylvanian
17 or Early Permian. The Marathon Uplift and Ouachita tectonic belt limited the southern
18 extent of the Delaware Basin. Most of these broader scale features surrounding the
19 Delaware Basin formed during the Late Paleozoic and have since remained relatively
20 constant in their relationships.
21

22 According to Brokaw et al. (1972, 30), pre-Ochoan sedimentary rocks in the Delaware
23 Basin show evidence of gentle downwarping during deposition, while Ochoan andA
24 younger rocks do not. A relatively uniform eastward tilt, generally from about 75 to
25 100 ft per ml (14 to 19 mn per kin), has been superimposed on the sedimentary sequence.
26 P.B. King (1948, 108) generally attributes the uplift of the Guadalupe and Delaware
27 mountains along the west side of the Delaware Basin to later Cenozoic, though he also
28 notes that some faults along the west margin of the Guadalupe Mountains have displaced
29 Quaternary gravels.
30
31 P.B. King (1948, 144) also infers the uplift from the Pliocene-age deposits of the Llano
32 Estacado. Subsequent studies of the Ogallala of the Llano Estacado show that it varies in
33 age from Miocene (about 12 million years before present) to Pliocene. This is the most
34 likely range for uplift of the Guadalupe Mountains and broad tilting to the east of the
35 Delaware Basin sequence.
36
37 Analysis of the present regional stress field indicates that the Delaware Basin lies within
38 the Southern Great Plains stress province. This province is a transition zone between the
39 extensional stress regime to the west and the region of compressive stress to the east. An
40 interpretation by Zoback and Zoback (1991, 350) of the available data indicates that the
41 level of stress in the Southern Great Plains stress province is low. Changes to the tectonic
42 setting, such as the development of subduction zones and a consequent change in the
43 driving forces, would take much longer than 10,000 years to occur.

45 To the west of the Southern Great Plains province is the Basin and Range province, or
46 Cordilleran Extension province, where according to Zoback and Zoback (1991, 353)
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I normal faulting is the characteristic style of deformation. The eastern boundary of the
2 Basin and Range province is marked by the Rio Grande Rift. Sanford et al. (1991, 230)
3 note that, as a geological structure, the Rift extends beyond th-. relatively narrow
4 geomorphological feature seen at the surface, with a magnetic anomaly at least 300 ml
5 (480 kin) wide. On this basis, the Rio Grande Rift can be regarded as a system of axial
6 grabens along a major north-south trending structural uplift (a. continuation of the
7 Southern Rocky Mountains). The magnetic anomaly extends beneath the Southern Great
8 Plains stress province, and regional-scale uplift of about 3,300) ft (1,000 mn) over the past
9 10 million years also extends into eastern New Mexico.

10

11 To the east of the Southern Great Plains province is the large Mid-Plate province that
12 encomj sses central and eastern regions of the conterminous United States and the
13 Atlantic basin west of the Mid-Atlantic Ridge. The Mid-Plate province is characterized
14 by low levels of paleo- and historic seismicity. Where Quaternary faulting has occurred,
15 it is generally strike-slip and appears to be associated with the reactivation of older
16 structural elements.

,17
- '18 Zoback and Zoback (1991) report no stress measurements frcom the Delaware Basin. The
19 stress field in the Southern Great Plains stress province has been defined from borehole
20 measurements in west Texas and from volcanic lineaments, ini northern New Mexico.
21 These measurements were interpreted by Zoback and Zoback (1991, 353) to indicate that

* 22 the least principal horizontal stress is oriented north northeast-south southwest and that
23 most of the province is characterized by an extensional stress regime.
24
25 There is an abrupt change between the orientation of the least principal horizontal stress
26 in the Southern Great Plains and the west-northwest orientation of the least principal
27 horizontal stress characteristic of the Rio Grande Rift. In addition to the geological
28 indications of a transition zone as described above, Zoback and Zoback (1980, 6134)
29 point out that there is also evidence for a sharp boundary between these two provinces.
30 This is reinforced by the change in crustal thickness from about 24 ml (40 kin) beneath
31 the Colorado Plateau to about 30 ml (50 kmn) or more beneath the Southern Great Plains
32 east of the Rio Grande Rift. The base of the crust within the Rio Grande Rift is poorly
33 defined but appears to be at a depth of about 21 ml (35 kmn) ( Thompson and Zoback 1979,
34 158). -There is also markedly lower heat flow in the Southern Great Plains (typically
35 < 60 mWm72) reported by Blackwell et al. (1991, 428) compared with that in the Rio
36 Grande Rift (typically > 80 mWmn2 ) reported by Reiter et al. (1991, 463).
37
38 On the eastern boundary of the Southern Great Plains province, there is only a small
39 rotation in the direction of the least principal horizontal stress. There is, however, a
40 change from an extensional, normal faulting regime to a compressive, strike-slip faulting
41 regime in the Mid-Plate province. According to Zoback and Zoback (1980, 6134), the
42 available data indicate that this change is not abrupt and thaL the Southern Great Plains
43 province can be viewed as a marginal part of the Mid-Plate province.. 44
45
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1 2.1.5.2 Loading and Unloading
2
3 Loading and unloading during the geological history since deposition is considered an
4 influence on the hydrology of the Perm-ian units because of its possible effect on the
5 development of fractures.
6
7 The sedimentary loading, depth of total burial, and erosion events combine in a complex
8 history reconstructed here from regional geological trends and local data. The history is
9 presented in Figure 2-20 with several alternatives, depending on the inferences that are

10 drawn, ranging from minimal to upper bound estimates. The estimates are made with a
11 reference point and depth to the Culebra at the MIS (Holt and Powers 1990a).
12

13 Given the maximum local thickness of the Dewey Lake, the maximum load at the end of
14 the Permian was no more than approximately 787 ft (240 in). Given the present depth to

15 the Culebra from the top of the Dewey Lake in the MIS, approximately 115 ft (35 mn) of
16 Dewey Lake might have been eroded during the Early Triassic before additional
17 sediments were deposited. The Triassic thickness at the MIS is approximately 26 ft (8 in).

18 Northeast of the WI[PP site (T2 15, R33E), Triassic rocks (Dockum Group) have a
19 maximum local thickness of approximately 1,233 ft (375 in). This thickness is a
20 reasonable estimate of the maximum thickness also attained at the WIPP site prior to the
21 Jurassic Period. At the end of the Triassic, the total thickness at the WIPP site may have
22 then attained approximately 1,863 ft (568 mn) in two similar loading stages of a few
23 million years each, over a period of approximately 50 million years.
24

25 The Jurassic outcrops nearest to the WIPP site are in the Malone Mountains of west
26 Texas. There is no evidence that Jurassic rocks were deposited at or in the vicinity of the
27 WIPP site. As a consequence, the Jurassic is considered a time of erosion or
28 nondeposition at the site, though erosion is most likely. An arbitrary erosion rate
29 averaging approximately 33 ft (10 mn) per million years is sufficient to erode the inferred .

30 thickness of 1,198 ft (365 mn) of additional Triassic rocks from the WIPP site. The
31 Jurassic is the first possible period of significant unloading at the WJPP site.
32
33 This much erosion during the Jurassic obviously cannot be broadly inferred for the area or
34 there would not be thick Triassic rocks still preserved. Triassic rocks of this thickness are
35 preserved nearby, indicating either pre-Jurassic tilting or that erosion did not occur until
36 later (but still after tilting to preserve the Triassic rocks near the WIPP site). It is also
37 possible that the immediate site area had little Triassic deposition or erosion, but very
38 limited Triassic deposition (that is, 26 ft [8 in]) at the WJEPP site seems unlikely.
39
40 Lang (1947) reported fossils from Lower Cretaceous rocks in the Black River Valley
41 southwest of the W][PP site. Bachmnan (1980) also reported similar patches of probable
42 -Cretaceous rocks near Carlsbad and south of White's City. From these reports, it is likely
43 that some Cretaceous rocks were deposited at the WIPP site. Approximately 70 mi
44 (110 kmn) south southwest of the WIPP site, significant Cretaceous outcrops of both Early
45 and Late Cretaceous age have a total maximum thickness of approximately 1,000 ft
46 (300 in). Southeast of the WIPP, the nearest Cretaceous outcrops are thinner and
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I represent only the Lower Cretaceous. Based on outcrops, a maximum thickness of
2 1,000 ft (300 mn) of Cretaceous rocks could be estimated for the WIPP site. Compared to
3 the estimate of Triassic rock thickness, it is less likely that Cretaceous rocks were this
4 thick at the site. The uppermost lines of Figure 2-20 summarize the assumptions of
5 maximum thickness of these units.
6
7 A more likely alternative is that virtually no Cretaceous rocks were deposited, followed
8 by erosion of remaining Triassic rocks during the Late Cretaceous to the Late Cenozoic.
9 Such erosion may also have taken place over an even longer period, beginning with the

10 Jurassic Period. Ewing (1993) favors Early Cretaceous uplift and erosion for the Trans-
11 Pecos Texas area, but he does not analyze later uplift and eros;ional patterns.
12-

13 In the general vicinity of the WIPP site, there are outcrops of Cenozoic rock from the Late
14 Miocene (Gatufia and Ogallala Formations). There is little reason to infer any significant
15 Early Cenozoic sediment accumulation at the WIPP site. Erosion is the main process
16 inferred to have occurred. during this period and an average erosion rate of approximately
17 3 6 ft (11 mn) per million years is sufficient during the Cenozoi c to erode the maximum

~18 inferred Triassic and Cretaceous thickness prior to Gatufia and Ogallala deposition.
:19 Significant thicknesses of Cretaceous rocks may not have been deposited, however, and

/20 average erosion rates could have been lower.
21

* 22 Maximum-known Gatufia thickness in the area around the WIIPP is approximately 330 ft
23 (100 in); at the WIPP site the Gatufia is very thin to absent. Ogallala deposits are known
24 from the Divide east of the WIPP site, as well as from the Hfigh Plains further east and
25 north. On the High Plains northeast of the WIPP, the Upper Ogallala surface slopes to
26 the southeast at a rate of approximately 20 ft per mi (4 mns pei kin). A straight projection
27 of the 4, 100-ft (1 250-in) contour line from this High Plains surface intersects the site
28 area, which is at an elevation slightly above 3,400 ft (1,036 m.). This difference in
29 elevation of 700 ft (213 in) represents one estimate, probably near an upper bound, of
30 possible unloading subsequent to deposition of the Ogallala Formation.
31
32 Alternatively, the loading and unloading of the Ogallala could have been closer to 330 ft
33 (100 in). In any case, it would have occurred as a short-lived pulse over a few million
34 years-at most.
35
36 While the above inferences about greater unit thicknesses and probable occurrence are
37 permissible, a realistic assessment suggests a more modest loading and unloading history.
38 It is likely that the Dewey Lake accumulated to near local miaximum thickness of
39 approximately 787 ft (240 m) before being slightly eroded prior to the deposition of
40 Triassic rocks. It also is most probable that the Triassic rocks accumulated at the site to
41 near local maximum thickness. In two similar cycles of rapid loading, the Culebra was
42 buried to a depth of approximately 2,132 ft (650 mn) by the end of the Triassic.
43

* 44 It also seems unlikely that a significant thickness of Cretaceous rock accumulated at the
45 WJPP site. Erosion probably began during the Jurassic, slowed or stopped during the
46 Early Cretaceous as the area was nearer or at base level, and then accelerated during the
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I Cenozoic, especially in response to uplift as Basin and Range tectonics encroached on the
2 area and the basin was tilted more. Erosional beveling of Dewey Lake and Santa Rosa
3 suggest considerable erosion since tilting in the m-id-Cenozoic. Erosion rates for this
4 shorter period could have been relatively high, resulting in the greatest stress relief on the
5 Culebra and surrounding units. Some filling occurred during the Late Cenozoic as the
6 uplifted areas to the west formed an apron of Ogallala sediment across much of the area,
7 but it is not clear how much Gatufia or Ogallala sediment was deposited in the site area.
8 From general reconstruction of Gatufia history in the area (Powers and Holt 1993), the
9 DOE infers that Gatuiia or Ogallala deposits likely were not much thicker at the WIPP

10 site than they are now. The loading and unloading spike (Figure 2-20) representing
I1I Ogallala thickness probably did not occur. Cutting and headward erosion by the Pecos
12 River has created local relief and unloading by erosion.
13
14 At the WIPP site, this history is little complicated by dissolution, though locally (for
15 example, Nash Draw) the effects of erosion and dissolution are more significant. The
16 underlying evaporites have responded to foundering of anhydrite in less dense halite beds.
17 These have caused local uplift of the Culebra (as at ERDA 6) but little change in the
18 overburden at the WIPP. Areas east of the WIPP site are likely to have a similar history
19 to the site. West of the site, the final unloading is more complicated by dissolution and
20 additional erosion leading to exposure of the Culebra along stretches of the Pecos River
21 Valley.
22
23 2.1.5.3 Faulting
24
25 Fault zones are well known along the Central Basin Platform, east of WIPP, from
26 extensive drilling for oil and gas, as reported by Hills (1984). Holt and Powers performed
27 a more recent analysis in 1986 of geophysical logs from oil and gas wells to examine the
28 regional geology for the Rustler. This analysis showed that faults along the margin of the
29 Central Basin Platform displaced Rustler rocks of at least Late Permian age. The
30 overlying Dewey Lake shows marked thinning along the same trend according to Schiel
31 (1988, Figure 21), but the structure contours of the top of the Dewey Lake are not clearly
32 offset. Schiel concluded that the fault was probably reactivated during the Dewey Lake's
33 deposition, but movement ceased at least by the time the Santa Rosa was deposited. No
34 surface displacement or fault has been reported along this trend.
35
36 Muehlberger et al. (1978) have mapped Quaternary fault scarps along the Salt Basin
37 graben west of both the Guadalupe and Delaware mountains. These are the nearest
38 known Quaternary faults of tectonic origin to the WIEPP. Kelley (197 1) inferred the
39 Carlsbad and Barrera faults along the eastern escarpment of the Guadalupe Mountains
40 based mainly on vegetative lineaments. Hayes and Bachman reexamined the field
41 evidence for these faults in 1979 and concluded that they were nonexistent. Figure 2-21
42 -illustrates major regional structures, including faults.
43

44 On a national basis, Howard et al. (197 1, sheets 1 and 2) assessed the location and
45 potential for activity of young faults. For the region around the WLEPP site, Howard et al.
46 (197 1, sheet 1) located faults along the western escarpment of the Delaware and
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* 1 Guadalupe mountains trend. These faults were judged to be L-ate Quaternary
2 (approximately the last 500,000 years) or older.
3

4 In summary, there are no known Quaternary or Holocene faults of tectonic origin that
5 offset rocks at the surface nearer to the site than the western escarpment of the Guadalupe
6 Mountains. A significant part of the tilt of basin rocks is altributed to a mid-Miocene to
7 Pliocene uplift trend along the Guadalupe-Sacramento mountains that is inferred on the
8 basis of High Plains sediments of the Ogallala.
9

10 2.1.5.4 Igneous Activity

12 Within-the Delaware Basin, only one feature of igneous origin is known to have formed
13 since the Precambrian. An igneous lamprophyre dike or series of dikes occurs along a
14 linear trace about 75 ml 1(120 kin) long from the Yeso Hills south of White's City to the
15 northeast of the WIPP site. At its closest, the dike trend passe.s about 8 ml (13 kin)
16 northwest of the WIPP site center as shown in Figure 2-22. Evidence for the extent of the
17 dike includes outcroppings at Yeso Hills, subsurface intercepts in boreholes and mines,

18 and airborne magnetic responses.
19

'20 An early radiometric determination for the dike by Urry (1935) yielded an age of 30±
21 1.5 million years. More recent work on dike samples by Calzia and Hiss (1978) are

* 22 consistent with early work, indicating an age of 34.8 ± 0.8 mIlion years.2 Work by
23 Brookins (1980, 29-3 1) on polyhalite samples in contact with the dike indicated an age of
24 about 21.4 million years.
25
26 Volcanic ashes found in the Gatufia (Section 2.1.3.8) were ai:-:borne from distant sources
27 and do not represent volcanic activity at the WIPP site.
28
29 2.1.6 Nontectonic Processes and Features
30

31 Nontectonic processes and features, which include evaporite deformation and dissolution
32 of strata, are known to be active in the Delaware Basin. These processes are of interest
33 because they represent mechanisms that are potentially disruptive to the repository in the
34 long term. Both processes have been investigated extensively. The conclusions from
35 these investigations are summarized in this section.
36
37 Halite in evaporite sequences is relatively plastic, which can lead to the process of
38 deformation; it is also highly soluble, which can lead to the process of dissolution. Both
39 processes (deformation and dissolution) can produce structural features similar to those
40 produced by tectonic processes. The features developed by diissolution and deformation
41 can be distinguished from similar-looking tectonic features where the underlying units do
42 not reflect the same feature as do the evaporites. As an examtple, the evaporite

2Caizia and Hiss reported 32.2 to 33.9 million years. However, Powers et al. 1978 reported a recalculated
value of 34.8 ± 0.8 million years based on a change in measured decay constant.
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1 deformation commonly does not affect the underlying Bell Canyon. The deformation
2 also tends to die out in overlying units, and the Rustler or the Dewey Lake may show
3 little, if any, effects from deformed evaporites. Beds underlying areas of dissolved salt
4 are not affected, but overlying units to the surface may be affected.
5
6 2.1.6.1 Evaporite Deformation
7
8 The most recent review of evaporite deformation in the northern Delaware Basin and
9 original work to evaluate deformation is summarized here. More detail is provided in

10 Appendix DEF.
11
12 Basic WIPP History of Deformation Investigations
13
14 The Castile has been known for many years to be deformed in parts of the Delaware
15 Basin, especially along the northern margin. Jones et al. (1973) clearly showed the
16 Castile to be thicker from the northwestern to northern part of the basin margin, just
17 inside the Capitan Reef (hereafter referred to as the Capitan). A dissertation by Snider
18 (1966, Figures 11I and 14) and a paper by Anderson et al. (1972, Figure 10) also presented
19 maps showing some evidence of thicker sections of Castile next to the Capitan. ERDA-6
20 was drilled during 1975 as part of the program to characterize an initial site for WIPP.
21 The borehole penetrated increasingly deformed beds through the Salado into the Castile,
22 and, at 2,711 ft (826 m) depth, the borehole began to produce pressurized brine and gas.
23 Anderson and Powers (1978) and Jones (198 1la) interpreted beds to have been displaced
24 structurally by as much as 950 ft (290 in). Some of the lower beds may have pierced
25 overlying beds. The beds were considered too structurally deformed to mine reasonably
26 along single horizons for a repository. Therefore, the site was abandoned in 1975, and the
27 current site was located in 1976 (Appendix GCR). The deformed beds around ERDA-6
28 were considered part of a deformed zone within about 6 ml (10 kin) of the inner margin
29 of the Capitan Reef. As a consequence, the preliminary selection criteria prohibited
30 locating a new site within 6 mi (10 kin) of the Capitan Reef margin.
31
32 General criteria for the present site for the WIPP appeared to be met based on initial data
33 from drilling (ERDA-9) and geophysical surveys. Beginning in 1977, the new site was
34 more intensively characterized through geophysical surveys, including seismic reflection
35 and drilling. Extensive seismic reflection work revealed good reflector quality in the
36 southern part of the site and poor quality or disturbed reflectors in a sector of the northern
37 part of the site. The area of disturbed reflectors became known as the disturbed zone, the
38 area of anomalous seismic reflectors, or zone of anomalous seismic reflection data. (The
39 disturbed zone based on poor Castile seismic reflectors is completely different from the
40 distrubed rock zone (DRZ) that describes the deformation around mined underground
41 openings at the WIPP.)
42

43 Powers et al. 1978 in Appendix GCR (Figures 4.4, 4.5, and 4.6), generally shows the
44 disturbed zone beginning about 1 mi (1.6 kin) north of the WIPP site center. Borns et al.,
45 in 1983, included two areas south of the WIPP site as showing the same features of the
46 disturbed zone. Neill et al., also in 1983, summarized the limits of the disturbed zone
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* 1 based on differing interpretations and included the area less than 1 mi (1.6 1km) north of
2 the site center where the dip in the Castile begins to steepen. WIPP- 11 was drilled early
3 during 1978 about 3 ml (5 km) north of the site center over part of the disturbed zone
4 where proprietary petroleum company data had also indicated. significant seismic
5 anomalies. The borehole encountered highly deformed beds within the Castile and
6 altered thicknesses of halite units, but no pressurized brine and gas were found.
7
8 Less than 1 mli (1.6 kmn) north of the site center, seismic data indicated possible faulting
9 of the Upper Salado and the Lower Rustler over the area of steepening Castile dips. Four

10 boreholes (WIPP-1 8, -19, -21, -22) were drilled into the Upper Salado and demonstrated
I I neither faulting nor significant deformation of the Rustler-Sal ado contact. Lateral
12 changeg in the seismic velocity of the upper sections contributed to the interpretation of a
13 possible fault and thus complicate interpretations of deeper structure.
14
15 WIEPP- 12 was located about 1 mi (1.6 kin) north of the center of the site and drilled
16 during 1978 to a depth of 2,785 ft (850 m) in the Upper Castile to determine the
17 significance of structure on possible repository horizons. The top of the Castile was
18 encountered at an elevation about 160 ft (49 m) above the same contact in ERDA-9 at the

'q site center.
20
21 WIPP- 12 was deepened during late 1981 to a depth of 3,925 ft (1,200 m) to test for

* 22 possible brine and gas in the deformed Castile. The probabjifty of encountering brine and
23 gas was considered low because ERDA-6 and other known brine reservoirs in the Castile
24 occurred in areas with greater deformation. During drilling, fractured anhydrite in the
25 Upper Castile (Lower A3) began to yield pressurized brine and gas. The borehole was
26 deepened to the basal anhydrite (Al1) of the Castile. Over a million gallons of brine were
27 allowed to flow from the well before the hole was shut in. Subsequent reservoir testing
28 was conducted to estimate reservoir size (see Section 2.2. 1).
29
30 As a consequence of discovering pressurized brine and gas, in WIPP-12, the
31 Environmental Evaluation Group (EEG) recommended that the design of the facility be
32 changed and that proposed waste disposal areas in the north be moved or reoriented to the
33 south. After additional drilling of DOE-i, the DOE concluded that the design change had
34 advantages, and the disposal facilities were placed south of thie site center.
35
36 A microgravity survey of the site was designed to delineate f urther the structure within
37 the disturbed zone based on the large density differences between halite and anhydrite.
38 The gravity survey was unsuccessful in yielding any improved resolution of the Castile
39 structure.
40
41 DOE-2 was the last WIPP borehole to examine structure within the Castile. Salado
42 structure from potash data suggested a low point about 2 mi (3.2 kin) north of the site
43 center. It was proposed by Davies (1984, 175) that the Salacdo low might indicate deeper
44 dissolution of Castile halite, somewhat similar to the dissolution causing breccia pipes

.~ 45 (see Section 2.1.6.2 on evaporite dissolution). The borehole demonstrated considerable
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I Castile deformation, but there was no indication that halite had been removed by
2 dissolution.0
3
4 Extent of the Disturbed Zone at the Site
5
6 Nearby surface drilling, shafts, and underground drilling during early excavations at
7 WIEPP showed that the repository horizon varies modestly from the regional structure over
8 the central part of the site; north of the site center, the beds dip gently to the south. Borns
9 in 1987 suggested that the south dip is probably related to the dip on the underlying

10 Castile.
11
12 The upper surface of MB3 139, under the repository horizon, exhibited local relief in the
13 exploratory salt-handling shaft. Jarolimek et al. (1 983a, 4-6) interpreted the relief as
14 mainly caused by syndepositional growth of gypsum at the water-sediment interface to
15 form mounds and by subsequent partial crushing. Jarolimek et al. concluded that the MB
16 relief was not due to deformation because the base of the MB showed no comparable
17 relief. Based on concerns of the EEG, M[B 139 was reevaluated. Borns and Shaffer in
18 1985 found less relief on the upper surface of the MB in the areas they examined; they
19 also concluded that depositional processes were responsible for the relief. In either case,
20 deformation is not thought to have caused the relief on MB 139.
21

22 Deformation Mechanisms
23
24 In analyzing Castile structure in the northern Delaware Basin, Borns et al. (1983)
25 proposed five processes as the principal hypotheses to explain the structure: gravity
26 foundering, dissolution, gravity sliding, gypsum dehydration, and depositional processes.
27 Gravity foundering is the most comprehensive and best-accepted hypothesis of the five.
28 It is based on the fact that anhydrite is much more dense (about 2.9 gramns per CM3) than

29 halite (about 2.15 grams per CM3), and anhydrite beds therefore have a potential for
30 sinking into underlying halite. Regardless of which mechanism causes the disturbed
31 zone, the important coinsideration is what are the long-term future effects. To evaluate
32 this, Borns et al. postulated that both gravity driven deformation mechanisms could be
33 ongoing. The strain rates from such deformation are such that deformation would
34 progress over the next 250,000 years and that such deformation would not directly
35 jeopardize the disposal system. However, regardless of the mechanism invoked, rates of
36 salt deformation are too slow to affect performance of the WIPP during the regulatory
37 period.
38
39 Timing of Deformation of the Disturbed Zone at the Site
40
41 Jones estimated in 1981 that deformation of the Castile and overlying rocks took place
42 before the Ogallala Formation was deposited, as he believes the unit is undeformed.
43 Anderson and Powers (1978) inferred that data from ERDA-6 indicate that the Castile
44 was deformed after the basin was tilted. Though these lines of evidence could be

45 consistent with mid-Miocene deformation, there are other interpretations of tilting
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1 consistent with older deformation (Madsen and Raup 1988). There is no known evidence
2 of surface deformation or other features to indicate recent deformation.
3
4 In its 1989 study of the W`IPP, the EPA reviewed the record regarding the deformation
5 features in the Castile. While the EPA concluded that none of the features underlie the
6 WJPP repository (with the possible exception of brine), the EPA considered it important
7 to look at the origins of the deformations to consider whether they indicate general
8 instability in the area or result in processes that might directly threaten the integrity of the
9 WIPP.

10
I I The EPA concluded that the data indicate that Castile deformation was probably initiated
12 millions of years ago in association with major tilting of the strata. -The EPA also
13 concluded that the region is relatively inactive at present, implying that new development
14 of major Castile features probably will not occur. Furthermcre, the EPA concluded that
15 over one-half million years is. likely to be required for the features to form, indicating that
16 the formation of the features "is not catastrophic and will prcbably not affect the WIPP
17 repository within the foreseeable future" (EPA 1990a).
18
19 2.1.6.2 Evaporite Dissolution
20

21 Because evaporites are much more soluble than most other rocks, project investigators
22 have considered it important to understand the dissolution processes and rates that occur

* 23 within the site being considered for long-term isolation. These dissolution processes and
24 rates constitute the limiting factor in any evaluation of the site. Over the course of the
25 WJEPP project, extensive resources have been cormmitted to identify and study a variety of
26 features in southeastern New Mexico interpreted to have been caused by dissolution. The
27 subsurface distribution of halite for various units has been mapped. Several different
28 kinds of surface features have been attributed to dissolution of salt or karst formation.
29 The processes proposed or identified include point-source (brecciation), deep dissolution,
30 shallow dissolution, and karst. Screening arguments relative to dissolution are presented
31 in Appendix SCR. These arguments are based principally on the observed rates and
32 processes in the region. These are described below.
33
34 Brief History of Project Studies
35
36 Well before the WIPP project, several geologists recognized that dissolution is an
37 important process in southeastern New Mexico and that it contributed to the subsurface
38 distribution of halite and to the surficial features. Early studies include those by Lee
39 (1925), Maley and Huffington (1953), and Olive (1957). Robinson and Lang (1938)
40 identified an area under Nash Draw where brine occurred at about the stratigraphic
41 position of the Upper Salado-basal Rustler and considered th.-at salt had been dissolved to
42 produce a dissolution residue. Vine (1963) mapped Nash ]Draw and surrounding areas,
43 reporting on various dissolution features. Vine reported surlicial domal structures, later.44 called breccia pipes and identified as deep-seated dissolution and collapse features.
45
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1 As the USGS and Oak Ridge National Laboratory (ORNL) began to survey southeastern
2 New Mexico as an area in which to locate a repository site in salt, Brokaw et al. in 1972
3 prepared a summary of the geology that included solution and subsidence as significant
4 processes in creating the features of southeastern New Mexico. Brokaw et al. also
5 recognized a solution residue at the top of salt in the Salado in the Nash Draw area, and
6 the unit commonly became known as the brine aquifer because it yielded brine. Brokaw
7 et al. also interpreted the east-west decrease in thickness of the Rustler to be a
8 consequence of removal by dissolution of halite and other soluble minerals.
9

10 During the early 1970s, the basic ideas about shallow dissolution of salt (generally from
I1I higher stratigraphic units and within a few hundred feet of the surface) were set out in a
12 series of reports by Bachman, Jones, and collaborators, as discussed in the following
13 sections. Piper (1973, 1974) independently evaluated the geological survey data for
14 ORNL. Claiborne and Gera (1974) concluded that salt was being dissolved too slowly
15 from the near-surface units to affect a repository for several million years, at least.
16
17 By 1978, shallower drilling around the WIPP site to evaluate potash resources was
18 interpreted by Jones (1978, 9), and he felt that the Rustler included "dissolution debris,
19 convergence of beds, and structural evidence for subsidence." Halite in the Rustler has
20 been reevaluated by the DOE, but there are only minor differences in inferred
21 distributions among the various investigators. These investigators do have different
22 explanations about how this distribution occurred (see Section 2.1.3.5 on Rustler
23 stratigraphy): (1) through extensive dissolution of the Rustler's halite after the Rustler
24 was deposited or (2) through syndepositional dissolution of halite from saline mud flat
25 environments during Rustler deposition.
26
27 Anderson (1978) reevaluated halite distribution in deeper units, especially the Castile and
28 Salado formations. He identified local anomalies proposed as features developed after
29 dissolution of halite by water flowing upward from the underlying Bell Canyon.
30 Anderson mapped geophysical log signatures of the Castile and interpreted lateral
31 thinning and change from halite to non-halite lithology as evidence of lateral dissolution
32 of deeper units (part of deep dissolution), and he proposed that deep dissolution might
33 threaten the WI[PP site. In response to Anderson's developing concepts, ERDA-10 was
34 drilled soutli of the WIPP area during the latter part of 1977. ERDA-10 intercepted a
35 stratigraphic sequence without evidence of solution residues in the Upper Castile.
36
37 A set of annular or ring fractures is evident in the surface around San Simon Sink, about
38 18 ml (30 kin) east of the WIPP site. Nicholson and Clebsch (1961, 14) suggested that
39 San Simon Sink developed as a result of deep-seated collapse. WIPP-15 was drilled at
40 about the center of the sink to a depth of 811 ft (247 m) to obtain samples for
41 paleoclimatic data and stratigraphic data to interpret collapse. Anderson and Bachman
42 both interpret San Simon Sink as dissolution and collapse features, and the annular
43 fractures are not considered evidence of tectonic activity.

45 Following the work by Anderson, Bachman (1974) mapped surficial features in the Pecos
46 Valley, especially at Nash Draw, and differentiated between those surface features in the
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* 1 basin that were formed by karst and those that were formed by deep collapse features over
2 the Capitan Reef. WIPP-32, WIPP-33, and two boreholes over the Capitan Reef were

3 eventually drilled. Their data, which demonstrated the conce~pts proposed by Bachman,
4 are documented in Snyder and Gard (1982, 65).
5
6 A final program concerning dissolution and karst was initiated following a microgravity
7 survey of a portion of the site during 1980. Based on localized low-gravity anomalies,
8 Barrows et al. (1983) interpreted several areas within the site as locations of karst.
9 WI[PP- 14 was drilled during 1981 at a low-gravity anomaly. [t revealed normal

10 stratigraphy through the zones proposed to be affected by karst. As a followup, in 1985
11 Bachman also reexamined surface features around the WIPP and concluded that there was

12 no evidence for active karst within the WIPP site. The nearest karst feature is northwest
13 of the site boundaries at WYIPP-33 and is considered inactive.
14
15 Extent of Dissolution
16

17 The margins of halite within the anhydrite and claystone members of the Rustler have
18 been mapped by different methods, which were summarized ]:y Beauheim (in 1987a,
19 131-134). There are few differences in interpretation, despite the different methods used
20 (Figure 2-10). Lower members of the Rustler are halitic west of the site, and higher
21 members generally show, halite only further east. Snyder (19,35) interprets these margins

* 22 as a consequence of post-depositional dissolution of halite. Holt and Powers (1988, 6-8
23 and 6-9) interpret sedimentary structures within the Rustler mudstone as being equivalent
24 to halite, indicating that most halite was removed during the depositional process and
25 redeposited in a salt pan in the eastern part of the depositional basin.
26
27 Upper intervals of the Salado thin dramatically west and south of the WIPP site
28 (Figure 2-23) compared to deeper Salado intervals. There are, no cores for further

29 consideration of possible depositional variations. As a consequence, this zone of thinning
30 is interpreted by the DOE as the edge of dissolution of the Upper Salado.
31
32 Timing of Dissolution
33

34 The dissolution of Ochoan evaporites through the near-surface processes of weathering

35 and groundwater recharge has been studied extensively (Anderson 1981, Lambert 1983a,

36 Lambert 1983b, Bachman 1984, and see also Holt and Powers 1988). The work of
37 Lambert (1983a) was specifically mandated by the agreement between the DOE and the
38 State of New Mexico to evaluate in detail the conceptual models of evaporite dissolution
39 proposed by Anderson (198 1). There was no clear consensus of the volume of rock salt

40 removed. Hence, estimates of the instantaneous rate of dissclution vary significantly.
41 Dissolution may have taken place as early as the Ochoan, during or shortly after
42 deposition. For the Delaware Basin as a whole, Anderson (1981) proposed that up to 40

43 percent of the rock salt in the Castile and Salado formations was dissolved during the past

* 44 600,000 years. Lambert (1983b) suggested that in many places the variations in salt-bed

45 thicknesses inferred from borehole geophysical logs that weie the basis for Anderson's

46 calculation were depositional in origin, compensated by thickening of adjacent nonhalite
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I beds, and were not associated with the characteristic dissolution residues. Borns and
2 Shaffer also suggested in 1985 a depositional origin for many apparent structural features
3 attributed to dissolution.
4
5 Snyder (1985), as well as earlier workers (for example, Vine 1963, Lambert 1983b, and
6 Bachman 1984), attributes the variations in thickness in the Rustler, which crops out in
7 Nash Draw, to post-depositional evaporite dissolution. Holt and Powers (1988, 7-1 to
8 7-27) have challenged this view and attribute the east-to-west thinning of salt beds in the
9 Rustler to depositional facies variability rather than post-depositional dissolution.

10 Bachman (1974, 1976, and 1980) envisioned several episodes of dissolution since the
11 Triassic, each dominated by greater degrees of evaporite exhumation and a wetter
12 climate, interspersed with episodes of evaporite burial and/or a drier climate. Evidence
13 for dissolution after deposition of the Salado and before deposition of the Rustler along
14 the western part of the Basin was cited by Adams (1944). Others have argued that the
15 evaporites in the Delaware Basin were above sea level and therefore potentially subject to
16 dissolution, during the Triassic, Jurassic, Tertiary, and Quaternary periods. Because of
17 discontinuous deposition, not all of these times are separable in the geological record of
18 southeastern New Mexico. Bachman (1974) contends that dissolution was episodic
19 during the past 225 million years as a function of regional base level, climate, and
20 overburden.
21
22 There have been several attempts to estimate the rates of dissolution in the basin.
23 Bachman (1974) provided initial estimates of dissolution rates based on a reconstruction
24 of Nash Draw relationships, including the observation that portions of the Gatuia were
25 deposited over areas of active dissolution and subsidence of the underlying evaporites.
26
27 Though these rates indicate no hazard to the WIPP related to Nash Draw dissolution,
28 Bachman later reconsidered the Nash Draw relationships and concluded that
29 pre-Cenozoic dissolution had also contributed to salt removal. Thus, the initial estimated
30 rates were too high. Anderson concluded in 1978 that the integrity of the WIPP to isolate
31 radioactive waste would not be jeopardized by dissolution within about 1 million years.
32 Anderson and Kirkland (1980, 66-69) expanded on the concept of brine density flow
33 proposed by Anderson (1978) as a means of dissolving evaporites at a point by circulating
34 water from the underlying Bell Canyon. Wood et al. (1982) examined the mechanism
35 and concluded that, while it was physically feasible, it would not be effective enough in
36 removing salt to threaten the ability of the WIPP to isolate TRU waste.
37
38 The EPA conducted its own extensive review of dissolution literature and data and
39 examined suspected dissolution features around the WIPP site. The EPA reached the
40 following conclusion:
41
42 -Deep-seated dissolution probably occurs in portions of the Delaware Basin, but it is very
43 unlikely that deep-seated dissolution is operating near or below the WIPP. Very little or
44 no possibility exists for the formation of breccia pipes within the WIPP site boundary.
45 There does appear to be a near-surface dissolution front along the Rustler/upper Salado
46 contact, which is moving toward the WIPP site from Nash Draw. However, assuming
47 current estimates of dissolution rates, it would take millions of years for this front to reach
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1 the WIPP repository. Therefore, near surface dissolution along this front is not a mechanism that
2 will affect the WIPP repository in the foreseeable future. Dissolution within the Upper Rustler
3 Formation is apparent within southern parts of the WIPP site boundary. But is well outside of the
4 unit boundaries and it is under further study. Regional geochemical studies are planned relative to
5 dissolution considerations.

6
7 Dissolution rates do not appear to be increasing under current climatic conditions, and
8 available data indicate that the climate has probably been relatively dry for the last
9 500,000 years. (EPA 1990a)

10
11I Sur'face Features Related to Dissolution
12

13 Bachman (1980, 97) separated breccia pipes, formed over the Capitan Reef by dissolution
14 and collapse of a cylindrical mass of rock, from evaporite karst features that appear
15 similar to breccia pipes. There are surficial karst features, including sinks and caves, in
16 large areas of the basin. Nash Draw is the result of combined dissolution and erosion.
17 Within the site boundaries, there are no known surficial features caused by dissolution or
18 karst.
19

/20 The subsurface structure of the Culebra is shown in Figure 2-24. South of the WIPP site
21 between Pierce Canyon and Paduca Breaks there is a relationship between this structure
22 and dissolution. Salt has been removed from the underlying Salado to create a general
23 anticline from near Laguna Grande de la Sal to the southeast of the WIPP site. Beds

* 24 generally dip to the east, and salt removed to the west created the other limb of the
25 structure. Units below the evaporites apparently do not show the same structure.
26
27 2.2 Surface Water and Groundwater Hydrology
28
29 The DOE has determined that the hydrological characteristics of the disposal system are
30 important because contaminant transport via fluid flow has a potential to impact the
31 performance of the disposal system. At the WIPP site, one of the DOE' s selection criteria
32 was to choose a location that would minimize this impact. This was accomplished when
33 the DOE selected (1) a host formation that contains little groundwater and transmits it
34 poorly, (2) a location where the effects of groundwater flow are minimal and predictable,
35 (3) an area where groundwater use is low, (4) an area where there are no permanent
36 surface waters, (5) an area where future groundwater use is anlikely, and (6) a repository
37 host rock that will not likely be affected by anticipated possible long-term climate
38 changes within 10,000 years.
39
40 The following discussion sunmmarizes the characteristics of the groundwater and surface
41 water at and around the WIPP site. This summary is based on data collection programs
42 that were initiated with the WLPP program and that continue to some extent today. The
43 purpose of these programs was to provide information sufficient for the development and
44 use of predictive models of the groundwater movement at-:he WIPP site.
45

* 46 For a comprehensive understanding of the impact of groundwater and surface water on
47 the disposal system, the following factors have been evaluated:
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1 Groundwater
2

3 0 Horizontal and vertical flow fluxes and velocities
4 * Hydraulic interconnectivity between rock units
5 0 Hydraulic parameters (porosity, etc.)
6 a General groundwater use
7 * Chemistry (including, but not limited to, salinity, m ineralization, age, Eh, and pH)
8
9 Surface Water

10
11 0 Regional precipitation and evapotranspiration rates
12 0 Location and size of surface-water bodies
13 0 Water volume, flow rate, and direction
14 0 Drainage network
15 0 Hydraulic connection with groundwater
16 0 Soil hydraulic properties (infiltration)
17 0 General water chemistry and use
18
19 Changes to the hydrological system due to human activity are evaluated in Appendix
20 SCR. The specifics of groundwater modeling are found in Chapter 8. The hydrological
21 system is divided into four segments for the discussion in this chapter. These are (1) the
22 rock units below the Salado; (2) the rock units above the Salado, which may affect the
23 disposal unit; (3) the Salado; and (4) the surface waters. The groundwater regime is
24 discussed in Section 2.2. 1, and the surface-water regime in Section 2.2.2.
25
26 The WJPP site lies within the Pecos River drainage area (Figure 2-25, see also Figure 2-
27 36). As discussed in the FEIS (DOE 1980), the climate is semiarid, with a mean annual
28 precipitation of about 13 in. (0.33 in), a mean annual runoff of 0. 1 to 0.2 in. (2.5 to
29 5 mm), and a mean annual pan evaporation of more than 100 in. (2.5 in). Additional
30 information about climatic conditions at the WIPP is given in Section 2.5.2. Brackish
31 water with total dissolved solids (TDS) concentrations of more than 3,000 parts per
32 million is common in the shallow wells near the WIPP site. Surface waters typically have
33 high TDS concentrations, particularly of chloride, sulfate, sodium, magnesium, and
34 calcium. Additional information about water quality is given in Section 2.4.2.
35
36 2.2.1 Groundwater Hydrology
37
38 At the WIPP site, the DOE obtains groundwater hydrologic data from conventional and
39 special-purpose test configurations in multiple surface boreholes. (Figure 2-2 is a map of
40 borehole locations.) Geophysical logging of the boreholes has provided hydrologic
41 information on the rock strata intercepted. Pressure measurements, fluid samples, and
42 ranges of rock permeability have been obtained for selected formations through the use of
43 standard and modified drill-stem tests. Slug injection or withdrawal tests and other flow-
44 rate tests have provided data to aid in the estimation of transmissivity and storage. The
45 hydraulic head of groundwaters within many water-bearing zones in the region has been
46 mapped from measured depths to water in the boreholes.
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I Rock units that are important to WIEPP hydrology are the Bell Canyon, the Castile, the

2 Salado, the Rustler, the Dewey Lake, and the Santa Rosa (Figures 2-26 and 2-27). Even
3 though absent at the WIIPP site, the Capitan Limestone and the Rustler-Salado contact
4 zone in Nash Draw will be discussed because they are important features of the
5 groundwater characteristics of the WIPP region.
6

7 The Bell Canyon is of interest to the DOE because it is the first regionally continuous

8 water-bearing unit beneath the WLPP. The halite and anhydr-ite layers of the Castile
9 provide a hydrologic barrier between the Salado and the underlying Bell Canyon. The

10 Castile is of interest to performance assessment because it contains isolated high-

I11 permeability zones containing pressurized brine. As discussed in Section 2.1.6. 1, several

12 such zones of pressurized brine have been intercepted by boreholes near the WIPP site,
13 and one or more may exist at the WIPP site.
14

15 The Salado is comprised of low-permeability beds of variable composition. The low

16 permeability of the Salado provides a hydrologic barrier in all directions between the

17 repository and the accessible environment or more transmissive beds.
18

19- The Rustler contains two laterally transmissive members. Trae Culebra is the first

20 laterally continuous unit located above the WIPP underground facility to display
21 _hydraulic conductivity and transmissivity sufficient for mass transport. The hydrology

* 22 and fluid geochemnistry of the Culebra are important to regulations involving radionuclide

23 transport and, as a result, have received a great deal of study (see, for example, LaVenue

24 et al. 1988, 1990; Haug et al. 1987; and Siegel et al. 1991 in the bibliography). The

25 Magenta, although more transmissive than the anhydrite anc. claystone members of the

26 Rustler, has lower transmissivity than the Culebra, and is unfractured.
27

28 The Dewey Lake does not produce water into the WIPP shafts, indicating unsaturated

29 conditions or low transmissivity. Flow from a fractured zone has been observed at Water

30 Quality Sampling Program (WQSP)-6a. The Santa Rosa is shallow and unsaturated at the

31 site, and the only flow through it is infiltration, which likely occurs at low rates because
32 of the evaporative climate.
33

34 For the no-migration demonstration, the DOE recognizes the Salado as the most

35 significant hydrostratigraphic unit. Other units are considlered to have less important

36 roles; however, their hydrology is discussed for background information.
37

38 2.2. 1.1 Conceptual Models of Groundwater Flow
39

40 The DOE addresses issues related to groundwater flow within the context of a conceptual

41 model of how the natural hydrologic system works on a large scale. The conceptual

42 model of regional flow around the 'WIPP that is presented here is based on widely

43 accepted concepts of regional groundwater flow in groundwvater basins (see, for example,.44 Hubbert 1940, T6th 1963, and Freeze and Witherspoon 1967 in the bibliography).
45
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1 An idealized groundwater basin is a three-dimensional closed hydrologic unit bounded on
2 the bottom by an impermeable rock unit (units with much smaller permeability than the
3 units above), on the top by the ground surface, and on the sides by groundwater divides.
4 The water table is the upper boundary of the region of saturated liquid flow. All rocks in
5 the basin are expected to have finite permeability; in other words, hydraulic continuity
6 exists throughout the basin. This means that the potential for liquid flow from any unit to
7 any other units exists, although the existence of any particular flow path is dependent on a
8 number of conditions related to gradients and permeabilities. All recharge to the basin is
9 by infiltration of precipitation to the water table and all discharge from the basin is by

10 flow across the water table to the land surface.
11
12 Differences in elevation of the water table across an idealized basin provide the driving
13 force for groundwater flow. The pattern of groundwater flow depends on the lateral
14 extent of the basin, the shape of the water table, and the heterogeneity of the permeability
15 of the rocks in the basin. Water flows along gradients of hydraulic head from regions of
16 high head to regions of low head. The highest and lowest heads in the basin occur at the
17 water table at its highest and lowest points, respectively. Therefore, groundwater flows
18 from the elevated regions of the water table, downward across confining layers (layers
19 with relatively small permeability), then laterally along more conductive layers, and
20 finally upward to exit the basin in regions where the water table (and by association, the
21 land surface) is at low elevations. Recharge is necessary to maintain relief on the water
22 table, without which flow does not occur.
23
24 Groundwater divides are boundaries across which it is assumed that no groundwater flow
25 occurs. In general, these are located in areas where groundwater flow is dominantly
26 downward (recharge areas) or where groundwater flow is upward (discharge areas).
27 Topography and surface-water drainage patterns provide clues to the location of
28 groundwater divides. Ridges between creeks and valleys may serve as recharge-type
29 divides, and rivers, lakes, or topographic depressions may serve as discharge-type divides.
30
31 In the groundwater basin model, rocks can be classified into hydrostratigraphic units. A
32 hydrostratigraphic unit is a continuous region of rock across which hydraulic properties
33 are similar or vary within described or stated limits. The definition of hydrostratigraphic
34 units is a practical exercise to separate rock regions with similar hydrologic
35 characteristics from rock regions with dissimilar hydrologic characteristics. Although
36 hydrostratigraphic units often are defined to be similar to stratigraphic units, this need not
37 be the case. Hydrostratigraphic unit boundaries can reflect changes in hydraulic
38 properties related to differences in composition, fracturing, dissolution, or a variety of
39 other factors that may not be reflected in the definition of stratigraphic formations.
40

41 Confining layers in a groundwater basin model can be characterized as allowing vertical
42 flow only. The amount of vertical flow occurring in a confining layer generally decreases
43 in relation to the depth of the layer. Flow in conductive units is more complicated. In
44 general, flow will be lateral through conductive units. The magnitude (in other words,
45 volume flux) of lateral flow is related to the thickness, conductivity, and gradient present
46 in the unit. Gradients generally decrease in deeper units. The direction of flow is
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I generally related to the distance the unit is from the land surface. Near the land surface,
2 flow directions are influenced primarily by the local slope of the land surface. In deeper
3 conductive units, flow directions are generally oriented parall.el to the direction between
4 the highest and lowest points in a groundwater basin. Thus, flow rates, volumes, and
5 directions in conductive units in a groundwater basin are generally not expected to be the
6 same.
7
8 In the WJ1PP region, the Salado provides an extremely low- jxrmeability layer that forms
9 the base for a regional groundwater-flow basin in the overlying rocks of the Rustler,

10 Dewey Lake, and Santa Rosa. The Castile and Salado together form their own
I1I groundwater system, and they separate flow in units above them from that in units below.
12 Because of the plastic nature of halite and the resulting low permeability, fluid pressures
13 in the evaporites are more related to lithostatic stress than to the shape of the water table

14 in the overlying units, and regionally neither vertical nor horizontal flow will occur as a
5 result of natural pressure gradients in time scales relevant to Lhe disposal system. (On a

,~6 repository scale, however, the excavations themselves create pressure gradients that may
17 induce flow near the excavated region.) Consistent with the recognition of the Salado as
18 the base of the groundwater basin of interest, the following discussion is divided into
19 three sections: hydrology of units below the Salado, hydrology of the Salado, and
20 hydrology of the units above the Salado.
21
22 2.2.1.2 Units Below the Salado

* 23
24 Units of interest to the WIPP project below the Salado are the Bell Canyon and the
25 Castile. These units have quite different hydrologic characteristics.
26
27 Hydrology of the Bell Canyon Fonnation
28
29 The Bell Canyon is considered for the purposes of regional groundwater flow to form a
30 single hydrostratigraphic unit about 1,000 ft (300 m) thick. 'rests at five boreholes
31 (AEC-7, AEC-8, ERDA- 10, DOE-2, and Cabin Baby) indicate a range of hydraulic
32 conductivities for the Bell Canyon from 5 x 10' ft per day to 1 x 10-6 ft per day (1.7 x
33 1i-7 to 3.5 x 10-12 m per second). The pressure measured in the Bell Canyon at the DOE-2
34 and Cabin Baby boreholes ranges from 12.6 to 13.3 megapascals (Appendix HYDRO,
35 29-3 1; DOE 1983, 4-9 -to 4-12; Beauheimn 1986, 61-7 1). Fluid flow in the Bell Canyon
36 is markedly influenced by the presence of the extremely low -permeability Castile and
37 Salado above it, which effectively isolate it from interaction with overlying units except
38 where the Castile is absent because of erosion or nondeposition, such as in the Guadalupe
39 Mountains, or where the Capitan Reef is the overlying unit ( 'Figures 2-26 and 2-27).
40 Because of the isolating nature of the Castile and Salado, fluid flow directions in the Bell
41 Canyon are sensitive only to gradients established over very long distances. At the WI1PP,
42 the brines in the Bell Canyon flow northeasterly under an estimated hydraulic gradient of
43 25 to 40 ft per ml (4.7 to 7.6 m per kin) and discharge into the Capitan aquifer. Velocities

* 44 are on the order of tenths of ft per year, and groundwater yields from wells in the Bell
45 Canyon are 0.6 to 1.5 gal (2.3 to 5.7 1) per minute. The fact that flow directions in the
46 Bell Canyon under the WIPP are inferred to be almost opposite to the flow directions in
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1 units above the Salado (see Section 2.2.1.4) is not of concern because, as discussed
2 above, the presence of the Castile and Salado makes the flow in the Bell Canyon sensitive
3 to gradients established over long distances, whereas flow in the units above the Salado is
4 sensitive to gradients established by more local variations in water table elevation.
5
6 Castile Hydrology
7
8 As described in Sections 2.1.3.3, the Castile is dominated by low permeability anhydrite
9 and halite zones. However, fracturing in the upper anhydrite has generated isolated

10 regions with much greater permeability than the surrounding intact anhydrite. These
I1I regions are located in the area of structural deformation as discussed in Section 2.1.6. 1.
12 The higher permeability regions of the Castile contain brine at pressures greater than
13 hydrostatic anid have been refer-red to as brine reservoirs (see Figure 2-28). The fluid
14 pressure measured by Popielak et al. in 1983 in the WLPP- 12 borehole (12.7 MPa) is
15 greater than the nomrinal hydrostatic pressure for a column of equivalent brine at that
16 depth (11. 1 MPa). Therefore, under open-hole conditions, brine could flow upward to the
17 surface through a borehole.
18
19 Results of hydraulic tests performed in the ERDA-6 and WIPP-12 boreholes suggest that
20 the extent of the highly permeable portions of the Castile is limited. The vast majority of
21 brine is thought to be stored in low-permeability microfractures; about 5 percent of the
22 overall brine volume is stored in large open fractures. The volumes of the ERDA-6 and
23 WLPP-12 brine reservoirs were estimated by Popielak et al. in 1983 to be 3.5 x 106 ft3

24 (100,000 in') and 9.5 x 106 ft3 (270,000 in3), respectively.W
25
26 A geophysical survey using time domain electromagnetic (TDEM) methods was
27 completed over the WIPP- 12 brine reservoir and the waste disposal panels (The Earth
28 Technology Corporation 1988). The TDEM measurements detected a conductor
29 interpreted to be the WIPP-12 brine reservoir and also indicated that similar brine
30 occurrences may be present within the Castile under a portion of the waste disposal
31 panels.
32
33 The origin of brine in the Castile has been investigated geochemnically. Popielak et al.
34 (1983, 5) concluded that the ratios of major and minor element concentrations in the
35 brines indicate that these fluids originated from ancient seawater and that no evidence for
36 fluid contribution from present meteoric waters. The Castile brine chemistry from the
37 ERDA-6 and WIPP-12 reservoirs are distinctly different from each other and from local
38 groundwaters. These geochemnical data indicate that brine in reservoirs to any significant
39 extent has not mixed with other waters and has not circulated. The brines are saturated,
40 or nearly so, with respect to halite and, consequently, have little potential to dissolve
41 halite.
42

43 2.2.1.3 Hydrology of the Salado
44
45 As described in Sections 2.1.3, the Salado consists mainly of halite and anhydrite. A
46 considerable amount of information about the hydraulic properties of these rocks has
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* 1 been collected through field and laboratory experiments. Appendix PAR summarizes this
2 information.
3

4 Hydraulic testing in the Salado in the WIEPP underground provided quantitative estimates
5 of the hydraulic properties controlling brine flow through the Salado. The tests are
6 interpreted by Beauheim et al. in 1991 and 1993 using model:; based on potentiometric:
7 flow. The tests influence rock as far as 33 ft (10 m) distant from the test zone and are not
8 thought to significantly alter the pre-test conditions of the rock. The stratigraphic
9 intervals tested include both pure and impure halite. Because tests close to the repository

10 are within the DRZ that surrounds the excavated regions (see Section 3.7. 1), it is
11 reasonable to use the results of the tests farthest from the repository as most
12 represenitative of undisturbed conditions.
13
14 Twenty-two hydraulic tests have been performed in impure halite, and two in pure halite.
15 Interpreted permeabilities using a Darcy-flow model vary frolm 1 X 10-23 to 4x 10-18 M2

16 for impure* halite intervals. Interpreted formation pore pressures vary from 0.3 to
17 9.7 MPa for impure halite, with the lower pressures believed to show effects of the DRZ
18 Tests in pure halite show no observable response, indicating either extremely low
19 pemaiiy(1.3i 2 ,or no flow whatsoever, even though appreciable pressures are
20 applied to the test interval. Appendix PAR contains a summary of the results of field
21 permeability tests to date.

* 22

23 Fourteen hydraulic tests have been performed in anhydrite. Interpreted permeabilities
24 using a Darcy-flow model vary from 2 x 10-20to 7 x iO0" m2 for anhydrite intervals.
25 Interpreted formation pore pressures vary from atmospheric to 12.5 megapascals for
26 anhydrite intervals. Lower values are caused by depressurization near the excavation.
27

28 The properties of anhydrite interbeds have also been investigated in the laboratory. Tests
29 were performed on three; groups of core samples from MB 1 39 as part of the Salado Two-
30 Phase Flow Laboratory Program. The laboratory experiments provided porosity, intrinsic
31 permeability, and capillary pressure data. Preliminary analysis of capillary pressure test
32 results indicate a threshold pressure of less than 1 megapascal. The laboratory-measured
33 effective porosity and intrinsic permeability data are shown in Appendix PAR.
34

35 Fluid pressure above hydrostatic is a hydrologic characteristic of the Salado (and the
36 Castile) that plays a potentially important role in the reposiltory behavior. It is difficult to

37 accurately measure natural pressures in these formations bec ause the boreholes or
38 repository excavations required to access the rocks decrease the stress in the region
39 measured. Stress released instantaneously decreases fluid pressure in the pores of the
40 rock, so measured pressures must be considered as a lower bound of the natural pressures.
41 Stress effects related to test location and the difficulty of makcing long-duration tests in
42 lower permeability rocks result in higher pore pressures observed to date in anhydrites.
43 The highest observed pore pressure in halite-rich units, near Room Q, is on the order of

* 44 9 megapascals, whereas the highest pore pressures observed in anhydrite are
45 12.5 megapascals. It is expected that the far-field pore pressures in halite-rich and
46 anhydrite beds in the Salado at the repository level are similar because the anhydrites are
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1 too thin and of too low permeabilities to have liquid pressures much different than those
2 of the surrounding salt. For comparison, the hydrostatic pressure for a column of brine at
3 the depth of the repository is about 7 megapascals, and the lithostatic pressure calculated
4 from density measurements in ERDA-9 is about 15 megapascals.
5
6 Fluid pressure in sedimentary basins that are much higher or much lower than hydrostatic
7 are referred to as abnormal pressures in the literature of the petroleum industry, where
8 they have received considerable attention. In the case of the Delaware Basin evaporites,
9 the high pressures are almost certainly maintained because of the large compressibility

10 and plastic nature of the halite and, to a lesser extent, the anhydrite. The lithostatic
I1I pressure at a particular horizon must be supported by a combination of the stress felt by
12 the rock matribC and the pore fluid. In highly deformable rocks, the portion of the stress
13 that must be borne by the fluid exceeds hydrostatic pressure but cannot exceed lithostatic
14 pressure.
15
16 Brine content within the Salado is estimated at 1 to 2 percent by weight, although the thin
17 clay seams have been observed by Deal et al. (1993) to contain up to 25 percent brine by
18 weight. Brine in the Salado is likely Late Permian. This brine may move toward areas of
19 low pressure, such as a borehole or mined section of the Salado.
20
21 Observation of the response of pore fluids in the Salado to changes in pressure boundary
22 conditions at walls in the repository, in boreholes without packers, in packer-sealed
23 boreholes, or in laboratory experiments is complicated by low permeability and low
24 porosity. Qualitative data on brine flow to underground workings and exploratory
25 boreholes have been collected routinely since 1985 under the Brine Sampling and
26 Evaluation Program (BSEP) and have been documented in a series of reports (Deal and
27 Case 1987; Deal et al. 1987, 1989, 199 1a, b, and 1993). Additional data on brine inflow
28 are available from the Large-Scale Brine Inflow Test (Room Q). Flow has been observed
29 to move to walls in the repository, to boreholes without packers, and to packer-sealed
30 boreholes. In certain cases, evidence for flow is no longer observed where it once was; in
31 others, flow has begun where it once was not observed. In many cases, observations and
32 experiments must last for months or years to obtain useful results. In part because of
33 design requirements such as duration (the experimental period is short relative to the time
34 required for the geological materials to fully respond), few quantitative data have been
35 obtained for brine flow into the excavated region at atmospheric pressure. For
36 performance assessment modeling, brine flow is a calculated term dependent on local
37 pressure gradients and hydraulic properties of the Salado units. Data on pore pressure
38 and permeability of halite and anhydrite layers are available from the Room Q test and
39 other borehole tests, and these data form the basis for the quantification of the material
40 properties used in the performance assessment. See Section 8.2 and Appendix PAR for
41 additional discussions of the properties of the Salado.
42

43 2.2.1.4 Units Above the Salado

45 In evaluating groundwater flow above the Salado, the DOE considers the Rustler, Dewey

46 Lake, Santa Rosa, and overlying units to form a groundwater basin with boundaries
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I coinciding with selected groundwater divides as discussed in Section 2.2. 1. 1. The
2 boundary follows Nash D~raw and the Pecos River valley to the west and south and the
3 San Simon Swale to the east (Figure 2-29). The boundary continues up drainages and
4 dissects topographic highs along its northern part. It is assumned that these boundaries
5 represent groundwater divides whose positions remain fixed over the past several
6 thousand years and 10,000 years into the future. For reasons described in Section 2.2.1.2,
7 the lower boundary of the groundwater basin is the upper surface of the Salado.
8
9 Nash Draw and the Pecos River are areas where discharge -to the surface occurs. Hunter

10 (1985) described discharge at Surprise Spring and into saline lakes in Nash Draw. She
11 reported groundwater discharge into the Pecos River betweern Avalon Dam north of
12 Carlsbad and a point south of Malaga Bend as approximately 3 2.5 ft3 per second (0. 92 M3

13 per second), mostly in the region near Malaga Bend.
14
15, Within this groundwater basin, hydrostratigraphic units with relatively high permeability
16 >, re called conductive units, and those with relatively low peniieability are called

-1,7 Oonfining layers. The confining layers consist of halite and anhydrite and are perhaps five
_x'orders of magnitude less permeable than conductive units.

19,!1
'----2 6 In a groundwater basin, the position of the water table moves up and down in response to

21 changes in recharge. The amount of recharge is generally a very small fraction of the
* 22 amount of rainfall; this condition is expected for the WJPP. rhe water table would

23 stabilize at a particular position if the pattern of recharge remained constant for a long
24 time. The equilibrated position depends, in part, on the distribution of hydraulic
25 conductivity in all hydrostratigraphic units in the groundwater basin. However, the
26 position of the water table depends mainly on the topography and geometry of the
27 groundwater basin and the hydraulic conductivity of the uppermost strata. The position
28 of the water table can adjust slowly to changes in recharge. Consequently, the water table
29 can be at a position that is very much different from its equilibrium position at any given
30 time. Generally, the water table drops very slowly in response to decreasing recharge but
31 might rise rapidly in times of increasing recharge.
32
33 The asymmetry of response occurs because the rate at which the water table drops is
34 limited by the rate at which water flows through the entire basin. In contrast, the rate at
35 which the water table rises depends mainly on the recharge rate and the porosity of the
36 uppermost strata. From groundwater basin modeling, the head distribution in the
37 groundwater basin appears to equilibrate rapidly with the position of the water table.
38
39 In general, vertical leakage through confining layers is directed downward over all of the
40 site. This downward leakage uniformly over the WIPP site is the result of a well-
41 developed discharge area, Nash Draw and the Pecos River, along the western and
42 southern boundaries of the groundwater basin. This area acts as a drain for the laterally
43 conductive units in the groundwater basin, causing most vertical leakage in the.44 groundwater basin to occur in a downward direction.
45

46
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I Hydrology of the Rustler Formation
2

3 The Rustler contains the most transmissive units above the repository. Fluid flow in the
4 Rustler is characterized by very slow rates of vertical leakage through confining layers
5 and faster lateral flow in conductive units. To illustrate this point, regional modeling
6 with the groundwater basin model indicates that lateral specific discharges in the Culebra,
7 for example, are perhaps two to three orders of magnitude greater than the vertical
8 specific discharges across the top of the Culebra.
9

10 Unnamed Lower Member
11
12 The unnamed lower member makes up a single hydrostratigraphic unit in WIPP models
13 of the Rustler, although its composition varies somewhat. Overall, it acts as a confining
14 layer. The basal interval of the unnamed lower member, approximately 64 ft (20 mn)
15 thick, is composed of siltstone, mudstone, and claystone and confines the water-
16 producing zones of the lowermost Rustler. Transmissivities of 2.7 x 101 ft2 per day
17 (2.9 x 10 0 M2 per second) and 2.2 x 10 1 ft2 per day (2.4 x 1O-11 M2 per second) were
18 reported by Beauheim (1 987 a, 50) from tests at well H- 16 that included this interval.
19 These transmissivity values correspond to hydraulic conductivities of 4.2 x 10-6 ft per day
20 (1.5 x 10"1 m per second) and 3.4 x 10-6 ft per day (1.2 x 10-" mn per second). The
21 porosity of the unnamed lower member was measured in 1995 as part of testing at the
22 H-19 hydropad. Two claystone samples had effective porosities of 26.8 and 27.3 percent.
23 One anhydrite sample had an effective porosity of 0.2 percent. Hydraulic conductivity in
24 the lower portion of the unnamed lower member is believed by the DOE to increase to the
25 west in and near Nash Draw, where dissolution at the underlying Rustler-Salado contact
26 has caused subsidence and fracturing of the sandstone and siltstone.
27
28 The remainder of the unnamed lower member contains mudstones, anhydrite, and
29 variable amounts of halite. The hydraulic conductivity of these lithologies is extremely
30 low; tests of mudstones and claystones in the waste-handling shaft gave hydraulic
31 conductivity values varying from 2 x 10' ft per day (7 x 10'~ m per second) to 3 x 10-8 ft

32 per day (l X 10-13 mn per second) according to Saulnier and Avis (1988, 6-11).
33
34 The Culebra
35
36 The Culebra is of interest because it is the most transmissive unit at the WIIPP site.
37 Hydrologic research has been concentrated on the unit for over a decade. Although it is
38 relatively thin, it is an entire hydrostratigraphic unit in the WIEPP hydrological conceptual
39 model, and it is the most important conductive unit in this model.
40

41
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I The two primary types of field tests that are being used to characterize the Culebra are
2 hydraulic tests and tracer tests.
3
4 The hydraulic testing consists of pumping, injection, and slug testing of wells across the
5 study area (e.g., Beauheim 1987a). The most detailed hydraulic test data exist for the
6 WIPP hydropads (e.g., H- 19). The hydropads generally comprise a network of three or
7 more wells located within a few tens of meters of each other. Long-term pumping tests
8 have been conducted at hydropads H-3, H-il1, and H- 19 and at well WIPP- 13 (Beauheim
9 1987b, 1987c, 1989; Beauheim et al. 1995). These pumping tests provided transient

10 pressure data at the hydropad and over a much larger area. Tests often included use of
I1I automated data-acquisition systems, providing high resolution (in both space and time)
12 data sets. In addition to long-term pumping tests, slug tests and short-term pumping tests
13 have been conducted at individual wells to provide pressure data that can be used to

-14 interpret the transmissivity at that well (Beauheim 1987a). (Additional short-term
I pumping tests have been conducted in the WQSP wells [Stensrud 1995]). Detailed cross-
id hole hydraulic testing has recently been conducted at the H- 1 hydropad (Kloska et al.
17 1995).

18
19 The hydraulic tests are designed to yield pressure data for the interpretation of such
20 characteristics as transniissivity, permeability, and storativity. The pressure data from
21 long-term pumping tests and the interpreted transmissivity values for individual wells are

* 22 used for the generation of transmissivity fields in PA flow modeling.
23
24 The DOE has conducted numerous tests to evaluate transport properties of the Culebra,
25 including a series of tracer tests at six locations (the H-2, H-4, H-6, H-li1, and H1- 19
26 hydropads) near the WIPP site. These tests are not discussed here since transport in the
27 Culebra will not occur as long as the no-migration standard is met. For details on the
28 results of those tests, Jones et al. (1992) should be consulted.
29
30 The Culebra is a fractured dolomite with nonuniform properties both horizontally and
31 vertically. There are multiple scales or porosity (and permeability) within the Culebra
32 including fractures ranging from microscale to potentially large, vuggy zones, and inter-
33 and intragranular porosity. Flow occurs within fractures, vugygy zones and probably to
34 some-extent in intergranular porosity. (In other words, flow occurs in response to
35 hydraulic gradients in all places that are permeable).
36
37 Fluid flow in the Culebra is dominantly lateral and southward except in discharge areas
38 along the west or south boundaries of the basin. Where tranismissive fractures exist, flow
39 is dominated by fractures but may also occur in vuggy zones and to some extent in
40 intergranular porous regions. Regions where flow is dominantly through vuggy zones or
41 intergranular porosity have been inferred from pumping tests and tracer tests. Flow in the

-42 Culebra may be concentrated along zones that are thinner than the total thickness of the
43 Culebra. In general, the upper portion of the Culebra is massive dolomite with a few

* 44 fractures and vugs, and appears to have low permeability. The lower portion of the
45 Culebra appears to have many more vuggy and fractured zones and to have a significantly
46 higher permeability.

DOE/CAO-96-2 160 2-111 June 14, 1996



Final No-Migration Variance Petition

I There is strong evidence that the permeability of the Culebra varies spatially and varies
2 sufficiently that it cannot be characterized with a uniform value or range over the region
3 of interest to the WIPP. The transmissivity of the Culebra varies spatially over six orders
4 of magnitude from east to west in the vicinity of the WIPP (Figure 2-30). Over the site,
5 Culebra transmissivity varies over three to four orders of magnitude. Transmissivities are
6 from 1 x 10-3 ft2 per day (1 X 1 o-9 M2 per second) at well P- 18 east of the WIPP site to
7 1lX 103 ft2 per day (l x 10-3 m2 per second) at well H-7 in Nash Draw (see Figure 2-2 for
8 the locations of these wells).
9

10 Transmissivity variations in the Culebra are believed to be controlled by the relative
I1I abundance of open fractures rather than by primary (that is, depositional) features of the
12 unit. Lateral variations in depositional environments were small within the mapped
13 region, and primary features of the Culebra show little map-scale spatial variability
14 according to Holt and Powers (1988). Direct measurements of the density of open
15 fractures are not available from core samples because of incomplete recovery and
16 fracturing during drilling, but observation of the relatively unfractured exposures in the
17 WLPP shafts suggests that the density of open fractures in the Culebra decreases to the
18 east. Qualitative correlations have been noted between transmissivity and several
19 geologic features possibly related to open-fracture density, including (1) the distribution
20 of overburden above the Culebra, (2) the distribution of halite in other members of the
21 Rustler, (3) the dissolution of halite in the upper portion of the Salado, and (4) the
22 distribution of gypsum fillings in fractures in the Culebra (see Section 2.1.3.5 and
23 Figure 2-12).
24
25 Measured matrix porosities of the Culebra vary from 0.03 to 0.30. Fracture porosity
26 values have not been measured directly, but interpreted values from tracer tests at the
27 H-3, H-6, and H- 11 hydropads vary from 5 x IO 0-to 3 x 10'~. Data are insufficient to
28 determine whether the average porosity of the matrix and fractures varies significantly on
29 a regional scale.
30
31 Geochemnical and radioisotope characteristics of the Culebra have been studied. There is
32 considerable variation in groundwater geochemnistry in the Culebra. The variation has
33 been described in terms of different hydrogeochemnical facies that can be mapped in the
34 Culebra (see-Section 2.4.2). A halite-rich hydrogeochemnical facies exists in the region of
35 the WIEPP site and to the east, approximately corresponding to the regions in which halite
36 exists in units above and below the Culebra (Figure 2- 10), and in which a large portion of
37 the Culebra fractures are gypsum filled (Figure 2-12). An anhydrite-rich
38 hydrogeochemnical facies exists west and south of the WIPP site, where there is relatively
39 less halite in adjacent strata and where there are fewer gypsum-filled fractures.
40 Radiogenic isotopic signatures suggest that the age of the groundwater in the Culebra is
41 on the order of 10,000 years or more (see, for example, Lambert 1987, Lambert and
42 Carter 1987, Lambert and Harvey 1987 in the bibliography).The radiogenic ages of the
43 Culebra groundwater and the geochemical differences provide information potentially
44 relevant to the groundwater flow directions and groundwater interaction with other units
45 and are important constraints on conceptual models of groundwater flow. Previous
46 conceptual models of the Culebra (see for example, Chapman 1986, Chapman 1988,
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* 1 LaVenue et al. 1990, Siegel et al. 1991 in the bibliographyl), have not been able to
is2 consistently relate the hydrogeochemnical facies, radiogenic ages, and flow constraints

3 (that is, transmissivity, boundary conditions, etc.) in the Culebra.
4

5 The groundwater basin modeling that has been conducted provides flow fields that
6 reasonably explain observed hydrogeochemical facies and radiogenic ages. The
7 groundwater basin model combines and tests three fundamental processes: (1) it
8 calculates vertical leakage, which may carry solutes into the Culebra; (2) it calculates
9 lateral fluxes in the Culebra (directions as well as rates); and (3) it calculates a range of

10 possible effects of climate change. The presence of the halite facies is explained by
11 vertical leakage of solutes into the Culebra from the overlying halite-containing Tamarisk
12 by adv~ctive or diffusive processes. Because lateral flow rates here are low, even slow
13 rates of solute transport into the Culebra can result in high solute concentration. Vertical
14 leakage occurs slowly over the entire model region, and thus the age of groundwater in
15 the Culebra is old, consistent with radiogenic information. Lateral fluxes within the

-. 16 anhydrite zone are larger- because of higher transniissivity, and where the halite and
S17 anhydrite facies regions converge, the halite facies signature Is lost by dilution with

ý18 relatively large quantities of anhydrite facies groundwater.
S19

20 Groundwater levels in the Culebra in the WIPP region have been measured continuously
21 for several decades. Water-level rises have been observed in the WIPP region and are

* 22 placed into three categories: those caused by WIPP-relatecl a.-tivities, those caused by
23 potash mining activities, and those that are unexplained. The extent of water-level rise
24 observed at a particular well depends on several factors, but the proximity of the
25 observation point to the cause of the water-level rise appears to be a primary factor.
26
27 In the vicinity of the WIPP site, water-level rises are unquestionably caused by recovery
28 from drainage into the shafts. Drainage into shafts has been reduced by a number of
29 grouting programs over the years, most recently in 1993 around the MIS. Northwest of
30 the site, in and near Nash Draw, water levels appear to fluctuate in response to effluent
31 discharge from potash mines. Correlation of water-level fluctuation with potash mine
32 discharge cannot be proven because sufficient data on the timting and volumes of
33 discharge are not available. Head distribution in the Culebra ,'Figure 2-3 1) is consistent
34 with groundwater basin modeling results indicating that the generalized directional flow
35 of groundwater is north to south (see Figure 2-29). However, caution should be used
36 when making assumptions based on groundwater-level data aldone. Studies in the Culebra
37 have shown that fluid density variations in the Culebra can affect flow direction. One
38 should also be aware that the fractured nature of the Culeb~ra, coupled with variable fluid
39 densities, can also cause localized flow patterns to differ frora general flow patterns.
40

41 Water level rises in the vicinity of the H-9 hydropad, about 6.5 mi (11 kin) south of the
42 WJPP site, are not thought to be caused by either WIPP-relat'ed activities or potash
43 mining discharge. They remain unexplained.. 44
45 The DOE continues to monitor groundwater levels throughout the region, but only water
46 level changes at or near the site have the potential to affect performance.
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I Inferences about vertical flow directions in the Culebra have been made from well data
2 collected by the DOE. Beauheim (1987a) reported flow directions towards the Culebra
3 from both the unnamed lower member and the Magenta over the WIPP site, indicating
4 that the Culebra acts as a drain for the units around it. This indication is consistent with
5 results of groundwater basin modeling.
6
7 The Tamarisk
8
9 The Tamarisk acts as a confining layer in the groundwater basin model. Attempts were

10 made in two wells, H- 14 and H- 16, to test a 7.9-ft (2.4-in) sequence of the Tamarisk that
11 consists of claystone, mudstone, and siltstone overlain and underlain by anhydrite.
12 Permeability was too low to measure in either well within the time allowed for testing;
13 consequently, Beauheim (1987a, 108-110) estimated the transmissivity of the claystone
14 sequence to be one or more orders of magnitude less than that of the tested interval in the
15 unnamed lower member (that is, less than approximately 2.5 x 1i-5 ft2 per day [2.7 x 1011

16 m per second]). The porosity of the Tamarisk was measured in 1995 as part of testing at
17 the H- 19 hydropad. Two claystone samples had an effective porosity of 21.3 to 21.7
18 percent. Five anhydrite samples had effective porosities of 0.2 to 1.0 percent.
19
20 The Magenta
21
22 The Magenta is a conductive hydrostratigraphic unit about 19 ft (6 m) thick at the WIPP.
23 The Magenta is saturated except near outcrops along Nash Draw, and hydraulic data are
24 available-from 15 wells. According to Mercer (1983), transmissivity ranges over five
25 orders of magnitude from l X 10 3 to 4x 10

2 ft2per day (1 x 109 to 4x lo rn per
26 second). The porosity of the Magenta was measured in 1995 as part of testing at the H- 19
27 hydropad. Four samples had effective porosities ranging from 2.7 to 25.2 percent. See
28 Appendix PAR for additional discussion of Magenta permeability measurements.
29
30 The hydraulic transmissivities of the Magenta, based on sparse data, show a decrease in
31 conductivity from west to east, with slight indentations of the contours north and south of
32 the WIPP that correspond to the topographic expression of Nash Draw. In most
33 locations, the hydraulic conductivity of the Magenta is one to two orders of magnitude
34 less than that of the Culebra. The Magenta does not have hydraulically significant
35 fractures in the vicinity of the WIPP.
36
37 The hydraulic gradient across the site varies from 16 to 20 ft per mi (3 to 4 m per kin) on
38 the eastern side, steepening to about 32 ft per ml (6 m per kin) along the western side near
39 Nash Draw (Figure 2-32).
40
41 Regional modeling using the groundwater basin model indicates that leakage occurs into
42 the Magenta from the overlying Forty-niner and out of the Magenta downwards into the
43 Tamarisk. Regional modeling also indicates that flow directions in the Magenta are
44 dominantly westward, similar to the slope of the land surface in the immediate area of the
45 WIPP. This flow direction is different than the dominant flow direction in the next
46 underlying conductive unit, the Culebra. This difference is consistent with the
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* 1 groundwater basin conceptual model, in that flow in shallower units is expected to be
2 more sensitive to local topography.
3
4 Inferences about vertical flow directions in the Magenta have been made from well data
5 collected by the DOE. Beauheimn (1987a, 137) reported flow directions downwards out
6 of the Magenta over the'WIPP site, consistent with results of groundwater basin
7 modeling. However, Beauheimn concluded that flow directions between the Forty-niner
8 and Magenta would be upward in the three boreholes from which reliable pressure data
9 are available for the Forty-niner (H-3, H-14, and H-16), which is not consistent with the

10 results of groundwater modeling. This inconsistency may be the result of local
I1I heterogeneity in rock properties that affect flow on a scale that cannot be duplicated in
12 regional modeling.
13
14 As is the case for the Culebra, groundwater elevations in the Magenta have changed over
15 the period of observation. The pattern of changes is similar to those observed for the
16 Culebra, and is attributed to the same causes.
17
18 The Forty-niner
19

20 The Forty-niner is a confining hydrostratigraphic layer about 66 ft (20 m) thick
21 throughout the WIPP area and consists of low-permeability zmhydrite and siltstone. Tests
22 by Beauheimn (I1987a, 119-123) in H- 14 and H- 16 yielded transmissivities of about

V 23 3 x 10 2 to 7x 10-2 ft2 per day (3 x 10 8 to 8x 10-8 mn2 per second) and 5x 10 3 to 6x 10-3

24 ft2 per day (5 x 10O9 to 6 x 10-9 m2 per second), respectively. The porosity of the Forty-
25 niner was measured as part of testing at the H- 19 hydropad. Three claystone samples had
26 effective porosities ranging from 9.1 to 24.0 percent. Four anhydrite samples had
27 effective porosities ranging from 0.0 to 0.4 percent.
28

29 Hydrology of the Dewey Lake and the Santa Rosa
30
31 The Dewey Lake and the Santa Rosa, and surficial soils, overlie the Rustler and are the
32 uppermost hydrostratigraphic units considered by the DOE. The Dewey Lake and
33 overlying rocks are more permeable than the anhydrites at the top of the Rustler.
34 Consequently, basin modeling indicates that most (probably more than 70 percent) of the
35 water that recharges the groundwater basin (that is, percolates into the Dewey Lake from
36 surface water) flows only in the rocks above the Rustler. As modeled, the rest leaks
37 vertically through the upper anhycirites of the Rustler and into the Magenta or continues
38 downwards to the Culebra. More flow occurs into the Rustler units at times of greater
39 recharge. Even though it carries most of the recharge because of its low permeability in
40 most areas, lateral flow in the Dewey Lake is slow.
41

42 The Dewey Lake
43

* 44 The Dewey Lake contains a productive zone of saturation, probably under water-table
45 conditions, in the southwestern to south-central portion of the WIPP site and south of the
46 site. Several wells operated by the J.C. Mills Ranch south of the WIPP site produce
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I sufficient quantities of water from the Dewey Lake to supply livestock. Short-term
2 production rates of 25 to 30 gal per minute (5.7 to 6.8 m3' per hour) were observed in
3 boreholes P-9 (Jones 1978, Vol. 1., 167 and 168), WQSP-6, and WQSP-6a. The
4 productive zone is typically found in the middle of the Dewey Lake, 180 to 265 ft (55 to
5 81 mn) below ground surface and appears to derive much of its transmissivity from open
6 fractures. Where present, the saturated zone may be perched or simply underlain by less
7 transmissive rock. Fractures below the productive zone tend to be completely filled with
8 gypsum. Open fractures and/or moist (but not fully saturated) conditions have been
9 observed at similar depths north of the zone of saturation, at the H-1, H-2, and H-3

10 boreholes (Appendix HYDRO, 70). The Dewey Lake has not produced water within the
11I WI1PP shafts and or in boreholes in the immediate vicinity of the panels. For modeling
12 purposes, the hfydraulic conductivity of the Dewey Lake, assuming saturation, is estimated
13 to be 3 x 10-3 ft per day (1 x 1 0.8m per second), corresponding to the hydraulic
14 conductivity of fine-grained sandstone and siltstone. The porosity of the Dewey Lake
15 was measured as part of testing at the H- 19 hydropad. Four samples taken above the
16 gypsum-sealed region had measured effective porosities of 14.9 to 24.8 percent. Four
17 samples taken from within the gypsum-sealed region had porosities from 3.5 to 11.6
18 percent.
19
20 The groundwater basin conceptual model relies on gradients established from the position
21 of the water table for the driving force for flow. The DOE has estimated the position of
22 the water table in the southern half of the WIPP site from an analysis of drillers' logs
23 from three potash exploration boreholes and five hydraulic test holes. These logs record
24 the elevation of the first moist cuttings recovered during drilling. Assuming that the first
25 recovery of moist cuttings indicates a minimum elevation of the water table, an estimate
26 of the water table elevation can be made, and the estimated water table surface can be
27 contoured. This method indicates that the elevation of the water table over the WIPP
28 waste panels may be about 980 mn above sea level, as shown in Figure 2-33.
29
30 The Santa Rosa
31
32 The Santa Rosa ranges from 0 to about 300 ft (0 to 91 mn) thick and is present over the
33 eastern half of the WIPP site. It is absent over the western portion of the site. It crops out
34 northeast of Nash Draw. The Santa Rosa near the WTEPP site may have a saturated
35 thickness of limited extent. It has a porosity of about 13 percent and a specific capacity
36 of 0. 14 to 0.20 gal per minute per ft (0.029 to 0.041 L per second per mn) of drawdown,
37 where it yields water in the WIPP region.
38
39 2.2.1.5 Hydrology of Other Groundwater Zones of Regional Importance
40

41 The groundwater regimes in the Capitan Limestone, which is generally regarded as the
42 northern boundary of the Delaware Basin, and Nash Draw have been evaluated by the
43 DOE as part of the WTPP project because of their importance in some processes, notably
44 dissolution features, that the DOE has determined to be of low probability at the WIPP
45 site.
46
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2

3 The Capitan, which outcrops in the southern end of the Guadalupe Mountains, is a
4 massive limestone unit that grades basinward into recemnented, partly dolomnitized reef
5 breccia and shelfward into bedded carbonates and evaporites. A deeply incised
6 submarine canyon near the Eddy-Lea county line has been identified. This canyon is
7 filled with sediments of lower permeability than the Capitan and, according to Hiss
8 (1976) restricts fluid flowv. The hydraulic conductivity of tie Capitan ranges from i to 25
9 ft per day (3.5 x 10-6 to 9, x 10' m per second) in southern Lea County and is 5 ft per day

10 (1.7 x 10' m per second) east of the Pecos River at Carlsbad. Hiss reported in 1976 that
I1I average transmissivities around the northern and eastern margiins of the Delaware Basin
12 are 10,000 ft2 prdy(.1m 2 pe eond) in thick sections and 500 ft2 per day

13 (5.4 X 101 M2 per second) in incised submarine canyons. Water table conditions are
14 found in the Capitan aquifer southwest of the Pecos River at Carlsbad; however, artesian
15 conditions exist to the north and east. The hydraulic gradient to the southeast of the
16 submarine canyon near the Eddy-Lea county line has been affected by large oil field

'4 "7 withdrawals. The Capitan limestone is recharged by percolation through the northern
18 shelf aquifers, by flow from the south and west from underly)ng basin aquifers (see the

19 Bell Canyon, Section 2.2.1.2), and by direct infiltration at its outcrop in the Guadalupe
20 Mountains. The Capitan is important in the regional hydrology because breccia pipes in
21 the Salado have formed over it, most likely in response to the effects of dissolution by. 22 groundwater flowing in the Castile along the base of the Salado (see Davies 1984).
23
24 Hydrology of the Rustle r-Salado Contact Zone in Nash Draw,
25
26 As discussed in Sections 2.1.3.4 and 2.1.6.2, in Nash Draw the contact between the
27 Rustler and the Salado is an unstructured residuum of gypsuma, clay, and sandstone
28 created by the dissolution of halite and has been known as the brine aquifer, Rustler-
29 Salado residuum, and residuum. The residuum is absent under the WL[PP site. It is clear
30 that dissolution in Nash Draw occurred after deposition of the Rustler. As described
31 previously, the topographic low formed by Nash Draw is a groundwater divide in the
32 groundwater basin conceptual model of the units above the Salado. The brine aquifer is
33 shown in Figure 2-34.
34-

35 Robinson and Lang described the brine aquifer (Section 2.1.1.4) in 1938 and suggested
36 that the structural conditions that caused the development of Nash Draw might control the
37 occurrence of the brine; thus, the brine aquifer boundary mnay coincide with the
38 topographic surface expression of Nash Draw, as shown in Figure 2-29. Their studies
39 show brine concentrated. along a strip from 2 to 8 mi (3.2 to 13 kin) wide and about 26 mi
40 (42 kin) long. Data from the test holes that Robinson and Lang drilled indicate that the
41 residuum (containing the brine) ranges in thickness from 10 -to 60 ft (3 to 18 m) and

-42 averages about 24 ft (7 in).
43.44 Hydraulic properties were determined by Hale et al. (1954) primarily for the area between
45 Malaga Bend on the Pecos River and Laguna Grande de Ia. S al. They calculated a
46 transmissivity value of 8,000 ft2 per day (8.6 x 10-3 M2 per second) and estimated the
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I potentiometric gradient to be 1.4 ft per mi (0.27 m per kin). In this area, the Rustler-
2 Salado residuum apparently is part of a continuous hydrologic system as evidenced by the
3 coincident fluctuation of water levels in the test holes (as far away as Laguna Grande de
4 la Sal) with pumping rates in irrigation wells along the Pecos River.
5
6 In the northern half of Nash Draw, the approximate outline of the brine aquifer as
7 described by Robinson and Lang in 1938 has been supported by drilling associated with
8 the WIPP hydrogeologic studies. These studies also indicate that the main differences in
9 areal extent occur along the eastern side where the boundary is very irregular and, in

10 places (test holes P-14 and H-07), extends farther east than previously indicated by
I1I Robinson and Lang (1938).
12

13 Other differences from the earlier studies include the variability in thickness of residuum
14 present in test holes WIPP-25 through WIEPP-29. These holes indicate thicknesses
15 ranging from 11 ft (3.3 mn) in WIPP-25 to 108 ft (33 mn) in WIPP-29 in Nash Draw,
16 compared to 8 ft (2.4 m) in test hole P-14, east of Nash Draw. The specific
17 geohydrologic. mechanism that has caused dissolution to be greater in one area than in
18 another is not apparent, although a general increase in chloride concentration in water
19 from the north to the south may indicate the effects of movement down the natural
20 hydraulic gradient in Nash Draw.
21

22 The average hydraulic gradient within the residuum in Nash Draw is about 10 ft per mi
23 (1.9 mn per kmn); in contrast, the average gradient at the WIPP site is 39 ft per mi (7.4 mn
24 per kin). This difference reflects the changes in transinissivity, which are as much as five
25 orders of magnitude greater in Nash Draw. The transinissivity determined from aquifer
26 tests in test holes completed in the Rustler-Salado contact residuum of Nash Draw ranges
27 from 2x 10-4 ft2 per day (2.1 x 10-'0 m2 per second) at WIPP-27 to 8 ft2 per day (8.6 x 1O-6

28 mn per second) at WIPP-29. This is in contrast to the WIPP site proper, where
29 transmissivities range from 3 x 10-5 ft2 per day (3.2 x 10-11 m2  per second) at test holes
30 P- 18 and H-5c to 5 x 10-2 ft2 per day (5.4 x 10-8 M2 per second) at test hole P-14.
31 Locations and estimated hydraulic heads of these wells are illustrated in Figure 2-35.
32
33 Hale et al. (1954) believed the Rustler-Salado contact residuum discharges to the
34 alluvium near Malaga Bend on the Pecos River. Because the confining beds in this area
35 probably are fractured because of dissolution and collapse of the evaporites, the brine
36 (under artesian head) moves up through these fractures into the overlying alluvium and
37 then discharges into the Pecos River.
38
39 According to Mercer (1982), water in the Rustler-Salado contact residuum in Nash Draw
40 contains the largest concentrations of dissolved solids in the WIPP area, ranging from
41 41,500 milligrams per liter in borehole H-i to 412,000 milligrams per liter in borehole
42 H-Sc. These waters are classified as brines. The dissolved mineral constituents in the
43 brine consist mostly of sulfates and chlorides of calcium, magnesium, sodium, and
44 potassium; the major constituents are sodium and chloride. Concentrations of the other
45 major ions vary according to the spatial location of the sample, are probably directly0
46 related to the interaction of the brine and the host rocks, and reflect residence time within
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I the rocks. Residence time of the brine depends upon the transmissivity of the rock. For
2 example, the presence of large concentrations of potassium and magnesium in water is
3 correlated with minimal permeability and a relatively undeveloped flow system.
4

5 2.2.1.6 Comparative Summary--Groundwater Hydrology
6
7 The DOE has collected a significant amount of data regarding the groundwater
8 characteristics of the disposal system and the region surround~ing it. At the time the EPA
9 reviewed the WIPP program in 1989 and 1990, many of these data collection programs

10 were either underway or were planned. All have been completed and have been
11 incorporated into this application. The EPA's overall conclusion regarding the Salado in
12 its 1990 document was that
13
14 [a] significant number of studies have been conducted by the DCOE on Salado Formation
15 hydrology; these have provided a good basic understanding of tie hydrologic conditions
16 within the formation. Studies planned during the test phase will refine understanding of
17 Salado formation hydrology relative to far-field permeabilities, brine inflow, and the role,
18 nature, and extent of fracturing within marker beds. (EPA 1990a)
19
20 Similarly, the EPA acknowledged that the DOE was conducting additional programs
21 regarding the hydrogeology of the Culebra. EPA did concludte, however, based on the
22 data available that the variation in isotopic content and saliniiy within the Culebra is most.23 likely because of the variation in transmissivity, although EPA expected the DOE to
24 collect additional data.
25

26 The EPA examined data regarding the hydrology of the Castile and the possibility of the
27 presence of a pressurized reservoir pocket. The EPA conclusion was that the only
28 plausible mechanism for a brine pocket to affect the WLPP repository would be through
29 human intrusion, which was beyond the EPA's study (EPA, 1990b, 13079).
30
31 Finally, the EPA examined the record regarding the possibilily of vertical flow between
32 the various units in the WVIPP disposal system. The EPA conclusion is similar to that
33 reached by the DOE as the result of the more recent groundwater basin modeling. The
34 EPA stated:
35-
36 Studies conducted to date provide a basic understanding of the r otential vertical
37 interactions that might occur between water-bearing intervals in the area of the WIPP.
38 Data indicate that a natural interconnection between the Rustler and Bell Canyon
39 formations and the Salado is unlikely, although vertical water movement between
40 members of the Rustler may be occurring in localized areas. EPA believes that the
41 potential for natural vertical hydrologic interaction to affect the repository is low. A
42 number of hydrologic assessments which are to be conducted during the test phase,
43 although not directly intended to address vertical fluid movemient, will enhance the
44 understanding of vertical fluid migration. (EPA 1990a)

45O 46
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1 2.2.2 Surface- Water Hydrology
2
3 The following information on surface-water hydrology has been extracted from DOE
4 1980 with appropriate updates. The WIPP site is in the Pecos River basin, which
5 contains about 50 percent of the drainage area of the Rio Grande Water Resources
6 Region. The Pecos River headwaters are northeast of Santa Fe, and the river flows to the
7 south through eastern New Mexico and western Texas to the Rio Grande. The Pecos
8 River has an overall length of about 500 ml (805 kin), a maximum basin width of about
9 130 ml (209 kin), and a drainage area of about 44,535 mi 2 (115,346 km'3). (About 20,500

10 mi2 [53,095 kin2 ] contained within the basin have no external surface drainage and their
11 surface waters do not contribute to Pecos River flows.) Figure 2-25 shows the Pecos
12 River drainage-area.
13
14 The Pecos River generally flows year-round, except in the reach below Anton Chico and
15 between Fort Sumner and Roswell, where the low flows percolate into the stream bed.
16 The main stem of the Pecos River and its major tributaries have low flows, and the
17 streams are frequently dry. About 75 percent of the total annual precipitation and 60
18 percent of the annual flow result from intense local thunderstorms between April and
19 September.
20
21 There are no perennial streams at the WLPP site. At its nearest point, the Pecos River is
22 about 12 mi (19 kmn) southwest of the WIPP site boundary. A few small creeks and
23 draws are the only westward flowing tributaries of the Pecos River within 20 ml (32 kin)
24 north or south of the site. Nash Draw, the largest surface drainage feature east of the
25 Pecos River in the WLPP region, is a closed depression and does not provide surface flow
26 into the Pecos. The Black River (drainage area: 400 mi2 [1,036 kin 2 ]) joins the Pecos
27 from the west about 16 ml (26 kin) southwest of the site. The Delaware River (drainage
28 area: 700 mi2 [ 1,813 kin2]) and a number of small creeks and draws also join the Pecos
29 River along this reach. The flow in the Pecos River below Fort Sumner is regulated by
30 storage in Sumner Lake, Brantley Reservoir, Lake Avalon, and by several other smaller
31 irrigation dams.
32
33 Five major reservoirs are located on the Pecos River: Santa Rosa Lake, Sumner Lake,
34 Brantley Reservoir, Lake Avalon, and the Red Bluff Reservoir, the last located just over
35 the border in Texas (Figure 2-36). The storage capacities of these reservoirs and the Two
36 Rivers Reservoir in the Pecos River Basin are shown in Table 2-4.
37
38 With regards to surface drainage onto and off of the WIPP site, there are no major natural
39 lakes or ponds within 5 ml (8 kin) of the site. Laguna Gatufia, Laguna Tonto, Laguna
40 Plata, and Laguna Toston are playas more than 10 ml (16 kin) north and are at elevations
41 of 3,450 ft (1,050 in) or higher. Thus, surface runoff from the site (elevation 3,3 10 ft
42 - [1,010 in] above sea level) would not flow toward any of them. To the northwest, west
43 and southwest, Red Lake, Lindsey Lake, and Laguna Grande de la Sal are more than 5 ml
44 (8 kin) from the site, at elevations of 3,000 to 3,300 ft (914 to 1,006 in). A low-flow
45 investigation has been initiated by the USGS within the Hill Tank Draw drainage area,
46 the most prominent drainage feature near the WIPP site. The drainage area is about 4 mi 2
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Final No-Migration Variance Petition. 1 Table 2-4. Capacities of Reservoirs in the Pecos River Drainage

3 ResrvoirRiverTotal Storage Capacityt

4 Santa Rosa Pecos 2200F

5 Sumner Pecos12,0 RR

6 Brantley Pecos 4,0 R ,F

7 Avalon Pecos 5,000 IR

8 Red Bluff Pecos 210,000 IR, P

9 Two Rivers Rio Hondo 167,900 FC
10 aCapacity below the lowest uncontrolled outlet or spillway.

11 b Legend: FC = flood control
12 IR = irrigation
13 R = recreation
14 P = hydroelectric

/ 116
17 (10.4 kin2), with an average channel slope of 1 to 100, and the drainage is westward into
18 Nash Draw. Mercer (19832, 75) reports that during four years of observation only one
19 flow occurred, and it was of such short duration it could not be measured.
20.21 As discussed in Section 2.5.2.3, the mean annual precipitation1 in the region is 13 in.
22 (33 cm), and the mean annual runoff is 0. 1 to 0.2 in. (0.25 to 0.5 cm). The maximum
23 recorded 24-hour precipitation at Carlsbad was 5.12 in. (13.0 cm) in August 1916. The
24 predicted maximum 6-hour, 100-year precipitation event for ':he site is 3.6 in. (9.1 cm)
25 and is most likely to occur during the summer. The maximnum recorded daily snowfall at
26 Carlsbad was 10 in. (25.4 cm) in December 1923.
27
28 The maximum recorded flood on the Pecos River occurred near the town of Malaga, New
29 Mexico, on August 23, 1966, with a discharge of 120,000 f.t3 (3,398 in3) per second and a
30 stage elevation of about 2,938 ft (895 m) above mean sea level1. The surface elevation at
31 the WIPP is over 500 ft (152 m) above the river bed and approximately 470 ft (143 m)
32 above the elevation of this maximum historical flood elevation (DOE 1980, §7.4.1).
33
34 More than 90 percent of the mean annual precipitation at the site is lost by
35 evapotranspiration. On a mean monthly basis, evapotranspiration at the site greatly
36 exceeds the available rainfall; however, intense local thunderstorms may produce runoff
37 and percolation.
38
39 Water quality in the Pecos River basin is affected by mineral pollution from natural
40 sources and from irrigation return flows (Section 2.4.2.2 for surface-water quality). At
41 Santa Rosa, New Mexico, the average suspended-sediment. discharge of the river is about.42 1,650 tons per day (1,498 metric tons per day). Large amounts of chlorides from Salt
43 Creek and Bitter Creek enter the river near Roswell. River in~flow in the Hagermnan area
44 contributes increased amounts of calcium, magnesium, and sulfate; and waters entering
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1 the river near Lake Arthur are high in chloride. Below Brantley Reservoir, springs
2 flowing into the river are usually submerged and difficult to sample; springs that could be
3 sampled had TDS concentrations of 3,350 to 4,000 milligrams per liter. Concentrated
4 brine entering at Malaga Bend adds an estimated 70 tons/day (64 metric tons/day) of
5 chloride to the Pecos River.
6
7 The EPA concluded in 1989 that there "are no surface water features near the WI[PP that
8 could potentially affect repository performance in such a way as to influence the no-
9 migration demonstration" (EPA 1990a).

10

11 2.3 Resources
12

13 This section refers to resources that may exist at or beneath the WJPP site. The topic of
14 resources is used to broadly define both economic (mineral and nonmineral) and cultural
15 resources associated with the WIPP site. These resources are important because they
16 (1) provide evidence of past uses of the area and (2) indicate potential future use of the
17 area with the possibility that such use could lead to disruption of the closed repository.
18
19 Knowledge of the possible future uses for the area are important for properly designing
20 institutional controls which reduce the likelihood that such future use will disrupt the
21 repository. Because of the depth of the disposal horizon, it is believed that only the
22 mineral resources are of significance in predicting the long-term performance of the
23 disposal system. However, the nonmineral and cultural resources are presented for
24 completeness because they are included in the FEP screening discussions in Chapter 8
25 and Appendix SCR. Information needed to make screening decisions includes natural
26 resource distributions, including potable groundwaters, the distribution of drillholes,
27 mines, excavations, and other man-made features that exploit these resources, the
28 distribution of drillholes and excavation used for disposal or injection purposes, activities
29 that significantly alter the land surface, agricultural activities that may affect the disposal
30 system, archaeological resources requiring deep excavation to exploit, and technological
31 changes that may alter local demographics. This information is presented here or is
32 referenced.
33
34 With respect-to minerals or hydrocarbons, reserves are the portion of resources that are
35 economic at today's market prices and with existing technology. For hydrocarbons,
36 proved (proven) reserves are an estimated quantity that engineering and geologic data
37 analysis demonstrates, with reasonable certainty, is recoverable in the future from
38 discovered oil and gas pools. Probable resources (extensions) consist of oil and gas in
39 pools that have been discovered but not yet developed by drilling. Their presence and
40 distribution can generally be surmised with a high degree of confidence. Probable
41 reserves (new pools) consist of oil and gas surmnised to exist in undiscovered pools within
42 existing fields. (Definitions are from NMBMMR 1995, V-2 and V-3.)
43
44 Mineral resource discussions are focused principally on hydrocarbons and potassium
45 salts, both of which have long histories of development in the region. Development of
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I either resource potentially could be disruptive to the disposal. system. The information
2 regarding the mineral resources concentrates on the following factors:
3
4 0 Number, location, depth, and present state of development, including penetrations
5 through the disposal horizon
6 * Type of resource
7 * Accessibility, quality, and demand
8 0 Mineral ownership in the area
9

10 The discussion of cultural and economic resources is focuseL on describing past and
I1I present land uses unrelated to the development of minerals. The archaeological record
12 supporrs the observation that changes in land use are principally associated with climate
13 and the availability of forage for wild and domestic animals. In no case does it appear

__14 that past or present land use has had an impact on the subsurface beyond the development
7, "15 of shallow groundwater wells to water livestock.

' 17 2.3.1 Extractable Resources
18
19 The geologic studies of the WIPP site included the investigation of potential natural
20 resources to evaluate the impact of denying access to these resources and other
21 consequences of their occurrence. Studies were completed in support of the FEIS to

* 22 ensure knowledge of natural resources, and the impacts of denying access were included
23 in the decision-making process for WLPP. Of the natural resources expected to occur
24 beneath the site, five are of practical concern: the two potassium salts sylvite and
25 langbeinite, which occur in the MPZ; and the three hydrocarbons, crude oil, natural gas,
26 and distillate liquids associated with natural gas, all three of which occur elsewhere in
27 strata below the Castile. Other mineral resources beneath the site are caliche, salt,
28 gypsum, and lithium; enormous deposits of these minerals near the site and elsewhere in
29 the country are more than adequate (and more economnically attractive) to meet future
30 requirements for these mnaterials. In 1995, the NMBMMR performed a reevaluation of
31 the mineral resources at and within 1 mi (1.6 kin) around the WIPP site. The following
32 discussion is based in part on information from NMBMMRZ (1995).
33
34 2.3.1L.1 Potash Resource s at the WIPP Site
35
36 Throughout the Carlsbad Potash District, commercial quantities of potassium salts are
37 restricted to the middle portion of the Salado, locally called thie MPZ. A total of 11I zones
38 (or distinct ore layers) have been recognized in the MPZ. Horizon Number 1 is at the
39 base, and Number 11 is at the top. The 11 th ore zone is not mined.
40

41 The USGS uses three standard grades-low, lease, and high--to quantify the potash
*42 resources at the site. The USGS assumes that the "lease" and "high" grades comprise

43 reserves because some lease-grade ore is mined in the Carlsbad Potash District. Most of
* 44 the potash that is mined, however, is better typified as high grade. Even the high-grade

45 resources may not be reserves, however, if properties such as high clay content make
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I processing uneconomic. The analysis in the 1995 NM[BMMR report distinguish between
2 lease grade ore and economically mineable ore.
3
4 The NMBMMR 1995 study contains a comprehensive summary of all previous potash
5 resource evaluations. Griswold (NMIBMMR 1995, Chapter VII) used 40 existing
6 boreholes drilled on and around the WIPP site to perform a reevaluation of potash
7 resources. He selected holes that were drilled using brine so that the dissolution of
8 potassium salts was inhibited. The conclusion reached by Griswold is that only the 4th
9 and 10th ore zones contain economic potash reserves. The quantities are summarized in

10 Table 2-5.
11
12 2.3.1.2 Hydroicarbon Resources at the WTPP Site
13
14 In 1974, the NMBMMR (Foster 1974) conducted a hydrocarbon resource study in
15 southeastern New Mexico under contract to the Oak Ridge National Laboratory (ORNL).
16 The study included an area of 1,512 mi2 (3,916 kin 2). At the time of that study, the
17 proposed repository site was about 5 mni (8 kin) northeast of the current site. The 1974
18 NMBMMR evaluation included a more detailed study of a four-township area centered
19 on the old site; the present site is in the southwest quadrant of that area. The 1974
20 NM[BMMvR hydrocarbon resources study (Foster 1974) is presented in more detail in the
21 FEIS (DOE 1980, §9.2.3.5). The reader is referred to the FEIS or the original study for
22 additional information.
23
24 The resource evaluation was based both on the known reserves of crude oil and natural
25 gas in the region and on the probability of discovering new reservoirs in areas where past
26 unsuccessful drilling was either too widely spread or too shallow to have allowed
27 discovery. Potentially productive zones were considered in the evaluation; therefore, the
28 findings may be used for estimating the total hydrocarbon resources at the site. A
29 fundamental assumption in the study was that the WIPP area has the same potential for
30 containing hydrocarbons as the larger region studied for which exploration data are
31 available. Whether such resources actually exist can be satisfactorily established only by
32 drilling at spacings close enough to give a high probability of discovery.
33
34 The NMB3MMR 1995 mineral resource reevaluation contains a comprehensive summary
35 of all previous evaluations. Broadhead et al. (NM[BMMR 1995, Chapter XI) provided a
36 reassessment of hydrocarbon resources within the WIPP site boundary and within the first
37 mile adjacent to the boundary. Calculations were made for resources that are extensions
38 of known, currently productive oil and gas resources that are thought to extend beneath
39 the study area with reasonable certainty (called probable resources in the report).
40 Qualitative estimates are also made concerning the likelihood that oil and gas may be
41 present in undiscovered pools and fields in the area (referred to as possible resources).
42 Possible resources were not quantified in the study. The results of the study are shown in
43 Tables 2-6 and 2-7.
44

45
46
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. 1 Table 2-5. Current Estimates of Potash Resources at the WIPP Site
2 ___________________

3 Recoverable Ore (10' tons)

One-NI Strip Adjacent
4 Mnin Uit rodctWithin the WVIPP site to the WIIPP site

5 4th Ore Zone Langbeinite 40.5 Ca 6.99%* 126.0 @ 7.30%

6 10th Ore Zone Sylvite 52.3 Ca@13.99% 105.0 @ 14.96%

7 Source: NMBMMR 1995, Chapter VII.
8 Legend: T =tons
9 *Read as 4.05 X 106 tons of ore at 6.99 percent grade

10-

11
12 2.3.1.3 Other Natural Resources
13

K 7 14 Other natural resources are known to occur within the Delaware Basin and are considered
15 in the screening. For example, sulfur is produced in the vicinity of Orla, Texas; however,
16 no sulfur resources have been identified in the vicinity of the WIPP; therefore, there are
17 no projected impacts. Another resource that is extensively produced is groundwater.
18
19 Potable water occurs in numerous places within the Delaware Basin. Several
20 communities rely solely on groundwater sources for drinking water. All such wells in the.21 vicinity of the WIPP are shallow, generally no deeper than the Culebra. Sand, gravel, and
22 caliche are produced in numerous areas within the Delaware Basin. In all cases, these are
23 surface quarries that are generally shallow (tens of ft). No impact to the disposal system
24 is expected from these activities.
25
26 2.3.2 Cultural and Economic Resources
27
28 The demographics, land use, and history and archaeology of -the WJPP site and its
29 environs are characterized in the sections that follow.
30
31 2.3.2.1 Demograhics
32
33 The WIPP facility is located 26 ml (42 kcm) east of Carlsbad '.n Eddy County in
34 southeastern New Mexico and includes an area of 10,240 acres (16 mj2 , or approximately
35 41 kin2). The facility is located in a sparsely populated area with fewer than 30
36 permanent residents living within a 10-mi (16-1cm) radius of the facility. The area
37 surrounding the facility 'is used primarily for grazing, potash mining, and hydrocarbon
38 production. No resource development that would affect WIPUP facility operations or the
39 long-term integrity of the facility is allowed within the 10,:240 acres (41 kin 2) that have
40 been set aside for the WIPP project.
41.42 The permanent residence nearest to the WIPP site boundary is the J.C. Mills Ranch,
43 which is 1.2 ml (2 km) to the south. The community nearest to the WIPP site is the town
44 of Loving, New Mexico, 18 mi (29 kcm) west-southwest of the site center. The population
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1 Table 2-6. In-Place Oil within Study Area
2

One-mi strip
Within WWPP adjacent to

site the WIPPrsite Tota
3 Frain(10' bbIu) (106 bbl) (10' bl

4 Delaware 10.33 20.8 31.13

5 Bone Spring 0.44 0.8 1.25

6 Strawn 0.4 0.4 0.8

7 Atoka 1.1 0.1 0.2

8 Total 12.3 22.9 35.3

9 Source:-- NMBMMR 1995, Chapter XL.
10 a bbl = barrel = 42 gallons

11
12

13
14

15 Table 2-7. In-Place Gas within Study Area
16

17 Gas Reserves (Mcf)'

One-nsi strip
adjacent o the

18 Frmato bitin WJIPP Site WIN'
19 Deaae18,176 32,873

20 Bone Springs 956 1,749

21 Strawn 9,600 9,875

22 Atoka 123,336 94,410

23 Morrow 32,000 28,780

24 Source: NMBMMR 1995, Chapter XL.
25 aMcf = thousand Wt

26
27
28 of Loving decreased from 1,355 in 1980 to 1,243 in 1990. The nearest population center
29 is the city of Carlsbad, New Mexico, 26 ni (42 kmn) west of the site.
30
31 The population of Carlsbad has decreased from 25,496 in 1980 to 24,896 in 1990.
32 Hobbs, New Mexico, 36 muL (58 kcm) to the east of the site had a 1980 population of
33 29,153 and a 1990 population of 29,115. Eunice, New Mexico, 40 mi (64 km) east of the
34 site, had a 1980 population of 2,970 and a 1990 population of 2,73 1. Jal, New Mexico,
35 45 ml (72 kin) southeast of the site, had a population of 2,575 in 1980 and of 2,153 in
36 1990.
37
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Final No-Migration Variance Petition.I The WIPP site is located in Eddy County near the border to Lea County, New Mexico.
2 The Eddy County population increased from 47,855 in 1980 t~o 48,605 in 1990. The Lea
3 County population decreased from 55,993 in 1980 to 55,765 in 1990.
4
5 2.3.2.2 Land Use
6
7 At present, land within 10 mi (16 1km) of the site is used for potash mining operations,
8 active oil and gas wells and activities associated with hydrocarbon production, and
9 grazing.

10
11 The WIPP Land Withdrawal Act (LWA) provides for the transfer of the WIEPP site lands
12 from tire Department of the Interior (DOI) to the DOE and effectively withdraws the
13 lands, subject to existing rights, from entry, sale, or disposition; appropriation under
14 mining laws; and operation of the mineral and geothermal leasing laws. The LWA
15 directed the Secretary of Energy to produce a management p1lan to provide for grazing,

116 hunting and trapping, wildlife habitat, mining, and the disposal of salt tailings.
117
18 Between 1978 and 1988, the DOE acquired all active potash and hydrocarbon leases
19 within the WIPP site boundary. These were acquired either through outright purchase or
20 through condemnation. In one condemnation proceeding, the court awarded the DOE the
21 surface and top 6,000 ft ( 1,800 m) of Section 3 1 and allowed the leaseholder to retain the. 22 subsurface below 6,000 ft (1,800 in). This was allowed because analysis showed that
23 wells developed within this lease below the 6,000-ft (1,800-ni) limit would be too far
24 away from the waste panels to be of consequence to the W]PP. This is corroborated by
25 cur-rent analyses. Consequently, as the result of the DOE' s acquisition activities, there are
26 no producing hydrocarbon wells within the volumetric boundary defined by the land
27 withdrawal (T22S, R3 1E, S 15-22, 27-34). One active well, referred to as James Ranch
28 13, was drilled in 1982 to tap gas resources beneath Section 3 1. This well was initiated in
29 Section 6, outside the WIPP site boundary. The well enters Section 31 below a depth of
30 6,000 ft (1,800 m) beneath ground level.
31
32 Grazing leases have been issued for all land sections immediately surrounding the WIPP
33 facility. Grazing within the WIPP site lands operates within the authorization of the
34 Taylor Grazing Act of 1934, the Federal Land Policy and Management Act (FLPMA), the
35 Public Rangelands Improvement Act of 1978, and the Bankhead-Jones Farm Tenant Act
36 of 1973. The responsibilities of the DOE include supervision of ancillary activities
37 associated with grazing (for example, wildlife access to livestock water development);
38 tracking of water developments inside WIEPP lands to ensure that they are configured
39 according to the regulatory requirements; and ongoing coordination with respective
40 allottees. AdministrationL of grazing rights is in cooperation with the BLM according to
41 the Memorandum of Understanding (MOU) and the coinciding Statement of Work

-42 through guidance established in the East Roswell Grazing Environmental Impact
43 Statement. The WIPP site is composed of two grazing allotmrents administered by the. 44 BLM: the Livingston Ridge (No. 77027) and the Antelope Ridge (No. 77032).
45
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1 2.3.2.3 History and Archaeology
2

3 From about 10,000 B.C. to the late 1800s, the WIPP site and surrounding region were
4 inhabited by nomadic aboriginal hunters and gatherers who subsisted on various wild
5 plants and animals. From about A.D. 600 onward, as trade networks were established
6 with Puebloan peoples to the west, domesticated plant foods and materials were acquired
7 in exchange for dried meat, hides, and other products from the Pecos Valley and Plains.
8 In the late 1500s, the Spanish Conquistadors encountered Jumano and Apachean peoples
9 in the region who practiced hunting and gathering and engaged in trade with Puebloans.

10 After the Jumanos abandoned the southern Plains region, the Comanches became the
I1I major population of the area. Neighboring populations with whom the Comanches
12 maintained relationships ranging from mutual trade to open warfare, included the Lipan,
13 or Southern Plains Apache, several Puebloan Groups, Spaniards, and the Mescalero
14 Apaches.
15
16 The best documented indigenous culture in the WI[PP region is that of the Mescalero
17 Apaches, who lived west of the Pecos. The lifestyle of the Mescalero Apaches represents
18 a transition between the full sedentism of the Pueblos and the nomadic hunting and
19 gathering of the Jumanos. In 1763, the San Saba expedition encountered and camped
20 with a group of Mescaleros in Los Medafios. Expedition records indicate the presence of
21 both Lipan and Mescalero Apaches in the region.
22
23 A peace accord reached between the Comanches and the Spaniards in 1786 resulted in
24 two historically important economnic developments: (1) organized buffalo hunting by
25 Hispanic and Puebloan ciboleros and (2) renewal and expansion of the earlier extensive
26 trade networks by Comancheros. These events placed eastern New Mexico in a position
27 to receive a wide array of both physical and ideological input from the Plains culture area
28 to the east and north and from Spanish-dominated regions to the west and south.
29 Comanchero trade began to mesh with the Southwest American trade influence in the
30 early nineteenth century. However, by the late 1 860s the importance of Comanchero
31 trade was cut short by Texan influence.
32
33 The first cattle trail in the area was established along the Pecos River in 1866 by Charles
34 Goodnight and Oliver Loving. By 1868, Texan John Chisum dominated much of the area
35 by controlling key springs along the river. Overgrazing, drought, and dropping beef
36 prices led to the demise of open-range cattle ranching by the late 1880s.
37
38 Following the demise of open-range livestock production, ranching developed using
39 fenced grazing areas and production of hay crops for winter use. Herd grazing patterns
40 were influenced by the availability of water supplies as well as by the storage of summer
41 grasses for winter feeding.
42
43 The town of Carlsbad was founded as Eddy in 1889 as a health spa. In addition to
44 ranching, the twentieth century brought the development of the potash, oil, and gas
45 industries that have increased the population eightfold in the last 50 years.
46
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I Although technological change has altered some of the aspects, ranching remains an
2 important economic activity in the WIPP region. This relationship between people and
3 the land is still an important issue in the area. Ranch-related sites dating to the 1940s and
4 1950s are common in parts of the WIPP area. These will tieconsidered historical
5 properties within the next several years, and thus will be treated as such under current
6 law.
7
8 The Natural Historic Preservation Act (NHPA; 16 Usc Part,470 et seq.) was enacted to
9 protect the nation's cultural resources in conjunction with the states, local governments,

10 Indian tribes, and private, organizations and individuals. The policy of the federal
S11 government includes (1) providing leadership in preserving the prehistoric and historic

12 resources of the nation; (2) administering federally owned, admninistered, or controlled
7 13 prehistoric resources for the benefit of present and future generations; (3) contributing to

14 the preservation of nonfederally owned prehistoric and historic resources; and
15 (4) assisting state and local governments and the national trust for historic preservation in
16 expanding'and accelerating their historic preservation programs and activities. The act
17 also established the National Register of Historic Places (National Register). At the state
18 level, the State Historic Preservation Officer (SHPO) coorclin ates the state's participation
19 in implementing the NHPA. The NHPA has been amended by two acts: the
20 Archaeological and Historic Preservation Act (16 USC Part 4.69 et seq.) and the
21 Archaeological Resource Protection Act (16 USC Part 470aa et seq.).
22

* 23 To protect and preserve cultural resources found within the VW1PP site boundary, the
24 WIPP submitted a mitigation plan to the New Mexico SHPO describing the steps to
25 either avoid or excavate archaeological sites. A site was defined as a place used and
26 occupied by prehistoric people. In May 1980, the SHPO mnae a determination of "no
27 adverse effect from WIPP facility activities" on cultural resources. The National
28 Advisory Council on Historic Preservation concurred that the WJPP Mitigation Plan is
29 appropriate to protect cultural resources.
30
31 Known historical sites (more than 50 years old) in southeastern New Mexico consist
32 primarily of early twentieth century homesteads that failed or isolated features from late
33 nineteenth century and early twentieth century cattle or sheep ranching and military
34 activities. To date, no Spanish or Mexican sites have been identified. Historic
35 components are rare but are occasionally noted in the WJPP area. These include features
36 and debris related to ranching.
37
38 Since 1976, cultural resource investigations have recorded 98 archaeological sites and
39 numerous isolated artifacts within the 16-mi2 (41-kin) area enclosed by the WIPP site. In
40 the central 4-mi2 (1 0.4-kn 2) area, 33 sites were determined to be eligible for inclusion on
41 the National Register as an archaeological district. Investigations since 1980 have
42 recorded an additional 14 individual sites outside the central, 4-mii2 (10.4-kin 2) area that
43 are considered eligible for inclusion on the National Register, The following major.44 cultural resource investigations to date are broken out in the list that follows. Additional
45 information can be found in the bibliography.
46
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1 1977. The first survey of the area was conducted for SNL by Nielson of the Agency for
2 Conservation Archaeology (ACA). This survey resulted in the location of 33 sites and 64
3 isolated artifacts.
4

5 1979. MacLennan and Schermer of ACA conducted another survey to determine access
6 roads and a railroad right-of-way for Bechtel, Inc. The survey encountered two sites and
7 12 isolated artifacts.
8
9 1980. Schermer conducted another survey to relocate the sites originally recorded by

10 Nielson. This survey redescribed 28 of the original 33 sites.
11
12 1981. Hicks directed the excavation of nine sites in the WIPP core area.
13

14 1982. Bradley (Lord and Reynolds 1985) recorded one site and four isolated artifacts in
15 an archaeological survey for a proposed water pipeline.
16
17 1985. Lord and Reynolds examined three sites within the WIPP core area that consisted
18 of two plant-collecting and processing sites and one base camp used between 1000 B.C.

19 and A.D. 1400. The artifacts recovered from the excavations are in the Laboratory of
20 Anthropology at the Museum of New Mexico in Santa Fe.
21

22 1987. Mariah Associates, Inc., identified 40 sites and 75 isolates in an inventory of 2,460
23 acres (10 kin2) in 15 quarter-section units surrounding the WIPP site. In this
24 investigation, 19 of the sites were located within the WIPP site's boundary. Sites
25 encountered in this investigation tended to lack evident or intact features. Of the 40 new
26 sites defined, 14 were considered eligible for inclusion in the National Register, 24 were
27 identified as having insufficient data to determine eligibility, and two were determined to
28 be ineligible for inclusion. The eligible and potentially eligible sites have been mapped
29 and are avoided by the DOE in its current activities at the WIPP site.
30

31 1988-1992. Several archaeological clearance reports have been prepared for seismic
32 testing lines on public lands in Eddy County, New Mexico.
33

34 All archaeological sites are surface or near-surface sites, and no reasons exist (either
35 geological or archeological) to suspect that deep drilling would uncover or investigate
36 archaeological sites.
37
38 The Delaware Basin has been used in the past for an isolated nuclear test. This test,
39 Project Gnome, took place in 1961 at a location approximately 8 mi (13 kin) southwest of
40 the WIPP. The primary objective of Project Gnome was to study the effects of an
41 underground nuclear explosion in salt. The Gnome experiment involved the detonation
42 of a 3. 1 -kiloton nuclear device at a depth of 1,200 ft (366 in) in the bedded salt of the
43 Salado. The explosion created a cavity of approximately 1,000,000 ft3 (28,000 in3) and
44 caused surface displacements over an area of about a 1,200-ft (366-in) radius. Fracturing
45 and faulting caused measurable changes in rock permeability and porosity at distances up
46 to approximately 330 ft (100 mn) from the cavity. No earth tremors were reported at
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* 1 distances over 25 ml (40 kmn) from the explosion. Project Gnome was decommissioned
2 in 1979.
3
4 2.4 Background Environmental Conditions
5
6 Background environmental conditions are provided in this petition as part of the complete
7 description of the WIPP and its vicinity. Background environmental conditions form the
8 baseline for determining if releases to the environment have occurred during the
9 operational period or during any post-operational monitoring period. Emphasis is placed

10 on ecological conditions., water quality, and air quality and includes the following:
11
12 Ecologfcal Conditions
13
14 0 Vegetation
15 a Mammals
16 0 Reptiles and amphibians

j 17 0 Birds
j18 0 Arthropods

19 * Aquatic ecology
20 & Endangered species
21.22 Quality of Environmental Media
23
24 - Surface water
25 0 Groundwater
26 0 Air
27
28 2.4.1 Terrestrial and Aquatic Ecology
29
30 The vegetation, mammals, reptiles and amphibians, birds, arhropods, aquatic ecology,
31 and endangered species of the WIPP site and its environs are characterized in the sections
32 that follow.
33
34 2.4.1.1 Vegetation
35
36 The WIPP site is in an area characterized by stabilized sand dunes. The vegetation is
37 dominated by shinnery oak, mesquite, sand sage, dune yucca, smallhead snakeweed,
38 three-awn, and numerous species of forbs and perennial grasses. The dominant shrubs
39 are deep-rooted species with extensive root systems. The -shrubs not only stabilize the
40 dune sand but serve as food, shelter, and nesting sites for many species of wildlife
41 inhabiting the area.
42
43 The vegetation in the vicinity of the WL[PP site is not a climax, vegetation, at least in part.44 because of past grazing management. The composition of the plant life at the site is
45 heterogeneous because of variations in terrain and in the type and depth of soil. Shrubs
46 are conspicuous members of all plant communities. The site lies within a region of
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I transition between the northern extension of the Chihuahuan Desert (desert grassland)
2 and the southern Great Plains (short grass prairie); it shares the floral characteristics of
3 both.
4

5 Grazing, primarily by domestic livestock, and fire control are largely responsible for the
6 shrub-domninated seral communities of much of southeastern New Mexico. A gradual
7 retrogression from the tall- and mid-grass-dominated vegetation of 100 years ago has
8 occurred throughout the region. The cessation of grazing would presumably not alter the
9 domination by shrubs, but it would result in an increase in grasses. Experimental

10 exclosures have been established to study site-specific patterns of succession in the
I1I absence of grazing, but long-term results are not yet available.
12

13 The semiarid climate makes water a limiting factor in the entire region. The amount and
14 timing of rainfall greatly influence plant productivity and, therefore, the food supply for
15 wildlife and livestock. The seeds of desert plants are often opportunistic: they may lie
16 dormant through long periods of drought to germinate in the occasional year of favorable
17 rainfall. Significant fluctuations in the abundance and distribution of plants and wildlife
18 are typical of this region. Several examples of such fluctuations have been documented
19 in the area within 5 mi (8.3 kin) of the center of the WIPP site, which has been
20 intensively studied.
21

22 Two introduced species of significance in the region are the Russian thistle, or
23 tumnbleweed, a common invader in disturbed areas, and the salt cedar, which has
24 proliferated along drainage ways.
25
26 Several distinct biological zones occur on or near the site: the mesa, the central dunes
27 complex, the creosote-bush flats, the Livingston Ridge escarpment, and the Tobosa Flats
28 in Nash Draw west of Livingston Ridge. A low, broad mesa named the Divide lies on the
29 eastern edge of the study area and supports a typical desert-grassland vegetation. The
30 dominant shrub and subshrub are mesquite and snakeweed, respectively. The most
31 abundant grasses are black grama, bush muhly, ring muhly, and fluffgrass. Cacti,
32 especially varieties of prickly pear, are present.
33
34 Where the ground slopes down from the Divide to the central dune plains, the soil
35 becomes deep and sandy. Shrubs like shinnery oak, mesquite, sand sagebrush,
36 snakeweed, and dune yucca are dominant. In some places, all of these species are
37 present; in others, one or more are either missing or very low in density. These
38 differences appear to be caused by localized variations in the type and depth of soil.
39 Thus, a number of closely related but distinct plant associations form a patchwork
40 complex, or mosaic, across the stabilized dunes in the central area. Hummocky, partially
41 stabilized sand dunes occur, and large, active dunes are also present. The former consist
42 of "islands" of vegetation, primarily mesquite, separated by expanses of bare sand. The
43 mesquite-anchored soil is less susceptible to erosion, mainly by wind, than is the bare
44 sand. The result is a series of valley-like depressions, or blowouts, between vegetated
45 hummocks. Active dunes running east to west are found 10 mi (16 kin) south and east of
46 the site.
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O1 To the west and southwest, the soil changes again, becoming more dense and shallow
2 (less than 10 in. [254 miI to caliche) than in the dune area.. The composition of the plant
3 life is radically altered, and creosote bushes become dominant. Toward Livingston Ridge
4 to the west and northwest, creosote bushes gradually give way to an acacia-dominated
5 association at the top of the escarpment. The western face of the ridge drops sharply to a
6 valley floor (flats) that is, densely populated with tobosa grass, which is rare elsewhere in
7 the study area.
8
9 2.4.1.2 Mammals

10
11 The most conspicuous wild mammals at the site are the black.-tailed jack rabbit and the
12 desert d-ottontail. Common small manmmals found at the WIFP site- include the Ord's
13 kangaroo rat, the Plains p ocket mouse, and the northern grasshopper mouse. Big-game
14 species, such as the mule deer and the pronghorn antelope, arid carnivores, such as the
15 coyote, are present in small numbers.
16
17 2.4.1.3 Reptiles and Amphibians
.18
19 Commonly observed reptiles in the study area are the side-blotched lizard, the western
20 box turtle, the western whiptail lizard, and several species of snakes, including the

21/ bullsnake, the prairie rattlesnake, the western diamondback rattlesnake, the coachwhip,
'-22 the western hognose, and the glossy snake. Of these, only the side-blotched lizard is

* 23 found in all habitats. The others are mainly restricted to one or two associations within
24 the central dunes area, although the western whiptail lizard and the western diamondback
25 rattlesnake are found in areas dominated by creosote bush as well. The yellow mud turtle
26 is found only in the limited number of aquatic habitats in the study area (that is, dirt stock
27 ponds and metal stock tanks), but it is common in these locales.
28
29 Amphibians are similarly restricted by the availability of aquatic habitat. Stock-watering
30 ponds and tanks may be frequented by tiger salamanders and occasional frogs and toads.
31 Fish are sometimes stocked in the ponds and tanks.
32
33 2.4.1.4 Bird
34-

35 Numerous birds inhabit the area either as transients or year-long residents. Loggerhead
36 shrikes, pyrrhuloxias, and black-throated sparrows are examprles of common residents.
37 Migrating or breeding waterfowl species do not frequently occur in the area. Some
38 raptors (for example, Harris hawks) are residents. The density of large avian predators'
39 nests has been documented as among the highest recorded in the scientific literature.
40
41 2.4.1.5 Arthropods
42
43 About 1,000 species of insects have been collected in the study area. Of special interest

* 44 are subterranean termites. Vast colonies of these organisms are located across the study
45 area; they are detritivores and play an important part in the recycling of nutrients in the
46 study area.
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1 2.4.1.6 Aquatic Ecology
2

3 Aquatic habitats within a 5-mi (8-kin) radius of the WIPP site are limited. Stock-
4 watering ponds and tanks constitute the only permanent surface waters. Ephemeral
5 surface-water puddles form after heavy thunderstorms. At greater distances, seasonally
6 wet, shallow lakes (playas) and permanent salt lakes are found.
7
8 Laguna Grande de la Sal is a large, permanent salt lake at the south end of Nash Draw.
9 Natural brine springs, effluent brine from nearby potash refineries, and surface and

10 subsurface runoff discharge into the lake.
11
12 Several marine-organisms; are present in the Lower Pecos River and in the Red Bluff
13 Reservoir. They include small, shelled protozoans (Foraminifera), a Gulf Coast shrimp,
14 an estuarine oligochaete and a dragonfly, and several species of marine algae. These
15 species have presumably been introduced. Salt-tolerant species of insects, oligochaetes,
16 and nematodes and unusual algal assemblages characterize this stretch of the river. The
17 combination of high salinity, elevated concentrations of heavy metals, and salt-tolerant
18 and marine fauna makes the Lower Pecos River a unique system (DOE 1980, §7.1.2.).
19
20 2.4.1.7 Endangered Species
21

22 The DOE consulted with the U.S. Fish and Wildlife Service (FWS) in 1979 to determine
23 the presence of threatened and endangered species at the WIPP site. At that time the
24 FWS listed the Lee pincushion cactus, the black-footed ferret, the American peregrine
25 falcon, the bald eagle, and the Pecos gamnbusia as threatened or endangered and as
26 occurring or having the potential to occur on lands within or outlying the WIPP site. In
27 1989, the FWS advised the DOE that the list of species provided in 1979 is still valid,
28 with the exception of the black-footed ferret. The DOE believes that its actions at the
29 WIPP site will have no impact on any threatened or endangered species. In addition,
30 there is no critical habitat for terrestrial species identified as endangered by either the
31 EWS or the New Mexico Department of Game and Fish (NMDG&F) at the site area.
32
33 Also in 1989, the DOE consulted with the NMDG&F regarding the endangered species
34 listed by the state in the vicinity of the WIPP site. The NMDG&F currently lists (based
35 on NMDG&F Regulation 657, dated January 9, 1988) seven birds and one reptile that are
36 in one of two endangerment categories and that occur or are likely to occur at the site.
37 The NMDG&F agreed in 1989 that the proposed WIPP activities would probably not
38 have appreciable impacts on endangered species listed by the state in the area. A
39 Handbook of Rare and Endemic Plants of New Mexico published by the University of
40 New Mexico (UNM 1984) lists the plants in New Mexico classified as threatened,
41 endangered, or sensitive, and includes 20 species, representing 14 families, that are found
42 -in Eddy County and could occur at or near the WIPP site.
43
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2
3 In this section, the DOE presents a discussion of the quality of groundwater and surface
4 water in the WIPP area.
5
6 2.4.2.1 Groundwater Quagity
7
8 Based on the major solute compositions described in Siegel et al. (1991), four
9 hydrochemical facies are delineated for the Culebra as shown in Figure 2-37.

10
I1I Zone A. A sodium chloride brine (approximately 3.0 molar) with a magnesium/calcium
12 (Mg/Ca) mole ration between 1.2 and 2.0. This water is found in the eastern third of the
_13 WIPPsite. The zone is roughly coincident with the region of low transmissivity
_j4\ described by LaVenue et al. in 1988. On the western side of the zone, halite in the

Rustler has been found only in the unnamed lower member. [n the eastern portion of the
16 zone, halite has been observed throughout the Rustler.
17
18 Zone B. A dilute anhydrite-rich water (ionic strength < 0.1. miolar) occurs in the southern
19 part of the site. The Mg/Ca mole ratios are uniformly low (0.0-0.5). This zone is
20 coincident with a high-transmissivity region, and halite is not found in the Rustler in this
21 zone.
22.23 Zone C. Waters of variable composition with low to moderate ionic strength (0.3 to
24 1.6 molar) occur in the western part of the WIPP site and along the eastern side of Nash
25 Draw. Mg/Ca mole ratios range from 0.5 to 1.2. This zone is coincident with a region of
26 variable transmissivity. 'In the eastern part of this zone, halite is present in the lower
27 member of the Rustler. Halite is not observed in the formnation on the western side of the
28 zone. The most halite-rich water is found in the eastern edge of the zone, close to core
29 locations where halite is observed in the Tamarisk Member.
30
31 Zone D. A fourth zone can be defined based on inferred cont~amination related to potash
32 refining operations in the. area. Waters from these wells have anomalously high solute
33 concentrations (3 to 6 molar) and potassium/sodium (K/Na) weight ratios (0.22)
34 compared to waters from other zones (K/Na = 0.01 to 0.09). In the extreme southwestern
35 part of this zone, the comiposition of the Culebra well water has changed over the course
36 of a seven-year monitoring period. The Mg/Ca mole ratio at WIPP-29 is anomalously
37 high, ranging from 10 to 30 during the monitoring period.
38
39 This zonation is consistent with that described by Ramey in 1985, who defined three
40 zones. The fourth zone (D) was added by Siegel et al. in 11991 to account for the local
41 potash contamination.
42
43 Together, the variations in solutes and the distribution of halite in the Rustler exhibit a.44 mutual interdependence. Concentrations of solutes are lowest where Rustler halite is less
45 abundant, consistent withi the hypothesis that solutes in Rustler groundwaters are derived
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1 locally by dissolution of minerals (for example, halite, gypsum, and dolomite) in adjacent
2 strata.
3
4 The TDS in the Magenta groundwater ranges in concentration from 5,460 to
5 270,000 milligrams per liter. This water is considered saline to briny. The transmissivity
6 in areas of Lower TDS concentrations is very low, thus greatly decreasing its usability,
7 and the Magenta is not considered as a water supply. In general, the chemistry of
8 Magenta water is variable. Groundwater types range from a predominantly sodium
9 chloride type to a calcium-magnesium-sodium-sulfate type chemistry. The water

10 chemistry may indicate a general overall increase in TDS concentrations to the south and
11 southwest, away from the WIPP site, and a potential change to a predominantly sodium
12 chloride water in that area.
13
14 In the WIPP area, the water quality of the Magenta is better than that of the Culebra.
15 However, water from the Magenta is not used anywhere in the vicinity of the WIPP.
16
17 2.4.2.2 Surface-Water Ouality
18
19 The Pecos River is the nearest permanent water source to the WIPP site. Natural brine
20 springs, representing outfalls of the brine aquifer in the Rustler, feed the Pecos River at
21 Malaga Bend, southwest of the site. This natural saline inflow adds approximately
22 70 tons of chloride per day to the Pecos River. Return flow from irrigated areas above
23 Malaga Bend further contributes to the salinity. The concentrations of potassium,
24 mercury, nickel, silver, selenium, zinc, lead, manganese, cadmium, and barium also show
25 significant elevations at Malaga Bend but tend to decrease downstream. The metals
26 presumably are rapidly adsorbed onto the river sediments. Natural levels of certain heavy
27 metals in the Pecos River below Malaga Bend exceed the water quality standards of the
28 World Health Organization, the EPA, and the State of New Mexico. For example, the
29 maximum level for lead is 50 parts per billion, and levels of up to 400 parts per billion
30 have been measured during WIPP-related studies.
31
32 As it flows into Texas south of Carlsbad, the Pecos River is a major source of dissolved
33 salt in the west Texas portion of the Rio Grande Basin. Natural discharge of highly saline
34 groundwater-into the Pecos River in New Mexico keeps TDS levels in the water in and
35 above the Red Bluff Reservoir very high. The TDS levels in this interval exceed 7,500
36 milligrams per liter 50 percent of the time and, during low flows, can exceed 15,000
37 milligrams per liter. Additional inflow from saline water-bearing aquifers below the Red
38 Bluff Reservoir and irrigation return flows, and continues to degrade water quality
39 between the reservoir and northern Pecos County in Texas. Annual discharge-weighted
40 average TDS concentrations exceed 15,000 milligrams per liter. Water use is varied in
41 the southwest Texas portion of the Pecos River drainage basin. For the most part, water
42 use is restricted to irrigation, mineral production and refining, and livestock. In many
43 instances, surface-water supplies are supplemented by groundwaters that are being
44 depleted and are increasing in salinity.

46
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2

3 Measurements of selected air pollutants at the WJPP site beg an in 1976 and were reported
4 by DOE in the EIS. Since the preparation of that document, a more extensive air quality
5 monitoring program has been established. Seven classes of atmospheric gases regulated
6 by the EPA have been monitored at the WIPP site between. August 27, 1986, and
7 October 30, 1994. These gases are carbon monoxide (GO), hydrogen sulfide (H2 S),
8 ozone (03), nitrogen oxides (NO, NO2, NO.), and sulfur dioxide (SO 2). The total
9 suspended particulates (rSPs) are monitored in conjunction with the air-monitoring

10 programs of the WIPP. 'The results of the monitoring program are detailed in the annual
I1I reports for the WI[PP Environmental Monitoring Program.
12
13 The volatile organic compound (VOC) monitoring program has focused on the air
14 pathway since 199 1. With more than four years of data, a credible basis for determining
15 the range of the WIPP facility's background levels of five targeted VOCs has been
16 established. VOC concentrations have been measured at the following locations:
17
18 0 Near the top of the exhaust shaft (Station VOC-l)
19 0 Near the air intake shaft (Station VOC-2)
20 0 Ventilation air intake passageways to the waste-containing rooms (Station VOC-8)
21
22 These data are included 'in Appendix BAD and are summarized in Table 2-8.. 23
24
25 2.5 Climate and Meteorological Conditions
26
27 The long time periods involved in the isolation of TRU-mnixed waste are significant with
28 respect to potential changes in climate. Climate changes are Jocumented through studies
29 of floral, faunal, and geological data and lead to fuller understanding of cyclic effects that
30 may impact the long-tern performance of the disposal system. This section explains the
31 basis for the modeling of future climate change. Modeling assumptions are described in
32 Chapter 8.
33
34 2.5.1- Historic Climatic- Conditions
35
36 Data used to interpret paleoclimates in the American Southwest come from a variety of
37 sources and indicate alternating arid and subarid to subhumid. climates throughout the
38 Pleistocene. The information in this section was taken from Swift 1992, included in this
39 application as Appendix CLI.
40
41 Prior to 18,000 years ago, radiometric dates are relatively scarce, and the record is
42 incomplete. From 18,000O years ago to the present, however, the climatic record is
43 relatively well constrained by floral, faunal, and lacustrmne data. These data span the.44 transition from the last fill-glacial maximum to the present interglacial period; given the
45 global consistency of glacial fluctuations described below, they can be taken to be broadly
46 representative of extremes for the entire Pleistocene.
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1 Table 2-8. Background VOC Concentrations in the Ambient Air
2

3 CnttetStation Voc-1 Station 'V 2 Stato VOC4.
Average Average Average

Concentration Concentraton Concentration
(ppbv) (ppbv)' (ppbv)

4 Trichioro-trifluoroehn 0.63 0.18a 0.41

5 Methylene Chlornde 0.32 0.20 0.31

6 Trichioroethane 17 1.0 66

7 Carbon Tetrachloride 0.12 a 0.44 0.10

8 Trichioroethylene 0.14 0.13 0.11

9 a = average value is less than the detection limit of the method (estimated)
10 ppbv = parts per billion by volume

11
12

13 Early and Middle Pleistocene paleodlimatic data for the southwestern United States are
14 incomplete and permit neither continuous reconstructions of paleoclimates nor direct
15 correlations between climate and glaciation prior to the last glacial maximum, which
16 occurred 22,000 to 18,000 years ago. Stratigraphic and soil data from several locations,
17 however, indicate that cyclical alternation of wetter and drier climates in the Southwest
18 had begun by the Early Pleistocene. Fluvial gravels in the Gatufla exposed in the Pecos
19 River Valley of eastern New Mexico suggest wetter conditions 1.4 million years ago and
20 again 600,000 years ago. The Mescalero caliche, exposed locally over much of
21 southeastern New Mexico, suggests drier conditions 5 10,000 years ago, and loosely dated
.22 spring deposits in Nash Draw west of the WIPP imply wetter conditions occurring again
23 later in the Pleistocene. The Blackwater Draw Formation of the southern High Plains of
24 eastern New Mexico and western Texas, correlating in time to both the Gatufia and the
25 Mescalero, contains alternating soil and eolian sand horizons that show at least six
26 climatic cycles beginning more than 1.4 million years ago and continuing to the present.
27
28 Data used to construct the more detailed climatic record for the latest Pleistocene and
29 Holocene come from six independent lines of evidence dated using carbon-14 techniques:
30 plant communities preserved in packrat middens throughout the Southwest, including
31 sites in Eddy and Otero counties, New Mexico; pollen assemblages from lacustrine
32 deposits in western New Mexico and other locations in the Southwest; gastropod
33 assemblages from western Texas; ostracod assemblages from western New Mexico;
34 paleolake levels throughout the Southwest; and faunal remains from caves in southern
35 New Mexico.
36
37 - Prior to the last glacial maximum 22,000 to 18,000 years ago, evidence from faunal
38 assemblages in caves in southern New Mexico, including the presence of species such as
39 the desert tortoise that are now restricted to warmer climates, suggests hot summers and
40 mild, dry winters. Lacustrmne evidence confirms the interpretation of a relatively dry
41 climate prior to and during the glacial advance. Permanent water did not appear in what
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* 1 was later to become a major lake in the Estancia Valley in central New Mexico until
2 some time before 24,000 years ago, and water depths in lakes at higher elevations in the
3 San Agustin Plains in western New Mexico did not reach a iraximum until sometime
4 between 22,000 and 19,COO years ago. Ample floral and lacustrine evidence documents
5 cooler, wetter conditions in the Southwest during the glacial peak. These changes were
6 not caused by the immediate proximity of glacial ice. None of the Pleistocene continental
7 glaciations advanced farther southwest than northeastern Kansas, and the most recent,
8 late-Wisconsinan ice sheet reached its limit in South Dakota, approximately 750 ml
9 (1,200 kin) from WIPP. Discontinuous alpine glaciers formed at the highest elevations

10 throughout the Rocky Mountains, but these isolated ice masses were symptoms, rather
11 than causes, of cooler and wetter conditions and had little influence on regional climate at
12 lower elevations. The closest such glacier to WIPP was on the northeast face of Sierra
13 Blanca Peak in the Sacramento Mountains, approximately 13 5 mi (220 kin) to the
14 northwest.
15
16 Global climate models indicate that the dominant glacial effect in the Southwest was the
ý17 disruption and southward displacement of the westerly jet stream by the physical mass of
1.8 the ice sheet to the north. At the glacial peak, major Pacific storm systems followed the
19 jet stream across New Mexico and the southern Rocky Mountains, and winters were
20 wetter and longer than either at the present or during the previous interglacial period.
21

* 22 Gastropod assemblages at Lubbock Lake in western Texas suggest mean annual
23 temperatures 41' 0F (5'C) below present values. Both floral arid faunal evidence indicate
24 that annual precipitation throughout the region was 1.6 to 2.0 times greater than today's
25 values. Floral evidence also suggests that winters may have continued to be relatively
26 mild, perhaps because the glacial mass blocked the southward movement of arctic air.
27 Summers at the glacial maximum were cooler and drier than at present, without a strongly
28 developed monsoon.
29
30 The jet stream shifted northward following the gradual retreat. of the ice sheet after
31 18,000 years ago, and the climate responded accordingly. By approximately 11,000 years
32 ago, conditions were significantly warmer and drier than previously, although still
33 dominated by winter storms and still wetter than today. Majcor decreases in total
34 precipitation and the shift toward the modern monsoonal climate did not occur until the
35 ice sheet had retreated into northeastern Canada in the Early H-olocene.
36
37 By Middle Holocene time, the climate was similar to that of the present, with hot,
38 monsoon-dominated summers and cold, dry winters. The pattern has persisted to the
39 present, but not without significant local variations. Soil studies show that the southern
40 High Plains were drier from 6,500 to 4,500 years ago than be-fore or since. Gastropod
41 data from Lubbock Lake indicate the driest conditions from 7,000 to 5,000 years ago
42 (precipitation, 0.89 times present values; mean annual temperature, 36 0F (2.5 0C) higher
43 than present values), with a cooler and wetter period 1,000 years ago (precipitation, 1.45

* 44 times present values; mean annual temperature, 36 0F (2.5 0C' lower than present). Plant
45 assemblages from southwvestern Arizona suggest steadily dec':reasing precipitation from
46 the Middle Holocene to the present, except for a brief wet pefiod approximately 990 years
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1 ago. Stratigraphic work at Lake Cochise (the present Willcox playa in southeast Arizona)
2 shows two mid-Holocene lake stands, one near or before 5,400 years ago and one
3 between or before 3,000 to 4,000 years ago; however, both were relatively short-lived,
4 and neither reached the maximum depths of the Late Pleistocene high stand that existed
5 before 14,000 years ago.
6
7 Inferred historical precipitation indicates that during the Holocene, wet periods were
8 relatively drier and shorter in duration than those of the Late Pleistocene. Historical
9 records over the last several hundred years indicate numerous lower intensity climatic

10 fluctuations, some too short in duration to affect floral and faunal circulation. Sunspot
I1I cycles and the related change in the amount of energy emitted by the sun have been linked
12 to historical cliinatic changes elsewhere in the world, but the validity of the correlation is
13 uncertain. Correlations have also been proposed between volcanic activity and climatic
14 change. In general, however, causes for past short-term changes are unknown.
15
16 The climatic record presented here should be interpreted with caution because its
17 resolution and accuracy are limited by the nature of the data used to construct it. Floral
18 and faunal assemblages change gradually and show only a limited response to climatic
19 fluctuations that occur at frequencies that are higher than the typical life span of the
20 organisms in question. For long-lived species such as trees, resolution may be limited to
21 hundreds or even thousands of years. Sedimentation in lakes and playas has the potential
22 to record higher frequency fluctuations, including single-storm events, but only under a
23 limited range of circumstances. Once water levels reach a spill point, for example, lakes
24 show only a limited response to further increases in precipitation.
25
26 With these observations in mind, three significant conclusions can be drawn from the
27 climatic record of the American Southwest. First, maximum precipitation in the past
28 coincided with the maximum advance of the North American ice sheet. Minimum
29 precipitation occurred after the ice sheet had retreated to its present limits. Second, past
30 maximum long-term average precipitation levels were roughly twice the present levels.
31 Minimum levels may have been 90 percent of the present levels. Third, short-term
32 fluctuations in precipitation have occurred during the present relatively dry, interglacial
33 period, but they have not exceeded the upper limits of the glacial maximum.
34

35 Too little is known about the relatively short-term behavior of global circulation patterns
36 to accurately predict precipitation levels over the next 10,000 years. The long-term
37 stability of patterns of glaciation and deglaciation, however, do permit the conclusion that
38 future climatic extremes are unlikely to exceed those of the Late Pleistocene.
39 Furthermore, the periodicity of glacial events suggests that a return to full-glacial
40 conditions is highly unlikely within the next 10,000 years.
41

42 2.5.2 Recent Climatic Conditions
43

44 Recent climatic conditions are provided to allow for the assessment of impacts of these
45 factors on the disposal unit and the site.
46
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2
3 The climate of the region is semiarid, with generally mild tenmperatures, low precipitation
4 and humidity, and a high evaporation rate. Winds are mostly from the southeast and
5 moderate. In late winter and spring, there are strong west winds and dust storms. During
6 the winter, the weather is often dominated by a high-pressure system situated in the
7 central portion of the western United States and a low-pressure system located in north-
8 central Mexico. During the summer, the region is affected by a low-pressure system
9 normally situated over Arizona.

10
11 2.5.2.2 Temperature Su nniay
12
13 Temperatures are moderate throughout the year, although seasonal changes are distinct.
14 The mean annual temperature in southeastern New Mexico is 63'F (17'0C). In the winter
15 (December through February), nighttime lows average near 2 3 'F (-9 0C), and maxima
16 average in the 50s (100 - 15'0C). The lowest recorded temperature at the nearest Class-A
17 weather station in Roswell was -29'F (-2 0C) in February 1905. In the summer (June
18 through August), the daytime temperature exceeds 90'F (3,2'C) approximately 75 percent
19 of the time. The National Weather Service recently documented 122'F (50 0C) at the
20 WL[PP site as the record high temperature for New Mexico. This temp erature was
21 recorded on June 27, 1994. Table 2-9 shows the annual average, maximum, andO 22 minimum temperatures from 1990 through 1994.
23
24 2.5.2.3 Precipitation Su nrngy
25
26 Precipitation is light and unevenly distributed throughout thle year, averaging 13 in.
27 (33 cm) for the past five years. Winter is the season of least precipitation, averaging less
28 than 0.6 in. (1.5 cm) of rainfall per month. Snow averages about 5 in. (13 cm) per year at
29 the site and seldom remains on the ground for more than a day. Approximately half the
30 annual precipitation comes from frequent thunderstorms in June through September.
31 Rains are usually brief but occasionally intense when moisture from the Gulf of Mexico
32 spreads over the region. Monthly average, maximum, and minimum precipitations
33 recorded at the WIPP site from 1990 through 1994 are summarized in Figure 2-38.
34-

35 2.5.2.4 Wind Speed and Wind Direction Summoa
36
37 The frequencies of wind speeds and directions are depicted by windroses in Figures 2-39
38 through 2-42 for the WLPP? site and Figure 2-43 for Carlsbad, New Mexico. In general,
39 the predominant wind direction at the WIPP site is from the southeast, and the
40 predominant wind directions in Carlsbad are from the south, southeast, and west.
41

*42 2.6 Seismology
43.44 The purpose of the seismic studies is to build a basis from 'which to predict ground
45 motions that the WIPP repository may be subjected to in the near and distant future. The
46 concern about seismic effects in the near future, during the operational period, pertains
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1 Table 2-9. Annual Average, Maximum, and Minimum Temperatures
2

AnulAeaeMaximum Minimum
T.emper.atue. "Temnperature Ternperature.

3 Year (GO.....(T) (CC) (OF) (IC) (TF)

4 1990 17.8 64 46.1 115 -13.9 7

5 1991 17.2 63 42.8 109 -7.8 18

6 1992 17.2 63 42.8 109 -10 14

7 1993 -17.8 64 42.8 109 -18.9 -2

8 1994 17.8 64 50 122 -14.4 6

9 Average 17.6 63.6 44.9 112.8 -13 8.6

10 Source: WIPP Annual Site Environmental Report for Calendar Years 1990 through 1994.

11
12

13 mainly to the design requirements for surface and underground structures for providing
14 containment during seismic events. The concern about effects occurring over the long
15 term, after the repository has been decommissioned and sealed, pertains more to relative
16 motions (faulting) within the repository and possible effects of faulting on the integrity of
17 the salt beds and/or shaft seals.
18
19 In this discussion, the magnitudes are reported in terms of the Richter scale, and all
20 intensities are based on the modified Mercalli intensity scale. Most of the magnitudes
21 were determined by the New Mexico Institute of Mining and Technology or are described
22 in Appendix GCR.
23
24 2.6.1 Seismic History
25
26 Seismic data are presented in two time frames, before and after the time when
27 seismographic data for the region became available. The earthquake record in southern
28 New Mexico- dates back only to 1923, and seismic instruments have been in place in the
29 state since 1961. Various records have been examined to determine the seismic history of
30 the area within 180 mi (290 kin) of the site. With the exception of a weak shock in 1926
31 at Hope, New Mexico (approximately 40 mi [64 kin] northwest of Carlsbad), and shocks
32 in 1936 and 1949 felt at Carlsbad, all known shocks in the region before 1961 occurred to
33 the west and southwest of the site more than 100 mi (160 kmn) away.
34

35 The strongest earthquake on record occurring within 180 mi (290 kmn) of the site was the
36 Valentine, Texas, earthquake of August 16, 193 1. It has been estimated to have been of
37 magnitude 6.4 on the Richter scale (Modified Mercalli Intensity of VIII). The Valentine
38 earthquake was 130 mi (209 kin) south-southwest of the site. Its Modified Mercalli
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Figure 2-38. Monthly Precipitation for the WIPP Site from 1990 through 1994
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Final No-Migration Variance Petition.I Intensity at the site is estimated to have been V; this is believed to be the highest intensity
2 felt at the site in this century.
3
4 In 1887, a major earthquake occurred in northeast Sonora, Mexico. Although about
5 335 mi (539 kmn) west-southwest of the site, it is indicative of the size of earthquakes
6 possible in the eastern portion of the Basin and Range Province, west of the province
7 containing the site. Its magnitude was estimated to have been 7.8 (VIII[ to IX in Modified
8 Mercalli Intensity). It was felt over an area of 0.5 million mlif (1.3 million kin) (as far as
9 Santa Fe to the north and Mexico City to the south); fault displacements near the

10 epicenter were as large as 26 ft (8 in).
11
12 Since 1961, instrumental coverage has become comprehensive enough to locate most of
13 the moderately strong earthquakes (local magnitude >3.5) in the region. Instrumentally
14 determined shocks that occurred within 180 ml (290 kin) of the site between 1961 and
15 1994 are shown in Figure- 2-44. The distribution of these earthquakes may be biased by
16 the fact that seismic stations were more numerous and were in operation for longer
17 periods north and west of the site.
18
19 Except for the activity southeast of the site, the distribution of epicenters since 1961
20 differs little from that of shocks before that time. There are two clusters, one associated
21 with the Rio Grande Rift on the Texas-Chihuahua border and. another associated with the.22 Central Basin Platform in Texas near the southeastern corner of New Mexico. The latter
23 activity was not reported. before 1964. It is not clear from the record whether earthquakes
24 were occurring in the Central Basin Platform before 1964, all hough local historical
25 societies and newspapers tend to confirm their absence befori- that time.
26
27 A station operating for 10 months at Fort Stockton, Texas, indicated many small shocks
28 from the Central Basin Platform. Activity was observed at the time the station opened on
29 June 21, 1964. This activity may be related to the underground injection of water for oil
30 recovery. In the Ward-Elstes North oilfield, operated by the Gulf Oil Corporation, the
31 cumulative total of water injected up to 1970 was over 1 billion barrels. Accounting for
32 42 percent of the water injected in Ward and Winkler counties, Texas, the quantity is
33 three times the total injected in all the oil fields of southeastern New Mexico during the
34 same-period. The nearest oil fields in the Delaware Basin, where secondary recovery
35 might be attempted in the future, are adjacent to the WLPP site boundary in the Delaware
36 Mountain Group.
37
38 The most recent earthquakes to be felt at the WIPP site occurred in January 1992 and
39 April 1995 and are referred to as Rattlesnake Canyon and Mvarathon Texas Earthquakes,
40 respectively. The Rattlesnake earthquake occurred 60 ml (1010 kin) east- southeast of the
41 WJPP site. The earthquake was assigned a inagnitude of 5.0. This event had no effect on
42 any of the structures at the WIPP as documented by post-event inspections by the WIPP
43 staff and the New Mexico Environment Department. This event was within the.44 parameters used to develop the seismic risk assessment of the WIPP facility for the
45 purpose of construction and operation. The Rattlesnake Canyon event likely was tectonic
46 in origin based on the 12 ± 2-km depth.
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I The April 14, 1995 earthquake near Marathon, Texas, was located 150 mi (240 kin) south
2 of the WIPP site. The USGS estimated that moment magnitude for this event was 5.7.
3 At a distance of 150 mi (240 kmn), an event of magnitude 5.7 would produce a maximum
4 acceleration less than 0.01 g.
5
6 The Marathon earthquake should not be considered an unanticipated event. The shock
7 occurred in the Basin and Range Province, a seismotectonic province with evidence for
8 24 Quarternary faults in West Texas and adjacent parts of Mexico. Two of these faults
9 had recent surface-faulting events in the Holocene. Strong earthquakes have occurred

10 within the West Texas part of the Basin and Range Province, most notably the M = 6.4
11 (Richter) Valentine, Texas, earthquake on August 15, 193 1.
12

13 The WIPP site is located within the Great Plains seismotectonic province, a region which
14 has no evidence of Quartemnary faulting, even above major buried structures such as the
15 Central Basin Platform. Because the Great Plains seismotectonic province is geologically
16 distinct from the Basin and Range Province and lacks evidence for recent faulting, the
17 maximum possible or credible earthquake for this region will be substantially smaller
18 than similar earthquakes for the Basin and Range of West Texas.
19
20 2.6.2 Seismic Risk
21

22 Procedures exist that allow for formal determination of earthquake probabilistic design
23 parameters. In typical seismic risk analyses of this kind, the region of study is divided
24 into seismic source areas within which future events are considered equally likely to
25 occur at any location. For each seismic source area, the rate of occurrence of events
26 above a chosen threshold level is estimated using the observed frequency of historical
27 events. The sizes of successive events in each source are assumed to be independent and
28 exponentially distributed; the slope of the log number versus frequency relationship is
29 estimated from the relative frequency of different sizes of events observed in the
30 historical data. This slope, often termed the b value, is determined either for each seismic
31 source individually or for all sources in the region jointly. Finally, the maximum possible
32 size of events for each source is determined, using judgement and the historical record.
33 Thus, all assumptions underlying a measure of earthquake risk derived from this type of
34 analysis are explicit, and a wide range of assumptions may be employed in the analysis
35 procedure.
36
37 In this section, the particular earthquake risk parameter calculated is peak acceleration
38 expressed as a function of annual probability of being exceeded at the WIPP site. The
39 particular analysis procedure applied to the calculation of this probabilistic peak
40 acceleration is taken from a computer program written by McGuire in 1976. In that
41 program, the seismic source zones are modeled geometrically as quadrilaterals of
42 -arbitrary shape. Contributions to site earthquake risk from individual source zones are
43 integrated into the probability distribution of acceleration, and the average annual
44 probability of accedence then follows directly.

46
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Final No-Mfigration Variance Petition'.I In the analysis, the principal input parameters are as follows: site region acceleration
40 2 attenuation, source zone geometry, recurrence statistics, and maximum magnitudes.

3 Based on these parameters, several curves showing probabilistic peak acceleration are
4 developed, and the conclusions that may be drawn from these curves are considered. The
5 data treated in this way are used to arrive at a general statement of risk from vibratory
6 ground motion at the site during its active phase of developmuent and use.
7
8 Design Basis Earth quake
9

10 Details of the development of model inputs for seismic risk is provided in Appendix
11 GCR.
12-

13 The term Design Basis Earthquake (DBE) is used for the de-s'gn of confinement structures
14 and components at the NWIPP facility. As used here, the DBEI is equivalent to the design
15 earthquake used in Regulatory Guide 3.24 (NRC 1974). That is, in view of the limited
16 consequences of seismic events in excess of those used as Ihe basis, the DBE is such that
17 it produces ground motion at the WIPP facility with a recurrence interval of 1,000 years.
18 In practice, the DBE is defined in terms of the 1,000-year acceleration and design
J19 response spectra.
20
21 The generation of curves expressing probability of occurrence or risk as a function of. 22 peak WIPP facility ground acceleration is discussed in detail in Appendix GCR for a
23 number of possible characterizations of WIPP facility region source zones and source
24 zone earthquake parameters.
25
26 The most conservative calculated estimate of the 1,000-year acceleration at the WIPP
27 facility is approximately 0.075 g (g = 32 ft2 per second [acceleration due to gravity]). The
28 geologic and seismric assumptions leading to this 1,000-year peak acceleration include the
29 consideration of a Richter magnitude 5.5 earthquake at the sit~e, a 6.0 magnitude
30 earthquake on the Central Basin Platform, and a 7.8 magnitude earthquake in the Basin
31 and Range subregion. These values, especially the first two, are considered quite
32 conservative, as are the other parameters used in the 0.075 g derivation are also very
33 conservatively chosen. For additional conservatism, a peak- design acceleration of 0. 1 g is
34 selected for the WIPP facility DBE. The design response spectra for vertical and
35 horizontal motions are taken from Regulatory Guide 1.60 (NRC 1973) with the high
36 frequency asymptote scaled to this 0. 1 g peak acceleration value.
37
38 This DBE and the risk analysis that serves an important role in its definition are directly
39 applicable to confinement structures and components at the -VVIPP facility. Underground
40 structures and components are not subject to DBE. According to Pratt et al. (1979), mine
41 experience and studies on earthquake damage to underground facilities show that tunnels,
42 mines, wells, etc., are not damaged for sites having peak surf ace accelerations below
43 0.2 g.. 44
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.1 3.0 Facility Description
2 Abstract
3

4
5 This chapter provides technical information about the structures at the Waste Isolation
6 Pilot Plant (WIPP) facility and the operations to be conducted at the facility. Descriptions
7 of surface waste handling and support facilities, shafts and hc~ists, underground waste
8 disposal and support facilities, emergency response, waste management support systems,
9 and engineered barriers are also provided. This chapter provides information on the

10 design objectives, design criteria, design performance projections, and design
11I specifications for the disposal unit.
12

13 The WIPP facility consists of the 16-mi2 (414.4-k2 ) area placed under the jurisdiction of
14 the DOE by the WIPP Land Withdrawal Act (LWA) (Public Law 102-579). The facility
15 was divided into four functional areas: (1) the property protection area (formerly known
16 as Zone 1) is surrounded by a chain-link security fence that encloses 35 acres (0. 14 kmn2 )
17 and provides security and protection for all major surface structures; (2) the exclusive use
18 area, an area of approximately 424 acres (1.70 km2) surrounc.ed by a barbed wire fence
19 and posted no trespassing; (3) the off-limits area, which encompasses approximately
20 1,450 acres (5.9 M2 ) and defines the area within which no prohibited articles (e.g.,
21 firearms) are allowed; and, (4) the WIPP land-withdrawal area, which is defined on the
22 surface by a 16-section ('41.4-kin2) federal land area under the jurisdiction of the DOE..23 The location of the 'WIPP land-withdrawal area was established for two reasons. First,

ý4 for long-term performance, it assures that at least 1 mile of intact salt (i.e., no drilling or
25 mining) exists between the waste disposal area and the accessible environment. Second,
26 during operations, the area provides assurance that no permanent residences will be
27 established close to the facility, thereby protecting the public from potential emissions.
28
29 The waste disposal area of the WIPP facility consists of eight: panels, each of which
30 contains seven rooms. At present, a 25-year operating time period is estimated to mine
31 and fill all eight panels, the four access drifts, and the crosscuts in the WIPP repository.
32 At the end of the 25-year period, up to 10 years will be required for decontamination,
33 decommissioning, and closure activities.
34

35 General Facility Design
36
37 The WI[PP facility is designed to accomplish three primary goals:
38
39 1 . To receive, handle, and dispose of transuranic (TRU) waste and TRU-mixed waste (in
40 this document, the term "TRU waste" is used to describe both TRU and TRU-mixed
41 waste unless otherwise noted)
42 2. To protect the health. and safety of workers, the public, and the environment
43 3. To comply with applicable radiation protection standards, environmental regulations,9 44 and requirements of federal, state, and local agencies
45
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I The surface facilities at the WIPP accommodate the personnel, equipment, and support
2 services required for the receipt, preparation, and transfer of TRU waste from the surface
3 to the repository. The surface structures are located within a perimeter security fence.
4 Access is controlled by security officers 24 hours a day. Four vertical shafts connect the
5 surface facilities to the repository. The underground facilities include the waste disposal
6 area, the shaft pillar area, and associated support facilities.
7
8 DOE Facility Acquisition Process. Federal facility acquisition policies were applied to
9 the design and construction of the WIPP facility, in accordance with DOE Order 4700. 1,

10 Project Management System. In addition, WJPP structures were designed to meet DOE
I1I design and quality assurance (QA) requirements specified in DOE Order 6430. 1, General
12 Design Criteria. Each WIPP facility item was evaluated against the Design Classification
13 System Criteria (see DOE 1990a, § 3.0, table 3.1.8). Application of these criteria
14 identified no Design Class I items at the WIPP facility. The WJPP Waste Handling
15 Building (WHB) was designed to meet the requirements applicable to Design Class IT
16 structures, systems, and components for nonreactor nuclear facilities. The underground
17 area of the repository is classified as a Design Class Tu nonreactor nuclear facility. The
18 design class designations are defined for categorizing structures, systems, and
19 components in accordance with the importance of their function relative to health and
20 safety of the public and on-site personnel during plant operations.
21

22 Configuration Control. The configuration control of the WIPP facility is mandated by
23 written procedures and policies as set forth in DOE Order 4700. 1, Project Management
24 Program. Any changes to the facility, and subsequently configuration documentation,
25 must be reviewed and approved by cognizant personnel. These documented reviews are
26 performed to determine if the change will affect the ability of the facility to comply with
27 applicable environmental, safety, and health requirements.
28
29 As-Built Design
30
31 The WIPP facility's design meets the requirements of DOE Order 6430. 1, General
32 Design Criteria. Implementation of this DOE order results in the design and construction
33 of facilities which assure safety during operations and protect human health and the
34 environment during operations and after the decommissioning of the project. When
35 facility operations cease, the areas in the repository that contain waste will be closed and
36 the shafts will be sealed. The repository rooms are expected to close and consolidate into
37 a mass comparable to intact salt, restoring the excavations to a condition approaching the
38 undisturbed state.
39
40 Surface Structures. The WIPP surface structures accommodate the personnel,
41 equipment, and support services required for the receipt, preparation, and transfer of
42 waste from the surface to the underground areas. The surface facilities are located in an
43 area of approximately 35 acres (0. 14 kin 2) within the perimeter fence.

45 Waste Handling Building. The W HB and its associated systems provide a structure to9
46 unload waste containers from the incoming shipping containers and transfer the waste
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* I containers to the underground disposal area via the Waste Shaft. The Yam is divided
2 into four functional areas: the contact-handled transuranic (CH-TRU) waste handling
3 area, the remote-handled transuranic (RH-TRU) waste handling area, the WHB support
4 area, and the Waste Shaft.
5
6 In general, the WIB is constructed of steel beams with insulated steel siding. Certain
7 portions of the building, such as the Hot Cell complex, are ccnstructed of concrete for
8 shielding and structural purposes. The floors in the waste handling areas are coated with
9 an approved coating to minimize penetration of any radioactive contamination into the

10 concrete or crevices, thereby making the decontamination process easier. The WHB is
I1I classified as Design Class HI, since the building Acts as a confinement barrier to control the
12 potential release of radioactive material. As such, the WHI3 is designed for Design Class
13 11 loads including the design basis earthquake (DBE) and design basis tornado (DIBT).
14
15 CH-TRU Waste Handling Operations. The CH-TRU waste area is a low bay area
16 located in the west half of the WHB. It provides space and houses equipment for the
17 unloading of TRUPACT.-JI shipping containers and the subsequent transfer of waste
18 containers to the waste hoist for transfer underground. The C H-TRU waste handling area
19 consists of approximately 50,000 ft2 (4,648 in2 ) . The ventilat ion subsystem supporting the
20 CH Bay area has an exhaust capability of approximately 18,430 ft3 per minute (523 Mn3 per
21 minute).

* 22
23~ During facility operations, the WIPP will receive and dispose up to 6.2 million ft3
24 (175,600 in) of TRU waste. CH-TRU waste will be disposed at the WIIPP facility in
25 containers (55-gallon drums, standard waste boxes [SWBs]!, 85-gallon drums, or ten-drum
26 overpacks) which are shown to meet U.S. Department of Transportation (DOT) Type A
27 standards. TRU waste wNill arrive at the WIPP facility in sealed NRC-certified
28 TRUPACT-l containers. Each NRC-certified TRUPACT-JI typically carries two seven-
29 packs (14 drums) of 55-gallon drums, or two SWBs.
30
31 TRIJPACT-IIs arriving at the WTPP facility first enter the main gatehouse vehicle trap,
32 where a visual inspection is performed to ensure that T1RUPACT-Ils are not damaged and
33 that the documentation that accompanies the shipment is complete. The Health Physics
34 Technician performs a gamma and neutron radiation dose rate survey and compares the
35 result to the DOT labels. The TRUPACT-II is directed to the! TRUPACT-II receipt
36 parking space outside of -the WIB, where a radioactive contamination survey is
37 performed. Any discrepancies are recorded and dispositioned prior to unloading. The
38 TRUTPACT-Ils are unloaded from their transportation trailers using a 13-ton forklift truck.
39 They are then transported inside the WMM to the CH Bay through air locks.
40
41 The outdoor truck parking area and the CH Bay are being permitted as RCRA container
42 storage areas.
43

* 44 RH-TRIJ Waste Handling Operations. The RH-TRU waste area is located in the east
45 half of the WMI. The area includes structures and equipment for unloading RH-TRU
46 waste shipping containers; and transferring the waste in caniste rs from the shipping
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I containers to a shielded facility cask via the Hot Cell. The RH Bay area consists of
2 approximately 30,000 ft2 (2,789 in2 ) . The ventilation subsystem supporting the RH-TRU
3 waste area has an exhaust capability of approximately 18,500 ft3 per minute (524 m' per
4 minute).
5
6 RH-TRU waste will arrive at the WJPP facility by truck or rail in a shielded, NRC-
7 certified road cask. Inside the cask a single waste canister holds the equivalent of three
8 55-gallon drums of RH-TRU waste. Upon arrival, the shipment will be visually checked
9 for damage, the documentation will be checked for completeness, and the road cask will

10 be surveyed for radiation dose rates. The cask will then be positioned at the RH Bay and
I1I a contamination survey will be performed. If necessary, the cask will be decontaminated
12 prior to unloading. The documentation will be verified for compliance and dispositioned
13 prior to unloading. After it is determined that the waste shipment documentation is in
14 order, the impact limiter collars are removed from the road cask. The cask is then
15 upended and placed in a vertical position on the road cask transfer car with the RH Bay
16 140-ton overhead crane. The road cask outer lid is removed, and the cask is moved into
17 the shielded cask unloading room, where the road cask inner lid is removed. The waste
18 canister is removed from the road cask and processed through the Hot Cell complex. In
19 the Hot Cell, the canister is inspected and a contamination survey is performed. The
20 canister can be overpacked if necessary. The canister is then transferred into the canister
21 shuttle car. The R.H-TRU waste canister is then lifted into the shielded facility cask and
22 the shielded gate doors are closed. The facility cask is rotated to a horizontal position and
23 moved by the self-propelled facility cask transfer car to the waste shaft collar for lowering
24 to the underground repository. The facility cask is then placed on the waste transfer
25 machine assembly, which transfers the waste canister from the shielded cask into a
26 horizontal storage borehole. After the waste canister is emplaced, the horizontal
27 emplacement equipment inserts a shield plug into the borehole.
28
29 The RH Bay and Hot Cell Complex are being permitted as RCRA container storage units.
30
31 Waste Handling Building Support Areas. Support areas common to both the CH-TRU
32 and RH-TRU waste areas of the WHB include the waste hoist support areas and the
33 general HVAC required by the WHB. Air locks are located on both the CH-TRU and
34 RH-TRU waste sides of the waste hoist. The air locks include the loading room on the
35 CH-TRU waste sides of the waste hoist and the facility cask loading room on the RH-
36 TRU waste side of the waste hoist. Access doors to the hoist are interlocked to ensure
37 control of airflow. In general, airflows to the shaft from the CH-TRU waste loading room
38 or from the RH-TRU waste facility cask loading room.
39
40 Waste Shaft and Hoist
41
42 The principal components of the shaft are the shaft collar, the shaft lining, and the shaft
43 key, which terminates the lining in the salt formation. The waste hoist and Conveyance
44 (located at the Waste Shaft) provides the primary method to transport radioactive waste
45 canisters, underground mining and waste handling equipment, and materials between the

June 14, 1996 3-iv DOE/CAO-96-2 160



Final No-Migration Variance Petition.1 surface at the WHB and the underground horizon. The waste hoist subsystem is also used
2 as a primary personnel evacuation system in an emergency.
3
4 The hoist has two sets of independent brakes, which are designed so that either brake set
5 acting alone can stop and hold the fully loaded conveyance at any point in the shaft under
6 emergency conditions. In the event of a power failure, the br7akes are designed to set
7 automatically. A control system detects malfunctions or abnormal operations of the hoist
8 system, such as overtravel, overspeed, power loss, circuitry failure, or starts made from a
9 wrong location. Upon detection, an alarm is triggered and the hoist automatically shuts

10 down.
11
12 The waste hoist is a counter-balanced, multirope friction hoist that operates a single
13 conveyance vertically in. the Waste Shaft. The hoist is equipped with a conveyance,
14 counterweight, tailropes, hoistropes, and guideropes.
15
16 Underground Facilities
17
18 The WIPP underground facilities are located at the repository horizon 2,150 ft (655 m)
19 beneath the surface. These facilities include the waste disposal area, the mining area, an
20 experimental area, the shaft pillar area, interconnecting drifts, and associated support
21 facilities. The underground support facilities service and maintain all underground.22 equipment for mining and disposal operations, monitor for ra~dioactive contamination,
23 and allow limited decontamination of personnel and equipment.
24
25 There will be eight waste panels, with each waste panel consisting of seven rooms.
26 Rockbolts, or related types of ground support, are used as necessary. In the panels, this
27 will typically consist of localized bolting on an as-needed basis. The storage rooms and
28 panels will be excavated in stages coordinated with scheduled arrival of waste. Waste
29 disposal is designed not only for the rooms but also for the panel entries and main entries
30 in the waste disposal area.
31
32 CH-TRU and RH-TRU Waste Disposal Operations. At the repository horizon, the
33 facility pallet carrying the containers of CH-TRU waste is removed from the hoist cage,
34 placed on the underground transporter, and moved to the CH-TRU waste disposal room.
35
36 In the disposal room, the containers are removed from the pallet and placed in the waste
37 stack. If the waste is packaged in drums, the drums are removed from the transporter by a
38 forklift with a special front-end attachment and placed in their disposal location. If waste
39 is packaged in the ten-drum overpack, the overpack is removed from the transporter by a
40 method similar to the drums (seven-packs). If the waste is packaged in SWBs, a forklift
41 with an SWB adaptor or slip sheets and a Brudi Attachment is used to transport the boxes
42 to their disposal location. The empty pallet is reused after being surveyed for
43 contamination and decontaminated, if necessary. After the eight panels are filled, waste.44 will be emplaced in the four main entries. Waste will be placed in accessways to the
45 storage panels in the same mode as in the storage rooms.
46
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1 The facility cask loaded with the RH-TRU waste canister is driven from the waste hoist
2 conveyance by the facility cask transfer car and transported by forklift to the disposal
3 room. There, the facility cask is placed on the emplacement machine assembly. The
4 emplacement machine assembly then inserts the canister into a predrilled horizontal hole
5 bored into the room wall of the disposal area. A shielded plug is inserted in the hole to
6 provide radiation shielding.
7
8 Experimental Area. The underground experimental area, located at the north end of the
9 subsurface facilities, is separate from the other areas of the underground repository. This

10 area provides space to perform tests and experiments and to study the behavior of the
11 disposal system under monitored and controlled conditions. Part of this area will be
12 deactivated during Fiscal Year 1996.
13
14 Mining Area. Entries, rooms, and panels will be mined as needed during the period of
15 facility operations to maintain a reserve of disposal rooms. Separate ventilation systems
16 for waste handling, mining and support operations are maintained.
17
18 Underground Fueling Station. The underground fuel dispensing room is located in an
19 alcove in the mining area. This fuel dispensing room provides a location and pumping
20 facilities for a portable fuel tank. Portable tank hoisting is done through the Waste Shaft
21 or the Salt Handling Shaft (SHS), as required. A dry-chemical fire suppression system
22 connected to a manually activated reserve supply is provided in the fueling area at all
23 times. In the event of a fire, smoke and fumes will be routed directly to the common
24 exhaust.
25
26 Emergency Response
27
28 The WLPP facility maintains personnel and equipment to respond to emergencies.
29 Emergency operations, equipment, and personnel are discussed in the WIPP Contingency
30 Plan.
31
32 Waste Management Support Systems
33
34 Subsystems will be employed at the WIPP facility to meet the WIPP objective of safe
35 management of TRU waste as it is emplaced for permanent disposal in the underground
36 repository.
37
38 Ventilation Systems. The ventilation systems for the WIPP facility are designed to
39 confine releases of radioactive contamination within the plant, to provide the HVAC
40 necessary for personnel comfort, and to assure satisfactory equipment operation. The
41 total ventilation system for the WJEPP facility consists of independent ventilation systems
42 that supply the WHB, the Exhaust Filter Building, each surface support structure, and
43 underground structures. The systems supplying the WHB and the underground structures
44 are discussed in this chapter.
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I The ventilation systems, serving potentially contaminated areas are once-through systems
2 discharging to a monitored exhaust stack. The path of the v-,ntilating air in the potentially
3 contaminated areas runs from areas of low potential contamination toward areas of higher
4 potential contamination.
5
6 Shafts. This system is comprised of four vertical shafts that. extend from the surface to
7 the underground storage horizon. The SHS and Waste Handling Shaft have permanently
8 installed hoists capable of moving personnel, equipment, an J materials between the
9 surface and the repository.

10

I1I Electrical System. The electrical system distributes and controls the electrical power
12 required for the equipment and process loads (both on the surface and underground) that
13 operate and monitor the various systems of the WIEPP facility. The system interfaces with
14 a public utility substation within the site, which provides the primary source of power.
15 There are two other sources of power: a backup power system, which is supplied from
16 two on-site diesel generators; and uninterruptible power supply systems, which supply
17 transient-free, no-break power to selected operational loads ind plant monitoring.
18
19 Fire Protection System. The fire protection program for the WLPP facility is designed to
20 ensure personnel safety, mission continuity, and property conservation. The WLPP
21 facility's fire protection systems cover the areas of the WHB, the support structures, and.22 the underground vehicle fueling area. In addition, diesel-powered waste handling
23 equipment have on-board fire suppression systems.
24
25 Roadls. Access and on-site paved roads are designed to carry a load of an American
26 Association of State Highway and Transportation Officials (AASHTO) Standard Truck
27 #20-516 with the DOT limitations, not to exceed a total weight of 80,000 lb (36,320 kg).
28 Facility roads include the north and south access roads, parking lots, and all roads and
29 parking areas within the security fence.
30
31 Drainage. Rainwater runoff is diverted away from the surface facilities by a system of
-32 berms and ditches. The 'WIPP facility drainage system is designed so that storm runoff in
33 the probable maximum p)recipitation event would not flood the WIEPP facility.
34

35 Security. A gatehouse provides the means for the security force to control the authorized
36 access of personnel and vehicles into the property protection area.
37
38 The property protection area is protected by a chain-link fence topped with strands of
39 barbed wire. A vehicle trap at the gatehouse controls vehicle traffic in and out of the
40 property protection area. The sliding gates of the vehicle trap restrict site access or egress
41 while vehicle inspection is in process.
42

43 Pole-mounted high-intensity discharge lamps provide lighting along the property
* 44 protection area perimeter fence. The lighting is powered fromn various power distribution

45 centers and can be connected to the backup power supply system when utility power is
46 not available.

DOEICAO-96-2160 3-vii June 14, 1996



Final No-Migration Variance Petition

1 Communications Systems. The intraplant communications system includes two-way
2 communication by the public address system and its intercom phones and paging
3 channels, an intraplant telephone system, mine phones, pagers and plectrons, portable
4 two-way radios, and local and facility-wide alarmn systems. The system is designed to
5 provide immediate emergency instructions to facility personnel.
6
7 The external communication systems, designed to provide two-way communication with
8 outside agencies or to summon emergency assistance from offsite, include the
9 commercial telephone system and two-way radios. Direct dialing through any telephone

10 located above or below ground allows contact with outside agencies. Failure of a single
I1I telephone station does not affect the balance of the telephone system.
12

13 Engineered Barriers
14
15 The design of the WLPP disposal system includes engineered barriers to significantly
16 delay the migration of waste and waste constituents beyond the unit boundary. The
17 repository will rely on seals in shafts to prevent migration from the excavated openings.
18
19 Disturbed Rock Zone. A key to understanding the discussions about both the WIPP
20 facility operational and long-term sealing systems is a knowledge of the disturbed rock
21 zone (DRZ) and its implications for the sealing of a drift or shaft. A DRZ exists around
22 the mine openings where the Salado properties have been altered from the undisturbed
23 values. This DRZ generally forms within the first few meters of the repository. Within
24 the DRZ, intrinsic permeability and porosity are increased due to fracturing caused by the
25 excavation of rock to form the repository.
26
27 Operational Period Panel Closure Systems. In regard to the WJ[PP, the DOE has
28 defined panel closure as the closure of an underground hazardous waste management unit
29 (HWVU) that will no longer receive waste for disposal. Panel closure is required during
30 operations so the available air supply is adequate to service all active areas, to limit
31 personnel exposure to the waste and the associated hazards, and to comply with the
32 applicable parts of the RCRA. Monitoring of closed HWMUs, if necessary, will be
33 defined in the facility operating permits.
34
35 Shaft Seal System. The shaft seal system performance plays an important role in
36 meeting regulatory hazardous constituents release requirements. The shaft seal system is
37 designed to limit the release of gas and brine (and, therefore, any other materials they
38 might transport) from the underground repository. Although all engineering materials
39 have uncertainties in properties, a combination of available, low-permeability materials
40 provides an effective shaft seal system. Components in this design include long columns
41 of clay, densely compacted salt, and a water stop of asphalt. To reduce system
42 uncertainties and to provide additional assurance of compliance, additional components
43 are added to this sealing system. Different materials perform identical functions within
44 the design, thereby adding confidence in system performance. In choosing materials,
45 emphasis is given to the permeability characteristics and mechanical properties of seal
46 materials. In addition, the shaft seal system materials are also chemically and physically
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Final No-Migration Variance Petition.I compatible with the host rock formations, thus further enhancing confidence in long-term
2 performance.
3
4 Post-Closure Plan Following Final Facility Closure. A. n imber of regulations deal
5 with the period of time that begins once the WIPP has undergone final facility closure and
6 decommissioning. Under 40 CFR Part 19 1, the period consists of an active control
7 period and a passive control period. Only 100 years of the active control period can be
8 used in performance assessment. Under the no-migration standard in 40 CER §268.6, the
9 EPA is interested in the measures the DOE will take in terms of long-term passive

10 institutional controls ".. .such as land withdrawal, records, ard markers-to ensure that the
11 likelihood of human intrusion is appropriately reduced, even. after active control of the
12 facility has ceased and any permits at the site may have terminated" (EPA 1990). The
13 LWA of 1992 requires that the DOE prepare and submit a post-decommissioning land
14 management plan. 20 NMAC 4. 1, Subpart V, §264.117 requires post-closure care,
15 including monitoring, security, and property use. Because of the numerous regulations,
16 the DOE has prepared a single strategy for post-closure management of the WIPP. This
17 strategy consists of three elements: (1) active controls, (2) monitoring, and (3) passive
18 controls.
19
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.1 3.0 FACILITY DESCRIPTION

2 This chapter provides technical information about the structures that comprise the Waste
3 Isolation Pilot Plant (WI-PP) facility and the operations to be conducted at the facility.
4 Descriptions of surface waste handling and support facilities, shafts and hoists,
5 underground waste disposal and support facilities, emergency response, waste
6 management support systems, and engineered barriers are also provided. This chapter
7 also provides information on the design objectives, design ciiteria, design performance
8 projections, and design specifications for the disposal unit.

9 The WIEPP facility is a transuranic (TRU) radioactive waste management facility owned
10 and operated by the U.S. Department of Energy (DOE). The Westinghouse Electric
11I Corporation Waste Isolation Division (WID) is the managemtent and operating (M&O)
12 contractor. The primary contact person is:

13 Mr. George Dials, Manager, Carlsbad Area Office
14 U.S. Department of Energy
15 P.O. Box 3090
16 Carlsbad, New Mexico 88221
17 (505) 234-7300

18 The WIPP facility consists of the 16-mi 2 (41.4 kin 2) area placed under the jurisdiction of.19 the DOE by the Waste Isolation Pilot Plant Land Withdrawal Act (LWA) (Public Law
20 102-579). The facility has been divided into four functional -areas: (1) The property
21 protection area (formerly known as Zone I) is surrounded by a chain-link security fence
22 that encloses 35 acres (0. 14 kin2), and provides security and protection for all major
23 surface structures; (2) The exclusive use area, which is a 4:24-acre (1.70-kin 2) area
24 surrounded by a barbed wire fence that excludes the public; (3) The off-limits area,
25 which encompasses approximately 1,450 acres (5.9 kin2) and defines the area within
26 which no prohibited articles (e.g., firearms) are allowed; and, (4) the WIPP land-
27 withdrawal area, which is defined on the surface by a 16-section measurement (41.4 kin 2 )

28 federal land area under the jurisdiction of the DOE. The location of the WIPP land-
29 withdrawal area was established for two reasons. First, for long-term performance, it
30 assures that at least 1 mi (1.6 kmn) of intact salt (i.e., no drilling or mining other than those
31 performed for the WJPP) exists between the waste disposal area and the accessible
32 environment. Second, during operations, the area provides assurance that no permanent
33 residences will be established in close proximity to the facility, and limits the types and
34 duration of surface uses, thereby protecting the public from emissions.

35 The only radioactive wastes that may be emplaced in the VllPP are those that meet both
36 the definition of TRU, as defined in DOE Order 5820.2A, and that can be certified to the
37 project's waste acceptance criteria (WAC) (details are provided in Chapter 4). As
38 defined in the DOE order, TRU waste is radioactive waste that, without regard to source
39 or form, contains TRU radionuclides with half-lives greater tlan 20 years in.40 concentrations greater than 100 nanocuries of alpha-emitting TRU isotopes per gram of
41 waste. Generally, these'wastes fall into two categories: contact-handled- (CH-) TRU
42 waste, which has a surface dose rate of less than 200 millirent per hour, and remote-
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1 handled- (RH-) TRU waste, which has a surface dose rate of 200 millirem per hour or
2 greater. In accordance with the LWA, no RH-TRU waste with a surface dose rate in
3 excess of 1,000 rem per hour will be shipped to WJPP. Furthermore, no more than
4 5 percent of the total volume of 250,000 ft' (7,080 in) of RH-TRU waste will exceed 100
5 rem per hour surface dose rate.

6 Due to the nature of the processes that produce the TRU wastes, many of the containers
7 also contain wastes that are classified as hazardous wastes under the Resource
8 Conservation and Recovery Act (RCRA). Generators of TRU waste must determine if
9 their waste is regulated by RCRA as a hazardous waste. The determination is based on

10 either representative samples, or knowledge of the waste, which indicates that it meets the
I1I definition of hazardous waste in Title 40 of the Code of Federal Regulations (CFR) Part
12 261. Each hazardous waste must be assigned one or more of the applicable U.S.
13 Environmental Protection Agency (EPA) hazardous waste codes. Only those codes
14 included in the WIPP RCRA Part A permit application can be managed at WIPP.

15 The waste disposal area of the WIPP facility consists of eight panels, each of which
16 contains seven rooms (Figure 3-1), and the main entries. At present, a 25-year operating
17 time period is estimated to mine and fill all eight panels and the four main entries in the
18 WIPP repository. At the end of the 25-year period, it is currently estimated that up to 10
19 years will be required for decontamination and decommissioning and closure activities
20 (see Appendix D&D).

21 The WJPP facility is designed tz , ceive up to 6.2 million ft3 (175,600 m'3 ) of CH-TRU
22 waste and 250,000 ft3 (7,080 in') of RH-TRU waste. However, the actual amount of
23 waste to be received at the WIPP is governed by the LWA, which sets the total volume
24 for TRU waste at a maximum of 6.2 million ft3 (175,600 in) . The LWA restricted RH-
25 TRU waste to a maximum activity of 23 curies per liter and not to exceed a total of 5.1
26 million curies.

27 The WJ[PP facility was designed to process an average of 250,000 ft3 (7,080 in3) of CH-
28 TRU waste and 7,500 ft3 (210 in) of RH-TRU waste per year over a 25-year operating
29 lifetime. The original full capacity design receipt rate for CH-TRU waste was 500,000 ft3

30 (14,160 in) per year. A computer simulation study was conducted in 1994 to determine
31 if the current CH-TRU Waste Handling System was adequate to accommodate the
32 processing capacity originally provided in the facility's design. The study concluded that,
33 with the existing equipment configuration, CH-TRU waste could be processed at an
34 average rate of 14 Transuranic Package Transporters-11s (TRUPACT-ils) per day
35 (300,000 ft3 [8,500 in 3] per year), assuming two shifts per day operating four days per
36 week.
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@ 1 Table 3-1 delineates pertinent site features of the WJPP facil[ity.

2 Table 3-1. WIPP Site Features

3 Facility name Waste Isolation Pilot Plant

4 EPA ID No. NM 4890139088

5 Location 26 miles east of Carlsbad, New Mexico
Latitude: 320"2211 " N

Longitude: 103 047'30*. W

6 County Eddy_____ ______

7 Section 15-22 and 27-34

8 Township 22S

9 Range 31lE

10 Site area 10,240 acres (41.4 kin')

11 Facility area 3 5 acres (0. 14 krn2 )

12 Depth 2,150 ft (655 in)____________

13 Expected operational life of facility 25 years _______________

14 Expected closure time (including 10 years. ~ 15 decontamination and decommissioning) 
M3___________________

16 Maximum amount of TRU waste allowed 6.2 million ft3 (175,600 i 3

17 over life of facility1'_____________________

18 Maximum amount of RH-TRU waste 250,000 ft3 (7,080 in 3
)

19 allowed over life of facility ______________________
20 The Land Withdrawal Act maximum is 6.2 million ft

3 (175,600 in') of TRU waste (CH and RH).

21 3.1 General Facility Design

22 The WIPP facility is designed to accomplish three primary goals:

23 1 . To receive, handle, and dispose of TRU waste and TR1J-mixed waste (in this
24 document, the term "TRU waste" is used to describe both TRU and TRU-mixed
25 waste unless otherwise noted)
26 2. To protect the health and safety of workers, the public, and the environment
27 3. To comply with applicable radiation protection standards, environmental regulations,
28 and requirements of federal, state, and local agencies (as discussed in Appendix
29 BECR)

30 The surface facilities at the WIPP accommodate the personnel, equipment, and support
31 services required for the receipt, preparation, and transfer of TRU waste from the surface.32 to the underground. The surface structures are located within a perimeter security fence.
33 Access is controlled by security officers 24 hours a day. Four vertical shafts connect the
34 surface facilities to the underground. The underground facilities include the waste
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I disposal area, the shaft pillar area, and associated support facilities. Figure 3-2 provides a
2 spatial view of the WIPP facility.

3 The WIPP facility will be operated as a clean facility, meaning that under normal
4 operations, waste will be received, handled, and emplaced in closed containers. The
5 WIPP project has implemented a variety of engineered and administrative controls to
6 minimize and control contamination at the facility. These controls are discussed later in
7 this chapter.

8 Sandia National Laboratories (SNL) was designated by the DOE's predecessor, the U.S.
9 Energy Research and Development Administration (ERDA), to provide the conceptual

10 design and cost estimate for the facility, the necessary supporting technical studies, the
I I draft environmental impact statement, and the site selection. As the architect-engineer for
12 the WIPP project, Bechtel National, Inc., was responsible for the development of the
13 design of the facility. The U.S. Army Corps of Engineers managed the construction of
14 the facility. As owner of the facility, the DOE developed design criteria and conducted
15 independent review and verification of the adequacy of the design. This review was
16 performed by Brookhaven National Laboratories, under contract to the DOE, as part of
17 the facility safety analysis. Westinghouse Electric Corporation served as the Technical
18 Support Contractor (1978-1985) and later as the M&O contractor (1 985-present).

19 3.1.1 DOE Facility Acquisition Process

20 Federal facility acquisition policies were applied to the design and construction of the
21 WJPP facility, in accordance with DOE Order 4700. 1, Project Management System. In
22 addition, WIPP structures were designed to meet DOE design and quality assurance (QA)
23 requirements specified in DOE Order 6430. 1, General Design Criteria. Each WJPP
24 facility item was evaluated against the Design Classification System Criteria (see DOE
25 1995, § 3. 1, Table 3.1-2). Application of these criteria identified no Design Class I items
26 at the WIPP facility. The WIPP Waste Handling Building (WEB) was designed to meet
27 the requirements applicable to Design Class 11 structures, systems, and components for
28 nonreactor nuclear facilities. The underground area is classified as a Design Class 11113
29 nonreactor nuclear facility. The design class designations are defined for categorizing
30 structures, systems, and components in accordance with the importance of their fuinction
31 relative to health and safety of the public and on-site personnel during plant operations.

32 3.1.2 Configuration Control

33 The configuration control of the WIPP facility is mandated by written procedures and
34 policies as set forth in DOE Order 4700. 1, Project Management Program. Any changes
35 to the facility, and subsequently to configuration documentation, must be reviewed and
36 approved by cognizant personnel. These documented reviews are performed to determine
37 if the change will affect the ability of the facility to comply with applicable
38 environmental, safety, and health requirements.
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@1 Proposed changes that could affect the Safety Analysis Repcrt (SAR) must be approved
2 by the DOE, who may elect to conduct an independent review of analyses supporting the
3 change. Proposed changes that affect the portion of the facility covered by RCRA
4 permitting requirements may also be subject to regulator approval and permit
5 modification. Finally, any change that significantly alters the basis for a no-migration
6 determination under this petition will also be subject to review and approval by the EPA.

7 QA requirements applicable to WIPP facility design and configuration control activities
8 are founded on the basic and supplemental requirements of American Society of
9 Mechanical Engineers' Nuclear Quality Program Requirements for Nuclear Facilities

10 (ASME NQA-l). The requirements are implemented through the DOE Carlsbad Area
11 Office's (CAO) Quality Assurance Program Document, which is provided in Appendix
12 QAPD. Design QA elements include (1) documentation, review, and approval of design
13 inputs; (2) control of design analyses, design verification, and design changes; and
14 (3) institution of design interface controls and records management practices. Additional
15 discussions of the QA requirements and programs are provided in Chapter 7.

16 3.2 As-Built Design

17 The WJPP facility was designed and constructed according; to DOE Order 6430, General
18 Design Criteria Manual for Department of Energy Facilities, draft, dated June 10, 198 1,@19 and codes and standards applicable at the time of construction. Facility modifications

20 since that time have been designed according to the revision Af DOE Order 6430 and
21 codes and standards applicable at the time of modification.

22 3.2.1 Surface Structures

23 The WIPP surface structures accommodate the personnel, equiipment, and support
24 services required for the receipt, preparation, and transfer o~f waste from the surface to the
25 underground areas. The surface facilities are located in an ar,-a of approximately 35 acres
26 (0. 14 kin2) within the perimeter fence. The principal surface structure is the WHB; other
27 surface structures include the following:

28 Hoist Houses Exhaust Filter Building
29 Support Building Warehouse and Shops
30 Guard and Security Building Engineering Building
31 Water Pump House Core Storage Building
32 TRUPACT Maintenance Building Safety & Emergency Services
33 Training Building Building
34 Office Trailers Main Mine Fan and Exhaust Filter
35 Building

DOE/CAO-96-21 60 3-9 June 14, 1996



Final No-Migration Variance Petition

1 3.2.2 Waste Handling Building

2 The primary function of the WHB and its associated systems is to provide a structure to
3 unload waste containers from the incoming shipping containers, transfer the waste
4 containers to the underground disposal area via the Waste Shaft, and store the waste
5 containers as needed during the emplacement process. The WHB; is divided into four
6 functional areas, three of which are discussed in this section: the CH-TRU waste
7 handling area, the RH-TRU waste handling area, and the WHB support area. The fourth
8 area, the Waste Shaft, is discussed in Chapter 3.3. The general layout of the building is
9 illustrated in Figures 3-3 and 3-4.

10 In general, the WHB is constructed of steel beams with insulated steel siding. Certain
I1I portions of the building, such as the Hot Cell complex, are constructed of concrete for
12 shielding and structural purposes. The floors in the waste handling areas subject to
13 potential contamination are coated with an approved coating to minimize penetration of
14 any radioactive contamination into the concrete or crevices, thereby easing the
15 decontamination process. The WIB is classified as Design Class II, because the building
16 acts as a confinement barrier to control the potential release of radioactive material. As
17 such, the WHB is designed for Design Class HI loads including the design basis
18 earthquake (DBE) and design basis tornado (DBT).

19 3.2.2.1 Design Basis Earthquake

20 Design Class II confinement structures and components are designed to withstand a DBE
21 consistent with that suggested by the Nuclear Regulatory Commission's (NRC's) 1974
22 Regulatory Guide 3.24 and as described in Section 2.6.2. The DBE based on the
23 1,000-year earthquake has been established through a seismic study of the WIEPP facility
24 region. The maximum ground acceleration for the DBE is 0. 10 g (g = 32 ft per second
25 squared [acceleration due to gravity]) in both horizontal and vertical directions. This
26 value is used in analysis and design of appropriate surface facilities and equipment.

27 An updated assessment of the DBE was performed in 1990 by Bechtel as part of a
28 comparison of facility design to DOE Order 6430. 1A. Bechtel's assessment report
29 showed the design classifications used in the original design for the WIPP either met or
30 exceeded the newer standards for DBE for a nonreactor facility.

31 3.2.2.2 Design Basis Tornado

32 The DBT is the most severe tornado that could occur at the WIPP site, as suggested by
33 Fujita in a 1978 study of the specific area. The DBT structures and components are
34 designed to withstand the highest winds- 183 mi (295 kin) per hour-generated by this
35 tornado. With regard to the DBT, the WIPP facility is designed on a single-failure basis,
36 where it is considered that two or more failures will not occur simultaneously. Based on
37 this design approach, it was not necessary to build structures at the WIPP facility to
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I withstand missiles generated by the DBT, because such missiles could not simultaneously
2 penetrate the structures and the waste containers.

3 The tornado-resistant structures are designed for tornado loadings, which are calculated
4 based on the tornado characteristics listed below. Fujita determined the parameters used
5 for the DBT. They are the result of a site-specific wind and tornado study for the WIPP
6 facility:

7 - Maximum wind speed 183 mi per hour (294 kmn per hour) (including effects of
8 suction vortices)
9 - Translational velocity 41 mi per hour (66 kmn per hour)

10 - Tangential velocity 124 mi per hour (200 km per hour)
1I I Radius of maximum wind 325 ft (99 m)
12 -Pressure drop 0.5 lb per in 2 (25.9 mm of meicury)
13 - Rate of pressure drop 0.09 lb per in' per second (4.65 mim of mercury per second)

14 The above tornado parameters are based on a return period of 1,000,000 years. The
15 maximum wind speed is the vector sum of all velocity components.

16 The DBT of 183 mi per hour (294 km per hour) with a return period of 106 years is used
17 as the design basis for thle Design Class III surface confinement and associated structures.. 18 The complete design loads criteria for Design Classes II, IlA, and IJI are delineated in
19 Table 3-2.

20 3.2.3 CH-TRU Waste Handling Facilities

21 The CH-TRU waste area is a low bay area located on the first floor of the west half of the
22 WHB. It provides space and houses equipment for the unloading of TRUPACT-il
23 shipping containers and the subsequent transfer of waste containers to the waste hoist for
24 transfer underground. This space in the WMB will be permitted as a container storage
25 unit so that waste containers can be retained during pauses ir the handling process. The
26 CH-TRU waste handling area consists of approximately 50,COO ft2 (4,645 in 2). The
27 ventilation subsystem supporting the CH Bay area has an exhaust capability of
28 approximately 18,450 ft3 per minute (523 M3 per minute).

29 During facility operations, the WIPP will receive and dispose up to 6.2 million ft3

30 (175,600 in) of TRU waste. CH-TRU waste will be disposed of at the WIPP facility in
31 containers (55-gallon drums, standard waste boxes [SWVBs], :35-gallon drum overpacks,
32 or ten-drum overpacks) that are shown to meet U.S. Department of Transportation (DOT)
33 Type A standards. The waste handling operations process is illustrated in Figure 3-5 and
34 the flow of CH-TRU waste to the repository is shown in Figure 3-6.
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1 Table 3-2. Design Loads by Design Class for Surface Structures

2 DESIGN
3 CLASS *. STRUCTURE SEISMIC TORNADO SNOW WIND)

4 11 Waste Handling Building DBE DBT 27 psf (132 k g/rn 2) 183 mph (293 kph)

5 11A Support Building UBC3  No' 10 psf (49 kg/rn 2) 99 mph (158 kph)

6 HIA Exhaust Shaft Filter Building UBC No 10 psf (49 kg/rn 2) 99 mph (158 kph)

7 11 Station A DBE DBT 27 psf (132 kg/rn 2) 183 mph (293 kph)

8 IIIA Building 412 DBE DBT 27 psf (132 kg/rn2 ) 183 mph (293 kph)

9 MII Warehouse and Shops UBC No 10 psf (49 kg/rn2) 91 mph (146 kph)
____ ____ Building _____ _____ ________ ________

10 IlA Water Pump House UBC No 10 psf (49 kg/rn 2) 91 mph (146 kph)

11I IIIB Salt Handling Shaft Hoist UBC No 10 psf (49 kg/rn2 ) 91 mph (146 kph)
House and Electrical Room II11

12 'The main lateral-force-resisting structural members of the Support Building shall be designed for DBE and
13 DBT to prevent the Support Building from collapsing on the adjacent WHB.
14 Key: psf = pounds per square foot kg/rn2 = kilograms per square meter
15 mph =miles per hour kph = kilometers per hour
16 UBC =uniform building code

17 TRUPACT-ils arriving at the WIPP facility first enter the main gatehouse vehicle trap,
18 where a visual inspection is performed to ensure that TRUPACT-ils are not damaged and
19 that the documentation that accompanies the shipment is complete. The TRUPACT-il is
20 directed to the TRUPACT-il receipt parking space outside of the WHB, where a
21 radioactive contamination survey is performed. Any discrepancies are recorded and
22 dispositioned prior to unloading. The TRUPACT-ils are unloaded from their
23 transportation trailers using a 13-ton forklift truck. They are then transported inside the
24 WH1B to the CH Bay through air locks.

25 3.2.3.1 Entrance Air Locks

26 The TRUPACT-il shipping containers are unloaded from the transport trailers, cleaned, if
27 appropriate, and transferred into the CH Bay of the WHB via one of the three entrance air
28 locks (Figure 3-3). The air locks facilitate the ventilation system's control of static
29 pressure and maintain the interior of the WHB at a subatmospheric pressure. The doors
30 at each end of an air lock are interlocked to prevent both doors from being opened
31 simultaneously. The air locks help to ensure that airflows into the WIHB, thereby
32 precluding the inadvertent release of contamination from the building.
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.1 3.2.3.2 CH-TRU Waste Bay

2 The CH Bay on the CH-TRU waste side of the WHB is used for preparation, inspection,
3 and inventory control of CH-TRU waste containers. The CHI Bay is the primary area for
4 surface CH-TRU waste handling operations (Figure 3-3). In~side the CH Bay, the
5 TRUPACT-ils are taken to one of two TRUPACT dock (TRUDOCK) staging stations
6 where TRUPACT-ils are opened, unloaded, and reassembled for shipment off-site. Each
7 TRUDOCK has two TRUPACT-1Il support stands (workstation positions), each having
8 the capability to handle and process one TRUPACT-il. The two TRUDOCKs-made of
9 structural steel with aluminum work platforms-sit parallel to each other and are mirror

10 images of each other with identical equipment. The perimr.et-.r columns of each
I1I TRUDOCK are anchored to the floor by bolts. Each TRUDOCK is equipped with an
12 overhead crane for opening and unloading the TRUPACT.-i shipping container. The
13 dock structure provides convenient access to the shipping container for opening and
14 unloading operations. The crane is designed to remain on it,; tracks and hold its load in
15 the event of a DBE.

16 As the outer containment assembly lid is lifted using either an adjustable or non-
17 adjustable center-of-gravity lift fixture, an external survey of the TRUPACT-il1 inner
18 vessel will be performed to minimize the potential for spreacding radioactive
19 contamination should it be present. The inner vessel lid will be lifted under the vent.20 hood, which is designed to ensure that any radioactive contamination is contained within
21 the hood ventilation system and passed through a HEPA filter. If radiological
22 contamination is detected, the inner vessel will be closed until a determination is made as
23 to how to proceed. Depending on the amount and nature of the radioactivity and the area
24 that is contaminated, the options include (1) decontaminate i situ; (2) decontaminate the
25 containers; or (3) seal the TRUPACT-il1 and return it to the generator. If no internal
26 contamination is detected at the TRUDOCK when the inner containment vessel lid is
27 removed from the TRUPACT-il, then the payload is removed and placed on facility
28 pallets. The empty TRUPACT-il1s are checked for contamination and decontaminated, if
29 necessary; inspected and repaired, if necessary; and released for shipment.

30 The TRUPACT-11 is moved into the WVHB, opened and the waste containers are placed
31 on facility pallets for movement underground. The loaded facility pallets are
32 transferred to the conveyance loading car via forklift, loaded onto the hoist, and
33 transferred to the underground disposal area (Chapters 3.3 and 3.4).

34 3.2.4 RH- TR U Waste Handling Facilities

35 The RH-TRU waste area is located in the east half of the WEB (Figure 3-7). The area
36 includes structures and equipment for unloading RH-TRU waste shipping containers and
37 transferring the waste in canisters from the shipping containers to a shielded facility cask.38 via the Hot Cell. The RH Bay area consists of approximately 30,000 ft2 (2,787 in2 ).

39 The RH-TRU waste handling process is illustrated in Figure 3-8. RH-TRU waste will
40 arrive at the WIPP facility by truck or rail in a shielded, NRC -certified road cask. A
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I single waste canister, which holds the equivalent of three 55-gallon drums of RH-TRU
2 waste. Upon arrival, the shipment will be visually checked for damage, the
3 documentation will be checked for completeness, and the road cask will be surveyed for
4 radiation dose rates. The cask will then be positioned at the RH Bay, and a contamination
5 survey will be performed. The documentation will be verified for compliance and
6 dispositioned prior to unloading. After it is deternined that the waste shipment
7 documentation is in order, the impact limiter collars are removed from the road cask. The
8 cask is then upended and placed in a vertical position on the road cask transfer car with
9 the RH Bay 140-ton overhead crane. The road cask outer lid is removed, and the cask is

10 moved into the shielded cask unloading room, where the road cask inner lid is removed,
I1I and the waste canister is removed from the road cask and processed through the Hot Cell
12 complex. In the Hot Cell, the canister is inspected and a contamination survey is
13 performed. The canister can be overpacked if necessary. The canister is then transferred
14 into the canister shuttle car. The RH-TRU waste canister is then lifted into the shielded
15 facility cask, and the shielded gate doors are closed. The facility cask is rotated to a
16 horizontal position and moved by the self-propelled facility cask transfer car to the Waste
17 Shaft collar for lowering to the repository. The facility cask is then placed on the waste
18 transfer machine assembly, which transfers the waste canister from the shielded cask into
19 a horizontal storage borehole. After the waste canister is emplaced, the horizontal
20 emplacement equipment inserts a shield plug into the borehole.

21 3.2.5 Waste Handling Building Support Areas

22 Support areas common to both the CH-TRU and RH-TRU waste areas of the WHB
23 include the waste hoist support areas and the general heating, ventilation, and air
24 conditioning (HVAC) areas required by the WHB. Air locks are located on both the CH-
25 TRU and RH-TRU waste sides of the waste hoist (Figure 3-3). The air locks include the
26 loading room on the CH-TRU waste side of the waste hoist and the facility cask loading
27 room on the RH-TRU waste side of the waste hoist. Access doors to the hoist are
28 interlocked to ensure control of airflow. In general, airflows to the shaft from the CH-
29 TRU waste loading room or from the RH-TRU waste facility cask loading room.

30 The hoist control room provides space and equipment for the master control station
31 (MCS) in the operation of the waste hoist. From the MCS, the conveyance hoist can be
32 operated manually or automatically.

33 The HVAC equipment for the WHB is contained within the main mechanical equipment
34 room, located on the upper level (Figure 3-4). This area houses the exhaust fans, HEPA
35 filters (except for the Hot Cell HEPA filters, which are located adjacent to the Hot Cell),
36 and associated equipment that controls ventilation flow within the WHB. In keeping with
37 the design philosophy implemented at the WIPP facility, this system is designed to ensure
38 that airflows from an area of low-potential contamination to one of higher-potential
39 contamination.
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.1 3.3 Waste Shaft and Hoist

2 The principal components of the shaft are the shaft collar,, the shaft lining, and the shaft
3 key, which terminates the lining in the salt formation. The waste hoist and Conveyance
4 (located at the Waste Shaft) provides the primary method to transport radioactive waste
5 canisters, underground mining and waste handling equipment, and materials between the
6 surface at the WHB and the underground horizon. The waste hoist subsystem is also used
7 as a primary personnel evacuation system in an emergency. Figure 3-9 depicts the Waste
8 Shaft and waste hoist arrangements.

9 The hoist has two sets of independent brakes, which are designed so that either brake set
10 acting alone can stop and hold the fully loaded conveyance at any point in the shaft under
I1I emergency conditions. In the event of a power failure, the brakes are designed to set
12 automatically. A control system detects malfunctions or abniormal operations of the hoist
13 system, such as overtravel, overspeed, power loss, circuitry f.,ailure, or starts made from a
14 wrong location. Upon detection, an alarm is triggered and the hoist automatically shuts
15 down. The allowable stress for the steel members and connections is limited to 25
16 percent of the American Institute of Steel Construction (AIS C) allowable stresses to
17 allow for accelerations, decelerations, impact loading, and fatigue.

18 The waste hoist is a counterbalanced, multi-rope friction hoist that operates a single
19 conveyance vertically in the Waste Shaft. The hoist is equipped with a conveyance,
20 counterweight, headropes, tailropes, and guideropes. The waste hoist conveyance has an
21 upper and lower deck. The lower deck, which is approximately 15 ft (4.6 m) below the
22 upper deck, is used to transport waste containers, waste handling equipment, and
23 materials to the repository. The upper deck may be used to carry personnel when the
24 lower deck is empty. The waste hoist conveyance is capable of carrying a payload of 45
25 tons (41 metric tons). During loading and unloading operations, the conveyance is
26 steadied by fixed guides. The hoist's maximum rope speed is 500 ft per minute (152 m
27 per minute) with a counterweight of 51 tons (46 metric tons), which is used to balance the
28 waste hoist conveyance.

29 The Waste Shaft provides for the movement of packaged radioactive waste, waste
30 handling personnel, and equipment between the WHB and the underground waste
31 handling station. The Waste Shaft also provides ventilation to the repository and helps
32 maintain a negative pressure on the WHB to control any possible release of radioactivity.
33 The shaft collar, situated about 400 ft (122 m) above the historic floodplain of the Pecos
34 River, is supported by rock and is designed for all vertical and lateral loads. The collar
35 slab surrounding the shaft is at a higher elevation than the surrounding ground. The
36 concrete shaft collar, extending from the ground surface to the top of the rock,
37 approximately 20 ft (6.1 in), forms the uppermost portion of the Waste Shaft and
38 penetrates generally granular soils (Figure 3-9). It serves to ietain adjacent soil and. 39 prevent surface runoff from entering the shaft. The collar is t~he foundation for the hoist
40 tower, and the foundation slab and walls for the Hot Cell ini tie W}IB.
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1 The components of the shaft lining consist of the non-reinforced concrete shaft lining and
2 the reinforced concrete shaft key. The concrete shaft lining, which extends from the
3 bottom of the shaft collar to the top of the shaft key at the salt and rock interface
4 approximately 850 ft (260 mn) below the surface (Figure 3-9), controls water seepage
5 into the Waste Shaft and retains loose rock. Water collection rings are installed in the
6 concrete liner, one each beneath the Magenta and Culebra water-bearing zone and one at
7 the base of the shaft key. The three collection rings are drained by a 2-in. (5. 1-cm)
8 diameter pipe that extends to the repository horizon.

9 The shaft key, a reinforced concrete ring, serves as the transitional element between the
10 lined and unlined sections of the Waste Shaft. The key extends a minimum of
I1I approximately 56 ft (17.1 mn) below the rock and salt interface into sound salt and is
12 designed to resist the lateral pressure generated by salt creep and retain the rock
13 formation. 'Chemical seal rings and water collection rings are provided with the shaft key
14 to prevent water from flowing down the unlined shaft from the above lining.

15 3.4 Underground Facilities

16 The WIPP underground facilities are located on the repository horizon 2,150 ft (655 mn)
17 beneath the surface (Figure 3-1). These facilities include the waste disposal area,
18 experimental area, mining area, shaft pillar area, interconnecting entries, and associated
19 support facilities. The underground support facilities service and maintain all
20 underground equipment for mining and disposal operations, monitor for radioactive
21 contamination, and allow limited decontamination of personnel and equipment. Only the
22 areas relevant to this petition are discussed further.

23 The disposal rooms and panel entries are designed to permit the permanent isolation of
24 TRU waste. Validation of the disposal rooms' design was primarily based on data from
25 four test rooms. The disposal rooms were analyzed by the WIPP architect and engineer
26 with a finite element model using creep parameters from the test rooms. The results
27 provided determinations of horizontal and vertical stresses, effective stresses, effective
28 creep strains, principal stresses, room deformation and closure, and intersection closure.
29 Nominal dimensions for the reference design are 13 ft (4 m) high x 33 ft (10 mn) wide.
30 This envelope accommodates the anticipated creep during the five years that a disposal
31 room is expected to be open. Validation of the final design is in the WJPP Design
32 Validation Final Report (Bechtel 1986).

33 During the disposal phase, the volume of TRU-mixed waste emplaced in the repository
34 will not exceed 6.2 million ft3 (175,600 in). Waste will be disposed of in the repository.

35 Main entries and crosscuts in the repository are constructed using either a continuous
36 drum miner or roadheader. These areas provide access to the disposal area. The main
37 entries link the shaft pillar/service area with the TRU-mixed waste management area and
38 are separated by pillars. Normal entries are 13 ft (4.0 mn) high and 14 ft (4.3 m) wide.
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@I Each of the underground disposal units labeled Panels 1 through 8 will have seven rooms.
2 The location of these units is shown in Figure 3-1. The rooms will have nominal
3 dimensions of 13 ft (4.0 m) high by 33 ft (10 m) wide by 300 ft (91 m) long and will be
4 supported by 1 00-ft (3 1-rn) wide pillars. If waste volumes disposed of in the eight panels
5 fail to reach the stated design capacity, the DOE may choose to use the four main entries
6 and crosscuts adjacent to the waste panels for disposal.

7 Panel 1 will be the first disposal unit to be used for waste disposal and was excavated
8 from 1986 through 1988. Its rooms and panel entries have been rock-bolted to assure
9 stability. Panel 1 rooms are typically pattern-bolted with 10-ft (3-rn) mechanical bolts. In

10 addition, Room 1 has been supplied with a supplementary roof-support system consisting
I1I of rock bolts, steel channel sets, and a wire-mesh and lacing system. The DOE intends to
12 mine panels in the following order:

13 Panel 2 panel entries (up to 52520)
14 Panel 2
15 Panel 3 panel entries (up to 53080)
16 Panel 3
17 'Panel 4 panel entries (up to 53650)
18 Panel 4
19 Panels 5, 6, 7, 8

@20 It is anticipated that Panels 2 though 8 will only be open for around five years. This
21 includes 30 months to mine and outfit the panel and 30 months to fill it with waste and
22 close it. At normal waste throughput rates, rock bolting in Panels 2 through 8 may only
23 be required locally (i.e., spot bolting).

24 Because the main entries must remain open and operational for a much longer period than
25 any panel, they will require additional consideration from time to time. They are subject
26 to regular and systematic inspection and evaluation, and appropriate ground-control
27 measures will be implemented whenever necessary.

28 Table 3-3 lists types of equipment used in underground waste handling operations. The
29 disposal rooms and panels will be excavated in stages coordinated with scheduled arrival
30 of waste (i.e., completing excavation of the next panel will be scheduled to coincide with
31 completing disposal operations in the previous one). Waste dlisposai is designed not only
32 for the rooms but also for the panel entries and main entries in the waste disposal area.

33 Disposal areas containing TRU waste will have restricted access to limit exposure of
34 individuals to radiation, radioactive materials, and hazardous constituent emissions.
35 Normal access to and from these areas will be via the area control point. Personnel
36 access for disposal operations will be conducted at a point upstream (ventilation) from.37 TRU waste. Waste will be emplaced in such a way that personnel are working upstream
38 of active waste emplacement operations in the ventilation am ilow. This prevents
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I Table 3-3. Underground Waste Handling Equipment

2 Equipment Function Description
3 Horizontal Emplacement Transfers RH-TRU waste canister Waste transfer machine and borehole-
4 Equipment from facility cask to horizontal related components.

borehole.

5 Alignment Fixture Provides reference plane for aligning Welded carbon-steel structure with
waste transfer machine with respect to base plate and vertical faceplate.
borehole.

6 Shield Collar Extends the shielding from facility A carbon-steel shield section used
cask to borehole. when emplacing a waste canister and

shield plug into an unsleeved
borehole.

7 41 -Ton Forklift Truck Transfers facility cask underground Diesel-powered; has controls for
and places it on the emplacement lifting, tilting, fork positioning, and
machine, side-shift on both forks.

8 20-Ton Forklift Truck Moves emplacement machine to Same as 4 1-ton forklift truck except
borehole or storage location, for capacity.

9 6-Ton Forklift Truck General-purpose transfer. Standard forklift with positioner
attachments.

10 Underground Transporters Moves the facility pallet to an A diesel-powered tractor/trailer with
underground storage room. an articulating frame steering system.

I1I Brudi Attachments Used with a 6-ton forklift truck with Connects to the forklift truck front
the forks removed to handle seven- carriage.
drum packs and SWBs on a slip sheet.

12 exposing personnel to any airborne contamination from an accidental breach of waste
13 containers. Work activities may occasionally require that personnel enter the downstream
14 exhaust from an active room. In these instances, ALARA principles will be used to
15 minimize potential exposures. Disposal areas will be continuously monitored for
16 excessive radiation or radiological contamnination when personnel are present.

17 3.4.1 Mining Area

18 Entries, rooms, and panels will be mined in a schedule that completes the next panel at
19 the same projected time as disposal operations are to be completed in the previous panel
20 while maintaining ventilation for waste handling and mining operations.

21 Mining is performed by -two continuous mining machines. Prior to mining in new areas,
22 probe holes are drilled to relieve any pressures that may be present. After mining, vertical
23 pressure relief holes are drilled up at the main intersections of drifts and crosscuts. One
24 of the mining machines is a roadheader with a milling head that rotates in line with the
25 axis of the cutter boom, mining salt from the face. The mined salt is picked up from the
26 floor by the loading apron. The other miner is a drum miner that rotates perpendicular to
27 the axis of the cutter boom and cuts salt away from the working face. The mined salt is
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@1 pulled through the miner on a chain conveyor and then loaded in a haul vehicle that
2 deposits it in the loading bin at the Salt Handling Shaft (S iTS).

3 During and immediately after mining, a sounding survey of ihe roofs of drifts, using a
4 scaling bar, identifies areas of drummy or slabby rock, which might present a subsequent
5 safety hazard. Remedial work, including hand scaling of thi~n drummy areas, removal of
6 larger drummy areas up to 18 in. (45.7 cm) thick with the continuous miners, or rock
7 bolting, is accomplished immediately after soundings in any areas identified as potentially
8 unstable. Additional scaling is performed, as required, using a mechanical scaler.

9 The main underground entries for the WIPP repository were designed based upon
10 empirical data; site characterization data, including information from boreholes; surface
I11 geophysical measurements and laboratory tests; and mining and engineering standards
12 universally applied to underground projects. The room-and-pillar design concept for the
13 WIPP facility was based on general mining practice: such as potash mining in the
14 Carlsbad vicinity and under similar lithologic conditions, although modifications in
15 excavation dimensions and pillar widths were made to account for the differences in
16 depth between potash mines and the WIEPP facility. repository horizon. Because the
17 extraction ratio (the ratio of the area of salt removed by mining to the total area) at the
18 WJPP facility is significantly lower than that used in potash raining, design parameters
19 reflect this difference.. 20 Design validation efforts for the WIIPP facility began in 1981 with the Site and
21 Preliminary Design Validation (SPDV) program, implemented to further characterize and
22 validate the WIPP site geology and to provide preliminary validation of the underground
23 excavation. The SPDV program involved excavating a test panel consisting of four full-
24 sized SPDV test rooms, excavated 13 ft (4 m) high x 33 ft (10) m) wide x 300 ft (91 mn)
25 long, and separated by 100-ft (3 l-m)-wide pillars. Data obtained from geologic field
26 activities and geomechanical instrumentation were analyzed to determine the suitability
27 of the design criteria and design bases and to provide confirmation of the underground
28 opening reference design.

29 Additional information was gathered, analyzed, and evaluated[ after completion of the
30 SPDV program. A Final Design Validation Report was prepared giving the nominal
31 dimensions for the disposal areas. As a part of the design validation process,
32 geomnechanical tests were conducted in SPDV test rooms. During the tests, salt creep
33 rates were measured. Separation of bedding planes and fracturing were also observed.
34 Consequently, a ground-control strategy was implemented. The ground-control program
35 at the WJPP facility mitigates the potential for roof or rib falls and maintains normal
36 excavation dimensions as long as access to the excavation is possible.

37 Data collected from geomnechanical monitoring of the disposal units during the disposalO 38 phase will be evaluated periodically to help assess ground conditions. Any ground
39 conditions exceeding established criteria will be evaluated foi immediate and longer-term
40 safety. Any operational activity in a room may be terminated depending on the results of
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I the evaluation, and if a roof fall is immidnent, appropriate action will be taken to protect
2 human health and the environment.

3 Geologic and geomnechanical information are gathered from the WTPP facility
4 underground on a regular basis, and the open disposal areas will be monitored. Geologic
5 mapping, observational boreholes, and geomechanical instrumentation will be used to
6 characterize the host rock, assess the effects of excavation, measure closure rates, and
7 evaluate the behavior of the salt. This information will be used to further validate design
8 criteria and monitor the stability of underground openings to ensure safety and
9 operational reliability.

10 The data gathered from routine monitoring will be evaluated to provide early detection of
11 conditions that could affect activities in the active disposal units during the disposal
12 phase. If development of an unstable condition is confirmed, corrective action will be
13 implemented. Although the monitoring system cannot predict the exact timing of any
14 instability, it does provide early warning of deteriorating ground conditions. Over one
15 year's warning was provided by geotechnical monitoring before each roof fall in SPDV
16 Test Rooms I and 2.

17 Protection from radiological and chemical contaminants during the mining operations is
18 provided by complete physical separation of the mining operations from the disposal
19 operations. Separate ventilation supplies are provided, with pressure differentials
20 maintained, to ensure that any ventilation leakage is from the mining areas to the disposal
21 areas until they join for exhausting.

22 3.4.2 CH-TRU and RH-TRU Waste Disposal Operations

23 This section discusses CH- and RH-TRU waste disposal operations.

24 3.4.2.1 CH-TRU Waste Disposal

25 At the repository horizon, the facility pallet carrying the containers of CH-TRU waste is
26 removed from the hoist cage, placed on the underground transporter, and moved to the
27 CH-TRU waste disposal room. The disposal area provides space for 6.2 million ft3

28 (175,600 in) of TRU waste containers. The shaft pillar area includes the four main
29 entries and the crosscuts that provide access for these disposal rooms. The main entries
30 link the shaft pillar and service area with the disposal area and are separated by pillars.

31 In the disposal room, the containers are removed from the pallet and placed in the waste
32 stack. If the waste is packaged in drums, the drums are removed from the transporter by a
33 forklift with a special front-end attachment and placed in their disposal location. If the
34 waste is packaged in SWvBs, a forklift with an SWB adaptor or slip sheets and a Brudi
35 Attachment is used to transport the boxes to their disposal location. The empty pallet is
36 reused after being surveyed for contamination and decontaminated, if necessary. After
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I the eight panels are filled, waste will be emplaced in the four main entries in the same
2 mode as in the disposal rooms.

3 Magnesium oxide (MgO) will be used as a backfill in order to provide chemical control
4 over the solubility of radionuclides. The MgO backfill will be purchased prepackaged in
5 the proper containers for emplacement in the underground. Purchasing prepackaged
6 backfill eliminates handling and placement problems associated with bulk materials, such
7 as dust creation. In addition, prepackaged materials will be easier to emplace, thus
8 reducing potential worker exposure to radiation. The MgO backfill will be purchased and
9 received in two different containers: (1) a supersack holding 4,000 lbs (1,814 kg); and (2)

10 a mini sack holding 25 lbs (11.3 kg). Quality assurance requirements, such as material
I1I quality and quantity, will be addressed by using current quality assurance procedures in the
12 procurement process and receipt inspection. The filled containers will be shipped by road
13 or rail and will be delivered underground using current shaf: and material handling
14 procedures and processes.

15 The mini sack will be 34 in. (86.4 cm) long, 6 in. (15 cm) in diameter and will be
16 fabricated of a single layer of polyethylene or other suitable material. It will have an

17 integral handle/hook attached into the sack closure. Six sacks will be manually placed in
18 the external voids of each 7-pack unit just before the 7-pack is positioned on the waste

* 19 stack. The mini sack will be lifted up behind the shrink wrap around the top of the
20 7-pack, slid into place, and held there by the four-in, hole in the lower slip sheet. Once the
21 sacks are in place, the 7-pack will be positioned on the waste stack in the normal manner.
22 No new equipment or training of operators is necessary. A similar process will be used for
23 standard waste boxes (SWB), except that the sacks will be: hung from the lift clips on these
24 units.

25 Super sacks will be handled and placed using the slip sheet/YBRUDI technique used for
26 normal waste handling operations. Hence, no new equipment, procedures, or training are
27 required. Once each row of waste units is in place, a layer of six super sacks will be placed
28 on top of them. The super sack will be 5 ft (1.5 m) wide by 6 ft (1.8 m) deep by 1.5 ft
29 (0.45 m) high and will be of multi-wall construction with a vapor/moisture barrier. The
30 super sack will have an integral slip sheet or base attachnien: so that it can be handled and
31 placed in a manner that is identical to how waste units are era.placed, using a BRUDI-like
32 attachment on a lift truck.

33 Finally, mini sacks will be manually stacked on the floor in Ihe space between the waste
34 stack and ribside. These sacks can be placed horizontally or vertically as may be
35 convenient and loading rates up to 100 lbs per linear ft (14 8. 8 kg per linear m) can be
36 achieved simply and quickly.

* 37 The DOE uses the WIPP WAC to assure that only waste compatible with the WIPP's
38 operational and performance limitations is placed in the repository. These limitations,
39 from the standpoint of hazardous waste constituents, are discussed in Chapter 4 and
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I Appendix WAP. If all waste falls within the envelope established by the WAC, no load
2 management of waste will be necessary. That is to say, any WAC-compliant waste can
3 be placed anywhere in the repository for disposal.

4 3.4.2.2 RH-TRU Waste Disposal

5 The facility cask loaded with the RH-TRU waste canister is driven from the waste hoist
6 cage on the facility cask transfer car and transported by forklift to the disposal room.
7 There, the facility cask is placed on the emplacement machine assembly. The
8 emplacement machine assembly then inserts the canister into a predrilled horizontal hole
9 bored into the wall of the disposal room. A shielded plug is inserted in the hole to

10 provide radiation shielding.

I1I The amount of RH-TRU waste disposal in each room is limited by thermal, structural,
12 and physical considerations of equipment. Emplacement is administratively controlled
13 not to exceed 10 kilowatts per acre. Based on the current equipment design, a spacing of
14 approximately 8 ft (2.4 mn) between centers for RH-TRU waste canisters has been
15 specified.

16 3.4.3 Underground Fueling Station

17 The underground fuel dispensing room is located in an alcove in the mining area, as
18 shown in Figure 3-1. This room provides a location and pumping facilities for a portable
19 fuel tank. Portable tank hoisting is done through the Waste Shaft or the SHS, as required.
20 A dry-chemical fire suppression system connected to a manually-activated reserve supply
21 is provided in the fueling area at all times. In the event of a fire, smoke and fumes will be
22 routed directly to the common exhaust.

23 3.5 Emergency Response

24 The WIPP facility maintains personnel and equipment to respond to emergencies.
25 Emergency operations, equipment, and personnel are discussed in the WIPP Contingency
26 Plan (see Appendix CONT).

27 3.6 Waste Management Support Systems

28 The following sections describe the subsystems that will be employed at the WIPP facility
29 to meet the WIPP objective of safe management of TRU waste as it is emplaced for
30 permanent disposal in the repository.

31 3.6.1 Ventilation Systems

32 The ventilation systems for the WIPP facility are designed to confine potential releases of
33 radioactive contamination within the plant, provide the HVAC necessary for personnel
34 comfort, and assure satisfactory equipment operation.
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@1 The total ventilation system for the WIPP facility consists of independent ventilation
2 systems that supply the WHB, Exhaust Filter Building, each surface support structure,
3 and underground structures. The systems supplying the WHB and the underground
4 structures are discussed in this section. The ventilation systems serving potentially
5 contaminated areas are once-through systems discharging to a monitored exhaust stack.
6 The path of the ventilating air runs from areas of low-potential contamination toward
7 areas of higher-potential contamination. The following subsections discuss the surface
8 and underground ventilation systems in terms of their design basis, major components
9 and operating characteristics, and safety considerations and controls.

10 Details of the surface ventilation system can be found in the WIPP SAR. The following
11I discussion focuses on the underground ventilation system because of its importance to
12 compliance calculations in Chapter 5.

13 The subsystems of the underground ventilation system provide a safe and suitable
14 environment for personnel and underground operations during normal activities. The
15 underground system is also designed to provide confinement and channeling of potential
16 airborne radioactive material or fumes in the event of an accidental release or an
17 underground fire.

@18 The main underground ventilation system is divided into four separate flows
19 (Figure 3-10), with the first flow serving the mining areas, a second serving the north
20 areas, a third serving the disposal areas, and a fourth serving the Waste Shaft and station
21 area. The four flows are. recombined near the bottom of the Exhaust Shaft, which serves
22 as a common exhaust route from the underground level to the surface.

23 The drifts and rooms within the repository have been miined ;anning north to south or east
24 to west. Locations in the underground area are identified with a coordinate system
25 centered on the SHS. A drift running north-south and located 300 ft (91.4 m) east of the
26 SHS is identified as E300, and a location in drift E300, located 90 ft (27.4 m) north of the
27 SHS, is known as E300/N90 north. The Exhaust Shaft is located at S4001E475, and the
28 Air Intake Shaft is located at N01W625.

29 The Waste Shaft and station area receive an independent air supply. A relatively small
30 quantity of air is drawn down the Waste Shaft to offset potential natural updraft
31 convection currents and minimize the potential of any radioac~tive particles escaping up
32 the shaft. This small quantity of air is immediately routed to the bottom of the Exhaust
33 Shaft to avoid mixing potentially contaminated air with air being circulated throughout
34 the repository.

35 The underground ventilation system is designed as an exhausting system in which the
36 working environment is maintained below atmospheric pressure. The SHS and station,
37 Air Intake Shaft (AIS) and station, panel mining area, and north area all have the@38 capability for flow reversal. Flow reversal is not desired--arid hence is not provided-for
39 the waste disposal area, because control of potential contaminiration would become
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I impractical. Flow reversal may be necessary for abnormal conditions; for example, to
2 control heat and smoke from a fire.

3 The underground ventilation system consists of centrifugal exhaust fans (located
4 aboveground), two identical HEPA filter assemblies arranged in parallel, isolation
5 dampers, a filter bypass arrangement, and associated ductwork. The fans-connected by
6 the ductwork to the underground Exhaust Shaft so that they can independently draw air
7 through the Exhaust Shaft-are divided into two groups. One group consists of main
8 exhaust fans that provide an airflow of 425,000 standard ft3 per minute (12,035 standard
9 mn3 per minute) through the repository during normal operation. These fans are located

10 near the Exhaust Shaft. The second group is comprised of the filtration fans, and each
I1I can provide 60,000 standard ft3 per minute (1,700 standard M3 per minute) airflow. These
12 fans, located in the Exhaust Filter Building, are capable of being employed during the
13 filtration mode, where exhaust is diverted through HEPA filters, or in the reduced or
14 minimum ventilation mode of operation.

15 The underground mine ventilation is designed to supply sufficient quantities of air to all
16 areas of the repository as required by 30 CFR 57, Subpart G and the New Mexico Safety
17 Code for all mines. During normal operating mode (simultaneous mining and waste
18 emplacement operations), approximately 140,000 actual ft3 per minute (3,965 m3' per
19 minute) can be supplied to the panel area during the unfiltered "normal" mode of
20 ventilation operation. This quantity was determnined to be necessary based on projections
21 of the level of work activity and the amount of diesel equipment expected to be in
22 operation.

23 At any given time during waste emplacement activities, there may be a significant level of
24 activity in three rooms. One room will be receiving CH-TRU waste containers, while the
25 next room will be receiving RH-TRU waste. Drilling will be taking place in the third
26 room for RH-TRU emplacement boreholes. The remaining rooms in a panel will either
27 be completely filled with waste; be idle, awaiting waste handling operations; or being
28 prepared for waste receipt. Approximately 35,000 ft3 per minute (990 m3' per minute) will
29 be required in each of these active rooms during operations. This quantity of air is
30 required to support the numbers and types of diesel equipment expected to be in operation
31 in the area, support the personnel working underground, and exceed a minimum air
32 velocity of 60 ft (18 mn) per minute as specified in the WIPP Ventilation Plan. The
33 remainder of the air is needed to account for air leakage through inactive rooms. Airflow
34 quantities can be adjusted to assure compliance with applicable underground air quality
35 requirements.

36 Air will be routed into a panel from the intake side. Air is routed through the individual
37 rooms within a panel using underground bulkheads and air regulators. Bulkheads are
38 constructed by erecting framing of rectangular steel tubing and screwing galvanized sheet
39 metal to the framing. In order to accommodate creep, bulkhead members use telescoping
40 extensions that are attached to the framing and can be adjusted periodically.

June 14, 1996 3-38 DOEICAO-96-21 60



Final No-Migration Variance Petition

A~ 6A
.4.&

U..

uLJ U)
Cl) <
< :

0 LL

z <j

Thsiiutannfr noMato upssOl

NM VP642: 1-0

Figure~ 7 3-07eea ndrrudPnl etlto1Sse ifo

DOECA-9-2603-9 un 1, 99



Final No-Migration Variance Petition

THIS PAGE INTENTIONALLY LEFT BLANK0

June 14, 1996 3-40 DOE/CAO-96-21 60



Final No-Migration Variance Petition

.1 Because bulkheads are intended to seal the ventilation system, they use either a sheetmetal
2 or rubber gasket that is attached to the bulkhead on one side and the salt on the other. Flow
3 is also controlled using brattice cloth barricades. These banicades consist of chainlink
4 fence that is bolted to the salt and covered with brattice clota and are used in instances
5 where the only flow control requirement is to block the air. Ventilation will be maintained
6 only in all active rooms within a panel until waste emplacement activities are completed
7 and the panel-closure system is installed. The air will be routed simultaneously through all
8 the active rooms within the panel. The rooms that are filled with waste will be isolated
9 from the ventilation system, while the rooms that are actively being filled will receive a

10 greater volume of alr to assure worker safety. After all rooms within a panel are filled, the
I1I panel will be closed using a closure system described in Appendix CLP.

12 Once a disposal room is filled and is no longer needed for emplacement activities, it will be
13 barricaded against entry and isolated from the mine ventilation system by removing the air
14 regulator and constructing chain link/brattice cloth barricades. There is no requirement for
15 air for these rooms, because personnel and/or equipment will not be in these areas. For air
16 dispersion modeling purposes, it is assumed that no air goes through each filled room.

17 The ventilation path for the waste disposal side is separated from the mining side by means
18 of air locks, bulkheads, and salt pillars. A pressure differential is maintained between the.19 mining side and the waste disposal side to ensure that any leakage is towards the disposal
20 side. The pressure differential is produced by the surface fans in conjunction with the
21 underground air regulators.

22 The system is designed to perform under three modes of operation: unfiltered mode
23 (ITEPA exhaust filtration system bypassed), filtered mode (exhaust filtered through HEPA
24 filtration system if the concentrations of radioactive contaminants exceed preset limits),
25 and air reversal mode. Continuous air monitors (CAMs) are installed to detect significant
26 airborne radioactive contaminants in the waste disposal areas and in the discharge to the
27 surface exhaust stack (Station A). The design airflow quantities are based upon federal and
28 state mining laws and standard mining practices.

29 In the unfiltered "normal" mode, the two main surface exhaust fans, located near the
30 Exhaust Shaft, continuously ventilate the underground area,; during simultaneous mining
31 and waste handling operation. All underground flows joirn at the bottom of the upcast
32 Exhaust Shaft before upcasting to the surface for discharge tW the atmosphere. In this
33 mode, the filter assemblies are isolated and bypassed.

34 If both main exhaust fans are unavailable, they are isolated, and ventilation is supplied by
35 operating one or two of the filtration exhaust fans. To accomplish this, the isolation
36 dampers are opened, permitting air to flow from the main exhaust duct to the HEPA.37 plenum. The isolation dampers of the filtration exhaust fan(s) to be employed are opened,
38 and the selected fan(s) are switched on. In this mode, repository operations are extremely
39 limited. Main exhaust fans and filtration exhaust fans cannot be operated simultaneously.
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I Outside air is supplied from the Air Intake Shaft and the SHS to the mining areas, waste
2 disposal areas, and experimental complex via main entries. A relatively small quantity of
3 outside airfiows down the Waste Shaft to ventilate the Waste Shaft station. The ventilation
4 system is designed to operate with the AIS as the primary source of fresh air. Under these
5 circumstances, sufficient air is available to conduct all repository operations (waste
6 handling, mining, experimentation, and support) simultaneously.

7 In the filtration mode, the exhaust air passes through two identical filter assemblies with
8 one of the three Exhaust Filter Building associated fans operating (all other fans are
9 stopped). This system provides a means for removing the airborne radioactive

10 contaminants in the reduced exhaust flow before they are discharged through the exhaust
I1I stack to the atmosphere. The filtration mode can be activated either manually or
12 automatically on detection of abnormally high concentrations of airborne radioactive
13 particulates by the radiation monitoring system. One alarm from the Station A Effluent
14 Sampling System, located at the top of the Exhaust Shaft on the surface, will automatically
15 divert the exhaust air through the Exhaust Filter Building HEPA filter plenum. The
16 reduced exhaust flow is diverted to the HEPA filters by isolation and diversion dampers on
17 the exhaust fans and ductwork. Unfiltered exhaust flow with abnormally high
18 concentrations of airborne radioactive particles is thereby prevented from escaping to the
19 atmosphere.

20 Transfer of the exhaust system to the filtration mode can be accomplished automatically or
21 manually by the Central Monitoring Room (CMR) operator. CAMs are located in the
22 repository to monitor the airflow path for radiological contamination from the waste
23 disposal area.

24 A set of booster fans permits selective reversal of airflow in the mining area, experimental
25 area, AIS and station, and the SHS and station. In this mode, the airflow is reversed by
26 opening and closing certain ventilation doors and air regulators and by operating the
27 underground booster fans, which are located in drift W30. These fans are normally off and
28 isolated with airflow bypassing the fans. The surface fans are stopped before attempting
29 any air reversal scenarios. This mode of ventilation is only implemented manually under
30 abnormal conditions, such as fire.

31 3.6.2 Sh afts

32 This system is comprised of four vertical shafts that extend from the surface to the
33 underground storage horizon. Three of the shafts-the SHS, the Exhaust Shaft, and the
34 AIS-are described in the following sections. The SHS and has a permanently installed
35 hoist capable of moving personnel, equipment, and materials between the surface and the
36 repository. The Air Intake Shaft has a permanently installed hoist for emergency egress of
37 personnel. The Waste Shaft is described in Section 3.3.
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.1 3.6.2.1 Salt Handling Shaft

2 The SHS is used to transport mined salt to the surface and to provide personnel and
3 material transportation between the surface and the underground horizon. In addition, the
4 shaft serves as a secondary source of downflow fresh air to the underground mining and
5 disposal areas. It is also one route for the power, control, and communication cables.

6 The SHS is lined with fabricated steel that extends from the shaft collar to the top of the
7 concrete keyway. A concrete shaft collar is located at the top of the shaft along with a
8 salt surge pad and salt retaining wall to accommodate the removal of salt from the mine.
9 The collar has a grated cover to allow airflow, but prevent large objects from falling into

10 the shaft. The shaft extends past the underground horizon into the salt loading pocket and
I1I sump to accommodate the salt loading equipment and operations.

12 The salt handling hoist system has a salt hoisting capacity of approximately 90 tons per
13 hour (82 metric tons per hour). It is a Permanently installed double-drum hoist with a
14 single skip/cage conveyance. The skip transfers excavated salt from the waste disposal
15 level to a surface salt handling system located at the foot of the headframe. The
16 maximum rope speed is 1,800 ft per minute (549 m per minute). A two-deck cage is
17 located on top of the skip and is capable of transporting 18 people. The conveyance is
18 equipped with safety dogs, which engage on the guide timbers and bring the skip to a stop

* 19 anywhere in the shaft or headframe in the event of rope or attachment failure.

20 3.6.2.2 Exhaust Shaft

21 The Exhaust Shaft is the only upflow path to exhaust air from the underground disposal
22 areas to the surface, and. is not normally accessible to personnel. The shaft lining is
23 concrete and extends above the ground level to form a collar that prevents surface water
24 flow into the shaft in the event of surface flooding. The shaft collar is also designed to
25 support the exhaust plenum elbow, which directs air to either the atmosphere or the
26 Exhaust Filter Building. The shaft lining is comprised of noanreinforced concrete and a
27 reinforced concrete shaft key. The shaft key extends approx.:Imately 56 ft (17.1 m) below
28 the rock and salt interface. Three water collection rings are provided; one located below
29 both water-bearing zones to collect shaft water seepage, and a third located at the bottom
30 of the shaft key. Water is drained from these rings via a 2--in. (5. 1-cm) pipe to the
31 repository level. Chemical seal rings are installed behind the: shaft key to prevent leakage
32 from above into the salt level. The shaft is equipped with experimentation and data
33 acquisition devices.

34 3.6.2.3 Air Intake Shaft

35 The AIS extends from the surface to the underground horizon and provides the primary.36 path for fresh air to the underground areas. The AIS also sserves as backup egress for
is 37 personnel between the underground and the surface horizon in the event of an emergency,

38 and provides a location to mount instrumentation for measuriýng hydrostatic pressures
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I behind the lining, salt pressure behind the shaft key, and radial convergence of the shaft.
2 The MIS is lined with nonreinforced concrete from the top of the salt to the surface, and
3 the liner is supported by a reinforced concrete key built into the wall of the shaft. The
4 shaft collar extends approximately 1 ft (0.3 m) above the ground level to prevent surface
5 water from flowing into the shaft. Air-operated doors are located on the shaft collar to
6 allow the AIS conveyance to pass through. The collar has a grated cover that allows
7 airflow, but prevents large objects from falling into the shaft. The AIS also has a
8 subcollar that permits the placement of utility boxes during inclement weather. Water
9 collection rings are installed in the shaft liner to collect shaft water seepage. The rings

10 are drained via a 2-in. (5. 1-cm) pipe to a tank at the shaft underground station. Chemical
11I seal rings are located at the shaft key to prevent water migration past the key.

12 The AIS has a permanently installed headframe, five sheaves, and two shaft guides. The
13 hoist system is a single-drum hoist, a hoist conveyance with a cage, and a galloway work
14 platform. This platform provides personnel access for maintenance of the shaft. The
15 maximum rope speed for the cage is 800 ft per minute (244 m per minute). Under normal
16 operating conditions, the MIS hoist is not routinely used to move personnel to and from
17 the underground horizon.

18 3.6.3 Electrical System

19 The electrical system distributes and controls the electrical power required for the
20 equipment and process loads (both on the surface and underground) that operate and
21 monitor the various systems of the WJPP facility. The system interfaces with a public
22 utility substation on-site, which provides the primary source of power. There are two
23 other sources of power: a backup power system, which is supplied from two on-site
24 diesel generators; and uninterruptible power supply systems, which supply transient-free,
25 no-break power to selected operational loads and plant monitoring.

26 3.6.3.1 Backup Power Source

27 In the event of loss of normal utility power, backup power will be supplied to critical
28 loads by either of the two on-site diesel generators. The diesel generators are located in
29 two separate skid-mounted enclosures adjacent to the Safety and Emergency Services
30 Building. The backup generator subsystem consists of the generator units, controls, fuel
31 tank, feeders, and switch gear, making power available to critical loads, such as safe
32 evacuation of the repository and operation of monitoring and protective systems. Table
33 3-4 highlights manually switched backup loads and priority backup loads. The engines
34 on the generator(s) are provided with a battery start system and have a separate closed-
35 loop cooling system. The generators may be started or shut down either locally or
36 remotely from the CMR.
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01 Table 3-4. Diesel Generator Load

2 Manually Switched Backup Priority Backup
3 Loads Loadsa

4 Uninterruptible Power System X
5 0 Central Monitoring System
6 0 WHB-selected Continuous
7 Air Monitors

8 1Central Monitoring Room X
9 * HACSystem

10 0 Utilities

11 Fire Protection Systems x
12 0 Waste Handling Building
13 0 Support Building

14 Fire Pump House

15 Communications Systems

16 Guard & Security Building

17 Air Intake Shaft Hoist (if x
18 necessary for underground
19 evacuation).20 WHB lighting

21 WHB cranes (the first five
22 minutes only)

23 WVHB vacuum pumps

24 Safety & Emergency Service x
25 1Building
26 'Other loads are picked up depending on actual kilowatt loading or by load shedding.

27 3.6.3.2 Uninterrup~tible Power Supply Systems (Esse itial Loads)

28 The uninterruptible power supply (UPS) systems supply transient-free, reliable power.
29 This ensures that the powver to key systems (including the radiation detection system for
30 airborne contamination, the Emergency Operations Center, and the CMR) is always
31 available, even during the interval between the loss of off-site power and initiation of
32 backup diesel generator -power.

33 The UPS systems consist of a battery charger, battery, inverter, synchronizer, transfer
34 switch, distribution panels, necessary-switch gear, and transformer. During loss of
35 alternating current (AC) power input to the UPSs, the dedicated batteries could supply
36 power to a fully loaded UPS for 30 minutes. It is expected th~at the AC power input to the
37 UPS will be restored within 30 minutes via operator action (i.e., resumption of normal.38 power source or initiation of diesel generators).
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1 3.6.4 Fire Protection System

2 The fire protection program for the WIPP facility is designed to ensure personnel safety,
3 mission continuity, and property conservation. The WIPP facility's fire protection
4 systems cover the areas of the WHB, the support structures, and the underground vehicle
5 fueling area.

6 3.6.4.1 Fire Water Supply and Distribution System

7 The fire water supply and distribution system receives its water supply from two
8 independent, aboveground water storage tanks. The tanks are constructed with welded
9 steel, each with a maximum capacity of 180,000 gal (681,300 1). At least half of each

10 tank's capacity (90,000 gal [340,650 1]) must be reserved for fire fighting. The system is
I1I designed to provide 1,500 gal (5,700 1) per minute for two hours to the water distribution
12 system supplying the fire hydrants and sprinkler systems. This flow rate is based on the
13 calculated amount of water estimated for fire control.,

14 Water is supplied to the WIPP facility structures by a compound loop distribution system
15 serving the entire plant. Two centrifugal fire pumps-one electric-motor driven and one
16 diesel-engine driven-are provided, each with the ability to deliver 100 percent of the
17 design flow of 1,500 gal (5,700 1) per minute at a discharge pressure rate of 125 lb per in2
18 (0.85 MPa). The fire water supply system pressure is maintalned by a pressure
19 maintenance jockey pump to avoid unnecessary fire pump starts.

20 The jockey pump is a centrifugal type with an approximate capacity of 10 gal (38 1) per
21 minute.

22 3.6.4.2 Fire Detection and Suppression Systems

23 Fire protection systems are provided in the following areas:

24 Waste Handling Building
25 0 Automatic Wet Pipe Sprinklers in all areas, except
26 Hot Cell Complex (all elevations)
27 0 Interior Fire Hose Connections in all areas, except
28 Hot Cell Complex (all elevations)
29 0 Fire Detection in the following areas:
30 CH-TRU Waste Area
31 RH-TRU Waste Area
32 Hot Cell Complex (all elevations)
33 Waste Hoist Tower (all elevations)
34 Shielded Storage Room
35 0 Manual Pull Stations
36 0 Portable Fire Extinguishers

June 14, 1996 3-46 DOE/CAO-96-2160



Final No-Migration Variance Petition

.I Support Building
2 0 Automatic Wet Pipe Sprinklers (in all areas)
3 0 Interior Fire Hose Connections
4 0 Fire Detection in the following area:
5 HVAC Fire Detection Instrumentation
6 0 Manual Pull Stations
7 - Portable Fire Extinguishers

8 Water Pump House
9 0 Automatic Wet Pipe Sprinklers

10 0 Interior Fire Hose Connections
11 0 Manual Pull Stations,
12 0 Portable Fire Extinguishers

13 Safety and Emergency Services Building
14 0 Automatic Wet Pipe Sprinklers
15 0 Manual Pull Stations
16 0 Portable Fire Extinguishers

17 Underground Support Areas
18 9 Automatic Dry Chemical Extinguishing System at the Fuel Station (actuated by.19 thermal detectors)
20 9 Manual Pull Stations
21 0 Portable Fire Extinguishers
22 0 Fire Truck

23 Salt Handling Hoist House and Headframe
24 * Automatic Wet Pipe Sprinklers
25 0 Manual Pull Stations

26 Only fire extinguishing materials that are compatible with the, materials involved in the
27 fire will be used to extinguish fires. Only water and fire supp)ression foam will be used
28 on fires involving TRU-mixed waste. Water and fire suppression foams are compatible
29 with all components of the TRU-mixed waste. This is documented in the WIPP facility
30 hazardous waste permit application (DOE 1996, App. Cl).

31 3.6.4.3 Fire Alarm and Detection Systems

32 The fire alarm and detection system at the WIPP site is a sign~aling system comprised of a
33 number of individual (local) alarm and detection systems tha:' signal the CMR or, where
34 deemed acceptable, provide only a local alarm.

.35 Each local system is a stand-alone electrical circuit with fire detection instruments,
36 manual actuators, and alarm devices. The electrical circuits are designed to initiate
37 alarms, actuators, and remote signaling,.as well as supervise its own system for
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I malfunctions. Besides the multicomponent local systems, a large number of stand-alone
2 smoke detectors with integral audio alarms are employed throughout the site.

3 3.6.4.4 Evacuation Alarms

4 An emergency evacuation alarm system, which is installed throughout the plant, uses a
5 distinct alarm. The evacuation alarm signals for the repository are automatically activated
6 by the fire control system or by manual fire alarm boxes installed in all occupied areas. In
7 areas where the noise level is high enough that an emergency message would be difficult
8 to hear, such as areas of high traffic, or in remote areas where fans may be running, strobe
9 lights will indicate an emergency situation.

10 In addition to the evacuation alarm system, the paging and general announcement system
11 is used to inform and advise of normal and emergency conditions. The system may
12 operate from either normal or UPS power, and thus can function in a normal power
13 outage. Loss of a single speaker in a fire area does not result in a loss of communication,
14 because there are many speakers installed throughout the area.

15 3.6.5 Roads

16 Access and on-site paved roads are designed to carry a load of an American Association
17 of State Highway and Transportation Officials (AASHTO) Standard Truck #20-5 16 with
18 the DOT limitations, not to exceed a total weight of 80,000 lb (36,320 kg). Facility roads
19 include the north and south access roads, parking lots, and all roads and parking areas
20 within the security fence.

21 Guard posts and railings are installed around parking areas and along roads inside the
22 security fence to preclude any vehicles and personnel from entering or falling into any
23 rainwater ditches.

24 3.6.6 Drainage

25 Rainwater runoff is diverted away from the surface facilities by a system of berms and
26 ditches. The WIPP facility drainage system is designed so that storm runoff due to the
27 probable maximum precipitation event would not flood the WIIPP facility.

28 3.6.7 Security

29 3.6.7.1 Gatehouse. Fenicing. and Gates

30 A gatehouse provides the means for the security force to control the authorized access of
31 personnel and vehicles into the property protection area (formerly called Zone I). The
32 gatehouse includes the following features:
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. 1 * Areas for the screening of employees and visitors and inspection of hand-carried
2 items
3 * Closed-circuit camera surveillance of on-site personnel approaching the gatehouse

4 The property protection area is protected by a chain-link fence topped with strands of
5 barbed wire. At the gatehouse and guard and security building, the chain-link fence is
6 replaced by the building walls. "No Trespassing" signs are posted on each gate and on
7 the fence at regular intervals. In addition, warning signs are posted consistent with the
8 requirements of 40 CFR § 264.14(c).

9 A vehicle trap at the gatehouse controls vehicle traffic in and out of the property
10 protection area. The sliding gates of the vehicle trap restrict site access or egress while
I1I vehicle inspection is in process.

12 A manually-operated sliding vehicle gate in the north fence i& provided for the salt
13 haulage trucks. This gate also acts as an emergency exit for site personnel should the
14 vehicle gate at the gatehouse not be usable for a site evacuation. The gate is locked when
15 not in use. Gates are also located in the north fence at the northwest corner, in the south
16 fence near the southeast corner, and in the east fence across f rom the gatehouse. These
17 gates are also locked when not in use.

.18 3.6.7.2 Lighting

19 Pole-mounted, high-intensity discharge lamps provide lighting along the property
20 protection area perimeter fence. The lighting is powered from various power distribution
21 centers and can be connected to the backup power supply system when utility power is
22 not available.

23 3.6.8 Communications Systems

24 This section describes the internal and external communication systems used at the WIPP
25 facility.

26 3.6.8.1 Internal Communications

27 The intraplant communications system includes: two-way communication by the public
28 address system and its intercom phones and paging channels; an intraplant telephone
29 system; mine phones; pagers and plectrons; portable two-w~ay radios; and local and
30 facility-wide alarm systems. The system is designed to provide immediate emergency
31 instructions to facility personnel.

32 The public address and intercom system consists of handset stations and loudspeaker. 33 assemblies, each with multiple amplifiers. The system has multiple channels in the main
34 buildings. The handsets are hand-held transmitter-receivers capable of transmitting to
35 other independent handsets or to the public address loudspeakers. Communication
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I between parties within the plant can be established with the paging channel. Each
2 designated location has a single set of speakers and a handset. Multiple sets are provided
3 in large, open areas. To cover most areas in the plant, loudspeakers are properly oriented
4 and volume levels are adjusted. If one station fails, the remaining stations are isolated
5 from the out-of-service unit to prevent a failure in the remaining system.

6 The Dial Telephone system includes a Private Automatic Exchange (PAX) telephone
7 network to provide two-way communication between any two telephones located above
8 or below ground. This system provides direct dialing to outside telephones and direct
9 dialing to WIPP facility telephones. Failure of a single telephone station does not affect

10 the balance of the telephone system. If the telephone system should fail, the public
I1I address system and the portable two-way radios provide backup communications.

12 Plant radio stations in the Guard and, Security Building, the Emergency Operations Center
13 in the Safety and Emergency Services Building, and the CMR allow two-way radio
14 communication with on-site personnel and with mobile and portable WJPP facility units
15 operating on and off the WIPP site. Only the first two, however, are used in an
16 emergency to contact off-site aid agencies.

17 Various alarm systems are used at the WIPP facility. The public address system has two
18 alarm tones in use; a yelp and a gong. The signals are produced in the master public
19 address console by a tone generator and are transmitted sitewide over the paging channel
20 of the system, overriding its normal use. The signals are intermittent and of high
21 intensity, lasting a minimum of three seconds. The evacuation tone is a yelp and is used
22 for, and limited to, situations requiring immediate, rapid, and complete (or selective area)
23 evacuation. The evacuation alarms are intermittent and of high intensity. The evacuation
24 tone is initiated manually on the surface. In the repository, the evacuation tone may be
25 initiated manually or automatically by underground fire detection and alarm systems.
26 This tone is also a yelp, accompanied with strobe lights for high noise areas. These alarm
27 signals take priority over other signals on the paging channel, but do not affect the
28 intercom channels. Evacuation alarms using the public address system, local and plant-
29 wide, can also be initiated manually from the CMR in the Support Building. The audible
30 alarm signals are supplemented by warning lights in high ambient noise areas. These
31 alarms are supplied with backup power if the off-site power supply fails. The PA system
32 may also produce a gong tone followed by a message. Local fire alarms are bell tones.
33 All persons who require unescorted access at the WIPP facility receive training, which
34 includes recognition of and response to alarm signals.

35 3.6.8.2 External Communications

36 The external communication systems, designed to provide two-way communication with
37 outside agencies or for summoning emergency assistance from off-site, include the
38 commercial telephone system and two-way radios. Direct dialing from any telephone
39 located above or below ground allows contact with outside agencies. Failure of a single
40 telephone station does not affect the balance of the telephone system.

June 14, 1996 3-50 DOEICAO-96-2160



Final No-Migration Variance Petition

@I The WIPP telephone system is equipped with battery backup power. The system is also
2 designed for generator backup power capability. The system contains a microwave radio
3 that provides diversity from the land lines. These features result in minimum disruption
4 of telephone service from loss of power or severed cables. In addition, the WIPP also has
5 special telecommunications equipment independent of al] o:her WIPP telephone systems.
6 These include the satellite telephone, the Radio Frequency (RF) telephone link, and
7 cellular service.

8 Plant radio stations in the Guard and Security Building and irhe Emergency Operations
9 Center in the Safety and Emergency Services Building are used for two-way radio

10 communication with the Eddy County and Lea County Sheriffs' departments, the Hobbs
I1I Fire Department, the New Mexico State Police, the Lea Regional Medical Center, the
12 Guadalupe Medical Center, and the Otis Fire Response teams.

13 3.7 Engineered Systems

14 The design of the WJPP disposal system includes engineered systems to enhance
15 performance. These include operational roof support systemr.s that address short-term
16 concerns and engineered barriers to significantly delay the migration of waste and waste
17 constituents to the accessible environment.

. 18 3.7.1 Engineering Activities Underground

19 There are two major engineering activities that support the ooeration of the underground
20 facility and assure that human health and the environment are not compromised by
21 accidents involving roof falls. These are the ground-control program that addresses the
22 stability of mined areas and the geomechanical-monitoring program that provides data for
23 evaluating excavation stability.

24 3.7.1.1 Ground-Control Program

25 The ground-control program at the WIPP facility involves a very methodical approach to
26 ensure that the repository is safe from any unplanned roof or rib falls. From the moment
27 an excavation is mined, and throughout the life of the opening, care is taken to remove or
28 restrain any loose, unsafe pieces of ground. Over time, areas of the roof, ribs, and floor
29 may become unstable. To prevent this from occurring, a very comprehensive ground-
30 control monitoring and support system has been implementedL.

31 There are two major categories for the support systems: rock-bolt and supplementary.
32 The rock-bolt systems are mechanically anchored bolts and. a resin-anchored threaded bar.
33 The supplementary systems include cable with mesh, truss, and the support system for
34 Room 1, Panel 1..35 The fundamentals on which the ground-control program at the WJPP facility are based are
36 as follows:
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1 0 Ground stability is maintained as long as access is possible

2 0 Ground-control maintenance efforts increase with the age of the openings

3 9 Ground-control plans are specific, but flexible

4 * Regular ground-control maintenance is required

5 The approach the DOE has implemented in the ground-control program at the WIPP
6 facility uses experience gained from observation and analysis of salt behavior
7 underground. This experience allows various projections to be made regarding future
8 ground-support requirements.

9 One of the key elements incorporated into this approach is that salt moves, or creeps.
10 Because of its plastic nature, salt tends to flow into an excavated opening. Ground-
I1I support systems cannot resist salt creep, so in order to provide long-term support, the
12 ground-control system must be able to accommodate the continuous creep of salt and
13 restrain broken or fractured rock in the roof.

14 As more information becomes available regarding the long-term behavior of the WIPP
15 underground excavations, the ground-control maintenance plan will be revised
16 accordingly. The long-term plans are, therefore, flexible enough to accommodate
17 changes. The ground-control plan is regularly reviewed and revised as iterative, periodic
18 evaluations are performed.

19 3.7.1.2 Geornechanical Monitoring

20 The geomechanical monitoring program at the WJPP facility is an integral part of the
21 ground-control program. HWMUs, drifts, and geomnechanical test rooms will be
22 monitored to provide confirmation of structural integrity. Geomnechanical data on the
23 performance of the repository shafts and excavated areas are collected as part of the
24 geotechnical field-monitoring program. The results of the geotechnical investigations are
25 reported annually. The report describes monitoring programs and geomnechanical data
26 collected during the previous year.

27 Description of the Geomechanical Monitoring System

28 The Geomechanical Monitoring System (GMS) provides in situ data to support the
29 continuous assessment of the design for the WIPP repository facilities. Specifically, the
30 GMS provides for:

31 * Early detection of conditions that could affect operational safety

32 * Evaluation of disposal room closure that ensures adequate access
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@1 0 Guidance for design modifications and remedial actions

2 0 Data for interpreting the behavior of underground openings, in comparison with
3 established design criteria

4 The instrumentation in Table 3-5 is available for use in support of the geomechanical
5 program.

6 The minimum instrumentation for panels 2 through 8 is one borehole extensometer
7 installed in the roof at the center of each disposal room. The roof extensometers will
8 monitor the dilation of the immediate salt roof beam and possible bed separations along
9 clay seams. Additional instrumentation may be installed as conditions warrant.

10 Remote polling of the geomechanical instrumentation will be performed at least once
11I every month. This frequency may be increased to accom modate any changes that may
12 develop.

13 The results from the remotely read instrumentation will be evaluated after each scheduled
14 polling. Documentation of the results will be provided annually in the Geotechnical
15 Analysis Report..16 Data from remotely read instrumentation are maintained as part of a geotechnical
17 instrumentation system. The instrumentation system provides for data maintenance,
18 retrieval, and presentation. The instrumentation system's cog4,nizant engineer first
19 retrieves the data from the instrumentation system and verifies their accuracy by assuring
20 the measurements were taken in accordance with applicable instructions and that
21 equipment calibration is known. Next, the cognizant engineer reviews the data after each
22 polling to assess the performance of the instrument and of the excavation. Data which
23 look anomalous are detected during this polling and are inves;tigated to determine the
24 cause (instrumentation problem, error in recording changing rock conditions). The data
25 are then processed to calculate various parameters such as the change between successive
26 readings and deformation rates. The results of this assessment are reported to the
27 cognizant ground control engineer and operations personnel. Unexpected deformation
28 rates are investigated by Geotechnical Engineering to determine if remediation is needed.

29 The stability of an open panel excavation is generally determined by the rock deformation
30 rate. The excavation is considered unstable when there is a continuous increase in the
31 deformation rate- that cannot be controlled by the installed Support system. The
32 evaluation of the performance of the excavation is performed by Geotechnical
33 Engineering. These evaluations will assess the effectiveness of the roof support system
34 and estimate the stand-up time of the excavation. If the trend is toward adverse (unstable)
35 conditions, then the results of these assessments are reported to the Operations Manager@ 36 to determine if it is necessary to terminate waste disposal act:.vities in the open panel.
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.1 System Experience

2 Much experience in the use of geomechanical instrumentation was gained as the result of
3 performance monitoring of panel 1, which began at the time of completion of the panel
4 excavation in 1988. The monitoring system installed at that time involved simple
5 measurements and observations (e.g., vertical and horizontzd convergence rates, and
6 visual inspections). Minimal maintenance of instrumentation is required, and the
7 instrumentation is easily replaced if it malfunctions. Condidions throughout panel 1 are
8 well known. The monitoring program continues to provide data to compare the
9 performance of panel I with that established elsewhere in the repository. Panel 1

10 performance is characterized by the following:

I11 0 The development o~f bed separations and lateral shifts at the interfaces of the salt and
12 the clays underlying the anhydrites a and b

13 0 Room closures. A closure due only to the roof movemnent will be separated from the
14 total closure

15 0 The behavior of the pillars

16 9 Fracture development in the roof and floor

.17 0 Distribution of load on the support system

18 Roof conditions are assessed from observation boreholes and extensometer
19 measurements. Measurements of room closure, rock displacements, and observations of
20 fracture development in the immediate roof beam are made and used to evaluate the
21 performance of a panel. A description of the panel 1 monitoring program was presented
22 to the members of the Geotechnical Experts Panel who conc irred that it was adequate to
23 determine deterioration within the rooms and that it could provide early warning of
24 deteriorating conditions.

25 The assessment and evaluation of the condition of WIPP excavations is an interactive,
26 continuous process using the data from the monitoring programs. Criteria for corrective
27 action are continually reevaluated and reassessed based on total performance to date.
28 Actions taken are based on these analyses and planned utilization of the excavation.
29 Because WL[PP excavations are in a natural geologic medium, there is inherent variability
30 from point to point. The principle adopted is to anticipate pcotential ground control
31 requirements and implement them in a timely manner, rather than to wait until a need
32 arises.

33 3.7.2 Engineered Barriers

.34 Engineered barriers can be divided into two categories; those that enhance operational
35 performance, and those that enhance long-term performance. A key component to both
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1 operational barriers and long-term barrier is the development and subsequent healing of a
2 DRZ around excavations in salt.

3 3.7.2.1 Disturbed Rock Zone

4 A key to understanding the discussions about both the operational and long-term sealing
5 systems is a knowledge of the DRZ and its implications for the sealing of a drift or shaft.
6 A DRZ exists around the mine openings where the Salado properties have been altered
7 from the undisturbed values. This DRZ generally forms within the first few meters of the
8 excavation. Within the DRZ, intrinsic permeability and porosity are increased due to
9 excavation-related stress redistribution. Within the DRZ, the dilation, drying, and

10 dissolution of dissolved gas that occurs naturally in Salado brines cause varying degrees
I1I of brine flow. Increased permeability, decreased pore-fluid pressure, and partially
12 saturated conditions within the DRZ all enhance potential gas flow pathways between the
13 waste disposal rooms and brittle nearby interbed units, which may become locally
14 fractured by being part of the DRZ and may, therefore, become locally more permeable
15 than the surrounding salt. The DRZ is expected to undergo time-dependent changes in
16 properties, with disturbed halite eventually healing to a final state equivalent to
17 undisturbed halite.

18 The DRZ has been characterized by three approaches: visual observation, geophysical
19 methods, and in situ hydrologic testing. Visual observations in boreholes and
20 underground excavations indicate that fractures are common in the host rock surrounding
21 the underground WIPP facility. Fracturing occurs at many scales. Geophysical studies
22 have used seismic refraction, seismic tomography, surface wave analysis, electromagnetic
23 methods, and direct current (DC) methods (Bomns 1989). In conjunction with the in situ
24 hydrologic tests, these studies define a DRZ extending to a depth of 3-16 ft (1-5 m)
25 throughout the underground facility. The DC and electromagnetic methods indicate that
26 fracture saturation and fracture density vary laterally along the excavations. These in situ
27 studies also demonstrate that mnicrofracturing and desaturation of the pore space have
28 occurred within the DRZ. The dilation that results from the microfracturing in the DRZ
29 is one component of the observed closure. The processes involved in the development of
30 the DRZ are complex, although basically related to stress relief and rapid strain rates.
31 The redistribution of stress around the excavation, along with the development of the
32 DRZ, drives coupled processes, such as changes in permeability and porosity in response
33 to fracture growth. In fact, input for a conceptual model of the repository zone requires
34 the quantitative distributions for the porosity, permeability, and initial saturation of the
35 DRZ. These parameters are discussed in Chapter 8.

36 In summary, the fundamental understanding of the creep process, along with a capable
37 predictive technology, is well developed. This predictive technology is important,
38 because continuum creep ultimately determines the time required for closure of the rooms
39 and the eventual encapsulation of the waste, besides causing recompaction.
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@1 3.7.2.2 Operational Period Panel Closure Systems

2 Post-closure migration of hazardous waste or hazardous waste constituents to
3 groundwater, surface waters, or the atmosphere, above levels that will harm human health
4 or the environment, will. not occur due to facility engineering and the geological isolation
5 of the unit. The engineering aspects of closure are centered on the use of panel closures
6 for each of the disposal panels in the repository and final facility seals placed in the shafts
7 (see Section 3.7.2.3). The design of the panel closure systemi is based on the criteria that
8 the closure system for closed panels will prevent migration cif hazardous waste
9 constituents in concentrations above health-based levels (1-ILs) 5.0 ft (1.5 mn) above the

10 surface elevation during the 35-year operational and facility closure period and will
I1I withstand any flammable gas deflagration that may occur pri or to final facility closure.
12 The DOE developed a flexible design that allows components to be added or deleted to
13 accommodate the conditions and waste characteristics encountered at the time of panel
14 closure.

15 Following completion of waste emplacement in each underground Hazardous Waste
16 Management Unit (HWMU) ventilation will be terminated in the full panel, and disposal-
17 side ventilation will be established in the next panel to be used. The panel containing the
18 waste will then be closed. A panel closure system will be emiplaced in the panel access
19 drifts, in accordance with the design in the WIPP facility Clocsure Plan in the RCRA@20 Permit Application (see Appendix CLP). The panel closure system is designed to meet
21 the following requirements established by the DOE for the design:

22 1 . the panel closure system shall limit the migration of VOCs to the compliance point,
23 so that compliance is achieved by at least one order of mnagnitude

24 2. the panel closure system shall consider potential flow cf VOCs through the
25 disturbed rock zone (DRZ) in addition to flow through closure components

26 3. the panel closure sy stem shall perform its intended functions under loads generated
27 by creep closure of the tunnels

28 4. the panel closure sy stem shall perform its intended function under the conditions of
29 a postulated methane explosion

30 5. the nominal operational life of the closure system is '35 years

31 6. the panel closure s'ystem for each individual panel shall not require routine
32 maintenance during its operational life

33 7. the panel closure sy stem shall address the most severe ground conditions expected.34 in the waste disposal area
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1 8. the design class of the panel closure system shall be Illb (meaning that it will be
2 built to generally accepted national design and construction standards)

3 9. the design and construction shall follow conventional mining practices

4 10. structural analysis shall use data acquired from the WIPP repository

5 11. materials shall be compatible with their emplacement environment and function

6 12. treatment of surfaces in the closure areas shall be considered in the design

7 13. thermal cracking of concrete shall be addressed

8 14. during construction, a quality assurance/quality control (QAIQC) program shall be
9 established to verify material properties and construction practices

10 15. construction of the panel closure system shall consider shaft and underground
I1I access and services for materials handling

12 The performance standard for air emissions from the WIPP facility is established in
13 Chapter 5. Releases must be below these limits for the facility to remain in compliance
14. with no-migration standards. The following panel closure design has been shown,
15 through analysis, to meet these standards, if emplaced in accordance with the
16 specifications in Attachment 11 of Appendix CLP.

17 The panel closure system calls for a composite panel barrier system consisting of a rigid
18 concrete plug with or without removal of the DRZ, and either an explosion-isolation wall
19 or a construction-isolation wall. The design basis for this closure is such that the
20 migration of hazardous waste constituents from closed panels during the operational and
21 closure period would result in concentrations well below health-based standards. The
22 design basis used as a source term the average concentrations of VOCs from CH-TRU
23 waste containers as measured in headspace gases through January 1995. The VOCs are
24 assumed to have been released by diffusion through the container vents and are assumed
25 to be in equilibrium with the air in the panel. Emissions from the closed panel occur at a
26 rate determined by gas generation within the waste and creep closure of the panel. The
27 derivation of the emission rate is discussed in Chapter 5. Due to the relatively small
28 amount of RH-TRU waste (approximately 5 percent of the total waste volume), VOC
29 emissions from RH-TRU waste are not assumed to contribute significantly to total VOC
30 emissions. Analysis in Chapter 5 shows that emissions meet the no-migration standard.

31 Figures 3-11 and 3-12 show a diagram of the panel closure design and installation
32 envelopes. Attachment 11 of Appendix CLP provides the detailed design and the design
33 analysis for the panel closure system. The panel closure design allows components to be
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Figure 3-11. Design of a Panel Closure System
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.1 added or removed, or their shapes adjusted, depending on the particular ground
2 conditions at the time of installation. For example, in Figure 3-11, Option A represents
3 the likely closure of panels less than 20 years old at the time of final facility closure and
4 whose entries are sufficiently intact that DRZ removal is niot needed. Option B represents
5 the preferred option for panels that will be closed for more t1-.an 20 years prior to final
6 facility closure and whose entries are reasonably intact at time of closure. Option C may
7 be desirable for panels whose entries require DRZ removal and whose closure precedes
8 final facility closure by less than 20 years. Finally, Option 1) may be appropriate for
9 panels whose entries require significant removal of the DRZ and whose closure will

10 precede final facility closure by more than 20 years.

11 The 20-year limit in the design selection process is based on conservative analytical
12 results that indicate methane, being generated by waste degradation at the rate of 0. 1 mole
13 per drum per year (see Attachment I I of Appendix CLP), will not reach flammable
14 concentrations for at least 20 years. As part of the decision making process on design
15 selection, an investigation of the DRZ would precede the selection of the concrete
16 component and the specification of the amount of excavation needed. These
17 investigations could be done using geophysical methods (such as ground-penetrating
18 radar) or drillholes. Drillholes can be investigated using video cameras or "scratchers."

19 Design Options A through D will function adequately as panel closures given the current.20 state of knowledge about gas generation, the DRZ, the expected characteristics of the
21 waste, and the inability of monitoring techniques to accurately detect extremely small
22 concentrations of VOCs. However, if sufficient information is collected that allows the
23 DOE to make less conservative assumptions regarding these items, Options A through D
24 may provide significantly more protection than is actually needed. Consequently, the
25 DOE has retained as a design concept Option E, which is simply the explosion wall
26 portion of Options B and D. Option E represents a significantly simpler panel closure
27 system that the DOE would use if:

28 0 Work performed for the DOE indicates that gas generation rates under humid
29 condititions may in some cases be close to zero (see Appendix PAR, PAR-5 8).

30 0 Average headspace concentrations are less than the averages used in the calculations.
31 As new wastes are generated, the use of organic solvents is expected to be drastically
32 reduced. Some compounds, such as carbon tetrachloride, have already been banned
33 from use at some generator sites

34 3.7.2.3 Shaft Seal Sy-stez

35 The shaft seal system performance plays an important role in meeting regulatory
36 hazardous constituents release requirements. The shaft seal s;ystem is designed to limit.37 the release of gas and brine, and any other materials they might transport, from the
38 repository. Although all engineering materials have uncertainties in properties, a
39 combination of available, low-permeability materials provides an effective shaft seal
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I system. Components in this design include long colum ns of clay, densely compacted salt,'
2 and asphalt plus a salt-saturated concrete monolith, concrete plugs, and concrete-asphalt
3 waterstops. Additional components were added to this shaft seal system to reduce system
4 uncertainties and provide additional assurance of compliance. Different materials
5 perform identical functions within the design, thereby adding confidence in system
6 performance. In choosing materials, emphasis is given to the permeability characteristics
7 and mechanical properties of shaft seal system materials. In addition, the system
8 materials are also chemically and physically compatible with the host rock formations,
9 thus further enhancing confidence in long-term performance.

10 Concrete, clay, and asphalt are common structural materials used extensively in
I1I hydrologic applications. Results from a series of multiyear, in situ, small-scale seal
12 performance tests show that bentonite and concrete seals maintain very low
13 permeabilities and show no evidence of deterioration in the WIPP environment. A large-
14 scale field demonstration established that crushed salt can be successfully compacted.
15 Laboratory tests show that compacted salt will consolidate through creep closure of the
16 shaft from the initial compacted condition to a dense salt mass with nearly the same
17 permeability as in situ salt.

18 The shaft seal system uses a variety of common materials that have very low permeability
19 and demonstrated construction process technologies. For the long-term seal that resists
20 both gas and brine flow, more than 500 ft (152 mn) of compacted crushed salt is used in
21 series with more than 400 ft (122 m) of clay barriers. The design retards gas flow in the
22 short-term using a combination of a rigid concrete barrier, enhanced by concrete/asphalt
23 waterstops, and a compacted clay barrier approximately 100 ft (31 m) high. Short-term
24 brine flow down the shaft is limited by a clay barrier within the overlying formation and
25 by a combination of more than 500 ft (152 m) of asphalt, clay, and concrete barriers
26 within the Salado Formation. The complete system covers the entire length of the shaft
27 with the upper 500 ft (160 m) consisting of compacted earthen fill. Dense, compacted
28 seal components and rigid concrete components are particularly effective in rapidly
29 enhancing healing of the DRZ in the Salado. See Appendix 12 in Appendix CLP for more
30 information on shaft sealing systems.

31 Properly designed seals and plugs are used to limit migration of potentially contaminated
32 liquid and gasses in the WIPP shafts and boreholes. Plugging an opening in the
33 underground WIPP repository, whether a borehole or shaft, requires satisfactory
34 mitigation of three potential leak paths:

35 0 the opening itself
36 0 the interface between the seal material and the host rock, and
37 0 the disturbed rock zone (DRZ) surrounding the opening
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@I Plugging and sealing activities use common engineering mnaterials that possess low
2 permeability, sound mechanical properties, and durability.

3 The shaft seal system limits transport of any fluid either Up or down the shaft opening,
4 the interface with the host rock, or the DRZ surrounding the opening. The entire shaft seal
5 system is described in this section, including the configuration of materials, material
6 specifications, construction methods, rock mechanics analyses, and fluid flow
7 evaluations. Satisfactory shaft seal system performance is provided by the elements that
8 comprise the complete seal design. These elements and thie complete design package
9 (hereafter referred to as the Final Design Report) will be provided to the EPA in October

10 1996.

11 The shaft seal system design package thoroughly explores function and performance of
12 the WIPP shaft seal system and provides well documented a;surance that such a shaft seal
13 system could be constructed using available materials and methods. Sections of the Final
14 Design Report provide hydrologic and structural calculations, material specifications and
15 properties, construction methods, and engineering drawings. Documentation of material
16 properties and their satisfactory application in the site-specif ic environment for periods in
17 excess of regulatory requirements assure that the WIPP shah~ seal system will meet
18 performance expectations.

@ 20 The purpose of the shaft seal system is to limit fluid flow wihhin four existing shafts after
21 the WIPP is decommissioned. Such a seal system would not be implemented for several
22 decades, but to establish performance requirements now that can be achieved at that time,
23 a shaft seal system possessing excellent durability, performance, and constructability,
24 using existing technology, has been designed. The design approach specifies various
25 common materials, which are configured in a manner that results in redundancy. It is
26 recognized that the use of future developments may change the design described here, and
27 that this design is not the only possible combination of materials and construction
28 strategies that would adequately limit fluid flow within the sh-.afts.

29 Site Setting

30 The geologic setting and groundwater hydrology in the pro~ximity of the WIPP site are
31 presented in Sections 2.1 and 2.2 of this petition, which are concerned with Site
32 Characterization. Discussions in these sections establish low brine flow quantities and
33 low hydrologic gradients, both very positive features with regard to sealing shafts or
34 boreholes. Specific discussion of the relationship of the hydrologic setting and shaft seal
35 elements is also provided in Appendix CLP. As noted in Section 2.2, one of DOE's site
36 selection criteria is a favorable geologic setting which mriniizes fluid flow as a transport
37 mechanism. Although these positive hydrologic attributes are documented, the shaft seal
38 design further mitigates potential fluid transport.

@39 Rock mechanics aspects are important consideration in term,; of system performance.
40 Rock properties, in turn, affect hydrologic response of the shaft seal system. The
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1 stratigraphic section contains lithologies which exhibit brittle and ductile behavior and
2 the potential of the host rock to fracture, flow, and heal are consideredn in the seal system
3 evaluation. Rock mechanics analyses address stability of seal components, influence of
4 seal components on hydrological properties of surrounding rock, and construction.
5 Analysis methods include finite element modeling and analytical techniques.
6
7 The hydrologic setting modeled in fluid flow analyses of the seal design is described in
8 Chapter 2.0. For the purposes of the hydrologic sealing evaluation the lithologies have
9 been divided into the Rustler (and overlying strata) and the Salado. The primary design

10 concern is fluid transport phenomena of seal materials within Salado lithologies.

I1I Design Guidance

12 Design guidance for the shaft'seal system addresses the need for the WIPP to comply with
13 system requirements and to follow accepted engineering practices using demonstrated
14 technology. Shaft seal design guidance is summarized as follows:

15 0 limit hazardous constituents reaching regulatory boundaries
16 0 restrict groundwater flow through the sealing system
17 0 use sound engineering materials possessing good long-term stability
18 0 protect against structural failure of system components
19 0 minimize subsidence and prevent accidental entry, and
20 0 use available construction methods and materials

21 Details of the design respond to these qualitative design guidelines and present an
22 implementation approach. The shaft seal system design was completed under a QA
23 program that include review by independent, qualified experts. Reviewers examined the
24 complete design, including conceptual, mathematical, and numerical models and
25 computer codes. The design reduces uncertainty associated with any particular element by
26 using multiple sealing system components and by components constructed from different
27 materials.

28 Design Description

29 A brief description of the shaft seal system is given in this section. A much larger and
30 detailed compilation of design drawings for each shaft seal system is provided in the
31 Final Design Report. A schematic of the shaft seal system as configured for the AIS is
32 shown in Figure 3-13. Slight differences in seal element geometry occur within the four
33 shafts owing to different shaft diameters or slight stratigraphic variations.

34 The shaft sealing system comprises 13 elements that completely fill the shaft with
35 engineered materials possessing high density and low permeability. Salado components

June 14, 1996 3-66 DOE/CAO-96-21 60



Final No-Migration Variance Petition

Sealing System Components
0.

56'(15 m) Na- aeU is1. CompactEid earthen fill

2. Concrete oIug

Dewey Lake
Redbeds 3. CompactEd earthen fill

Rustler4. Rustler ccmpacted clay column
Formation

840'(255m) -_______5. ConcretepMug

6. Asphalt column

7. Upper corcrete component

O ~ .. 8. Upper Salado compacted clay column

____9. Middle Doncrete component

Salado
Formation

10. Compactad salt column

11. Lower co-)crete component

___12. Lower Salade compacted clay column

2,150' (655 m) 13. Shaft stailion monolith

This Illustration for Information Puroe Onl._=01y The four 3hafts vary slightly becaulse of the diameters

NMVP-6342-1 85-0

0 Figure 3-13. Schematic of the Air Intake Shaft Sealing System

DOEICA0-96-2 160 3-67 June 14. 1996



Final No-Migration Variance Petition

THIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 3-68 DOE/CAO-96-21 60



Final No-Migration Variance Petition

@I provide the primary regulatory barrier by limiting fluid transport along the shaft during
2 the 10,000-year regulatory period. Components within the Rustler limit commingling
3 between brine-bearing members, as required in state regulations. Components overlying
4 the Rustler fill the shaft with common material of high density, consistent with good
5 engineering practice. A. brief description of the seal elements is given below.
6 Requirements related to shaft preparation prior to emplacement of shaft seal system
7 components will be detailed in the Final Design Report.

8 Shaft Station Monolith. At the bottom of each shaft, a salt-saturated concrete monolith
9 is placed to fill the shaft station excavation. All concrete is placed using a slick line from

10 the surface. The salt-saturated concrete is called Salado M~ass Concrete (SMC) because it
I1I has been tailored to match site conditions. The SHS and the waste handling shaft have
12 sumps which will also be filled with SMC as part of the mortolith. Geometries of the
13 monolith for the four shafts vary slightly because of the differing diameters and shaft
14 station configurations.

15 Compacted Clay Columns. A commercial, well-sealing grade, sodium bentonite clay, is
16 used for components 12 and 8 in the Salado and Component 4 in the Rustler.
17 Construction specifications for these three components call for placement of compressed
18 blocks to achieve design requirements. These compacted clay columns effectively limit@ 19 brine movement from the time they are placed and provide an effective barrier to fluid
20 migration throughout the 10,000-year regulatory period and thereafter. Lengths vary for
21 each shaft based on individual shaft stratigraphy. The lower Salado compacted clay
22 column ranges from 93 to 107 ft (28 to 33 in), the upper Salado compacted clay column
23 ranges from 335 to 345 ft (102 to 105 in), and the Rustler compacted clay column ranges
24 from 234 to 235 ft (71.3 to 71.6 m) in the four shafts. Locations of the Salado compacted
25 clay columns were selected to limit brine and gas migration into the compacted salt
26 colurm. The lower Salado compacted clay column stiffness is sufficient to promote early
27 healing of fractures in the surrounding rock salt, thus removing the DRZ as a potential
28 pathway for gases or brines.
29
30 The Rustler compacted clay column (Component #4) limits groundwater communication
31 between the Magenta and Culebra. The Culebra accounts for most of the Rustler
32 groundwater flow. Regionally, the Magenta has measurable fl1ow, although it has no flow
33 of significance in the vicinity of the WIPP site. Members above the Magenta (the
34 Forty-niner), between the Magenta and Culebra (the Tamarisk), and below the Culebra
35 (the unnamed lower member) are aquitards in the vicinity of the WIPP shafts. Existing
36 shaft lining is removed from the water-bearing zones (Magenta and Culebra Members)
37 for a distance of 10 ft (3 m) into each of the aquitards to allow the clay to contact the
38 native rock and thus seal the shaft wall interface at these locations.

39 Concrete-Asphalt Waterstop Components. The upper (# ), middle (#9), and lower@40 (#11) concrete components in the Salado are composed of three elements: an upper
41 concrete plug, a central asphalt waterstop, and a lower concri-te plug. These concrete
42 components provide independent shaft cross section and DRZ seals that limit fluid
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1 transport from above or below. Concrete fills irregularities in the shaft wall, while use of
2 the SMC assures good bonding with salt. Salt creep against the rigid concrete
3 components establishes a compressive stress state and promotes early healing of the DRZ
4 surrounding the concrete plugs. The asphalt "waterstop" intersects the shaft cross section
5 and the DRZ. Like the shaft station monolith, SMC is placed using a slick line while
6 asphalt is placed using a heated slick line.

7 Concrete components 7, 9, and 11 have an overall design length of 50 ft (15 in). The
8 concrete plugs on either side of the asphalt are identical. They fill the shaft cross section
9 and have a design length of 23 ft (7 in). The plugs are -keyed into the shaft wall. An

10 asphalt waterstop is located between concrete plugs. In all cases, a kerf extending one
11 shaft radius beyond the shaft wall is cut in the surrounding salt. The kerf is 1 ft (0.3 mn)
12 thick at its tip and 2 ft (0.6 mn) thick at the shaft wall. The kerf, which cuts through the
13 existing shaft DRZ, results in the formation of a "new" DRZ along its perimeter, but at
14 these depths within the Salado, the "new" DRZ will heal shortly after construction, and
15 thereafter the waterstop will provide a low permeability barrier to brine or gas migration.
16
17 Compacted Salt Column. Each shaft seal includes a length of compacted salt
18 (Component #10) that varies from 559 to 563 ft (170 to 172 mn) in the four shafts. Each
19 compacted salt column is constructed of crushed Salado salt with about 1.5 wt percent
20 water added during construction. Demonstrations have shown that WIPP salt can be
21 dynamically compacted to a density equivalent to approximately 90 percent of the
22 average density of intact Salado salt. The remaining void space is removed through
23 consolidation caused by creep closure. The location of the compacted salt column near
24 the bottom of the shaft assures the fastest achievable consolidation of the compacted salt
25 column after repository closure. Salt creep increases rapidly with depth; therefore, at any
26 given time, creep closure of the shaft is greatest at depth. The compacted salt column
27 offers limited resistance to brine migration immediately after placement, but becomes less
28 permeable as density increases. Analyses indicate that the salt column becomes an
29 effective long-term barrier in less than 100 years.

30 Asphalt Column. An asphalt-aggregate mixture is specified for the asphalt column
31 (Component #6), which bridges the Rustler/Salado contact. Length of the asphalt column
32 ranges from 138 to 143 ft (42 mn to 44 mn) in the four shafts. The asphalt column is located
33 above the upper concrete component (#7) and extends approximately 16 ft (5 mn) above
34 the Rustler/Salado interface. Existing shaft linings and keys are removed from 20 ft (6 mn)
35 above the top of the asphalt column to just below the lowest chemical seal ring. The
36 asphalt column provides an essentially impermeable seal for the shaft cross section and
37 along the shaft wall interface.

38 Concrete Plugs. A 20-ft (6-in) long concrete plug (Component #5) is located just above
39 the asphalt column. The concrete plug, constructed of SMC, is placed directly on top of
40 the asphalt column and keyed into the surrounding rock. The plug permnits work to begin
41 on the overlying clay column before the asphalt has completely cooled and allows the
42 option of constructing the overlying clay column using dynamnic compaction, although the
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@ 1 present design calls for construction using compr essed clay blocks. Another concrete
2 plug is (Component #2) located near the surface, extending 4.0 ft (12 m) downward from
3 the top of the Dewey Lake. It is placed inside the existing shaft lining.
4
5 The shaft liner will be removed as necessary. In all lining removal areas, the shaft is
6 grouted before removal of the shaft lining to assure structural stability of the shaft wall.
7 The grout curtain begins, 10 ft (3 m) above the lining removal areas and extends 10 ft (3
8 m) below the lining removal areas. Grouting is used to stabilize the shaft walls and thus
9 provide safer working conditions; it is not considered a flow barrier within the sealing

10 system.

11 Earthen Fill. Approximately 500 ft (160 m) of the upper shaft is filled with compacted
12 earthen fill. These components (#3 and #1) use locally available fill. Component #3 is
13 dynamically compacted (the same method used to construct the salt column) to a density
14 at least equal to the surrounding materials. The length of this column varies from 447 to
15 486 ft (136 m to 148 m) in the four shafts. The uppermost earthen fill, Component #1,
16 extends from the shaft collar through surface deposits downward to the top of the Dewey
17 Lake Redbeds. Fill near the surface is compacted with a sheepsfoot roller or vibratory
18 plate compactor. The length of this column varies from 40 to 92 ft (12 m to 28 m) in the
19 four shafts.
20.21 Materials

22 The shafts will be entirely filled with dense materials possessing low permeability and/or
23 other desirable attributes. Seal materials include concrete, clay, asphalt, and compacted
24 salt. Other materials include cementitious grout and earthen fill. Concrete, clay, and
25 asphalt are common construction materials, used extensively in hydrologic applications.
26 Concrete is the most common structural material proposed for the WIPP shaft seal
27 system, and its use and specification have a long history. Clay, used extensively in the
28 seal system column, is often specified as a construction material and bentonitic clay is
29 often specified as a low permeability liner for hazardous waste sites. Asphalt is a widely
30 used paving and waterproofing material. It has been used as a seal filler between the
31 concrete liner and the surrounding rock. Compaction and nataral reconsolidation of
32 crushed salt are uniquely applied as a seal material here. Cementitious grout and earthen
33 fill complete the list of materials for which specifications are provided in the Final Design
34 Report. Each material is described in the report in a format that includes:

35 0 Functions
36 * Material characteristics
37 0 Construction
38 a Performance requirements
39 0 Verification methods.40 a References
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1 Calculations are used, in part, to assess the ability of the seal system to limit migration of
2 hazardous and radioactive waste constituents to the accessible environment. Both natural
3 and engineered barriers combine to form the shaft seal system. The shaft seal system
4 contains functional redundancy and uses different materials to reduce uncertainty in
5 performance. All materials used in the shaft seal system are expected to maintain their
6 engineering integrity for very long periods, although for design purposes, credit is taken
7 for longevity only of those materials with strong scientific justification. Material
8 specifications are used to develop input parameters for calculations. Input to calculations
9 and treatment of shaft seal elements within the models are summarized in Chapter 8.0 of

10 this petition.
I1I1
12 Structural Analysis

13 The shaft seal system has been extensively evaluated with regard to structural issues.
14 Mechanical, thermal, physical, and hydrological features of the system are included in a
15 broad suite of structural calculations. Conventional structural mechanics applications
16 would normally calculate the loads on system elements and compare the loads to failure
17 criteria. Several such conventional calculations have been performed and show the seal
18 elements to exist in a favorable, compressive stress state which is low in comparison to
19 the strength of the seal materials. Thermal analyses have been performed to examine the
20 effects of concrete heat of hydration and heat transfer for asphalt elements. Physical
21 coupling between damaged rock (DRZ) and fluid flow and between the density and
22 permeability of the consolidating salt column is evaluated within the scope of structural
23 calculations. Creation of a fracture zone around the shaft, its increased transmissivity
24 relative to unfractured rock, and its healing characteristics are analyzed. Similarly,
25 time-dependent density and permeability are calculated for the reconsolidating salt
26 column. The Final Design Report includes details of these structural analyses.
27
28 Structural calculations conducted as part of the design study generally address one or
29 more of the following concerns: (1) stability of the component, (2) influences of the
30 component on hydrological properties of the seal and surrounding rock, or (3)
31 construction methods. Stability calculations address:

32 0 Potential for thermal cracking of concrete seals
33 0 Structural stability of seal components under loads resulting from creep of
34 surrounding salt, other seal components through gravity or clay swelling, dynamic
35 compaction, and potential repository-generated gas pressures
36 0 Shaft-closure induced consolidation of compacted salt seals
37 * Impact of pore pressures on consolidation of compacted-salt seals

38 Structural calculations used to define input conditions to the hydrological calculations
39 include:
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*s 1 0 Spatial extent of the DRZ within the Salado surrounding the shafts as a function of
2 depth, time, and seal material moduli
3 * Fracturing and DRZ development within Salado interbedts
4 * Compacted salt fractional density as a function of depth and time

5 Construction analyses examine:

6 * Emplacement and structural performance of asphalt waterstops
7 0 Potential benefits of backfilling shaft stations

8 Finite-element modeling is the primary numerical modeling technique and the well
9 documented finite-eleme.nt computer programs, SPECTRONI-32 and SPECTROM-41,

10 are used in structural and thermal modeling, respectively. A -ommercial computer
11 program, SALTSUBSID, is used for subsidence modeling.
12

13 Structural calculations use models for all shaft features, including representation of the
14 host rock and its damaged zone, as well as the seal materials themselves. Thermal and
-15 deformational properties of Salado salt represent argillaceous salt governed by the
16 Multimechanism Deformation Coupled Fracture (MDCF) model. This model is an
17 extension of the Munson-Dawson creep model, which is incorporated into the
18 SPECTROM codes. Engineering properties of the seal materials are well understood. In

* 19 general, these materials have outstanding performance in the favorable compressive stress
20 state anticipated in the shafts. Therefore, discussion here emphasizes rock mechanics
21 features of the seal system that pertain to the hydrologic performance, namely: treatment
22 of the DRZ and the permneability/density relationship of the consolidating compacted salt
23 column.

24 DRZ Behavior. The development and subsequent healing of a DRZ in the rock mass
25 surrounding the WIPP shafts are significant concerns in the seal design. It is well known
26 that an initial DRZ develops in the rock adjacent to the shaft immediately after
27 excavation. Moreover, the DRZ within the Salado continues to develop because of salt
28 creep. Within the formations above the Salado, the DRZ is assumed to be time-invariant,
29 since the behavior of the rock masses encountered there is pre-dominantly elastic. The
30 temporal and spatial extent of the DRZ along the entire shaft length is addressed in the
31 final seal system.

32 Laboratory and field measurements show that a DRZ has an enhanced permeability. The
33 body of evidence strongly suggests that induced fracturing in salt is reversible and healed
34 when the deviatoric stress states created by the opening are reduced. Rigid seal
35 components (e.g., SMC) in the shaft provide a restraint to salt creep closure, thereby
36 inducing healing stress states in the salt. Two different models are used to evaluate the
37 development and extent of the salt DRZ. The first approach used ratios of time-dependent

* 38 stress invariants to quantify the potential for damage or healing to occur. The second
39 approach uses a damage stress criterion according to the MDCF model for WIPP salt.
40
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I Three analyses are performed to determine the behavior of the DRZ in the rock mass 4
2 surrounding the shaft. The first analysis considers time-dependent DRZ development and
3 subsequent healing in the Salado salt surrounding each of the four seal materials. All seal
4 materials below a depth of about 984 ft (300 mn) provide sufficient rigidity to heal the
5 DRZ, a phenomenon that occurs quickly around rigid components near the shaft bottom.
6 Asphalt does not create a stress state capable of healing the DRZ because it is located
7 high in the Salado. The second analysis considers time-dependent development of the
8 DRZ within anhydrite and polyhialite interbeds within the Salado. These results indicate
9 that, with the exception of Marker Bed 117, no DRZ develops. For Marker Bed 117, the

10 potential for fracturing is localized within 3.3 ft (1 mn) of the shaft wall. The third analysis
11 considers time-independent DRZ development within near-surface and Rustler, which
12 include anhydrite, dolomite, and mudstone. Results indicate that no DRZ develops in
13 anhydrite and dolomites for depths between 541 and 699 ft (165 and 213 in). For
14 mudstone layers, the radial extent of the DRZ increases with depth, reaching a maximum
15 of 2.6 shaft radii at a depth of 732 ft (223 in). These results are used as input conditions
16 for the fluid-flow analyses.
17
18 Initially, the DRZ is a major flow path regardless of the material placed within the shaft.
19 Therefore, to increase confidence in the overall shaft seal, low permeability layers
20 (termed "waterstops") are included in the design to intersect the DRZ surrounding the
21 shaft. These waterstops are placed to alter the flow direction either inward toward the
22 shaft seal or outward toward intact salt. Structural calculations evaluate performance of
23 the waterstops in terms of (1) intersecting the DRZ around the shaft, (2) inducing a new
24 DRZ because of further excavation, and (3) promoting healing of the DRZ.
25
26 Calculational results indicate that the DRZ from the shaft can extend a radial distance as
27 such as one shaft radius 9.8 ft (3.0 in). However, field measurements show that the
28 enhanced permeability occurs in the first meter. Waterstop excavation extends the DRZ
29 radially to about 1.4 shaft radii 14 ft (4.3 in). However, this extension is localized within
30 the span of the concrete component and extends minimally past the waterstop tip. The
31 DRZ extent reduces rapidly as the concrete and asphalt restrain creep of the surrounding
32 salt. After 20 years, the spatial extent of the DRZ is localized near the asphalt/concrete
33 interface, extending spatially into the salt a distance of less than 6.6 ft (2 in). Based on
34 these results, construction of waterstops is possible without substantially increasing the
35 DRZ. Furthermore, the waterstop extends well beyond the maximum extent of the DRZ
36 surrounding the shaft and effectively (within two years of placement) intersects this flow
37 path.
38
39 Compacted Salt Behavior. The deformational model for consolidating salt includes a
40 nonlinear elastic component and a creep consolidation component. The nonlinear elastic
41 modulus is density-dependent, based on laboratory test data performed on WIPP crushed
42 salt. Creep consolidation behavior of crushed salt is based on three candidate models
43 whose parameters are obtained from model fitting to hydrostatic and shear consolidation
44 test data performed on WIPP crushed salt. Creep consolidation models include functional
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@ 1 dependencies on density, mean stress, stress difference, temperature, grain size, and
2 moisture content.
3
4 A structural analysis and an analysis to determine effects of pore pressure on
5 consolidation of compacted salt columns were used to evaluate the salt component of the
6 shaft seal system. The structural calculation determines fractional density of the
7 compacted salt column as a function of time and depth and uses the results to determine
8 permeability. Results indicate that compacted salt column will increase from its initial
9 fractional density of 90 percent to 96 percent within 40, 80, and 120 years after placement

10 at the bottom, middle, and top of the compacted salt column, respectively. At a fractional
11 density of 96 percent, the permeability of reconsolidating salt is of the order of 1 x 10-18

12 in2 . Based on these results, a desirable fractional density (hence, permeability) is
13 achieved over a substantial length of the compacted salt column within 100 years of
14 placement.

15 Fractional densities of the compacted salt column are calculated for arbitrary pore
16 pressures of 0, 2, and 4 MWa. Results indicate that times required to consolidate the
17 compacted salt column increase as the pore pressure increases, as expected. For example,
18 for a pore pressure of 2 MPa, times required to achieve a fractional density of 96 percent
19 are 92 years, 205 years, and 560 years at the bottom, middle, and top of the compacted
20 salt column, respectively. A pore pressure of 4 MPa effectively prevents reconsolidation@21 of the compacted salt column within 1,000 years. Fluid flow calculations show that only
22 minimal transport of fluids to the compacted salt column wiLi occur, so pore pressure
23 equilibrium in the consolidating salt does not occur until desirable permeabilities are
24 achieved.

25 Hydrologic Evaluations

26 The ability of the shaft seal system to satisfy design guidance is determined by the
27 performance of the actual seal components within the physical setting in which they are
28 constructed. The important elements of the physical setting wne hydraulic gradients of the
29 region, properties of the lithologic units surrounding a given seal component, and
30 potential gas generation within the repository. Hydrologic evaluation focuses on
31 processes that could result in fluid flow through the shaft sea. system and the ability of
32 the seal system to limit any such flow. If the carrier fluids are similarly limited, transport
33 of radiological or hazardous constituents will be similarly ]limited.
34
35 The physical processes that could impact seal system performance are presented in detail
36 in the Final Design Report. These process have been incoijo rated into four models,
37 which are used to evaluate the design. Briefly, these models evaluate: (1) downward
38 migration of groundwater from the Rustler; (2) gas migration and reconsolidation of the
39 compacted salt column component; (3) upward migration of brines from the repository;.40 and (4) flow between waiter-bearing zones in the Rustler. The first three are analyzed
41 using numerical models of the AIS seal system and the finite-difference codes SWIFT II
42 and TOUGH2. The fourth process is analyzed using an exact solution for fluid flow.
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1 Results from the analyses are summarized in the following paragraphs and evaluated in
2 terms of the design guidance.
3
4 Downward Migration of Rustler Groundwater. The shaft seal system is designed to
5 limit groundwater flowing into and through the shaft sealing system. The principal source
6 of groundwater to the seal system is the Culebra. The Magenta produces much less
7 groundwater. No significant sources of brine or groundwater exist within the Salado;
8 however, brine seepage has been noted at a number of the marker beds, and is included in
9 the models. Downward migration of Rustler groundwater is limited to ensure liquid

10 saturation of the compacted salt column does not impact the consolidation process and to
11 limit quantities of brine reaching the repository horizon. Since it is clear that limitation of
12 liquid flow into the salt column necessarily limits liquid flow to the repository, the
13 volumetric flux of liquid into and through the salt column was selected as the design
14 performance measure for this model.

15 Consolidation of the compacted salt column will be most rapid immediately following
16 seal construction. Simulations are conducted for a 200-year period following closure to
17 demonstrate that, during this initial period, downward migration of Rustler groundwater
18 is insufficient to impact the consolidation process. Lateral migration of brine through the
19 marker beds is quantified in the analysis and is not detrimental to consolidation of the salt
20 column.

21 At steady-state, the flow rate is most dependent on the relative permeabilities of
22 components of the shaft seal system. Potential flow paths within the seal system consist
23 of the seal material, an interface with the host rock, and the host rock DRZ. Low
24 permeability is specified for the engineered materials and construction methods ensure a
25 tight interface; thus, the flow path most likely to impact performance is the DRZ. Rock
26 mechanics calculations predict that the DRZ in the Salado will not be vertically
27 continuous. Concrete and asphalt waterstops are included in the design as a means to
28 mitigate DRZ impacts. Effects of marker beds and asphalt waterstops on limitation of
29 downward migration are explicitly simulated through permeability variation of the layers
30 of Salado DRZ. Initial, upper, and lateral boundary conditions of the hydrologic model
31 are consistent with field measurements of the physical system. At the base of the shaft a
32 constant, atmospheric pressure is assumed.
33
34 The initial available pore volumes in the filled repository and the AIS salt column are
35 approximately 4.59 x 106 ft3 (130,000 in 3 ) and 17,660 ft3 (500 in'), respectively. The
36 hydrologic model predicts a maximum cumulative flow of less than 353 ft3 (10 i)

37 through the sealed shafts during the first 200 years following closure. If the marker beds
38 have a disturbed zone immediately surrounding the shaft, the maximum flow is less than
39 706 ft3 (20 in). Without the concrete and asphalt waterstops, volumetric flow increases
40 but remains less than 1,800 ft3 (50 in3 ). Maximum fluid volume is less than 1/100 of 1
41 percent of the pore volume in the repository and less than 10 percent of the initial pore
42 volume of the salt column.
43
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@1 Results of this model are considered conservative because fully saturated flow is
2 assumed. Further conservatism is inherent in treatment of seal system components. The
3 principal source of groundwater to the system originates in the Rustler. The upper Salado
4 compacted clay component is located above the compacted salt column and will be
5 placed at a liquid saturation state of approximately 80 percent. Bentonite clays exhibit
6 strong hydrophilic characteristics, so that the small quantities of Rustler groundwater
7 reaching the Upper Salado compacted clay column (Component #8) will be absorbed and
8 retained by this seal component.
9

10 Gas/brine Migration. A multiphase flow model of the lower seal system evaluates the
11 performance of components extending from the middle concrete component (Component
12 #9, located at the top of the compacted salt column) to the repository horizon for 200
13 years following closure. During this time period, the principal fluid sources to the
14 compacted salt column consist of gas generated by the waste and lateral brine migration
15 within the Salado. The predicted downward migration of.Rustler groundwater (discussed
16 above) is included in this analysis. Performance measures for the model are the volume
17 of gas that migrates through the shaft seal system components to the middle concrete
18 component and the time-dependent permeability of the compacted salt column
19 component. These performance measures address the need to limit fluid flow upward
20 from the repository and to predict the performance of the compacted salt column.
21@22 Effects of gas generation are evaluated for three different repository repressurization
23 scenarios, which simulate pressures as high as 14 MPa. Model results predict that high
24 repository pressures do not produce appreciable differences in the volume of gas that
25 migrates to the middle SMC component over the 200-year simulation period. A
.26 maximum of 21,200 ft3 (600 standard in') of gas is dispersed throughout the shaft seal
27 system reaching an elevation as high as the middle concrete component. Relatively low
28 gas flow is due to the low permeability and rapid healing of the DRZ around the lower
29 concrete components.

30 Rock mechanics calculations predict that the salt column will reconsolidate readily if pore
31 fluids in the reconsolidating salt column do not reduce the effective stress. In the physical
32 setting, pore fluids can create pore pressure and reduce the rate of reconsolidation. These
33 effects have been implemented in the TOUGH2 model. Figure 3-14 plots effective
34 permeability (an integrated value for the entire length of the compacted salt column) of
35 the MIS salt column through 200 years after placement. The base case implements
36 expected conditions of the lower seal system during the simulation period. Downward
37 migration of Rustler groundwater has a small influence on compacted salt column
38 permeability, as shown in Figure 3-14 for a continuous DRZ. Effects of higher repository
39 gas pressure are negligible. These results show that the comnpacted salt column achieves
40 effective permeabilities of less than 1 X 10-11 M2 at 100 yeaxs following seal construction.
41 For all simulations, salt reconsolidation slows as its density approaches that of the native@42 salt formation. The permneability of the salt column after 50 to) 75 years is sufficiently low
43 to perform as an effective seal for the duration of the regulatory period.
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I Upward Mfigration of Brine. Upward migration of contaminated brines could occur
2 through an inadequately sealed shaft if the fluid pressure in the Salado exceeds the
3 measured heads in the Rustler. Results from modeling (discussed above) demonstrate
4 that the compacted salt column will reconsolidate to a very low permeability within 100
5 years following repository closure. Structural results expounded upon in the Final Design
6 Report show that the DRZ surrounding the lower Salado compacted clay column and the
7 compacted salt column components will completely heal within the first several decades.
8 As a result, upward migration to the Rustler/S alado contact through the sealed AIS is
9 approximately 35 ft3 (1 in) over the 10,000 year regulatory period.

10 Intra-Rustler Flow. Based on estimated undisturbed and measured disturbed head
11 differences between the various members of the Rustler (see Table 3-1 of Appendix C of
12 the Final Design Report), nonhydrostatic conditions exist within the Rustler. Therefore,
13 the potential exists for vertical flow within water-bearing strata of the Rustler. The
14 dolomitic members of the Rustler have the greatest potential to produce significant
15 interfiow within the Rustler in response to non-hydrostatic conditions. The relatively low
16 undisturbed permeabilities of the mudstone and anhydrite units separating the Culebra
17 and the Magenta naturally limit crossflow. However, the construction and subsequent
18 closure of the shaft provide a potential vertical conduit connecting water-bearing units.
19
20 The primary motivation for limiting formation crossflow within the Rustler is to prevent
21 mixing of formation waters within the Rustler, as required by State of New Mexico
22 statute. Commonly, such an undertaking would limit migration of higher dissolved solids
23 (high density) groundwater into lower dissolved solids groundwater. In the vicinity of the
24 WI[PP site, the Culebra has a higher density groundwater than the Magenta,
25 approximately 64.94 lb/ft3 (1,040 kg/in 3) versus 63.38 lb/ft3 (1,015 kg/in 3), respectively.
26 Heads estimated adjacent to the MIS at H- 16 provide evidence for a vertical gradient
27 downward from the Magenta to the Culebra. Therefore, in the vicinity of the shafts, the
28 potential for fluid migration between the two most transmissive units is from the unit
29 with the lower total dissolved solids to the unit with the higher dissolved solids. This
30 calculation shows that potential flow rates between the Culebra and the Magenta is
31 insignificant. Under expected conditions, intra-Rustler flow is expected to be of such a
32 limited quantity that (1) it will not affect either the hydraulic or chemical regime within
33 the Culebra or the Magenta and (2) it will not be detrimental to the seal system itself.

34 3.7.2.4 Post-Closure Plan Following Final Facility Closure

35 A number of regulations address the period of time that begins once the WIPP has
36 undergone final facility closure and decommnissioning. Under 40 CER Part 191, the
37 period consists of an active control period and a passive control period. Only 100 years
38 of the active control period are used in performance assessment. Under the no-migration
39 standard in 40 CFR § 268.6, the EPA is interested in the measures the DOE will take in
40 terms of long-term passive institutional controls ". . . such as land withdrawal, records,
41 and markers-to ensure that the likelihood of human intrusion is appropriately reduced,
42 even after active control of the facility has ceased and any permits at the site may have
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@I terminated." (EPA 1990) The LWA of 1992 requires that tie DOE prepare and submit a
2 post-decommissioning land management plan. 20 NMAC 4. 1, Subpart V, §264.117
3 requires post-closure care, including monitoring, security, and property use. Because of
4 the numerous regulations, the DOE has prepared a single strategy for post-closure
5 management of the WJPP. This strategy consists of three elements: 1) active controls, 2)
6 monitoring, and 3) passive controls. These elements are discussed in detail in
7 Appendices AAC, LTM[, and PMR, respectively.

8 Active Controls

9 Once the facility is decommissioned, positive actions (referred to as "active institutional
10 controls") will be taken to assure proper maintenance and monitoring. The DOE's active
11 institutional control pro!gram has a primary objective of addiessing all applicable
12 requirements, including restoring the WIPP site as nearly as possible to its original
13 condition, thereby equalizing any preference over other area-; for development by humans
14 in the future. Restoration of the WIPP site includes any necessary remedial actions or

15 cleanup of releases resulting from decommissioning. In addition, the DOE will
16 implement monitoring systems suitable for assessing disposal system performance if such
17 monitoring is feasible. 'This long-term monitoring is presented in Section 6.3.

18 A detailed explanation of the active institutional controls sele.cted by the DOE is provided@19 in Appendix AAC. This is the DOE's reference design for active institutional controls.
20 The reference design will be reviewed periodically and updated as appropriate during the
21 WJPP disposal operations. The ongoing review and evaluation ensure that the active
22 institutional controls implemented are appropriate for the conaditions that may exist at that
23 time. The DOE will review the reference design prior to implementation and all affected
24 regulatory agencies will be consulted as part of this review.

25 As part of the active institutional controls program, the DOE, has developed a set of
26 design criteria upon which the reference design is based. 'These design criteria, listed
27 below, describe how the active institutional controls will be implemented.

28 1 . A fence line shall be established to control access to the. repository's footprint area
29 (the waste disposal area projected to the surface). A standard wire fence shall be
30 erected along the perimeter of the repository surface footprint. The fence shall have
31 gates placed approximately midway along each of the four sides

32 2. An unpaved roadway along the perimeter of the barbedL wire fence shall be
33 constructed to provide ready vehicle access to any poin~t around the fenced
34 perimeter, facilitate inspection and maintenance of the fence line, and permit visual
35 observation of the repository footprint to the extent peimitted by the lay of the land.
36 This roadway shall connect to the paved south access road

@37 3. To ensure visual notification, the fence line shall be posted with signs having, as a
38 minimum, a legend reading "Danger-Unauthorized Pe.rsonnel Keep Out" and a
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1 warning against entering the area without specific permission of the DOE (or other
2 local authority, such as the Eddy County Sheriff s Office)

3 4. Contractual arrangements shall be developed to ensure that periodic inspection and
4 necessary corrective maintenance is conducted on the fence line, its associated
5 warning signs, and the roadway. The DOE will maintain control over all
6 contractual work and will maintain, in the operating record, the results of all
7 inspections and maintenance activities

8 5. Through direct DOE staffing support and/or contractual arrangements, procedures
9 shall be established to provide routine periodic patrols and surveillances of the

10 protected area by personnel trained in security surveillance and investigation

11 6. Processes will be developed for monitoring and controlling the long-term testing
12 requirements of the permanent marker system (PMS)

13 7. Processes will be developed to implement the periodic monitoring requirements of
14 the disposal system's monitoring program. The procedures currently in place, such
15 as the Environmental Monitoring Plan (DOE 1994), will initially be used

16 8. Recommendations will be developed for modifications to the active institutional
17 controls appropriate for access control and surveillance upon installation of the
18 PMS

19 9. Guidelines will be developed for recommending mitigating actions to be taken to
.20 address any abnormal conditions identified during periodic surveillance and
21 inspections

22 10. Reports of activities associated with the post-disposal active access controls shall be
23 prepared in accordance with regulatory requirements for submittal to the appropriate
24 regulatory and legislative authority

25 Details on meeting these criteria are found in Appendix AAC.

26 Most of the active institutional control measures, such as long-term site monitoring and
27 site remedial actions, will be implemented simultaneously with decommissioning.
28 However, it may be possible to implement some measures earlier. For example, salt
29 disposal may begin prior to final plant closure. Reclamation and restoration of unused
30 disturbed surface areas has already begun. Guarding and maintenance activities, which
31 are already in place, could evolve into an appropriate type of post-closure activity.
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.I Passive Institutional Controls

2 Passive institutional controls include markers that warn of the presence of buried nuclear
3 waste and identify: (1) the boundary of the disposal area footprint, (2) external records
4 about the WIPP repository, and (3) continued federal ownership.

5 Passive institutional controls, as opposed to active institutional controls, are controls that,
6 once established, can be expected to remain effective with minimal human surveillance
7 and maintenance, or maintenance resulting from normal governmental activities. Passive
8 controls may be instituted at the site, a remote location, or both.

9 With regards to passive controls, the DOE interprets the phrase 'federal ownership and
10 regulations regarding land or resource use" to mean that the DOE or some successor
11 agency with nuclear waste management expertise will retain administrative control over
12 the land. -"Administrative control" means that the federal agency responsible for the land
13 will institute regulations that impose appropriate restriction on land use and development.
14 Regarding the WIPP facility, the DOE interprets the term 'markers" to include any on-
15 site structures engineered and constructed to preserve knowledge of the location of the
16 wastes and convey associated hazards. The DOE interprets "records" to include any
17 written information regarding the site and its contents, which are maintained to preserve
18 knowledge of the site. The DOE intends to use passive institutional controls (ownership,.19 markers, and records) throughout the entire controlled area.

20 In the proposed No-Migration Determination for the WIPP facility (EPA 1990), the EPA
21 discussed the use of passive controls as part of an overall strategy to protect a land
22 disposal facility and decrease the likelihood of human disrurtion. The EPA considers
23 that, in the context of RCRA no-migration *variance decisions, the question of human
24 intrusion, either during operations or after closure, is best addressed by considering the
25 likelihood of intrusion and imposing controls to make such intrusions unlikely. The EPA
26 emphasizes that this approach to human intrusion is consistent with its general approach
27 under RCRA, both in permitting and variances. Under RCRA, the EPA typically relies
28 on both active and passive institutional controls imposed through general regulatory
29 standards and site-specific conditions (e.g., RCRA permits) 10 ensure that access to a
30 hazardous waste disposal site is appropriately restricted. The EPA considers that any
31 permanent no-migration. variance for the WJPP will have to impose long-term passive
32 institutional controls, such as land withdrawal, records, and markers, to ensure that the
33 likelihood of human intrusion is appropriately reduced, even after active control of the
34 facility has ceased and any permits at the site may have terminated.

35 The DOE is committed -to retaining control over the WIPP site for as long as possible.
36 Accordingly, an extensive system of explanatory markers and records will be instituted to
37 warn future generations about the location and dangers of these wastes. The DOE. 38 assumed that society in general will retain knowledge about these wastes and that future
39 societies should be able to deter systematic or persistent expl.oitation of a disposal site.
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I The DOE' s passive institutional control program for the WIPP will accomplish the
2 following:

3 0 Ensure a record of the disposal site and its contents are preserved

4 0 Warn those who attempt to enter the disposal site vicinity of the hazards associated
5 with activities that would disturb the subsurface

6 The DOE considers that passive institutional controls will render human intrusion
7 sufficiently unlikely that the possibility need not be included in the long-term
8 performance calculations.

9 A substantial amount of work has been completed in the area of passive institutional
10 controls at the WIPP facility.

11 *DOE Ownership. The DOE has successfully gained control of the entire surface of
12 the 16-section WIPP site and the entire subsurface, except for Section 3 1, where DOE
13 control extends over the surface and the first 6,000 ft (1,829 m) of the subsurface,
14 including the acquisition of oil, gas, and potash leases. The area now under the
15 control of the DOE includes the following sections in Township 22 South, Range 31
16 East: 15, 16, 17, 18, 19, 20, 21, 22, 27, 28, 29, 30, 31, 32, 33, and 34

17 *Land Use Controls. Land use controls have been implemented addressing allowable
18 uses of the withdrawal area

19 Beyond land ownership and implementation of use controls, the DOE has prepared a
20 conceptual design for post-closure passive institutional controls, included in Appendix
21 PMR. The design includes:

22 0 Large surface monuments and earthen structures to mark the repository footprint

23 0 One or more on-site buried rooms for the long-term storage of messages describing
24 the nature of the repository

25 0 Small subsurface markers

26 0 Off-site archival storage of information pertaining to the WIPP, including its potential
27 hazards

28 Shaft-Location Markers

29 The surface area over the waste disposal region will be identified by these passive
30 institutional controls. Permanent surveyor markings engraved with the site elevation and

31 coordinates will show the locations of shafts. The markers will be firmly anchored to the0
32 shaft plug and will also contain the site description, date of closure, land survey data, and
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@1 other information required by applicable regulations. A uniform system of coordinates
2 will be adopted. The definitions of these coordinates will be included in the permanent
3 records.

4 Permanent Marker System

5 A PMS designed to minimize the possibility of inadvertent human intrusion into the
6 repository following the cessation of active controls will be- implemented at the WIPP
7 facility. The PMS will be comprised of messages, surface monument markers, small
8 subsurface warning markers, on-site rooms for long-term storage of messages, archival
9 storage of the WIPP info~rmation off-site, and large earthen. structures marking the WIPP

10 repository footprint on the surface. The PMS is still in the conceptual design process and
11 will evolve prior to closure, based on activities to test marker effectiveness during
12 disposal, decommissioning, and active access controls period~s. Actual construction of the
13 PMS will be completed 100 years following closure of the 'WIPP facility, in accordance
14 with Appendix AAC.

15 The PMS will provide a durable record of the repository's existence, and its design will
16 provide reasonable assurance that it will endure for at least 10,000 years. The system will

17 be clearly visible from any portion of the repository's surface footprint. The current PMS
* 18 design basis consists of a large earthen berm enclosing the perimeter of the repository's

19 surface footprint. The design basis for the berm is a minimium width of 100 ft (30 mn) and
ý20 a height of 31 ft (10 in), with a 1.3 horizontal to 1.0 vertical slope. The berm would
21 provide a dielectric or magnetic anomaly when compared to the local surface
22 characteristics. Large monoliths will be arranged just inside the berm. The number of
23 monoliths would be sufficient to allow future generations to reconstruct monolith
24 orientation with several monoliths missing. An information center will be placed at the
25 center of the monoliths, and two storage rooms would be buried about 20 ft (6 mn) below
26 the footprint. The PMS components will be designed and constructed to resist erosion
27 and deposition. Construction materials will be selected for dalrability under the local
28 climatic conditions and the predicted changes to those conditions in the long term.

29 Monuments will be engraved with the most critical warning information in a concise
30 format, inscribed to a mriinimum depth of 0.5 in. (1.3 cm). More detalled information
31 regarding the repository content, caution agalnst intrusion, arid the time of emplacement
32 will be provided in protected vaults buried underground and tn a surface information
33 center. The information will be provided in multi-language translation and will include
34 an assortment of symbols, pictographs, and diagrams to convey danger of intrusion.
35 Universal symbols will enhance the likelihood of understandring by people of different
36 backgrounds. To minimize the likelihood of future salvaging, the marking system will use
37 materials with as little intrinsic value as is reasonable.

@38 Subsurface markers would be less than 2 ft (0.6 mn) in the longest dimension, made of
39 inert material, and spaced so that they are likely to be discovered by drilling crews and
40 professional archaeologists. The warning message would be engraved so that slight
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1 erosion or fracture of the marker would not render it completely unintelligible. In
2 addition, the markers would be buried at a greater depth than that used for plowing/tilling
3 operations or amateur archaeological excavation, so that such activities would be unlikely
4 to disturb them. Further details on the subsurface markers may be obtained from
5 Appendix PMR.

6 Written Records

7 Written documentation of the WIPP will be placed in local, state, and federal agencies.
8 Documentation will also be provided to international entities and commercial
9 organizations that act as resource information centers for the petroleum and gas

10 industries. Written records will use the most stable and durable media available at the
11 time that the record deposits are made. These records will describe the location of the
12 repository; the nature and hazard of the waste; the geologic, geochemical, and hydrologic
13 data pertinent to waste containment; and environmental monitoring data from the
14 preoperational baseline and summaries of data collected during Decontamination and
15 Decomm-issioning (D&D) activities. Overall record selection for storage at the agencies
16 selected will be in accordance with federal, state, and local regulations.

17 Specific documents which will be included in the archived information portfolio include:

18 1. Detailed maps describing the exact location of the repository

19 2. The SAR and the addenda which describes the disposal phase of the WIPP

20 3. The Final Environmental Impact Statement (FEIS) for the WIPP and the
21 Supplement(s) to the Environmental Impact Statement

22 4. The NMVP and the No-Migration Determination for Disposal

23 5. The RCRA Permit

24 6. The Certification of Compliance with 40 CFR Part 191 and its associated
25 application

26 7. Environmental and ecological background data collected during the
27 preoperational phase of the WIPP and summaries of data collected during the
28 disposal and decomm-issioning phases of the WIPP

29 8. Records of the waste containers' contents and disposal locations within the WIPP
30 repository

31 9. Drawings defining the construction and configuration of the repository and shafts
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@1 10. Drawings, procedures, and the design report(s) describing how the waste was
2 emplaced; how the repository was decommissioned, closed and sealed; and how
3 the shafts were sealed

4 The National Archives will be the record holder responsible for the permanent storage of
5 this information. In addition, other locations for this information will include publicly
6 funded organizations which may expend the resources necessary to preserve the
7 documents in well-controlled environments. However, the most likely strategy for long-
8 term protection of the information is through widespread distribution. The information
9 will be submitted to the following facilities and organizations for archiving:

10 1 . Library of Congress

11 2. The state archives and libraries within the states of New Mexico and Texas

12 3. The city libraries of population centers in New Mexico and Texas exceeding
13 15,000 within 150 mi (240 kin) of Carlsbad

14 4. The state libraries of the remaining 48 states

15 5. The local office of the Bureau of Land Management

.16 6. The local office of the Bureau of Reclamation

17 7. The national library and national archives of all nations that possess nuclear
18 weapons and/or operate nuclear power generating p~lants

19 8. The archive of the United Nations

20 9. The national archives and libraries of the signatory nations to the nuclear non-
21 proliferation treaty

22 10. The U.S. Nuclear Regulatory Comm~ission

23 11. The 53 federal regional depository libraries

24 12. The American Nuclear Society

25 This list of receiving organizations will be reviewed and expanded, as appropriate, as the
26 time of transferring information approaches.

27 Location and hazards information will be submitted to various federal and state of New
28 Mexico mapping agencies to ensure that the WIPP location ond drilling or mining@29 restrictions are identified on widely distributed maps used by almost all public and private
30 organizations. These agencies include:
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1 1. Bureau of Land Management

2 2. U.S. Geological Survey

3 3. Library of Congress

4 4. National Archives and Records Service

5 5. Defense Mapping Agency

6 6. International Boundary Commission

7 7. Federal Highway Administration, and the

8 8. New Mexico State Highway Department Planning and Research Division,
9 Cartography Section

10 To ensure widespread location information of the WIPP site and the hazards associated
I1I with the emplaced waste, detailed maps and descriptions of the hazardous material will be
12 sent to national and international professional societies of cartographers and geographers.
13 Weitzberg (1982) suggests the following organizations and societies receive this location
14 and hazards information:

15 1. The American Congress on Surveying and Mapping

16 2. The American Society of Cartographers

17 3. The Commission for the Geological Map of the World

18 4. The International Cartographic Association

19 5. The American Geographical Society

20 6. The Association of American Geographers

21 7. The International Geographical Union

22 8. The Society of Women Geographers

23 9. The American Geological Institute

24 10. The American Geophysical Union

25 11. The American Society of Professional Geographers
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.1 12. The National Geographic Society

2 13. The Federal Aviation Administration

3 Programs may be necessary to support implementation of passive institutional control
4 activities with site-specific information.

5 Planned Evaluations. Upon closure of the WIPP, activc controls will be
6 implemented to control access to the site. In addition, monitoring systems will be
7 managed to detect significant deviations in repository pei:formance. With active
8 control provided over the site, the schedule for constructing the PMS is a management
9 option which could be extended for decades. Because the design of the PMS has a

10 10,000-year lifetime goal, it is prudent that the DOE conduct some testing of the
11I construction materials planned for use as permanent mark~er material.

12 Berms. One aspect of the testing is the construction of a section of the berm. The
13 oeral siz (heghtand width) of the test section of the berm will match the design of

14 the permanent marker berm. However, the test berm length will be shorter than the
15 full-sized berm. A section approximately 164 to 328 ft (50 to 100 mn) long will be
16 sufficient to test a number of different configurations. Included within the test section
17 will be varying thicknesses of the salt core, the caliche layer, and the top layer of.18 riprap and soil material. The DOE will construct a section of the berm to evaluate
19 materials and construction techniques. Actual construction and testing will be
20 initiated during the disposal phase to provide sufficient time for testing.

21 Monuments. Another aspect of passive institutional controls to be evaluated during
22 testing is monuments. The major considerations that willt be evaluated include the
23 following:

24 1. Procuring, shipping, and erecting test monuments, and evaluating long-term
25 environmental effects of wind, rain, and shifting sand. on various types of
26 dimensional stone

27 2. Evaluating the magnetic signature provided by samnple permanent magnets buried
28 within the berm to determine optimum locations arnd spacing

29 3. Evaluating the effects of various soils used as protective backfill for dimensional
30 stone

31 4. Evaluating the effects of chemical interaction with the backfill material

32 5. Evaluating the environmental effects on the berm caused by wind, rain, and.33 shifting sand
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1 6. Evaluating the effects of plant root intrusion into the berm and potential for salt
2 dissolution and berm slumping

3 7. Evaluating the effectiveness of sample radar reflectors buried within the berm at
4 various distances

5 Messages. Messages will also be evaluated during the testing program. The primary
6 aspects include the following:

7 0 Evaluation of message text by presenting it to groups indigenous to the countries
8 whose language is represented in the message

9 0 Evaluation of message text by presenting it to linguists to assess the likelihood
10 that the messages will continue to be understood through time
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.1 4.0 Waste Description
2 Abstract
3

4

5 This chapter describes the physical and chemical characteristics of the transuranic-

6 (TRU-) mixed waste destined for disposal at the Waste Isolation Pilot Plant (WJPP)

7 facility. The volume of waste, types of waste, waste characterization techniques, and

8 waste characterization program documentation are discussed. As a guide, the level of

9 information presented in this chapter is commensurate with that necessary to maintain
10 compliance with the standards in 40 CFR §268.6(a)(3).
11
12 TRU-mixed waste is defined as any TRU waste that also contains hazardous wastes
13 regulated by the Resource Conservation and Recovery Act (RCRA) as defined in Title 40

14 of the Code of Federal Regulations (CFR) Part 261, Subparts C and D. TRU waste

15 contaminated with hazardous constituents has physical and radiological characteristics
16 similar to TRU waste that does not contain these constituents. TRU waste acceptable to

17 the WLPP is divided into contact-handled (CH) and remote-hiandled (RH) based on the

18 surface dose rate of the container. The waste forms describcd in this section represent all

19 TRU waste to be sent to the WIPP facility, both TRU and TRU-mixed waste. All TRU

20 wastes that will be certified for shipment are compatible and will be managed in the same

21 way at the WIPP facility. The RCRA-regulated chemical component of TRU-mixed.22 waste is not expected to have a significant effect on the long-term performance of the
23 WJ[PP repository.
24

25 All waste characterization activities will be conducted at the Department of Energy

26 (DOE) generator/storage sites, since the WIPP facility does not have the capability to

27 visually inspect or sample and analyze the waste. The WIPP participates in the waste

28 characterization by performing generator/storage site audits t.0 verify that the waste

29 characterization activities meet the applicable requirements established for waste

30 intended for disposal at the WIPP facility. The 55-gallon drums, standard waste boxes

31 (SWBs), ten-drum overpacks (TDOPs) and RH-TRU canisters will be examined at the
32 generator site to verify that 1) the containers are structurally intact; 2) radioactive

33 contamination is below acceptable limits; and 3) the accompanying documentation states

34 that the waste meets the WIPP waste acceptance criteria and final permit requirements.

35 Only when these items have been verified will the waste be transported underground for
36 emplacement at the WIPP.
37

38 Waste Inventory
39

40 The major sources of TRU-mixed waste are plutonium reprocessing and fabrication and

41 research and development activities. Since 1970, this waste has been segregated and

42 placed in retrievable storage pending shipment to a permanent geologic repository. In the

43 future, additional quantities of TRU-mixed waste will be generated from environmental
44 restoration and decontaminating and decommissioning. The anticipated inventory of.45 TRU waste consists of waste that is in retrievable storage and waste that will be generated
46 in the future. This anticipated inventory is listed in the W]PII TRU Waste Baseline
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1 Inventory Report (BIR) (DOE 1995d). The BIR was developed from information
2 provided by the DOE generator/storage sites.
3

4 Waste Acceptance Criteria
5
6 Very specific acceptance criteria have been established for waste destined for the WIPP
7 facility. The criteria govern the physical, radiological, and chemical composition of the
8 waste and establish specifications for waste packaging. These criteria are based on
9 Operational and Safety Requirements, Department of Transportation (DOT) and Nuclear

10 Regulatory - ommission (NRC) regulations for transport of TRU waste, and RCRA waste
11I analysis requirements. Waste acceptance criteria will be published by the DOE and
12 implemented at the generator/storage sites prior to the shipment of waste to the WIPP
13 facility.
14

15 Waste that does not meet the waste acceptance criteria may require treatment or
16 processing. Any such treatment would be the responsibility of the site proposing to ship
17 the waste to the WJPP facility.
18
19 Waste Characterization
20

21 TRU-mixed waste characterization, which involves the acquisition of chemical and
22 physical data, is a primary component of compliance activities at the WJPP. Waste
23 characterization activities include headspace gas sampling and analysis, solid sampling
24 and analysis, nondestructive assay/nondestructive examination, and acceptable
25 knowledge. Only that waste for which required waste characterization data are available
26 will be accepted.
27

28 Plans and Program Summary. The waste characterization program is established in the
29 WIPP Waste Analysis Plan and supported by the Transuranic Waste Characterization
30 Quality Assurance Program Plan (QAPP) (DOE 1995b). The QAPP governs the quality
31 of data produced through the waste characterization program by establishing quality
32 assurance (QA) objectives for analysis results (precision, accuracy, completeness, etc.)
33 that must be met before the v aste analysis data is used for waste acceptance. Also,
34 analytical laboratories performing the waste analysis must participate in performance
35 demonstration programs which ensure consistency in data quality among the generator
36 sites.
37

38 Physical Waste Characteristics. TRU waste is packaged at the generator/storage sites
39 in a primary confinement barrier (i.e., a DOE type 7A steel drum or SWB) to isolate the
40 waste content from humans and the environment during transportation and handling.
41 This packaging system may include rigid plastic inner liners, several layers of plastic
42 bagging, and adsorbents in the void spaces.
43

44 Pursuant to the WIPP waste acceptance criteria, free liquids and pressurized containers
45 are prohibited in the shipment of waste to the WIPP facility. Damp combustibles are
46 neutralized (acids or alkalies), drained, or dried prior to packaging with adsorbents (e.g.,
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I vermiculite) to prevent the accumulation of condensate. 'Discarded equipment is
2 disassembled to remove any liquids from fluid reservoirs or lines. Glass waste is dried or
3 drained to remove free liquids. Sealed containers must be demonstrated to contain no
4 pressure by puncturing or by other methods.
5
6 Chemical Waste Characteristics. The majority of TRU-rn~ixed waste are reported to
7 contain small quantities of spent halogenated solvents (Environmental Protection Agency
8 [EPA] Hazardous Waste Codes FO0l-F005), which are used in plutonium fabrication
9 operations for cleaning and degreasing of equipment, glassware, and components.

10 Inorganic solidified waste may also contain trace quantities of listed solvents, primarily
11 based on the RCRA "mixture" or "derived from" rules. Solidified organic waste, which
12 represents less than 3 percent of the total TRU waste inventory, contains the greatest
13 concentration of spent solvent used as degreasers and lathe coolants.
14

15 RCRA-regulated metals (EPA Hazardous Waste Codes D00,4-DO 11) also are present in
16 some TRU-mixed waste. Metals are primarily associated with solid materials, such as
17 lead shielding, stainless steel parts containing chromium, and iron-based metal equipment
18 and tools. The concentration of metals in solidified inorganic waste depends on the
19 amount and type of scrap materials incorporated during plutonium recovery operations.
20 Typical scrap materials contain lead, chromium, and cadmnium.
21

22 Analytical Methods. Characterization of TRU waste includes application of methods to
23 generate the information necessary for each data user. These data are necessary to meet
24 the particular objectives of each compliance program. This chapter defines the
25 procedures used to characterize TRU waste at the generator/~torage sites and the site-
26 specific plans that identify and describe the administrative controls and procedures
27 required to characterize, segregate and process, and package TRU waste in accordance
28 with the waste acceptance criteria.
29
30 The DOE will use acceptable knowledge, as defined in EPA's Waste Analysis at
31 Facilities that Generate, Treat, Store, and Dispose of Hazardous Waste (EPA 1994);
32 nondestructive assay/nondestructive examination (NDA/NDE) techniques; and sampling
33 and analysis methods to characterize TRU waste. The sampling and analysis methods
34 used to characterize TRU waste are derived from SW-846, "Test Methods for Evaluating
35 Solid Waste, Physical/Chemical Methods" (EPA 1992).
36
37 Provided in the QAPP are the quality assurance/quality control (QA/QC) requirements for
38 ensuring that (1) all data are technically sound, statistically valid, and properly
39 documented, and (2) all data meet the QA objectives. The QAPP addresses the QA/QC
40 requirements specified in Chapter 1 of SW-846. Meeting the QA objectives outlined in
41 the QAPP will provide the data necessary for WIPP facility compliance programs. If
42 waste forms are not analyzed by these methods, alternative methods may be proposed,
43 provided it can be demonstrated that data quality objectives of the QAPP are attained.. 44
45 Supporting Documentation Requirements for Generators. Implementation of the
46 TRU Waste Characterization Program at DOE sites requires that all waste

DOE/CAO-96-21 60 4-iii June 14, 1996



Final No-Migration Variance Petition

1 characterization activities be conducted in accordance with approved documentation that
2 describes the management, operations, and QA for the program. These documents ensure
3 conformance with all applicable regulatory, programmatic, and operational requirements.
4 The sites may also need to develop other documents (e.g., TRU waste management plans,
5 safety analysis reports, and operational safety requirements) that address site-specific
6 programmatic and operational requirements.
7
8 Future Waste Characterization Activities. All waste will be certified according to the
9 requirements specified in the final WIPP waste acceptance criteria and characterized in

10 accordance with the WJEPP Waste Analysis Plan and the QAPP prior to shipment to the
I1I WJEPP facility. Generator/storage sites must identify and completely characterize
12 individual waste streams.
13
14 Waste characterization facilities at DOE sites are being planned based on the quantities of
15 TRU waste in immediately accessible storage (e.g., air-support buildings). Retrievably
16 stored waste that is currently managed in earthen-covered storage will be characterized in
17 accordance with schedules developed as part of retrieval operations, as well as the
18 availability and sample throughput capacities of TRU waste characterization facilities.
19
20
21
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. 1 4.0 WASTE DESCRIPTION9
2

3 This chapter describes the physical and chemical characteristics of the transuranic (TRU)
4 waste to be disposed of at the Waste Isolation Pilot Plant (WIIPP) facility. A description
5 of the types and an estimate of volumes of TRU waste to be emplaced in the WJEPP
6 facility is provided, including an estimate of the rate of wast~e emplacement. Selected
7 waste analysis parameters, associated sampling and analytical techniques, and quality
8 assurance (QA) programs are also summarized. Detailed information regarding TRU
9 waste analysis requirements is provided in the Waste Analysis Plan (Appendix WAP).

10

11 TRU waste is defined by U.S. Department of Energy (DOE) Order 5820.2A as
12 radioactive waste that has, without regard to source or form., been contaminated with
13 alpha-em-itting radionuclides having atom-ic numbers greater than 92, half-lives greater
14 than 20 years, and concentrations greater than 100 nanocuries per gram at the time of
15 assay. TRU waste is -classified as contact-handled (CH) or remote-handled (RH),
16 depending on the dose rate at the external surface of the container. CH-TRU waste is
17 packaged TRU waste with an external surface dose rate of 200 milliremn per hour or less,
18 while RH-TRU waste has a radiation dose rate at the container surface that measures
19 greater than 200 millirem. per hour.
20

21 TRU-mixed waste is defined as any TRU waste that also conatains hazardous wastes
22 regulated by the Resource, Conservation, and Recovery Act (RCRA), as defined in Title.23 40 of the Code of Federal Regulations (CFR) Part 261, Subparts C and D. TRU waste
24 contaminated with hazardous constituents has physical and radiological characteristics
25 similar to TRU waste that does not contain these constituents. The waste forms described
26 in this section represent, all waste to be sent to the WIPP facility, both TRU and TRU-
27 mixed. All TRU wastes that will be certified for shipment are compatible and will be
28 managed the same way at the WIPP facility. The RCRA- regulated chemical component
29 of TRU-mixed waste is not expected to have a significant effect on the long-term
30 performance of the WIPP repository. Long-term repository behavior is likely to be
31 affected by processes such as corrosion and microbial gas generation (Section 4.3.3.3), in
32 which the RCRA-regulated constituents play virtually no part.
33

34 The WIPP facility will not have the capability to inspect TRU waste by either visual
35 examination or sampling and analysis; therefore, all waste characterization and
36 certification activities will be conducted at the DOE generatcr/storage sites sending waste
37 to the WLPP facility. A detailed description of the waste screening and verification
38 process for waste acceptance is provided in the Waste Analysis Plan (Appendix WAP).
39 Procedures for the accep tance and emplacement of TRU waste at the WIPP facility
40 involve receipt of CH-TRU waste in 55-gallon drums, standard waste boxes (SWBs), or
41 ten-drum overpacks (TI)OPs), and RH-TRU waste in RH canisters (Chapter 3). When
42 visual inspection in the Waste Handling Building shows tlhat' (1) the waste containers are

43 structurally intact, (2) radioactive contamination is below acceptable limits, and (3) the.44 accompanying documentation states that they meet both the WIPP facility waste
45 acceptance criteria (WAC) and the final permit requirements, the waste will be
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1 transferred to the underground waste receiving station in a hoist cage and transported by
2 forklift to a waste disposal area.
3
4 4.1 Waste Inventory
5
6 TRU waste management activities (generation, retrievable storage, etc.) are conducted at
7 the following ten major DOE generator/storage sites:
8

9 1 . Richland (Hanford) Site, Washington
10 2. Idaho National Engineering Laboratory (IINEL), Idaho
11 3. Los Alamos National Laboratory (LANL), New Mexico
12 4. Oak Ridge National Laboratory (ORNL), Tennessee
13 5. Rocky Hlats Environmental Technology Site (RFETS), Colorado
14 6. Savannah River Site (SRS), South Carolina
15 7. Argonne National Laboratory-East (ANL-E), Ilinois
16 8. Lawrence Livermore National Laboratory (LLNL), California
17 9. Mound Laboratory (Mound), Ohio
18 10. Nevada Test Site (NTS), Nevada

19
20 Activities associated with the Federal Facilities Compliance Act (FFCA) have identified
21 several additional sites that generate TRU waste in small quantities. The volume of waste
22 from these minor sites comprise less than one percent of the total inventory. These sites
23 are shown in Figure C-3 in Appendix WAPR
24
25 TRU waste has been generated from plutonium reprocessing, fabrication, and research
26 and development activities. Since 1970, this waste has been placed in retrievable storage
27 pending shipment to a permanent geologic repository. In the future, additional quantities
28 of TRU waste will be generated from environmental restoration and decontamination and
29 decommissioning activities; this waste is not expected to differ significantly from existing
30 wastes. The anticipated inventory of TRU waste consists of the waste in retrievable
31 storage and waste that will be generated in the future. The DOE anticipates that the
32 generation of TRU waste to be disposed of at the WIPP facility will continue through the
33 year 2020. This anticipated inventory is listed in the Waste Isolation Pilot Plant
34 Transuranic Waste Baseline Inventory Report (BIR) (DOE 1995c) published by the DOE
35 in 1994 and revised in 1995. The BIR was developed from information provided by the
36 DOE TRU waste generator/storage sites.
37
38 The waste inventory in the BIR is categorized as either retrievably stored or projected
39 (i.e., to be generated in the future). The most recent estimates of mixed and unmixed CH-
40 and RH-TRU waste to be sent to the WIPP facility are presented in Tables 4-1 and 4-2,
41 respectively. Approximately 50 percent of TRU waste also contains hazardous wastes
42 regulated under the RCRA.
43

44
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@ 1 Table 4-1. Total Estimated Quantity of CH-TRU Waste by Generator/Storage Site
2

3 Vlm m)
4
5 Generator/Storage SieRetrievably Future

6 Mfixed Waste
7 Ames Laboratory OOE0 .0-1
8 Argonne National Laboratory-East 6.21E+00 5.60E-01
9 Argonne National Laboratory-West 2.00E-02 2.48E+00

10 Energy Technology Engineering Center 2.10QE-01 O.0013+00
11 Idaho National Engineering Laboratory ",.76E+04 1 .OOE+00
12 Lawrence Livermore National Laboratory ',.92E+00 4.47E+01
13 Los Alamos National Laboratory ',.66E+03 3.90E+03
14 Mound Laboratory 2.50E+00 O.OOE+ 00
15 Nevada Test Site 6.2013+02 O.OOE+00
16 Oak Ridge National Laboratory ').83E+02 2.64E+02
17 Paducah Gaseous Diffusion Plant ^-,.45E+00 0.OO13+00
18 Richland (Hanford) Site 1 .36E+02 5.53E+03
19 Rocky Flats Plant E.28E+02 5.38E+03
20 Sandia National Laboratories/New Mexico 1 .04E+00 0.OOE+0
21 Savannah River Site I .O1E+04 2.56E+03
22 University of Missouri 6.00E-02 1 .60E+00.23 TOTAL 4 .78E+04 1 .77E+04

24 Non-Mixed Waste
25 Argonne National Laboratory-East 2,.29E+01 1. 12E+00
26 Argonne National Laboratory-West 0'.00E+00 3.36E+00
27 Bettis Atomic Power Laboratory 0'.OOE+00 1 .24E+02
28 Energy Technology Engineering Center 1 .66E+00 5.20E+00
29 Idaho National Engineering Laboratory -1.02E+03 0.OOE+00
30 Knolls Atomic Power Laboratory 2 .40E+00 O.OOE+0
31 Lawrence Berkeley Laboratory 8.4013-01 4.42E+00
32 Lawrence Liverirnore National Laboratory 1 .99E+02 6.44E+02
33 Los Alamos National Laboratory 3 .20E+03 3.77E+03
34 Mound Laboratory 2 .60E+02 0.OOE+00
35 Pantex 6.24E-01 O.iOE+00
36 Richland (Hanford) Site 9.18E+03 1.57E+04
37 Rocky Flats Plant 3.05E+02 5.17E+02
38 Sandia National Laboratories/New Mexico 7.001E+00 7.00E+00
39 Savannah River Site 4 .47E+03 1 .22E+04

40 TOTAL 2.47E+04 3.30E+04

41 'From the Waste Isolation Pilot Plant Transuranic Waste Baseline Inventory Report (DOE 1995c).
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1Table 4-2. Total Estimated Quantity of RH-TRU Waste by Generator/Storage Site
2

3 Volume (m)'
4 Gene-ratorlStorage Site Retrivabl Future

Stored Generated
5 Mfixed Waste
6 Argonne National Laboratory-West 8.65E+00 3.89E+00
7 Idaho National Engineering Laboratory 212E+01 1 .68E+01
8 Knolls Atomic Power Laboratory 1. 12E+01I 2.52E+01
9 Los Alamos National Laboratory 1 .50E+0 1 1 ý0E+0 1

10 Oak Ridge National Laboratory 9.94E+02 3.57E+02
11I Richland (Hanford) Site O.OOE+00 1 .73E+03

12 TOTAL 1.05E+03 2.15E+03

13 Non-Mfixed Waste
14 Argonne National Laboratory-West 0.OOE+00 2.37E+01
15 Batelle Columbus O.OOE+O0 7. 1OE+O 1
16 Bettis Atomic Power Laboratory 0.OOE+00 1 .56E+00
17 Idaho National Engineering Laboratory 9.76E+00 0.OOE+00
18 Los Alamos National Laboratory 7.63E+01 6.77E+01
19 Richland (Hanford) Site 3.32E+01 1 .25E+03
20 Savannah River Site 0.OOE+00 6.39E+01

21 TOTAL 1. 19E+02 1.47E+03
22 'From the Waste Isolation Pilot Plant Transuranic Waste Baseline Inventory Repor t (DOE 1995c).
23
24 The DOE has categorized TRU waste by Waste Matrix Code Groups that reflect the
25 physical formn of the waste. Table 4-3 provides a summary of the estimated volumes of
26 CH- and RH-TRU waste by Waste Matrix Code Groups. The wastes exist in a variety of
27 forms, ranging from unprocessed laboratory trash (e.g., glassware, tools, and equipment)
28 to solidified wastewater treatment sludges. The Waste Matrix Code Groups are described
29 in Section 4.3.2. Table 4-4 provides the volumes of CH- and RH-TRU wastes within
30 each Waste Matrix Code Group by DOE generator/storage site from the BIR.
31
32 Existing waste is currently maintained in retrievable storage, including aboveground and
33 earthen-covered storage, at the DOE generator/storage sites. The majority of existing
34 waste is in earthen-covered storage that is not readily accessible at present. The process
35 for managing waste at the generator/storage sites and establishing schedules for the
36 retrieval of this waste is regulated by the state environmental agencies.
37
38 A baseline schedule for the receipt of waste at the WLPP facility has been established.
39 During the first few years of operation, receipt rates will increase gradually to allow waste
40 handling operations to ramp-up to full capacity. It is also assumed that 60 percent of the
41 waste received at the WIPP facility will arrive in drums and 40 percent will arrive in
42 SWBs. The estimated receipt rates of CH- and RH-TRU wastes are provided in
43 Tables 4-5 and 4-6, respectively. These schedules are based on the current design of the
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@ 1 Table 4-3. Estimated Transuranic Waste Disposal Inventory for the WIPP'
2

3 Stored Projected Scaled
4 Waste Matrix Groups Volumes Volumes Volumes

(in3) Wm) Win)

5 CH-TRU Waste
6 Combustible waste 7. 1 OE+03 2.70E+04 6.20E+04
7 Filter waste 4.30E+02 1. 1OE+03 2.60E+03
8 Graphite waste 6.7013+02 4.3013+01 7.6013+02
9 Heterogeneous waste 3.00E+04 4.60E+03 3.90E+04

10 Inorganic nonmetal waste 1.2013+03 3.20E+02 1.80E+03
I11 Lead/cadmium metal waste 5 .60E+0 1 1 .30E+02 3. 1 OE+02
12 Salt waste 3.30E+01 6.OOE+01 1.50E+02
13 Soils 3.70E+02 4.50E+02 1 .30E+03
14 Solidified inorganic waste 1 .70E+04 8.OOE+03 3.40E+04
15 Solidified organic waste 1.50E+03 3.00E+ 02 2. 1 E+03
16 Unspecified metal waste 1.20E+04 8.60E+03 3.OOE+04
17 Unknown 1.70E+03 O.OOE+00 1.70E+03

18 TOTAL 7.21E+04 5.0613+04 1.76E+05

19 RH-TRU Waste
20 Combustible waste 1.50E+01 3.2013+00 2.OOE+O1
21 Filter waste 8.90E-01 2. 1OE+OO 4.30E+01.22, Heterogeneous waste 4.40E+02 3.30E+03 5.90E+03
23 Inorganic nonmetal waste
24 Lead/cadmium metal waste O.OOE+00 6.OOE+00 9.80E+00
25 Salt waste O.OOE+00 2.8013+00 4.6013+00

26 Solidified inorganic waste 6. 1 OE+02 1 .7013+02 9.0013+02
27 Unspecified metal waste 8.80E+01 8.60E+01 2.30E+02
28 Unknown 1. 1OE+01I 2.40E+01 3.50E+01

29 TOTAL 1. 16E+03 3.59E+03 7.14E+03

30 a From the Waste Isolation Pilot Plant Transuranic Waste Baseline Inventory Report (DOE 1995c).

31
32

33 facility and current waste emplacement assumptions (i.e., REI-TRU waste will be
34 emplaced in the rooms prior to CH-TRU waste emplacemnert) and are subject to
35 optimization as generator sites complete waste handling fachlities and as future waste is
36 generated. The totals can vary up to a maximum of 6.2 million ft3 (175,600 in) of TRU
37 waste, of which up to 250,000 ft3 (7,080 Mn

3 ) can be RH-TRUJ waste.
38
39 4.1.1 CH-TRU Waste
40

41 Most TRU waste emits principally alpha radiation with very little beta and gamma
42 radiation. Alpha particles are dangerous if inhaled or ingested, but do not represent an
43 external radiation hazard. Beta emissions, like alpha, have, limited penetration
44 capabilities, and the waste container provides adequate personnel protection. CH-TRU@ 45 waste is defined as TRU waste that contains predominantly alpha-emitting radioisotopes,
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@ 1 Table 4-5. Estimated Annual Receipt Rates of CH-TRU'Waste at the WIPP Facility
2 ___________________

3Operating Year CH-TRU Waste Drums/Ycar' SWBs/Year'
(it3).. ..

4 1 14,000 1,0!5010

5 2 57,000 4,20040

6 3 80,000 5,46052

7 4 140,000 10,500100

8 5 245,300 18,0 60 1,720

9 6-22 285,000 21,0 00 2,000

10 23 245,000 18,060 1,720

11 24 200,000 14,700 1,400

12 25 140,000 10,500 1,000
13 'Drum volume = 7.35 ft3 (0.208 in')

14 bS~Iaf volume = 64.85 ft3 (1.837 in')

15
16

17 Table 4-6. Estimated Annual Receipt Rates of RH-TRU 'Waste at the WIPP Facility'
18

19 Operating Year RH-TRU Waste CnsesY-r

.20 2 2,074 6
21 3 5,28016

22 4 8,29826

23 5-19 (15) 10,46633
24 'Canister volume = 31.43 ft3 (0.8 88 in3 )

25
26
27
28 can be managed in closed vented containers that provide p)rotection from inhalation or
29 ingestion, and emits less than 200 millirem. per hour at the surface of the container.
30
31 The volume limit of TRU waste to be emplaced in the W]PPI facility is 6.2 million ft3

32 (175,600 in3 ), as specified in the WIPP Land Withdrawal Act (LWA). The anticipated
33 volume of the CH-TRU waste inventory is approximately 2.6 million ft3 (73,300 in 3) of

34 currently stored waste and 1.8 million ft3 (54,300 in) of waste that the DOE will generate
35 in the future. Estimates of the volume of waste yet to be generated are expected to
36 change in the future as a result of environmental restoration and remediation activities.
37
38 4.1.2 RH-TRU Waste
39
40 A small percentage of TRU waste is designated as RH-TRZU, because it contains.41 radioactive isotopes that emit high gamma radiation and some neutron radiation, as well
42 as alpha radiation, resulting in an external radiation dose greater than 200 millirem per

DOE/CAO-96-21 60 4-9 June 14, 1996
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I hour. Gamma radiation is more penetrating than alpha or beta radiation. It can pass
2 through several inches of lead and must be heavily shielded for safe management and
3 storage. The upper limit for RH-TRU waste that can be emplaced at the WIPP facility is
4 a surface dose rate of 1,000 rem per hour, as specified in the LWA. In addition, any RH
5 canister containing neutron radiation that exceeds 20 millirem per hour must be identified
6 in the waste certification data package.
7
8 Section 7(a)(l)(B) of the LWA limits the RH-TRU waste volume so that no more than
9 five percent of such waste may exhibit a dose rate in excess of 100 rem per hour. In

10 addition, R-H-TRU waste received at the WJEPP facility must not exceed 23 curies per liter
I1I maximum activity level (averaged over the volume of the canister). Section 7(a)(2)(B) of
12 the LWA limits the total curies of RH-TRU waste received at the WIEPP facility to no
13 more than 5, 100,000 curies.
14
15 The total volume of RH-TRU waste that may be emplaced in the WIPP facility is limited
16 by agreements with the State of New Mexico to 250,000 ft3 (7,080 in). The RH-TRU
17 waste inventory consists of 41,290 ft3 (1,170 in) of currently stored waste and 127,750 ft3

18 (3,620 in) of future generated waste.
19
20 4.2 Waste Acceptance Criteria
21

22 Very specific acceptance criteria have been established for waste destined for the WIPP
23 facility. The criteria govern the physical, radiological, and chemical composition of the
24 waste and establish specifications for waste packaging. These criteria are based on
25 operational safety requirements, Department of Transportation (DOT) and Nuclear
26 Regulatory Commission (NRC) regulations for transport of TRU waste, and RCRA waste
27 analysis requirements. WAG will be published by the DOE and implemented at the
28 generator/storage sites prior to the shipment of waste to the WIPP facility.
29
30 Waste that does not meet the WAG may require treatment or processing. Any such
31 treatment would be the responsibility of the site proposing to ship the waste to the WIPP
32 facility. Waste that cannot be treated or processed to meet the WAG will not be disposed
33 at the WIPP facility.
34
35 There are two levels of oversight applied to waste generator/storage sites to assure
36 compliance with WAG and associated waste characterization requirements. One level
37 involves review, approval, and audit of a site's waste certification program. The
38 certification program must contain all the elements (technical and administrative) to
39 determine if waste meets the WIPP WAG. This oversight is implemented by the National
40 TRU Program (NTP), under the National TRU Waste Operations Office. The second
41 level of oversight involves both the NTP and WIPP facility personnel and includes audits
42 of waste characterization activities. These audits are performed to assure compliance
43 with the WIPP Waste Analysis Plan (Appendix WAP) and associated QA requirements.

June 14, 1996 4-10 DOE/CAO-96-2160
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@1 4.2.1 Existing Waste Acceptance Criteria Based on Transportation and Operational
2 Safety Requirements
3
4 This section discusses the WAC associated with operational safety requirements relevant
5 to compliance with the no-migration standards. The Waste Analysis Plan (Appendix
6 WAP) includes a detailed description of TRU wastes that meet these criteria.
7
8 TRU waste managed at the WIPP facility will consist of solid and solidified inorganic
9 and organic matrices. The WAG specifies that liquid waste is not acceptable at the

10 WIPP. Every container holding waste with less than .53 gal (2 L) of liquid for a 55-
11 gallon drum or 2.1 gal (8 L) in a SWB must contain as little residual liquid as is
12 reasonably achievable, and all internal containers must contain less than one in. (2.5 cm)
13 of liquid at the container bottom. In addition, RCRA-regulated ignitable (DOO 1),
14 corrosive (D3002), and reactive (D003) wastes will not be accepted at the WIPP facility.
15 TRU waste may not contain explosives, compressed gases,, or nonradionuclide pyrophoric
16 material. Radionuclide pyrophorics must be less than one percent by weight of the waste
17 and be dispersed in the waste.
18
19 The hazardous wastes that will be accepted at the WIPP facility are described by EPA
20 hazardous waste codes in Part A of the RCRA permit application (DOE 1995 a, ch. A).
21 Tables 4-7 and 4-8 list the EPA waste codes, the basis for hazardous waste classification,@22 and the quantities of hazardous waste for each TRU-mixed waste stream. It should be
23 reiterated here that many of the waste streams identify code., not listed in the RCRA Part
24 A permit application, and that inclusion in the BIR does not make them acceptable to the
25 WIPP for disposal. Each waste stream must be identified with the required documentation
26 and waste characterization data, and presented to WIPP for approval. Only after a waste
27 stream has been approved for disposal at WIEPP and the generator site has been audited for
28 compliance by the CAG/WID, audit team can the waste be prepared for shipment to the
29 WIPP. Tables 4-7 and 4-8 show waste stream information that is currently available to
30 provide a view of the kinds of waste expected, but are neither exhaustive lists of waste
31 that may eventually be accepted by the WJPP for disposal, nor lists implying any
32 preapproval for acceptance.
33
34 4.2.2 Bounding Criteria Based on Long-Term Disposal 'Ystem Performance
35
36 The DOE intends to comply with the EPA Land Disposal Restrictions, codified in
37 40 CFR Part 268, by demonstrating that hazardous constituents will not migrate beyond
38 the unit boundary for 10,000 years after closure. If require~d,, long-term performance-
39 based criteria will be applied to the WIPP inventory based on disposal-system
40 performance projections. Only the physical and chemical form of the waste and its
41 potential interaction with the repository will be considered in the development of these
42 criteria. Information used to formulate and identify these cri.teria may include waste.43 characterization activities and modeling.
44

45
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1 4.3 Waste Characterization
2
3 Waste characterization refers to the testing, sampling and analysis, and nondestructive
4 assay/nondestructive examination (NDAINDE) of the waste. The examination and
5 evaluation of waste generation documentation and associated records are also important
6 parts of waste characterization. The DOE has established a TRU Waste Characterization
7 Program to identify waste characterization data needs and facilitate the development and
8 implementation of waste characterization programs at the DOE generator/storage
9 facilities.

10
11 4.3.1 Plans and Program Summary
12

13 A TRU Waste Management Plan was developed by the DOE to establish planning
14 strategies to support the WLPP Disposal Decision Plan. It provides an overview of the
15 !TRU Waste Characterization Program, including a waste characterization document
16 hierarchy, a summary of waste characterization requirements, and guidance regarding the
17 implementation of waste characterization programs at the DOE generator/storage sites.
18
19 The TRU Waste Characterization Program requirements are complemented by a
20 Transuranic Waste Characterization Quality Assurance Program Plan (QAPP) (DOE
21 1995b), portions of which are included in the Waste Analysis Plan (Appendix WAP).
22 Each generator/storage site planning to send its waste to the WIPP facility must develop a
23 site-specific quality assurance project plan (QAPj Ps) and a WAC certification plan to
24 address applicable TRU waste characterizatior requirements. Additional discussions of
25 the QA requirements and programs are provic I in Chapter 7.
26
27 4.3. 1.1 Waste Characterization Progra
28
29 The QAPP addresses the quality assurance/quality control (QA/QC) requirements
30 associated with RCRA General Waste Analysis requirements (40 CFR § 264.13) and No-
31 Migration Variance Petition waste characterization requirements of the RCRA Land
32 Disposal Restrictions (40 CFPR § 268.6). Each generator/storage site is required to
33 prepare a QAPJP that addresses applicable requirements specified in DOE Order 5700.6C
34 and the QAPP. The QAPjPs are reviewed and approved by the DOE Carlsbad Area
35 Office (DOE/CAO) prior to the implementation of the site-specific TRU waste
36 characterization programs.
37
38 The DOE/CAO NTP developed the BIR, which includes waste information that will be
39 used to assess compliance with the long-term performance requirements specified under
40 40 CFR § 268.6. The BIR was developed based primarily on process knowledge
41 information. As waste characterization data are obtained through the implementation of
42 the site-specific TRU waste characterization programs, the information provided in the
43 BIR will be reviewed and updated as appropriate.

45
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.1 4.3.1.2 Waste Certification Program
2

3 TRU waste intended for emplacement at the WIPP facility must meet the WIPP WAG
4 (Section 4.2). The DOE requires that each TRU waste generator/storage site develop and
5 implement a program that establishes procedures for waste :ýertification and the
6 associated QA. Site-specific plans (Section 4.3.5) identify and describe the
7 administrative controls and procedures required to identify TRU waste, segregate and
8 process waste forms, and package waste in accordance w~ith the WJPP WAG.
9

10 QA programs for certifying that the wastes meet the specified criteria must be developed
11 by each TRU waste generator/storage site (Section 4.3.5). The QA programs are
12 reviewed and approved by the GAO. Waste certification programs are audited
13 periodically (at least annually) by the GAO to ensure compliance with the WLPP WAG.
14
15 4.3.2 Physical Waste Characteristics
16
17 TRU waste is packaged at the generator/storage sites in a primary confinement barrier
18 (e.g., a DOT Specification 7A type container or SWB) to isolate the waste from humans
19 and the environment during transportation and handling. This packaging system may
20 include rigid plastic inner liners, several layers of plastic bagging, and adsorbents in the.21 void spaces.
22
23 Pursuant to the WIPP WAG, free liquids and pressurized containers are prohibited in
24 shipment of waste to the WIPP facility. Damp combustibles are neutralized, drained, or
25 dried prior to packaging with adsorbents (e.g., vermiculite) 1.0 prevent the accumulation of
26 condensate. Discarded equipment is disassembled to remove any liquids from fluid
27 reservoirs or lines. Glass waste is dried or drained to remove all free liquids. Pressurized
28 containers must be punctured to demonstrate that they are no longer pressurized.
29
30 The TRU waste inventory is classified according to 11I WIPE' Waste Matrix Code Groups
31 (The unknown category given in Table 4-3 will be reclassified into one of the 11 when
32 charactrization is complete or they will not be accepted at the WIEPP). All TRU waste to
33 be sent to the WIPP facility are represented by a WLPP Waste Matrix Code Group, the
34 highest tier of information describing acceptable waste forms. Tables 4-3 and 4-4
35 summarize the total volumes of CH- and RH-TRU waste by Waste Matrix Code Group.
36 Many of the waste matrix groupings reflect the definition of "debris" as provided in 40
37 CFR § 268.2(g):
38
39 Debris means solid material exceeding a 2.3-in. (60-mm) particle size that is intended for
40 disposal and that is: a manufactured object; or plant or animal matter; or natural geologic
41 material. However, the following materials are not debris: Any material for which a specific
42 treatment standard is provided in Subpart D, Part 268, namely lead acid batteries, cadmium
43 batteries, and radioactive lead solids; Process residuals such as smelter slag and residues from
44 the treatment of waste, wastewater, sludges, or air emission residues; and Intact containers of

Is45 hazardous waste that are not ruptured and that retain at least 75% of their original volume. A
46 mixture of debris that has not been treated to the standards provided by § 268.45 and other
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material is subject to regulation as debris if the mixture is comprised primarily of debris, by
2 volume, based on visual inspection.
3
4 "Hazardous debris" is defined according to 40 CFR § 268.2(h) as follows:
5
6 Hazardous debris means debris that contains a hazardous waste listed in Subpart D of part
7 261 of this chapter, or that exhibits a characteristic of hazardous waste identified in Subpart C
8 of part 261 of this chapter.
9

10 The Waste Matrix Code Groups have been summarized in the BIR by the following
11I acceptable WIPP Waste Profiles:
12

13 9 Combustible waste includes debris that is approximately 95 percent by volume, or
14 more, combustible materials. Examples of combustible debris are materials
15 constructed of plastic, rubber, wood, paper, and cloth
16
17 0 Filter waste includes debris that is approximately 50 percent by volume, or more, High
18 Efficiency Particulate Air (HEPA) filters or other filters constructed of more than one
19 material type (e.g., metal, inorganic nonmetal, and combustibles)
20

21 - Graphite waste includes debris that is approximately 95 percent by volume, or more,
22 graphite-based solid materials. Examples of graphite debris may include crucibles,
23 graphite components, and pure graphite
24
25 - Heterogeneous waste includes waste that is at least 50 percent by volume debris
26 materials that do not meet the criteria for assignment to other categories. An example
27 is waste that is a mixture of metal and combustible debris, neither of which comprises
28 95 percent of the waste by volume
29
30 - Inorganic nonmetal waste includes waste that is approximately 95 percent by volume,
31 or more, inorganic nonmetal debris. Examples of wastes in this category include glass
32 and ceramics
33
34 - Lead/cadmium metal waste includes debris that is approximately 95 percent by
35 volume, or more, metal that contains bulk lead or cadmium (separable or bonded) as
36 part of the matrix. Examples of waste in this category include glovebox parts with
37 lead clad in stainless steel or cadmium sheets
38
39 *Uncategorized metal waste includes debris that is approximately 95 percent by
40 volume, or more, metal but either lacks sufficient characterization information to
41 enable more definitive assignment into one of the other metal categories, or contains
42 both lead and cadmium (separable or bonded) as part of the bulk matrix
43
44 *Salt waste includes waste that is at least 50 percent by volume salts, including
45 interstitial liquids, if present. An example of waste in this category includes stable
46 pyrochemical salts
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@ 1 *Soil includes waste that is greater than approximately 95 percent by volume soil,
2 including sand, silt, and rock/gravel, with rock/gravel volumes totaling less than 50
3 percent of the matrix
4

5 *Solidified inorganic waste includes waste that is at least 50 percent by volume
6 inorganic process residues. Examples of solidified inorganic wastes are solidified
7 sludges and particulates
8
9 *Solidified organic waste includes waste that is at least :50 percent by volume organic

10 process residues. These are defined as process residues with a base structure that is
I1I primarily organic. The matrix may contain some inorganic solids content such that up
12 to approximately 20 percent by weight of the waste would remain as residue (i.e.,
13 ash/solids) following incineration. Examples of solidified organic wastes are organic
14 resins, organic sludges, and solidified organic liquids
15
16 The Waste Analysis Plan (Appendix WAP) includes a detailed description of acceptable
17 waste forms and the processes generating each waste stream by Waste Matrix Code
18 Group.
19
20 4.3.3 Chemical Waste Characteristics
21@22 The reported EPA Hazardous Waste Codes associated with '[RU-mixed waste are
23 provided in Tables 4-7 and 4-8. The majority of TRU-mixed waste contains small
24 quantities of spent halogenated solvents (EPA Hazardous Waste Codes FOO1-F005), that
25 are used in plutonium fabrication operations for cleaning and degreasing of equipment,
26 glassware, and components. Inorganic solidified waste may also contain trace quantities
27 of listed solvents, primarily based on the RCRA "mixture"' or "derived from" rules.
28 Solidified organic waste, which represents less than three percent of the total TRU waste
29 inventory, contains the greatest concentration of spent solvent used as degreasers; and
30 lathe coolants.
31
32 RCRA-regulated metals (EPA Hazardous Waste Codes DOO ID0 1) are also present in
33 some TRU-mixed waste. Metals are primarily associated with solid materials, such as
34 lead shielding, stainless steel parts containing chromium, and iron-based metal equipment
35 and tools. The concentration of metals in solidified inorganic waste depends on the
36 amount and type of scrap materials incorporated during plutonium recovery operations.
37 Typical scrap materials contain lead, chromium, and cadmium.
38
39 This section describes the chemical characteristics of the waste important to the
40 assessment of compliance with 40 CFR § 268.6 during disposal operations and closure of
41 the repository.
42. 43
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1 4.3.3.1 Toxicity
2
3 The toxicity of a chemical is its ability to cause damage to the human body when
4 ingested, inhaled, or absorbed by the skin. Chemical toxicity is classified by two toxicity
5 groups: carcinogens and noncarcinogens.
6

7 Carcinogenicity is the ability of a substance to cause the development of cancerous
8 growths in living tissue. The EPA uses a weight-of-evidence system for the carcinogenic
9 classification of RCRA-regulated constituents (EPA 1989, 7-11):

10
I11 0 Class A carcinogens are those constituents for which there is sufficient evidence for
12 human carcinogenicity
13
14 0 Class B 1 and B2 constituents are probable human carcinogens, with evidence from
15 animal studies and limited or no data in humans
16
17 9 Class C constituents are possible human carcinogens, with limited evidence from
18 animal studies
19
20 * Class D constituents cannot be classified as to human carcinogenicity
21

22 0 Class E constituents are noncarcinogens
23
24 TRU-mixed waste contains hazardous constituents that belong to one or more of these
25 categories of carcinogens, including halogenated and some nonhalogenated organic
26 constituents and metals. Carbon tetrachloride, a Class B2 carcinogen, is one of the most
27 prevalent organic constituents in TRU-niixed waste, and lead is the predominant toxic
28 metal present in the waste.
29
30 4.3.3.2 Chemical Compatibility
31
32 TRU waste to be disposed -. at the W-IPP facility is limited in form to dewatered, solid,
33 or solidified material. Corrosives, explosives, and nonradioactive pyrophorics are
34 prohibited in TRU waste. These restrictions ensure that the waste is in a nonreactive
35 form for safe shipping, handling, and disposal. All wastes to be emplaced in the WIPP
36 facility are compatible with the packaging materials, each other, and the salt repository.
37
38 The chemical components of the waste were assessed in detail to determine chemical
39 compatibility within and between the different waste forms from the generator/storage
40 sites (DOE 1995a, app. D- 13). The analysis of chemical compatibility was based on A
41 Method for Determining the Compatibility of Hazardous Wastes (see EPA [ 1980] in the
42 bibliography). Any new chemical components identified in the waste will not be
43 accepted at the WIPP until they have been screened for chemical compatibility.

45
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. 1 4.3.3.3 Waste Transformation Mechanisms
2

3 Waste transformation processes, such as corrosion, radiolys is, and biodegradation, will
4 play a significant role in defining the immediate environment of the waste over the long
5 term. The nonradionuclide components of the waste can be altered to varying degrees by
6 these processes, resulting in the production of decomposition products.
7

8 This section describes various waste transformation mechanisms that are expected to
9 occur prior to closure of the repository. Gas generation proc~esses are highly dependent

10 on the availability of brine in the repository. Inundated conditions are not expected
11 during the 35-year operational/closure time frame; therefore, in determining the "best
12 estimates" for gas generation, a humid environmnent is assumined.
13
14 Anoxic Corrosion
15
16 Two types of corrosion can occur in the WIPP repository environment: oxic and anoxic.
17 Oxic corrosion occurs in the presence of oxygen and is represented by the following
18 equation:
19

20 xFe+½1/Y02 - Fe 0O (4.1). 21
22 where FexO0 is a form of iron oxide (Fe2O3 or Fe 3O4). This reaction will preferentially
23 occur as long as oxygen is present in the repository atmosphere. After a panel of waste
24 has been closed and the above reaction has consumed the available free oxygen, anoxic
25 corrosion can then occur if moisture is present. A simplified anoxic corrosion reaction is
26 represented by:
27

28 3Fe + 4H20 -~ Fe3O4 + 4H2. (4.2)
29
30 Other possible anoxic corrosion reactions involve the production of iron hydroxide,
31 Fe(OH)2, or iron oxy-hydroxide, FeO.OH. The exact reaction(s) that will occur are
32 currently uncertain, but all anoxic corrosion reactions produce hydrogen gas and consume
33 water in the process. Anoxic corrosion reactions cannot occur in the absence of moisture.
34

35 Brush (1991) proposed a range of hydrogen generation rates in a humid environment of 0
36 to I moles per drum per year. It was assumed that a humid environment would be
37 maintained by a pool of free brine on the floor of a room. 'The rate-limiting step is the
38 vapor-phase transport of molecules from the pooi to the metal surfaces suspended above
39 the pool. No such pool of brine is expected to be present in a. panel during the
40 operational/closure period of the WIPP facility. Observation;~ of brine occurrences show
41 that limited amounts of brine do appear on freshly excavated faces of the repository, but.42 these weeps and encrustations cease to form after a few years.
43
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1 It is, therefore, highly unlikely that significant amounts of hydrogen will be generated
2 during the operational/closure period because of the lack of a credible source of moisture
3 required to drive this gas generation process. Gas generation rates are discussed in
4 Appendix GAS. For hydrogen generation from anoxic corrosion under humid conditions,
5 Appendix GAS discusses the basis for a "best estimate" of 0 moles per drum per year.
6
7 Radiolysis
8
9 Radiolysis involves high-energy particles or radiation (e.g., alpha, beta, and gamma rays)

10 reacting with constituents of TRU waste to produce a variety of products. The high-
I1I energy particles transmit their energy by colliding with matter they encounter, thus
12 generating excited electrons, ions, and free radicals. Inherent in this energy transfer
13 process is the fact that the range of influence of alpha and beta particles is very small. In
14 addition, depending on the configuration and location of the nuclide, a portion of the
15 energy from radiation could be lost through dissipation without radically affecting the
16 surroundings.
17
18 Radiolysis refers to the dissociation of chemical bonds by alpha particles emitted during
19 the radioactive decay of the actinide elements in TRU waste. Radiolysis of hydrogenous
20 materials (e.g., plastics, cellulosics, water) in the waste will result in the generation of
21 hydrogen and other gases. Radiolysis of water and brine in WIEPP facility disposal rooms
22 will produce H2 and 02 and consume H20, but will not significantly affect the overall gas
23 or H20 contents of the repository (Appendix GAS).
24
25 Biodegradation
26
27 Microbial decomposition of nonradioactive components of TRU waste will change the
28 waste over time. Unless drums are breached or the repository is resaturated with brine,
29 non-halophilic bacteria will dominate, while halophilic or halotolerant bacteria will
30 prevail when the waste contacts the salt environment. The repository may contain viable
31 populations of microbes (indigenous or introduced). Both aerobic and anaerobic
32 degradation may occur in isolated areas of the waste. Aerobic activity will be restricted
33 to areas of active oxygen generation by radiolysis. Over the long term, the continual
34 presence of high levels of sulfate, which is contained in the salt, will favor anaerobic
35 activity by the sulfate reducers. Microbes in the WIPP facility may cause some
36 biodegradation of waste containers and waste matrices, altering the chemistry of the
37 repository.
38
39 Microbial activity in the WJPP facility disposal rooms may produce CO2 , N2, N11, H 2S,

40 H2, and CH4 and consume 02 gases. The best estimate of the quantity of gas generated by
41 microbial activity under humid conditions has been determined to be 0. 1 moles per drum
42 per year (Appendix GAS). Microbial consumption of substrates, such as cellulosics and,
43 perhaps, plastic and rubber materials, may produce significant quantities of gas, but it is
44 unknown whether water will be produced or consumed. The microbial survival rate is
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.1 also unknown, because it is influenced by the concentration of nutrients and humid or
2 inundated conditions.
3

4 Volatilization
5
6 Volatilization is the change of state from liquid to vapor. The volatilization of organic
7 solvents present in some TRU waste is a function of their vapor pressures and the
8 physical form of the waste. Volatile organic compounds (VOCs) are present in the
9 headspace of the waste containers due to their volatilization potential; Appendix WAP

10 summarizes the headspace gas data collected to date. Solidified waste forms reduce the
11I rate of volatilization of organics that may be present.
12
13 The waste packaging will also affect the amounts of VOCs released. The waste is
14 packaged in multiple layers of plastic bags and placed in containers that are vented with
15 carbon composite filters. Although the vents will prevent any explosive mixtures of
16 gases (i.e., hydrogen and methane) from forming in the drumns, the rate of diffusion
17 through the inner bags and the carbon composite filter limits the degree of volatilization
18 of VOCs.
19
20 4.3.4 Analytical Methods
21.22 Characterizing TRU waste includes applying methods to generate the information
23 necessary for each data user. These data are necessary to meet the particular objectives of
24 each compliance program. This section defines the procedures used to characterize TRU
25 waste at the generator/storage sites and the site-specific plans that identify and describe
26 the administrative controls and procedures required to characterize, segregate and
27 process, and package TRU waste in accordance with the WAGC.
28
29 The DOE will use acceptable knowledge, as defined in EPA's Waste Analysis at
30 Facilities that Generate, Treat, Store, and Dispose of Hazarlous Waste (EPA 1994);
31 NDAINDE techniques; and sampling and analysis methods to characterize TRU waste.
32 The sampling and analysis methods used to characterize TRUJ waste are derived from SW-
33 846, "Test Methods for Evaluating Solid Waste, Physicall'Chemical Methods," (EPA
34 1992a) and are summarized in Appendix WAR.
35
36 Provided in the QAPP are the QA/QC requirements for ensuring that (1) all data are
37 technically sound, statistically valid, and properly documented, and (2) all data meet the
38 QA objectives. The QAPP addresses the QA/QC requirements specified in Chapter 1 of
39 SW-846. The methods outlined in the QAPP will provide the data necessary for WIPP
40 facility compliance programs. Alternative methods may be proposed, provided they can
41 demonstrate that data quality objectives of the QAPP are attaned.
42. 43
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1 4.3.4.1 Headsp~ace Sampling and Analysis
2

3 Headspace sampling and analysis refers to determining the composition and
4 concentrations of flammable gases (hydrogen and methane) and halogenated and
5 nonhalogenated VOCs in the air located in the void volumes (or headspace) of waste
6 containers. The specific requirements for sampling and quantifying gases and VOCs are
7 described in the QAPP.
8
9 4.3.4.2 Homogeneous Solids and Soils/Gravel Sampling and Analysis

10
I11 Solidified waste forms include several waste matrices, such as inorganic wastewater
12 treatment sludges, organic sludges, solidified liquids, inorganic process solids or soil,
13 resins, and pyrochemical salts. Solid waste sampling and analysis are used to determine if
14 a waste is toxic under 40 CFR Part 261 Subpart C and to quantify the concentrations of
15 hazardous constituents (40 CFR Part 26 1, app. VIIII) in solid waste. The specific QA/QC
16 requirements and QA objectives for each method specified in the Waste Analysis Plan are
17 provided in the QAPP.
18
19 4.3.4.3 Radiographic Examination
20

21 Radiographic examination is a nondestructive, nonintrusive technique that qualitatively
22 evaluates the contents of a waste container. This technique includes the use of X-rays and
23 a video system to inspect the contents of a waste container and allows the operator to
24 view events in progress. Radiographic examination is used to examine and verify the
25 physical form of the waste, identify individual waste objects/parts, and verify the absence
26 of certain prohibited items. The data quality objectives and QAIQC requirements for
27 radiography are specified in the QAPP.
28
29 4.3.4.4 Visual Examination
30
31 Visual examination consists of sorting and examining the contents of the containers to
32 remove prohibited items before packaging and to characterize materials that may affect
33 the performance assessment. For example, visual examination is used to verify waste
34 material parameters, such as metal and cellulose.
35
36 The DOE will use visual characterization for all waste generation process lines and
37 repackaging programs. The QAPP addresses the use of visual examination to verify
38 radiography data. All waste containers are characterized by radiography, but waste
39 containers are statistically selected for visual examination. Data obtained from visual
40 examination are also used to determine the percentage of waste containers incorrectly
41 certified according to WIPP WAC.
42
43
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@s 1 4.3.4.5 Acceptable Knowledge
2
3 Acceptable knowledge is used in conjunction with other waste characterization
4 techniques to delineate waste streams, identify listed wastes from nonspecific and specific
5 sources in accordance with 40 CFR §261.3 1, and determine the toxicity characteristics
6 associated with TRU debris wastes. Acceptable knowledge is a key component in

7 properly determining hazardous waste under RCRA. The p';ysical form and the
8 associated increased health and safety risks associated with obtaining a representative
9 sample of TRU debris wastes clearly justify the use of acceptable knowledge to make

10 hazardous waste determinations.
11
12 The proper assignment of listed Hazardous Waste Codes relies on knowledge of the
13 materials and processes that generated the waste and not on the concentration of
14 constituents. Nuclear weapons production resulted in a vari-.ty of wastes contaminated
15 with spent solvents used for cleaning and degreasing (i.e., hazardous waste codes FO0l-
16 F005). Acceptable knowledge documentation must be used to identify these TRU wastes.
17
18 To ensure consistency in the use and interpretation of acceptable knowledge information,
19 sites must compile the minimum required information in an auditable record. Sites must
20 develop and implement written procedures that describe the compilation, use, and
21 confirmation of acceptable knowledge. In addition, sites must demonstrate, by complying@22 with written procedures, that discrepancies in information will be documented and that
23 hazardous waste codes will be conservatively applied.
24

25 The DOE/CAO will audit DOE sites to initially grant TRIJ waste certification authority to
26 each site. The DOE/GAO will conduct audits at least annually thereafter to verify
27 compliance with approved plans and procedures. Sites will implement corrective action
28 plans that address all audit findings. Waste stream characterization and certification
29 authority will be revoked if noncompliance with the WAP and QAPP are identified by the
30 DOE/GAO at a site.
31
32 The DOE will review waste stream profile forms and associated data packages to ensure
33 that radiography and headspace gas data confirm acceptable knowledge and that the
34 correct hazardous waste codes have been assigned to each waste stream. If complete and
35 adequate information is not provided by the generator regardxing the hazardous waste
36 determinations, then the waste will not be authorized for shipment to and disposal at the
37 WI[PP facility. Acceptable knowledge is further addressedt in Appendix WAP.
38
39 4.3.5 Supporting Documentation Requirements for Generators
40
41 Implementation of the TRU Waste Characterization Program at DOE sites requires that
42 all waste characterization activities be conducted in accordance with approved@43 documentation that describes the management, operations., and QA for the program.
44 These documents ensure conformance with all applicable regulatory, programmatic, and
45 operational requirements. The sites may also need to develop other documents (e.g.,
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1 TRU waste management plans, safety analysis reports, and operational safety
2 requirements) that address site-specific programmatic and operational requirements. The
3 documentation requirements critical to the implementation of the TRU Waste
4 Characterization Program at each site are discussed below.
5
6 All generator/storage sites will ensure that implementation of their site-specific waste
7 characterization program meets the QA requirements of DOE Order 5700.6C. The QAPP
8 describes the specific data quality objectives for the TRU Waste Characterization
9 Program and incorporates the applicable elements of other governing documents,

10 including EPA Requirements for Quality Assurance Project Plans for Environmental
I1I Data Operations (EPA 1992b). The QAPP and the associated document Transuranic
12 Waste Characterization Sampling and Analysis Methods Manual (DOE 1996) currently
13 establish analytical methods for meeting regulatory requirements. Additional discussion
14 on QA is presented in Chapter 7 of this petition. The process used for the development
15 and approval of site-specific QAPjPs is included as an attachment to the WIPP Waste
16 Analysis Plan (Appendix WAP).
17
18 4.3.5.1 Site Certification Plans
19
20 The generator/storage sites must prepare plans that specify how the requirements of the
21 WAC will be met. These plans must include the administrative, procedural, and process
22 controls used to determine waste acceptability. Additional detail on the certification
23 process is provided in the Waste Analysis Plan (Appendix WAP).
24
25 4.3.5.2 Quality Assurance Pro-ject Plans
26
27 Prior to initiating waste characterization activities, the sites must prepare site-specific
28 QA-PjPs. These site-specific documents, developed in accordance with the applicable
29 requirements in DOE Order 5700.6C and the QAPP, define quality management and
30 program elements that provide for planning, implementation, and assessment of the TRU
31 Waste Characterization Program and data collection activities. Preparation, review, and
32 approval of QAPjPs are discussed in the Waste Analysis Plan (Appendix WAP).
33
34 4.3.5.3 Standard Operating Procedures
35
36 The QAPP requires that each DOE generator/storage site develop, implement, and control
37 written standard operating procedures (SOPs) that provide detailed descriptions of
38 routine, standardized, or critical waste characterization activities. The SOPs serve as the
39 basis for quality assessments of waste characterization activities, because they provide
40 detailed descriptions of required activities.
41
42 4.3.5.4 Performance Demonstration Program
43
44 All facilities characterizing TRU waste for disposal at the WIPP facility must successfully
45 participate in the applicable portions of the Performance Demonstration Program (PDP)
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1 for the TRU Waste Characterization Program. The PDP assists in determining a facility's
2 ability to meet the QA objectives identified in the QAPP.

3
4 The PDP includes the analyses in the TRU Waste Characterization Program that can be
5 realistically tested for applicable performance parameters.. F'acility performance will be
6 demonstrated by the successful analysis of blind-audit samples. Blind-audit samples
7 (hereafter referred to as PDP samples) will be used as an independent means to assess
8 facility performnance regarding compliance with the QAPP QA objectives. Acceptable
9 performance will be demonstrated by all participating facilities prior to the initial analysis

10 of TRU waste samples, as well as on a continuing basis.
11
12 The PDP samples must be analyzed using the same methods the facility anticipates using
13 for the analysis of TRU waste samples. These methods will be developed and approved
14 within the specifications of the QAPP. Additional guidance is provided in the
15 Transuranic Waste Characterization Sampling and Analysis, Methods Manual (DOE
16 1996).
17

18 4.3.6 Waste Characterization Information Summary
19

20 To date, TRU waste has been characterized using NDAINDE and headspace gas sampling
21 and analysis. Results of headspace gas analyses are provided in Appendix WAP.

* 22
23 Analytical data on the concentrations of 29 VOCs in the headspace gases have been
24 collected from approximately 900 drums from the INEL and the RFETS. Weighted
25 average headspace concentrations have been calculated (Appendix WAP) and are
26 summarized in Table 4-9. The data represent all Waste Matix Code Groups except soil
27 and unknown waste forms, which represent less than two p)ercent of the inventory. The
28 most prevalent VOCs observed in the headspace gases are methylene chloride, carbon
29 tetrachloride, and 1,1,1-trichioroethane. These VOCs have been observed in average
30 concentrations that range between 100 parts per million by volume (ppmv) and 1,000
31 ppmv after being weighted to reflect estimated proportions of Waste Matrix Code Groups
32 within the DOE complex.
33
34 4.3.7 Future Waste Characterization Activities
35
36 All waste will be certified according to the requirements specified in the final WJPP
37 WAC and characterized in accordance with the WIEPP Waste Analysis Plan (Appendix
38 WAP) and the QAPP prior to shipment to the WIPP facility. Generator/storage sites must
39 identify and completely characterize individual waste streams. The BLR will be updated
40 periodically to reflect the most current waste stream information.
41
42 Waste characterization facilities are being planned based on Lhe quantities of TRU waste

* 43 in immediately accessible storage (e.g., air-support buildings). Retrievably stored waste
44 that is currently managed in earthen-covered storage will be characterized in accordance
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1 Table 4-9. Weighted Average Concentrations of Headspace Gases'
2

3 constituent Weighted Average
(prsper millon by volume)

4 1, 1, 1 -Trichioroethane 3. 17E+02
5 1, 1,2,2-Tetrachloroethane 9.35E+00
6 1, 1,2-Trichloro- 1 ,2,2-trifluoroethane 3 .30E+01
7 1, 1 -Dichioroethane 1 .02E+01
8 1,1 -Dichoroethylene 1. 15E+O 1
9 1 ,2,4-Trimethylbenzene 1 .22E+01

10 1 ,2-Dichloroethane 9.07E+00
11I 1 ,3,5-Trimethylbenzene 8.62E+00,
12 Butanol 7.8 1 E+0 1
13 Methyl ethyl ketone 6.37E+01
14 Methyl isobutyl ketone 7.90E+01
15 Acetone 7.98E+01
16 Benzene 9.25E+00
17 Bromoform 9.38E+00
18 Carbon tetrachloride 3 .76E+02
19 Chlorobenzene 1 .25E+01
20 Chloroform 2.53E+01
21 (cis)- 1 ,2-Dichloroethylene 8 .97E+00
22 Cyclohexane 2.75E+01
23 Ethyl benzene 1. 16E+0 1
24 Ethyl ether 1 .33E+01
25 Hydrogen (% vol.) 1 .2E-0 1
26 Methane 6.OOE-03
27 Methanol 2.13E+02
28 Methylene chloride 3.68E+02
29 o-Xylene 1 .60E+0 1
30 p/m-Xylene 1 .93E+01
31 Tetrachloroethylene 9.40E+00
32 Toluene 1.94E+01
33 Trichloroethylene 2.5 1 E+01I
34 'From Appendix WAP, Attachment C2
35
36 with schedules developed as part of retrieval operations, as well as the availability and
37 sample throughput capacities of TRU waste characterization facilities.
38
39 Newly-generated waste is defined as waste generated after the development and
40 implementation of a QA program that meets the requirements specified in the QAPP.
41 Newly-generated waste may be characterized piior to packaging (e.g., visual examination
42 of debris waste during packaging or sampling of sludges prior to solidification).
43
44 A large percentage of waste will be generated as part of decontamination,
45 decommnissioning, and environmental restoration. Final waste forms generated by these
46 activities will be characterized in accordance with the QAPP and will meet the WJPP
47 WAG. Waste characterization will be incorporated into plans and schedules for these
48 activities.
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.1 5.0 Environmental Impact Analysis
2 Abstract
3
4 This chapter examines the potential environmental and human health impacts associated
5 with the waste emplacement activities at the Waste Isolation Pilot Plant (WIPP)
6 throughout its projected 25 years of operation, as well as potential impacts during the ten-
7 year closure period. Under Title 40 of the Code of Federal Regulations (CFR) § 268.6,
8 the Environmental Protection Agency (EPA) requires that anyone seeking an exemption
9 from the prohibition against land disposal of hazardous waste submit a petition to the

10 Administrator demonstrating, to a reasonable degree of certainty, that hazardous
11 constituents will not migrate from the disposal unit for as long as the waste remains
12 hazardous. The EPA has interpreted "no migration" to mean that hazardous constituents
13 shall not exceed those associated with agency-approved humnan health-based levels
14 (HBLs) beyond the boundary of the disposal unit. Prior to final closure of the WLPP
15 facility, the potential for migration of hazardous constituents exists from the volatilization
16 of organic compounds through the air. The anticipated maximum ground-level
17 concentrations (5.0 ft [1.5 mn] above the ground surface) of hazardous constituents are
18 quantified, taken as the point of compliance, and compared t~o the HBLs.
19
20 Basis for No-Migration Demonstration
21
22 The information presented in this chapter includes the migration pathway during disposal.23 operations, the screening process used to determine indicator constituents, and the
24 methodologies used to determine HBLs and concentration estimates for comparison to
25 HBLs. The DOE has specified a point 5.0 ft (1.5 mn) above the ground immediately
26 adjacent to the underground ventilation exhaust duct as the n o-migration boundary for
27 emissions during operations and closure. This point has been selected since it is the
28 nearest point to the emission source where a hypothetical individual could be exposed to
29 hazardous constituents from disposed waste.
30
31 Mfigration Pathway. The media available for hazardous-constituent transport at the
32 WIPP facility include air, ground and surface waters, and soil. All transuranic (TRU)
33 wastes are kept in containers during receipt, handling, and emaplacement operations. By
34 the nature of the WJPP facility and its operations, there are no credible mechanisms for
35 direct release of hazardous constituents into water or soil. The WIEPP Safety Analysis
36 Report identifies the air p athway as the only possible migration pathway during disposal
37 operations. Accordingly, for the assessment of releases occurring during these
38 operations, the migration of hazardous constituents from the WIPP repository is evaluated
39 only for the air pathway.
40
41 All waste containers destined for shipment to the W1PP facility will be vented with a
42 particulate filter to prevent buildup of flammable or explosive gases as a result of
43 radiolysis and eliminate any pressurization caused by changes in temperature and.44 elevation. During the WIPP operational period, volatile organic compounds (VOCs) in
45 the vapor state may be released into the air due to diffusion across these filters; therefore,
46 the migration of VOCs via the air pathway must be quantified. Metals in the waste exist
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1 in predominantly monolithic forms, such as tools, equipment, and lead shielding. The
2 filters are designed to prevent the release of particulates, including metal particulates, to
3 the environment during waste handling and disposal operations.
4
5 Contaminant Screening and Concentrations. To reduce the number of VOCs carried
6 through the analyses, the VOCs were screened using the concentration-toxicity screening
7 technique. The VOCs in this reduced set are referred to as "indicator" VOCs. The
8 indicator VOCs represent approximately 99 percent of the risk due to migration in air.
9

10 The weighted average of measured headspace-gas concentrations obtained from sampling
11I and analysis of wastes at Idaho National Engineering Laboratory (IN;EL) and Rocky Flats
12 Environmental Technology Site (RFETS) were used to screen the initial list of VOCs for
13 the no-migration demonstration. When a VOC was not detected, a value of one-half the
14 sample quantitation limit was used as the headspace concentration of that VOC. These
15 concentrations are conservatively assumed to remain constant throughout the 35-year
16 operational/closure time frame.
17
18 Methodology for Determining Health-Based Levels. The methodology for calculating
19 HBLs is described in the proposed ruling on Corrective Action for Solid Waste
20 Management Units at Hazardous Waste Management Facilities. In this proposed 40 CFR
21 264 Subpart 5, the action levels, or HBLs, are calculated given the exposure assumptions
22 for the media of interest and the toxic or carcinogenic effects for each hazardous
23 constituent. The proposed Subpart S recommends that a continuous'lifetime exposure
24 duration of 70 years be assumed; however, because the operational/closure phase of the
25 facility is 35 years, a 35-year exposure duration is used to determine HBLs for this
26 assessment. The assumed risk levels for carcinogens are 10' for Class A or B
27 carcinogens and 10' for Class C carcinogens; these levels may be interpreted as the
28 occurrence of one excess cancer case in populations of 1,000,000 and 100,000 persons,
29 respectively. In determining HBLs for noncarcinogens, the chemnical-specific reference
30 concentrations are used, which estimate the daily exposure an individual can experience
31 without appreciable risk of adverse effects during a lifetime. Because the guidelines refer
32 to excess health risks, the calculated HBLs will be applied only to migration of hazardous
33 constituents from the disposed waste.
34
35 No-Migration Demonstration
36
37 In order to demonstrate no migration during disposal operations and closure of the
38 facility, the concentration of each indicator VOC in air at the point of maximum predicted
39 ground-level concentration is calculated. Air dispersion modeling was required for
40 estimating the maximum ground-level concentrations. The EPA recommends that no-
41 migration variance petitioners use the Industrial Source Complex (ISC) model to assess
42 the dispersion of hazardous constituents in the air pathway.
43
44 The results of the air dispersion modeling provide maximum annual average
45 concentrations for the area within the WIPP site boundary that are used to calculate air
46 dispersion factors (ADFs). The maximum ground-level (5.0 ft [1.5 m] above ground)
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*I concentration predicted by the model occurred approximately 130 ft (40 m) from the
2 exhaust shaft and results in an ADF of 12.3 x 10-3 . The AI)F is used in the no-migration
3 calculations to estimate the maximum ground-level concentration for each indicator VOC
4 from calculated exhaust shaft concentrations.
5
6 The no-migration demonstration for the air pathway is based on the average concentration

7 of hazardous constituents during of the filling of the last p anel equivalent, that is, during
8 the last panel cycle. The average includes potential releases from nine closed panel
9 equivalents, since this will be the state of the repository when it is approaching full

10 capacity and releases are maximized. In addition, ventilation barriers will be installed on
11 individual rooms within a panel as they are filled with waste, containers. Therefore, the
12 average used in the demonstration takes into account the p resence of ventilation barriers
13 on six of the seven rooms within a panel; the seventh room is assumed to not yet have a
14 ventilation barrier installed.
15
16 The panel closure system design includes the use of low-permeability materials that
17 restrict the diffusion of VOCs from the closed panel; therefore, gas pressurization is
18 assumed to be the only process that would cause VOCs to midgrate beyond a closed panel.
19
20 The maximum ground-level concentrations of indicator VOCs are one-third to five orders
21 of magnitude below the HBLs. The no-migration demonstration used the following
22 conservative assumptions in determining compliance point concentrations:. 23
24 1 . All drums (for the purposes of this assessment, all calculations were performed on a
25 per drum basis, rather than using drum equivalents or a mixture of drums and
26 standard waste boxes (SW;Bs)) are fitted with the model NFT-013 carbon composite
27 filter
28
29 2. The effective gas generation rate is constant in closed -panels and unventilated rooms
30
31 3. The actual source of VOCs will exist throughout the operationallclosure phase and
32 will maintain the average concentrations in drum and panel headspaces (i.e., no
33 depletion of the source over time)
34
35 4. VOC concentrations in the closed panel atmosphere are instantaneously equivalent to
36 the average drum headspace concentrations
37
38 5. There is no decrease in closure system permeability due to creep closure over time
39
40 6. Enough moisture will exist to create humid environme~ntal conditions for gas
41 generation
42
43 7. The last panel cycle is considered representative of the ertire 35-year.44 operational/closure time period
45
46 8. There will be 8 1,000 drums disposed of in each panel
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2 Other assumptions that may contribute to the overall uncertainty of the estimates are as
3 follows:
4
5 0 The mine ventilation flow rate will remain constant throughout the
6 operational/closure phase
7 0 Weighted average drum headspace concentrations of VOCs represent all waste to be
8 disposed of at the WJPP
9

10 The EPA HBLs are developed for environmental receptors, based on what the EPA has
11 established as acceptable risk. Additional conservatism exists in the use of these HBLs
12 for a point of compliance within the W~lPP property protection area. This is because any
13 chronic exposure within this area will be to workers, as opposed to the public. Since
14 workers include only healthy adults, the risks can be higher as evidenced by the generally
15 higher exposure limits established by the Occupational Health and Safety Administration
16 (OSHA).
17
18 The no-migration calculation results show that operations at the WIPP facility both
19 during and after waste emplacement and facility closure are not expected to result in the
20 migration from the facility of hazardous constituents in concentrations above the HBLs.
21
22 Prediction and Assessment of Infrequent Events
23
24 This chapter identifies and examines infrequent events that could potentially result in the
25 movement of hazardous constituents beyond the point of compliance. The events
26 considered are natural, waste- and facility-induced, and human-induced and are beyond
27 the realm of what can be reasonably expected to occur during routine disposal operations
28 and closure of the facility.
29
30 An assessment of the natural events that have the potential to impact the WJ[PP facility
31 and a qualitative evaluation of the likelihood of these events are presented. The
32 discussion addresses natural events in the following categories: climatic fluctuations,
33 near-surface events, and tectonic events.
34
35 Waste- and facility-induced events include the thermal and chemical effects of the waste,
36 the mechanical effects of the facility, the modification of the hydrologic regime by the
37 presence of the facility, and fires occurring in the waste. The facility design takes these
38 effects into account.
39
40 Certain human-induced events could conceivably impact the integrity of the WIPP
41 repository. These events include design and operational flaws, human intrusion, induced
42 groundwater perturbations, and induced biosphere alterations.
43
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.1 5.0 ENVIRONMENTAL IMEPACT ANALYSES

2 This chapter examines the potential environmental and human health impacts associated
3 with the waste emplacement activities at the Waste Isolation Pilot Plant (WIPP)
4 throughout its projected 25 years of operation, as well as potential impacts during the ten-
5 year closure period. Under Title 40 of the Code of Federal Regulations (CFR) § 268.6,
6 the U.S. Environmental Protection Agency (EPA) requires that anyone seeking an
7 exemption from the prohibition against land disposal of a hazardous waste submit a
8 petition to the Administrator demonstrating, to a reasonable degree of certainty, that
9 hazardous constituents will not migrate from the disposal. unait for as long as the wastes

10 remain hazardous. The EPA has interpreted "no migration' to mean that hazardous
11 constituents shall not exceed agency-approved human health-based levels (HBLs) beyond
12 the boundary of the disposal unit (EPA 1992, 1). Prior to, final closure of the WIPP
13 facility, the potential for migration of hazardous constituents exists from the volatilization
14 of organic compounds from waste containers through the air. The annual average
15 concentrations of hazardous constituents are quantified and compared to the HBLs.
16 Chapter 8 examines the potential environmental and human health impacts after closure.

17 5.1 Basis for No-Migration Demonstration

18 The information presented below includes the migration pathway during disposal
19 operations, the screening process used to determine indicator constituents, and the.20 methodologies used to determine HBLs and concentration estimates for comparison to
21 HiBLs. The DOE has specified a point 5.0 ft (1.5 m) above the ground immediately
22 adjacent to the underground ventilation exhaust duct as the 11-migration boundary for
23 emissions during operations and closure. This point has been selected since it is the
24 nearest point to the emission source where a hypothetical individual could be exposed to
25 hazardous constituents from disposed waste.

26 5.1.1 Migration Pathway

27 The media available for hazardous-constituent transport at the WLIPP facility include air,
28 ground and surface waters, and soil. All transuranic (TRU),wastes are kept in containers
29 during receipt, handling, and emplacement operations. By the nature of the WIPP
30 facility and its operations, there are no credible mechanisms for direct release of
31 hazardous constituents into water or soil. The WJPP Safety Analysis Report (DOE 1995,
32 7-35) identifies the air pathway as the only possible migration pathway during disposal
33 operations. The EPA has concluded in the Conditional No-M~igration determination for
34 the test phase of the WIPP facility that the only possible migration pathway during the
35 test phase is through the: exhaust shaft (55 FR 47708) and that releases through brine, salt,
36 or other geological media are implausible (55 FR 47703). Characteristics of the facility
37 during operations are expected to the same as those for the tcst phase. Accordingly, for
38 the assessment of releases occurring during these operations, the migration of hazardous.39 constituents from the WIPP repository is evaluated only for the air pathway. Post-closure
40 mnigration is examined in Chapter 8.
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1 All waste containers destined for shipment to the W~IPP facility will be vented with a
2 particulate filter to prevent the buildup of flammable or explosive gases as a result of
3 radiolysis and eliminate any pressurization caused by changes in temperature and
4 elevation. During the WIPP operational period, volatile organic compounds (VOCs) in
5 the vapor state may be released into the air due to diffusion across these filters; therefore,
6 the migration of VOCs via the air pathway must be quantified. Metals in the waste exist
7 in predominantly monolithic forms such as tools, equipment, and lead shielding. The
8 filters are designed to prevent the release of particulates, including metal particulates, to
9 the environment during waste handling and disposal operations.

10 5.1.2 Contaminant Screening

I1I To limit the number of VOCs carried through the analyses, the VOCs were screened
12 using the concentration-toxicity screening technique (EPA 1989, 5-23). The VOCs in
13 this reduced set are referred to as "indicator"~ VOCs. These indicator VOCs represent
14 approximately 99 percent of the risk due to air emissions. This screening methodology is
15 described in detail in Appendix VOC.

16 The initial VOCs reported by DOE generator/storage sites and subject to the screening
17 methodology were selected based on the following criteria:

18 0 the VOC is a listed solvent in 40 CFR Part 261, Subpart D, or
19 0 the VOC is a toxicity characteristic organic in 40 CFR Part 26 1, Subpart C, or
20 0 the VOC is a hazardous constituent listed in 40 CFR Part 261, Appendix VIII

21 The weighted averages of measured headspace-gas concentrations (Section 5.2. 1)
22 obtained from the sampling and analysis of wastes from the Idaho National Engineering
23 Laboratory ([N"EL) and the Rocky Flats Environmental Technology Site (RFETS) were
24 used to screen the initial list of VOCs. When a VOC was not detected, a value of one-
25 half the sample quantitation limit was used as the headspace concentration of that VOC.
26 These concentrations are conservatively assumed to remain constant throughout the 35-
27 year WIPP facility operational/closure time frame.

28 The VOCs selected for inclusion in the assessments contained in this chapter are listed in

29 Table 5-1. The selected VOCs are referred to as indicator VOCs.

30 5.1.3 Methodology for Determining Health-Based Levels

31 The methodology for calculating HBLs is described in the proposed ruling on Corrective
32 Action for Solid Waste Management Units at Hazardous Waste Management Facilities
33 (55 Federal Register (FR) 30797). In this proposed 40 CFR 264 Subpart S, the action
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Final No-Migration Variance Petition.1 Table 5-1. VOCs Selected for Inclusion in the Analyses

2 Constituent Type Constituent

3 Carcinogens Carbon~ tetrachloride
Chloroform
1, -Dichloroethylene
1 ,2-Dichloroethane
Methylene chloride
1, 1 ,:,2-Tetrachloroethane
1, 1,1 -Trichioroethane

4 Noricarcinogens Chlorobenzene
Toluene

5 levels, or HBLs, are calculated given the exposure assumptions for the media of interest
6 and the toxic or carcinogenic effects for each hazardous constituent. The proposed
7 Subpart S recommends that a continuous lifetime exposure duration of 70 years be
8 assumed; however, because the operational/closure phase of the facility is 35 years, a 35-
9 year exposure is assumed in determining HBLs for this asses;sment. The assumed risk

10 levels for carcinogens are 10-6 for Class A or B carcinogens and 10' for Class C.11 carcinogens; these levels may be interpreted as the occurrence of one excess cancer case
12 in population of 1,000,000 and 100,000 persons, respectively. In determining HBLs for
13 noncarcinogens, the chemical-specific reference concentrations are used, which estimate
14 the daily exposure an individual can experience without appreciable risk of adverse
15 effects during a lifetime. Because the guidelines refer to excess health risks, the
16 calculated HBLs are applied only to potential migration of hazardous constituents from
17 the disposed waste.

18 The methodology for determining HBLs is derived from the EPA's Risk Assessment
19 Guidance for Superfund (EPA 1989). Although the EPA provides alternate "standard
20 default exposure factors," exposure assumptions outlined in the proposed Subpart S are
21 used for this no-migration demonstration, where applicable.

22 To calculate the HBLs in air for carcinogens with an absorpt:ýýon factor conservatively
23 assumed to be equal to 1, the following equation is used:

HBL= TRL xAT(51
EF x ED x URE 51
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I where
2 HBL = HBL for carcinogen, jig/rn3

3 TRL = target risk level (TRL), 10-5 (Class C) or 106' (Class A and B)
4 AT = averaging time, 25,550 days for carcinogens (70 years x 365 days/year)
5 EF = exposure frequency, 365 days/year
6 ED = exposure duration, 35 years
7 URF = unit risk factor (URF) for carcinogen, ([pg/M 3)-1

8 Equation 5-1 was derived from equations in EPA (1989), and this derivation is shown
9 below.

10 EPA (1989, 6-44) provides the calculation of residential exposure from inhalation of
11 airborne (vapor phase) chemicals as:

CAx RxATF xl ED 3 g(-2
INTAKE (mg/kg - day) W CA IxEF AT mg I) 0 1952

12 where
13 CA = contaminant concentration, jig/rn 3

14 IR = inhalation rate, assuming exposure time (ET) of 24 hours/day, 20 M3 /day
15 BW = body weight, 70 kg

16 EPA (1989, 8-6) also describes chronic intake as:

INTAKE =RISK(53
SF (3

17 where
18 SF =cancer slope factor (CSF), (mg/kg-day)-'

19 To express the carcinogenic effect in terms of unit risk factor, as provided in EPA (1989,
20 7-13), the following equation is used:

UF=SF x IR X mg -(5-4)
BW I103 119

21 Solving for slope factor in equation (5-4):

SF-=UR x (W X IX g031 (5-5)

IR mg
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.1 Combining equation (5-3) and (5-5):

INAE=RISK x IR X mg (5-6)
URF xBW IXl103 1g9

2 Setting equations (5-2) and (5-6) equal to each other:

RISK xIR YO3g = CA xIR xEF xED rng J (57)

3 and solving for CA,

CA= RISK xAT(58
EF x ED x URF(58

4 where
5 CA = HBL, jig/rn3.6, RISK = TRL, unitless

7 For carbon tetrachloride (CCl4), a class B2 carcinogen, the IBL is calculated as follows:

HBL~c (10-6 )x(25,550 days) - 0. 133 jig/rn3

CC4(365 days/year) x (35 years) x (1.5 x 10-5 (jg/rn 3) -1)

8 For noncarcinogens, the HBLs in air are calculated as follows:

HBL =THQ x RfC x AT x (103 jig/mng) (5-9)
EF xED

9 where
10 HBL = HBL for noncarcinogen, jig/rn 3

11 THQ = target hazard quotient (THQ), assumed to be 1
12 RfC = reference concentration for the noncarcinogen, mg/in 3

13 AT = averaging time, 12,775 days for noncarcinogens (ED x 365 days/year).14 EF = exposure frequency, 365 days/year
15 ED = exposure duration, 35 years.

DOE/CAO-96-2160 5-5 June 14, 1996



Final No-Migration Variance Petition

I Equation (5-9) was derived from equations in EPA (1989), and is shown below. EPA
2 (1989, 8-11) provides the calculation for intake as:

INTAKE = HQ x RJD (5-10)

3 where
4 HQ = hazard quotient, unitless
5 RfD = reference dose, mg/kg-day

6 EPA (1989, 8-5) provides the calculation for the reference dose as:

RfD= _fC xIR (5-11)
BW

7 where
8 RfC = reference concentration, jig/rn3

9 Combining equations (5- 10) and (5-1 1):

INTAKE - HQ x RfC x IR (5-12)
BW

10 Setting equations (5-2) and (5-12) equal to each other:

HQ xRfC xIR =CA xIR xEF xED ( mg
BW BW xAT IXlO01 P9

11 and solving for CA:

CA HQ x fC xAT lX1X 103 g.g (5-13)

12 where
13 CA = HBL, jig/rn3

14 HQ = THQ, unitless

15 An example calculation of equation (5-9) is the HBL for toluene as follows:
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HBLTIlen - (1) x (4.00x 10-1 mg/rn 3) x (12,775 days) X (103 Ig/mg), = 400 iglm 3

(365 days/year) x (35 years-)

1 The toxicity measures (i.e., URFs and reference concentrations [RfCs]) used in the
2 calculations are presented in Table 5-2. The main source of these data was the Integrated
3 Risk Information System (IRIS) (EPA 1994a); the data in the IRIS system are updated
4 monthly and are reviewed and approved by the EPA. For several VOCs, however,
5 toxicity data were not available, either because the data were under review by EPA, or
6 because an assessment of the compound's toxicity has not yet been conducted. A
7 subsequent search of the Health Effects Assessment Summary Tables (HEAST) (EPA
8 1994b) was performed to determine the toxicity characteristics for those VOCs without
9 data in the IRIS. The data obtained from the HEAST tables have not been updated since

10 1994. Therefore, when information in HEAST conflicted with the IRIS regarding the
11 classification of a chemical as a carcinogen or noncarcinogen, the information and
12 classification in the IRIS were used.

13 In calculating the HBLs for both carcinogens and noncarcinogens, an exposure duration
14 of 35 years was assumed. For noncarcinogens, the averaging time is equivalent to the
15 exposure duration; therefore, this assumption has no effect cn the calculated value of the

* 16 HBL. This assumption is reasonable, because waste emplacement is expected to last 25
17 years, and a ten-year closure period follows. The calculated HBL for each indicator VOC
18 in air is listed in Table 5-3.

19 The post-closure of the facility follows the closure period and is the time period during
20 which no-migration must be demonstrated for 10,000 years. The post-closure period is
21 considered equivalent to placement of waste in a land-treatmr.ent unit; at this point, the
22 facility will be configured to perform as designed. The 70-year exposure period will be
23 assumed for the long-term HBLs for any media of concern.. Trhese HBLs are presented in
24 Chapter 8 and calculated in Appendix LTHBL.

25 5.2 No-Migration Demonstration

26 5.2.1 Headspace Concentrations of VOCs

27 Analytical data on the concentrations of 31 VOCs in drum headspaces have been
28 collected from approximately 930 drums at the INEL and the RFETS. These data and the
29 methodology for calculating weighted average headspace concentrations are described in
30 Appendix WAP, Appendix C2. The most prevalent volatile organic hazardous
31 constituents observed in the headspace gases are carbon tetrachloride, methylene chloride,
32 and 1,1,l-trichloroethane, which are included in this analysis. Table 5-4 lists the
33 weighted average headspace concentrations, HS, for the indicator VOCs.
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I Table 5-2. Toxicity Data for Indicator VOCs

IJRF RfC
2 Constituent Chemical Class (g/n')" (mg/rn)
3 Carbon tetrachloride B2 1 .5OE-5b ND

4 Chlorobenzene D ND 2.OOE-O2 a

5 Chloroform B2 2.30E-05 b ND

6 1,1-Dichioroethylene C 5.OOE-O5' ND

7 1,2-Dichloroethane B2 2.60E-05' ND

8 Methylene chloride B2 4.7OE-O7b ND

9 1, 1,2,2-Tetrachioroethane C 5.8OE-O5c ND

10 Toluene D ND 4.OE-O 1 b

I11 1, 1, 1 -Trichioroethane C 1 .6OE-O6c ND

12 'Data from EPA (1994b)
13 bData from EPA (1 994a)
14 'Data from Superfund Technical Support Center
15 Key: ND = No data C = Class C carcinogen
16 B2 = Class B2 carcinogen D = Noncarcinogen
17 ug/m' = micrograms per cubic meter mg/in 3 

= milligrams per cubic meter

18 Table 5-3. Calculated HiBLs for Indicator VOCs

HBL
19 Constituent (Ug/M 3)

20 Carbon tetrachloride 1 .33E-0 1

21 Chlorobenzene 2.OOE+O1

22 Chloroform 8.70E-02

23 1,1-Dichloroethylene 4.OOE-O1

24 1,2-Dichloroethane 7.70E-02

25 Methylene chloride 4.26E+00

26 1, 1,2,2-Tetrachloroethane 3 .45E-0 1

27 Toluene 4.OOE+02

28 1, 1, 1 -Trichioroethane 1 .25E+0 1
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Final No-Migration Variance Petition.1 Table 5-4. Weighted Average Concentrations of Headspace Gases

'IS
2 Constituent Weghted Average Concentration

_________________________________(pw)

3 Carbon Tetrachloride 375.5
4 Chlorobenzene 12.5
5 Chloroform 25.3
6 1, 1-Dichioroetbylene 11.5
7 1 ,2-Dichloroethane 9.1
8 Methylene Chloride 368.5

9 1, 1,2,2-Tetrachloroethane 9.4

10 Toluene 19.4

11 1, 1, 1-Trichioroethane 317.1
12 ppmv = parts per million by volume

13 5.2.2 VOC Releases From Open Panels

14 VOCs will be released from the open panel when the VOCs diffuse through the carbon.15 composite filters installed on each container (one per drum and two per standard waste
16 box [SWBT]). While a panel is being filled with waste containers, and up to the time the
17 panel closure system installation is complete, this diffusion process is assumed to occur
18 continuously. Normal mine ventilation procedures will direct fresh air through the open
19 panel until the panel closure system (Appendix CLP) is installed or until a ventilation
20 barrier is installed for a filled room within the open panel. The ventilation air will
21 maintain a constant concentration gradient across the filters, allowing the diffusion of
22 VOCs through the filters into the air stream.

23 The VOC diffusion characteristics across the filters are based[ on the measured hydrogen
24 (H2) diffusion characteristic and the calculated ratio of VOC**to-H 2 diffusivity in air. This
25 method was taken from a diffusion study conducted at the INEL, which reviewed the
26 methods and results of past investigators in defining transpoit characteristics across filters
27 and compared new results from transport experiments with those from an estimation
28 method. The study is described in Appendix DER. The study, demonstrated that the
29 calculated values compared favorably with the measured data. The estimated diffusion
30 rates for the VOCs analyzed are within an order of magnitude of the measured values.

31 The information in the study indicates that at least two types of filters, models NFT-O 13
32 and NFT-020, are being used to prevent the buildup of hydrogen gas in waste containers
33 intended for disposal at WIPP. To be conservative, this assessment assumes that all.34 drums (for the purposes of this assessment, all calculations were performed on a per drum
35 basis, rather than using drum equivalents or a mixture of drums and SWYBs) are fitted
36 with model NFT-013 filters, which provide the highest diffusion rate.
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I Diffusion characteristics were calculated using the equations below. For filter-specific
2 diffusion characteristics, the ratio of VOC-to-H2 diffusivities in air are calculated as
3 follows:

DVO~ _ cVO ( 1/2 (~v~va~ + vi2'ocj1/2

1'O -i'IO i (5-14)
D ai PH T 1 1

agir M H

4 where
5 Dv0ocir = diffusivity of the VOC in air, mole/s/mole fraction/drum
6 DH2 -air = diffusivity of hydrogen in air, mole/s/mole fraction/drum

7 Pe, v = critical pressure of the VOC, atm
8 Pc,H2 = critical pressure of hydrogen, 12.8 atm
9 =vo critical temperature of the VOC, K

10 TcH2  = critical temperature of hydrogen, 33.2K
11I A1WvIIc molecular weight of the VOC, g/mole
12 A1IVH molecular weight of hydrogen, 2.016 g/mole
13 M air = molecular weight of air, 28.946 g/mole

14 The filter-specific VOC diffusion characteristics from the ratio of VOC-to-H2
15 diffusivities in air are calculated using the following equation:

DHo - air)

16 where
17 Dc= the VOC diffusion characteristic through a model NFT-013 carbon
18 composite filter, mole/s/mole fraction/drum
19 DH2  =the diffusion characteristic for hydrogen through a model NFT-0 13
20 carbon composite filter, 1. 17E-5 mole/s/mole fraction/drum

21 Calculated VOC diffusion rates and VOC-specific inputs for the calculations are given in
22 Table 5-5.

23 The average drum emission rate (the term "average" is used for the drum emission rate
24 because weighted average drum headspace concentrations are used in the computations)
25 for each VOC is calculated from the diffusion rate as shown below and summarized in
26 Table 5-6.

ADE=DVOC x MFVOC x 31,536,000 s/year (5-16)
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Critical Critical Molecuzlar Difftiviity
3 Constituent PressUre TeMperature Weight (mole/s/mole

(atm>) (K) (9/Mole) fraction/

4 Carbon Tetrachloride 45.0 556.4 153.84 1.21E-06

5 Chlorobenzene 44.6 632.4 112.56 1. 16E-06

6 Chloroform 54.0 536.4 119.39 1.34E-06

7 1, 1-Dichioroethylene 51.3 495 96.95 1.40E-06

8 1,2-Dichioroethane 53 561.6 98.97 1.32E-06

9 Methylene Chloride 60.0 510.0 84.94 1 .47E-06

10 1, 1,2,2-Tetrachioroethane 57.6 644.5 167.86 1.21E-06

I1I Toluene 40.6 591.7 92.13 1. 19E-06

12 1, 1, 1-Trichloroethane 42.4 545.0 133.42 1.21E-06

13 Table 5-6. VOC Emissions for a Full COpen Panel

Fraction AOilE ACRE AOPE
(M) (mole/room/ (moletroom/ (mole/panel/

14 Constituent (mole/mole) year) year) year)

15 Carbon Tetrachloride 3.7613-04 1.66E+02 2.17E+00 1 .79E+02

16 Chlorobenzene 1 .25E-05 5.29E+00 7.23E.-02 5.73E+00

17 Chloroform 2.53E-05 1.24E+01 1.46E-01 1.3313+01

18 1,1-Dichioroethylene 1. 15E-05 5.88E+00 6.65E-02 6.2713+00

19 1 ,2-Dichloroethane 9. 10E-06 4.38E+00 5.26E-02 4.70E+00

20 Methylene chloride 3.69E-04 1 .9813+02 2. 13E+00 2. 1OE+02

21 1, 1,2,2-Tetrachloroethane 9.40E-06 4.1513+00 5.44E-02 4.48E+00

22 Toluene 1.94E-05 8.42E+00 1. 12E-0 1 9. 1OE+00

23 1, 1, 1 -Trichioroethane 3.1 7E-04 1 .40E+02 1 .83E+00 1.5 1E+02
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1 where
2 ADE = average drum VOC emission rate, mole/drum/year
3 Mvc= mole fraction of the VOC, mole/mole

4 The mole fraction of each VOC is calculated from its weighted average headspace
5 concentration by:

Mvc=(HSvoc) X (10-6 mole fraction/ppmv) (5-17)

6 where
7 =~ weighted average headspace concentration for VOC, ppmv.

8 The mole fraction of carbon tetrachloride is calculated using equation (5-17), as follows:

MECI = (375.5 ppmv) X(1- mole fraction/ppmv)

MF CC4= 3.76 x 10-4 mole/mole

9 For carbon tetrachloride, the average drum emission rate is calculated as follows:

ADE CC4= 1.21 X 10-6 mole/s/mole fraction/drum x 3.76 x 10-4 mole/mole

x 31,536,000 s/year = 1.43 x 10-2 mole/drum/year

10 During the placement of waste at WIPP, closure systems will be used to isolate wastes in
I1I a full panel and to remove these filled panels from ventilation. Similarly, as individual
12 rooms are filled, ventilation barriers will be used to eliminate ventilation through the
13 filled rooms and to isolate these rooms. Consequently, the average open panel emission
14 rate (AOPE) (the term "average" is used for the open panel emission rate because
15 weighted average drum headspace concentrations are used in the computations) is
16 dependent on the number of full rooms that have ventilation barriers and the number of
17 drums in rooms without- ventilation barriers.

18 The average open room emission rate (AORE) (the term "average" is used for the open
19 room emission rate because weighted average drum headspace concentrations are used in
20 the computations) is dependent on the number of drums that have been emplaced in the
21 room and the diffusion of VOCs across the drum vent filters. Assuming a continuous
22 fresh air flow across the filters, VOCs will diffuse from the drums at a rate that is

June 14, 1996 5-12 DOE/CAO-96-2160



Final No-Migration Variance Petition

I dependent on the concentration gradient across the filters and the diffusion properties of
2 the VOCs, as described in Appendix DEF. The AORE is calculated using the equation

AOREVOC = ADEVOC x nD (5-18)

3 where
4 AOREVOC = average open room VOC emission rate, mole/room/year
5 ADEVOC = average drum VOC emission rate, mole/drum/year
6 D = number of drums in the room, drum/room.

7 As described previous ly, VOCs will diffuse from the drums at a rate dependent on the
8 concentration gradient across these filters. After a room is filled and the ventilation
9 barrier is installed, fresh air will no longer flow across the waste drums, and VOC

10 concentrations in the dead air space above the filter will begin to build up and approach
I1I the concentrations in the drum headspace. Therefore, the concentration of VOCs that
12 would be present in the panel atmosphere would be equivalent to the weighted average
13 drum headspace concentration. For the no-migration demonstration, it is conservatively.14 assumed that the average drum headspace concentrations serve as a constant source of
15 VOCs.

16 The ventilation barrier consists of low-permeability materials that restrict ventilation flow
17 through a room. Thus, migration of VOCs past the barriers is assumed to only occur by
18 displacement from room volume reduction due to creep closuire and by continued gas
19 generation from the waste. Appendix GAS includes informaion on gas generation by
20 WIEPP waste. Of the three gas-generating mechanisms described in Appendix GAS
21 (radiolysis, microbial degradation, and corrosion), microbial degradation is assumed to
22 contribute the most to the generation rate during the operational and closure period of 35
23 years. The best estimate for gas generation from microbial degradation under humid
24 conditions is 0. 1 moles of gas per drum per year (see Appendix GAS), and the analysis
25 conservatively assumes that a humid condition will exist.

26 The average creep closure rate, as discussed in Appendix 1.1 of Appendix CLP, will result
27 in a reduction of the room void volume of 4,096 ft3 (116 in3) per year for each room.
28 Converting this volumetric reduction rate to a molar (gas) displacement rate, using the
29 Ideal Gas Law:

GDR= 116 m 3  XP(-9
room/year RT (-9
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I where
2 GDR = gas displacement rate due to salt creep (creep closure), mole/drum/year
3 P = pressure, atm
4 R = Ideal Gas Constant, 0.082 L - atm/mole - K
5 T = temperature, K

6 Since one full room contains 11,571 drums of waste, this rate expressed on a drum basis
7 is:

_116 m 3  1 atm IX10 3 LGDR- )omya .8 -amx(9K x (room/i 1,57l1drum)

mole.K)

8 An effective gas generation rate (gas generation rate plus gas displacement rate) can be
9 calculated as follows:

GR =GGR +GDR (5-20)

GDR = (4.74 x 103 mole/room/year) x (room/i 1,571drums)

GDR = 0.4 mole/drum/year

10 where
11 GR = effective gas generation rate, mole/drum/year
12 GGR = gas generation rate due to microbial degradation in a humid
13 environment, 0. 1 mole/drum/year
14 GDR = gas displacement rate due to salt creep (creep closure), 0.4
15 mole/drum/year

GR =(0. 1 mole/drum/year) + (0.4 mole/drum/year)

GR = 0.5 mole/drum/year

16 Using this effective gas generation rate for a room of 11,571 drums that has the
17 ventilation barrier in place, the average closed room emission rate (ACRE) (the term
18 "1average" is used for the yearly closed room emission rate because weighted average
19 drum headspace concentrations are used in the computations) for each VOC is calculated
20 as:
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ACREvoc = (GR) x (11,571 drum/room.) x ~O (5-2 1)

1 where
2 ACREvoc average closed room VOC emission rate, mole/room/year
3 GR = effective gas generation rate, mole/drum/year
4 =~O VOC mole fraction, mole/mole

5 The AOPE for each VOC is based on the number of full rooms, the number of drums in
6 the open room, and the emission rates from each type of room. AOPE is calculated as:

AOPEvOc = (RO x AORE vodC + (R, x A CREvoc) (5-22)

7 where

8 AOPEvOc = average open panel VOC emission rate. mole/panel/year
9 AOREvOc = average open room VOC emission rate, mole/room/year

10 AGREvoc = average closed room VOC emission rate, mole/room/year
I1I R0  number of open rooms in the open panel, 1 room/panel
12 Rc number of closed rooms in the open panel, room/panel.13 A sample calculation for the AOPE for carbon tetrachloride with 5,786 drums in the open
14 room and three rooms with ventilation barriers is as follows:

AOREC4 = 1.43 x 10-2 mole/drum/year x 5,786 drum/room

AORECC14 = 8.27 x 101 mole/room(/year

ACRECC14= 0.5nmole/year/drum x 11,571 drum/room x 3.76 x 10- 4 mole/mole

ACRE CCI4 = 2.18 moles/room/year

AOPECCI 4=(1 room/paneix 8.27 x 101 mole/room/year) + (3 room/~paneix 2.18 mole/room/year)
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1 The highest AOPE would occur just prior to closure of the filled panel. At this time, six
2 of the seven rooms within the panel would have ventilation barriers in place, and the
3 remaining room would contain 11,571 drums, but would not have a ventilation barrier
4 installed. The AORE, ACRE, and AOPE for this full, but unclosed, panel are presented
5 in Table 5-6.

6 5.2.3 VOC Releases From Closed Panels

7 As described in Section 5.2.2, VOCs will diffuse from the drums at a rate dependent on

AO0PE CC4= 8.9287 x 101 moles/panel/year

8 the concentration gradient across these filters (Appendix DIF). As the concentration
9 gradient decreases, the diffusion rate of each VOC decreases. After a panel is closed,

10 fresh air will no longer flow across the waste drums, and VOC concentrations in the air
11 space above the filter will begin to build up and approach the concentrations in the drum
12 headspace. Therefore, the concentration of VOCs that would be present in the panel
13 atmosphere would be equivalent to the weighted average drum headspace concentration.
14 For the no-migration demonstration, it is conservatively assumed that the weighted
15 average drum headspace concentrations serve as a constant source of VOCs.

16 Because the design of the panel closure systems will allow some pressurization, gas
17 pressurization is assumed to be the only process that would cause VOCs to migrate
18 beyond a closed panel. The panel closure systems will be designed to withstand some
19 pressure buildup; however, for this demonstration, the leakage rate from the panel closure
20 system is conservatively assumed to be equivalent to the effective gas generation rate.

21 From equation (5-20), the effective gas generation rate is

GR 0.5 mole/drum/year

22 For a closed panel of 8 1,000 drums, the average closed panel emission rate (ACPE) (the
23 term "average" is used for the yearly closed panel emission rate because weighted average
24 headspace concentrations are used in the computations) for each VOC is calculated as:

ACPE = (GR) x (81,000 drums/panel) x M OC(5-23)

25 Indicator VOC-specific ACPEs are provided in Table 5-7.
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ACPE
2 Constituent (mole/panelfyear)

3 Carbon Tetrachloride 1.52E+01

4 Chlorobenzene 5.06E-01

5 Chloroform 1 .OZ2E+OO

6 1, 1 -Dichioroethylene 4 .66E-0 1

7 1,2-Dichioroethane 1.69E-01

8 Methylene chloride 1 .49E+0 1

9 1, 1,2,2-Tetrachloroethane 3.81 E-0 1

10 Toluene 7.86E-01

I1 1, 1, 1-Trichloroethane l.:28E+0l

.12 5.2.4 Mine Ventilation

13 The underground ventilation system directs fresh air through rooms without ventilation
14 barriers within open panels of waste and past the closed panels of waste, and exhausts the
15 air into the atmosphere near the southeast corner of the facility property protection area
16 via the exhaust shaft. Gases released from the panels of waste will mix with the
17 ventilation air and be released into the atmosphere. At the surface of the facility, the
18 mine ventilation air is released to the atmosphere at a rate of 425,000 standard ft3 (12,000
19 in3 ) per minute.

20 5.2.5 Air Dispersion Modeling

21 Air Dispersion Modeling (ADM) was performed using the Long-Term Version of the
22 Industrial Source Complex (ISCLT3) model (EPA 1995). The results were used to
23 calculate annual average concentrations within the WIEPP site boundary. The maximum
24 concentration was estimated to occur 131 ft (40 mn) north of the exhaust fans that release
25 the ventilation air into the atmosphere. For details on the input parameters required for
26 using the ISCLT3 model, see Appendix ADM. The specific output list files for the model
27 run may also be found in Appendix ADM. The concentrations were modeled in
28 accordance with EPA (1992). The air dispersion factor (ADF) used for determining VOC
29 concentrations and subsequent comparison to JiBLs is 12.3 x 10'. Figure 5-1 shows.30 ADFs for the WIPP site based on coarse grid model runs, and Figure 5-2 shows ADFs in
31 the property protection area based on fine grid runs.
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1 5.2.6 Estimation of the Maximum Concentration of Hazardous Constituents

2 The no-migration demonstration for the air pathway is based on the average concentration
3 of hazardous constituents over the filling of the last panel equivalent, that is, during the
4 last panel cycle. This average includes nine closed panel equivalents, the state of the
5 repository when it is approaching full capacity and releases are maximized. Actual
6 potential public and worker risks based on these emissions are given in Appendix RA.

7 To calculate the concentration of a VOC at the exhaust shaft resulting from the emission
8 from one open panel, the following calculation is performed:

SXPE AOPEVOC X MW X 106 pg/g xPO 5-4SPVOC =V x (525,600 min/year) x (0.0283 m 3/ft) (-4

9 where
10 SXPEvOC = VOC concentration at the exhaust shaft for emission from a
11 single open panel, pg/rn3

12 AOPEvOc = average VOC emission rate for a single open panel,
13 mole/panel/year
14 MW = molecular weight of the VOC, g/mole t
15 V = mine ventilation rate, 425,000 standard ft/minute (12,000
16 standard M3 /minute)
17 P" = number of open panel equivalents, one panel

18 To continue with the previous example for the carbon tetrachloride emission
19 concentration at the exhaust shaft for a single open panel with 5,786 drums in one open
20 room and three rooms with ventilation barriers, each with 11,571 drums, contributing to
21 emissions is calculated as follows:

SXPECI 499rw~_ (8.9287x 10' mole/panel/year) x (153.84 glmole) X (106 Pg/g) xlI panel
SXEC4,40,49rm (425,O00standardft3/miin) x(525,600 mi/year) x(0.0283 m3/ft 3)

SXPECCI '40,499drurm = 2.17 ig/M 3

22 The emission concentration from one closed panel is calculated as:

SCPEVO ACPEVOC X MWX 106 Pg/g XPC 5-5
V x (525,600 min/year) x (0.0283 m 3f )(-5

June 14, 1996 5-18 DOE/CAO-96-21 60



Final No-Migration Variance Petition
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Figure 5-1. Air Dispersion Factors far the WTPP Site NMP6418-
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Final No-Migration Variance Petition.I where
2 SCPEvOC = VOC emission concentration at the exhaust shaft for a single
3 closed panel, jpg/rn 3

4 ACPEvOc = average VOC emission rate for a. single closed panel,
5 mole/panel/year
6 MW = molecular weight of the VOC, g/mole
7 V = mine ventilation rate, 425,000 standard ft3/minute (12,000
8 standard m3ý/minute)
9 Pc number of closed panel equivalents., one panel

10 The carbon tetrachloride emission concentration at the exhaust shaft for a single closed
1I panel is calculated as follows:

SCPE 1 IOC 3.7 x 10O' jig/rn 3 lpanel

SCPE CCI4 (1.52x 101 mole/panel/year) x(153.84 g/mole) X(10 6 Pg/g) x 1 panel
(425,000 standardft 3/min) x(525,600 rninliyear) x(0.0283 mn 3/ft 3)

.12 To determine the hazardous constituent emissions from the repository when it is filled to
13 its capacity, the following calculation is performed for each month of the last panel cycle
14 (two and one-half years) and results are averaged:

= (~ P0 x SXPE) + (P, X SCPE) (5-26)

15 where
16 Evc = exhaust shaft concentration of a VC)C for emissions from one open
17 panel equivalent and nine closed panel equivalents, pg/in 3

18 SXPEvOC = VOC concentration at the exhaust shaft for emissions from a single
19 open panel, ptg/rn 3

20 SCPEvOc = VOC concentration at the exhaust shaft for emissions from a single
21 closed panel, pg/rn3

22 P0  = number of open panel equivalents, one panel
23 P~, = number of closed panel equivalents, nine panels

24 For the calculations, the number of drums begins with zero in the open panel equivalent
25 and increases by 2,700 per month for a total of 8 1,000. The calculations used for
26 averaging carbon tetrachloride concentrations are given in Table 5-8. The calculations
27 show periodic fluctuations in open panel emission concentrations that result from filling.28 and closure of rooms within the panel.
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I Table 5-8. Exhaust Shaft Concentrations for Carbon Tetrachloride in Last Panel

ECvoc

Ehaust Shaft Exhut ShaftE ission E h utShf
3 imeerodfo Emissionocntain Concentr...at ion for Concentration for 9 Closed

4 Filling the Last for Single Open Panel. Single Closed Panel and OneOpen Panel
5 Panel Equivalent Equivalent (SXPE) Elquivalent (SCPE) Equivalents
6 (month) (Pg/n) (9ig11w) (Wjmfl1)

7 1.1 1.01E+00 3.70E-01 4.34E+00
8 2.1 2.02E+00 3.70E-01 5.35E+00
9 3.2 3.03E+00 3.70E-01 6.36E+00

10 4.3 4.04E+00 3.70E-01 7.37E+00
11 5.4 1.06E+00 3.70E-01 4.39E+00
12 6.4 2.07E+00 3.70E-01 5.40E+00O
13 7.5 3.08E+00 3.70E-01 6.41E+00
14 8.6 4.09E+00 3.70E-01 7.42E+00
15 9.6 1. 11 E+00 3.70E-01 4.45E+00
16 10.7 2.12E+00 3.70E-01 5.45Ei-00
17 11.8 3.13E+00 3.70E-01 6.46E+00
18 12.8 4.14E+00 3.70E-01 7.47E+00
19 13.9 1. 17E+00 3.70E-01 4.50E+00
20 15.0 2.18E+00 3.70E-01 5.5 1E+00
21 16.0 3.18E+00 3.70E-01 6.52E+00
22 17.1 4.19E+00 3.70E-01 7.52E+00
23 18.1 1.22E+00 3.70E-01 4.55E+00
24 19.3 2.23E+00 3.70E-01 5.56E+00
25 20.3 3.24E+00 3.70E-01I 6.57E+00
26 21.4 4.25E+00 3.70E-01 7.58E+00
27 22.5 1.27E+00 3.70E-01 4.60E+00
28 23.5 2.28E+00 3.70E-01 5.61E+00
29 24.6 3.29E+00 3.70E-01 6.62E+00
30 25.7 4.30E+00 3.70E-01 7.63E+00
31 26.8 1.33E+00 3.70E-01I 4.66E+00
32 27.8 2.33E+00 3.70E-01 5.67E+00
33 28.9 3.34E+00 3.70E-01I 6.67E+00
34 30.0 4.35E+00 3.70E-01 7.68E+00

Average: 6.01E+00

35 The averages over the last panel cycle are taken as the exhaust shaft concentrations,
36 ECVOC, AvE. The exhaust shaft concentrations for each indicator VOC are given in Table
37 5-9.
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. I Table 5-9. Maximum Concentrations of Incdicator VOCs

3 Carbon Tetrachloonde 6.0 1E+00 7.3917-02 1 .33E-01

4 Chlorobenzene 1 .44E-01 1 .77E-03 2.OOE+O1

5 Chloroform 3.28E-01 4.04E-03 8.70E-02

6 1, ,1-Dichloroethylene 1 .24E-02 1 .53E-04 4.OOE-O1

7 1,2-Dichioroethane 9.73E-02 1.20IT-03 7.70E-02

8 Methylene chloride 3.55E+00 4.37E-02 4.26E+00

9 1,1,2,2-Tetrachioroethane 1.64E-01 2.0,2E-03 3.45E-01

10 Toluene 1.85E-01 2.28E'-03 4.OOE+02

1 1 1, 1, 1-Trichioroethane 4.40E+00 5.4IE,-02 1 .25E+01

12 To determine the annual average concentration of each constituent, ECVOC, AVE i

13 multiplied by the ADF as shown in the example below for carbon tetrachloride:

(6.01 jI.g/rn 3) x (12.3 x 10-3) = 7.39 :x10-2 [tg/rn3

14 The annual average concentration for each indicator VOC at the maximum exposure
15 point is compared to the respective HBL in Table 5-9.

16 Annual average concentrations range from 1.8 to 175,000 times below HBLs,
17 demonstrating there will be no migration of hazardous constituents above HBLs via the
18 air pathway.

19 5.2.7 Summary

20 As shown in Table 5-9, the predicted annual average concentrations of VOCs are 1.8 to
21 175,000 times below the HBLs. The no-migration demonstration used the following
22 conservative assumptions in determining compliance point concentrations:

23 1. All drums are fitted with the model NFT-0 13 carbon composite filter.24 2. The effective gas generation rate is constant in closed panels and closed rooms
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1 3. The actual source of VOCs will exist throughout the operational/closure phase
2 and will maintain the average concentrations in drum and panel headspaces (i.e.,0
3 no depletion of the source over time)
4 4. VOC concentrations in the closed panel atmosphere are instantaneously
5 equivalent to the drum weighted average headspace concentrations
6 5. There is no decrease in closure system permeability due to creep closure over time
7 6. Enough moisture will exist to create humid environmental conditions for gas
8 generation
9 7. The last panel cycle is considered representative of the entire 35-year

10 operational/closure time period
11 8. There will be 81 ,000 drums disposed of in each panel
12 9. Weighted average drum headspace concentrations of VOCs, which are based on
13 INEL and RFETs headspace gas sampling, are considered bounding for the DOE
14 complex as a whole (see discussion in Section 9.5).

15 Another assumption that may contribute to the overall uncertainty of the estimates is that
16 the mine ventilation flow rate will remain constant throughout the operational/closure
17 phase.

18 The EPA HBLs are developed for environmental receptors, based on what the EPA has
19 established as acceptable risk. Additional conservatism exists in the use of these HBLs
20 for a point of compliance within the WIPP property protection area. This is because any
21 chronic exposure within this area will be to workers, as opposed to the public. Since
22 workers include only healthy adults, the risks can be higher as evidenced by the generally
23 higher exposure limits established by OSHA..

24 The no-migration calculation results show that operations at the WIPP facility both
25 during and after waste emplacement and facility closure are not expected to result in the
26 migration of hazardous constituents in concentrations above the HBLs.

27 5.3 Prediction and Assessment of Infrequent Events

28 This section identifies and examines infrequent events that could potentially result in the
29 movement of hazardous constituents beyond the point of compliance. The events
30 considered are natural, waste- and facility-induced, and human-induced and are not
31 expected to impact the repository during routine disposal operations and closure.
32 Infrequent events related to long-term performance are examined in Chapter 8 and
33 Appendix SCR.

34 5.3.1 Natural Events

35 An assessment of the natural events that have the potential to impact the WIPP facility
36 and a qualitative evaluation of the likelihood of these events are presented in the
37 following sections. The discussion addresses natural events in the following categories:
38 climatic fluctuations, near-surface events, and tectonic events.0
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2 The present regional climate, as described in Section 2.5.2, Is semiarid with generally
3 warm temperatures. Due to the long-term nature of climatic fluctuations, no significant
4 fluctuations are expected to occur during the 35-year operattonall/closure time frame.

5 5.3.1.2 Near-Surface Events

6 Natural near-surface processes (i.e., flooding, tornadoes, range fires, meteorite impacts,
7 erosion, dissolution, and sedimentation) are not expected to pose adverse impacts to the
8 repository.

9 Flooding. Severe floodiing could theoretically impact the surface portion of the facility
10 and, if the shafts were 'open, possibly the underground portion of the repository.
I1I However, there is no potential for flooding at the WIPP facil.ity. The WIPP site, located
12 12 mi (19 kin) from the Pecos River, is 500 ft (150 m) above the river in elevation and
13 more than 400 ft (120 nm) above the floodplain. Estimates of maximum probable flood on
14 the Pecos River result in an increase in water level of approxidmately 80 ft (24 in)

15 (Appendix GCR, Section 6.2). Protection from flooding caused by intense local
16 precipitation is provided by a system of peripheral interceptor diversions. Additionally,
17 grade elevations of roads, tracks, and surface facilities are designed so that storinwater
18 will drain offsite under the most severe conditions. Shaft ýcollars prevent water from.19 entering the shaft. Therefore, flooding of the WIPP site during the 35-year
20 operational/closure time frame is regarded as an improbable event. Flood protection
21 structures are listed in the WJPP Resource Conservation and Recovery Act (RCRA) Part
22 B Permit Application (I)OE 1996) as protective structures that are subject to routine

23 inspection.

24 Tornadoes. Tornadoes have the potential to affect the surface structures of the WIPP
25 facility. However, the structural portions of the underground repository will not be
26 affected by storms or other atmospheric phenomena. Therefire, tornado-induced impacts
27 will not result in a release of waste constituents from the disposal unit.

28 Tornadoes in New Mexico have occurred, on average, at the rate of about nine per year
29 on six tornado days from 1953 to 1976. The greatest number of tornadoes in one year
30 was 18 (in 1972) and the least was zero (in 1953). The average tornado density in New
31 Mexico is 0.7 per 1,000 mi2 (2,600 kin2 ) (DOE 1995, 2-5 1).

32 The surface structures of the WIPP facility are designed to withstand the Design Basis
33 Tornado (DBT) (discussed in Section 3.2.2.2) with a return period of 1,000,000 years.
34 Therefore, no tornado-induced impacts are anticipated during the 35-year
35 operational/closure period.

. 36 Range Fires. The WJPP site is characterized by an arid climate and desert vegetation.
37 Potential range fires at the site are not expected to impact the containment ability of the
38 repository.
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I During disposal operations, range fires would not be expected to cause extensive damage
2 to the surface structures, because of the buffer afforded by clearing vegetation from the
3 property protection area and the fire protection systems employed at the site.

4 The Final Environmental Impact Statement (FEIS) (DOE 1980, 9-111) analyzed the
5 effects of a range fire near the site, assuming that such a fire could release radionuclides
6 that may have accumulated in the surrounding vegetation during routine operations. This
7 analysis concluded that the maximum individual radiation doses as a result of a range fire
8 would be small fractions of the doses delivered by natural background radiation. While
9 this study did not address other hazardous constituents that may accumulate in vegetation,

10 it can be assumed that exposure to other substances would also be very small, because
11 their concentrations in the waste are small.

12 Meteorite Impact. Meteorite impact is a phenomenon of sufficient improbability that it
13 will not significantly contribute to risk. In 1980, Burkholder concluded that meteorite
14 impact is one of the scenarios that is unimportant to the performance of nuclear waste
15 isolation systems. Neither the FE15 nor the SAR considered a meteorite impact scenario
16 a credible event.

17 Erosion. As discussed in Section 2.1.6, the site has been geomnorphically stable since the
18 mid-Pleistocene. No extreme rates of erosion that could impact the repository are
19 occurring at the WIPP site.

20 The WIPP site is on the western flank of a low drainage divide that separates Nash Draw
21 and San Simon Swale. Erosional processes are operating very slowly at the site. The
22 effect of erosion on the site during the operational/closure period is expected to be
23 negligible.

24 Dissolution. Section 2.1.4, 2.1.6, and Appendix DEF indicate that much of the land
25 surface surrounding the WIPP facility exhibits a karst topography, characteristically pitted
26 by numerous depressions. Most of the karst features are present north and west of the
27 facility and appear to be absent in the immediate vicinity of the facility. These
28 depressions are most likely the result of dissolution of the evaporites in the Rustler and
29 upper Salado formations during wetter climates. No impact from dissolution is expected
30 during the 35-year operational/closure time frame.

31 Sedimentation. Sedimentation would be of concern to a facility at or near the surface
32 over long (geologic) time periods. Sedimentation has not been a significant geomorphic
33 process at the WIPP site since at least the mid-Pleistocene.

34 No significant sedimentation is presently occurring. This condition is expected to prevail
35 throughout the operational/closure period. No impacts from sedimentation are
36 anticipated during this time frame.
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. 1 5.3.1.3 Tectonic Phenomena

2 Any natural tectonic processes that have been active in the past are generally considered
3 to indicate future events. In the region in which the WIEPP facility is located, these
4 processes are: seismic activity, faulting and folding, and igneous activity. These
5 processes are not expected to impact repository integrity.

6 Seismic Activity. As described in Section 2.6, seismic activity in the region has been
7 historically low. A Design Basis Earthquake (DBE) has been established based on an
8 estimate of the 1,000-year recurrence interval peak acceleration of 0. 1 of gravity
9 (Section 3.2.2.1).

10 Faulting and Folding. Faulting and folding, if present, have the potential to disrupt the
I1I integrity of a repository. These processes have affected the region surrounding the WIPP
12 site, but have not been identified at the site. This is expected to be true throughout the
13 35-year operational/closure time frame; therefore, no impacts are expected from these
14 processes.

15 Igneous Activity. Igneous activity at or near a repository could potentially impact
16 repository performance. No igneous processes are active at or near the WIPP site.
17 Igneous processes are not expected to occur at the site during the operational/closure.18 period.

19 5.3.2 Waste- and Facility-Induced Events

20 Waste- and facility-induced events include the thermal and chemical effects of the waste,
21 the mechanical effects of the facility, the modification of the hydrologic regime by the
22 presence of the facility, and fires occurring in the waste. The facility design takes into
23 account these effects, as described in the following sections.

24 5.3.2.1 Thermal Effects

25 Thermal analyses show that more than 150 kilowatts of heat..generating waste can be
26 emplaced in an acre of storage facility without unacceptable impacts on the salt beds or
27 the surrounding environment. As a conservative design basis for the WIPP facility, a
28 limit of 10 kilowatts per acre has been chosen.

29 Contact-handled (CH) TRU waste in general has very low heat generation rates and will
30 not approach the -10 kilowatt-per-acre limit. Remote-handled (RH) TRU waste could
31 generate up to 300 watts per canister without exceeding the thermal limit for the WIPP
32 facility, because 50 percent of all canisters projected for shipment to the WLPP facility
33 will have less than one watt each. Thermal effects are not expected at the WIPP facility
34 due to either the waste or the facility.
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1 5.3.2.2 Chemical Effects

2 The WJPP Waste Acceptance Criteria (WAC) (discussed in Section 4.2) ensure the safe
3 handling and emplacement of the waste at the WIPP facility. Chemical properties of the
4 waste are discussed in Section 4.3.3, and chemical compatibility is addressed in Section
5 4.3.3.2.

6 As described in Section 4.3.3.3, gas generation will occur to some extent prior to closure
7 of the facility. These gases will be the by-products of microbial degradation of the waste
8 forms; anoxic corrosion and radiolysis are not expected to generate gas in significant
9 quantities during the operational/closure period. The best-estimate rate of microbial

10 degradation is 0. 1 moles per drum per year (Appendix GAS), which will not result in
I1I significant pressure buildup behind the panel closure systems (see Appendix CLP). Other
12 effects, such as the potential for methane explosion, are addressed in the design of the
13 operational panel closure system and details are found in Appendix CLP. In summary,
14 chemical effects are either addressed through design or not expected to adversely impact
15 the facility during this time frame.

16 5.3.2.3 Mechanical Effects

17 The repository level at the WJPP facility is 2,150 ft (655 m) below the surface. At that
18 depth, the rock is expected to return to lithostatic pressure around the waste within
19 approximately 100 years after final closure of the facility. There has been some
20 subsidence of the ground surface above potash mines in the area; however, due to the size
21 of the land-withdra- -1 area and the controls placed on mining, no subsidence is expected
22 to occur above the WIPP underground facilities during the 35-year operational/closure
23 period.

24 5.3.2.4 Modification of the Hydrologic Regime

25 The only water-bearing zones in the region that could be affected by the WJPP facility are
26 the Culebra and Magenta members in the Rustler Formation, more than 1,000 ft (305 mn)
27 above the waste region. The only facility-related effects to the hydrologic regime are
28 those that have already been felt due to the mining of the four shafts to the waste disposal
29 level and the pumping in several boreholes around the site for hydrologic
30 characterization. These effects are not expected to impact disposal operations and facility
31 closure. It is anticipated that these effects will disappear as the hydrologic regime re-
32 equilibrates itself.

33 5.3.2.5 Waste Fire

34 There is little likelihood of fires in the waste during the operational period. The WAC
35 limits quantities of pyrophorics (which are permissible only if they are radionuclides) to
36 one percent by weight, and they must be generally dispersed in the waste. The WIPP
37 SAR states that, based on a thorough review of waste handling operations and past
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*1 experience at other facilities, spontaneous combustion within a drum of waste is
2 considered a limiting, niot credible, event.

3 Experimental evidence supports the conclusion that there is minimal risk of sustained
4 combustion of packaged TRU-mixed waste due to spontaneous internal combustion. The
5 fire hazard to the WJPP facility is primarily limited to exposure of waste packages to
6 external fires. Operational techniques and administrative controls enhance fire safety in
7 waste emplacement areas and, in conjunction with appropriate fire detection and
8 suppression methods (see Section 3.6.4), essentially eliminate the waste related fire
9 hazards.

10 5.3.3 Human-Induced Events

I1I Certain human-induced events could conceivably impact the; integrity of the WIPP
12 repository. These events include design and operational flaws, human intrusion, induced
13 groundwater perturbations, and induced biosphere alterations. The following sections
14 describe the safeguards that have been developed to minirmize the potential for human-
15 induced events to affect repository performance.

16 5.3.3.1 Improper Design and Operation

* 17 All portions of the WIEPP facility design, construction, and. o Deration have been and will
18 continue to be carried out under a strict quality assurance (Q A) program (Chapter 7). The
19 WIPP QA program meets the federally mandated requiremenits of a nuclear facility QA
20 program. The enforcement of the QA program and other management controls will
21 significantly reduce the risk of facility design or operation impacting the integrity of the
22 repository.

23 5.3.3.2 Human Intrusion

24 The DOE will rely on institutional controls, both active and passive, imposed through
25 general regulatory standards and site-specific conditions to ensure that access to the WIPP
26 site is appropriately restricted. Prior to closure of the WIPP facility, access to the
27 repository will be strictly controlled. After closure, the DOE, will impose long-term
28 passive institutional controls, such as land withdrawal, records, and markers, to ensure
29 that the likelihood of human intrusion is appropriately reduced, even after active control
30 of the facility has ceased and any permits at the site may have terminated.

31 The DOE has taken a number of steps to reduce the likelihood of human intrusion after
32 closure of the facility. The federal government controls the entire surface and subsurface
33 estate at the WIPP site, with the exception of a small portion of the subsurface estate
34 (Section 3. 1) that is currently leased below 6,000 ft (1,830 mn) for oil and gas production.
35 Upon final closure of the WIPP site, the DOE will notify all state and county planning,

* 36 deed and record offices, oil and gas commissions, and other agencies to prevent access by
37 unknowing parties. The DOE also plans to place permanent warning markers at the site.
38 Recordkeeping and marker systems will be implemented with a "defense in depth"

DOE/CAO-96-2160 5-31 June 14, 1996



Final No-Migration Variance Petition

I approach, whereby the durability of marker system components and messages, the ability
2 to interpret the messages, and the accessibility of the records are ensured. The DOE
3 believes that, cumulatively, these types of measures will be effective in reducing the
4 likelihood of human intrusion into the repository so that it will not be a credible scenario
5 for either the operational/closure or the post-closure periods. See Appendices LTM and
6 PMR for additional information.

7 5.3.3.3 Perturbation of the Groundwater System

8 The groundwater system is presently perturbed due to the excavation already in place
9 within the repository. As closure of the repository advances, the groundwater system will

10 resume the pre-excavation characteristics. No adverse impacts are expected to occur as a
I1I result of changes in the groundwater system.

12 5.3.3.4 Biosphere Alterations

13 Upon final closure, the WIPP facility will be completely sealed from the biosphere. No
14 alterations in the biosphere are expected to occur from the WIPP facility.
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.1 6.0 Monitoring
2 Abstract
3
4
5 Monitoring programs have been implemented to establish background environmental
6 conditions at the Waste Isolation Pilot Plant (WIPP) site and surrounding area. The
7 Radiological Baseline Program and the Ecological Monitoring Program have quantified
8 environmental parameters of interest to the facility. These two programs, originating in
9 1985, have established the baseline of parameters against wh-.ich future operational

10 sampling programs will be evaluated. The majority of the data was accumulated between
11 1985 and 1991. Other environmental monitoring includes meteorological, air quality,
12 water quality, wildlife population, and surface feature monitoring.
13
14 Confirmatory VOC monitoring (see Appendix CMP) will be conducted during initial
15 stages of the disposal phase to determine whether or not health-based levels (HBLs) are
16 exceeded. Regular sampling in the underground repository during filling and closure of
17 panel 1 will be performed and analyses assessed quarterly. Monitoring activities to
18 support long-term performance of the repository will be focused on data collection for
19 hydrological, geological, geochemical, and structural performance aspects. The data will
20 be used to determine whether or not there are deviations from expected long-term
21 performance.
22.23 In the development of the WIPP project monitoring prograrns, potential pathways for
24 release of radiological and nonradiological contaminants to the environment were
25 evaluated. The Waste Isolation Pilot Plant Safety Analysis Report identifies the
26 atmospheric pathway as the only credible pathway for the release of radiological and
27 hazardous organic contaminants that might result in a potential dose to the public (DOE
28 1995).
29
30 Environmental Monitoring
31
32 The operational environmental monitoring activities are described in the WIPP
33 Environmental Monitoring Plan (EMP) (DOE 1994). The EMP describes the monitoring
34 of a comprehensive set of parameters to detect potential environmental impact. The
35 ecological portions of the program focus on the immediate area surrounding the facility,
36 whereas radiological surveillance generally covers a broader geographic area, including
37 nearby ranches, villages, and cities. This environmental monitoring will continue
38 throughout the project's disposal phase and closure of the facility. Any impacts will be
39 determined by a quantitative analysis comparing operational monitoring results against
40 the established baselines.
41
42 Meteorological Monitoring. The primary function of the meteorological monitoring is
43 to provide data to aid in modeling atmospheric conditions for the radiological.44 environmental surveillance. Data are obtained from a meteorological station located just
45 beyond the northeast corner of the property protection area. The station measures wind
46 speed, wind direction, barometric pressure, differential temperatures between 10 and 33 ft
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1 (3 and 10 m) and 3 and 131 ft (1 and 40Gm), dew point, and precipitation. These
2 parameters are continuously measured and the data collected on the Central Monitoring
3 System (CMS).
4
5 In addition to the meteorological monitoring station, the WJPP facility maintains a
6 supplemental meteorological station that records temperature and barometric pressure at
7 5.0 ft (1.5 in), with wind speed and wind direction measured at 33 ft (10 in).
8
9 Air Quality Monitoring. Pollutant gas measurements were discontinued in 1994. Data

10 generated by the analyzers showed these gases (sulfur dioxide, carbon monoxide, ozone,
11 hydrogen sulfide, and oxides of nitrogen) to be at the lower limits of detection. Total
12 suspended particulates (in micrograms per in) continue to be measured weekly by the
13 low-volume continuous air samplers at off-site locations.
14
15 Water Quality Sampling. Water quality sampling is conducted in conjunction with the
16 hydrologic radioactivity sampling as part of the Water Quality Sampling Program
17 (WQSP). In accordance with the WQSP, groundwater samples are collected from wells
18 drilled and completed specifically for the WIPP studies. Since the program's start in
19 January 1985, the groundwater quality data have been used to characterize the WLPP
20 water quality.
21
22 Wildlife Population Monitoring. The population density of raptors, breeding birds, and
23 small nocturnal mammals is measured annually to assess the effects of WIPP activities on
24 wildlife populations. Two permanent study plots adjacent to the WI[PP facility are used;
25 one for mammals and one for birds. The data from the study plots are compared to two
26 control plots to assess the effects of WIPP activities on wildlife populations.
27
28 Aerial Monitoring. Aerial photographs of the WIPP are taken and used to document
29 surface disturbance, development, and reclamation activities at the WJPP and surrounding
30 lands. This photography allows documentation of changes in the WJPP vicinity. Any
31 unusual changes noted are evaluated, and the cause and the potential role of WIPP
32 activities in affecting these changes is determined.
33
34 Volatile Organic Compound Monitoring
35
36 The volatile organic compound (VOC) monitoring program has focused on the air
37 pathway since 199 1. The airborne emission of VOCs is the only credible pathway for
38 release from the WIPP during disposal operations, and this pathway will be eliminated
39 upon final closure. With more than four years of data having been collected, a credible
40 basis for determining the WIPP facility's background levels of the targeted VOCs has
41 been established.
42
43 The background VOC monitoring plan conducted for the WLPP to date is described in
44 detail in the VOC Monitoring Plan (WEC 1994b). The program was designed to
45 demonstrate that the concentrations of hazardous constituents which would have been
46 emitted during the test phase would not have exceeded levels established by the
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*1 Environmental Protection Agency (EPA) beyond the unit boundary. The program
2 consisted of monitoring the air exhausted from the mine's ventilation shaft for VOCs that
3 might have been released from the test wastes. To differentiate between ambient or
4 background VOCs from aboveground and underground sources and VOCs released from
5 transuranic- (TRU-) mixed wastes, VOC concentrations ha-ve been measured at the
6 following locations:
7
8 0 Near the top of the Exhaust Shaft (Station VOC- 1)
9 0 Near the air intake shaft (Station VOC-2)

10 0 Ventilation air intake passageways to the waste-containing rooms (Station VOC-8)
11
12 Sampling was designed to follow a regular schedule, with the samples analyzed for five
13 target VOCs. The samples were then analyzed for other organics present in sufficient
14 quantities to be detected. The five target compounds were carbon tetrachloride,
15 trichloroethylene, methylene chloride, 1, 1, 1 -trichioroethane, and 1, 1,2-trichloro- 1,2,2-
16 trifluoroethane. These compounds were selected due to their prevalence in TRU-mixed
17 wastes and their inclusion in the conditinal no-migration determination.
18
19 The concentrations of VOCs at the point of compliance during disposal operations and
20 facility closure have been estimated to be one-third to five: oý.ders of magnitude below
21 HBLs. Since these calculations were based on conservative assumptions, and since the

* 22 DOE has collected more than four years of data to support the validity of background
23 levels of VOCs in air, the Department of Energy (DOEO will. implement confirmatory
24 VOC monitoring activities into the disposal phase.
25
26 The DOE has prepared a VOC monitoring plan that describes the aspects of a VOC
27 monitoring strategy. The plan has been prepared so that the DOE can show that the
28 assumptions and predictions used to demonstrate compliance to the environmental
29 performance standards are valid. Validity is shown when observed emissions are equal to
30 or less than those predicted. The VOC Confirmatory Monitoring Plan (CMP) is provided
31 in Appendix CMP. The CMP includes monitoring design,. sampling and analysis
32 procedures, and quality assurance objectives. This plan is submitted in compliance with
33 20 NMAC 4. 1, Subpart V, §264.602, §268.6, and §270.23(a)(2).
34
35 In this petition, the DOE demonstrates the theoretical compliance with the environmental
36 performance standards of 20 NMAC 4. 1, Subpart V, §264.601 (c), and §268.6. This CMP
37 describes a sampling and analysis program to confirm the theoretical calculations. The
38 monitoring program is capable of quantifying VOC concentrations in the ambient mine
39 air at the WIPP. -The CMP addresses the following information requirements:
40
41 0 Rationale for the design of the monitoring program, basedl on possible pathways,
42 operations, engineered and natural barriers, and monitoring locations optimized for
43 detection. 44
45 0 Descriptions of the specific elements of the monitoring program including the type of
46 monitoring, the location of stations, the frequency of sampling, the target analytes, the
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1 schedule for implementation, the equipment used, the sampling and analytical
2 techniques, and the data recording and reporting procedures
3
4 The design of the CMP used the results of background VOC monitoring activities at the
5 WIPP. These data are presented in Appendix BAD. These data represent the anticipated
6 background levels of VOCs during operations at the WIPP.
7
8 The DOE's intent is to collect air samples upstream and downstream of Panel 1 beginning
9 just prior to waste emplacement and proceeding until at least six months following

10 completion of panel closure. The DOE will continue monitoring until the criterion for
11 terminating monitoring are met. These criterion are established in Appendix CMP for
12 each target analyte.
13
14 The current VOC monitoring program uses EPA Compendium Method TO- 14 (EPA
15 1988). The DOE has had success with TO-14 at the WIPP if care is taken in placing
16 samplers to avoid high dust and if stringent cleaning requirements are imposed for the
17 clean canisters. This is necessary because of the extremely low concentrations that are
18 being monitored. The DOE is evaluating the use of the Fourier Transform Infra-Red
19 (FTIR) technique for monitoring VOCs at WJPP. This method is being used successfully
20 at other locations and has recently been approved by the EPA for measuring the
21 concentration of VOCs in the headspace gases of drums of TRU waste. If ETIR becomes
22 viable, the monitoring plan will be revised and the revisions will be submitted to the New
23 Mexico Environment Department (NMED) for approval prior to implementation.
24
25 The CMI' will be run under a Quality Assurance Plan that conforms to the document
26 entitled "EPA Requirements for Quality Assurance Project Plans for Environmental Data
27 Operations" (EPA 1994). Quality Assurance criteria for the target analytes are given in
28 Appendix CMP along with a discussion of other aspects of the Quality Assurance
29 Program including sample handling, calibration, analytical procedures, data reduction,
30 validation and reporting, performance and system audits, preventive maintenance, and
31 corrective actions.
32
33 Long-Term Monitoring
34
35 Because the WJPP is a mined geological repository designed to permanently isolate
36 contaminants, no post-closure monitoring for the detection of releases is proposed
37 because the migration of contaminants is unlikely even for thousands of years. However,
38 regulations that apply to the analysis of system performance require an evaluation of
39 techniques that would address other aspects of the disposal system performance over a
40 relatively short time period. These methods evaluate whether performance deviates
41 significantly from what is expected. The DOE interprets this standard as a requirement
42 that a monitoring program be used with regard to addressing uncertainties associated with
43 long-term performance predictions, and that the time period over which diagnostic data
44 can be collected be realistic in terms of exercising active institutional controls over the
45 site. This monitoring will be performed with a variety of techniques designed to detect
46 detrimental deviations without jeopardizing waste isolation. With this objective in mind,
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1 selection and specification of monitoring activities addressed the four areas of
2 performance: hydrological, geological, geochemnical, and structural. Based on the
3 disposal system monitoring requirements and following an evaluation of current
4 geophysical and experimental technologies, a disposal system monitoring system has
5 been conceived composed of a subsidence network, a monitoring program, and a baseline
6 database.
7
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1 6.0 MONITORING

2 Monitoring programs have been undertaken to establish background environmental
3 conditions at the Waste Isolation Pilot Plant (WIPP) site and surrounding area. The
4 Radiological Baseline Program and the Ecological Monitoring Program have quantified
5 environmental parameters of interest to the facility. These two programs, originating in
6 1985, have established the baseline of parameters against wh-ich future operational
7 sampling programs will be evaluated. The majority of the data was accumulated between
8 1985 and 199 1. The final baseline reports were published a3 appendices in the Waste
9 Isolation Pilot Plant Site Environmental Report for C'alendar Year 1991 (Westinghouse

10 1992). Other environmental monitoring includes meteorological, air quality, water
11 quality, wildlife population, and surface feature monitoring.

12 Confirmatory VOC monitoring (see Appendix CMP) will be conducted during initial
13 stages of the disposal phase to determine whether or not health-based levels (HBLs) are
14 exceeded. Regular sampling in the underground repository during filling and closure of
15 panel 1 will be performed and analyses assessed quarterly. Monitoring activities to
16 support long-term performance of the repository will be focused on data collection for
17 hydrological, geological, geochemical, and structural perfonnance aspects. The data will
18 be used to determine whether or not there are deviations from expected long-term
19 performance.

*20 In the development of the WIPP project monitoring programns, potential pathways for
21 release of radiological and nonradiological contaminants to the environment were
22 evaluated. The Waste Isolation Pilot Plant Safety Analysis Report identifies the
23 atmospheric pathway as the only credible pathway for the release of radiological and
24 hazardous organic contaminants that might result in a potential dose to the public (DOE
25 1995).

26 6.1 Environmental Monitoring

27 The operational environmental monitoring activities are described in the WIPP
28 Environmental Monitoring Plan (EMP) (DOE 1994). The EMP describes the monitoring
29 of a comprehensive set of parameters to detect potential environmental impact. The
30 ecological portions of the program focus on the immediate area surrounding WIPP,
31 whereas radiological surveillance generally covers a broader geographic area, including
32 nearby ranches, villages, and cities. This environmental monitoring will continue
33 throughout the project's disposal phase and closure of the facility. Any impacts will be
34 determined by a quantitative analysis comparing operational monitoring results against
35 the established byaselines.

36 The Nonradiological Environmental Surveillance (NES) programs were preceded by the
37 WIPP biology programs (1975-1982), which combined scientific and technical expertise
38 from six universities to develop an extensive baseline of information describing the major. 39 components of the Los Medafios ecosystem prior to the initiation of WIPP construction
40 activities. The principal functions of the NES are as follows:
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1 0 To detect and quantify the impacts of construction and operational activities at the
2 WIPP on the surrounding ecosystem
3 0 To continue developing of the ecological database for the Los Medaflos area initiated
4 by the WIPP biology program
5 0 To investigate unusual or unexpected elements in the ecological databases
6 0 To provide environmental data that are important to the mission of the WIPP project,
7 but which have not or will not be acquired by other programs

8 The ecological monitoring includes five specific programs: (1) meteorological
9 monitoring, (2) air quality monitoring, (3) water quality monitoring, (4) wildlife

10 population monitoring, and (5) surface disturbance monitoring through the analysis of
11 aerial photographs.

12 In addition to the ecological monitoring programs, the WIPP program also conducts salt-
13 impact studies, which consist of soil chemistry and analysis for chlorides, sodium,
14 calcium, magnesium, potassium, and pH. These studies will determine the impacts on the
15 surrounding environment from the excavation and storage of salt resulting from the
16 mining of the repository.

17 The results of the ecological monitoring and the salt studies are published in the Annual
18 Site Environmental Report (ASER), the most recent of which is provided as Appendix
19 SER. The statistical baseline for all of the areas was compiled and published in the
20 Statistical Summary of the Radiological Baseline Program for the Waste Isolation Pilot
21 Plant (DOE 1992).

22 6.1.1 Meteorological Monitoring

23 The meteorological monitoring provides data to aid in modeling atmospheric conditions
24 for the radiological environmental surveillance. Data are obtained from a meteorological
25 station located just beyond the northeast corner of the property protection area. The
26 station measures wind speed, wind direction, barometric pressure, differential
27 temperatures between 10 and 33 ft (3 and 10 mn) and 10 and 131 ft (3 and 40 in), dew
28 point, and precipitation. These parameters are continuously measured and the data stored
29 as real-time data in the Central Monitoring Room (CMR).

30 In addition to the meteorological monitoring station, the WIPP facility maintains a
31 supplemental meteorological station that records temperature and barometric pressure at
32 5.0 ft (1.5 in), with wind speed and wind direction measured at 33 ft (10 in).

33 6.1.2 Air Quality Monitoring

34 Pollutant gas measurements were discontinued in 1994. Data generated by the analyzers
35 showed these gases (sulfur dioxide, carbon monoxide, ozone, hydrogen sulfide, and
36 oxides of nitrogen) to be at the lower limits of detection. Total suspended particulates (in
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I micrograms per cubic meter) continue to be measured weekly by the low-volume
2 continuous air samplers at off-site locations.

3 6.1.3 Water Quality Monitoring

4 The water quality monitoring program is conducted in conjunction with the hydrologic
5 radioactivity monitoring as part of the Water Quality Sampling Program (WQSP)
6 (Westinghouse 1991). In accordance with the WQSP, groundwater samples are collected
7 from wells drilled and completed specifically for the WIPPs~tudies. Since the program's
8 start in January 1985, the groundwater quality data have been used to establish the WIPP
9 water quality background characterization (see Appendix BWVQ).

10 These water quality data are used in the predictive models supporting the WIPP PA. The
I1I WQSP supports this effort by providing water chemistry data for use in predictive
12 modeling of the potential solubility and transport of radionuclides and chemical
13 components along potential flow pathways. As a part of the environmental monitoring
14 program, the WQSP provided water quality data on key environmental parameters for
15 groundwater near the WIPP. Samples were routinely analYz.-d for general chemical
16 parameters (including metals) and EPA-listed hazardous organic substances. The data
17 collected by this program are compiled and presented in the ASER..18 6.1.4 Wildlife Population Monitoring

19 The population density of raptors, breeding birds, and small nocturnal mammals is
20 measured annually to assess the effects of WIPP activities oii wildlife populations. Two
21 permanent study plots adjacent to the WIPP facility are used; one for mammals and one
22 for birds. The data from the study plots are compared to two control plots to assess the
23 effects of WIPP activities on wildlife populations.

24 Although not compiled as a baseline, the wildlife monitoring data are presented annually
25 in the ASER. Each year they are compared to data of previous years and fluctuations in
26 densities are evaluated against a number of parameters.

27 6.1.5 Aerial Monitoring

28 Aerial photographs of the WIPP are taken and used to document surface disturbance,
29 development, and reclamation activities at the WIPP and sur-ounding lands. This
30 photography allows documentation of changes in the WIPP vicinity. Any unusual
31 changes are evaluated, and the cause and the potential role of WIPP activities in affecting
32 these changes is determined (Appendix SURV contains the most recent aerial
33 photographs).
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1 6.2 Volatile Organic Compound Monitoring

2 VOC monitoring has been performed at the WJPP facility to establish background VOC
3 levels at the site. This monitoring is described in Section 6.2. 1. During initial stages of
4 the disposal phase, confirmatory VOC monitoring will be performed in the repository.
5 This monitoring is described in Section 6.2.2.

6 6.2.1 Background Volatile Organic Compound Monitoring

7 The VOC monitoring program has focused on the air pathway since 199 1. The airborne
8 emission of VOCs is the only credible pathway for release from the WIPP during disposal
9 operations, and this pathway will be eliminated upon final closure. With more than four

10 years of data collected, a credible basis for determining the WIPP facility's background
I1I levels of the targeted VOCs has been established. These data are included in Appendix
12 BAD.

13 The VOC monitoring plan conducted for the WIPP to date is described in detail in the
14 VOC Monitoring Plan (Westinghouse, 1994a). The program demonstrates that the
15 concentrations of hazardous constituents which would have been emitted during the test
16 phase would not have exceeded levels established by the EPA beyond the unit boundary.
17 The program monitored the air exhausted from the mine's ventilation shaft for VOCs that
18 might have been released from the test wastes. To differentiate between ambient or
19 background VOCs from aboveground and underground sources and VOCs released from
20 transuranic- (TRU-) mixed wastes, VOC concentrations have been measured at the
21 following locations:

22 * Near the top of the Exhaust Shaft (Station VOC- 1)
23 0 Near the air intake shaft (Station VOC-2)
24 0 Ventilation air intake passageways to the waste-containing rooms (Station VOC-8)

25 Sampling followed a regular schedule with the samples analyzed for the quantities of five
26 target VOCs. The samples were then analyzed for other organics present in sufficient
27 quantities to be detected. The five target compounds were: carbon tetrachloride,
28 trichloroethylene, methylene chloride, 1, 1, 1 -trichloroethane, and 1, 1,2-trichloro- 1,2,2-
29 trifluoroethane. These compounds were selected due to their prevalence in TRU-mixed
30 wastes and their inclusion in the conditional no-migration determ-ination. The VOC
31 Monitoring Quality Assurance Project Plan (QAPjP) identifies the following data quality
32 objectives as applicable to the VOC monitoring program (Westinghouse 1994b):

33 0 Method detection limit of 0.5 parts per billion or one-fifth of any HBL for a targeted
34 constituent, whichever is greater
35 0 Precision (i.e., relative percent difference between field duplicate samples) of ±15
36 percent
37 0 Accuracy of ±10 percent
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I Data completeness of 90 percent, as adjusted statistically to account for the results of
2 data validation audits

3 The EPA Compendium Method TO-14, which specifies passivated stainless steel
4 canisters for sample collection, was used as guidance to meet these objectives. The
5 analytical methods consisted of cryogenic trapping and gas chromatography/mass
6 spectrometry. Results of the VOC monitoring program have been provided annually to
7 the EPA. Quality assurance/quality control (QAIQC) activities conducted in accordance
8 with the VOC Monitoring QAPjP included duplicate sampling, spiked samples, and
9 annual audits of the laboratory conducting the analyses.

10 6.2.2 Confirmatory Volatile Organic Compound Monitoning

11 The concentrations of VOCs at the point of compliance during disposal operations and
12 facility closure have been estimated to be one-third to five orders of magnitude below
13 HBLs (Chapter 5). Since these calculations were based on conservative assumptions, and
14 since the DOE has collected more than four years of data to support the validity of
15 background levels of VOCs in air, the Department of Energy (DOE) will implement
16 confirmatory VOC monitoring activities into the disposal pLase.

17 The DOE has prepared a VOC monitoring plan that describes the aspects of a VOC
*18 monitoring strategy. Thle plan has been prepared so that the DOE can show that the

19 assumptions and predictions used to demonstrate compliance to the environmental
20 performance standards -are valid. Validity is shown when observed emissions are equal to
21 or less than those predicted. The VOC Confirmatory Monitoring Plan (CMP) is provided
22 in Appendix CMP. The CMP includes monitoring design, sampling and analysis
23 procedures, and quality assurance objectives. This plan is, submitted in compliance with
24 20 NMAC 4. 1, Subpart V, §264.602, §268.6, and §270.23(a)(2).

25 In this petition, the DOE demonstrates the theoretical compliance with the environmental
26 performance standards of 20 NMAC 4.1, Subpart V, §264.601(c), and §268.6. This CMP
27 describes a sampling and analysis program to confirm the theoretical calculations. The
28 monitoring program is capable of quantifying VOC concentrations in the ambient mine
29 air at the WJPP. The CMP addresses the following informaltion requirements:

30 0 Rationale for the design of the monitoring program, based on possible pathways,
*31 operations, engineered and natural barriers, and monitoring locations optimized for

32 detection

33 0 Descriptions of the specific elements of the monitoring program including the type of
34 monitoring, the location of stations, the frequency of sampling, the target analytes, the
35 schedule for implementation, the equipment used, the sampling and analytical

* 6 techniques, and the data recording and reporting procedures
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I The design of the CMP used the results of background VOC monitoring activities at the
2 WIPP. These data are presented in Appendix BAD. These data represent the anticipated
3 background levels of VOCs during operations at the WIPP.

4 The DOE's intent is to collect air samples upstream and down stream of Panel 1
5 beginning just prior to waste emplacement and proceeding until at least six months
6 following completion of panel closure. The DOE will continue monitoring until the
7 criterion for terminating monitoring are met. These criterion are established in Appendix
8 CMP fore each target analyte.

9 The current VOC monitoring program uses EPA Compendium Method TO-14 (EPA
10 1988). The DOE has had success with TO-14 at the WIPP if care is taken in placing
I1I samplers to avoid high dust and if stringent cleaning requirements are imposed for the
12 clean canisters. This is necessary because of the extremely low concentrations that are
13 being monitored. The DOE is evaluating the use of the Fourier Transform Infra-Red
14 (FTIR) technique for monitoring VOCs at WIPP. This method is being used successfully
15 at other locations and has recently been approved by the EPA for measuring the
16 concentration of VOCs in the headspace gases of drums of TRU waste. If FTIR becomes
17 viable, the monitoring plan will be revised ans the revisions will be submitted to the
18 NMED for approval prior to implementation.

19 The CMP will be run under a Quality Assurance Plan that conforms to the document
20 entitled "EPA Requirements for Quality Assurance Project Plans for Environmental Data
21 Operations", (EPA 1994). Quality Assurance criteria for the target analytes are given in
22 Appendix CMP along with a discussion of other aspects of the Quality Assurance
23 Program including sample handling, calibration, analytical procedures, data reduction,
24 validation and reporting, performance and system audits, preventive maintenance, and
25 corrective actions.

26 6.3 Long-Term Monitoring

27 Because the WIPP is a mined geological repository designed to permanently isolate
28 contaminants, no post-closure monitoring for the detection of releases is proposed, since
29 the migration of contaminants is unlikely even for thousands of years. This is
30 substantiated by the analysis of system performance described in Chapter 8. However,
31 regulations that apply to the WIPP long-term performance require evaluating techniques
32 that would address other aspects of the disposal system performance over a relatively
33 short time period. These methods evaluate whether performance deviates significantly
34 from what is expected.

35 Requirements for monitoring a disposal system are included in long-term performance
36 standards to the extent that such monitoring can detect any detrimental and significant
37 deviation from expected performance. The DOE interprets this standard as a requirement
38 that a monitoring program be used to address uncertainties associated with the long-term
39 performance predictions, and that the time period over which diagnostic data can be
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1 collected be realistic in terms of exercising active institutional control over the site.
2 Monitoring activities at the WIPP facility would most likely include the measurement of
3 subsidence, among other things. In addition, groundwater sampling in the Rustler would
4 continue.

5 Monitoring a mined geologic disposal system is intended to address "significant
6 concerns" associated with the performance of the isolation system. The EPA points out
7 that monitoring approaches to address "significant concerns'" should be limited to those
8 that could provide meaningful data in a relatively short time. Furthermore, the DOE
9 monitoring system must not jeopardize the integrity of the disposal system.

10 As a result of the specific requirements contained in long-termn performance standards, the
I1I post-closure monitoring program at the WIPP facility shall. have the objective of detecting
12 substantial and detrimental deviation from the expected performance of the disposal
13 system. This monitoring will be performed with a variety of techniques designed to
14 detect detrimental deviations without jeopardizing waste isolation. With this objective in
15 mind, selection and specification of monitoring activities for the long-term monitoring
16 (LTM) program addressed the four following areas of perfonnance:

17 * Hydrological-possibilities for hydrological monitoring include, but are not limited
18 to, a long-term assessment of the assumptions made regarding the movement of fluids

* 19 through the Rustler

20 * Geological-geological performance can be assessed by m,.onitoring subsidence at the
21 surface

22 * Geochemical-geochiemical performance may be assessed to substantiate
23 assumptions regarding waste characteristics, brine characteristics, and waste-rock
24 interactions

25 0 Structural-structural performance would be assessed by evaluating man-made
26 features such as shaft seals, plugs, and human intrusion barriers

27 Based on the assumption that migration of contaminants from a geologic repository is
28 unlikely for at least thousands of years, the disposal system monitoring requirements (i.e.,
29 identification and quantification of detrimental deviations from anticipated repository
30 performance and maintenance of disposal system integrity), and following an evaluation
31 of current geophy sical and experimental technologies, a long-term disposal system
32 monitoring program has been conceived. Details of this monitoring program evaluation
33 and development are presented in Appendix LTM. Elements of the LTM program are: a
34 subsidence network, an environmental monitoring progranm, ind a baseline database.
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1 6.3.1 Subsidence Network

2 Several subsidence studies have been completed to evaluate the potential for, and predict
3 the magnitude of, subsidence due to the development of the repository. These
4 calculations account for a range of waste volumes, waste densities, and backfill types.
5 Subsidence was also calculated for conditions where no backfill would be used. The
6 Backfill Engineering Analysis Report (BEAR) (Westinghouse 1994) contains the most
7 detailed data and calculations on subsidence. Contour maps, included in Appendix
8 ADM, detail subsidence predictions using influence function and National Coal Board
9 (NCB) methods with and without backfill. The maximum subsidence was also calculated

10 using the mass conservation method. A Subsidence Data Study (SDS) performed
11 specifically for the final facility configuration will predict subsidence related to repository
12 performance and investigate factors that influence subsidence. The study will predict
13 subsidence with respect to time for the repository and define the bounding limits that may
14 indicate poor repository performance.

15 An SDS will define the most favorable positions for any additional benchmarks and
16 oversee their placement in the network. In order to monitor subsidence, a network of
17 benchmarks must be placed over the area of interest. Benchmarks have been installed
18 over and around the general vicinity of the WIPP. These benchmarks are adequate for
19 initial data gathering. However, the current network is too coarse to provide sufficient
20 data points to accurately define subsidence over the repository for the long term. Contour
21 plots of expected subsidence in the BEAR (Westinghouse 1994) show that the maximum
22 subsidence can occur in a circular area with a radius as small as 1,000 ft (305 in); most of
23 the current benchmarks are 1,000 ft (305 m) apart. Powers (1993) has recommended
24 placing a network over the repository footprint that would extend 2,000 ft (6 10 m) past
25 the 16-section (41.4..kM2) site boundary. This would encompass the entire predicted
26 subsidence area for angles of draw up to 45 degrees. Additional benchmarks shall be
27 placed to increase the density over the repository. These new benchmarks will be
28 installed after completion of the SDS. The SDS will evaluate and determine the quantity
29 and placement of the benchmarks to best determine subsidence.

30 After establishing the supplemental benchmark locations, the benchmarks that meet the
31 National Geodetic Survey Class I, first-order standards will be installed and surveyed.
32 All placement and survey data will be documented in the baseline database. Provisions
33 will be made to maintain and replace benchmarks when required and to coordinate
34 benchmark placement with the passive markers design.

35 6.3.2 Monitoring Program

36 The Long-Term Monitoring Program (LTMP) consists of monitoring the subsidence
37 network and, for a limited period, the environment and groundwater. Subsidence
38 monitoring is accomplished with a Class I Leveling Survey. The surveys will be
39 performed every 10 years during the operational phase and thereafter in accordance with
40 the Disposal System Monitoring Program schedule. The leveling surveys will be
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I performed as described in a QAIQC procedure to ensure the data are documented and
2 validated. The data will be included in the baseline database:.

3 Implementation of the operational environmental monitoring is contained in the WIPP
4 EMP (DOE 1994). The EMP, which transitioned from the preoperational programs,
5 includes monitoring a comprehensive set of parameters to detect any potential
6 environmental impact. The ecological portions of the program focus on the immediate
7 area surrounding the facility, whereas radiological surveillance covers a broader
8 geographic area, including nearby ranches, villages, and cities. This environmental
9 monitoring will continue throughout the project's disposal and closure phases. Any

10 impacts will be determ-ined by a quantitative analysis comparing operational monitoring
11I results against previously collected data. Data from ongoi ng environmental monitoring
12 are published annually.

13 6.3.3 Baseline Database

14 Establishment of environmental monitoring baselines for both radiological and
15 nonradiological parameters was completed by compilation and publication of baseline
16 reports. These programs have transitioned into the disposal phase; pertinent data
17 collection will continue through the life of the project. The database will be updated
18 regularly with data collected during the environmental monitoring program.
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. 1 7.0 Quality Assurance
2 Abstract
3
4
5 The Department of Energy (DOE) quality assurance (QA) policy is to establish, maintain,
6 and implement an effective QA program that complies with applicable requirements of
7 DOE Orders and Environmental Protection Agency (EPA) regulations. It is the DOE's
8 goal to fulfill its mission while ensuring that not only are risks and environmental impacts
9 identified and minimized, but also that safety, reliability, an&. performance are

10 maximized.
11I
12 WTPP QA programs define the management systems to be employed to meet the
13 requirements prescribed by the Carlsbad Area Office's (GAO's) Quality Assurance
14 Program Document (QAPD). Specifying requirements and associated guidance for QA
15 programs ensures that all participants develop and implement effective management
16 systems to ensure that items, processes, and services meet or exceed applicable GAO QA
17 requirements.
18
19 Effective implementation of the GAO QA program depends on the efforts of all levels of
20 the GAO organization. The GAO organization is structured so that the individual
21 performing the work is responsible for achieving and maintaining quality; line.22 management is responsible for verifying the quality; and independent assessors are
23 responsible for assessing the quality of the work. The CAC) Manager has overall
24 responsibility for the development and implementation of the GAO QA program. Under
25 his or her direction the GAO QA Manager is responsible for defining, integrating, and
26 ensuring effective implementation of the GAO QAPD.
27
28 The QA program for the Waste Isolation Pilot Plant (WIPP) facility may be broken into
29 various parts. Work is performed in accordance with established, approved, and
30 documented technical standards and administrative controls. Items and processes are
31 designed using sound engineering and scientific principles and appropriate standards.
32 Controls are established to ensure that procured items and services meet applicable
33 technical and QA requirements and that they perform as specified. Inspection and testing
34 of specified items and processes are conducted using established criteria. The
35 Transuranic Waste Characterization Quality Assurance Program Plan (QAPP)
36 establishes a single program applying to all DOE transuranic (TRU) waste generator sites
37 that anticipate shipping radioactive and mixed wastes to the WVIPP. The WIPP
38 monitoring program includes radiological and nonradiologiczl monitoring and is carried
39 out in accordance with the Environmental Regulatory Guide -for Radiological Effluent
40 Monitoring and Environmental Surveillance, DOE/EH-0173Tr. The long-term
41 demonstration activities are conducted under the Sandia National Laboratories (SNL)
42 GAO-approved Quality Assurance Program Description.
43.44 Oversight authority for QA programs rests with the DOE. Also, each project participant
45 is responsible for conducting management and independent assessments and identifying
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1 and tracking areas for improvement. These assessments are conducted to measure
2 program compliance and effectiveness of management and processes and to promote
3 improvement.
4
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. 17.0 QUALITY ASSURANCE1
2

3 7.1 Purpose
4

5 The U.S. Department of' Energy (DOE) quality assurance ( QA) policy is to establish,
6 maintain, and implement an effective QA program that complies with the applicable
7 requirements of DOE Orders and the U.S. Environmental Protection Agency (EPA)
8 regulations. It is the DOE's goal to fulfill its mission while ensuring that risks and
.9 environmental impacts are identified and minimized, and that safety, reliability, and

10 performance are maximized.
11
12 WIPP QA programs define the management systems to be employed for meeting the
13 requirements prescribed by the Carlsbad Area Office's (GAO's) Quality Assurance
14 Program Document (QAPD), which is included in this document as Appendix QAPD.
15 Specifying requirements and associated guidance for QA programs ensures that all
16 participants develop and implement effective management syistems to ensure that items,
17 processes, and services meet or exceed applicable GAO QA requirements.
18
19 7.2 Quality Assurance Program Management
20
21 Effective implementation of the GAO QA program depends an the efforts of all levels of
22 the GAO organization (including the CAO Manager, senior management, line. 23 management, and the personnel performing work). In the GAO organization, the
24 individual performing the work is responsible for achieving und maintaining quality; line
25 management is responsible for verifying the quality; and independent assessors are
26 responsible for assessing the quality of the work. The CAO Manager has overall
27 responsibility for developing and implementing the GAO QA program. Under his or her
28 direction, the CAD QA Manager is responsible for defining, integrating, and ensuring
29 effective implementation of the GAO QAPD.
30
31 7.2.1 Organization
32

33 The GAO and WIPP Project organizational structures, primary interfaces, functional
34 responsibilities, and levels of authority for activities affecting quality are described and
35 documented in the GAO QAPD. The hierarchy of QA program requirements and the
36 organizational interfaces between the major project participwnts are illustrated in Figure
37 7-1. Major responsibilities of project participants are as follows:
38
39 e The GAO is the controlling organization for Waste Isolation Pilot Plant (WIPP) QA
40 program development, implementation, and assessment
41
42 0 The GAO reviews and approves the QA program documents of the Scientific Advisor
43 (Sandia National Laboratories [SNL]), the Management and Operating (M&O).44 contractor (Westinghouse Waste Isolation Division [WID]1), and the transuranic (TRU)
45 waste generator sites
46
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1 - The WID is responsible for establishing and implementing a QA program for WJPP
2 site operation and maintenance, for monitoring the site environment, and for receipt of
3 waste
4

5 - SNL is responsible for establishing and implementing a QA program for activities
6 involved in the development, confirmation, and verification of models used to simulate
7 long-term repository performance. SNL also conducts research, experiments, and tests
8 to collect the data needed for input to the models
9

10 *TRU waste generator sites are responsible for establishing and implementing a QA
11I program for TRU and TRU-mixed waste characterization and for implementation of
12 the waste certification programs
13
14 7.2.2 Quality Assurance Program Requirements
15
16 QA program requirement sources include several federal requirements (10 CFR Part 7 1,
17 10 CFR Part 830, 40 CFR Part 194, 40 CFR Part 261, 40 CFR Part 264, and 40 CFR §
18 268.6), DOE Orders (primarily DOE 5700.6C), and consensus standards (American
19 Society of Mechanical Engineers [ASME] Quality Assurance Requirements for Nuclear
20 Facilities [ASME NQA-1I], NQA-2a Part 2.7, and NQA-3, excluding Sections 2.1 (b) and
21 (c) and 17. 1). The CAO QAPD (see Appendix QAPD) reflects the WIPP QA
22 requirements, lists sources of program requirements and guidance, and describes the

23 organizational interfaces and responsibilities. The GAO QAPD is a program-wide0
24 document that establishes the required QA program controls applicable to all GAO
25 participants.
26
27 Participant QA program descriptions include discussions of how the QA requirements
28 will be satisfied, taking into consideration the probability and consequences of risk
29 associated with the work. These discussions include the rationale and methodology used
30 for the compliance determination, as well as discussions addressing applicability of the
31 requirements to the work being performed.
32
33 The rigor of QA controls is commensurate with, but not limited to, the following criteria:
34

35 1 . Function or end-use of the item
36 2. Importance and end-use of the data generated
37 3. Probability of failure
38 4. Complexity or uniqueness of design, fabrication, or implementation
39 5. Reproducibility of the result
40 6. History of the item or service quality
41 7. Necessity for special controls or processes
42 8. Ability to demonstrate functional compliance
43
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Final No-Migration Variance Petition. 1 7.2.3 Qualification and Training Requirements
2

3 Personnel performing work are qualified and capable of performing their assigned tasks.
4 In addition, personnel responsible for performing inspections, tests, and independent
5 assessments must meet specific training and qualification requirements. Project
6 participants have established formal methods for the evaluation, selection, indoctrination,
7 training, and qualification of personnel perfonming work that comply with the
8 requirements of the CAO QAPD.
9

10 7.2.4 Quality Improvement, Nonconformances, and Corrective Action
11
12 A culture which promotes continuous improvement is fundamental and integral to the
13 WJPP mission; therefore, each organization's management seeks continuous improvement
14 in the performance and efficiency of work processes and activities.
15
16 All personnel are responsible for identifying conditions adverse to quality. A condition
17 adverse to quality is defined as one that, if not corrected, could have an adverse effect on
18 compliance with the app :licable requirements. The condition adverse to quality must be
19 evaluated, the corrective action defined and taken, and the completion and effectiveness
20 of the corrective action verified. Corrective actions must address the extent of the
21 problem and the actions taken to resolve the problem. Significant deficiencies also
22 require a determination of root cause and action to preclude reoccurrence. All actions.23 must have scheduled completion dates.
24
25 Management at all levels strives to foster a "no-fault" attitude to encourage personnel to
26 identify nonconforming items, activities, and processes and encourages personnel to
.27 suggest improvements. The nonconformance control process is documented in applicable
28 QA plans or implementing procedures. Nonconformance!; are documented, evaluated,
29 and dispositioned, and corrective actions taken, as appropriate.
30
31 7.2.5 Documents and Records
32
33 Documents and records provide evidence of the quality of' the work and that the QA
34 programn was followed in the performance of the work. Documents and records generated
35 under the CAO QA prog ram are specified, prepared, reviewed, approved, controlled,
36 maintained, revised, and disposed of in accordance with the CAO QAPD (see Appendix
37 QAPD). The CAG QAPD provides a single reference for all project participants in
38 meeting QA records management requirements. The records management system is
39 documented in appropriate QA plans and implementing procedures.
40

41 Documents affecting quality that specify requirements, prescribe processes, or establish
42 designs important to compliance, such as instructions, procedures, drawings, test plans,
43 and management plans, are controlled to assure that correct documents are employed..44 Controlled documents are reviewed by competent personnel using specified criteria for
45 adequacy, correctness, and completeness prior to approval and issuance. Review
46 comments are resolved. Review comment documentation. is maintained by the
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1 originating organization. Responsibilities for document preparation are specified, and the
2 documents are controlled during the preparation, review, approval, issuance, use, and0
3 revision processes.
4

5 7.3 Quality Assurance Program Implementation
6
7 7.3.1 Work Processes
8
9 Work is performed in accordance with established, approved, and documented technical

10 standards and administrative controls. Work is planned, authorized, and accomplished
I I under controlled conditions using approved instructions, procedures, drawings, or other
12 appropriate means. Implementing procedures are developed, reviewed, and approved by
13 technically competent personnel and contain information, including the following
14 elements, appropriate for the work being performed:
15
16 0 Prerequisites, limits, precautions, process parameters, and conditions necessary to
17 accomplish of the process, including calibration requirements
18
19 * Special qualifications and training requirements
20
21 0 Acceptance criteria, including applicable codes and standards
22
23 Personnel performing work are responsible for complying with appropriate instructions,
24 which include or reference procedure, personnel, and equipment qualification
25 requirements. Items are identified and controlled to ensure their proper use. Items are
26 maintained to prevent their damage, loss, or deterioration. Equipment used for process
27 monitoring or data collection is calibrated and maintained. Handling, storage, cleaning,
28 shipping, and other means of preserving, transporting, and packaging items is conducted
29 in accordance with established work and inspection procedures, shipping instructions, or
30 other specified documents.
31
32 7.3.2 Design
33
34 Items and processes are designed using sound engineering and scientific principles and
35 appropriate standards. Design work, including changes, incorporates appropriate
36 requirements, such as general design criteria and design bases. Design interfaces are
37 identified and controlled. The adequacy of design products are verified by individuals or
38 groups independent from those who performed the work. Verification is completed prior
39 to approval and implementation of the design.
40
41 7.3.2.1 Design of Data Quality Objectives
42
43 For future work, particularly waste characterization activities, environmental monitoring,
44 monitoring of the disposal system performance, sampling and analysis activities, and field
45 measurements of geological factors, groundwater, meteorologic, and topographic0
46 activities, the concept of designing data quality objectives for environmental data will
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I apply. Project goals will be documented, decisions and inputs identified, the study
2 bounded, and a decision rule developed. Limits on decision errors will determine the
3 degree of confidence necessary for the data to be considered valid.
4
5 For past work, where data have already been collected, the end-use of the data determines
6 the amount of uncertainty permissible. Existing data undergo a formal qualification
7 process before being used in compliance submittals. Refer tco Section 7.6.1 for further
8 discussion on the qualification of existing data.
9

10 7.3.3 Procurement Control
11
12 The requirements of the CAO QAPD are passed down from the GAO to its contractors.
13 In addition, each GAO contractor is required to pass down the appropriate GAO QAPD
14 requirements to its subcontractors. Controls are established to ensure that procured items
15 and services, including laboratory services, meet applicable technical and QA
16 requirements and that they perform as specified. Prospective suppliers are evaluated and
17 selected on the basis of documented criteria. Procurement controls ensure that approved
18 suppliers continue to provide acceptable items and services. Audits and surveillances are
19 performed on quality-affecting vendors and subcontractors; to verify that the requirements
20 are met.
21

* 22 7.3.4 Inspection and Test Control
23
24 Inspections determine acceptance or rejection. Tests determine the capability of an item
25 to meet specified requirements by subjecting the item to a set of operating conditions.
26 Essential parts of work planning processes include identifying the following:
27
28 1 . Items and processes to be inspected or tested
29 2. Any equipment to be used in performing the inspection or test, including the
30 equipment identification number, calibration due date, and the type, range, accuracy,
31 and tolerance of the equipment
32 3. Parameters or characteristics to be evaluated
33 4. Procedures, techniques, and related requirements documents used to control and
34 perform the inspection or test
35 5. Appropriate prerequisites and provisions for assuring that all requirements and
36 objectives have been met
37 6. Acceptance criteria
38 7. Hold points
39 8. Organizations responsible for performing the tests and inspections
40
41 Inspection and testing of specified items and processes are conducted using established
42 acceptance and performance criteria. The acceptance of iters and processes shall be
43 made by and documented by qualified and authorized personnel.. 44
45 Equipment used for inspections and tests is calibrated and maintained. The control
46 system for monitoring, testing, and using data collection equipment prevents the use of
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1 suspect and out-of-tolerance equipment in activities that could affect quality. If such
2 equipment is inadvertently used, the control system provides for segregation and i
3 evaluation of the items checked and the data obtained using the out-of-tolerance or
4 defective equipment.
5
6 7.3.5 Waste Characterization Program
7
8 QA requirements and program guidance for waste characterization is contained in the
9 Transuranic Waste Characterization Quality Assurance Program Plan (QAPP) (DOE

10 1996). The QAPP establishes a single program applying to all DOE TRU waste
I1I generator sites that anticipate shipping radioactive and mixed wastes to the WJPP. The
12 comprehensive scope of the Waste Characterization QAPP, encompassing all generator
13 sites, is necessary for achieving a level of consistency in TRU and TRU-mixed waste
14 certification. The Waste Characterization QAPP addresses QA requirements from the
15 following sources:
16
17 9 10 CFR Part 7 1, Packaging and Transportation of Radioactive Materials
18 * 40 CFR Part 268, Land Disposal Restrictions
19 * 40 CFR Part 264, Standards for Owners and Operators of Hazardous Waste
20 Treatment, Storage, and Disposal Facilities
21 * 40 CFR Part 19 1, Environmental Radiation Protection Standards for the
22 Management and Disposal of Spent Nuclear Fuel, High-Level, and Transuranic
23 Radioactive Wastes
24

25 The original scope of the Waste Characterization QAPP was developed for the WJ-PP test
26 phase (the test phase was canceled October 21, 1993, prior to implementation). The
27 document was updated to be consistent with the preoperational work scope. The Waste
28 Characterization QAPP uses established quality objectives for determining whether or not
29 waste destined for the WIEPP meets acceptance criteria.
30
31 Flow-down of applicable QA requirements from the Waste Characterization QAPP to
32 each generator site is accomplished through the development of site-specific QA project
33 plans. The QA project plans for each TRU waste generator site identify QA and QC
34 provisions in response to the requirements of the QAPP, establish organizational roles
35 and responsibilities, describe the waste certification process, and reference approved
36 procedures to be used.
37
38 In addition to nondestructive test methods and waste sampling and analysis, TRU and
39 TRU-mixed waste characterization uses acceptable knowledge. QA controls for
40 acceptable knowledge include design documentation (e.g., drawings, specifications),
41 construction and acceptance test records, operating reports, and process stream analyses.
42

43 7.3.6 WIPP Site Monitoring Programs

45 The environmental monitoring program at WIPP was initially established to acquire
46 preoperational baseline environmental data in accordance with DOE Orders. The current
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1 program includes radiological and nonradiological monitoring carried out in accordance
2 with the Environmental Regulatory Guide for Radiological.Effluent Monitoring and
3 Environmental Surveillance, DOEIEH-0173T (DOE 1991la). The guide is based on
4 implementation of DOE Order 5400. 1, General Environmental Protection Program and
5 DOE Order 5400.5, Radiation Protection of the Public and ihe Environment.
6
7 The radiological portion of the site environmental monitoring program includes liquid
8 and airborne effluents, ambient airborne particulates, biotic samples, soils and sediments,
9 surface and drinking water, and groundwater. Nonradiological monitoring includes local

10 meteorology, ambient volatile organic compounds (VOCs), airborne gases, ecological
I1I plots, aerial photography, and salt-impact studies.
12
13 QA requirements for WIPP environmental data operations are specified in the WID
14 Quality Assurance Program Description (Westinghouse 1996, attachment 111, 2).
15 Specified tolerances for data uncertainty, in terms of data accuracy, precision, and
16 completeness, are contained in project-specific plans for air, groundwater, stormwater,
17 VOC, and site effluent monitoring. A series of approved procedures, instructions, and
18 drawings are used to implement the technical and QA requirements. Data are assessed
19 routinely and reported in the annual site environmental report. QA plans and procedures
20 have also been issued for hazardous materials management and Resource Conservation
21 and Recovery Act (RCRA) compliance.

* 22

23 7.4 Quality Assurance Program Assessment
24
25 Oversight authority for 'QA programs rests with the CAO. Each project participant is
26 responsible for conducting assessments and identifying and tracking areas for
27 improvement. Assessments are conducted to measure program compliance, effectiveness
28 of management and processes, and promote improvement. The accepted mechanisms for
29 these assessments are management assessment and independent assessment.
30
31 Managers at all levels periodically assess the performance of their organization. The
32 purpose for management assessment is to determine the effectiveness of QA program
33 provisions that enable the organization to meet customer requirements and expectations.
34
35 Several levels of independent assessments occur within the QA program:
36
37 9 CAO performs independent assessment of major project participant processes and
38 products
39
40 0 All program participants internally assess their programs using personnel independent
41 of the work
42
43 0 Subcontractors undergo source inspections, surveys, and audits performed by other.44 project participants
45
46
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1 7.5 Sample Control
2

3 Samples are controlled and identified in a manner consistent with their intended use, such
4 as is specified in Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
5 (SW-846) (EPA 1986). Sample control procedures define responsibilities, such as
6 interfaces between organizations for documenting and tracking sample possession from
7 sample collection and identification through handling, preservation, shipment, transfer,
8 analysis, storage, and final disposition. Nonconforming samples will be documented,
9 evaluated, identified, and segregated in accordance with QAPD requirements

10
11 7.6 Control of Scientific Investigations
12

13 All technical investigations and data collection activities performed in support of WIPP
14 are defined, controlled, verified, and documented. Process variables affecting scientific
15 investigations are measured and controlled, as described in Section 7.3.4. Scientific
16 investigations are performed and documented in accordance with test plans, procedures,
17 and scientific notebooks. Planning for scientific investigations assures that the
18 appropriate information is collected and that outside factors are eliminated or their effects
19 minimized. Planning also determines the criteria used for subsequent evaluation of
20 collected data and is coordinated with other organizations that provide input or use the
21 results.
22

23 Data generated through scientific investigations are reviewed and validated prior to
24 reporting the results. Data are recorded, identified, and traceable to the scientific
25 investigation from which they were generated. Data collection and analysis are critically
26 reviewed and questions resolved before the results are used or reported. Uncertainty
27 limits are assigned to the data prior to their use.
28
29 7.6.1 Qualification of Existing Data
30
31 It is necessary to qualify existing data (used in performance assessment computer codes
32 and models) with indeterminate quality where there is limited evidence that the data were
33 collected under the formal control of an adequate QA program. An adequate QA
34 program is one that meets the requirements of NQA-1, NQA-2a part 2.7, and NQA-3
35 (excluding Sections 2 (b) and (c) and 17. 1), and transmits all the applicable QA
36 requirements to each process, organization, or activity involved in the work being done,
37 in a manner that provides traceability, replication, and accountability. Data that were not
38 collected in accordance with the requirements of the GAO QAPD (see Appendix QAPD)
39 shall be qualified for their intended use. The procedure developed for data qualification
40 considers both QA programmatic and technical criteria.
41

42 The process for qualifying existing data to be used in no-migration modeling has been
43 established by the CAO. The process is based on the Nuclear Regulatory Commission's
44 (NRC's) guidance documents, NUREGs 1298 (NRC 1988a).
45
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* 1 The process for qualifying existing data includes three major steps. The data qualification
2 process begins with identifying the data packages that support the performance assessment
3 calculations. An independent review team then evaluates the QA requirements and
4 technical status of the data package. If the QA requirements applicable to the data
5 package are determined to be acceptable, the data are considered qualified. If the QA
6 requirements are determined to be unacceptable, alternative mrethods for qualifying the
7 data are selected as follows:
8
9 *using corroborating data, (inferences drawn to corroborate the existing data shall have

10 relationships that are clearly identified and justified)
11
12 *performing and documenting confirmatory testing
13

14 *performing and documenting peer review in accordance'with QAPD requirements
15
16 Data that cannot be qualified are abandoned.
17

18 7.6.2 Background - Evolving Quality Assurance Program Requirements
19
20 The current DOE CAG QAPD (see Appendix QAPD) blends QA requirements and
21 guidance from multiple sources. However, the DOE WLPP Project work has been.22 performed under formal QA programs since 1977 and throughout several project phases.
23

24 1977-1980 Site and Characterization Phase. The earliest WINPP QA programs were
25 based on the nuclear power plant QA requirements of the NRC's Title 10
26 CFR Part 50, Appendix B and ANSIIASME N4-5.2 (the precursor to NQA-
27 1). The ASMIE NQA- I standards were issued iii 1979 and began to be
28 incorporated into the preferred QA standard.
29
30 1980-1983 Site and Preliminary Design Validation Phase. NQA- I requirements, as
31 suggested by the DOE Order 5700.6A, were the basis for WLPP QA
32 programs.
33

34 1983-1989 Construction Phase. NQA- I continued to be recognized through DOE
35 Orders as the preferred standard for QA through DOE 5700.6B.
36
37 1989-1 993 Test Phase'. The WIPP QA programs began to incorporate program
38 elements from DOE Order 5700.6C while retaining the requirements of
39 NQA-1.
40

41 1994-present Preoperational Phase. For environmental dat a quality, the current
42 requirements are taken from DOE Order 5700.6C and selected EPA
43 guidance documents. The process for qualifying existing data utilizes

'Tests were canceled October 21, 1993, prior to implementation.
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1 guidance from NUREGs 1297 and 1298. Title 10 GER § 830.120 QA
2 requirements apply to DOE nuclear facility contractors, including WIEPP
3 and the TRU waste generator sites. NQA- 1, NQA-2a Part 2.7, and NQA-
4 3 (excluding Sections 2 (b) and (c) and 17. 1). QA requirements are also
5 incorporated into the WIPP QA program.
6
7 7.7 Long-Term Compliance Quality Assurance
8
9 Pursuant to 40 CFR 268.6 (b)(4), activities performed by SNL were conducted under a

10 GAO-approved Quality Assurance Program Description. This document defines
I1I management, performance, assessment, sample control, scientific investigation, software
12 QA requirements, training, and records management. The SNL WIPP QAPD is supported
13 by 40 QA procedures (QAPs).
14

15 The No-Migration Variance Petition (NMVf\P) Analysis was conducted under a plan
16 developed and approved under SNL WIiPP QAP 9- 1, Quality Assurance Requirements for
17 Conducting Analyses. This plan documents the analysis approach and defines additional
18 SNL WIPP QAPs that specify, the applicable QA requirements:
19
20 QAP 6-3 Conducting and Documenting Reviews of Documents
21 GAP 9-2 Quality Assurance Requirements for the Selection and Documentation of
22 Parameter Values used in WIPP Performance Assessment
23 QAP 9-S Conducting and Documenting Routine Calculations
24 QAP 17-1 WIPP Quality Assurance Records Source Requirements
25 GAP 19-1 WIPP Computer Software Quality Assurance Requirements
26

27 The overall SNL QA program was determined to be adequate and effectively implemented
28 as of August 1995. The full SNL QA program is being audited by the GAO. The data
29 evaluated by the GAO during these audits of SNL include work performed since August
30 1995. This date also coincides with the issue date of the latest SNL procedures.
31 Surveillances performed since August 1995 supplement and support the findings of the
32 GAO QA program audits of SNL.
33
34 Data quality is applicable to data used in the development of parameters identified in
35 Appendix PAR. Site-specific experimental data that were used directly in the calculation
36 of performance were collected under an approved QA plan (e.g., the Quality Assurance
37 Program Description) or were qualified as described in Section 7.6. 1.

June 14, 1996 7-12 DOE/CAO-96-2 160



Final No-Migration Variance Petiticon

. 1 REFERENCE
2
3 ASME (American Society of Mechanical Engineers). 1989. Quality Assurance Program
4 Requirements for Nuclear Facilities. ASME NQA- 1-1989, August 31, 1989.
5
6 ASME (American Society of Mechanical Engineers). 1990a. Quality Assurance
7 Program Requirements fior the Collection of Scientific and Technical Information for Site
8 Characterization of High-Level Nuclear Waste Repositories. ASME NQA-3-1989,
9 March 23, 1990.

10
11 ASME (American Society of Mechanical Engineers). 1990b. Quality Assurance
12 Requirements for Nuclear Facility Applications. ASME NQA-2a- 1990, Part 2.7, May 31,
13 1990.
14
15 DOE (U.S. Department of Energy). 1991la. Environmental Regulatory Guide for
16 Radiological Effluent Monitoring and Environmental Surve illance. DOE/EH-0173T,
17 January 199 1. Washington, D.C.
18

19 DOE (U.S. Department of Energy). 1993. Radiation Protection of the Public and the
20 Environment. DOE Order 5400.5, Change 2, January 7, 1993. Washington, D.C.
21.22 DOE (U.S. Department of Energy). 1995. Transuranic Waste Characterization Quality
23 Assurance Program Plan. Rev. 0. U.S. Department of Energy, Carlsbad Area Office,
24 Waste Isolation Pilot Plant, Carlsbad, NM..
25
26 EPA (U.S. Environmental Protection Agency). 1986. Test Methods for Evaluating Solid
27 Waste. SW-846, November 1986. Washington, D.C.
28
29 NRC (U.S. Nuclear Regulatory Conmmission). 1988. Qualif,'cation of Existing Data for
30 High-Level Nuclear Waste Repositories. NUREG- 1298, February 1988.
31
32 Westinghouse Electric Corporation. 1996. Waste Isolation Division Quality Assurance
33 Program Description., April 1996. Waste Isolation Division, Carlsbad, NM.
34

DOEICAO-96-21 60 7-13 June 14, 1996



Final No-Migration Variance Petition

TIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 7-14 DOE/CAO-96-21 60



Final No-Migration Variance Petition

. 1 BIBLIOGRAPHY
2

3 DOE (U.S. Department of Energy). 1991lb. Quality Assura~nce. DOE Order 5700.6C,
4 August 21, 199 1. Washington, D.C.
5
6 DOE (U.S. Department of Energy). 1991ic. Quality Assurance Program Plan for the
7 Waste Isolation Pilot Plant Experimental- Waste Characteriz:ation Program.
8 DOE/EM/48063-1, Rev. 1. Washington, D.C.
9

10 DOE (U.S. Department of Energy). 1996. U.S. Department of Energy Carlsbad Area
11 Office Quality Assurance Program Document. CAO-94-1OI 2, Rev. 1, April 1996. U.S.
1 2 Department of Energy, Carlsbad, NM. (This document is included as Appendix QAPD.)
13
14 EPA (U.S. Environmental Protection Agency). 1983. Interim Guidelines and
15 Specifications for Preparing Quality Assurance Project Plans. QAMS-005180,
16 December 29, 1983. Washington, D.C.
17
18 EPA (U.S. Environmental Protection Agency). 1987. Industrial Source Complex (ISC)
19 Model User's Guide. EPA-450/4-88-002a and b, 2 ed., December 1987.
20

21 Sandia National Laboratories. 1992. Sandia National Laboratories Waste Isolation Pilot

22 Plant Quality Assurance Program Description. Rev. R, July 31, 1995.

24 Sandia National Laboratories. 1994. Qualification of Existing Data. Quality Assurance
25 Procedure QAP 20-3, Rev. 0, September 28, 1994. Sandia National Laboratories,
26 Albuquerque, NM.
27

DOE/CAO-96-21i60 7-15 June 14, 1996



Final No-Migration Variance Petition

1 THIS PAGE INTENTIONALLY LEFT BLANK
2

June 14, 1996 7-16 DOE/CAO-96-2160



Final No-Migration Variance Petition.1 BIBLIOGRAPHY
2

3 DOE (U.S. Department of Energy). 1991lb. Quality Assurance. DOE Order 5700.6C,
4 August 21, 1991. Washington, D.C.
5
6 DOE (U.S. Department of Energy). 1991ic. Quality Assurarce Program Plan for the
7 Waste Isolation Pilot Plant Experimental- Waste Characterization Program.
8 DOE/EM/48063- 1, Rev. 1. Washington, D.C.
9

10 DOE (U.S. Department of Energy). 1996. U.S. Department of Energy Carlsbad Area
11 Office Quality Assurance Program Document. -CAO-94-1O1 2, Rev. 1, April 1996. U.S.
12 Department of Energy, Carlsbad, NM. (This document is included as Appendix QAPD.)
13
14 EPA (U.S. Environmental Protection Agency). 1983. Interim Guidelines and
15 Specifications for Preparing Quality Assurance Project Plans. QAMS-005/80,
16 December 29, 1983. Washington, D.C.
17
18 EPA (U.S. Environmental Protection Agency). 1987. Industrial Source Complex (ISC)
.19 Model User's Guide. EPA-450/4-88-002a and b, 2 ed., December 1987.
20

21 Sandia National Laboratories. 1992. Sandia National Laboratories Waste Isolation Pilot.22 Plant Quality Assurance Program Description. Rev. R, July 31, 1995.
23
24 Sandia National Laboratories. 1994. Qualification of Existing Data. Quality Assurance
25 Procedure QAP 20-3, Rev. 0, September 28, 1994. Sandia National Laboratories,
26 Albuquerque, NM.
27

DOE/CAO-96-2160 7-17 June 14, 1996



Final No-Migration Variance Petition

THIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 7-18 DOE/CAO-96-21 60



.1 8.0 Long-Term Compliance Analysis
2 Abstract
3

4

5 For the long-term performance portion of the Waste Isolation Pilot Plant (WIPP) No-
6 Migration Variance Petition (NMVP), and consistent with Title 40 of the Code of Federal
7 Regulations (CFR) §268.6, modeling techniques and bounding calculations are used to
8 demonstrate that there will be "no migration of hazardous constituents from the disposal
9 unit for as long as the wastes remain hazardous." As part of the demonstration, brine and

10 gas migration from the repository is simulated for a period of 10,000 years. The
11 Department of Energy (DOE) also uses bounding calculations to compare maximum
12 possible concentrations of gas-phase hazardous constituents at the disposal unit boundary
13 to Environmental Protection Agency- (EPA) approved health-based levels (HBLs).
14

15 Long-term performance calculations in this petition are determ-inistic and based on the
16 median or mode of parameter distributions or other constant values specified in the
17 simulation database. The DOE has implemented assumptions and selected input
18 parameter values in source term calculations and the simulation model, that,
19 cumulatively, tend to overestimate, rather than underestimate, the potential for hazardous
20 constituent migration. As a consequence of this approach,. the results of calculations for
21 the time period early into the long-term demonstration significantly overestimate gas.22 generation and pressurization of the repository (see Appendix OUTPUT p. OUTPUT-iii).
23 Simulated consequences for about the first 50-100 years afte~r closure are unrealistically
24 conservative and should be interpreted only within the context of the long-term
25 demonstration.
26
27 Conceptual Model
28
29 The WIPP disposal unit is specified as the Salado Formation contained within the
30 subsurface projection of the land-withdrawal area. Modeling and bounding calculations
31 consider two potential hazardous constituent migration pathways to the disposal unit
32 boundaries. One potential pathway is outward from the wasle-disposal panels through
33 anhydrite interbeds to the lateral disposal unit boundary. At its closest point, the lateral
34 unit boundary is located approximately 7,874 ft (2,400 m) south of the southern edge of
35 the waste-disposal panels. The other potential pathway is upward through facility shafts
36 that connect the repository to the upper disposal unit bounda-y (i.e., top of the Salado).
37 The upper disposal unit boundary is located approximately 1,305 ft (398 m) above the
38 waste-disposal panels.
39
40 The conceptual model includes creep closure of the waste-di,;posal panels, a process that
41 will consolidate waste in the disposal areas. The altered stres;s field created by the
42 excavation will also result in a system of fractures surrounding the excavation and the
43 shaft, referred to as a disturbed rock zone (DRZ). The concep~tual model considers brine.44 inflow to the waste-disposal panels in response to pressure gradients created by the
45 excavation. Opposing brine inflow is the fluid pressure increase expected in the
46 repository resulting from creep closure and waste-generated gas. The conceptual model
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I includes two-phase flow from the repository and dilation or fracturing of interbeds; the
2 latter is a process capable of increasing the mass transport of hazardous constituents.
3
4 The reference design of the repository is a ten-panel waste disposal region. Cylindrical
5 seals in the four shafts will consist of salt columns interleaved with concrete plugs, clay,
6 and other engineered materials. The conceptual model includes the possibility for fluid to
7 flow through or around the shaft seals and panel closures.
8

9 Computer Simulation
10
I I The primary software code used in the simulation is BRAGFLO (BRine And Gas FLOw).
12 BRAGELO calculates the overall movement of gas and brine in the disposal unit.
13 BRAGFLO also contains the submodels for estimating gas generation in the repository,
14 disposal room closure and consolidation, and interbed fracturing. Changes in void
15 volume of the waste resulting from creep closure are coupled to BRAGFLO through
16 SANTOS, a code that provides a "porosity surface" used as a reference to track changes
17 in room volume.
18
19 Bounding Calculations
20
21 For long-term bounding calculations, the weighted average concentration for each volatile
22 organic compound (VOC) is used as the source term concentration when waste
23 characterization data are available. Weighted headspace concentrations are corrected for
24 void volume conditions expected in the repository. When no waste characterization data
25 are available, saturated vapor concentrations are used to represent source term
26 concentrations for VOCs. Because waste characterization data are not available for semi-
27 volatile compounds (SVOCs), saturated vapor concentrations are also assumed for this
28 class of organic constituents. Soil-based concentrations are calculated assuming gas-
29 available porosity within shaft seals and within anhydrite markers beds at the subsurface
30 disposal unit boundaries; the calculated concentrations are then compared to soil-based
31 HiBLs.
32
33 According to the conceptual model, organic constituents partition into the liquid phase
34 from the gas phase as estimated by Henry's Law. By this approach, concentrations in the
35 brine phase will always be less than concentrations in the gas phase. Consequently,
36 liquid-phase compliance is achieved as a result of demonstrating no migration for gas-
37 phase organic constituents.
38
39 Long-Term Model Demonstration of No-Migration
40
41 The simulation results presented in this demonstration are based on a conservative
42 assumption of high gas-generation rates. Gas generation is purposely modeled to increase
43 the potential for migration of brine and gas away from the repository and into the
44 anhydrite interbeds and sealed shaft. The modeling approach implemented is
45 conservative based on the assumption that the entire inventory of ferrous metals,
46 cellulosics, plastics, and rubbers in the waste is available to generate gas. No credit is
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I taken for the 50 percent probability that biodegradation may not occur, a modeling
2 assumption that would result in lower gas generation rates (Wang and Brush 1996a, 1).
3
4 BRAGFLO brine- and gas-flow simulations show zero gas saturations at all disposal unit
5 boundaries, with exception of the shaft. Nonzero initial gas saturations within the shaft
6 components make interpretation of cumulative gas flow in the shaft ambiguous. The
7 DOE demonstrates that gas-phase organic constituent concentrations at the shaft unit
8 boundary will be orders of magnitude below HBLs using bounding soil-based
9 concentrations. Based on the predicted brine saturation of the waste-disposal panels, the

10 BRAGELO simulation demonstrates that contaminated brine is physically incapable of
I1I leaving the waste area. Consequently, the DOE demonstrates that there will be no
12 migration of hazardous constituents from the disposal unit for as long as the wastes
13 remain hazardous.
14

15 Long-Term Demonstration Appendices
16
17 The following appendices are referred to in Chapter 8:
18
19 Appendix LTIIBL. Appendix LTHBL documents derivation of health-based soil levels
20 referenced in the long-term no-migration demonstration.
21

* 22 Appendix SCR. Consistent with guidance contained in EPA (1992), Appendix SCR
23 assesses uncertainty with respect to a comprehensive inventory of potential natural
24 events, waste/facility-induced events, and human-induced events. The analysis also
25 provides the framework for the overall conceptual model undIerlying the long-term
26 simulation.
27
28 Appendix PAR. This appendix documents the basis for selecting input parameter values
29 used in the long-term simulation. Parameter sheets are provided for selected input
30 parameters (i.e., those listed in parameter tables of Chapter 8). The full parameter
31 database used in the NMVP simulation is attached.
32
33 Appendix MASS. The NMVP Appendix MASS is used to document fundamental
34 modeling assumptions underlying the long-term no-migration BRAGELO simulation.
35 Assumptions are also discussed in Chapter 8 (Section 8.2, Section 8.3, and Table 8-14),
36 Appendix SCR, Appendix PAR, and Appendix BRAGFLO.
37
38 Appendix OUTPUT. This appendix includes the BRAGFLO output data files used to
39 plot graphic results in Chapter 8. Chapter 8 figures are reprcduced in Appendix
40 OUTPUT.
41

42 Appendix BRAGFLO. The theory and implementation of the BRAGFLO code are
43 provided in this appendix. The appendix is a component of the BRAGFLO User's.44 Manual developed for Sandia National Laboratories' WJPP Quality Assurance Program
45 Description (QAPD).
46
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O 1 8.0 LONG-TERM COMPLIANCE ANALYSIS
2
3 This chapter evaluates the long-term compliance of the Waste Isolation Pilot Plant
4 (WJPP) underground disposal unit with requirements codifi,-d in Title 40 of the Code of
5 Federal Regulations (GFR) § 268.6. The Department of Elnergy (DOE) uses modeling
6 techniques and bounding calculations to show "to a reasonable degree of certainty, that
7 there will be no migration of hazardous constituents from the disposal unit for as long as
8 the wastes remaln hazardous" (40 CFR 268.6). This requirement is interpreted as
9 follows:

10
I11 0 "Hazardous constituents" are those listed in Appendix. VIII of 40 CFR § 261
12
13 0 "No migration" means that predicted hazardous-constituent concentrations do not
14 exceed Environmental Protection Agency (EPA)-approved human health-based levels
15 (HBLs) defined for soil media at the disposal unit boundary, or bounding analyses
16 show that such conditions will not occur
17
18 *"For as long as the wastes remain hazardous" refers to a 10,000-year demonstration
19 period
20
21 To demonstrate compliance with 40 CER § 268.6 over the long term (i.e., after closure of
22 the repository), the potential for migration of hazardous constituents in the brine and/or

* 23 the gas phase beyond the boundary of the disposal unit has been evaluated. Aspects of
24 the analysis addressed within this chapter include:
25
26 0 Description of the compliance methodology, including the overall modeling strategy,
27 and other fundamental features of the analyses
28
29 0 Definition of the conceptual model, model geometry, and numerical codes that
30 implement the conceptual models, including parameters used to model brine and gas
31 flow and hazardous-constituent migration
32
33 0 Definition of the hazardous-constituent source term, including the conceptual and
34 mathematical basis and applicable parameters used in the analysis
35
36 & Explanation of the results of the modeling and bounding analyses and consideration
37 of uncertainty and parameter sensitivity
38
39 8.1 Compliance Methodology
40
41 A two-phase flow model is used in this No-Migration Variance Petition (NMVP) to
42 simulate the migration of brine and gas from the waste-disposal region. Assuming that
43 liquid-phase and gas-phase hazardous constituents are contained in these respective
44 phases, the DOE presents the outcome of this computer simulation to demonstrate no.45 migration. To demonstrate no migration for gas-phase hazardous constituents, the DOE
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also uses bounding calculations to compare predicted concentrations of gas-phase
2 hazardous constituents at the disposal unit boundary to EPA-approved HBLs.
3
4 Long-term performance calculations in this petition are deterministic and based on the
5 median or mode of parameter distributions or other constant-value parameters specified
6 in the simulation database. The DOE has implemented assumptions and selected input
7 parameter values in source term calculations and the simulation model, that,
8 cumulatively, tend to overestimate, rather than underestimate, the potential for hazardous-
9 constituent migration. Additional features of the compliance analysis method are

10 described in this section, including the list of hazardous constituents analyzed for the
I1I long-term demonstration, derivation of HIBLs for these constituents, and the definition of
12 the disposal unit and potential migration pathways.
13
14 8.1.1 Hazardous Constituents and Health-Based Levels
15
16 Organic and metal hazardous constituents considered for modeling in this demonstration
17 are consistent with the RCRA Part B Permnit Application for the WI[PP site (DOE 1995)
18 and Appendix VIII hazardous constituents of 40 CFR 261. Table 8-1 lists these 20
19 volatile organic compounds (VOCs), ten semi-volatile organic compounds (SVOCs), and
20 14 metal hazardous constituents. HBLs for each compound are also listed in Table 8- 1.
21
22 HBLs are media-specific levels of exposure the EPA considers adequately protective of
23 human health. Derived from experimental data and/or assigned by EPA working groups,
24 HBLs are a measure of potential human carcinogenicity or systemic toxicity resulting
25 from exposure to hazardous constituents. The information used to develop the HBLs in
26 Table 8-1 is largely based on a database of health effects for organic and metal
27 constituents maintained by the EPA; the September (1995) version of the Integrated Risk
28 Information System (IRIS) (EPA 1995). Appendix LTHBL contains a summary of cancer
29 slope factors (CSFs) and reference doses (RfDs) used in this analysis and describes the
30 EPA method used to calculate the HBLs. Exceptions to the method are also identified for
31 a subset of constituents, including the HBL for lead, which was assigned by the EPA, and
32 the HBLs for three organic constituents temporarily withdrawn by the EPA for risk
33 assessment review or other reasons (tetrachioroethylene, 1, 1, 1 -trichioroethane, and
34 trichloroethylene).
35
36 HBLs are calculated according to the EPA method outlined in Appendix E to proposed 40
37 CFR § 264 Subpart S (55 FR 30870). For carcinogenic chemicals in this analysis, HBLs
38 are derived from CSFs assuming a 70-kg adult'ingests contaminated soil at a rate of 0. 1
39 g/day over a period of 70 years. For systemic toxicants, HBLs are developed from RfDs
40 assuming that a 16-kg child (age one to six years) ingests 0.2 g of contaminated soil per
41 day over a five-year period. Ideally, health-based compliance is demonstrated by
42 comparing allowable HBL concentrations to predicted concentrations of hazardous
43 constituents along potential exposure pathways at a disposal unit boundary. The DOE
44 conservatively applies oral exposure HBLs along pathways intersecting the WIPP
45 subsurface unit boundary at depths ranging from 820 to 2,132 ft (250 to 650 mn) below the
46 surface.
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2

4 Volatile Oreanic Comvouna

9 Chlorobenzene 1,600
10 Chloroform 114.8
11 1,2-Dichloroethane 7.7 Ethylene dichloride
12 cis 1, 2-Dichloroethylene (ene) ND (Z)-l,2-Dichloroethylene
13 1,1-Dichioroethylene (ene) 11.7 Vinylidene chloride
14 Isobutanol 24,000 Isobutyl alcohol
15 Methyl ethyl ketone 48,000 2-Butanone
16 Methylene chloride 93.3 Dichlorornethane
17 1,1,2,2-Tetrachloroethane 35.0
18 Tetrachloroethylene (ene) 13.7 Perchloroethylene
19 Toluene 16,000 Benzene, methyl
20 1, 1, 1-Trichloroethane 7,200 Methyl chloroform
21 1, 1, 2-Trichloroethane 122.8
22 Trichloroethylene (ene) 63.6 TCE
23 Trichlorofluoromethane 24,000 Freon-Il
24 Vinyl chloride ND Chioroethylene (ene)
25
26 Semi-Volatile Oreanic Comipouns
27 Cresols (oim,p) 4,000 Cresylic acid, Methyl phenol
28 ortho-Dichlorobenzene 7,200 1,2-Dichlorobenzene.29 l,4-Dichlorobenzene ND p-Dichlorobenzene
30 2,4-Dinitrotoluene 1.0
31 2,4-Dinitrophenol 160
32 Hexachlorobenzene 0.4 Perchlorobenzene
33 Hexachloroethane 80
34 Nitrobenzene 40
35 Pentachlorophenol 5.8 Chlorophene
36 Pyridine 80 Azabenzene, Azine
37
38 Metal
39 Antimony 32
40 Arsenic 4.7
41 Barium 5,600
42 Berylium 1.6
43 Cadmium 40
44 Chromium 400
45 Lead 400
46 Mercury ND
47 Nickel 1600
48 Selenium 400
49 Silver 400
50 Thallium 6.4 ____ _______

51
52 ND - No health-based data available
53
54
55
56 8.1.2 Disposal Unit and Migration Pathways
57
58 Consistent with the definition in EPA's conditional no-migration determination for the.59 WJPP facility, the long-term disposal unit is specified as the Salado Formation bounded
60 by the 16-mi2 (41.4-kin2) land-withdrawal area. Specifically. "any movement of
61 constituents above "hazardous" levels into overlying or underlying formations, or beyond
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I the lateral boundaries of the land-withdrawal area would constitute migration" (55 FR
2 47704).
3
4 Modeling and bounding calculations conducted for this demonstration consider two
5 potential migration pathways. One potential pathway is outward from the waste-disposal
6 panels to the lateral unit boundary through anhydrite interbeds. The other potential
7 pathway is upward through facility shafts that connect the repository to the upper disposal
8 unit boundary (i.e., top of the Salado). Although specific migration paths are calculated
9 during the modeling simulation, the following are features of these two general pathways:

10
11 I Lateral Boundary - At its closest point, the lateral boundary is located
12 approximately 7,874 ft (2,400 mn) south of the southern edge of the waste-disposal
13 panels. Migration from the waste-disposal panels to the subsurface unit boundary
14 could potentially occur through anhydrite interbeds (Figure 8- 1). Migration is
15 possible if the pressure increase from gas generation processes in the repository is
16 sufficient to overcome the pressure at the subsurface unit boundary. Migration may
17 be enhanced if the pressure increase is sufficient to initiate fracturing of anhydrite
18 interbeds. Because Marker Bed (MB) 139 is located below the waste disposal
19 horizon, this unit is expected to be the primary pathway for liquid-phase constituents.
20 MB 138 and anhydrites a and b are located stratigraphically above the panels and are
21 expected to be the principal pathway for migration of gas-phase constituents (Figure
22 8-1).
23
24 *Shaft Boundary - The upper boundary of the disposal unit is located approximately
25 1,305 ft (397.7 m) above the waste-disposal panels. Vertical migration of liquid-
26 phase or gas-phase hazardous constituents up the shafts is possible if the pressure
27 gradient between the waste-disposal panels and overlying strata causes upward flow.
28 Lateral migration to the base of the shafts from the waste-disposal panels may occur
29 through access drifts (and overlying and underlying disturbed rock zones (DRZs)) or
30 through anhydrite interbeds (Figure 8-1).
31
32 8.1.3 Disposal System Conceptual Model
33
34 To define the conceptual model, the disposal system is interpreted differently than the 40
35 CFR § 268.6 disposal unit. The disposal system is defined as the combination of
36 engineered and natural barriers that isolate waste within the disposal unit, or the more
37 general features, events, and processes (FEPs) that are capable of affecting isolation of
38 the waste and require consideration in the simulation. The Salado Formation forms the
39 natural barrier to hazardous-constituent migration from the repository. Seal closures in
40 shafts and boreholes form the engineered barrier system.
41
42 The conceptual model(s) of the disposal system provide(s) the framework for organizing
43 and linking FEPs that can be simulated with quantitative models. Consistent with EPA
44 guidance (EPA 1992, 34-35), the overall conceptual model for this demonstration is

45 based on an uncertainty analysis of natural events, waste and facility-induced events, and
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I human-induced events, including long-term disposal system features and processes.
2 Uncertainty analysis topics and modeling issues are evaluated in detail in Appendix SCR
3 and Appendix MASS. The following overview of the conceptual model covers some
4 principal aspects of the disposal system considered in the brine- and gas-migration
5 simulation.
6
7 1 . Salt creep. Salt creep occurs naturally in Salado halite in response to deviatoric stress
8 created by the excavation. Creep closure of the waste-disposal panels will eventually
9 consolidate waste in the disposal areas until loading in the surrounding rock is

10 uniform. The altered stress field created by the excavation will also result in a system
I1I of fractures surrounding the excavation, referred to as the DRZ. The DRZ is
12 characterized by different mechanical and hydrological p)roperties relative to intact
13 rock beyond the DRZ. A DRZ is also assumed to develop within the Salado around
14 shafts connecting the repository to the surface
15
16 2. Two-phase flow-brine and gas. Brine flow to the waste-disposal panels in
17 response to pressure gradients created by the excavation is considered in the
18 conceptual model. This process determines gas-generation rates and repository
19 pressure and is important in assessing the mobility of hazardous constituents. Brine
20 flow into the repository may decrease as repository pressure increases, and brine and
21 gas may flow away from the repository if two key condit~ions are met: (1) fluid

*22 pressure in the repository exceeds fluid pressures in surrounding regions of the
23 disposal system and (2) phase saturation conditions of brine or gas in the repository
24 and surrounding regions of the disposal system are conducive to flow
25
26 3. Gas-generation processes. The conceptual model includes gas-generation processes

27 that may result from a variety of post-closure chemical reactions, primarily those
28 occurring between brine, metals, microbes, cellulose and. similar materials
29 (cellulosics), plastics, and rubber materials. The dominant gas-generation processes
30 are anoxic corrosion of ferrous metals in the waste, which produces 112, and microbial
31 degradation of cellulosics, plastics, and rubbers in the waste, which produce CO2 and
32 CHO as well asmnramounts of N2 and H2 S. In general, as gas pressure rises due to
33 creep closure and gas generation, it may retard consolidation of the waste region; as
34 gas pressure approaches lithostatic, fracturing of anhycdri-,es beyond the DRZ may
35 result
36
37 4. Release mechanisms. Conceptually, as rooms and access drifts creep closed, waste
38 containers will be crushed and brine and waste-generateL gas may fill some of the
39 void volumein the waste disposal region. Based on prior evaluations, the DOE
40 believes chemical conditions in the post-closure environment will rapidly become
41 anoxic and chemically reducing. For liquid-phase hazardous constituents to be
42 generated, sufficient brine inflow must occur to dissolve solid-phase waste
43 constituents or serve as a media for partitioning of vapor.-phase organics into the

*44 brine. Furthermore, repository conditions such as pressure, temperature, and chemical
45 conditions (e.g., pH and Eh) must be suitable to dissolve and mobilize existing
46 metallic hazardous constituents. Conservatively, by assuming that brine and gas are
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I contaminated, the conceptual model assumes instantaneous release and mobility of
2 hazardous constituents in the gas and liquid phases
3
4 5. Dilation/fracturing of the anhydrite interbeds. Mass transport of hazardous
5 constituents contained in the brine and gas phase may occur in unfractured anhydrite
6 interbeds. However, their relatively low permeability is expected to restrict and slow
7 migration rates. Dilation or fracturing of interbeds is capable of increasing the mass
8 transport of hazardous constituents. Potential transport processes along this flow path
9 include advection, diffusion, dispersion, retardation, and sieving

10
11 6. Repository features. The conceptual model considers a 10-panel waste-disposal
12 area: panels 1 through 8 consist of seven disposal rooms each, while panels 9 and 10
13 represent the central access drifts and cross-cuts (See Figure 3-1, Chapter 3). As
14 discussed in 8.2.3, these waste-disposal areas are distinguished for the long-term
15 simulation as an isolated "waste panel," containing one tenth of the total disposal
16 volume, and the "rest of repository," which includes the remaining nine tenths of the
17 disposal volume. Panel closures in drifts accessing the waste-disposal panels are
18 considered in the conceptual model, as are excavated drifts accessing the shafts
19 (operations region) and the excavated experimental area north of the shafts
20 (experimental region)
21

22 7. Shaft Seals. The conceptual model includes the effect of shaft seals, engineered
23 components that are designed to restrict movement of fluids into or away from the
24 repository. Cylindrical seals will consist of salt columns interleaved with concrete
25 plugs, clay, and other engineered materials
26
27 8.2 Repository and Transport Models
28
29 This section discusses the repository and transport modeling system that is the basis for
30 the brine- and gas-flow simulation. Following a brief overview of the computer codes
31 and model geometry used to simulate brine and gas flow, the discussion focuses on major
32 components of the conceptual model: (1) the repository (creep closure, repository fluid
33 flow, gas generation), (2) the shaft and shaft seals, (3) the Salado Formation (impure
34 halite, anhydrite interbeds, DRZ), and (4) geologic units above the Salado, because of
35 their influence on fluid flow through the shafts. For each model component, this section
36 discusses how the conceptual model is implemented and lists selected parameter values
37 used in the analysis. Terms requiring definition for this discussion include:
38
39 0 Mathematical model - describes how the conceptual model will be incorporated into
40 the simulation, representing processes such as fluid flow, mechanical deformation,
41 etc.
42
43 0 Numerical model - provides an approximation to the solutions of mathematical
44 models

46 0 Computational model - implements numerical models and defines parameter values
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I *Model parameters - used as input to mathematical, numerical, or computational
2 models. Model parameters are derived from a number of sources, including
3 experimental data (See Appendix PAR, p. PAR-7)
4
5 8.2.1 Simulation Codes
6
7 Figure 8-2 illustrates the relationship between the two simulation codes used in this
8 demonstration and the p rocesses or particular components of the system modeled by each
9 code. BRAGFLO (BRine And Gas FLOw) calculates the overall movement of gas and

10 brine in the disposal unit and surrounding formations. BRA.GFLO also contains the
I1I submodels for estimating gas generation in the repository, disposal room closure and
12 consolidation, and interbed fracturing. Changes in permeability and gas storage volume
13 of the waste resulting from creep closure are coupled to BRALGFLO through SANTOS, a
14 code that provides a "porosity surface" used as a reference to track changes in room
15 volume. SANTOS results are included in BRAGFLO through a series of look-up tables
16 that provide data describing dynamic changes in porosity as a function of time and
17 pressure.
18
19 An explanation of how the scientific codes referred to above are implemented in the no-
20 migration simulation is provided in this section. Detailed and technical description of the
21 BRAGFLO code can be found in Appendix BRAGELO. The individual parameter sheets
22 in Appendix PAR include discussions of the basis and justification for selecting the

*23 fixed-value code input parameters presented in this section.
24

25 8.2.2 Model Geometry
26
27 Models for the repository, the shaft and shaft seal, the Salado Formation, and
28 hydrostratigraphic units above the Salado are linked by a common model geometry
29 implemented through the BRAGFLO computer code. BRAGFLO uses a two-
30 dimensional repository geometry to represent the three-dimensional geometry of the
31 disposal system. Processes that affect the repository and surrounding strata, including
32 two-phase fluid flow, gas generation, and changes in repository volume due to salt creep
33 are simulated using a geometry that can be discussed within the context of the vertical
34 north-south cross section through the disposal system illustrated in Figure 8-3. Material
35 regions are denoted by different colors, and the square grid blocks discretized in the
36 model (see Appendix BRAGFLO for details of the finite-difference method) are shown
37 without regard to scale. Each grid block is associated with material and fluid properties
38 representing an important feature of the disposal system, including hydrostratigraphic
39 units overlying the Salado Formation. Overlying units are important because of their
40 influence on undisturbed flow through the shaft system.
41
42 While effective in showing the relationship among material regions in the model and how
43 connections are made within the finite-difference scheme, the equidimensional grid

*44 system illustrated in Figure 8-3 greatly distorts the volumetric relationship between grid
45 blocks. To interpret the vertical distortion, note that the 6,y on the vertical axis in Figure
46 8-3 represents the actual thickness of the grid blocks. While t he grid system measures
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I roughly 2,950 ft (900 mn) in vertical thickness, the relatively thin waste panel area appears
2 disproportionately thick. To recognize the horizontal distortion, note that the modeling
3 system extends approximately 29 mi (47 kin) from north to south.
4

5 The top-down (plan) view of the model shown in Figure 8-4 illustrates the dimension of
6 the grid system in the direction orthogonal (out-of-plane) to Figure 8-3. This view shows
7 the discretization adopted to simulate radially convergent or divergent flow. Effects of
8 flow in the third (out-of-plane) dimension are approximated with a two-dimensional
9 element configuration that simulates radially convergent or divergent flow centered on

10 the repository. Colors in Figure 8-4 are consistent with colors for material regions in
11 Figures 8-3 at the repository depth (node rows 8, 9, and 10). In this text, width
12 corresponds to the x (lateral) dimension of nodes, thickness refers to the y (vertical)
13 dimension, and depth refers to the z (out-of-plane) dimension. The effects of the grid
14 assumptions on fluid flow processes in the Salado are discussed in Section 8.2.5 and in
15 Appendix MASS (Section MASS. 1. 1).
16
17 BRAGFLO subdivides hydrostratigraphic units at elevations near the repository horizon
18 based on the observed differences in permeability between anhydrite-rich interbeds and
19 halite-rich intervals. The DOE approximates the variable southerly dip in the Salado by
20 incorporating a 1-degree dip to the south in the BRAGELO computational mesh. This dip
21 is not indicated in Figure 8-3.
22
23 8.2.3 The Repository
24

25 The repository is represented by regions 23-27 in Figure 8-3. Region (23) is an isolated
26 waste-disposal panel, conceptually corresponding to either panel 4 or 5 at the southern
27 edge of the repository. The rest of the repository (24) includes panels and access drifts
28 comprising the remaining nine-tenths of the waste disposal region volume. The two
29 regions are discriminated primarily for the purpose of analyzing disturbed performance of
30 the repository, an event screened from the conceptual model in Appendix SCR (Section
31 SCR.3. 1. 1). Referring to Figure 8-3, the remaining regions in the repository are panel
32 closures (25), the operations region (26), and the experimental region at the north end of
33 the repository (27). The four shafts connecting the repository to the surface are
34 represented in the simulation with a single shaft, represented by regions 3-11. The lower
35 shaft region (11) intersects the repository between the operations region and the
36 experimental region.
37
38 For each region of the repository depicted in the BRAGELO model, the model geometry
39 preserves the true excavated volume. Lateral dimensions have been defined to preserve
40 volume and retain important cross-sectional areas and distances between defined regions.
41 Conservatively, simplifications in the model tend to overestimate the potential for brine
42 contact with waste, which is a critical factor in determining the quantity of brine that
43 could potentially contain hazardous constituents. Simplifications include (1) removing
44 all pillars from panels, resulting in homogeneous waste regions through which fluid can
45 flow directly and (2) eliminating pillars and panel closures in the rest of the repository
46
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1 (24), resulting in a very large region of homogeneous waste with assigned transmissive
2 properties. Three submodels have been defined within the repository and are described in
3 this section: Creep Closure (8.2.3. 1), Repository Fluid Flow (8.2.3.2), and Gas
4 Generation (8.2.3.3).
5
6 8.2.3.1 Creep Closure
7
8 Inward salt creep of rock and the repository response is generally referred to as creep
9 closure. The amount of waste consolidation resulting from creep closure, and the time it

10 takes to consolidate the waste, are governed by properties of the waste (waste strength),
I1I properties of the surrounding rock, the dimensions and location of the room, and the
12 quantities and pressure of fluids present in the room. Creep closure of waste disposal
13 areas will cause their volume to decrease as the Salado deforms to consolidate and
14 encapsulate the waste, changing waste porosity and permeability. Waste strength and
15 fluid pressure may act to resist creep closure.
16
17 Fluids that could affect closure are brine that may enter the r.-pository from the Salado, air
18 present in the repository when it is sealed, and gas produced by waste degradation.
19 Closure and consolidation slowed by fluid pressure in the repository can be quantified
20 according to the principle of effective stress:
21

22 'T= Cye+P(1. 23
24 where 0 T is the stress caused by the weight of the overlying rock and brine (an essentially
25 constant value), p is the pressure of the repository pore fluid, and 0e is the stress applied
26 to the waste skeleton or matrix. In this formulation, the waste is considered a skeleton
27 structure immersed in pore fluids. As the pore pressure increases, an increasing amount
28 of overburden stress is supported by pore fluid pressure, and less overburden stress is
29 supported by the strength of the waste matrix. If gas and brine quantities in the repository
30 stabilize, creep closure will act to establish a constant pressure and pore volume.
31
32 Two major material-reslponse models are required for closure analyses. The first
33 describes how the halite in the formation surrounding the waste deforms (creeps) as a
34 function of time and stress. The second model describes the state of consolidation of the
35 waste as a function of applied stress.
36
37 Halite deformation is predicted using a multimechanism-deformation (M-D) steady-state
38 creep model with workhardening/recovery transient response. At the WI1PP, potential
39 creep mechanism *s are governed by the temperature and shear stress at a given location at
40 any given time. Although WIPP conditions are expected to be isothermal at the ambient
41 natural underground temperature, all of the mechanisms can The active at the same time
42 because of the large range of stress states that occur around underground rooms and
43 shafts. The focus of the mechanistic part of the model is definition of steady-state creep.44 strain, with transient creep strain described through a multiplier on the steady-state rate,
45 thus accommodating both transient changes in stress loading and unloading. More
46 information is presented in Munson et al. (1995, 10).
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1 The volumetric plasticity model is the mathematical model for room closure and waste
2 consolidation. The experimental data used in this model are summarized and interpreted
3 in Butcher et al. (1991, 65-76) and Luker et al. (1991, 693-702). The volumetric
4 plasticity model and M-D model are numerically implemented in the SANTOS computer
5 code to calculate the closure of disposal rooms for the no-miigration simulation.
6
7 As a boundary condition, SANTOS requires estimates of the fluid pressure and, hence,
8 the quantity of gas present in a disposal room. These estimates are obtained using the
9 average-stoichiometry model of gas generation (Section 8.2.3.3) with different rates of

10 gas generation that reflect different assumptions about the quantity of brine that might be
11 available in a waste disposal room. The different rates of gas generation used in
12 SANTOS bound the possible conditions for gas content in the repository. With the
13 volumetric plasticity model and the fluid pressure boundary condition, SANTOS
14 calculates the pore volume of the disposal room through time.
15
16 In this no-migration simulation, the time-dependent effects on volume of creep closure
17 calculated by SANTOS are linked to the fluid flow code BRAGELO via a porosity
18 surface (a look-up table), which relates porosity or void volume to (a) time after sealing,
19 and (b) gas pressure. At the beginning of a time step, BRAGFLO evaluates the pressure
20 of a cell in the waste disposal region. The code then consults the porosity surface to find
21 the void volume of the cell appropriate for a given time and pressure. The void volume in
22 the cell is iteratively adjusted during a time step solution for consistency with gas
23 generation, fluid movement, and repository pressure. Additional details about the
24 porosity surface method are included in Section 1. 11 of Appendix BRAGFLO. The
25 porosity surface method of incorporating the dynamic effect of creep closure in the
26 simulation has been determined to be a reasonable representation of repository behavior
27 observed in more complex models (Freeze et al. 1995, 4-2).
28
29 The operations area and experimental area (regions 26 and 27 in Figure 8-3) are modeled
30 as unfilled after closure. In contrast to regions containing waste, these regions are
31 expected to close in less than 200 years and do not require a porosity surface.
32
33 8.2.3.2 Repository Fluid Flow
34
35 Fluid flow modeling within the repository is concerned with two aspects of system
36 performance: (a) fluid flow and fluid distribution in the waste, which is important for
37 assessing gas generation rates, repository pressure, and hazardous-constituent mobility;
38 and (b) the migration of gas and brine to and from the Salado and shafts. The
39 permeability of waste at-a given time can influence repository system performance by
40 affecting the rate of flow of gas or brine through the waste. Tests reported by Luker et al.
41 (1991, 69 3-702) on simulated waste compacted under a lithostatic load have shown
42 material permeabilities ranging from about 10-12 to 10-16 in'. For the NMVP simulation,
43 the waste disposal region is assigned a constant permeability of 1.70 x 10-13 in2 . The
44 waste disposal region is assigned an initial porosity of 84.8 percent. This porosity value is
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I adjusted during the simulation based on the porosity surface calculated by SANTOS to
is2 account for pressure-dependent consolidation of the waste by creep closure.

3
4 The operational region in Figure 8-3 refers to the region between the panel closures and
5 the base of the shaft. The operational and experimental regions are assigned a constant
6 permeability of 10 1 m2Z and a constant porosity of 0. 18. These parameter values are
7 intended to represent closed excavations containing no waste. The panel closure system
8 is assigned a 10-15 M2 permeability, which is equal to the permeability of the DRZ. The
9 permeability value is constant, and is consistent with a concrete permeability specified in

10 a time-dependent permeability range used to characterize concrete materials in the shaft

12
13 Parameters used in the disposal room and repository flow model are shown in Table 8-2.
14 Material properties in the waste are assumed to be homogeneous and are distributed in the
15 BRAGFLO model in cells with volumes much larger than an individual waste container.
16 The effects of wicking (the retention of brine in a capillary finge), which may occur on
17 scales smaller than the cell volumes in BRAGFLO, are included in the simulation of gas
18 generation, as discussed in Section 8.2.3.3.
19
20 Fluid flow in the repository, shafts, and surrounding rock must be estimated using
21 principles of multiphase flow, a result of expecting both brine and gas in the repository..22 Two-phase immiscible flow is analyzed in this simulation by two-phase Darcy equations
23 incorporating capillary pressure and relative permeability. To implement these equations,
24 BRAGFLO requires specification of two-phase characteristic curves for capillary pressure
25 and relative permeability as a function of saturation. Experimental results (Christian-
26 Frear 1995, 3-18) support the second modified Brooks-Corey capillary pressure model, as
27 well as a model proposed by van-Genuchten-Parker. Both of these models are described
28 in Section 1.9 of Appendix BRAGELO. Since the available evidence supports use of
29 either model, the DOE selected the second modified Brooks-Corey capillary pressure and
30 relative permeability curves for use in this demonstration. Details about multiphase flow
31 equations and parameters are included in Appendix BRAGFLO (Sections 1.8 and 1.9)
32 and Appendix PAR.
33
34 8.2.3.3 Gas Generation
35
36 Gas generation affects repository pressure, which is, in turn, an important parameter in
37 other processes modeled in the repository, such as creep closure, interbed fracture, and
38 two-phase flow. As discussed in Appendix BRAGFLO (Section 1. 13) and Wang and
39 Brush U 996a, 1- 17), this simulation uses the average-stoichiometry model to estimate the
40 potential for gas generation in the waste disposal region. Parameter values for the
41 average-stoichiometry gas-generation model are summarized. in Table 8-3 and detailed in
42 Appendix PAR (pp. PAR-53-PAR-82).
43
44 Gas-generation processes considered in the simulation include anoxic corrosion and.45 microbial degradation. Radiolysis is not included in the mocel on the basis of laboratory
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2 Table 8-2. Repository3 and Panel Closures Parameter Values
3

4 Parameter (units) Value Used in
Cadationb

5 Permeability, k (in') - Waste and Repository Regions 1.70 x 10-'"

6 Permeability, k (in') - Operations and Experimental Regions 10-1

7 Permeability (in') - Panel Closures o1

8 Effective Porosity (%) - Waste and Repository Regions 84.8

9 Effective Porosity (%) - Operations and Experimental Regions 18.0

10 Effective Porosity (%) - Panel Closures 7.5

11 Threshold Pressure, P, (Pa) - Repository' 0

12 Threshold Pressure, P, (Pa) - Panel Closures 8.67 x 104

13 Residual Brine Saturation', S,. (unitless) - Repository 0.276

14 Residual Brine Saturation d, S,. (unitless) - Operational and Experimental Regions 0

15 Residual Brine Saturation', Sbr (unitless) - Panel Closures 0.20

16 Residual Gas Saturation d, S , (unitless) - Repository 0.075

17 Residual Gas Saturationd, Sg, (unitless) - Operational and Experimental Regions 0

18 Residual Gas Saturation', Sg, (unitless) - Panel Closures 0.20

19 Pore Distribution Parameterd, X (unitless) - Repository 2.89

20 Pore Distribution Parameterd, X (unitless) - Operational and Experimental Regions 0.7

21 Pore Distribution Parameterd, X (unitless) - Panel Closures 0.94

22 Maximum Capillary Pressure' (Pa) - Repository and Panel Closures l0,

23 Rock Compressibility (1/Pa) - Repository 0

24 Pore Compressibility (1/Pa) - Panel Closures 2.64 x 10-'

25 a Unless specifically listed, "Repository" refers to operations, experimental, and waste regions.
26 bMedian values are based on parameter distributions identified in Appendix PAR
27 (pp. PAR-i I1-PAR-52).
28 CThreshold pressure (Pr) determined from the relationship: Pt = PCT_-A- P. FXP where PCTA and
29 PCTEXP are constants and k is the permeability (see Appendix PAR, PAR-25-PAR-32).
30 d Two-phase flow: Brooks-Corey model is used (see Appendix PAR,PAR-5 l-PAR-52).
31
32
33 experiments and model calculations that demonstrate the process to be an insignificant
34 gas-generation mechanism compared to corrosion and biodegradation (Wang and Brush
35 1996a, 1- 17). For the purpose of calculating repository pressure and fluid flow, the
36 properties of the generated gas are assumed to be those of H2.
37
38
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Final No-Migration Variance Petitiion. 1 Table 8-3. Average-Stoichiometry Gas-Generation Model Parameter Values
2

3 Parameter (units) Vle sdi

4 Inundated Corrosion Rate for Steel without CO, Present (rn/s)79x10

5 Humid Corrosion Rate for Steel0

6 Anoxic Corrosion Stoichiometric Factor X (unitless)1.

7 Microbial Degradation Rate of Cellulosics Under Humid Conditions
8 (mollkg * s) 6.34 x10

9 Microbial Degradation Rate of Cellulosics under Brine-Inundated 4.92 x 10-9
10 Conditions (mollkg * s)

11I Factor 13 for Microbial Reaction Rates (unitless) 0.5

12 Average Density of Cellulosics in CH Waste (kg/rn3 ) 54.0

13 Average Density of Cellulosics in RH Waste (kg/rn 3) 17.0

14 Average Density of Iron-Based Materials in CH Waste (kg/rn3 ) 170.0

15 Average Density of Iron-Based Materials in RH Waste (kg/rn3 ) 100.0

16 Average Density of Plastics in CH Waste (kg/rn3) 34.0

17 Average Density of Plastics in RH Waste (kg/rn3 ) 15.0.18 Average Density of Rubber in CH Waste (kg/rn3 ) 10.0

19 Average Density of Rubber in RH Waste (kg/rn3 ) 3.3

20 Bulk Density of Iron Containers, CH Waste (kg/rn 3) 139.0

21 Bulk Density of Iron Containers, RH Waste (kg/rn 3) 2.59 x 103

22 Bulk Density of Plastic Liners, CH Waste (kg/rn3 ) 26.0

23 Bulk Density of Plastic Liners, RH Waste (kg/rn 3 ) 3.1

24 Total Volume of RH Waste (in 3
) 7.08 x 10'

25 Total Volume of CH Waste (in) 1.69 x 10'

26 Wicking Saturation (unitless) 0.5

27 aMedian values were used based on the data and parameter distributions contained in Appendix PAR
28 (pp. PAR-53-PAR-82).
29
30 Specific to this simulation, anoxic corrosion of ferrous metals and microbial degradation
31 of cellulosics, plastics, and rubbers is assumed to occur and generate gas at rates limited
32 only by the availability of brine and solid reactant in a computational cell. Assuming that
33 all cellulosics, plastics, and rubbers are available to degrade and participate in the gas-
34 generation process is conservative. Biodegradation is considered to have a 50 percent
35 chance of occurring, primarily due to uncertainties in the long-term survival of microbes.36 (Wang and Brush 1996a, 1).
37
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I Anoxic corrosion is represented by a 'generic' equation given in Section 1. 13 of
2 Appendix BRAGFLO and Wang and Brush (1996a, 4-8) and Wang and Brush (1996b, 1).
3 This equation accounts for the stoichiometry of H2 generation represented by two possible
4 anoxic steel corrosion reactions.
5
6 Fe + 2H20-H2 + Fe(OH)2  (2)
7
8 3Fe + 4H20-4142 + Fe3O4  (3)
9

10 In the BRAGFLO simulation, the steel content of the repository is depleted over time
I1I separately in each cell in the computational grid (i.e., a cell-by-cell basis). Because the
12 total quantity of aluminum and aluminum alloys is a small fraction of the quantity of iron-
13 based metals, corrosion of aluminum is omitted for simplicity.
14
15 In the gas generation model, the effective corrosion reaction rate in a grid block is, in
16 part, determined by two factors: the fraction of the steel in contact with brine (inundated
17 rate) and the fraction of steel in contact with gas (humid rate). Conceptually, the two
18 factors represent pore volume in a cell saturated with brine (Sw) and gas (Sg), where S,, +
19 5g = 1. Because gas generation from anoxic corrosion has been observed to be negligible
20 under humid conditions (see Appendix PAR, PAR-56), the humid reaction rate is
21 assigned a value of zero in the simulation. Consequently, gas production from anoxic
22 corrosion is driven solely by the inundated rate, which varies linearly between brine
23 saturation values 0 < Sw, < 1. Corrosion can continue in cells, depending on parameter
24 values, until either all steel in a cell is consumed or brine saturation in a cell equals zero.
25 In the simulation, brine is consumed as gas generation proceeds in each computational
26 cell.
27
28 Effects of wicking (the retention of brine in a capillary fringe) on the corrosion gas-
29 generation rate are incorporated in the analysis through the use of a wicking parameter.
30 Including wicking is conservative: estimated rates of gas generation are higher for waste
31 that is in direct contact with brine as explained in Appendix PAR (p. PAR-80). The DOE
32 assumes no passivation of steel by CO 2 and 142S released from biodegradation reactions, a
33 process capable of preventing anoxic corrosion. Laboratory results suggest that CO2 and
34 H25 production rates are relatively slow, and a proposed MgO chemical backfill will
35 likely inhibit accumulation of CO2 in the repository (Wang and Brush 1 996a, 1- 17; Wang
36 and Brush 1996b, 1). Parameters in the corrosion equation are assigned fixed values, as
37 summarized in Table 8-3.
38
39 Similar to modeling anoxic corrosion, microbial degradation is represented by a 'generic'
40 equation, and the inventory of cellulosics, plastic, and rubber materials is also depleted on
41 a cell-by-cell basis. Biodegradable materials are depleted at a rate dependent on the
42 amount of brine present in a computational cell, consistent with the method used to
43 determine the effective corrosion reaction rate. For this simulation, it is assumed that the
44 microbial degradation process neither produces nor consumes water. Depending on
45 parameter values, gas generation by microbial degradation can continue in a cell until all
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I biodegradable materials are consumed. Parameters used to model microbial degradation
2 are summarized in Table 8-3.
3
4 8.2.4 Shafts and Shaft Seals
5
6 The four shafts connecting the repository to the surface ate represented in this simulation
7 with a single shaft, shown as regions 3 through 11 on Figure 8-3. This single shaft has a
8 cross section and volume equal to the total cross section and. volume of the four actual
9 shafts it represents and is separated from the waste disposal region in the model by the

10 true north-south distance from the waste to the nearest shaft (the Waste Shaft). Upon
I1I closure of the repository, the shafts will be sealed, as described in Section 3.3.2.
12
13 Seal component materials and properties used in the simulation are given in Table 8-4.
14 From top to bottom (Figure 8-3), the seal system is representLed in the simulation by the
15 following materials:
16
17 1. an earthen fill region above the Rustler Formation (region 3)
18
19 2. a clay region in the Rustler Formation (region 4, designated Rustler Compacted
20 Clay in Table 8-4)
21
22 3. an asphalt region at the top of the Salado (region 5)
23.24 4. three concrete sections (upper, middle, lower) within the Salado (region 6)
25
26 5. a thick section of compacted crushed salt within the Salado (region 7)
27
28 6. an upper compacted clay region within the Salado (region 8, designated Upper
29 Salado Compacted Clay in Table 8-4)
30
31 7. a lower compacted clay region within the Salado (region 9, designated Lower
32 Salado Compacted Clay in Table 8-4)
33
34 8. a basal clay component below MB 138 (region 10, designated Bottom Clay in
35 Table 8-4)
36
37 9. a lower concrete section at the repository horizon (region 11, shaft station
38 concrete monolith)
39
40 Conceptually, the simulation considers the maturation of the DRZ surrounding the shaft
41 with respect to variation in the rate of DRZ healing with depth, time, and the type of
42 adjacent seal material. For example, the DRZ in the halite adjacent to concrete members
43 is assumed to heal very rapidly because of the rigidity of the concrete and the high
44 lithostatic stress. Against less rigid seal components and at higher elevations in the shaft,
45 the DRZ is assumed to heal more slowly. Depending on shaft material properties and
46 depth of emplacement, the simulation also considers potentiel time-dependent
47 consolidation of the shaft materials.. 48
49
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Table 8-4. Shaft Materials Parameter Values
2
3 Paramneter (uits) Value Used in Calculation'
4 All Shaft Materials
5 Residual Brine Saturation, Sb, (unitless)b 0.2
6 Residual Gas Saturation, S. (unitless)~' 0.2
7 Pore Distribution, A (unitless)b 0.94
8 Maximum Capillary Pressure (Pa)b 108
9

10 Clay Shaft Materials
11I Permeability (in 2 ) - Rustler Compacted Clay (T = 0 - 10,000 yrs.) 5.00 x 10"1
12 Permeability (in

2 ) _ Upper Salado Compacted Clay (T = 0 - 10 yrs.) 7.65 x1-7

13 Permeability (in 2 ) _ Upper Salado Compacted Clay (T = 10 - 25 yrs.) 5.02 x 10-17

14 Permeability (Mn2 ) _ Upper Salado Compacted Clay (T = 25 - 50 yrs.) 3.02 x 10"1
15 Permeability (in') - Upper Salado Compacted Clay (T = 50 - 100 yrs.) 1.16 x1-7

16 Permeability (in 2) _ Upper Salado Compacted Clay (T > 100 yrs.) 5.00 x1-7

17 Permeability (Mn
2
) - Lower Salado Compacted Clay (T = 0 - 10 yrs.) 9.32 x 1-

18 Permeability (Mn2) - Lower Salado Compacted Clay (T = 10 - 25 yrs.) 1.74 x1-7

19 Permeability (mn) - Lower Salado Compacted Clay (T = 25 - 50 yrs.) 7.07 x 1
20 Permeability (in 2 ) - Lower Salado Compacted Clay (T > 50 yrs.) 5.00 x10'
21 Permeability (in 2) - Bottom Clay (T = 0 - 10,000 yrs.) 5.00 x109
22 Thickness (in) - Rustler Compacted Clay 94.3
23 Thickness (mn) - Upper Salado Compacted Clay 104.85
24 Thickness (in) - Lower Salado Compacted Clay 23.9
25 Thickness (in) - Bottom Clay 9.24
26 Effective Porosity (%) - Rustler Compacted Clay 24.0
27 Effective Porosity (%) - Upper and Lower Salado Compacted Clays and
28 Bottom Clay 24.0
29 Threshold Pressure Pt (Pa) - All Clays' 2.0Ox 10' to 1.20 x 106

30 Pore-Volume Compressibility (1/Pa) - Rustler Compacted Clay 1.96 x 10-9
31 Pore-Volume Compressibility (1 /Pa) - Upper Salado Compacted Clay 1.81 x 10-9
32 Pore-Volume Compressibility (1/Pa) - Lower Salado Compacted Clay and
33 Bottom Clay 1.59 x 10-9
34
35 Salt Shaft Material
36 Permeability (in 2) _ Salt (T = 0 - 10 yrs.) 1.74 x 101"
37 Permeability (in 2 ) _ Salt (T = 10 -25 yrs.) 1.66 x 1015

38 Permeability (Mn) _ Salt (T = 25 -50 yrs.) 1.65 x 1-
39 Permeability (in2 ) - Salt (T = 50 - 100 yrs.) 6.83 x 1018

40 Permeability (Mn) _ Salt (T = 100 - 200 yrs.) 5.27 x 10-20

41 Permeability (in 2 ) _ Salt (T> 200 yrs.) 5.35 x 10-2

42 Thickness (in) - Salt 171.37
43
44 aMedian values were used based on the data and parameter distributions contained in Appendix PAR
45 (pp. PAR-83-PAR-156).
46 bTwo-phase flow: Brooks-Corey model is used in this simulation (see Appendix PAR, PAR-Si1).
47 Threshold pressure (Pr) determined from the relationship: P, = PCTA - ~"Ep where PCTA and

48 PCTEX.P are constants and k is the permeability.

50
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-Final No-Migration Variance Petiti on. 1 Table 8-4. Shaft Materials Parameter Values (continued)
2
3 Parameter (units) Value Used in Calculation'¶
4

5 Effective Porosity (%) - Salt 5.00
6 Threshold Pressure Pt (Pa) - Salt (T = 0 - 10 yrs.)c 7.16 x 104

7 Threshold Pressure Pt (Pa) - Salt (T = 10 - 25 yrs.)c 7.28 x 104

8 Threshold Pressure P, (Pa) - Salt (T = 25 - 50 yrs.)c 7.29 x 10'

9 Threshold Pressure P, (Pa) - Salt (T = 50 - 100 yrs.)' 4.87 x 10'

10 Threshold Pressure P, (Pa) - Salt (T = 100 - 200 yrs.)c 2.62 x 106

11I Threshold Pressure Pt (Pa) - Salt (T > 200 yrs.)c 5.78 x 106

12 Pore-Volume Compressibility (1/Pa) - Salt 1.60 x 10-9
13
14 Concrete Shaft Materials
15 Permeability (in') - Concrete (T = 0 - 400 yrs.) 1.78 x 10.`9

16 Permeability (in) - Concrete (T > 400 yrs.) and Concrete Monolith
17 (T =0 - 10,000 yrs.)1-4
18 Thickness (mn) - Concrete 45.72
19 Thickness (in) - Concrete Monolith 9.08
20 Effective Porosity (%) 5.00
21 Threshold Pressure P, (Pa) - Concrete (T = 0 - 400 yrs.)c 1.72 x 106

22 Threshold Pressure P, (Pa) - Concrete (T > 400 yrs.)c and Concrete Monolith.23 (T = 0 -10,000 yrs.)c, 3.91 x 104

24 Pore-Volume Compressibility (1/Pa) - Concrete and Concrete Monolith 2.64 x 10-9

25
26 Asphalt Shaft Material

27 Permeability (in) _ (T = 0 - 10,000 yrs.) 6.76 x 10.17

28 Thickness (in) 37.28
29 Effective Porosity (%) 1.00
30 Threshold Pressure P, (Pa)C 0.00
31 Pore-Volume Compressibility (1/Pa) 2.97 x 10.8

32 Earthen Fill Material Above Rustier
33 Permeability (in') (T = 0 - 10,000 yrs.) 10.14

34 Thickness (in) 165.06
35 Effective Porosity (%) 32.0
36 Threshold Pressure P, (Pa)c 3.91 x 104

37 Maximum Capillary Pressure (Pa) 10ll
38 Pore-Volume Compressibility (1/Pa) 3.1 x 10.'

39 aMedian values were used based on the data and parameter distributions contained in Appendix PAR
40 (pp. PAR-83-PAR-156).
41 bTwo-phase flow: Brooks-Corey model is used in this simulation (see Appendix PAR, PAR-Si1).
42 CThreshold pressure (P,) determined from the relationship: P, = PCTA . - C -FP where PCTA and
43 PCTEXP are constants and k is the permeability.. 44
45
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I To reflect shaft material consolidation and DRZ maturation, effective permeabilities of
2 selected shaft regions are adjusted with time in the BRAGFLO simulation in a stepwise
3 fashion (Table 8-4). Enhanced flow expected through the surrounding DRZ before
4 healing occurs is modeled by increasing the permeability of the adjacent shaft component.
5 In some cases, this adjustment counteracts the expected decrease in permeability resulting
6 from consolidation. The increase in permeability noted for concrete from 1.78 x 10 9 to
7 1i-1 4 M2 is conservative: the permeability of concrete within the Salado Formation is not
8 expected to degrade to the permeability of silty sand, and, in fact, physical and hydraulic
9 properties of concrete seals are expected to remain stable over the long term. Note that

10 Appendix PAR (p. PAR-83) lists only the initial permeability for asphalt, salt, and clay
I1I shaft materials within the Salado and not the effective permeabilities calculated for
12 BRAGFLO for each time step presented in Table 8-4.
13
14 8.2.5 The Salado Formation
15
16 Fluid flow in the Salado under natural conditions is minimal or nonexistent (see Section
17 2.2). Excavationof the repository alters natural pressure gradients in the Salado, creating
18 the potential for fluid flow. Fluid flow, gas generation, and volume changes due to creep
19 closure may cause changes in pressure gradients through time. Salt creep, as well as
20 possible fracturing due to high repository pressure, alters the permneability and other flow
21 properties of the rock near the repository. Depending on the pressure gradient and creep
22 altered material properties, gas and brine flow may be enhanced in affected portions of
23 the Salado relative to fluid flow under natural conditions.
24
25 For this demonstration, the DOE conceptualizes the Salado as a porous medium
26 composed of several rock types arranged in layers, through which fluid flow occurs
27 according to Darcy's Law (Appendix BRAGFLO, 1-9). Two rock types, impure halite
28 and anhydrite, are used to represent the intact Salado. The simulation assumes spatially
29 constant properties for Salado rock types based on observations of compositional and
30 structural regularity in layers exposed by the repository. The inference is that there is
31 little variation in large-scale averages of rock or flow properties across the disposal
32 system. Near the repository, the DRZ has increased permneability compared to intact rock
33 and offers little resistance to flow between anhydrite interbeds and the repository.
34
35 Except for anhydrite interbeds, model parameters are also spatially invariant within each
36 material region. At relatively low repository pressures, porosities of all Salado materials
37 vary slightly; however, for interbeds, the model implemented to simulate the effects of
38 interbed fracturing causes large increases in both porosity and permeability above a
39 designated fracture initiation pressure. Details of the fracture approximation model are
40 provided in Section 8.2.5.2, and assumptions about Salado flow in general are presented
41 in Appendix MASS (Sections MASS.1. 1, MASS. 1.2, and MASS.l1.3). Specific
42 information about the major rock types used in the model is presented in following
43 sections.
44

45
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2

3 For the NMVP simulation, rock and hydraulic properties of impure halite are assigned in
4 BRAGFLO to areas of the Salado represented by intact, pure halite, argillaceous halite,
5 and polyhalite, including minor anhydrite and clay interbeds. A comparison between the
6 simplified stratigraphy used in this simulation model and a model with a more detailed
7 stratigraphy in the vicinity of the repository is identified by reference in Appendix MASS
8 (Section MASS. 1.6). The model comparison identified in Appendix MASS supports the
9 stratigraphic representation used for this simulation.

10
I1I Table 8-5 shows various parameter values used in modeling the impure halite. Supported
12 by four hydraulic tests in the underground repository believed to represent far-field
13 conditions and stratigraphic variation in the Salado, the median value for permeability
14 calculated for this region is 3.16 x 10-23 in2 . Additional information on parameter values
15 is contained in Appendix PAR (pp. PAR-157-PAR-182), including the distinction
16 between rock compressibility and pore compressibility in the simulation.
17
18 Gas may not be able to flow through or into intact, halite-rich strata of the Salado under
19 realistic conditions for the repository. As halite is modeled as 100 percent brine-
20 saturated, the capillary resistance of the rock must be overcc me to displace brine from
21 pores and drive gas into the rock. This describes the concept of threshold pressure. An. 22
23 Table 8-5. Salado Formation Halite Parameter Values
24

25 Parameter (units) Value Used in Calculation'

26 Permeability (in 2) 3.16 x 10-2

27 Effective Porosity (%) 1.0

28 Threshold Pressure, Pt (Pa)b 3.41 X 107

29 Residual Brine Saturation, S1, (unitless)c 0.3

30 Residual Gas Saturation, Sg, (unitless)' 0.2

31 Pore Distribution, X (unitless)c 0.7

32 Maximum Capillary Pressure (Pa) 108

33 Rock Compressibilityd (1/Pa) 9.75 x 1 0 "l

34 Initial Pressure (Pa) 12.5 x 106

35 aMedian values were used based on the data and parameter distributions contained in Appendix PAR
36 (pp. PAR-157-PAR-182).
37 bThreshold pressure (P~) determined from the relationship: P, = PCTA -k"~ where PCTA and
38 PCTEXP are constants and k is the permeability.
39 c Two-phase flow: Brooks-Corey model used in this simulation (see Appendix PAR, PAR-Si).. 40 dPore compressibility = Rock compressibility/effective porosity.

41
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I empirical relationship between threshold pressure and permeability in non-WIPP rocks
2 (Davies 1991, 17-19) suggests that threshold pressure will be sufficiently high that gas
3 will not be able to flow into the halite-rich strata of the Salado under any conditions
4 foreseeable for the WIPP (See Appendix MASS, Section MASS. 1.7). Values used by the
5 DOE for impure halite threshold pressure are set to prevent the flow of gas into this
6 material. This is a conservative assumption, because gas flow into impure or pure halite
7 would decrease the pressure in the repository and the driving force available for flow
8 elsewhere.
9

10 8.2.5.2 Salado Interbeds
11
12 Three distinct anhydrite interbeds are modeled in this BRAGFLO simulation representing
13 MB 138 (region 20), anhydrite layers a and b (region 21), and MB 139 (region 28). The
14 three interbeds are assigned the same parameter values, and the parameters are initially
15 spatially constant. Porosity and permeability can vary spatially during a simulation
16 depending on interbed fracturing. The interbeds in the model differ only in stratigaphic
17 location and thickness and are included because they exist in the disturbed region around
18 the repository where fluid is expected to be able to flow with relative ease compared to
19 the surrounding formation. MEB 139 and anhydrite layers a and b are present within the
20 DRZ that forms around excavations; MB 138 may be above the DRZ, but is below the
21 long-term seal components that will be constructed in the shafts. MB 138 is included
22 because of uncertainty in the long-term isolation of MB 138 from the repository.
23
24 In BRAGFLO, brine flows between the Salado and the repository in response to fluid
25 potential gradients that may form over time. Due to the low permeability of the impure
26 halite and relatively small surface area involved, direct brine flow between the impure
27 halite and the repository is limited. The interbeds included in the BRAGELO model of
28 the Salado (regions 20, 2 1, and 28), however, can serve as conduits for brine flow
29 between the impure halite and the repository. Conceptually, brine flows laterally along
30 higher-permeability interbeds towards or away from the repository and vertically between
31 the interbeds and the lower-permeability halite. Because the interbeds have a very large
32 contact area with adjacent halite-rich rock, even very small flux from the halite into the
33 interbeds (for brine inflow) or to the halite from the interbeds (for brine outflow) can
34 accumulate into a significant quantity of brine. In this manner, halite serves as a source
35 or sink for brine in the repository. It is expected that, due to density differences between
36 gas and brine and their resulting stratification within the repository, brine outflow will
37 occur in MB 139, and gas outflow will occur in anhydrite layers a and b or MB 138.
38 However, the model does not preclude other flow patterns. Parameters associated with
39 the interbeds are shown in Table 8-6.
40
41 Interbeds contain natural fractures that may be partially healed. If high pressure develops
42 in an interbed, its preexisting fractures may dilate, or new fractures may form, altering its
43 porosity and permeability. Pressure-dependent changes in permeability are supported by
44 experiments conducted in the underground repository and in the laboratory. Accordingly,
45 the DOE has implemented in BRAGFLO a porous-media model of interbed dilation and
46 fracturing that causes the porosity and permeability of a computational cell in an interbed
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* 1 Table 8-6. Salado Formation Anhydrite Layers a and b and Marker
2 Beds 138 and 139 Parameter Valujes
3

4 Parmeter (w-ilts)VauUsdi

5 Permeability (in')1.9x0`

6 Effective Porosity 1.1

7 Threshold Pressure, Pt (Pa)b .4 0

8 Residual Brine Saturation, Sbr (unitless)C 0.084

9 Residual Gas Saturation, Sg, (unitless)Y 0.077

10 Pore Distribution, I (unitless)c 0.644

11 Maximum Capillary Pressure (Pa) 108

12 Rock Compressibilityd (1/Pa) 8.26 x 10-"

13 a Median values were used based on the data and parameter (lisiributions contained in Appendix PAR
14 (pp. PAR-183-PAR-204).
15 bThreshold pressure (P1) determined from the relationship: Pt= PCTLA k. -XP where PCTA
16 and PCTEXP are constants and k is the permeability.
17 c Two-phase flow: Brooks-Corey model used for all simulation (see Appendix PAR, PAR-5 1).
18 dPore compressibility = Rock compressibility/effective porosity.. 19
20 to increase as its pore pressure rises above a designated vadue, (Appendix PAR,
21 PAR-205-PAR-2 12). The threshold pressure of dilated or fractured interbeds is expected
22 to decrease with increasing fracture aperture. Thus, fluid is expected to be able to flow
23 outward readily if adequate pressure is available to initiate &and sustain dilation of the
24 interbeds.
25
26 There is a trade-off between the effects of permeability and porosity enhancements.
27 Dilation or fracturing of interbeds is expected to increase the transmissivity of interbed
28 intervals. Increased porosity will increase storage, which wfill retard outward flow.
29
30 The model used to implement the effects of interbed dilation is explained in detail in
31 Appendix BRAGFLO (Section 1. 10). In summary, it assigns a fracture initiation pressure
32 above which local fracturing takes place, and changes in permeability and porosity occur
33 above this pressure. Below this fracture initiation pressure, an interbed has constant
34 permeability and compressibility. For the small, constant -value of compressibility used
35 initially, changes in porosity with pressure are extremely small. Above the fracture
36 initiation pressure, the local compressibility of the interbeci is assumed to increase linearly
37 with pressure. This greatly increases the rate at which porosity increases with increasing
38 pore pressure. Additionally, permeability increases by a power function of the ratio of
39 altered porosity to initial porosity. This formulation results in large increases in
40 permeability for modest increases in porosity. For numerical. reasons (i.e., to prevent.41 unbounded changes in parameter values), a pressure is specified above which porosity
42 and permeability change no further. The maximum porosity i~s the sum of the incremental
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I porosity in Table 8-7 and the effective porosity listed in Table 8-6. Incremental porosities
2 are 3.9 percent for MB 139 and MB 138, and 23.9 percent for anhydrite layers a and b.
3
4 In situ and laboratory evidence, summarized in Appendix PAR (pp. PAR-1I92-PAR- 195),
5 suggests that if the threshold pressure of interbeds is low enough, waste-generated gas
6 may be able to move through intact interbeds at pressures expected within the disposal
7 system. The threshold pressure used in this simulation (9.74 x 10' Pa) for intact interbeds
8 is sufficiently low to allow gas migration.
9

10 Table 8-7 lists parameters used in the model of interbed dilation and fracture. Additional
I1I information about interbed parameters is included in Appendix PAR
12 (pp. PAR-205-PAR-2 12).
13
14 8.2.5.3 Disturbed Rock Zone
15
16 As discussed in Chapter 3, in the DRZ near the repository, permeability and porosity are
17 expected to generally increase. The increases in permeability and porosity in interbeds
18 are not expected to be completely reversible with creep closure of the disposal rooms, and
19 healing of the halite may not completely eliminate pathways between the interbeds and
20 the disposal region. The increase in DRZ permeability increases the ability of fluid to
21 flow from interbeds to the waste disposal region. The increase in DRZ porosity provides
22 a volume in which some fluid could be retained so that it does not contact waste. DRZ
23 pore volume can also slow hazardous-constituent migration.
24
25 This simulation conservatively approximates the effects of the DRZ with respect to brine
26 flow to the repository. The permeability of the region around the repository is increased
27 relative to intact Salado rock for the duration of the simulation and the threshold pressure
28 is set to zero. Acting to prevent fluid retention in the DRZ, DRZ porosity is purposely
29 assigned a value similar to that of intact Salado materials. The DRZ extends above and
30 below the repository from the base of MB 138 to MEB 139. Defining the DRZ in this
31
32 Table 8-7. Salado Formation Anhydrite Layers a and b and Marker Beds 138 and
33 139 Fracture Parameter Values
34

35 Paramnter (units) ValueUsed in Calculation'

36 Fracture Initiation Pressure at MB3139, base of shaft (Pa) 12.7 x 106

37 Increment to give Full Fracture Porosity (%), MB 139 and MB 138 3.9

38 Increment to give Full Fracture Porosity (%), anhydrite layers a and b 23.9

39 Maximum Permeability (in') 10-9

40 Increment above Fracture Initiation Pressure to Obtain Max. Fracture Pressure 3.8 x 106
41 (Pa)

42 ' All above values are constant.
43
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I manner creates a permanent high-permeability region that does not significantly impede
2 flow between the repository and interbeds. Table 8-8 shows parameter values used in the
3 representation of the DRZ.
4

5 8.2.6 Units Above Salado Formation
6
7 Geologic formations above the Salado include, in ascending order, the following: (1) the
8 Rustler, consisting of an unnamed lower member, and the Culebra, Tamarisk, Magenta
9 and Forty-Niner members; (2) the Dewey Lake; (3) the Sanita Rosa; and (4) the Gatufia.

10 Geologic units above the Salado influence the direction and magnitude of fluid flow
11 through the shafts by contributing to the pressure gradient between the waste-disposal
12 panels and the rest of the disposal system.
13
14 BRAGELO considers the Culebra and Magenta members of the Rustler Formation, and
15 Supra-Rustler units (the Dewey Lake, Santa Rosa, and Gatufia Formations). The other
16 three Rustler members are modeled as effectively impermeable. These units are
17 represented in the BRAGFLO element mesh (Figure 8-3) by regions 14, 16, and 18. For
18 modeling purposes, Gatufia and Santa Rosa Formation model parameters are combined
19 and reported in the Santa Rosa Formation parameter table. 13RAGFLO discretizes and
20 calculates flow in these units to establish the pressure gradient in the disposal system.
21 Parameter values for relevant non-S alado units are summari zed in Tables 8-9, 8-10, 8-11,.22 and 8-12, and described in more detail in Appendix PAR (pp. PAR-229-PAR-295).
23
24 Table 8-8. Disturbed Rock Zone Parameter Values
25

26 Parameter (units) Value Used in Calcalation"

27 Permeability (in') 10-15

28 Effective Porosity ()1.29

29 Threshold Pressure, P, (Pa)" 0

30 Residual Brine Saturation, :b, (unitless)C 0

31 Residual Gas Saturation, S, (unitless)c 0

32 Pore Distribution, X (unitless)c 0.7

33 Maximum Capillary Pressure (Pa) 108

34 Rock Compressibility (lfPa)' 7.41 x 10WO

35 a Median values were used based on the data and parameter distributions contained in Appendix PAR
36 (pp. PAR-213-PAR-228).
37 bThreshold pressure (Pr) determined from the relationship: Pt = PC T.A .kpc-Exp, where PCTA and
38 PCTEXP are constants and k is the permeability.
39 C Two-phase flow: Brooks-Corey model used in this simulation (see Appendix PAR, PAR-Si1).. 40 dPore compressibility = Rock compressibility/effective porosity.
41

42
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1 Table 8-9. Culebra Member of the Rustler Formation Parameter Values
2

3 Parameter (units) . Value Used in Calcuation'

4 Permeability (in 2 ) 2.10 x10

5 Effective Porosity (%) 15.1

6 Threshold Pressure, P, (Pa)" 1.50 x 104

7 Residual Brine Saturation, S~, (unitless)' 0.084

8 Residual Gas Saturation, Sg, (unitless)c 0.077

9 Pore Distribution, X (unitless)' 0.644

10 Maximum Capillary Pressure (Pa) 108

11I Rock Compressibility (1/Pa) 10 c10

12 Thickness (in) 7.7

13 Initial Pressure (Pa)d 8.22 x 10'

14 a Median values were used based on the data and parameter distributions contained in Appendix PAR.
15 Threshold pressure (Pr) determined from the relationship: P, = PCTA - kICEX) where PCTA and

16 PCTEXP are constants and k is the permeability.
17 CTwo-phase flow: Brooks-Corey model used in simulation (see Appendix PAR, PAR-Si1).
18 dPore compressibility = Rock compressibility/effective porosity

19
20 Table 8-10. Magenta Member of the Rustler Formation Parameter Values
21

22 Parameter (units) Value Used in
.Calculation'

23 Permeability (in') 6.3 x 101

24 Effective Porosity (%) 13.8

25 Threshold Pressure, Pt (Pa)b 5.1 x 10'

26 Residual Brine Saturation, S,, (unitless)' 0.084

27 Residual Gas Saturation, Sgr (unitless)C 0.077

28 Pore Distribution, X (unitless)C 0.644

29 Maximum Capillary Pressure (Pa) 108

30 Rock Compressibility (1/Pa)d 2.64 x 10 0

31 Thickness (in) 8.5

32 Initial Pressure (Pa) 9.17 x 10'

33 a Median values were used based on the data and parameter distributions contained in Appendix PAR.
34 bThreshold pressure (Pr) determined from the relationship: P, = PCTA - k P where PCTA and
35 PCT_-EXCP are constants and k is the permeability.
36 CTwo-phase flow: Brooks-Corey model used in this simulation (see Appendix PAR, PAR-Si).
37 dPore compressibility = Rock compressibility/effective porosity
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1 Table 8-11. Dewey Lake Formation Parameter Values
2

3 Parameter (wanits)VauUsdi

4 Permeability (in')5.x10

5 Effective Porosity (%) 1.

6 Threshold Pressure, Pt (Pa'12x10

7 Residual Brine Saturation, Sb, (unitless)' 0.084

8 Residual Gas Saturation, S, (unitless)' 0.077

9 Pore Distribution, X (unitless)C 0.644

10 Maximum Capillary Pressure (Pa) 0

I1I Rock Compressibility (1/Pa)d i0-1

12 Thickness (mn) 149.3

13 Initial Pressure hydrostatic, water table at
980 m, 43.3 mn below top of

formation

14 Initial Pressure (atm) 8.4% Residual Liquid Saturation, Above Water Table 1

15 a Median values were used based on the data and parameter distributions contained in Appendix PAR..16 bThreshold pressure (Pr) determined from the relationship: Pt = PCT.A -k"" where PCTA and
17 PCTý_EXP are constants and k is the permeability.
18 C Two-phase flow: Brooks-Corey model used in this simulation (see Appendix PAR, PAR-Si1).
19 d Pore compressibility = Rock compressibility/effective porosity

20
21
22 8.2.7 Hazardous-Constituent Migration
23
24 BRAGFLO simulations do not directly differentiate between cumulative brine flow and
25 migration of brine potentially containing hazardous constituents. Brine flow modeled by
26 BRAGFLO may include brine originally contained in the Salado. To address this
27 modeling issue, the DOE assumes that brine containing hazzrdous constituents must
28 originate within the waste disposal region. Depending on the BRAGFLO results, this
29 assumption presents two compliance alternatives: 1) model the transport of brine from
30 the waste region into the Salado or shaft system using a constituent transport code or 2)
31 show that brine is immobile in the waste region. The mobility of brine in the waste
32 region is determined by two-phase flow processes explicitly incorporated into the
33 BRAGFLO code.
34
35 8.2.8 Boundary and Initial Conditions for Repository and Transport Modeling
36
37 The start of the long-tenrn simulation occurs when the shaft seals are emplaced and the.38 waste is isolated. Initial pressure and liquid saturation conditions are defined for each
39 computational grid block. Assuming hydrostatic equilibrium, initial pressures in the
40 Salado (interbeds, DRZ, etc.), as well as shaft components N~ithin the Salado, are
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1 Table 8-12. Santa Rosa Formation Parameter Values
2

3 Parameter (units) Value Used in
Calculation!

4 Permeability (in 2 ) 10-10

5 Effective Porosity (%) 17.5

6 Threshold Pressure, P, (Pa)b 0

7 Residual Brine Saturation, S,. (unitless)' 0.084

8 Residual Gas Saturation, Sgr (unitless)c 0.077

9 Pore Distribution, I (unitless)C 0.644

10 Maximum Capillary Pressure (Pa) 108

11I Rock Compressibility (llPa)d .10-8

12 Thickness (in) 15.76

13 Initial Pressure (atm) 8.36% Residual Liquid Saturation 1

14 aMedian values were used based on the data and parameter distributions contained in Appendix PAR.
15 bThreshold pressure (Pr) determined from the relationship: Pt = PCTA k C -EP where PCTA and
16 PCTEXP are constants and k is the permeability.
17 CTwo-phase flow: Brooks-Corey model used in simulation (see Appendix PAR, PAR-SI1).
18 d Pore compressibility = Rock compressibility/effective porosity

19
20
21 calculated based on the elevation difference and change in hydraulic head relative to an
22 initial pressure specified at the repository horizon. The initial pressure is specified as
23 12.5 MPa at a point in the Salado halite (Appendix PAR, PAR-180). With exception of
24 the Culebra and Magenta members, initial pressures in non-Salado units are calculated
25 based on a hydrostatic pressure gradient established by a water table elevation of 3,215 ft
26 (980 m) above mean seal level. For ground surface grid blocks and regions above the
27 water table, initial pressures are specified as atmospheric (0. 10 1 MPa)
28
29 8.2.8.1 Salado Rock Types and DRZ Initial Conditions
30
31 Initial conditions for the BRAGELO model specify no gradient for flow in the Salado.
32 Porosity in Salado lithologic units is initially 100 percent liquid-saturated.
33
34 To set the near-repository, partially-drained DRZ initial condition for the long-term
35 simulation, a five-year simulation is executed prior to the long-term modeling. This
36 simulation is configured to allow partial desaturation of the DRZ, consistent with removal
37 of brine through the ventilation system during disposal operations. DRZ permeability is
38 set at 10-11 M2 for the time period -5 to 0 yrs. Permeability in the DRZ is assigned a
39 constant value of 10-15 M2 for the 10,000-year simulation; porosity is assumed to be as low
40 as intact Salado to reduce storage volume.
41
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2
3 The simulation assumes that individual waste panels remain open for five years, allowing
4 for waste emplacement. Consequently, an initial period of ive years is used to account
5 for depressurization around the excavated regions; this corresponds to an assigned time
6 period of -5 to 0 years. Pressure for the five years before time zero in the excavated
7 region is maintained at atmospheric. Waste materials are emplaced at time zero years (t
8 0). At time zero, the waste is placed at a liquid saturation of 0.0 15 and a pressure of one
9 atmosphere. The remalning excavations outside the waste disposal area are assigned a

10 gas saturation of 100 percent and an initial pressure of one atmosphere. Corrosion and/or
I11 biodegradation reactions that produce gas are modeled to begin at t = 0 years. The
12 concentrations of ferrous metals and biodegradables in the waste regions are assigned
13 initial parameter values, of 10.2 lb/ft3 and 4.07 lb/ft3 (163 and 65.2 kg/n 3 ), respectively.
14
15 8.2.8.3 Units Above the Salado
16
17 For the time period -5 to 0 years, all regions above the Saladbo are treated as impermeable
18 to prevent water from draining into the shaft. Conceptually, this corresponds to the
19 existence of effective liners in the shafts during disposal operations.
20
21 No-flow boundary conditions are assigned along all of the exterior boundaries of the
22 computational mesh except at the far field boundaries of the Culebra and Magenta.23 members and the top of the grid (i.e., the ground surface). The boundaries of the Culebra
24 and Magenta members are maintained at initial pressures of 0.822 MPa and 0.9 17 MPa,
25 respectively. Pressure in the saturated zone below the water table in the Dewey Lake
26 Formation is maintained with respect to the water table elevation 194 ft (59 m) below the
27 ground surface. Unsaturated regions above the water table are maintained at one
28 atmosphere (0. 10 1 MPa) and held constant at a liquid saturadion equal to the residual
29 saturation (8.4 percent).
30
31 8.2.8.4 Shaft Initial Conditions
32
33 Initial conditions in the shaft are defined beginning with their emplacement at t = 0 years.
34 Initial pressures in the earthen fill and Rustler Compacted Clay shaft regions are held
35 constant at the initial pressure of one atmosphere (0.101 MPa). Pressures in the asphalt,
36 concrete, compacted salt and clay regions below the non-Sal ado units are calculated
37 assuming a hydrostatic pressure gradient relative to the 12.5 MPa far-field pressure
38 assigned to the Salado halite at the repository horizon. Initial liquid saturations of shaft
39 materials are earthen fil]. 0.20, concrete 1.0, all clays 0.79, salt 0.32, and asphalt 0.0
40 percent.
41

42 8.3 Hazardous-Constituent Source Term and Mobility
43.44 The source term can be thought of as the quantity of hazardous constituents available for
45 transport. Actual quantities available for transport are controlled by both the waste form
46 and by constituent mobility or immobility in the post-closure environment. Mobility is,
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I in turn, controlled by long-term physical and chemical processes (e.g., availability of
2 transport media and release mechanisms). Given these constraints, this no-migration
3 demonstration defines the organic hazardous-constituent source term for the gas phase in
4 terms of concentration. This section presents the organic gas-phase source term
5 conceptual model, including underlying assumptions, equations, and parameter values
6 used to calculate the source term. The DOE presents several implicit assumptions related
7 to demonstrating no-migration for liquid-phase hazardous constituents, but believes that
8 explicitly defining a source term for liquid-phase hazardous constituents is inappropriate,
9 given the available information.

10
11 8.3.1 Source-Termn Conceptual Model
12

13 Transuranic waste is packaged at the generator sites in a primary-confinement barrier
14 (i.e., metal drum or container). The packaging may include several internal barriers:
15 layers of plastic; plastic, metal, and glass containers; and adsorbents in the void spaces.
16 VOCs and SVOCs are present within solidified liquids and sludges and in trace quantities
17 sorbed onto cellulosics and other solid waste materials. A VOC gas/vapor phase occurs
18 within drum headspaces, voids within the drum, and within inner layers of confinement.
19 Hazardous-constituent metals will also exist in the solid phase. The primary hazardous
20 metal constituent in the waste is lead in leaded rubber gloves and shielding. Other
21 regulated metals may occur in trace concentrations in soil, debris, sludges, solidified
22 liquids, and as metals used in tools, equipment, and machinery. The WIEPP Waste
23 Acceptance Criteria (WAC) and other DOE efforts are designed to preclude the presence
24 of free liquids; therefore, a significant initial liquid phase is not a feature of the
25 conceptual model. Conceptually, the hazardous-constituent, liquid-phase results from
26 brine inflow and waste dissolution in the closed repository.
27
28 As presented in the uncertainty analyses in Appendix SCR, the DOE considered the
29 potential effects of a number of possible chemical and thermal processes in the disposal
30 room environment. Some of these processes serve to immobilize hazardous constituents,
31 while others serve to enhance mobility. When information is limited, conservative
32 assumptions are made to overestimate the source term or hazardous-constituent mobility.
33
34 A number of assumptions are presented in this section to summarize the source-term
35 conceptual model. Assumptions related to using bounding calculations as a measure of
36 gas-phase compliance, and to aid conceptualization of liquid-phase hazardous
37 constituents, include:
38
39 1 . Hazardous constituents are immediately mobile in the gas and liquid phase at
40 repository closure (conservative assumption: the pressure, temperature, and
41 chemical conditions, e.g., pH and Eh, may not be suitable to completely dissolve and
42 mobilize regulated metals, and time-dependent mechanisms would decrease the
43 initial source-term concentrations for organic and metal constituents)

45 2. Hazardous constituents exist in the gas and brine phase in the waste-disposal panels
46 at constant concentration over time (conservative assumption: assumes an infinite
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1 source and complete persistence; some metals and organics will migrate from the
2 source-term region and organics will likely degrade)
3
4 3. Migration of hazardous constituents from the repositori does not decrease the initial
5 source-term concentration (conservative assumption of an infinite source term: in
6 reality, some hazardous constituents will migrate away from the waste-disposal
7 panels and the source term should decrease with time)
8
9 4. Initial VOC concentrations in the gas phase are calculated from average

10 concentrations from headspace measurements weighted by the waste inventory
I1I (reasonable assumption: see Chapter 4)
12
13 5. Initial headspace-derived VOC concentrations in the gas phase are applied to the
14 initial waste disposal region volume to derive an initial mass of VOCs. This mass is
15 distributed over the final waste disposal region void volume calculated at the end of
16 the 1 0,000-year BRAGFLO simulation (conservative assumption: constant source
17 term'gas-phase densities are based on the void volume of the final consolidation
18 state. This overestimates the VOC source term over the entire modeling period)
19
20 6. Transformations and biodegradation of organic constituents are not modeled,
21 because of uncertainty in comparing terrestrial and site/condition specific
22 degradation rates (conservative assumption: organic source term will likely be

* 23 depleted by the same processes assumed to occur for mnicrobial gas generation;
24 despite uncertainty, typical organic half-lives range from 10s to 1,OO0s of days,
25 orders of magnitude less than the 10,000-year compliance period-see Table SCR-3
26 in Appendix SCR)
27
28 7. An ambient temperature of about 300 K (27'C) in the repository precludes thermal
29 desorption of organics sorbed to waste forms. Heat generation mechanisms from
30 radioactive decay and other processes are inconsequential (reasonable assumption:
31 see Section SCR.2.2.5)
32
33 8. Post-closure release mechanisms capable of elevating VOC concentrations in the
34 repository above headspace concentrations are inconsequential (reasonable
35 assumption: see Section SCR.2.2.5)
36
37 9. VOCs for which headspace data are not available are assumed to be present in
38 sufficient quantities to saturate and maintain saturation of the gas phase
39 (conservative assumption: available headspace data suggest that typical VOC
40 concentrations are up to two orders of magnitude below saturation levels)
41
42 10. For the gas-phase hazardous-constituent source term, partitioning between the liquid
43 and gas phases is not explicitly included in the analyses (conservative assumption:.44 assumption maximizes hazardous-constituent concentr.ations for the gas-phase
45 source term - see Section SCR.2.4. 1.l1)
46
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1 11. SVOCs are assumed to be present in the brine in sufficient quantities to saturate and
2 maintain saturation of the gas phase (conservative assumption: in reality, neither the
3 brine nor the gas will be saturated with SVOCs)
4

5 12. Colloids and organic complexing agents capable of enhancing or inhibiting
6 hazardous-constituent mobility and transport for metals are not modeled
7 (conservative assumption: bounding approach makes mobility enhancement
8 irrelevant and ignoring retardation mechanisms is conservative)
9

10 8.3.2 Gas-Phase Source Term
11
12 A gas-phase source term is necessary for VOC and SVOC hazardous constituents. As
13 presented in Chapter 4, the weighted average concentration for each VOC is used as the
14 source-term concentration when waste headspace data are available. For the long-term
15 demonstration, weighted headspace concentrations are increased to reflect final void
16 volume conditions expected in the repository resulting from creep closure.
17
18 When no waste headspace data are available, saturated vapor concentrations are used to
19 bound source-term concentrations for VOCs. Because headspace data are not available
20 for SVOCs, saturated vapor concentrations are also assumed for SVOCs. The methods
21 used to establish these source terms are described in this section. Cis 1 ,2-dichloroethylene
22 and vinyl chloride are not considered in this analysis. No health-based soil levels are
23 defined in the IRIS-2 database or the 40 CFR 264 Subpart S proposed rule and the DOE
24 believes the use of saturated vapor concentrations for other organic constituents
25 adequately bound comparisons to HBLs.
26
27 8.3.2.1 Container Headsp~ace-Derived Concentrations
28
29 Correcting container headspace concentrations for use in the long-term demonstration
30 involves calculating the effect of void volume conditions in the repository on VOC
31 concentrations in the gas phase. Porosity changes in the waste are expected as waste
32 containers are compacted as a result of creep closure of the repository. This process will
33 control the pore volume available for gas storage and will influence gas-phase
34 concentrations. Initial and final porosities of the waste-disposal panels are calculated by
35 BRAGFLO based on time histories of porosity as a function of time and pressure
36 conditions in the repository. As discussed in Section 8.2.3. 1, the SANTOS computer
37 code provides the pressure, time, and porosity history. Initially, the waste disposal
38 excavations are assumed to be gas-saturated (0.985) at atmospheric pressure (0. 10 1 MPa)
39 with an initial porosity of 84.8 percent.
40

41 Conceptually, as the repository closes, VOC gas-phase density will increase and waste
42 pore volume will decrease. Simultaneously, molar concentrations of VOCs (expressed as
43 ppmv) will decrease as waste-generated gas dilutes the system. To account for the
44 increase in gas-phase density, initial masses of gas-phase organic compounds are derived
45 from initial VOC gas-phase densities (mass/volume) and initial repository volume
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1 conditions. This initial mass is distributed over the final system pore volume to derive
2 the final gas-phase source-term concentration, which is thent held constant.
3
4 Mathematically, the process of deriving a mass parameter by applying the concentration
5 (Pd) to the initial waste disposal region volume is as follows:
6
7 P d P (4)
8
9 R. Pi p xVi (5)

10
11 where
12
13 Pd = organic gas-phase concentration (mass/volume) prior to closure
14 pi = organic gas-phase concentration (mass/volume) derived from headspace
15 measurements
16 mr = mass of organic VOC in gas phase prior to closure
17 V. = initial waste disposal region volume
18
19 Assuming that mass (in) in the waste region remains constant throughout the compliance
20 time frame, this mass is distributed over the final repository gas-available volume (Vf) to
21 derive the final organic gas-phase concentration (pf):
22.23 fpf = mi/Vf (6)
24
25 This approach is conservative based on several rationales, including:
26
27 *No credit is taken for expected dilution of organic gas-phase concentrations by waste-
28 generated gas. Molar concentrations (expressed as ppinv) of organic gas-phase
29 constituents will decrease as the proportion of moles of hydrogen, methane, and other
30 gases increase as a result of gas generation processes.
31
32 *The source-term concentration held constant for the lCI,OD-year compliance period is
33 calculated from the final system pore volume.
34
35 Headspace measurements shown in the last column in Table 8-13 have been weighted to
36 derive average VOC concentrations representing all waste groups, and converted to units
37 Of g/m 3. In Section 8.4, weighted average concentrations (p1i) are subsequently corrected
38 for gas-available void volume conditions in the repository (Pd)'
39
40
41 8.3.2.2 Saturated Vapor. Concentrations
42

43 Table 8-13 lists saturated vapor concentrations for VOCs and SVOCs for which there are.44 no data or that have not been detected during waste characterization. For VOCs, Table 8-
45 13 shows this to be conservative: measured VOC headspace concentrations to date are at
46 least two orders of magnitude lower than saturated vapor concentrations. Assuming a
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1 saturated ideal gas mixture at 300 k, the partial pressure of each constituent in the gas
2 phase is the constituent vapor pressure at 300 k. The equation used to derive the
3 saturated vapor concentration (pi) for these organic hazardous constituents is given by:
4

5 pi Pi M./RT (7)
6
7 where
8

9 Pi Pv
10
11 Pi saturated-vapor concentration of hazardous constituent (i) in the gas phase
12 (mass/volume)
13 P1  the partial pressure of hazardous constituent (i) in the gas phase (Pa)
14 =I molecular weight of hazardous constituent (i) (g/mol)
15 R = universal gas constant (Nt-ml/gmolelK)
16 T = absolute temperature of the gas phase in volume V (300 K)
17 P, vapor pressure of hazardous constituent (i) at the gas mixture temperature
18
19 8.3.3 Liquid-Phase Source Term
20
21 Brine inflow is the only significant source of liquid solvent available for dissolution of
22 gas-phase organic hazardous constituents into a liquid phase (see Section MASS. 1. 5 and
23 Section SCR.2.2.2). Because the weight of gas that dissolves in a given quantity of liquid
24 can be estimated using Henry's Law, it follows that resulting concentrations in the liquid
25 will always be less than that of the gas phase. By correlation, if compliance can be
26 demonstrated for the organic hazardous constituents in the gas phase, compliance for
27 hazardous constituents in the liquid phase is also demonstrated. The migration of liquid-
28 phase organic hazardous constituents is also bounded by the modeling approach selected
29 for hazardous-constituent metals in the liquid phase discussed in the following paragraph.
30
31 Solubilities of metallic constituents in WIEPP brine can be estimated by a number of
32 established speciation/solubility codes, such as EQ3/6, PHRQP1TZ, and FMT. However,
33 all require thermodynamic data, and thermodynamic data and information on solid phase
34 equilibrium chemistry for RCRA-regulated metals are, in general, not available for high
35 ionic strength brines. Use of Pitzer equations to estimate the solubilities of RCRA-
36 regulated metals is also not recommended for the high ionic strength brines, unless
37 verified experimentally. Given these constraints, and the possibility that the BRAGFLO
38 simulation could indicate brine migration from the waste region, the DOE has reserved a
39 bounding approach designed to track the transport of a surrogate tracer using a constituent
40 transport code. To demonstrate relative concentration at the unit boundary, the tracer
41 element would be assumed to have an infinite inventory and a solubility of 1 kg/in 3, with
42 no credit for decay, sorption, or diffusion during transport.
43
44
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I Table 8-13. Gas-Phase Source-Term Parameters
is 2

3 Wihe
4Avrg

9
10 Benzene 9.25 78.11 1.39E+04 4.35E+02 2.95E-02
I1I Bromoform 9.38 252.8 8.96E+02' 9.08E+01 9.70E-02
12 Carbon disulfide ND 76.14 5.19Ei-04 1.58E+03 1.58E+03'
13 Carbon tetrachloride 375.5 153.8 1.66E+04 1.02E+03 2.36E+00
14 Chlorobenzene 12.52 112.6 1.8OEi-03 8.12E+01 5.76E-02
15 Chloroform 25.33 119.4 2.86E+04 1.37E+03 1.24E-01
16 1,2-Dichioroethane 9.07 98.96 1. 17E+04 4.64E+02 3.67E-02
17 cis 1, 2-Dichioroethylene 8.97 96.95 2.94E+f04 1. 14E+03 3.56E-02 - NA
18 1,1-Dichioroethylene 11.46 96.95 8.01)E--04' 3.11 E+03 4.54E-02
19 Isobutanol ND 74.12 1.86E+03 5.53E+01 5.53E+01'
20 Methyl ethyl ketone 63.66 72.1 1.33E-f04 3.84E+02 1.88E-01
21 Methylene chloride 368.5 84.94 6.20E-04 2.11 E+03 1 .28E+00
22 1, 1,2,2-Tetrachioroethane 9.35 167.9 8.OBE-+02 5.44E+01 6.42E-02
23 Tetrachloroethylene 9.40 165.9 2.70E+03 1 .80E+02 6.38E-02
24 Toluene 19.4 92.13 4. 19E+03 1.55E+02 7.3 1E-02
25 1, 1, 1 -Trichioroethane 317.1 133.4 1.80E+04 9.62E+02 1.73E+00.26 1, 1, 2-Trichloroethane ND 133.4 3.3 1E--03 1.77E+02 1.77E+02'
27 Trichloroethylene 25.10 131.4 1.0 1E--04 5.32E+02 1.35E-01
28 Trichlorofluoromethane ND 137.4 1. 1OE--05 6.01 E+03 6.01E+03'
29 Vinyl chloride ND 62.5 4.12E--05 1.03E+04 1.03E+04'- NA
30
31 Cresols (o,m,p) ND 108 4.83E+01 2.09E+00 2.09E+00'
32 ortho-Dichlorobenzene ND 146.9 2.7I1EA-02 1.60E+01 1.60E+01'
33 1 ,4-Dichlorobenzene ND 146.9 2.72EA+02 1.60E+01 1.60E+01'- NA
34 2,4-Dinitrotoluene ND 182 6.80E-D10  4.96E-02 4.96E-02'

35 2,4-Dinitrophenol ND 184.1 5.52E0)3 d 4.07E-04 4.07E-04'

36 Hexachlorobenzene ND 284.78 3.03E-31c 3.46E-02 3.46E-02'

37 Hexachloroethane ND 236.7 1.OIE+02b 9.58E+00 9.58E+00'
38 Nitrobenzene ND 123 4.08E+01 2.01E+00 2.01E+0O'

39 Pentachlorophenol ND 266.34 1.27E-O1d 1.36E-02 1.36E-02'

'40 Pyridine ND 79 3.08E+03 9.75E+01 9.75E+01'

41 _________________________

42 aValues calculated from equations and coefficients in Reid et al. (1987), unless otherwise indicated.
43 "Values interpolated using Clausius-Clapeyron equation and values tabulated in Perry et al. (1984).
44 C Values are from EPA (198(6).
45 d Value is at 250 C abulated in Stephenson and Malanowski (1987).
46 c Value is at 250 C tabulated in Bidleman (1984).
47 Saturated Vapor Concentration.
48
49 ND - No headspace data available; saturated vapor concentrations are used for source term.
50 NA - Not applicable; constituents are screened from the analysis because health data are not published.
51. 52
53
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1 8.4 Long-Term Model Demonstration of No Migration
2
3 This section presents the results of simulation modeling and bounding calculations
4 supporting the NMVP for the WIPP disposal unit. The DOE reports the behavior of the
5 repository predicted by BRAGFLO, including average pressure build-up, cumulative gas
6 generation, and brine saturation. Effects on the Salado Formation and shaft regions in
7 response to repository behavior are also described. For liquid-phase migration, the DOE
8 reports the mobility of brine in the repository and the potential for brine containing
9 hazardous constituents to migrate from the waste region. For gas-phase migration, the

10 DOE demonstrates through bounding calculations that concentrations of gas-phase
I1I organic constituents will not exceed HBLs at any unit boundary regardless of the
12 conclusions drawn from two-phase flow modeling.
13
14 To the extent appropriate to the adopted methodology, this section addresses modeling
15 considerations outlined in the EPA guidance manual No-Migration Variances to the
16 Hazardous Waste Land Disposal Prohibitions: A Guidance Manual for Petitioners (EPA
17 1992). These considerations are outlined below:
18
19 - Justification of Assumptions and Model Input Parameters. Justification for the
20 overall conceptual model is addressed in Appendix SCR and Appendix MASS.
21 Justification for assignments of specific parameter values is contained in Appendix
22 PAR. Input data are based on waste-specific and site-specific experimental programs,
23 or are assigned reasonable or reasonably conservative values. Where appropriate,
24 parameter values and modeling assumptions are implemented to either represent the
25 actual physical system or to bias the modeling and calculations toward overestimating
26 the potential for migration. Table 8-14 summarizes selected modeling assumptions
27 relevant to undisturbed brine and gas migration. The degree of conservatism or realism
28 believed associated with these assumptions is identified, including reasonable
29 assertions based on expected conditions or reasonable simplifications used to facilitate
30 modeling.
31
32 *Model Confirmation and Calibration. Direct comparison or calibration of predicted
33 brine and gas migration to actual field measurements is not practical for several
34 reasons, including the extremely low permeabilities of the Salado Formation and the
35 duration of the modeling simulation.
36
37 *Uncertainty and Sensitivity Analyses. Stochastic and conceptual model uncertainty is
38 assessed in Appendix SCR and summarized in Section 8.4.3 to identify events or
39 processes capable of contributing significant uncertainty to the demonstration.
40 Parameter sensitivity is considered in Section 8.4.4.
41
42 8.4.1 Brine and Gas Migration
43
44 Sensitivity analyses in previous brine- and gas-flow simulations have shown the
45 significant effect that gas-generation rates have on brine and gas flow (WJPP PA 1992,
46 6-2). In general, previous simulations indicated that if gas generation is relatively low,
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1 Table 8-14. Summary of Primary Model Configuiration Assumptions'
* ~2 ___

3 GENERAL ASSUMPTIONS ANHYDRITE AND HALITE ASSUMPTIONS

4 . Brine- and gas-flow fields are based on a single 2D * Simplified stratigraphy with two lithologic types:
5 geometry with radially symmetric flow divergent from anhydrite and impure halite. (reasonable)
6 and convergent to the repository. (reasonable)
7 * Anhydrite interbeds: MB 138, combined anhydrite layers
8 * Deterministic (median value) selection of material a and b, End MB 139 only. (reasonable)
9 properties. (reasonably conservative)

10 . Post-closure brine inflow from clay consolidation is
1I I * Two-phase flow (brine and gas) obeys Darcy's Law for negligible. (reasonable)
12 compressible fluids in all media. Phases are pure
13 components; Brooks-Corey two-phase characteristic * Pressure- dependent fracturing occurs at near-lithostatic
14 equations are used to describe two-phase flow, pressure; modeled with pressure dependent permeability
is (reasonably conservative) and poros ity. (reasonable simplification)
16
17 * Prior to excavation, Salado is in hydrostatic equilibrium, * One degree uniform dip to south within the Salado.
18 i.e., no gradients exist in the Salado. After excavation, (realistic)
19 brine flow is induced by repository effects. (realistic)
20 . Gas do'es not penetrate impure halite due to high
21 0 Gas has the composition and physical properties of threshold pressure (P,). (conservative)
22 hydrogen. (reasonable)
23 . Initial (pri,-excavation) impure halite and anhydrite
24 * All liquid possesses properties of Salado brine, porosity specified; varies with pressure because of
25 (reasonable) compressibility. (realistic)
26
27 * Gas does not dissolve in brine. (reasonable) - Permeabilities, porosities, and Salado brine saturation are.28 adjusted in the excavation at time t, = 0 for the 10,000-
29 * Initial conditions - Waste panels remain open for five year simulation (e.g., at repository closure). Initial Salado
30 year waste emplacement period. (reasonable) brine saturation specified as fully saturated. (realistic)
31
32 * For purposes of numerical modeling, the model domain * Impure halite permeability specified constant in time.
33 extends 22.4 kmn from the repository and extends upward (reasonable)
34 from the base of the Salado to the surface. Below the
35 Culebra boundary, no-flow boundary conditions are * Intact anh 'ydrite permeability initially spatially constant.
36 assigned to the boundary of the model domain. Constant (reasonable)
37 pressure and saturation conditions are applied at the
38 model domain boundary of the Culebra and overlying DISTURBED ROCK ZONE
39 units and along the surface. (reasonable)
40 *Permeability specified and constant during operational
41 * Pressure is specified in hydrostratigraphic units overlying phase; for initial model conditions operational DRZ
42 the Salado. (realistic) becomes p.artially desaturated and depressurized.
43 (reasonable)
44 * Klinkenburg effect is included. (realistic)
45 *At to = 0, l)RZ is assigned time-invariant, high
46 * At pressures near lithostatic or in excess of lithostatic, permeability (DRZ does not heal). (conservative)
47 brittle layers in the surrounding formation will fracture;
48 pressure conditions exceeding lithostatic conditions are *Threshold capillary pressure is zero. (conservative)
49 not stable. (reasonable)
50 *At to = 0, porosity specified as impure halite.
51 *Grid dimensions associated with all regions (e.g., shaft, (conservative)
52 waste disposal panels, etc.) are preserved and do not
53 change with time. (reasonable) *Initial conditions - Brine saturation specified as fully

saturated; variation calculated during operational phase
as brine flows in and drains out. (reasonable)

I nitial pressure in hydrostatic equilibrium with rest of
Salado. (realistic)

54 'Fundamental assumptions underlying the brine- and gas-flow simulation are explained in detail in Appendix MASS.
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I Table 8-14. Summary of Primary Model Configuration Assumptions (continued)
2

3 . If brine saturation equals zero in a cell, gas generated by
4 WASTE/DISPOSAL REGION ASSUMPTIONS anoxic corrosion and microbial degradation ceases.

(reasonable)

5 * All pillars removed from panels resulting in * If brine is present, gas continues to be generated on a
6 homogeneous waste region. (conservative) cell-by-cell basis until all reactant inventories are
7 depleted. (reasonable)
8 * Pore space is fully connected in all regions. (reasonable)
9 SHAFT SEAL DESIGN

10 * Waste and panel closures are emplaced simultaneously:
11I at t, = 0, waste region is assigned a constant high * Highly-compacted crushed salt barrier and clay barriers
12 permeability. Panel closures are assumed ineffective in provide long-term seal. (realistic)
13 long-term sealing. (conservative)
14 . Short-term seals (concrete and asphalt) limit short-term
15 * Porosity and pore volume of waste region vary with brine inflow and retard short-term gas migration.
16 creep closure, which is a function of time dependent gas (realstic)
17 generation, fluid movement and repository pressure.
18 (reasonable) * Porosity of shaft seals and intervening shaft regions is
19 constant at consolidated levels. (reasonable)
20 * Wicking of brine occurs through capillary forces and
21 results in increased contact of brine and waste. * Effective permeability of shaft regions varies with time in
22 (conservative) a step-wise fashion to reflect consolidation. (reasonable)
23
24 * Pressure at t, = 0 is atmospheric; brine content in the * Time-varying DRZ properties are included in the
25 repository at end of operational period is discarded to effective permeability of the adjacent shaft components.
26 reflect removal during ventilation. The moisture content (reasonable)
27 of representative emplaced waste is used to specify the
28 initial brine saturation of the waste region. (reasonable) * Permeability of concrete shaft seal components degrades
29 to that equivalent of silty-sand. (conservative)
30 * Threshold capillary pressure is zero. (reasonable)
31 HAZARDOUS-CONSTITUENT MIGRATION
32 * Effects of backfill on chemical conditions, fluid flow,
33 and consolidation in the waste region are not considered. *Gas-phase organic compounds mix with waste-generated
34 (conservative) gas and are transported simultaneously as a single gas
35 having the physical properties of hydrogen gas.
36 GAS GENERATION (reasonably conservative)
37
38 * Two gas-generation processes are assumed to occur *Gas and brine are immiscible. (reasonable)
39 simultaneously: anoxic corrosion and microbial
40 degradation of all cellulosics, plastics and rubbers. * The mobility of hazardous-constituent metals dissolved in
41 (conservative) brine and organic constituents partitioned into the brine
42 phase is a bounding compliance measure. (reasonable)
43 * In the average-stoichiometry model, rates of gas
44 generation by corrosion and microbial generation change * Transport of a surrogate metal tracer assuming only
45 depending on brine saturation of waste region. advective and dispersive processes is a bounding
46 (reasonable) compliance measure. No credit would be taken for
47 retardation through sorption to fixed substrates within the
48 * Brine is consumed by corrosion but is neither consumed repository or along migration pathways. (conservative:
49 nor produced during microbial degradation. mobilized metals will likely be absorbed to waste forms,
50 (reasonable) clays and anhydrites, or engineered components of the
51 disposal system (e.g., clay in shaft seals))
52 11
53 a Fundamental assumptions underlying the brine- and gas-flow simulation are explained in detail in Appendix MASS.
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2 repository and equilibrates with the far field. Under this condition, the direction of flow
3 has tended to be inward toward the repository, making the repository behave as a brine
4 sink. Conversely, if closure proceeds quickly and gas is generated sufficiently for
5 pressure within the repository to build quickly to near-lithostatic levels, fluids can,
6 depending on residual saturation, migrate slowly away fromy the repository and into the
7 anhydrite interbeds and sealed shaft.
8
9 The simulation results presented in this section are based ont a conservative assumption of

10 conditions that enhance high gas-generation rates. Gas generation is purposely modeled
11 to enhance the potential for migration of brine and gas away from the repository and into
12 the anhydrite interbeds and sealed shaft. As discussed in Section 8.2.3.3, the modeling
13 approach implemented is conservative based on the assumption that the entire inventory
14 of ferrous metals, cellulosics, plastics, and rubbers in the'waste is available to generate
15 gas. No credit is taken for the 50 percent probability that biodegradation may not occur
16 and that gas-generation rates could, therefore, be lower.
17
18 8.4.1.1 Repository Behavior
19
20 As expected, the BRAGELO simulation indicates that average pressure in the waste
21 disposal region increases with time (Figure 8-5). The pressure increase is primarily.22 attributed to gas being generated more quickly than pressure can be relieved by fluids
23 flowing out of the anhydrite layers or up the sealed shaft. Smaller contributions to the.
24 pressure build-up occur through reduction of void volume by creep closure. For the high
25 gas-generation conditions assumed, pressure rises rapidly from atmospheric pressure to
26 12 MPa over the first 500 years after closure. After the first 400 to 500 years, repository
27 pressure rises gradually to a peak value of 14.13 MPa at 6.200 to 6,400 years followed by
28 a steady decrease to 14.11 MPa at 10,000 years. The total amount of gas generated by
29 biodegradation and by anoxic corrosion during 10,000 years (according to the BRAGFLO
30 simulation) is shown in Figure 8-6. Approximately 650 x 10)6 moles of gas are generated
31 during the first 400 to 500 'years. Gas generation then slows., and the total quantity at
32 10,000 years is 716 x 106 moles. At reference conditions of 30'C (86'F) and 0.101 MPa,
33 this amount of gas would occupy a volume of 100 x 109 in3.

34
35 The BRAGFLO simulation shows cumulative brine flow into the repository from the
36 DRZ and the far field (Figure 8-7). At the same time, the pore volume (void space)
37 present in the repository is reduced by creep closure, as shown in Figure 8-8. Eighty-nine
38 percent of the brine inflow occurs during the first 50 years, 198,400 ft3 (5,620 in 3) Of
39 brine, and the remaining 24,400 ft3 (690 Mn3) of brine enters the repository during the last
40 9,950 years of the 10,000-year simulation. Total pore volume in the repository decreases
41 from 13 x 106 to 5.86 x 106 ft3 (370 x 103 to 166 x 103 in 3) during the first 50 years. The
42 closure rate subsequently slows, and the minimum pore volume 3.1 X 106 ft3 (88 x 103
43 in 3) is achieved after 1,060 years. The pore volume then increases slightly to a final value.44 of 3.2 x 106 ft3 (91 X 1031 in 3) during the remaining 8,940 years. The increase is due to the
45 pressure exerted by the gas in the repository.
46
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I The average brine saturation in the waste during 10,000 years is depicted in Figure 8-9.
2 The initial increase in brine saturation during the first 50 years is due to brine inflow,
3 rapid creep closure, and a sharp reduction in pore volume in the waste. Once the
4 repository ceases to close, brine consumption due to corrosion causes brine saturation to
5 decrease. Figure 8-9 shows this transition as a sharp increase in average brine saturation
6 to just above five percent (at 50 years), followed by a steady decrease to 0.0002 percent at
7 500 years. The brine saturation then continues to decrease gradually for the rest of the
8 10,000-year period.
9

10 The BRAGELO simulation indicates that consumption of ferrous metals by corrosion
11 slows markedly and essentially ceases after the first 500 years (Figure 8-10). Figure 8-11
12 shows similar behavior involving consumption of the inventory of biodegradable
13 materials (consumption progresses rapidly during the first 350 years and halts for the next
14 650 years). Biodegradation then resumes at a slower rate and ceases after 6,400 years.
15 The continued presence of unreacted solid waste (i.e., ferrous metals, cellulosics, plastics,
16 and rubber) indicates that the corrosion and biodegradation processes cease. As discussed
17 in Section 8.2.3.3, brine must be present for biodegradation and corrosion to take place.
18 The brine originally present in the waste, together with the brine flowing into the
19 repository, are consumed during the first 400 to 500 years by the ongoing corrosion. Both
20 processes are then limited by the lack of brine and proceed at much lower rates. As noted
21 earlier, the reduction in brine inflow (and resulting brine availability) is a direct
22 consequence of several factors, including the pressure increase and repository closure.
23
24 8.4.1.2 Brine-Migration Model Predictions
25
26 The BRAGFLO simulation indicates that no brine leaves the waste disposal region during
27 the 10,000-year period. This conclusion results from a comparison of calculated brine
28 saturation in the waste region with the estimated residual brine saturation (S.r) of the
29 waste (see Appendix PAR, PAR-37). As described in Appendix PAR, Sbr is the brine
30 saturation required to permeate the waste matrix sufficiently to create an incipient
31 network of interconnected pores. For brine saturations below Sbr' the brine phase relative
32 permeability, according to two-phase flow theory, is zero; hence, brine would be
33 immobile. For brine saturations above Sbro brine phase relative permeability slowly
34 increases from a value of zero at the Sbr' to a value of one for fully brine-saturated
35 conditions (see Appendix BRAGELO, Section 1.9).
36
37 This demonstration takes advantage of literature-based data of residual liquid saturations
38 measured for unconsolidated materials. These materials include soils and sands of
39 various size gradations,-as well as artificial materials, including uniformly-sized glass
40 beads and simulated fragmented mixtures. As analogs for residual brine saturation in the
41 waste region, unconsolidated materials are appropriate; the waste region is initially
42 unconsolidated and consolidated materials generally exhibit higher values of residual
43 liquid saturation. Appendix PAR discusses residual brine saturations assigned to various
44 components of the disposal system.

46

June 14, 1996 8-46 DOE/CAO-96-21 60



Final No-Mfigration Variance Petition

16E

14

12

10

0~

0

500-

4 00-
a)

00

600

2 500-
~0

0~ 2006 8 10 1

Time (103 years)

Figure 8-6. Cumulative Amount of Gas Generated by
Corrosion and Biodegradation

Thi Ilusratonfor Information PurosesOnfly

NMVP-6342-1 73-0

DOE/CAO-96-2 160 8-47 June 14, 1996



Final No-Migration Variance Petition

1 THIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 8-48 DOE/CAO-96-2 160



Final No-Mifgration Variance Petition

6

E

E 3

CO

0

0 2 4 6 8 10 12

Time (103 years)

Figure 8-7. Cumulative Brine Flow finto, the Repository

400 -_______________

0 350

E 300
CO

2,9

S200

100 _____

0 2 4 6 8 10 12

Time (103 years)

Figure 8-8. Total Pore Volume in t~he Repository

This Illustration for InformationHPurposes Only

NMVP-6342-174-0

DOE/CAO-96-2160 8-49 June 14, 1996



Final No-Migration Variance Petition

1 THIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 8-50 DOE/CAO-96-2 160



Final No-Migration Variance Petition

0.06-

0.05

0.04

S003

Cl)
(D 0.02

0.01

0.00

0 2 4 6 8 10 12

Time (10~3 years)

This Illustration for Information Purposes Only

NMVP-6342-169-0

0 Figure 8-9. Average Brine Saturation in the Repository

DOE/CAO-96-2160 8-51 June 14, 1996



Final No-Migration Variance Petition

TIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 8-52 DOE/CAO-96-2 160



Final No-Migration Variance Petition

74

72

70

cc68

S6415

cc62
0
5 60

L)
S58

co 56

54
0 2 4 6 8 10 12

Time (103 years)

Figure 8-10. Mass of Ferrous Metal Remaining in the Repository

30

28

-26

*~24
CD
*~22

_T~ 20

-o18

(D 16
~0

~14
0 12

Cc 10

8
0 2 4 6 8 10 12

Time (103 years)

Figure 8-11. Mass of Biodegradable Material Remaining in the Repository

Thi ilusratonfor Information Puroe Oly

NMVP-6342-170-0

DOE/CAO-96-2160 8-53 June 14, 1996



Final No-Migration Variance Petition

1 THIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 8-54 DOE/CAO-96-2160



Final No-Mig ation Variance Petition

I Figure 8-12 reproduces the plot of the modeled residual brine saturation in the waste
2 disposal region. The constant residual brine saturation of 27.6 percent used in
3 BRAGFLO and a bounding literature-based 5 brvalue are also plotted on Figure 8-12. As
4 indicated in Section 8.4. 1. 1, the waste region undergoes an early peak in brine saturation
5 before decreasing for the duration of the simulation. The peak brine saturation (5.1
6 percent) is well below the expected residual brine saturation., and is below the bounding

7 br (7.8 percent). The bounding 8 brvalue represents initiation of continuous liquid flow
8 through a glass bead mixture tested by Brooks and Corey ( 1964), a value that is believed
9 to conservatively underestimate the amount of brine necessary to allow continuous flow

10 through the waste.
11
12 The BRAGFLO simulation predicts outward movement of brine only from the DRZ
13 surrounding the repository. This brine has not been in contact with the waste and does
14 not contain hazardous constituents. The majority of brine that enters the marker beds
15 46,860 ft3 (1,327 in3) does so at the southern and northern int~erfaces between the DRZ
16 and IvIB 139; MB 139 experiences a small increase in perine ability due to fracturing,
17 somewhat enhancing brine flow in that unit.
18
19 The cumulative brine flow into MB 139 toward the south is 29,600 ft3 (838 Mn3 ), as shown
20 in Figure 8-13. An additional 17, 100 ft3 (485 in) of brine flows into MEB 139 toward the
21 north, as shown in Figure 8-14. Cumulative flows of brine into the other anhydrite

* 22 interbeds (M[B 138 and anhydrite layers a and b) are less than 141 ft3 (4 in) . There is
23 essentially no flow of brine up the shaft at the MEB 138/halite interface (4.19 x 10-11 in).

24
25 8.4.1.3 Gas-Migration Model Predictions
26
27 As a consequence of low permeability and high threshold pre ssure, halite behaves as an
28 essentially impermeable barrier to gas flow in the BRAGFL() simulation. Figure 8-15
29 shows gas saturation calculated at 10,000 years within the halite immediately above M[B
30 138. The zero gas saturation indicates no migration of the gas into or through the halite,
31 and that the halite remains fully brine-saturated at all times. G3as saturation across the
32 repository shaft at the MB 138 horizon is not depicted in Figure 8-15.
33
34 The BRAGELO gas migration results indicate that gas pressure in the repository is not
35 sufficient to produce extensive gas migration in anhydrite units. However, the build up in
36 gas pressure is sufficient to drive gas into the DRZ and result in a small amount of
37 pressure-dependent fracturing in anhydrite layers a and b. 'The BRAGFLO simulation
38 indicates that gas migrates from the repository through the DRZ into anhydrite layers a
39 and b (in both directions). The simulation also shows gas migrating into MB 138 and
40 along dip to the south of the repository. Gas does not migrate into M[B 138 toward the
41 north or into MB 139 in either direction. Gas migration in both directions in anhydrite
42 layers a and b is likely a result of a small increase in permeability in these units due to
43 fracturing. The fracture initiation pressure is not reached in MB 138. Gravitational.44 separation of the two immiscible fluids results in gas preferentially migrating upward, and
45 not downward into MB 139.
46
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1 The extent of migration is represented in Figures 8-16 through 8-18 as maximum gas
2 saturations reached during the 10,000-year simulation. Figures 8-15 and 8-16 show gas0
3 in anhydrite layers a and b (to the south and north of the repository, respectively). Figure
4 8-18 shows gas migration into MB 138 toward the south. Given that the zero origin
5 represents the edge of the waste panels in each of these figures, the illustrations
6 demonstrate that gas does not migrate to the lateral boundaries of the disposal unit.
7 Based on gas saturation, the BRAGFLO simulation predicts gas to migrate relatively
8 short distances from the repository. The greatest migration distance, 2,050 ft (625 in),

9 occurs in the combined anhydrite layers a and b layer in the northerly direction (Figure
10 8-17).
11
12 Complicating interpretation of gas flow in the shaft are local capillary pressure gradients
13 created between various shaft seal components, and an assumption of an initial mobile
14 gas in the pore space of shaft material regions. The nonzero initial gas saturation
15 precludes meaningful interpretation of cumulative gas flow in the shaft. Qualitatively,
16 any gas leaving the waste-disposal panels must mix with a large volume of preexisting
17 gas in the pore space of shaft components. This suggests the gas mixture at the shaft unit
18 boundary may be dominated by a large component of gas unrelated to the waste-disposal
19 panels. For this demonstration, however, the DOE relies on the bounding analyses
20 described in Section 8.4.2.1 to establish the no-migration of gas-phase organic hazardous
21 constituents.
22

23 8.4.2 Comparison to Health-Based Levels
24

25 The BRAGFLO simulation shows that no gas flows past the lateral unit boundaries.
26 Because BRAGELO results cannot be interpreteted definitively regarding gas flow in the
27 shaft, bounding calculations are used in this section to demonstrate that gas-phase organic
28 hazardous-constituent soil concentrations will not exceed HBLs for soil at the unit
29 boundary in the shaft. This section also applies bounding calculations at the lateral unit
30 boundary.
31
32 The BRAGFLO simulation indicates no brine leaving the waste disposal region.
33 Consequently, a hazardous constituent transport code is not required to simulate the
34 transport of the surrogate tracer from the waste disposal region, nor is a comparative
35 evaluation of liquid-phase hazardous-constituent concentrations to HBLs.
36
37 8.4.2.1 Gas-Phase Bounding Calculations
38
39 This section compares b -ounding soil concentrations for gas-phase VOC and SVOC
40 hazardous constituents with allowable soil concentrations derived from EPA-approved
41 HBLs. Soil-based concentrations are calculated assuming gas-available porosity within
42 the asphalt shaft seal and within the applicable anhydrite units at the subsurface disposal
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I unit boundaries. The general equation used to derive soil-based concentrations for organic
2 hazardous constituents in the gas phase is given by:
3
4 Ci sb =M 1/ =: looopj4) 5gV/PsdV = 1OOOP~4 SVPRd (8)
5
6 where
7

8 Psd [Pgr (1- 4)) + PbC 15Sg)4 + Prn4 5g] (9)
9

10 = 1 - sb' and (10)
11

12

13 C sb = soil-based concentration of hazardous constituent i in volume V (mg/kg)
14 =i mass of hazardous constituent i contained in the gas phase in volume V (mg)
15 M = combined mass of solid, brine, and gas phases in volume V (kg)
16 Pi concentration of constituent i or mass of hazardous constituent i per volume
17 of the gas phase in volume V (g/m 3)
18 4) = porosity of solid (unitless)
19 =9 saturation of the gas phase (unitless)
20 Sb = brine saturation (unitless)
21 V = combined volume of solid, brine, and gas phases (m3)*

*22, Rd = combined mass of solid, brine and gas phases i:-a volume V (k g/in 3)
23 Pgr = grain density of the solid in volume V (kg/rn ')
24 Pb = brine density (k g/in 3)
25 Pm  density of the gas phase (k g/in 3) _ pm4) Sg = *
26
27 * note that the volume parameter cancels out, making thickness of the pathway inconsequential
28 "*density of the gas mixture is assumed to be negligible in comparison to the anhydrite and brine density

29
30 From equation (8) through (10), soil-based concentrations of hazardous constituents
31 increase with porosity, gas saturation and partial pressure of the hazardous constituents in
32 the gas phase. Partial pressures are assumed to be bounded by concentrations in the waste
33 region. Values for parameters needed to calculate upper bounds for soil-based
34 concentrations are presented in Table 8-15.
35
36 Headspace-Derived Source Term. As discussed in Section 8.3.3, drum headspace
37 measurements are available to bound soil concentrations for 20 gas phase VOCs. The
38 source-term conceptual model assumes equilibration of VOC headspace measurements in
39 the waste region and subsequent compression to the bounding concentrations by creep
40 closure. Weighted average concentrations for these constituents are expressed in g/m3 in
41 Table 8-13, Section 8.3. The bounding concentrations maintained for the 10,000-year
42 modeling period are calculated as follows:
43
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I Table 8-15. Parameter Values Used in Deriving Bounding Soil-Based
2 Concentrations of Organic Gas-Phase Hazardous Constituents
3
4 . .. Parameter........ Value Used units
5
6 Universal Gas Constant 8.32 (Nt-mlgmolefK)
7 Repository Temperature 300K
8 Excavated Volume 4.36E+05 (Wn)

9 Initial Repository Porosity 0.848
10 Initial Gas Saturation in Repository 0.985
11 Initial Gas Volume 3.64E+05 (in)

12
13 Final repository porosity 0.209
14 Final repository gas saturation 1.0
15 Final gas volume in repository 9.11 E+04 (Wn)

16 Grain density - Anhydrite 2.75E+03 (kg/in 3)
17 Porosity - Anhydrite 0.011
18 Grain density - Seal 2.02E+03 (kg/in3 )
19 Porosity - Seal 0.01 (kg/rn3 )
20 Gas saturation- anhydrite 1.0 (kg/in3 )
21 Gas saturation - upper shaft seal 1.0
22
23 Brine density 1 .23E +03 (kg/rn 3)
24
25
26
27 PiphpbVr0 /Vr'
28
29 Vro=Srgo(roVe,
30
31 Vrf=Srf~4WVe,
32
33 where
34 

( / 335 p,' = concentration of VOC i in drum headspace (/ 3

360
37 VT0  = volume of gas in waste region at t = 0 when the repository is decommissioned
38 (in)

39 
( 340 Wr = volume of gas in waste region at t = 10,000 years(i)

41
42 Ve = excavated volume in the waste region at t = 10,000 years (in3 )
43
44 Srg0  = gas saturation in the repository at t = 0 when the repository is decommissioned
45 (unitless)
460
47 4r = porosity of the waste region at t = 0 when the repository is decommissioned
48 (unitless)
49
50 Sr~f = gas saturation in the repository at t = 10,000 years (unitless), and
51

52 4W~ = porosity of the waste region at t = 10,000 years (unitless)
54
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I Saturated-Vapor-Pressure-Derived Source Term. For the four VOCs and 10 SVOCs
2 with no headspace data, saturated vapor pressures are used to calculate bounding soil-
3 based concentrations. Section 8.3.2.2 provides the equation used to derive saturated
4 vapor concentrations, expressed in g/m'.
5

6 Bounding Demonstration. Table 8-16 directly compares derived soil-based
7 concentrations (mg/kg) with HBL soil concentrations (mg/kg). Results are presented
8 using parameters for anhydrites and asphalt shaft seal materials, including a bounding
9 assumption in both materials of no brine saturation: this assumption results in maximum

10 gas saturation of anhydirite and shaft seal material pore space (e.g., 100 percent gas
I1I saturation), and maximizes the calculated quantity of hazardous constituents at the
12 boundary.
13
14 By correcting source-term concentrations for gas-available porosities at the unit
15 boundary, the methodologies described above assume no credit for any processes capable
16 of diluting or attenuating concentrations along the migration pathway. Representing the
17 highest gas phase soil-based concentration possible along potential migration pathways,
18 compliance is demonstrated by showing these concentrations to be at least two orders of
19 magnitude smaller than the corresponding hazardous-constituent HBL. This comparison
20 demonstrates that gas phase hazardous-constituent concentrations will never exceed
21 HBLs established by the EPA.. 22
23 8.4.3 Prediction of Infrequent Events - Uncertainty Analyses
24
25 The conceptual basis for this simulation contains the aspects (i.e., FEPs) of the
26 demonstration that the D)OE believes contribute significantly to uncertainty (268.6 (b)(5)).
27 A conceptual screening process presented in Appendix SCR is used to minimize or
28 account for the effects of stochastic and conceptual model uncertainty. Consistent with
29 draft guidance contained in EPA (1992, 38-39), Appendix. S CR identifies and assesses a
30 comprehensive inventory of potential natural events, waste/facility-induced events, and
31 human-induced events. Where appropriate, Appendix SCR presents quantitative and
32 qualtitative assessments, of chemical, thermal, and mechanical processes listed in EPA's
33 (1992) no-migration guidance document, as well as for appl~cable FEPs considered in the
34 overall WIPP program. A summary of the FEPs considered in the no-migration
35 demonstration is provided in Tables 8-17, 8-18, and 8-19.
36
37 The following screening classification is applied in Appendi x SCR and Tables 8- 17,
38 8-18, and 8-19 to systematically account for stochastic and conceptual model uncertainty:
39
40 0 FEPs are considered in the no-migration demonstration
41
42 0 FEPs are insignificant to the results of the demonstration and are screened on the
43 basis of consequence (labeled SO-C) - FEPs having ail adverse impact on waste.44 isolation are assessed accordingly
45
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* 1 Table 8-17. Natural FEPs and Their Screening Classifications
2

5
6 GEOLOGICAL 1.1

7 Stratigraphy 1.1.1

8 Stratigraphy NMD
9 Tectonics 1.1.2

10 Changes in regional stress SO-C
11 Regional tectonics SO-C
12 Regional uplift and subsidence SO-C
13 Structural effects 1.1.3
14 Deformation1.31
15 Salt deformation . NMD near SO P elsewhere

repository.
16 Diapirism SO-P
17 Fracture development 1.1.3.2
18 Formation of fractures NMD near SO-P elsewhere

repository.
19 Changes in fracture properties NMD near SO-C elsewhere

repository.
20 Fault movement 1.1.3.3
21 Formation of new faults SO-P
22 Movement along faults SO-P
23 Seismic activity 1.1.3.4
24 Earthquakes NMD, DRZ assumptions
25 Ground shaking NMD, DRZ assumptions
26 Crustal processes 1.1.4
27 Igneous activity 1.1.4.1
28 Volcanic activity SO-P
29 Magmatic activity SO-C
30 Metamorphism 1.1.4.2.31 Metamorphism SO-P
32 Geochemical effects I.1..5
33 Dissolution 1.1.5.1
34 Shallow dissolution SO-C
35 Lateral dissolution SO-C
36 Deep dissolution SO-P
37 Solution chimneys SO-P
38 Breccia pipes SO-P
39 Collapse breccias 50-p
40 Mineralization 1.1.5.2
41 Fracture infiiling SO-C
42 Hydrothermal alteration SO-P
43
44 SUBSURFACE HlYDROLOGICAL 1.2
45 Groundwater flow characteristics 1.2.1
46 Saturated groundwater flow SO-C

47 Unsaturated groundwater flow SO-C
48 Groundwater flow: fractures SO-C
49 Effects of preferential pathways SO-C
50 Changes in groundwater flow 1.2.2
51 T'hermal effects on groundwater flow SO-C
52 Saline groundwater intrusion SO-P
53 Fresh groundwater intrusion SO-C
54 Density effects on groundwater flow SO-C
55 Hydrological response to earthquakes SO-C
56____________________________ ______________

57 NMD FEPs accounted for in the: no-migration demonstration calculations for 40 CFR § 268.6.
58 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
59 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
60
61
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1 Table 8-17. Natural FEPs and their Screening Classifications (continued)

5
6 SUBSURFACE GEOCHEMICAL 1.3
7 Groundwater geochemistry 1.3.1
8 Groundwater geochemnistry NMD
9 Changes in groundwater chemistry 1.3.2

10 Saline groundwater intrusion SO-C
11I Fresh groundwater intrusion SO-C
12 Changes in groundwater Eh SO-C
13 Changes in groundwater pH so-c
14 Effects of dissolution on groundwater chemistry SO-C
15
16 GEOMORPHOLOGICAL 1.4
17 Physiography 1.4.1
18 Physiography NMD
19 Meteorite impact 1.4.2
20 Meteorite impact SO-P
21 Denudation 1.4.3
22 Weathering 1.4.3.1
23 Mechanical weathering SO-C
24 Chemical weathering SO-C
25 Erosion 1.4.3.2
26 Aeolian erosion SO-C
27 Fluvial erosion SO-C
28 Mass wasting SO-C
29 Sedimentation 1.4.3.3
30 Aeolian deposition SO-C
31 Fluvial deposition SO-C
32 Lacustrine deposition SO-C

34Soil development MswatnSOC1.4.4
35 Soil development SO-C
36
37 SURFACE HYDROLOGICAL 1.5
38 Fluvial 1.5.1
39 Surface flow characteristics: stream/river flow SO-C
40 Lacustrine 1.5.2
41 Surface water bodies SO-C
42 Infiltration / recharge / discharge 1.5.3
43 Groundwater discharge SO-C
44 Groundwater recharge SO-C
45 Infiltration SO-C
46 Changes in surface hydrology 1.5.4
47 Changes in groundwater recharge /discharge SO-C
48 Lake formation / infilling SO-C
49 River flooding SO-C
50
51 CLIMATIC 1.6
52 Climate 1.6.1
53 Precipitation SO-C
54 Temperature SO-C
55 Wind SO-C
56 Climate change 1.6.2
57 Meteorological 1.6.2.1
58 Climate change NMD
59 Drought SO-C
60
61 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
62 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
63 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
64
65
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4

8

10 Seas 1.7.1
11 Coastal waters SO C
12 Ocean waters SO C
13 Estuaries So-c
14 Marine sedimentology 1.7.2
15 Coastal erosion SO-C
16 Marine sediment transport and deposition SO-C
17 Sea level change 1.7.3
18 Sea level change SO-C
19
20 ECOLOGICAL 1.8
21 Flora & fana 1.8.1
22 Plants SO-C
23 Animals SO-C
24 Microbes SO-C
25 Changes in flora & fauna 1.8.2
26 Natural ecological development SO-C
27
28 NMD FEPs accounted for in the no-migration demonstration calculations for 44) CFR § 268.6.
29 SO-C FEPs eliminated from the no-migration demonstration calculations on the be sis of consequence.
30 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
31. 32
33
34

35 0 FEPs are not likely to affect the results of demonstration and is screened on the
36 basis of low probability of occurrence (labeled SO--P) - FEPs having a reasonable
37 likelihood of occurring during the isolation period are assessed accordingly
38
39 Appendix SCR also demonstrates conservatism. Conservatism includes identifying and
40 taking no credit for selected FEPs that might result in "benef icial" consequence to the
41 demonstration. For example, considering FEPs, such as organic degradation, sorption
42 kinetics, and colloid agglomeration, would result in reducing the amount of hazardous
43 constituents calculated to reach the disposal unit.
44

45 Uncertainty can also be related to uncertainty involving imlpiecisely known variables, i.e.,
46 the variability or uncertainty in the population from which a statistical measure is derived.
47 Model input values selected on the basis of statistical parameter distributions incorporate
48 this range of uncertainty. To account for parameter and conceptual model uncertainty, the
49 DOE has implemented a number of reasonably conservative assumptions and modeling
50 approaches that, cumulatively, tend to overestimate the potential for brine and gas flow.
51
52
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1 Table 8-18. Waste-Induced or Repository-Induced FEPs and Their Screening
2 Classification
3

6
7 MECHANICAL EFFECTS2.
8 Subsystem Characteristics2.1
9 Geological characteristics M2.11

10 Repository characteristics NMD 2.1.1.2
11 Waste and container charactenistics NMD 2.1.1.3
12 Backfill characteristics SO C 2.1.1.4
13 Seal characteristics MMD 2.1.1.5
14 Post-closure monitoring SO-C 2.1.1.6
15 Gas Generation 2.1.2
16 Microbial Gas Generation 2.1.2.1
17 Microbial degradation of organic material NMD
18 Effects of temperature on microbial degradation MMD
19 Effects of pressure on microbial degradation SO-C
20 Effects of radiation on microbial degradation SO-C
21 Effects of bioflms on microbial degradation NMD
22 Corrosion 2.1.2.2
23 Gases from metal corrosion NMD
24 Effects of galvanic coupling on gas generation rates SO-P
25 Chemical effects from corrosion on gas generation MMD

rates
26 Radiolytic Gas Generation 2.1.2.3
27 Radiolysis of brine SO-C
28 Radiolysis of cellulosics; SO-C0
29 Helium production SO-C
30 Radioactive gas production SO-C
31 Rock Mechanics 2.1.3
32 Excavation-induced fracturing 2.1.3.1
33 Formation of disturbed rock zone MMD
34 Excavation-induced local changes in stress MMD
35 Salt Creep 2.1.3.2
36 Salt creep MMD
37 Changes in stress field due to salt creep MMD
38 Roof Falls 2.1.3.3
39 Roof falls MMD
40 Mechanical Effects of Gas Generation 2.1.3.4
41 Mechanical effects of gas generation MMD
42 Effects of Explosions 2.1.3.5
43 Gas effects: explosions MMD
44 Explosions due to nuclear criticality SO-P
45 Mechanical Effects of Materials 2.1.3.6
46 Consolidation of waste MMD
47 Backfill SO-C
48 Movement of canisters SO-C
49 Mechanical failure of canisters MMD
50 Consolidation of seals (salt) MMD
51 Mechanical failure of seals (salt) SO-P
52
53 MMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
54 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
55 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
56
57
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*1 Table 8-18. Waste-Induced or Facility-Induced FEI's and Their Screening

2 Classifications (continued)

4 PHI's -'v~at,, Conl-s

5 ___ ___ ___ __

6 Mechanical failure of seals (concrete) SO-P
7 Mechanical failure of seals (clay) SO-P
8 Investigation borehole seal failure SO-c
9 Subsidence2.37

10 Subsidence SO-C
11 Large-scale fracturing SO-P
12 Fluid Dynamics 2.1.4
13 Repositoiy-induced flow 2.1.4.1
14 Brine inflow NMD
15 Capillary rise 2.1.4.2
16 Wicking NMD
17 Effects of Gas Generation 2.1.4.3
18 Brine flow due to gas production NMD
19 Backfill-Hydraulic Effects SO-C Beneficial 2.1.4.4
20
21 CHEMICAL AND BIOCHEMICAL EFFECTS 2.2
22 Repository 2.2.1
23 Metal corrosion SO-C 2.2.1.1
24 Microbial processes SO-C 2.2.1.2
25 Radiolysis SO-C 2.2.1.3
26 Dissolution reactions SO-C 2.2.1.4
27 Dissolution reaction kinetics SO-C Beneficial 2.2.1.4.28 Decomposition of cementitious sludges SO-C Beneficial 2.2.1.5
29 Chemical effects of backfill SO-C Beneficial 2.2.1.6
30 Leachate 2.2.2
31 Initial liquid content NMD
32 Brine inflow NMD
33 Leachate, Formation NMD
34 Waste/Waste Container Persistence 2.2.3
35 Waste persistence NMD
36 Container persistence SO-C Beneficial
37 Oxidation/Reduction Potential 2.2.4
38 Organics 2.2.4.1
39 Degradation of organics SO-C Beneficial
40 Metals .2.2.4.2

41 Metal speciation SO-C
42 Redox kinetics SO-C
43 Localized reducing zones SO-C
44 Redox fronts SO-P
45 Adsorptivity 2.2.5
46 Organics 2.2.5.1
47 Post-closure VOC release mechanisms and SO-C

increased volatilization potential
48 Metals 2.2.5.2
49 Sorption SO-C Beneficial
50 Sorption kinetics SO-C
51 Changes in sorptive surfaces SO-C
52_____________________________ _____________

53 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
54 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
55 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
56. 57
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1 Table 8-18. Waste-Induced or Facility-Induced FEPs and Their Screening
2 Classifications (continued)
3

4 -Ž1Ih4 :L~s Comn- C

6
7 Hydrolysis 2.2.6

8 Organics 2.2.6.1
9 Organic hydrolytic degradation SO-C Beneficial

10 Organic half-lives SO-C Beneficial
11 Metals 2.2.6.2
12 Metal hydrolysis reactions SO-C
13 Reaction kinetics SO-C
14 Hazardous-Constituent Degradation 2.2.7
15 Organics 2.2.7.1
16 Aerobic degradation SO-C Beneficial
17 Anaerobic degradation SO-C Beneficial
18 Hydrolysis/substitution SO-C Beneficial
19 Degradation of organic products SO-C
20 Metals 2.2.7.2
21 Metals SO-P
22 THERMAL EFFECTS 2.3
23 Heat Generation 2.3.1
24 Radioactive decay SO-C 2.3.1.1
25 Nuclear criticality SO-P 2.3.1.2
26 Exothermic reactions SO-C 2.3.1.3
27 Thermo-Mechanical Effects 2.3.2
28 Thermally-induced stress and fracturing SO-C
29 Thermal-Fluid Dynamic Effects 2.3.3
30 Convection SO-C
31 Thermo-Chemical Effects 2.3.4

32 Chemical changes (brine chemistry) SO-C
33
34 WASTE MOBILITY AND TRANSPORT 2.4

35 Liquid Phase Source Term 2.4.1
36 Organics 2.4.1.1

37 Solubility of hazardous VOC/SVOCs SO-C Beneficial
38 Non-aqueous phase liquids SO-P
39 Metals 2.4.1.2
40 Hazardous metal solubility SO-C
41 Reaction kinetics SO-C Beneficial
42 Organic complexation SO-C
43 Colloid complexation SO-C
44 Gas Phase Source Tenn
45 Organics
46 VOC/SVOC volatilization NMD 2.4.2

47 Inner-layer correction factors SO-C 2.4.2

48 Retardation of Hazardous Constituents 2.4.3

49 Organics 2.4.3.1

50 Retardation of VOC/SVOC SO-C Beneficial

51 Metals 2.4.3.2
52 Sorption processes SO-C Beneficial

53 Sorption kinetics SO-C
54 Precipitation SO-C Beneficial

55
56 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
57 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
58 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
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I Table 8-18. Waste-Induced or Facility-Induced FEI's and Their Screening

2 Classifications (continued)

3

6
7 Transport Modes2.4
8 Solute Transport2.41
9 Transport of dissolved, aqueous metals NMD

10 Colloid Transport 2.4.4.2
11 Colloid transport SO C
12 Colloid filtration SO C Beneficial
13 Colloid agglomeration and stability SO C Beneficial
14 Colloid sorption SO C Beneficial
15 Particulate Transport 2.4.4.3
16 Particle suspensions SO-C
17 Rinse SO-C
18 Microbial Transport 2.4.4.4
19 Microbial transport of hazardous metals SO-C
20 Retardation of microbes carrying metals SO-C Beneficial
21 Gas Transport 2.4.4.5
22 Transport of hazardous organic gases NMD
23 Transport Mechanisms 2.4.5
24 Advection 2.4.5.1
25 Advection NMD
26 Unsaturated flow NMD
27 Diffusion 2.4.5.2
28 Diffusion of hazardous constituents SO-C
29 Matrix difusion SO-C Beneficial
30 Thermo-Chemical Transport Phenomena 2.4.5.3
31 Soret effect SO-C
32 Electrochemical Transport Phenomena
33 ElectrochemiAcal effects SO-C 2.4.5.4
34 Galvanic coupling SO-P
35 Electrophoresis SO-P
36 Physicochemical Transport Phenomena 2.4.5.5
37 Dilution NMD
38 Alpha recoil SO-C
39 Enhanced diffusion due to chemical gradients SO-C
40 Formnation of colloids due to chemical gradients SO-C
41 Mixing of waters of different salinities SO-C
42 Osmosis SO-C Beneficial
43____________________________ ______________

44 NMD FENs accounted for in the no-migration demonstration calculations for 40 C.FR § 268.6.
45 SO-C FEPs eliminated from the no-migration demonstration calculations on the bash of consequence.
46 SO-P FENs eliminated from the no-migration demonstration calculations on the basis of low probability.
47
48
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1 Table 8-19. Human-Initiated Events and Processes and Their Screening
2 Classifications
3
4

5~

13 Poash eploraion S-CSSOCtSO-
14 Watert reorcseplrtinS-C S-C S-

11 Orligituiln 3.a1epotainSOC.-C1-
16 Groundwate exploitation SO-C SO-C SQ-P

17 Enhanced oil & gas recovery SO-C SO-C SO-P
18 Oil & gas storage SO-C 50-C 50-P
19 Fluid disposal 50-C SO-C 50-P
20 Archeology NA SO-P SO-P
21 Geothermal NA SO-P SO-P
22 Other resources NA SO-P SO-P
23 Deliberate intrusion NA NA SO-P
24 Drilling-induced flow 3.1.2
25 Drilling fluid loss (e.g. thief zones) SO-C SO-C SO-P
26 Blowouts SO-C SO-C SO-P
27 Fluid extraction 3.1.3
28 Oil & gas extraction SO-C SO-C SO-P
29 Water extraction SO-C SO-C SO-P
30 Fluid injection 3.1.4
31 Enhanced oil and gas production SO-C SO-C SO-P
32 Hydraulic fracturing SO-C SO-C SO-P
33 Waterflooding SO-C SO-C SO-P
34 Liquid waste disposal SO-C SO-C SO-P
35 Hydrocarbon storage SO-C SO-C SO-P
36 Borehole-induced solution and subsidence 3.1.5
37 Borehole-induced solution and subsidence SO-C SO-C SO-P
38
39 EXCAVATION ACTIVITIES 3.2
40 Mining 3.2.1
41 Potash mining SO-C SO-C SO-P
42 Excavation-related flow 3.2.2
43 Hydrological effects of potash mining SO-C SO-C SO-P
44 Geochemical effects of excavations
45 Solution mining SO-C SO-C SO-P
46 Improper Design and Operation SO-P SO-P SO-P 3.3
47 Biosphere Alterations SO-C SO-C SO-C 3.4
48
49 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
50 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability
51 NA Not applicable.
52
53
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2

3 The EPA (1992) draft NMVP guidance document suggests that the petitioner should provide
4 an assessment of the influence of changes in the magnitude of model parameters in order to
5 demonstrate that the simulation shows the greatest sen sit ivity to the most influential
6 processes (US EPA 1992, 32). Monte Carlo uncertainty analyses, in which multiple
7 simulations are performed using different sampled values for important parameters, have
8 been performed using preliminary versions of the modeling system used in the NMVP (WIPP
9 Performance Assessment Department 1992, 6-1 through 6-12; WIPP Performance

10 Assessment Department 1993, 7-1 through 7-3; Helton et al. 1993, 5-1). Results of these
I1I preliminary analyses provide qualitative insights about the potential effect that varying model
12 parameters used in this demonstration might have on gas and brine migration.
13
14 In general, quantitative comparison between the current BRAGFLO simulation and
15 preliminary modeling activities is inappropriate, primarily due to differences in model
16 configuration and assumptions. Qualitatively, sensitivity anal yses and experience using the
17 BRAGFLO code have led to identifying a subset of BRAGFLO parameters that are
18 considered most influential to model results. Table 8-20 lists selected parameters and
19 discusses their relative importance with respect to gas and brine migration. These parameters
20 fall into three groups: those for which uncertainty has the potential to result in substantial
21 changes in gas or brine migration; those for which uncertainty may result in minor changes.22 in gas or brine migration; and those for which uncertainty has little or no effect on gas or
23 brine migration. The order of parameters within each group is alphabetical, and does not
24 indicate a relative ranking. Parameters in the first group are primarily related to the total
25 amount of gas generated, which is, in turn, sensitive to the amnount of brine available for
26 corrosion and microbial activity. Parameters in the second group are primarily related to
27 rates of gas generation or to material properties of the repository and surrounding rock.
28 Parameters in the third group include those for which reasonable uncertainty would not result
29 in changes in gas and brine migration.
30
31 Given the determination that no migration is demonstrated using bounding comparisons to
32 HBL soil concentrations for the organic gas phase hazardous constituents, rather than gas
33 migration distance, and also given the determination that rLo brine will leave the waste
34 region, uncertainty in these parameters does not have the potential to affect migration of
35 hazardous constituents from the disposal unit. Model sensitivity to these parameters is
36 discussed to demonstrate, as suggested in the EPA guidance, that the modeling system shows
37 appropriate sensitivity to influential processes.
38
39
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Table 8-20. Qualitative Discussion of Model Sensitivity to Selected Parameters
2

3 Parameter Discussion

4 Parameters for which Uncertainty May Affect Gas and Brine Migration

5 Gas Generation: Probability that microbial degradation reactions will occur and will generate
6 PROBDEG gas. For this analysis, this parameter was set at the value which resulted in the

maximum potential for microbial gas generation. Other values for this parameter
would have resulted in less gas generation and could affect gas and brine migration.

7 Gas Generation: Brine saturation in the waste region adjusted for capillary-rise into waste
8 SATWICK material. Capillary rise in the waste was not incorporated into previous simulations.

Increasing the parameter value would tend to increase gas generation.

9 Halite: PRMXLOG Intrinsic permeability of impure Salado halite. Gas and brine migration are
believed to be sensitive to this parameter, as noted in previous BRAGFLO
simulations. Halite permeability affects the amount of brine that may enter the
repository and be available for gas generation.

10 Marker Bed: Intrinsic permeability of anhydrite MB 139. Gas and brine migration are believed
I1I PRMXLOG to be sensitive to this parameter, as noted in previous BRAGFLO simulations.

Marker bed permeability affects the amount of brine that may enter the repository and
be available for gas generation. Marker bed permeability may also affect the extent
to which gas and brine migrate away from the repository.

12 Parameters for which Uncertainty May Have a Small Effect on Gas and Brine Migration

13 Gas Generation: Inundated corrosion rate for steel without CO2 present. Gas and brine migration
14 CORRMC02 are believed to be moderately sensitive to this parameter, as noted in previous

BRAGFLO simulations.

15 Gas Generation: Brine-inundated microbial degradation rate. Gas and brine migration are believed
16 GRATMICI to be moderately sensitive to this parameter, as noted in previous BRAGFLO

simulations.

17 Gas Generation: Humid microbial degradation rate. Gas and brine migration are believed to be
18 GRATMICH moderately sensitive to this parameter, as noted in previous BRAGFLO simulations.

19 Gas Generation: Reaction between microbial gas product with steel and steel corrosion product
20 FBETA (coefficient Factor P ). Coefficient Factor P3 represents a process not incorporated

into previous simulations. Increasing this factor would increase the gas generation
rate, but the total amount of gas generated is believed to be relatively insensitive to
this parameter.

21 Halite: POROSITY Effective porosity of impure Salado halite. Gas and brine migration may be
moderately sensitive to variation in this parameter because of its influence on the
porosity of the DRZ, which affects the volume available for storage of gas near the
repository.

22 Marker Bed: Choice of relative permeability model for two-phase flow in MB 139. The
23 RELPMOD Brooks-Corey relative permeability model was used for this analysis for all material

regions. Previous analyses have suggested that gas migration in MB 139 may be
moderately sensitive to the use of the Brooks-Corey model, rather than the Van
GenuchtenlParker model. Brine migration is expected to be insensitive to this
choice.
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*1 Table 8-20. Qualitative Discussion of Model Sensitivity to Selected Parameters
2 (continued)
3
4

5 Prameter Discussion

6 Parameters for which Uncertainty Is Expected to Have Little or No &fet on Gas and Brine Migration

7 Halite: COMPRCK- Rock compressibility of impure Salado halite. Gas and brine migration are
8 expected to be insensitive to variation in this parameter.

9 Halite: PRESSURE Far field pore pressure in the Salado Formation. Gas and brine migration are
expected to be insensitive to variation in this parameter.

10 Marker Bed: Rock compressibility of anhydrite MIR 139. Gas and brine migration are expected
11I COMPRCK to be insensitive to variation in this parameter.

12 Marker Bed: Pore size distribution of anhydrite NIB 139. Gas and brine migration are expected
13 POREDIS to be insensitive to variation in this parameter

14 Marker Bed: Residual brine saturation of anhydrite MB 139. Gas and brine migration are
15 SATRBRN expected to be insensitive to variation in this parameter.

16 Marker Bed: Residual gas saturation of anhydrite MB 139. Gas and brine migration are
17 SATRGAS expected to be insensitive to variation in this parameter.

18 Shaft Asphalt: Intrinsic permeability of asphalt plug at the Rustler/Salado Formation interface
19 PRMX_LOG (0-10,000 years). Given the high level of confidence in the long-term performance

of the asphalt component of the shaft seal system, gas and brine migration is not
expected to be sensitive to variation in this parameter. As is true for the properties of
all major components in the shaft seal systems, flumd migration could be strongly
affected if different materials with different properties were used.

20 Shaft Clay: Initial intrinsic permeability of clay materials irt the shaft placed in the lower
21 PRMXLOG Salado Formation (corrected for DRZ effect in lime steps). Given the high level

of confidence in the long-term performance of the clay component of the shaft seal
system, gas and brine migration is not expected to be sensitive to variation in this
parameter. As is true for the properties of all major components in the shaft seal
systems, fluid migration could be strongly affected if different materials with
different properties were used.

22 Shaft Concrete: Intrinsic permeability of concrete shaft materialls (i.e., upper, middle, and lower
23 PRMX_LOG plugs) within the Salado Formation ( 0-400 years). Given the high level of

confidence in the early-time performance of the concrete component of the shaft seal
system, gas and brine migration is not expected to be sensitive to variation in this
parameter. As is true for the properties of all major components in the shaft seal
systems, fluid migration could be strongly affected if different materials with
different properties were used.

24 Shaft DRZ: Factor used to capture the effect of the DRZ on fluid flow around the shaft, by
25 PRMX_LOG increasing the intrinsic permeability of the relev ant shaft material. The equation

that incorporates the shaft DRZ parameter is described in shaft material parameter
sheets for salt, asphalt, and clay. The DRZ shaft parameter is not used for concrete or
earth shaft materials, where a DRZ is not expected to form. This parameter was not
used in previous simulations, and gas and brine migration are expected to be

* ~insensitive to variation in it. ___
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I Table 8-20. Qualitative Discussion of Model Sensitivity to Selected Parameters
2 (continued)
3
4

IParameter Discussion

2
3 Shaft Salt: Intrinsic permeability of compacted crushed salt within the Salado Formation.
4 PRMXLOG Given the high level of confidence in the long-term performance of the salt

component of the shaft seal system, gas and brine migration is not expected to be
sensitive to variation in this parameter. As is true for the properties of all major
components in the shaft seal systems, fluid migration could be strongly affected if
different materials with different properties were used.

5 Shaft Salt: Pore size distribution of compacted crushed salt. Given the high level of
6 POREDIS confidence in the long-term performance of the salt component of the shaft seal

system, gas and brine migration are not expected to be sensitive to variation in this
parameter. As is true for the properties of all major components in the shaft seal
systems, fluid migration could be strongly affected if different materials with
different properties were used.

7 Shaft Salt: Residual brine saturation of compacted crushed salt. Gas and brine migration are
8 SATRBRN expected to be insensitive to variation in this parameter.

9 Shaft Salt: Residual gas saturation of compacted crushed salt. Gas and brine migration are
10 SAT_RGAS expected to be insensitive to variation in this parameter.

I1I Waste Panels: Residual gas saturation of model regions containing waste. Gas and brine
12 SATRGAS - migration are expected to be insensitive to variation in this parameter.

13 Waste Panels: Residual brine saturation of model regions containing waste. Increasing
14 SATR3RN - SAT_-RBRN would tend to inhibit brine flow through waste-containing regions.

Conversely, decreasing SATRBRN would tend to facilitate brine flow at low brine
saturations. As discussed in Section 8.4.1.2, SATRBRN would have to be
decreased to 5.1 percent for brine to become mobile, which is much less than the
27.6 percent median value used in the demonstration. Gas and brine migration are
expected to be insensitive to variation in this parameter.

15

16

17
18
19
20

21

22

23
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.1 9.0 Regulatory Compliance Assessment
2 Abstract
3
4
5 This chapter demonstrates compliance, based on the information and results presented in
6 the preceding chapters, with the no-migration standards of Title 40 of the Code of Federal
7 Regulations (CFR) § 268.6 during disposal operations and closure of the facility.
8
9 Containment of Releases

10
11 During waste emplacement operations at the Waste Isolation Pilot Plant (W1PP) facility,
12 containment of volatile organic compounds (VOCs) will be required. Containers of
13 transuranic (TRU) waste must be vented through carbon composite filters to preclude the
14 buildup of hydrogen as the result of radiolysis and other processes known to occur in
15 drums of radioactive waste; these filters will also prevent the release of metals in
16 particulate form. This venting allows passive diffusion of VOCs from the containers
17 during waste emplacement.
18
19 The no-migration demonstration assumes a maximum of 1.0 panel-equivalents during the
20 operational/closure time period (eight panels and all associated access drifts). Based on
21 this scenario, concentrations of VOCs resulting from releases past nine closed and one
22 full open panel equivalents have been calculated to be between one-third and five orders.23 of magnitude below the health-based levels (HBLs) at the point of compliance, thereby
24 meeting the containment requirements of 40 CFR § 268.6 for operations at the WIPP
25 facility.
26
27 The long-term calculations, presented in Chapter 8, demonstrate that the containment
28 requirements will also be met for the post-closure pe 'riod. BRZAGFLO brine and gas flow
29 simulations show zero gas saturations at all subsurface disposal unit boundaries, with
30 exception of the shaft. As a bounding compliance demonstration, the DOE demonstrates
31 that gas-phase organic constituent concentrations at the shaft unit boundary will be orders
32 of magnitude below HBLs using bounding soil-based concentrations. Based on the
33 predicted brine saturation of the waste-disposal panels, the BRAGFLO simulation
34 demonstrates that contaminated brine is physically incapable of leaving the waste area.
35 Consequently, the DOE demonstrates that there will be no migration of hazardous
36 constituents from the disposal unit for as long as the wastes remain hazardous.
37
38 Human Intrusion
39
40 The Resource Conservation and Recovery Act (RCRA) requires that institutional controls
41 be used to ensure that access to hazardous waste disposal sites is appropriately restricted.
42 The Department of Energy (DOE) has taken a number of steps to reduce the likelihood of
43 human intrusion after closure of the facility. Upon closure of the facility, the DOE will. 44 notify local agencies to p~revent access to the land, and permanent warning markers will
45 be placed (as required by 40 CFR 191 standards). Cumulatively, these types of measures
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1 will be effective in reducing the likelihood of human intrusion into the repository, and,
2 therefore, satisfy this aspect of the RCRA regulations.
3
4 Monitoring Requirements
5
6 Operational Monitoring. The monitoring requirements of 40 CFR § 268.6(a) include a
7 plan which "detects migration at the earliest practicable time." Migration from panels
8 will result in VOC concentrations which are one-third to five orders of magnitude below
9 the HBLs; the conservative assumptions made in the migration calculations provide a

10 significant margin of safety. Because of this, and because the DOE has collected more
11 than four years of data on background levels of VOCs in air at the site, the DOE will
12 implement confirmatory VOC monitoring activities into the disposal phase.
13
14 Long-Term Monitoring. Similar to the assurance requirements under 40 CFR § 191.14,
15 RCRA long-term monitoring will consist of methods and techniques designed to focus on
16 indicators of effective long-term performance of the repository. This approach provides
17 an alternative to intrusive methods of monitoring for potential contaminant migration,
18 which may jeopardize the integrity of the disposal unit.
19
20 Infrequent Events and Processes
21
22 Under 40 CFR § 268.6, an analysis must be performed to identify and quantify any
23 aspects of a no-migration demonstration that contribute significantly to uncertainty. It
24 must include "an evaluation of the consequences of predictable future events, including,
25 but not limited to, earthquakes, floods, severe storm events, droughts, or other natural
26 phenomena." These infrequent events are not expected to occur within the 35-year
27 operational/closure time frame.
28
29 Waste Acceptance/Waste Compliance
30
31 The DOE is currently implementing waste characterization programs at each of the 10
32 major generator/storage sites in accordance with the Transuranic Waste Characterization
33 Quality Assurance Program Plan (QAPP). Each generator/storage site will develop a
34 Quality Assurance Project Plan (QAPjP) to address all TRU waste characterization
35 requirements. The DOE has established acceptance criteria for waste to be disposed of at
36 the WJPP facility. These criteria address operational safety requirements, Department of
37 Transportation (DOT) and Nuclear Regulatory Commission (NRC) regulations for TRU
38 waste transportation, and RCRA waste analysis requirements. Waste acceptance criteria
39 certification programs are overseen by the National Transuranic Programs Office to
40 ensure that TRU waste received at the WIPP facility meet these criteria.
41
42 A performance-based waste envelope will be identified through performance assessment
43 modeling and other analyses to predict waste parameters that may adversely affect the
44 ability of the WIPP to isolate waste. Once identified, bounding characteristics relative to
45 the types and forms of waste to be disposed will be developed.
46
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2
3 In order to demonstrate compliance with 40 CFR § 268.6, performance will be assessed.
4 Portions of the engineered waste management system, portions of the naturally occurring
5 repository, and/or the TRU waste to be disposed of in the facility may be modified as
6 required to ensure compliance. Factors that will be considered include effectiveness of
7 the modification with regard to longevity, degree, and confidence. Other factors include
8 availability of proposed technology, operational constraints at DOE generator/storage
9 sites, regulatory constraints, and cost.

10
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.1 9.0 REGULATORY COMPLIANCE ASSESSMENT
2

3 The objective of this chapter is to demonstrate compliance, based on the information and
4 results presented in the preceding chapters, with the no-migration standards of Title 40 of
5 the Code of Federal Regulations (CFR) § 268.6 during disposal operations, closure of the
6 facility, and post-closure.
7
8 9.1 Containment of Releases
9

10 As specified in 40 CFR § 268.6(a), the U.S. Department of E nergy (DOE) must
I1I demonstrate that hazardous constituents will not migrate beyond the unit boundary as
12 long as the wastes remain hazardous. "No migration" is interpreted as no movement
13 beyond the unit boundary in concentrations exceeding health-based levels (HBLs)
14 established by the U.S. Environmental Protection Agency (EPA) (EPA 1992, 1). For the
15 post-closure period the unit boundary used to demonstrate compliance for the Waste
16 Isolation Pilot Plant (WIPP) facility is defined as the portion of the Salado Formation
17 bounded laterally by the: land-withdrawal area. For the disposal and closure period, the
18 location of the maximum concentration 5.0 ft (1.5 m) above the surface of the facility is
19 used as the point of compliance. Modeling techniques and bounding calculations are
20 used to demonstrate no migration, based on concentrations and toxicities of hazardous
21 constituents in the waste and predicted physical and chemical conditions of the disposal
22 system and surrounding area.. 23
24 9.1.1 Operational Containment
25
26 During waste emplacement operations at the WIPP facility, containment of volatile
27 organic compounds (VOCs) will be required. Containers of transuranic (TRU) waste
28 must be vented through carbon composite filters to preclude the buildup of hydrogen as
29 the result of radiolysis and other processes known to occur in drums of radioactive waste.
30 This venting allows passive diffusion of VOCs from the containers during waste
31 emplacement. The no-migration demonstration in Chapter 5 is based on average
32 headspace gas data, an estimated effective gas generation rate, the mine ventilation rate,

S 33 and an air dispersion factor predicted through modeling.
34

35 The operational no-migration demonstration assumes a maximum of 10 panel-equivalents
36 during the operational/closure time period (eight panels and all associated access drifts).
37 A panel-equivalent is defined as a hazardous waste management unit containing 8 1,000
38 drums of waste. Of the ten panel equivalents, nine are assumned to be closed and one is
39 assumed to be open with filling and closure of rooms containing 11,571 drums within the
40 panel to occur over a 2.5-year period. Based on this scenario, concentrations of VOCs
41 resulting from releases past panels have been calculated to be between one-third and five
42 orders of magnitude below the health-based levels (HBLs) at the point of compliance,
43 thereby meeting the containment requirements of 40 CFR § 2468.6 for operations at the.44 WIPP facility.
45

46
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1 9.1.2 Long-Term Containment
2

3 In order to assess post-closure repository performance, the long-term behavior of the
4 waste in the repository and the effectiveness of the waste management system in isolating
5 the waste is considered. For the purposes of a long-term no-migration demonstration, the
6 undisturbed performance of the repository is the primary focus. The unit boundary for the
7 long-term demonstration is the Salado Formation bounded by the land-withdrawal area.
8
9 The long-term calculations, presented in Chapter 8, demonstrate that the containment

10 requirements will also be met for the post-closure period. BRAGFLO brine and gas flow
I1I simulations show zero gas saturations at all subsurface disposal unit boundaries, with
12 exception of the shaft. As a bounding compliance demonstration, the DOE demonstrates
13 that gas-phase organic constituent concentrations at the shaft unit boundary will be orders
14 of magnitude below HBLs using bounding soil-based concentrations. Based on the
15 predicted brine saturation of the waste-disposal panels, the BRAGFLO simulation
16 demonstrates that contaminated brine is physically incapable of leaving the waste area.
17 Consequently, the DOE demonstrates that there will be no migration of hazardous
18 constituents from the disposal unit for as long as the wastes remain hazardous.
19
20 9.2 Human Intrusion
21
22 In its conditional No-Migration Determination (NMD) for the WIPP test phase, the EPA
23 stated that although the variance for the WIPP is based on a finding of no migration
24 during the test phase, it focused on the undisturbed performance of the repository. The
25 EPA stated its belief that, in the context of Resource Conservation and Recovery Act
26 (RCRA) no-migration variance decisions, the question of human intrusion is best
27 addressed by considering the likelihood of intrusion and the imposition of controls to
28 make such intrusions unlikely events. This topic was addressed by the EPA in the
29 proposed NMD for the WIPP facility.
30
31 The EPA emphasized that this approach to human intrusion is consistent with its general
32 approach under the RCRA, both in perm-itting and variances. Under the RCRA, the EPA
33 typically relies on institutional controls, both active and passive, imposed through general
34 regulatory standards and site-specific conditions to ensure that access to a hazardous
35 waste disposal site is appropriately restricted. The EPA stated that any WLPP no-
36 migration variance in the disposal phase will have to impose long-term passive
37 institutional controls (such as land withdrawal, records, and markers) to ensure that the
38 likelihood of human intrusion is appropriately reduced, even after active control of the
39 facility has ceased and any permits for the facility may have terminated.
40
41 The DOE has taken a number of steps to reduce the likelihood of human intrusion after
42 closure of the facility. The federal government owns the entire surface and subsurface
43 estate at the WIPP site, with the exception of a portion of the subsurface estate that is
44 currently leased below 6,000 ft (1,829 mn) for oil and gas production. Upon final closure
45 of the WIPP facility, the DOE will notify all state and county planning offices, deed and
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I record offices, oil and gas commissions, and other agencies to prevent access by
2 unknowing parties. The DOE will also place permanent warning markers at the site, as
3 required by 40 CFR Part 19 1. Record-keeping and marker systems will be implemented
4 with a "defense in depth" approach, ensuring the durability of marker system components
5 and messages, the ability to interpret the messages, and the accessibility of the records.
6
7 The DOE has prepared a post-closure management strategy that consists of active and
8 passive institutional controls, as described in Chapter 3 and detailed in Appendices AAC
9 and PMR. Cumulatively, these controls will effectively reduce the likelihood of human

10 intrusion into the repository and will, therefore, satisfy this aspect of the RCRA
I1I regulations.
12

13 9.3 Monitoring Requirements
14
15 The WIPP facility has established operational monitoring programs as discussed in
16 Chapter 6. The monitoring programs at the WIPP facility are operated under approved
17 Quality Assurance Project Plans (QAPjPs) to ensure that all data are collected in
18 accordance with established Data Quality Objectives (DQOs). Monitoring systems have
19 been installed, sampling programs have been implemented in and around the WIPP
20 facility, and background data have been collected.
21.22 9.3.1 Operational Monitoring
23
24 The air pathway is the only credible release pathway during disposal operations, and this
25 pathway will be eliminated upon final closure of the WIPP facility. A VOC monitoring
26 program was established in 1991 to obtain background air data in preparation for the test
27 phase. Background air data are included in Appendix BAD and have been provided
28 annually to the EPA.
29
30 The monitoring requirements of 40 CFR § 268.6(a) include a plan which "detects
31 migration at the earliest practicable time." Migration from panels will result in VOC
32 concentrations at the point of compliance which are one-third to five orders of magnitude

33 below the HBLs; therefore, the conservative assumptions made in the migration
34 calculations provide a significant margin of safety. Because of this, and because the DOE
35 has collected more than four years of data on background levels of VOCs in air at the site,
36 the DOE will implement confirmatory VOC monitoring activities into the disposal phase.
37
38 9.3.2 Long-Term Monitoring
39
40 Similar to the assurance requirements under 40 CFR § 191.14, RCRA long-term
41 monitoring will consist of methods and techniques to focus cn indicators of effective
42 long-term performance of the repository. This approach provides an alternative to.43 intrusive methods of monitoring for potential contaminant migration, which may
44 jeopardize the integrity of the disposal unit. Long-term monitoring (LTM) is described in
45 Chapter 6, and Appendix LTM.
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1 9.4 Infrequent Events and Processes
2
3 Under 40 CFR § 268.6, an analysis must be performed to identify and quantify any
4 aspects of a no-migration demonstration that contribute significantly to uncertainty. It
5 must include "an evaluation of the consequences of predictable future events, including,
6 but not limited to, earthquakes, floods, severe storm events, droughts, or other natural
7 phenomena." These infrequent events, discussed in Section 5.3, are not expected to
8 impact the repository within the 35-year operational/closure time frame.
9

10 The site selection process for the WIPP facility involved review of extensive geologic
11 information for the WIPP site, consideration of the relative remoteness of the site, and
12 consideration of the limited quantities of groundwater in the area (Section 1.2). Near-
13 surface processes and events, including flooding, tornados, range fires, meteorite impact,
14 erosion, dissolution, and sedimentation, are discussed in Chapter 8. Appendix SCR
15 provides screening arguments for eliminating natural events and processes that are not
16 included in the performance simulations.
17
18 9.5 Waste Acceptance/Waste Compliance
19
20 The DOE is currently planning to implement waste characterization programs at each of
21 the ten major generator/storage sites in accordance with the Transuranic Waste
22 Characterization Quality Assurance Program Plan (QAPP). Each generator/storage site
23 will develop a QAPjP to address all TRU waste characterization requirements.
24

25 Waste characterization activities are currently ongoing at two generator/storage facilities:
26 the Idaho National Engineering Laboratory (INEL) and the Rocky Flats Environmental
27 Technology Site (REETS). Headspace sampling and analyses have been conducted for
28 approximately 900 drums of waste at the INEL and RFETS; the majority of the waste
29 sampled at the INEL was generated at the RFETS. The no-migration demonstrations
30 documented in Chapter 5 and Chapter 8 are based on these data.
31
32 Although waste characterization data from other generator/storage sites are not currently
33 available, the data presented in Appendix WAP are considered bounding for headspace
34 gas concentrations used in no-migration calculations. Much of the machining process for
35 weapons manufacturing took place at the REETS. Because VOCs were used in cleaning
36 machine parts during the manufacturing process, it is likely that waste from the RFETS
37 will contain higher concentrations of VOCs than the other DOE facilities in the weapons
38 complex. In addition, the waste at the INEL and RFETS represent the largest portions of
39 the existing TRU-mixed waste inventory.
40

41 As described in Section 4.2, the DOE has established acceptance criteria for waste to be
42 disposed of at the WIPP facility. These criteria address operational safety requirements,
43 Department of Transportation (DOT) and Nuclear Regulatory Commission (NRC)
44 regulations for TRU waste transportation, and RCRA waste analysis requirements. The
45 final criteria will include criteria from the performance assessment models as well as
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1 possible conditions that may be imposed by the EPA as part of a no-migration variance.
2 The application of these criteria to the TRU and TRU-mixed waste inventory defines the

3 inventory acceptable for disposal at the WIPP. Waste acceptance criteria (WAG)
4 certification programs are overseen by the Office of National TRU Programs to ensure
5 that TRU waste received at the WIPP facility meet these criteria.
6
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. 1 10.0 CERTIFCATION

2 The U. S. Department of Energy (DOE), through its Carlsbad Area Office, has signed as
3 "4owner and operator," anid Westinghouse Electric Corporation, acting through its Waste
4 Isolation Division (WID), has signed this No-Migration Variance Petition (NMVP) for
5 the facility as "co-operator."9

6 The DOE has determined that dual signatures best reflect the actual apportionment of
7 Resource Conservation and Recovery Act (RCRA) responsibilities as follows:

8 * The DOE's RCRA responsibilities are for policy, programmatic directives,
9 funding and scheduling decisions, Waste Isolation Pilot Plant (WIPP)

10 requirements of DOE generator sites, auditing, and oversight of all other parties
11 engaged in work at the WIPP, as well as general oversight.

12 * The WID's RCRA responsibilities are for certain day-to-day operations (in
13 accordance with general directions given by the DOE and in the Management and
14 Operating Contract as part of its general oversight responsibility), including, but
15 not limited to, the following: certain waste handling,, monitoring, record keeping,
16 certain data collection, reporting, technical advice, and contingency planning.

17 In accordance with the requirements of Title 40 of the Code of Federal Regulations.18 § 268.6(g), the following statement is made regarding the submittal of this NMVP to the
19 Environmental Protection Agency (EPA):

20 1 certify under penalty of law that I have personally examined and am familiar with
21 the information submitted in this petition and all attached documents, and that, based
22 on my inquiry of those individuals immediately responsible for obtaining the
23 information, I believe that submitted information is true, accurate, and complete. I
24 am aware that there are significant penalties for submitting false information,
25 including the possibility of fine and imprisonment.

26 Owner and Operator Signature: *Originals signed b1 George Dials

27 Title: Manager, Carlsbad Area Office
28 for: U.S. Department of E nergy

29 Date: *

30 Co-Operator Signature: *Originals signed by Joe Epstein

31 Title: General Manager

32 for: Westinghouse Electric Corporation

33 Date: *
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.1 GLOSSARY OF TERMS

2 40 CFR PART 26 1. Identification and Listing of Hazardous Waste. This part identifies
3 those solid wastes which are subject to regulation as hazardous wastes under Parts
4 262-265, 268, 270, 27 1, and 124 of Title 40 of the Code of Federal Regulations.

5 40 CFR PART 264. Standards for Owners and Operators of Hazardous Waste Treatment,
6 Storage, and Disposal Facilities. This subpart establishes minimum national
7 standards which define the acceptable management of hazardous waste.

8 40 CFR PART 264. Subpart G. This subpart of 40 CFR Pait 264 defines closure and
9 post-closure requirements pertaining to hazardous waste management units.

10 40 CFR PART 264. Subpart X. This subpart specifies requirements that apply to owners
11 and operators of facilities that treat, store, or dispose of hazardous waste in
12 miscellaneous hazardous waste management units.

13 40 CFR PART 268. This regulation restricts the land disposal of hazardous waste and
14 specifies treatment standards and/or treatment technologies that must be met or
15 applied before hazardous wastes may be land disposed. Section 268.6 provides
16 for petitioning to allow land disposal of untreated hazardous waste if it can be
17 demonstrated to a reasonable degree of certainty that there will be no migration of.18 hazardous constituents from the disposal unit for as long as the waste remains
19 hazardous.

20 40 CFR PART 270. This regulation establishes provisions; for the Hazardous Waste
21 Permitting Program under Subtitle C of RCRA. This regulation and the
22 associated State of New Mexico regulation require th-.e permitting of the WIPP as
23 a hazardous waste management unit.

24 ACCEPTABLE KNOWLEDGE. The detailed knowledge of the processes and materials that
25 generated the wastes in the DOE system.

26 ACTINIDE. An element in the actinide series beginning with element 89 and continuing
27 through element 103. All the transuranic nuclides considered in this document are
28 actinides.

29 AcTIVE INSTITUTONAL CONTROL. (1) Controlling access to a disposal site by any means
30 other than passive institutional controls, (2) perform~ing maintenance operations or
31 remedial- actions at a site, (3) controlling or cleaning up releases from a site, or (4)
32 monitoring parameters related to disposal system performance (40 CFR § 191.12).

33 ACTIVITY. A measure of the rate at which a material emits nuclear radiation, usually
34 given in terms of the number of nuclear disintegratio'ns occurring in a given length.35 of time. The unit of activity used in this document is the curie (Ci).
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1 ADSORPTION. (1) Bonding, frequently ionic, of a substance to soil or some other
2 medium. A substance is said to be adsorbed if the concentration in the boundary
3 region of a soil particle is greater than in the interior of the continuous phase. (2)
4 Adherence of gas molecules, or of ions or molecules in solution, to the surface of
5 solids with which they are in contact.

6 AIR DISPERSION FACTOR. The ratio of the average concentration of a hazardous
7 constituent released into the atmosphere to its maximum concentration at or
8 beyond the unit boundary.

9 AIR LOCK. An intermediate chamber between zones of different static pressure.

10 ALARA. As Low As Reasonably Achievable; radiation protection program for
I1I minimizing personnel exposures.

12 ALPHA PARTICLE. A positively charged particle emitted in the radioactive decay of
13 certain nuclides. Made up of two protons and two neutrons bound together, it is
14 identical to the nucleus of a helium atom. It is the least penetrating of the three
15 common types of radiation-alpha, beta, and gamma radiation.

16 ANHYDRITE. A mineral consisting of anhydrous calcium sulfate (CaSO 4). It is gypsum
17 without water and is denser, harder, and less soluble.

18 ANOXIC CORROSION. Corrosion of metals in the absence of oxygen by anaerobic bacteria.

19 ANTHROPOGENIC. A phenomenon resulting from actions or processes originated by
20 human society.(7

21 AisCLINE. A fold of rocks whose core contains the stratigraphically older rocks; it is
22 normally convex upward.

23 AQUIFER. An underground geological formation or part of a formation that is capable of
24 yielding a significant amount of water to a well or spring (40 CFR § 191.12).

25 ARENACEOUS. Of the texture or character of sand.

26 ARGILLACEOUS ROCKS. Rocks containing appreciable amounts of clay, especially shale.

27 ARTESIAN. Refers to water confined underground under pressure so that it will rise in a
28 well. Sometimes the word is used to mean that the water flows out at the surface,
29 but that, strictly speaking, is "flowing artesian."

30 BACKFILL. Material placed around the waste containers, partially filling the open space in
31 the disposal room.
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. 1 BARRIER. "[IA]ny material or structure that prevents or substantially delays movement of
2 water and/or radlionuclides toward the accessible environment. For example, a
3 barrier may be a geologic structure, a canister, a waste form with physical and
4 chemical characteristics that significantly decrease th.-e mobility of radionuclides,
5 or a material placed over and around waste, provided that the material or structure
6 substantially delays movement of water or radionucl ides" (40 CER § 191.12).
7 Barriers also prevent or delay the movement of hazardous constituents.

8 BASELINE INVENTORY REPORT. Baseline waste inventory report for all transuranic wastes
9 in the DOE complex.

10 BELL CANYON FORMATION. A sequence of rock strata that form the uppermost formation
11I of the Delaware Mountain Group (Early Permian). It is immediately below the
12 Castile Formation at about 4,000 ft (1,219 m) below the surface at the WIPP site
13 contains oil at Some locations.

14 BENTONITE. A commercial term applied to expansive clay materials containing
15 montmorillonite (smectite) as the essential mineral.

16 BETA PARTICLE. A negatively charged particle emitted in tle radioactive decay of certaln.17 nuclides; a free electron.

18 BIODEGRADATION. The process of consumption by microbial substances-usually
19 organic materia:[s such as cellulosics.

.20 BIOLOGICAL HALF-LiFE. The time required for an organism to eliminate half the amount
21 of a radionuclide ingested or inhaled.

22 BRAGELO. A computer code used to simulate gas and brine flow, incorporating the
23 effects of disposal room consolidation and closure, gas generation, and interbed
24 fracturing.

25 BRINE. Saline water containing calcium (Ca), sodium (Na), potassium (K), chlorides
26 (Cl), and minor amounts of other elements.

27 CALCITE. Calcium carb~onate (CaCO3).

28 CALIBRATE. To -vary parameters of an applied computational model within a reasonable
29 range until differences between observed data and computed values are
30 minimized.

31 CALICHE. A limy material commonly found in layers on or within the surface of stony. 32 soils of arid or semiarid regions. It occurs in the form of gravels, sands, silts, and
33 clays cemented together by calcium carbonate (limie) or as crusts at the surface of
34 the soil.
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I CAMBRIAN. The first and oldest period of the Paleozoic Era.

2 CANISTER. As used in this document, a container, usually cylindrical, for remotely
3 handled TRU waste. The waste will remain in this canister during and after
4 burial. A canister affords physical containment but not shielding; shielding is
5 provided during shipment by a cask.

6 CAPrrAN REEF. A buried fossil limestone reef of Permian age that rings the Delaware
7 Basin except in the south.

8 CARBONATES. A compound containing the radical C03, for example, a calcium and
-9 magnesium mineral such as CaMg(C0 3)2, dolomite.

10 CARCINOGENICITY. The ability of a substance to cause the development of cancerous
I1I growths in living tissue. Such substances are usually grouped in two
12 classifications: (1) those that are known to induce cancer in man or animals either
13 by operational exposure in industry or by ingestion in feedstuffs and (2) those that
14 have been found to cause cancer in animals under experimental conditions.

15 CARLSBAD POTASH DISTRICT. The area east of Carlsbad and north and west of the Los
16 Medaiios site formally designated by the U.S. Geological Survey as having
17 potentially economic grades of potash mineralization.

18 CASK. A massive shipping container providing shielding for highly radioactive materials
19 and holding one or more canisters.

20 CASTILE FORMATION. A formation of evaporite rocks (mainly anhydrite with a few halite /
21 interbeds) of Permian age that immediately underlies the Salado Formation in
22 which the WJPP disposal level is excavated. May contain brine pockets.

23 CENTRAL BASIN PLATFORM. The geological region covering an area of several hundreds
24 of square miles separating the Delaware and Midland basins.

25 CENTRAL MONITORIG Room (CMR). A room at the WIPP facility equipped to monitor
26 alarm functions and provide reliable communications.

27 CENTRAL MONITORING SYSTEM (CMS). A computer system that monitors the WIPP
28 facility instrumentation; operated from the Central Monitoring Room.

29 CHELATION. The process by which a central metal ion such as Cu"~ is attached to two or
30 more nonmetal atoms in the same molecule, called ligands, where heterocyclic
31 rings are formed between the cation and the anions.
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.I COMPLIANCE EVALUATION. The assessment of compliance of a mined geologic waste
2 repository. Title 40 CFR § 268.6 requires such evaluations be made to
3 demonstrate to a reasonable degree of certainty (40 CFR § 268.6) that the
4 performance standards will be met.

5 COMPUTATIONAL MODEL. The computational model is the implementation of the
6 mathematical model. The implementation may be through analytical or numerical

7means. Often the analytical solution is numerically evaluated (e.g., numerical
8 integration or evaluation of complex functions); hence, both solution techniques
9 are typically coded on the computer. Consequently, the computational model is

10 often called a computer model.

I1I COMPUTER MODEL. A computer code to implement a corresponding mathematical model
12 either by evaluating an analytical solution or by using a numerical technique.

13 CONCEPTUAL MODEL. A set of assumptions, usually qualitative, used to describe and
14 represent a system for some analytical purpose. For a physical system, these
15 assumptions address the system's geometry and dimensionality, initial and
16 boundary conditions, time dependence, material properties, internal processes, and
17 any other characteristics relevant to its behavior. The assumptions should be. 18 consistent with one another and with the known properties of the system within
19 the context of its intended analytical purpose.

20 CONFIRMATION. For the purposes of this document, a term used to indicate support or
21 establishment of certainty and/or validity of models used in reference to specific
22 performance issues of the repository over any specific time frame of interest. In
23 general, laboratory and field experiments at the Waste Isolation Pilot Plant and

4 24 elsewhere are conducted to provide data in support of models (e.g., gas
25 ~ generation). Confirmation is used in a mechanistic s,-nse and is not intended to

S 26 have specific legal implications (see VALIDATION).

27 CONSERVATIVE. As a term used with predictions or estimates, "conservative" means one
28 in which the uncertain inputs are used in a way that overestimates an adverse
29 impact.

30 CONSULTATION AND COOPERATION AGREEMENT. An agreement that affirms the intent of
31 the Secretary of Energy to consult and cooperate with the State of New Mexico
32 with respect to State public health and safety concerns. The term "Agreement"
33 means the July 1, 198 1, Agreement for Consultation and Cooperation, as amended
34 by the November 30, 1984, "First Modification," the August 4, 1987, "Second
35 Modification," and the March 22, 1988, modification to the Working Agreement.

.36 CONTACT-HANDLED WASTE. Transuranic waste that has a measured radiation dose rate at
37 the container surface of 200 millirem per hour or less and can be safely handled
38 without special equipment when placed in containers.
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I CoRRosivrry. The tendency of a metal to deteriorate by chemical attack.

2 CREEP. A very slow, usually continuous, time-dependent movement of soil or rock;
3 refers to the geologic phenomenon experienced as the gradual flow of salt under
4 compressive loading.

5 CREEP CLOSURE. Closure of underground openings, especially openings in salt, by plastic
6 flow of the surrounding rock under lithostatic pressure.

7 CULEBRA DOLOMITE. The lower of two layers of dolomite within the Rustler Formation
8 that are locally water bearing.

9 CULTURAL RESOURCE SITES. Human-associated ruins of archaeologic significance.

10 DECOMMvISSIONING. Actions taken upon abandonment of the repository to reduce
I1I potential environmental, health, and safety impacts, including repository sealing
12 as well as activities to stabilize, reduce, or remove radioactive materials or
13 demolish surface structures.

14 DECOMMISSIONING PHASE. The term "decommissioning phase" means the period of time
15 beginning with the end of the disposal phase and ending when all shafts at the
16 Waste Isolation Pilot Plant repository have been backfilled and sealed.

17 DELAWARE BASIN. An area in southeastern New Mexico and adjacent parts of Texas
18 where a sea deposited large thicknesses of evaporites some 250 million years ago.
19 It is partially surrounded by the Capitan Reef.A

20 DELAWARE MOUNTAIN GROUP. A set of three formations that underlie the CastileK
21 Formation at the Los Medafios site. The uppermost of these is the Bell Canyon
22 Formation.

23 DESATURATE. To remove liquid from a material to reduce the degree of saturation. If all
24 the liquid is removed from pores and cracks, the material is said to be completely
25 dried.

26 DESIGN BASIS EARTHQUAKE (DBE). An earthquake that is the most severe design basis
27 accident of this type and that produces the vibratory ground motion for which
28 safety class items are designed to remain functional.

29 DESIGN BASIS TORNADO (DBT). A tornado that is the most severe design basis accident
30 of that type applicable to the area under consideration.

31 DEVONIAN WOODFORD SHALE. This is a Devonian-age geological marker about 15,600
32 ft (4,755 m) deep that separates the Silurian Period from the Mississippian Period.
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1 DEwEY LAKE (REDBEDS). Geologic formation overlying thfe Rustler Formation.

2 DIF~usioN, MOLECULAR. Movement of a contaminant due to the cumulative effect of the
3 random motions of molecules.

4 DISCHARGE POINT (OR AREA). In groundwater hydraulics, the point (or area) where water
5 comes out of an aquifer onto the surface.

6 DISPOSAL. See Land Disposal.

7 DISPOSAL FACILITY. A facility or part of a facility into which hazardous waste is
8 intentionally placed and in which hazardous waste w~ill remain after closure.

9 DISPOSAL PHASE. The term ",disposal phase" means the period of time during which
10 transuranic waste is disposed of at the Waste Isolation Pilot Plant, beginning with
I1I the initial emplacement of transuranic waste underground for disposal and ending
12 when the last container of transuranic waste is emplaced underground for
13 disposal.

14 DISPOSAL ROOM. An excavated cavity in the Waste Isolation Pilot Plant underground in
*15 which transuranic waste will be emplaced during disposal operations.

16 DISPOSAL SYSTEM. For purposes of defining the NMVP conceptual model, the disposal
17 system is defined as the combination of engineered zand natural barriers and other
18 assurances that isolate waste after disposal, or the more general features, events,
19 and processes that are capable of affecting performiance of the disposal unit.

K~20 DISPOSAL UNIT (LONG-TERM SIMULATION). For purposes of the long-term simulation,
21 the disposal unit is bounded by the upper and lower formational contacts of
22 Salado Formation contained within the 16-i (41- m ) land-withdrawal area.
23 Specifically, "any movement of constituents above hazardous levels into overlying
24 or underlying formations, or beyond the lateral boundaries of the land-withdrawal
25 area would constitute migration" (55 FR 47704).

26 DISSOLUTION. The process whereby a space or cavity in or between rocks is formed by
27 the solution of part of the rock material.

28 DISTURBED ROCK zoNE., That portion of the geologic barrier of which the physical and/or
29 chemical properties may have changed significantly as a result of underground
30 construction activities.

31 DOLOMITE. A sedimentary rock consisting mostly of the mineral dolomite: CaMg(C0 3 )2..32 It is commonly found with limestone.
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1 DOME (BRECCIA PIPE). A type of bill found near the Los Medafios site; under at least a
2 few of these hills lies a roughly cylindrical volume of breccia pipes (rock
3 reconstituted of coarse rock fragments).

4 DRw~r. A horizontal passageway in a mine.

5 EFFLUENT. Wastewater or airborne emissions discharged into the environment.

6 EMPLACEMENT. At the Waste Isolation Pilot Plant, the placing of radioactive wastes in
7 the repository.

8 ENGINEERED ALTERNATIVES. Potential modifications to the design or operation of the
9 WJPP or to waste forms that, if adopted, will provide increased assurance that the

10 WIPP will perform in compliance with environmental protection and safety
I1I requirements.

12 ENGINEERED BARRIERS. Backfill, seals, and any other man-made barrier components of
13 the disposal system.

14 EVAPORITE. A sedimentary rock composed primarily of minerals produced by
15 precipitation from a solution that has become concentrated by the evaporation of a
16 solvent, especially salts deposited from a restricted or enclosed body of seawater
17 or from the water of a salt lake. In addition to halite (NaCl) these salts include
18 potassium, calcium, and magnesium chlorides and sulfates.

19 EVENT. A phenomenon that occurs instantaneously or within a short time interval
20 relative to the time frame of interest.

21 FAULT. A surface or zone of rock fracture along which there has been displacement.

22 FAULT TREE. A tree-like cause-and-effect diagram of hypothetical events. Analysis of
23 fault trees is used to investigate failures in a system or concept.

24 FILTER BANK. An arrangement of air filters in series and/or parallel.

25 FLOWPATH. The path traveled by a "zero-charged," "floating" particle released into a
26 groundwater flow field.

27 FLUVIAL. Pertaining to streams.

28 FORMATION (GEOLOGIC). The basic rock- stratigraphic unit in the local classification of
29 rocks. It consists of a body of rock (usually sedimentary) generally characterized
30 by some degree of internal lithologic homogeneity or distinctive features.
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I FoRTY-NiNER MEMBER. Upper anhydrite and mud stone layer of Rustler Formation.

2 GAS GENERATION MODEL. A computational model that can simulate and/or predict the
3 rate and quantity of gases generated by waste transfo'rmation processes in a
4 disposal room of the decommissioned repository.

5 GAS GENERATION RATE. The combined gas production rate from all species of gases
6 produced as a result of transuranic waste transforai.-ions such as corrosion,
7 microbial degradation, and/or radiolysis at any giver. time. The rate of gas
8 production throughout the history of the repository is expected to vary depending
9 on repository conditions with respect to humidity, total or partial brine inundation,

10 competitive reactions that absorb specific gases, and the ability of the repository
I11 to retain the gases generated. The term is also applied to individual gases.

12 GATUf4A. A geologic formation covering the Dewey Lake Formation in a wide ranging
13 area. It is basically Pleistocene in age and of medium to coarse brown soil.

14 GENERATOR AND/OR STORAGE SITES. Refers to the Department of Energy sites
15 nationwide where transuranic wastes are generated and/or stored as a result of
16 activities associated with nuclear weapons productio~n..17 GEOMORPHOLOGY. The study of landscape development.

18 GROUNDWATER. Water below the land surface in a zone of saturation.

19 GROUT. A mortar or cement slurry (of high water content) used to plug potential fluid-
20 flow paths in geologic or engineered structures.

S 21 GUADALUPIAN. Geolog ical group of rocks below the Castil e about 4, 100 ft (1,250 mn) to
22 about 8,000 ft (2,438 m) below the surface. Contains the Bell Canyon, Brushy
23 Canyon, and Cherry Canyon formations.

24 Gypsum. A mineral consisting of hydrous calcium sulfate: CaSO4 - 2H20. It is soft and,
25 when pure, white.

26 HALITE. The mineral rock salt: NaCl.

27 HALO-TOLERANT BACTERIA. Refers to bacteria that can su.-x-ive and reproduce in highly
28 saline environments.

29 HAZARDOUS CONSTITUENT. Those chemicals identified in Appendix VMI of 40 CER Part
30 261..31 HAZARDOUS MATERIAL. Any material that has been determidned to be capable of posing a
32 risk to health, safety, or property.
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I HAZARDOUS WASTE. A hazardous waste as defined in 40 CFR § 261.3.

2 HEAD, HYDRAULIC. See HYDRAULIC POTENTIAL.

3 HEADSPACE GASES. The free gas volume at the top of a closed container (between the
4 container lid and the waste inside the container) or containment, such as a drum or
5 bin, containing TRU-mixed or simulated waste. The gas may be generated from
6 biological, chemical, or radiolytic processes; this would include contributions
7 from volatile organic compounds (VOCs) present in the waste.

8 HEPA FILTER. A high-efficiency particulate air filter usually capable of 99.7 percent
9 efficiency as measured by a standard photometric test using 0.3-micron droplets

10 (aerodynamic equivalent diameter) of dioctylphthalate (DOP).

11 HORIZON. In geology, an interface indicative of a particular position in a stratigraphic
12 sequence. For instance, the waste-emplacement horizon in the Salado Formation
13 at the Waste Isolation Pilot Plant is the level about 650 meters (2,150 feet) deep
14 where openings are Rined for waste disposal.

15 HOST ROCK. The rock unit, in this case the Salado Formation, in which the radioactive
16 waste is to be emplaced.

17 HUNDRED-YEAR STORM. A storm that, on a statistical basis, is expected to recur only
18 once every hundred years.

19 HYDRAULIC CONDUCTIVITY. A quantity defined in the study of groundwater hydraulics,>
20 that describes the ability of rock to transmit groundwater. It is measured in feet
21 per day or equivalent units. It is equal to the hydraulic transmissivity divided by
22 the thickness of the aquifer.

23 HYDRAULIC GRADIENT. A quantity defined in the study of groundwater hydraulics that
24 describes the rate of change of head with distance.

25 HYDRAULIC POTENTIAL (OR HYDRAULIC HEAD). Hydraulic pressure corrected for the
26 potential energy of elevation. In an aquifer it is equivalent to the highest level of a
27 column of water that the pressure in the aquifer will support. It is measured
28 relative to a specified level, which in this document is sea level.

29 HYDRAULIC TRANSMISSIVTTY. A measure of the ability of rock to transmit groundwater.
30 It is measured in square feet per day or equivalent units.
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.1 HYDRAULICS, HYDROLOGY. These two terms tend to be used interchangeably, but
2 technically they are not the same. Hydraulics is an engineering discipline;
3 hydrology is the related science. Hydraulics deals with the flow of water.
4 Hydrology deals with water: its properties, circulation, and distribution, from the
5 time it falls as rainwater until it is returned to the :atmosphere through
6 evapotranspiration or flows into the ocean.

7 HYDROLOGIC MODELING. The process of using a mathemnatical representation of a
8 hydrologic system (as embodied in a computer code) to predict the flow of
9 groundwater and the movement of dissolved substances.

10 IN SITU. In the natural or original position. The phrase is used in this document to
I1I distinguish in-place experiments, rock properties, and so on, from those measured
12 in the laboratory.

13 INJECTION WELL. A well into which fluids are injected.

14 INSTITUTIONAL CONTROLS. Human actions to control a waste management facility such
15 as the WIPP. Institutional controls are described as "active" and "passive."
16 Active institutional controls are defined in 40 CFR § 191.12 as: (1) controlling. 17 access to a disposal site by any means other than p~assive institutional controls, (2)
18 performing maintenance operations or remedial actions at a site, (3) controlling or
19 cleaning up releases from a site, or (4) monitoring parameters related to disposal
20 system performance. Passive institutional controls are defined in 40 CFR § 191.12
21 as: (1) permanent markers placed at a disposal site, (2) public records and
22 archives, (3) government ownership and regulations regarding land or resource
23 use, and (4) other methods of preserving knowledge about the location, design,
24 and contents of a disposal system.

25 INTENSITY, EARTHQUAKE. A measure of the effects of an earthquake on humans and
-~26 structures at a particular place. Not to be confused wvith magnitude.

27 INTERNATIONAL SYSTEM OF UNITS. The version of the metric system which has been
28 established by tbe International Bureau of Weights and Measures and is
29 administered in the United States by the National Institute of Standards and
30 Technology. The abbreviation for this system is "S1" (40 CFR § 191.12).

31 INTERSTITIAL BRINE. Brine distributed in the pore space (voids) of a rock mass.

32 ION EXCHANGE. A phenomenon in which chemical species in one phase or material
33 exchange with similar species in another phase..34 LAMPROPHYRIC DIKE. A tabular igneous intrusion with a texture characterized by
35 phenocrysts of biotite, hornblende and pyroxene, and other mafic mineral
36 embedded in a fine-grained crystalline groundmass.
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I LAND DISPOSAL. Emplacement in or on the land, except in a corrective action
2 management unit, and includes, but is not limited to, placement in a landfill,
3 surface impoundment, waste pile, injection well, land treatment facility, salt dome
4 formation, salt bed formation, underground mine or cave, or placement in a
5 concrete vault, or bunker intended for disposal purposes.

6 LAND WITHDRAWAL ACT. Public Law 102-579, which withdraws the land at the Waste
7 Isolation Pilot Plant site from "entry, appropriation, and disposal"; transfers
8 jurisdiction of the land from the Secretary of the Interior to the Secretary of
9 Energy; reserves the land for activities associated with the development and

10 operation of the Waste Isolation Pilot Plant; and includes many other
I1I requirements and provisions pertaining to the protection of public health and the
12 environment.

13 LANGBEINITE. A mineral, K2 Mg2 (S0 4)3 , used in the fertilizer industry as a source of
14 potassium sulfate.

15 LEACHATE. Means any liquid, including any suspended components in the liquid, that
16 has percolated through or drained from hazardous waste.

17 LEACHING. The process of extracting a soluble component from a solid by the
18 percolation of a solvent (in this report, water) through the solid.

19 LEONARDIAN. The geologic formation from 8,000 ft (2,438 mn) to 11,400 ft (3,475 m)
20 below the surface. Middle of the Permian zone.

21 LEVEL-LINE SURVEY. A cross-country survey in which changes in elevation with respect
22 to sea level are very carefully measured. I

23 LITHOLOGY. The study and examination of rocks.

24 LITHOSTATIC PRESSURE. Subsurface pressure due to the weight of overlying rock or soil.

25 LONG TERM. Refers to the 10,000 years after shaft sealing for which performance
26 assessment calculations and models assess the behavior of the repository with
27 respect to compliance with 40 CFR Part 191 and 40 CFR § 268.6.

28 Los MEDA1~os. In this report, the area in southeastern New Mexico surrounding the site
29 proposed for the WIPP repository. In Spanish it means "dune country.'

30 LOWER EXPLOSIVE LIMIT. The minimum concentration of gas or vapor in air below which
31 a substance does not burn when exposed to an ignition source.

32 MAGENTA DOLOMITE. The upper of two layers of dolomite within the Rustler Formation
33 that are locally water-bearing.
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1 MAGNITUDE, EARTHQUAKE. A measure of the total energy released by an earthquake.
2 Not to be confused with intensity.

3 MALAGA BEND. A sharp bend in the Pecos River 20 mi (32.2 kin) southeast of Carlsbad,
4 New Mexico, and directly east of the town of Malaga.

5 MARKER BEDS (MB). MBs are well-defined layers of rock tihat mark distinct divisions in
6 major geological strata or geological time frames.

7 MATHEMATICAL MODEL. The mathematical representation of a conceptual model (i.e.,
8 the algebraic, differential or integral equations) that predict quantities of interest
9 of a system and any constitutive equations of the physical material that

10 appropriately approximate system phenomena in a specified domain of the
11 conceptual model.

12 MEAN. The average value. For a given set of n values, the inean is the sum of their
13 values divided by n.

14 MEDIAN. The median of a set of data is the value such that half of the observations are
15 less than that value and half are greater than that value.

.16 MERCALLI INTENSrTY. A scale of measurement of earthquake intensity.

17 MESCALERO CALICHE. An informal name for the layer of w~tiite calcium carbonate
18 containing rock and soil of varying thickness found overlaying the Rustler in the
19 WIPP area.

20 METHANOGENESIS. The generation of methane through the decomposition of organic
21 matter in wastes.

22 MIGRATION. In the context of 40 CFR § 268.6, "migration" means the movement of
23 hazardous constituents beyond the boundary of a hazardous waste management
24 unit in concentrations exceeding applicable regulatorY levels.

25 MISCELLANEOUS HAZARDOUS WASTE MANAGEMENT UNIT. A waste management unit
26 where hazardous waste is treated, stored, or disposed of, and that is not a
27 container, tank, surface impoundment, pile, land treatment unit, landfill,
28 incinerator, boiler, industrial furnace, underground injection well, or unit eligible
29 for a research, development, and demonstration permit (40 CFR § 260. 10).

30 MISSISSIPPIAN. Geologic formation from 15,000 to 15,600 ft (4,572 to 4,755 mn) below
31 the surface at the WIPP site.
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I MIXED WASTE. Mixed waste contains both radioactive and hazardous components, as
2 defined by the Atomic Energy Act and the Resource Conservation and Recovery
3 Act, respectively.

4 NASH DRAW. A shallow valley, approximately 5 mi (8.1 kin) wide, open to the southwest
5 located to the west of the WIPP site.

6 NATURAL BARRIERS. The repository host rock and surrounding geologic structures and
7 formations. The natural barriers extend from the engineered barrier to the
8 compliance boundary.

9 NEW MEXICO HAZARDOUS WASTE ACT. The New Mexico legislation which establishes
10 the state hazardous waste management program. The state law is no less stringent
I1I than the federal law, and is consistent with the federal RCRA regulations, 40 CFR
12 Parts 260 through 270.

13 No-MIGRATION. Adequate isolation of RCRA-regulated constituents such that "no-
14 migration" of hazardous-waste constituents beyond the unit boundary occurs for
15 as long as the wastes remain hazardous.

16 No-MIGRATION DETERMINATION. In the context of the Test Phase, the term "no-
17 migration determination" means the Final Conditional No-Migration
18 Determination for the Department of Energy Waste Isolation Pilot Plant published
19 by the Environmental Protection Agency on November 14, 1990 (55 FR 47700),
20 and any amendments thereto, pursuant to the Solid Waste Disposal Act (42 United
21 States Code 6901 et seq.). The Department of Energy has decided not to pursue
22 the testing activities in the WIPP underground for which the conditional No-A

23 Migration Determination was made.

24 ORDOVICIAN. Rock zone between 16,900 ft and 18,200 ft (5,151 mn and 5,547 m) below
25 the surface at the WIPP site and also denotes geologic time 43 8-505 million years
26 ago.

27 OVERPACK. A container put around another container. In the WIPP, overpacks would be
28 used on damaged or otherwise contaminated drums, boxes, and canisters that it
29 would not be practical to decontaminate.

30 Oxic CORROSION. Oxidation of metals by molecular oxygen (02).

31 PACKAGING. The assembly of components necessary to ensure compliance with
32 packaging requirements. It may consist of one or more receptacles, absorbent
33 materials, spacing structures, thermal insulation, radiation shielding, and devices
34 for cooling or absorbing mechanical shocks. The vehicle, tie-down system, and
35 auxiliary equipment may be designated as part of the packaging.
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1 PALEOZOic. Major geological age from 245 million years to 570 million years. Denotes
2 a wide range of geological strata from different subgeological periods, i.e.,

3 Permian, Pennsylvanian, Mississippian, etc.

4 PANEL. A group of several underground rooms connected by drifts. Within the Waste
5 Isolation Pilot Plant, a panel consists of seven rooms connected by drifts at each
6 end.

7 PASCAL (PA). A unit of pressure obtained by dividing force (in Newtons) by area (in
8 meters squared).

9 PASSIVE INSTITUTIONAL CONTROLS. "(1) [Pjermanent markers placed at a disposal site,
10 (2) public records and archives, (3) government ownership and regulations
11 regarding land or resource use, and (4) other methods of preserving knowledge
12 about the location, design, and contents of a disposal system"' (40 CFR § 191.12).

13 PENNSYLVANIAN. This is a geologic period of approximately 286 to 320 million years
14 ago. Pennsylvanian rocks are found about 12,800 to 15,000 ft (3,901 to 4,572 m)
15 below the Los Medafios surface. Contains oil and natural gas.

*16 PERFORMANCE ASSESSMENT. A term used to denote quantitative activities carried out to
17 evaluate the long-term ability of the Waste Isolation Pilot Plant to effectively
18 isolate the waste, to ensure long-term health and safety of the public by complying
19 with 40 CFR § 268.6, and to supply datalinformation to the compliance analysis
20 for demonstrating regulatory compliance. The final analysis of compliance will
21 consist of a qualitative assessment of the quantitative results of the performance
22 assessment.

23 PERMEABILITY. In hydrology, the capacity of a rock sediment or soil to transmit fluids
24 under specified conditions.

25 PERMIAN BASIN. A region in the Central United States where, during the Permian Period
26 (245 to 286 million years ago), there were many shallow seas that laid down vast
27 beds of evaporites. The Delaware basin is a part of the Permian basin.

28 pH1. A term used to describe the hydrogen-ion activity or conicentration of a solution.

29 PHYSIOGRAPHY, A description of the natural features of the surface of the earth.

30 PLUTONIUM. A metallic, radioactive element, symbol Pu, atomic number 94, in the
31 actinide series of elements; used as a nuclear fuel, to produce radioactive nuclides
32 for research, and as the fissile agent in nuclear weapons.
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I POINT SOURCE. A source of effluents that is small enough in dimensions that it can be
2 treated as if it were a point. The converse (not used in this document) is a diffuse
3 source. A point source can be either a continuous source or a source that emits
4 effluents only in puffs or for a short time.

5 POLYHALITE. An evaporite mineral: K2MgCa2 (SO 4)4 - 2H20. It is a hard, nearly
6 insoluble mineral with no economic value.

7 POROSITY. The percentage of porous rock that consists of open space.

8 POST-CLOSURE PERIOD. A designated period of time beginning with the end of the
9 Decommissioning Phase and extending through the end of the regulatory time

10 frame of 10,000 years.

I1I POTASH. A potassium compound, especially as used in agriculture or industry.

12 POTENTIOMETRIC SURFACE. A subsurface map of the hydraulic potentials of an aquifer.
13 It is usually represented in figures as a contour map, each point estimating how
14 high the water would rise in a well tapping that aquifer at that point.

15 PRECAMBRIAN ROCKS. The deepest rock zone under WIPP (18,000 ft [5,486 in]) and the
16 oldest at +600 million years.

17 PUBLIC LAW 96-164. The U.S. Department of Energy National Security and Military
18 Applications of Nuclear Energy Act of 1980. Public Law 96-164 directed the
19 Department of Energy to proceed with the design and development of the Waste
20 Isolation Pilot Plant.

21 PUBLIC LAW 102-579. See LAND WITHDRAWAL ACT.

22 QUALITY ASSURANCE. The planned and systematic actions necessary to provide adequate
23 confidence that a structure, system, or component will perform satisfactorily in
24 service.
25
26 QUALITY ASSURANCE PROGRAM PLANS (QAPP). Documents that describe the overall
27 program plans and activities to meet the project's quality assurance goals.

28 QUALITY ASSURANCE PROJECT PLANS (QAPjP). Documents that ensure site-specific
29 waste characterization activities meet the data quality objectives.

30 QUALITY CONTROL. Those quality assurance activities that provide a means to control
31 and measure the characteristics of a structure, system, or component to established
32 requirements.

33 RADIOLYSIS. Chemical decomposition by the action of radiation.
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. 1 REAL-TIMvE RADIOGRAPHY. A nondestructive, nonintrusive examination technique that
2 enables a qualitative (and in some cases semiquantitative) evaluation of the
3 contents of a waste container. Real-Time Radiography utilizes x-rays to inspect
4 the contents of the waste container and allows the operator to view events in
5 progress (real time). Real-Time Radiography is used to examine and verify the
6 physical form of the waste for certain waste forms, identify individual waste
7 components, and verify the absence of certain nonco~mpliant items, as applicable.

8 REASONABLE. (1) Not conflicting with reason, (2) not extreme or excessive, (3) having
9 the faculty of reason, or (4) possessing sound judgment.

10 RECHARGE POINT (OR AREA). In groundwater hydraulics, th.- point (or area) where
11I surface water enters an aquifer.

12 RELATIVE PERMEABILITY. In an immiscible two-phase fluid flow system containing gas
13 and water, each phase will exhibit a relative permeability determined by the
14 relative fraction of pore space occupied by that phase (i.e., phase saturation). As
15 defined in Appendix BRAGFLO, the relative permeability of one phase increases
16 with increasing saturation, whereby increasing saturation in that phase acts to
17 displace the other and reduce the relative permeability of that phase (see also.i1 Appendix PAR, residual gas and brine saturation).

19 REMOTE-HANDLED WASTE. Transuranic wastes that have a measured radiation dose rate
20 at the container surface greater than 200 millirem per hour. RH-TRU waste
21 received at the WIPP may not exceed 1,000 rem per Jiour (Public Law 102-579,
22 Section 7(a)(l)(A)). RH-TRU waste received at the WIPP may not exceed
23 requiring shielding for safe handling.

24 REPOSITORY. The portion of the Waste Isolation Pilot Plant underground system within
\/ ~ 25 the Salado Formation, including the access drifts, waste panels, and experimental

26 areas, but excluding the shafts.

27 REPOSITORY/SHAFT SYSTEM. The Waste Isolation Pilot Plant underground workings,
28 including the shafts, all engineered and natural barriers, and the altered zones
29 within the Salado Formation and overlying units resulting from construction of
30 the underground workings.

31 RESERVES. Mineral resources that can be extracted profitably by existing techniques and
32 under present economic conditions.

33 RESISTIVITY. Measure of electrical resistance in a fluid such as brine.
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1 RESOURCE CONSERVATION AND RECOVERY ACT PERMIT APPLICATION. An application,
2 which is submitted by the owner/operator of a hazardous waste management unit
3 to the state (if authorized by the Environmental Protection Agency) or to the
4 Environmental Protection Agency, for a Resource Conservation and Recovery Act
5 permit to operate the unit.

6 RESOURCES. Mineralization that is concentrated enough, in large enough quantity, and in
7 physical and chemical forms such that extraction is currently or potentially
8 feasible and profitable.

9 RETRIEVABLE. Describes storage of radioactive waste in a manner designed for recovery
10 without loss of control or release of radioactivity.

I1I RHEOLOGic RESPONSE. Strain or deformation of a rock material resulting from the
12 material being subjected to an external stress.

13 Room. An excavated cavity within a panel in the underground. Within the Waste
14 Isolation Pilot Plant, a room is about 33 ft (10 m) wide, 13 ft (4 m) high, and 299
15 ft (91 m) long.

16 RUSTLER FORMATION. The evaporite beds, including mudstones, of Permian age that
17 immediately overlie the Salado Formation.

18 SAFETY ANALYSIS REPORT (SAR). A safety document providing a concise but complete
19 description and safety evaluation of the site, the design, normal and emergency
20 operations, potential accidents, and predicted consequences of such accidents, and
21 the means proposed to prevent such accidents or to mitigate the consequences of
22 such accidents. An SAR documents the adequacy of safety analysis for a nuclear V
23 facility to ensure that the facility can be constructed, operated, maintained, shut
24 down, and decommissioned safely and in compliance with applicable laws and
25 regulations.

26 SALADO FORMATION. A geologic formation of Late Permian age in southeastern New
27 Mexico. At the Waste Isolation Pilot Plant site, it is composed of salt beds with
28 minor amounts of anhydrite (45 numbered anhydrite marker beds: Marker Bed
29 101 through Marker Bed 145) and clay. It is the host unit for the Waste Isolation
30 Pilot Plant repository.

31 SAN SIMON SINK. The central, most depressed area of San Simon Swale.

32 SAN SIMON SWALE. A broad depression about 15 mi (24 kin) east of the WIPP site, open
33 to the southeast.
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1 SATURATED. In considerations of multiphase flow, a condition in which all connected
2 pores in a given volume of material contain the same fluid. A material may be
3 saturated by gas or liquid.

4 SCENARIO. A combination of naturally occurring or human.-induced events and processes
5 that represent realistic future changes to the repository, geologic, and
6 geohydrologic systems that could cause or promote the escape of radionuclides
7 and/or hazardous constituents from the repository.

8 SEAL. An engineered barrier designed to isolate the waste and to impede fluid flow in the
9 shafts.

10 SEDIMENTARY. Rocks formed by the accumulation of sediments.

I1I SEISMIC RISK ZONE. A designation of a geographic region expressing the maximum

12 intensity of earthquakes that could be expected there.

13 SHAFT. A man-made hole, either vertical or steeply inclined, that connects the surface
14 with the underground workings of a mine.

*15 SHAFT PILLAR. The cylindrical volume of rock around a shaft from which major
16 underground openings are excluded in order that they not weaken the shaft.

17 SHALLOW-DISSOLUTION ZONE. A zone of residual material at the interface of the Rustler
18 and Salado Formations in Nash Draw west of the WIPP site left after dissolution
19 of the salt. It is highly permeable and often contains brine.

20 SITE CHARACTERIZATION. The process of making geologic and environmental studies to
__"21 identify potential sites for mined geologic repositories. Detailed site

22 characterization goes further: all additional data are collected that would be
23 necessary if a license application were to be submitte-d.

24 SLUDGE. Refers to de-watered contact-handled transuranic wastes containing both
25 organic and inorganic constituents that must meet thc, Waste Acceptance Criteria
26 for shipment and disposal at the Waste Isolation Pilot Plant repository. High
27 sludges are contact-handled transuranic waste where the sludge component
28 constitutes 50 percent or more of the waste volume; low sludges are the same type
29 of waste containing less than 50 percent by volume of sludge.

30 SOLUBILITY. The ability or tendency of one substance to blend uniformly with another
31 (e.g., solid in liquids, liquid in liquid, gas in liquid., and gas in gas). Solids vary
32 from 0 to 100 percent in their degree of solubility in liquids depending on the.33 chemical nature of the substance(s); to the extent that they are soluble, they lose
34 their crystalline form and become molecularly or ion ically dispersed in the solvent
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I to form a true solution. Liquids and gases are often said to be miscible in other
2 liquids and gases rather than soluble.

3 SOLUTE. A substance which is dissolved in another substance called the solvent. The
4 solute is uniformly dispersed in the solvent either molecularly or ionically.

5 SOLVENT. A substance capable of dissolving another substance (solute) to form a
6 uniform dispersed mixture (solution) at the molecular or ionic level. Solvents are,
7 accordingly, characterized as either polar or non-polar. Water is strongly polar;
8 hydrocarbon solvents are non-polar.

9 SORPTION. The binding on a microscopic scale of one substance to another, such as by
10 adsorption or ion exchange. In this document, the word is especially used in the
I11 sorption of solutes onto aquifer solids.

12 SOURCE TERM. Source term is the quantity of hazardous constituents available for
13 transport or the maximum concentration of hazardous constituents in a particular
14 phase, depending on the type of information available.

15 SPALLINGS. During drilling, material surrounding the eroded borehole that is transported
16 by gas escaping to the lower pressure borehole.

17 STANDARD WASTE BOX (SWB). A waste container measuring approximately 6 by 4.5 by
18 3 ft (1.8 by 1.4 by 0.9 m) high, with rounded ends.

19 STRATA. Geologic term for layers of the earth's crust.

20 STRATIGRAPHIC. Involves the science and study of the origin, composition, and proper
21 sequence in which various rock strata were layered during various geological
22 ages. Used in this text to describe geological layered formations above and below \

23 the WIPP repository and their physical characteristics.

24 STUDY AREA. The region about the Los Medafios site studied in the evaluation of that
25 site.

26 SYLvITE. A mineral, KCl, used in the manufacture of fertilizer.

27 TAMARISK MEMBER. Middle anhydrite layer of Rustler Formation.

28 TECTONIC ACTIVITY. Movement of the earth's crust such as uplift and subsidence and the
29 associated folding, faulting, and seismicity.

30 THERMAL FIELD. The field or set of temperatures throughout a volume. Use of the term
31 usually connotes temperatures that differ from point to point.
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1 THERMAL GRADIENT. The rate of change of temperature per unit length.

2 Toxicry. The ability of a substance to cause damage to living tissue, impairment of the
3 central nervous system, severe illness or, in extreme cases, death when ingested,
4 inhaled, or absorbed by the skin.

5 TRANsMussivrry. For a confined aquifer, the product of hydraulic conductivity and
6 aquifer thickness.

7 TRANSURANic NUCLIDE. A nuclide with an atomic number greater than that of uranium
8 (92). All transuranic nuclides are produced artificially and are radioactive.

9 TRANSURANic PACKAGE TRANSPORTER (TRUPACT)-ll. Package designed to transport
10 contact-handled TRU-mixed waste to the WIPP site. It is a cylinder with a flat
11 bottom and a domed top that is transported in the up.-ight position.

12 TRANsuRANIC WASTE. The term "transuranic waste" means waste containing more than
13 100 nanocuries of alpha-em-itting transuranic isotopes per gram of waste, with
14 half-lives greater than 20 years, except for: (1) high-level radioactive waste, (2)
15 waste that the Secretary has determined, with the concurrence of the

*16 Administrator, does not need the degree of isolation 1-equired by the disposal
17 regulations, or (3) waste that the Nuclear Regulatory Commrrission has approved
18 for disposal on a case-by-case basis in accordance with 10 CFR 61.

19 TREATMENT. Means any method, technique, or process, including neutralization,
20 designed to change the physical, chemical, or biological character or composition

21 of any hazardous waste so as to neutralize such waste, or so as to recover energy
22 or material resources from the waste, or as to render such waste non-hazardous, or
23 less hazardous; safe to transport, store, or dispose of;, or amenable for recovery,
24 amenable for storage, or reduced in volume.

25 TYPE A PACKAGING. Means a packaging designed to retain the integrity of containment
26 and shielding required by this part under normal conditions of transport as
27 demonstrated by the tests set forth in 49 CER § 17-3.465 or 173.466, as
28 appropriate.

29 UNTNTERRUPTIBLE POWER SUPPLY (UPS). A power supply that provides automatic,
30 instantaneous power, without delay or transients, on failure of normal power. It
31 can consist of batteries or full-time operating generators. It can be designated as
32 standby or emergency power depending on the application. Emergency
33 installations must meet the requirements specified for emergency.

*34 UNIT BOUNDARY. In the context of 40 CFR § 268.6, the unit boundary is that the point at
35 which "migration" occurs if hazardous constituents pass that point in
36 concentrations exceeding health-based levels.
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1 VOLATILE ORGANIC COMPOUNDS (VOCS). RCRA-regulated organic compounds which
2 readily pass into the vapor state and are present in contact-handled transuranic
3 mixed waste.

4 VUGS. Small cavities in a rock.

5 WASTE ACCEPTANCE CRITERIA. A set of conditions established for permitting transuranic
6 wastes to be packaged, shipped, managed, and disposed of at the Waste Isolation
7 Pilot Plant.

8 WASTE CHARACTERIZATION. Sampling, monitoring, and analysis activities to determine
9 the nature of the waste.

10 WASTE CHARACTERIZATION PROGRAM. The processes of transuranic waste analysis to
11 support the No-Migration Determination, Part B of the Resource Conservation
12 and Recovery Act permit application, other permits, transportation requirements,
13 and other program requirements. These analyses include documentation of waste
14 generation processes, visual examination of waste components, radiography
15 analysis, and waste assay for radionuclide content. Waste matrix and headspace
16 gas chemical analyses are also part of the characterization program.

17 WASTE FORM. A term used to emphasize the physical and chemical properties of the
18 waste.

19 WASTE MATRIX. The material that surrounds and contains the hazardous constituents and
20 to some extent protects them from being released into the surrounding rock and
21 groundwater. Only material within the canister (or drum or box) that contains the
22 waste is considered part of the waste matrix.

23 WOLFCAMPIAN. Lower member of Permian age in Southeastern New Mexico.

24 WORKING AGREEMENT. Appendix B of the Agreement of Consultation and Cooperation,
25 which sets forth the working details of that Agreement.
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.1 ACRONYMS

2 AAC Active Access Control
3 AASHTO American Association of State Highway and Transportation Officials
4 AC Alternating Current
5 ACA Agency for Conservation Archaeology
6 acfm Actual Cubic Feet per Minute
7 ACGIH American Conference of Governmental Industrial Hygienists
8 ACGLF Adjustable Center-of-Gravity Lift Fixture
9 ACPE Average Closed Panel Emission Rate

10 ACRE Average Closed Room Emission Rate
11 ADF Air Dispersion Factor
12 ADM Air Dispersion Modeling
13 AEA Atomic Energy Act
14 AEC Atomic Energy Commission
15 AFEF Aqueous Film Forming Foam
16 AIM Agricultural and Industrial Minerals, Inc.
17 AISC American Institute of Steel Construction
18 ALARA As Low As Reasonably Achievable
19 AMS Atmospheric Monitoring Station
20 ANL-E Argonne National Laboratory-East
21 ANL-W Argonne National Laboratory-West.22 ANSI American National Standards Institute
23 AOPE Average Open Panel Emission Rate
24 AORE Average Open Room Emission Rate
25 AQCR Air Quality Control Regulations
26 ARM Area Radiation Monitoring
27 ASER Annual Site Environmental Report
28 ASME American Society of Mechanical Engineers
29 ASME NQA-lI American Society of Mechanical Engineers' Nuclear Quality Program
30 AT Averaging Time
31 atm Atmospheres
32 BAD Background Air Data
33 BEAR Backfill Engineering Analysis Report
34 BECR Biennial Environmental Compliance Report

35 BFB Bromofluorobenzene<4
36 BH Borehole Data
37 BIR Baseline Inventory Report
38 BLM U.S. Bureau of Land Management
39 BRAGFLO Brine and Gas Flow
40 BS Blank Spike
41 BSD Blank Spike Duplicates
42 BSEP Brine Sampling and Evaluation Program..43 BWQ Background Water Quality
44 C&C Consultation and Cooperation
45 C&SH Construction and Salt Handling Shaft
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I CAA Clean Air Act
2 CAAA Clean Air Act Amendment
3 CAM Continuous Air Monitor
4 CAMCON Compliance Assessment Methodology Controller
5 CAG Carlsbad Area Office
6 CB Cabin Baby
7 CBP Central Basin Platform
8 CCA Compliance Certification Application
9 CCDF Complementary Cumulative Distribution Function

10 CDF Cumulative Distribution Function
11 CERCLA Comprehensive Environmental Response, Compensation, and Liability
12 Act
13 CFR Code of Federal Regulations
14 CH Contact-Handled
15 CLP Closure Plans
16 CMP Confirmatory Monitoring Plan
17 CMR Central Monitoring Room
18 CO Carbon Monoxide
19 COE U.S. Army Corps of Engineers
20 CONT Contingency Plan
21 CRQL Contract Required Quantitation Limits
22 CRS Closure Review Study
23 CSF Cancer Slope Factor

24 CWA Clean Water Act
25 D&D Decontamination and Decommissioning
26 DBE Design Basis Earthquake
27 DBT Design Basis Tornado
28 DC Direct Current
29 DCCA Draft Compliance Certification Application for 40 CFR 191
30 DEF Deformation
31 DIF Diffusion
32 DMG Delaware Mountain Group
33 DNAG The Decade of North American Geology by A.R. Palmer
34 DOE U.S. Department of Energy
35 DOI U.S. Department of Interior
36 DOL U.S. Department of Labor
37 DOP Dioctylphthalate
38 DOT U.S. Department of Transportation
39 DQO Data Quality Objective
40 DRZ Disturbed Rock Zone
41 DZ Disturbed Zone
42 EATF Engineered Alternatives Task Force
43 EC Exhaust Shaft Concentration
44 ED Exposure Duration
45 EEG Environmental Evaluation Group
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.1 EF Exposure Frequency
2 EFB Exhaust Filter Building
3 EM Emergency Management
4 EMP Environmental Monitoring Plan
5 EMR Environmental Monitoring Report
6 EOC Emergency Operations Center
7 EP Event and Process
8 EPA U.S. E nvironmental Protection Agency
9 EPCRA Emergency Planning and Community Right-to-Know Act

10 ET exposure time
11 ERDA U.S. Energy Research and Development AdAministration
12 ETEC Energy Technology Engineering Center
13 FC Flood Control
14 EIS Final Environmental Impact Statement
15 PEP Feature, Event, and Process
16 FFCA Federal Facilities Compliance Act
17 FIFRA Federal Insecticide, Fungicide, and Rodewicide Act
18 FLPMA Federal Land Policy and Management Act
19 PP Future Panel
20 MR Federal Register.21 FSAR Final Safety Analysis Report
22 ft3  Cubic Foot
23 PTIR Fourier transform infrared spectroscopy
24 FWS Fish and Wildlife Service
25 g Gram

26 GAS Gas-Generation
27 GC gas chromatography
28 GCR Geological Characterization Report
29 GEP Good Engineering Practice

-~ 30 GMS Geomnechanical Monitoring System

(/k 31 GSB Guard and Security Building
32 HAP Hazardous Air Pollutant
33 HBL Health-Based Level
34 HEAST Health Effects Assessment Summary Tables
35 HEPA High Efficiency Particulate Air
36 HERE Horizontal Emplacement and Retrieval Equipment
37 HLW High-Level Waste
38 HMTA Hazardous Materials Transportation Act
39 HPIC High Pressure Ionization Chamber
40 HQ Headquarters
41 HSWA Hazardous and Solid Waste Amendments
42 HTMR High Temperature Metals Recovery.43 HVAC Heating, Ventilation, and Air Conditioning
44 HWMR Hazardous Waste Management Regulations
45 HWMU Hazardous Waste Management Units
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I JAEA International Atomic Energy Act
2 ICV Inner Containment Vessel
3 IDB Integrated Database
4 INEL Idaho National Engineering Laboratory
5 JR Irrigation
6 IRIS Integrated Risk Information System
7 ISC Industrial Source Complex
8 ISCLT3 Industrial Source Complex Long-Term, Version 3
9 K Degrees Kelvin

10 KAPL Knolls Atomic Power Laboratory
I I L Liters
12 LANL Los Alamos National Laboratory
13 LBL Lawrence Berkeley Laboratory
14 LCS Laboratory Control Samples
15 LDR Land Disposal Restrictions
16 LLNL Lawrence Livermore National Laboratory
17 LLW Low-Level Waste
18 LTM Long-Term Monitoring
19 LTMP Long-Term Monitoring Program
20 LWA Land Withdrawal Act
21 m Meter
22 m 3  Cubic Meter
23 M&O Management and Operations
24 MASS Modeling Assumptions
25 MB Marker Bed
26 MCS Master Control Station
27 M-D Multimechanism-Deformation
28 MDCF Multimechanism Deformation Coupled Fracture
29 MIDL Minimum Detection Level
30 MF Mole Fraction
31 mg Milligram
32 min Minute
33 mim Millimeter
34 MOC Managing and Operating Contractor
35 mol Mole
36 MOU Memorandum of Understanding
37 MOUND Mound Laboratory
38 MP Markers Panel
39 MRL Method Reporting Limit
40 MS Mass Spectrometry
41 MSDS Material Safety Data Sheet
42 MSHA Mine Safety and Health Act
43 11g Microgram
44 MWIR Mixed Waste Inventory Report
45 NAAQS National Ambient Air Quality Standards
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@0 1 NACEPT National Advisory Council on Environmental Policy and Technology
2 NAS-NRC National Academy of Sciences-National Research Council
3 NCB National Coal Board
4 NDAINDE Non-Destructive Assay/Non-Destructive Examination
5 NEPA National Environmental Policy Act
6 NES Nonradiological Environmental Surveillance
7 NESHAP National Emission Standards for Hazardous Air Pollutant
8 NGS National Geodetic Survey
9 NHPA National Historic Preservation Act

10 NI) Nonradionuclide Inventory Database
I I NIOSH National Institute of Occupational Safety and Health
12 NLS Nonlinear Equations
13 NMAC New Mexico Administrative Code
14 NMAQCB New Mexico Air Quality Control Bureau
15 NMIBMMR New Mexico Bureau of Mines and Mineral Resources
16 NMD No-Mligration Determination
17 NMDG&F New Mexico Department of Game and Fish
18 NMED New Mexico Environent Department
19 NMH1WA New Mexico Hazardous Waste Act
20 NMV No-Migration Variance
21 NMVP No-Migration Variance Petition@22 No. Nitrous Oxide
23 NPDES National Pollutant Discharge Elimination System
24 NRC U.S. Nuclear Regulatory Commission
25 NRHP National Register of Historic Places
26 NTPO National TRU Program Office
27 NTS Nevada Test Site
28 NTWO Office of National TRU Waste Operations
29 NUTS Nuclide Transport System
30 NWPA Nuclear Waste Policy Act
31 NWS National Weather Service
32 OCA Outer Containment Assembly
33 OD Outer Diameter
34 OEDC Organization for Economic Cooperation and Development
35 OP&R Overpack and Repair
36 OPRR Overpack and Repair Room
37 ORNL, Oak Ridge National Laboratory
38 OSHA -Occupational Safety and Health Administration
39 P&P Planning and Permitting
40 PA Performance Assessment
41 PAD Paducah Gaseous Diffusion Plant
42 PAR Paramneter Sheets@43 PAX Private Automatic Exchange
44 PBWAC Performance-Based Waste Acceptance Criteria
45 PCB Polychlorinated Biphenyl
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I PDP Performance Demonstration Program
2 PDPP Performance Demonstration Program Plan,
3 PM Permanent Marker
4 PMR Post-Closure Monitoring Report
5 PMS Permanent Marker System
6 PPE Personal Protective Equipment
7 ppmv Parts per Million by Volume
8 PRP Parameter Records Package
9 PTB Project Technical Baseline

10 Q Air Flow Rate
I I QA Quality Assurance
12 QA/QC Quality Assurance/Quality Control
13 QAPD Quality Assurance Program Document
14 QAPjP Quality Assurance Project Plan
15 QAPP Quality Assurance Program Plan
16 QARD QA Requirements Document
17 R Recreation
18 RBP Radiological Baseline Program
19 RCRA Resource Conservation and Recovery Act
20 RCS Radar Cross-Section
21 RCSMP Regulatory Compliance Strategy and Management Plan Requirements
22 for Nuclear Facilities
23 REG Regularoty Interpretations
24 RF Radio Frequency
25 RfC Reference Concentration
26 RfD Reference Dose
27 RFETS Rocky Flats Environmental Technology Site
28 RFP Rocky Flats Plant
29 RH Remote-Handled
30 RMv Rock Mechanics.
31 ROD Record of Decision
32 RPD, Relative Percent Difference
33 RTR Real-Time Radiography
34 SAR Safety Analysis Report
35 SARA Superfund Amendments and Reauthorization Act
36 SARP Safety Analysis Report for the TRUPACT-1Il Shipping Package
37 SB Support Building
38 scfm Standard Cubic Feet Per Minute
39 SCPE Single Closed Panel Emission
40 SCR Screening
41 SDD System Design Description
42 SDS Subsidence Data Study
43 SDWA Safe Drinking Water Act
44 SEIS Supplement Environmental Impact Statement
45 SEPM Society of Economic Paleontologists and Mineralogists
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@1 SER Annual Site Environmental Report for Cal endar year 1993
2 SF Slope Facti'
3 SHPO State Historic Preservation Officer
4 SUS Salt Handling Shaft
5 SLO State Land Office
6 SMC Salado Mass Concrete
7 SNL Sandia National Laboratories
8 SO 2  Sulphur Dioxide
9 SOP Standard Operating Procedure

10 SPDV Site Preliminary Design Validation
11 SPIV Site and Preliminary Design Validation
12 SPM Systems Prioritization "Methodology
13 SPM- 1 Systems Prioritization Method- 1
14 SQL Sample Quantitation Limit,
15 SRS Savannah River Site
16 SSBI Small-Scale Brine Inflow'
17 SSZ Site Source Zone
18 STAR Stability Array
19 STP Standard Temperature and Press ure
20 sum Summary of Site-Characterization Studies
21 SURV Aerial Surveys@22 SVOC Semi-Volatile Organic Compound
23 SWB Standard Waste Box
24 SXPE Single Open Panel Equivalent
25 TCI Tentatively Identified Compound1s,<I 26 TD Total Depth
27 TDOP Ten-Drum Overpack

__ 28 TDS Total Dissolved Solids
29 THQ Target Hazard Quotient
30 ThD Thermoluminescent Dosimetry
31 TOC Total Organic Carbon
32 TRAMPAC TRUPACT-il Authorized Methods for Payload Control
33 TRL Target Risk Level
34 TRU Transuranic
35 TRUCON TRUPACT-il Content
36 TRUDOCK TRUPACT Dock'
37 TRUPACT Transuranic Package Transporter
38 TSCA Toxic Substances Control Act
39 TSP Total Suspended Particulates
40 TV Television
41 TWA Time-Weighted Averages
42 U/G Underground@43 UBC Uniform Building Code
44 UCRL University of California Research Laboratories
45 UHP Ultra High Purity

DOEICAO-96-21 60 ACR-7 June 14, 1996



Final No-MigratX!9!Mha4~.ftftn

1 UIC Underground Injection Control
2 ULF Ultra-Low Frequency
3 UINAMAP Users Network for Applied Modeling of Air Pollution
4 UNM University of New Mexico
5 UPS Uninterruptible Power Supply
6 URF Unit Risk Factor
7 USBM U.S. Bureau of Mines
8 USC United States Code
9 USFWS U.S. Fish and Wildlife Service

10 USGS U.S. Geological Survey
I1I UST Underground Storage Tank
12 USTR Underground Storage Tank Regulations
13 UTM Universal Transverse Mercator
14 VLF Very-Low Frequency
15 VOC Volatile Organic Compound
16 VOC VOC Screening Methodology
17 WAC Waste Acceptance Criteria
18 WACCC Waste Acceptance Criteria Certification Committee
19 WAP Waste Analysis Plan
20 WHB Waste Handling Building
21 WID Waste Isolation Division
22 WIPP Waste Isolation Pilot Plant
23 WMC Waste Matrix Code
24 WMCG Waste Matrix Code Group
25 WPO Work Project Order
26 WQSP Water Quality Sampling Program
27 WTWBIR WJPP Transuranic. Waste Baseline. Inventory Report
28 WvVDP West Valley Demonstration Project
29 yr Year
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. 1 APPENDIX AAC

2 AAC.1.O INTRODUCTION

3 AAC.1.1 Purpose
4
5 This report was developed to describe the conceptual design of a system the Department
6 of Energy (DOE) may implement for compliance with the requirement to control access
7 to the disposal site. In addition, this report addresses the scl-.eduling process for control
8 of inspection, maintenance, and periodic reporting related to Long Term Monitoring
9 (LTM) of disposal system performance, environmental monitoring in accordance with the

10 Consultation and Cooperation (C & C) Agreement between the DOE and the state of New
11 Mexico, and evaluation of testing activities related to the Permanent Marker System
12 (PMS) design.

13 In addition to access control, the control or cleanup of releaies from the site is addressed
14 in the Conceptual Decontamination and Decommissiong Plan. The monitoring of
15 parameters related to disposal system performance is addressed in the Long Term
16 Monitoring Design Concept Description (March 1995, Draft). Together, these three
17 documents cover the full range of active institutional controls planned after disposal of
18 the transuranic (TRU) waste in the Waste Isolation Pilot Plant (WI1PP) repository.

.19 Title 40 CFR § 191.12 defines "Active Institutional Control" as:

20 0 Controlling access to a disposal site by any means other than passive
21 institutional controls
22 * Performing maintenance operations or remedial actions at a site
23 0 Controlling or cleaning up releases from a site
24 0 Monitoring parameters related to disposal system performance

25 Title 40 CFR § 191.14(a) states;

26 Active institutional controls over disposal sites should be maintained for
27 as long a period. of time as is practicable after disposal; however,
28 performance assessments that assess isolation of the wastes from the
29 accessible environment shall not consider any contributions from active
30 institutional controls for more than 100 years after disposal.

31 Title 40 CFR §264.117(a)(1) states;

32 Post-closure care for each hazardous waste management unit subject to the
33 requirements of §§ 264.117 through 264.120 must begin after completion
34 of closure of the unit and continue for 30 years after that date.

.35 Title 40 CFR §264.601 states;

DOE/CAO-96-2 160 AAC- 1 June 14, 1996



Final No-Migration Variance Petition

1 A miscellaneous unit must be. ..maintained and closed in a manner that
2 will ensure protection of human health and the environment.

3 Title 40 CFR §264.603 states;

4 A miscellaneous unit that is a disposal unit must be maintained in a manner that
5 complies with § 264.601 during the post-closure care period.

6 AAC.1.2 Scope

7 The design description addresses a means of controlling access to the repository's surface
8 footprint (the repository area projected to the surface). It is anticipated that active control
9 of access to the site will be exercised by the DOE or other federal government entity for

10 as long as practicable and at least 100 years after disposal. Access control will preclude
I I the inadvertent intrusion into the disposed waste by deep drilling or mining of natural
12 resources. The report also describes a process for scheduling activities related to testing
13 elements of the PMS and the activities required to meet the needs of the LTM of the
14 repository performance. Many of these activities will be initiated during the disposal
15 phase to establish databases and are planned to continue beyond the time after removal of
16 the site structures and return of the land disturbed by the WIPP activitives to a stable
17 ecological state. Permanent marker testing and LTM requirements will have some impact
18 on returning the land to a stable ecological state.

19 AAC.1.3 Background

20 The WIEPP was authorized by Public Law 96-164, December 1979, Department of Energy
21 National Security and Military Applications of Nuclear Energy Authorization Act of
22 1980, as a research and development facility to demonstrate the safe disposal of
23 radioactive wastes. The wastes are derived from DOE defense-related activities.
24 Specifically, the mission of the WIPP project is to conduct research, demonstration, and
25 siting studies relevant to the permanent disposal of TRU wastes. Some of these wastes
26 will be mixed wastes (co-contaminated with hazardous constituents).

27 The Land Withdrawal Act (LWA), signed into law in October 1992, addresses the
28 disposal phase of the WJPP project, the period following closure of the site, and removal
29 of the surface facilities.

30 The LWA set aside 10,240 acre (4,144 hectare) acres in Eddy County, 26 mi (16 kin) east
31 of Carlsbad, NM as the WIPP site. A 277-acre (1 12-hectares) portion within the site is
32 bounded by a barbed wire fence and contains the surface facilities and mined salt. Figure
33 AAC- 1 is a cutaway illustrating the geometrical relationship of the surface facilities and
34 the underground repository.
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1 Upon receipt of the necessary certifications and permits from the Environmental
2 Protection Agency (EPA) and the New Mexico Environment Department (NMED), the

3 DOE will begin emplacing for disposal contact-handled- (CH-) TRU waste in the
4 repository. This activity is scheduled to begin in 1998, with subsequent emplacement of
5 remote-handled- (RH-) TRU waste at a later date. The waste emplacement and disposal
6 phase will continue for a 25-year period until the regulated capacity of the repository
7 (6,200,000 ft3 [175,600 in3 ] of TRU waste) has been reached. The waste will be shipped
8 from ten DOE facilities across the country in specially designed transportation containers,
9 TRUPACT-ils for CH-TRU waste and shielded road casks for R}I-TRU waste, licensed

10 by the Nuclear Regulatory Commission (NRC). The CH-*TRU waste will be packaged in
11 55-gallon steel drums and/or Standard Waste Boxes (SW.Bs). An SWB is a steel
12 container with a free volume of approximately 65 ft3 (1.8 in'). Figure AAC-2 shows the
13 general arrangement of a seven-pack of drums (51.5 ft3 [1.5 in 3 ]) and an SWB as received
14 in the TRUPACT-1Il. The RH-TRU waste will be shipped in a shielded road. cask
15 containing a three-drumr-capacity canister.

16 Upon receipt and inspection of the waste containers in the Waste Handling Building
17 (WHB), the containers will be downloaded into the repository 2,150 ft (655 in) below the
18 surface. The containers will then be transported to a disposa room (See Figure AAC-l1
19 for room and panel arrangement). The initial seven disposal rooms are in panel 1, which

*20 is the first of eight planned panels to be excavated. Upon filling an entire panel, that
21 panel will be closed to isolate it from the rest of the repository and the ventilation system.
22 During the period of time it takes to fill a given panel, an. additional panel will be
23 excavated. Sequential excavation of panels will ensure that individual panels remain
24 stable during the entire time the panel is being filled with waste.

25 Decontamination of the WIPP facility will commence with a detailed radiation survey of
26 the entire site. Radioactively contaminated areas and equipment will be evaluated and
27 decontaminated in accordance with applicable requirements. If decontamination efforts
28 identify areas that are below radiological release criteria, routine dismantling and
29 salvaging practices will determine the disposition of the material or equipment involved.

-' 30 Material and equipment that do not meet radiological release criteria will be emplaced in
31 the access entries (panels 9 and/or 10). Upon completion of emplacement of the
32 contamidnated facility material, the entries will be closed and the repository shafts will be
33 sealed. Final repository closure involves sealing the shafts leading to the repository.
34 Figure AAC-3 illustrates a shaft sealing arrangement. Completion of waste disposal,
35 which includes shaft sealing, will end disposal operations and initiate the period of active
36 controls. -

37 The DOE will remove the surface facilities and return the land disturbed by the WIPP
38 activitives to a stable ecological state that will assimilate with the surrounding
39 undisturbed ecosystem. As part of the PMS, the Hot Cell. concrete structure, protected by

* 40 a chain link fence, will remain as an artifact marking the WIIPP site. The Hot Cell is a
41 reinforced concrete structure measuring approximately 71 ft by 40 ft with 4.5-ft-(2 1.6 x
42 12 x 1.4 in-) thick walls. The Hot Cell foundation extends approximately 28 ft (8.5 mn)
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1 below grade and the roof is 61 ft (18.6 m) above grade. This feature and the test program
2 supporting the PMS which will require the construction of a berm section, the erection of
3 test monuments, and the emplacement of test markers, will impact the ability to return the
4 land disturbed by the WJPP activitives to a stable ecological state that will assimilate with
5 the surrounding undisturbed ecosystem. As described in this appendix, a posted access
6 barrier will be erected around the repository footprint, affecting the return of the land
7 disturbed by the WIPP activitives to a stable ecological state. Elevation benchmarks to
8 support the LTM program will be located within a grid network on the surface of the
9 withdrawn area. Finally, a portion of the mined salt, sufficient to support future

10 construction of the Permanent Marker berm, will remain on the surface. The water
11 supply line will be removed. At a future point in time, a water supply may have to be
12 reestablished to support construction of the PMS. Water may be piped to the site or
13 trucked in. Because electricity will also be required for the future construction of the
14 PMS, the electrical supply to the site will be isolated at an incoming power pole.

15 Over the several decades following site restoration, activities supporting the LTM
16 Program and evaluating the performance of the PMS testing will require occasional
17 access to the site. These activities will be controlled by the Active Controls schedule
18 described in Section AAC.5. Construction of the PMS will be a significant effort once
19 again requiring the development of water, electrical, and transportation facilities at the
20 site. Both rail and truck will be used to transport required materials to the site. This
21 effort is anticipated to last 1-2 years.

22 Upon completion of the PMS, the access control program for the site shall be reevaluated
23 and modified as required to address any changes from the effects of the PMS. When the

24 PMS construction effort is completed, the utilities and railroad spur supporting the site
25 will be removed and the affected terrain returned to a stable ecological state that will
26 assimilate with the surrounding undisturbed ecosystem." >

27 AAC.2.O SITE DESCRIPTION

28 The WIPP site is located in Eddy County, in Southeastern New Mexico, 26 mi (16 kin)
29 east of Carlsbad and 14 mi (8.7 kmn) east of the Pecos River at its closest point. Current
30 commercial uses of the land surrounding the site include livestock grazing, potash
31 mining, and oil and gas production. The site-occupied land is owned by the federal
32 government and is under the jurisdiction of the Secretary of the U.S. DOE. The LWA has
33 withdrawn the 10,240 acres (4,144 hectares) comprising the WIPP site from "...all forms
34 of entry, appropriation, and disposal.. .including without limitation the mineral leasing
35 laws, the geothermal leasing laws, the material sale laws... and the mining laws." The
36 underground disposal facility is constructed in a bedded salt formation 2,000 ft (610 m)
37 thick, in the Salado Formation, 2,150 ft (655 m) below the surface. All major surface
38 facilities are surrounded by a chain link fence enclosing approximately 35 acres (14
39 hectares). The boundary of the 10,240-acre (4,144 hectares) land-withdrawal area
40 extends at least one mi (1.61 kin) beyond any planned underground disposal area.
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I The WIPP facilities are comprised of surface and underground facilities interconnected by
2 shfts.The surface appurtenances accommodate the personnel, equipment, and support

3 services required for the receipt, preparation, and transfer of TRU waste from the surface
4 to the repository. The existing underground facilities includ-e the TRU waste disposal
5 area, the experimental area, and the underground maintenance and support area. Four
6 shafts interconnect the surface facilities with the underground facilities. The waste
7 handling shaft serves as the main operational artery for transport of waste to the
8 repository. The salt handling shaft (SHS) provides transportation for mined material and
9 personnel from the repository to the surface, and also functions as a secondary air inlet

10 shaft. The air intake shaft and the exhaust air shaft ensure positive ventilation flow to the
I1I underground facilities. The exhaust air can be filtered in the unlikely event radioactive
12 particulate material is released from containers in the repository.

13 The primary surface structure supporting waste handling activities is the WHB. The
14 WHB is divided into a CH-TRU waste handling area and an RH-TRU waste handling
15 area with a number of support areas. The CH-TRU and RH-TRU areas are designed to
16 provide for the receipt and inspection of waste containers priobr to transport to the
17 underground facilities. TRUPACT-Ils containing CH-TRU waste are moved into the
18 WHB through air lock doors. Once inside the CH-TRU area, the individual TRUPACTs
19 are placed into a TRUPACT Loading Dock. At this location, waste management

* 20 personnel will open the TRUPACT and remove the SWBs,, or seven-packs containing the
21 waste. Rigorous monitoring and inspections for any leakage are conducted throughout
22 the unloading sequence and transport of the waste containers to the Waste Handling
23 Shaft.

24 Shielded road casks containing an RH-TRU waste canister, with each canister containing
25 three drums of RH-TRU waste, are moved into the RH Bay. The shielded road cask is

( ~ ~26 removed from its transport vehicle and loaded in the vertical position onto a road cask
S27 transfer car. The car then transports the cask to the cask unloading room. In the

~'28 unloading room, the REF[-TRU canister is removed from the shielded road cask and
29 hoisted into the Hot Cell. The canister is then inspected visuially and radiologically using
30 master-slave manipulators. The canister is then lowered cut of the Hot Cell into the
31 canister shuttle car that transports the canister under the cask loading room. The canister
32 is then hoisted into the facility cask. The facility cask is shielded with lead to protect
33 personnel. The cask is 'loaded onto the facility cask transfer car and taken to the Waste
34 Handling Shaft for downloading to the underground facilities. All the activities
35 associated with unloading, loading, and inspecting the canist~er are conducted remotely
36 through viewing-windows or with the use of television camneras.

37 Counting room facilities and chemical laboratory facilities in the Support Building and
38 the Safety and Emergency Services Building are available to support both surface and
39 underground waste handling activities. In addition, the Support Building provides

* 40 administrative office space, change rooms, a Central Monitoring Room, and a computer
41 room. The Safety and Emergency Services Building contairts additional office space, the
42 major mobile fire fighting equipment, Emergency First Aid Station, the Emergency
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I Operations Center, and the environmental and thermoluminescent dosimetry (TLD)
2 laboratories.

3 Three other major surface facilities are the Guard and Security building, the Engineering
4 building and the Training building. The Engineering building provides office space for
5 the Engineering Department personnel and the Engineering Drawings File Room. The
6 Training building provides office space for members of the Training Section and
7 classroom facilities. The Guard and Security building (GSB) provides office facilities for
8 the WIPP Security force. This building also contains, in a hardened area, the Security
9 Control Station with its communications facilities, an alarm monitoring station, and

10 surveillance camera equipment. A lunch room and an auditorium are also located within
I I the GSB.

12 The underground repository structures are oriented in a north-south direction. The waste
13 disposal area will occupy approximately 120 acres (49 hectares) at the south end of the
14 mined area. Currently, only one of eight panels is mined. The experimental area lies at
15 the north end of the repository. This area occupies approximately 12 acres (5 hectares).
16 No TRU waste will be disposed of in the experimental area. Four north-south excavated
17 entries (drifts) service the waste disposal area. These drifts provide paths for the
18 ventilation system supply and exhaust streams, for moving waste from the Waste
19 Handling Shaft to the disposal rooms, and for moving mined salt from active mining
20 areas to the SHS. The portions of the drifts adjacent to the eight excavated panels will
21 also serve as two equivalent waste disposal panels (panels 9 and 10). Two of the drifts
22 extend north of the SHS and the Air Intake Shaft to service the experimental area.
23 Through a combination of air locks, booster fans, and damper controllers, designed
24 differential pressures are maintained to ensure that the waste disposal area is at the lowest
25 overall pressure with respect to other working areas within the repository. This ensures
26 that any airborne radioactive or hazardous material will only exhaust via the ventilation(
27 exhaust path and not leak back to the mining area or the experimental area. Support
28 facilities such as electrical substations, shops, warehouse, storage facility, parking, and
29 lunchroom are generally located off of the entries between the experimental area and the
30 waste disposal area.

31 The design capacity of the WIPP repository is 6,200,000 ft3 (175,6000 in3 ) of CH-TRU
32 waste and 250,000 ft3 (7,080 in3 ) of RH-TRU waste. However, the LWA restricts the
33 disposal of TRU waste, both CH and RH, to a total of 6,200,000 ft3 (175,600 Mn3 ) . This
34 capacity restriction must also include TRU waste derived from any decontamination
35 activities during the disposal and decommnissioning phases. As a result, prior to cessation
36 of receipt of waste from other facilities, extensive radiation surveys will be conducted to
37 provide information on how much waste disposal volume capacity will be required for
38 disposal of WIPP-derived waste. The detail of these surveys is described in DOE! WIPP
39 95-2072, January, 1995. Based upon the survey results, receipt and emplacement of TRU
40 waste, other than WIPP derived waste, will be terminated at an appropriate time. The
41 waste disposal capacity remaining unfilled will then be provided to receive the derived
42 waste that may result from the decontamination efforts at the WIPP. The WIiPP' s
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1 operational policy of "start clean, stay clean" will minimize the amount of disposal
2 capacity required near the end of the disposal phase. As the surface facilities are
3 dismantled and cleanup of the site proceeds, contaminated material that cannot be cleaned
4 up sufficiently to be released as uncontrolled material will be emplaced within the waste
5 disposal area. Uncontaminated material that can be released will be salvaged or
6 transferred to commercial storage or disposal locations.

7 Final activity within the repository will involve closing the waste disposal area and
8 sealing the shafts. Upon completion of this activity, the reffaining surface structures will
9 be dismantled. All surface structures except for the concrete Hot Cell structure and a

10 sufficient quantity of salt tailings to support construction of the Permanent Marker (PM)
I I berm will be removed and the site regraded and planted to return the land disturbed by the
12 WIPP activitives to a stable ecological state that will assimilate with the surrounding
13 undisturbed ecosystem. In addition, those structures erected during the disposal phase as
14 part of the PM testing program will also remain in place after decommissioning. This
15 will include a section of the berm and at least one monolithic marker erected as a part of
16 the program of long-termn testing of materials planned for the PMS.

17 AAC.3.O DESIGN CRITERIA

*18 The design criteria applicable to the WIPP Active Access Controls After Disposal Design
19 Concept Description were developed to meet the definition in Title 40 CFR 191.12 for
20 controlling access to the disposal site. In addition to active access controls, the criteria
21 also address scheduling processes to be implemented upon completion of sealing the
22 shafts. The decontamination, deconmmissioning, and restoration of the land is described
23 in DOE/WIPP 95-2072, January, 1995. The Permanent Mfarker Conceptual Design
24 Report (Appendix PMIR) addresses post-decommissioning testing activities conducted at( ~' 25 the WIPP site. To a limited extent, the restoration of the l.and to its original condition
26 will be impacted by the testing activities related to the PMI system and the Hot Cell
27 structure that will remain as an artifact of the WJEPP operating surface activity.

28 Although the LWA establishes a 10,240-acre (4,144 hectares) area for administrative
29 control by the Secretary of Energy in conducting activities associated with the WIPP, the
30 actual disposal area is only approximately 120 acres (49 hiectares) in extent. Access
31 control ensures that inadvertent intrusion into this area does not occur. Deep drilling or
32 mining are the only credible activities that can intrude. Drilling techniques in the local
33 area do not normally include slant drilling. Where slant drilling is used, deviation from
34 the vertical does not begin until a depth of approximately 4,0)00 ft (1,200 m) is attained.
35 This depth is well below the local salt formations. The salt formations do not support
36 slant drilling due to insufficient consolidation of the salt material. These technical facts
37 reasonably preclude slant drilling into the repository from outside the area imimediately
38 above the repository. Therefore, it is reasonable not to extend a restrictive access control

*39 program to the entire 10,240 acres (4,144 hectares), with the accompanying cost increase
40 and prohibition for such uses as grazing, hunting, and other public recreational activities.
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I The design criteria developed for the active access controls after disposal are:

2 1. A fence line shall be established to control access to the repository
3 footprint area on the surface. A standard four-strand wire fence (three
4 barbed and one unbarbed in accordance with the Bureau of Land
5 Management (BLM) specifications) shall be erected along the perimeter of
6 the repository surface footprint. The fence shall have gates placed
7 approximately midway along each of the four sides. The western gate
8 shall be 20 ft (6 mn) wide. The remaining three gates shall each be 16 ft
9 (4.9 mn) wide.

10 2. An unpaved roadway 16 ft (5 mn) wide along the perimeter of the barbed
I1I wire fence shall be constructed to provide ready vehicle access to any
12 point around the fenced perimeter, facilitate inspection and maintenance of
13 the fenceline, and permit visual observation of the repository footprint to
14 the extent permitted by the lay of the land. This roadway shall connect to
15 the paved south access road.

16 3. To ensure visual notification to potentially unauthorized personnel, the
17 fence line shall be posted with signs having as a minimum a legend
18 reading "Danger-Unauthorized Personnel Keep Out" (Title 40 CFR
19 §264. 14(c))and warning against entering the area without specific
20 permission of the DOE (or other local authority, such as the Eddy County
21 Sheriff s office). The signs must be legible from a distance of at least 25 ft
22 (7.6 in). The size of the visual warning and the spacing of the warning
23 signs shall be sufficiently large and close to ensure that one or more of the
24 signs can be seen and read from any approach prior to an individual
25 actually making contact with the fence line. In no case shall the spacing 7'
26 be greater than 300 ft (91.4 in).

27 4. Contractual arrangements shall be developed to ensure that periodic
28 inspection and expedited corrective maintenance is conducted on the fence
29 line, its associated warning signs, and the roadway.

30 5. Through direct DOE staffing support and/or contractual arrangements,
31 procedures shall be established to provide routine periodic patrols and
32 surveillance of the protected area by personnel trained in security
33 surveillance and investigation.

34 6. A process will be implemented for monitoring and controlling the long
35 term testing requirements of the PMS and implementing the periodic
36 monitoring requirements of the LTM Program.
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1 7. Recommendations will be developed for modifications to the active
2 controls appropriate for access control and surveillance upon installation
3 of the PMS.

4 8. Guidelines will be developed for mitigating actions to be taken to address
5 abnormal conditions identified during periodic surveillance/inspections.
6
7 9. Reports addressing activities associated with the Active Access Controls
8 After Disposal performance shall be prepared periodically and submitted
9 to the appropriate regulatory and legislative authority.

10 Active controls convey that on-site activities are employed. Erecting a barrier around the
I1I repository footprint and establishing routine patrols of the batrrier, including surveillance
12 of the protected area, establish an active controls system. The development of a schedule
13 to ensure the monitoring of parameters at and adjacent to the repository as related to
14 repository performance is an additional element of active controls. The details of the
15 monitoring program are in the Lo ng Term Monitoring Concept Description (March 1994,
16 Draft).

17 AAC.4O ACCESS CONTROLS.18 Title 40 CFR 191.12 defines Active Institutional Control to include four elements:

19 1. Controlling access to a disposal site by any mneans other than passive
20 institutional controls
21 2. Performing maintenance operations or remedial actions at a site
22 3. Controlling or cleaning up releases from a site
23 4. Monitoring parameters related to disposal system performance

44 24 LWA has removed the'WIPP site from public use as a site for mining and mineral
25 extraction. Since any type of exploration activity would require authorization, the
26 issuance of approval to intrude upon the repository is precluded by the LWA. The
27 existence of the LWA as law permits meeting the requirements of the first element above
28 by implementing low-technology barriers.

29 AAC.41 Repository Footprint Fencing

30 Access to an area- approximately 2,780 ft by 2,360 ft (850 mn by 720 mn) will be controlled
31 by a four-strand barbed wire fence. A single gate will be included along each side of the
32 fence for access. Around the perimeter of the fence, an unpaved roadway 16 ft (4.9 mn)
33 wide will be cut to allow for patrolling of the perimeter. Figure AAC-4 is an illustration
34 of the fence line in relation to the repository footprint. Patrolling of the perimeter is.35 based upon the need to ensure that no mining or well drilling activity is inadvertently
36 initiated that could threaten the integrity of the repository.
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I Fencing off an area larger than the disposal area footprint would not significantly reduce
2 the risk of inadvertent intrusion, but would interfere with cattle grazing established prior
3 to the LWA. The LWA allows the Secretary of Energy to permit grazing to continue
4 where it was established prior to enactment of the LWA. Based upon current drilling
5 technologies, discussions with local well drilling organizations, and observation of well
6 drilling activities in the WJPP vicinity, it typically requires at least two to three days for a
7 driller to setup a deep drilling rig and commence actual drilling operations. To attain the
8 2,150-ft (655-rn) depth that would approach the repository horizon takes at least another
9 week to 10 days. Patrolling the fenced area two to three times weekly would identify any

10 potential drilling activity well before any breach of the repository could occur.

I1I The risk of drilling at a location outside the disposal area surface footprint and
12 inadvertently intruding into the disposal area is essentially zero. The most economical
13 drilling practice is to drill vertically into the targeted formation. Local slant drilling is
14 conducted only when the desired drill location is not available due to circumstances
15 which the operator cannot overcome. When slant drilling practices are employed, the
16 deviation from a vertical position directly below the drill rig does not commence until
17 approximately 4,000 ft (1,200 mn) below the surface in the local area. Slant drilling within
18 a salt formation is not practical, because the salt is insufficiently consolidated to support
19 the technique. According to the local office of the BLM, slant drilling in the local area
20 does not begin until the drilling operator has reached a level below the salt formations.
21 The lowest salt formation in the WIPP vicinity is the Castile Formation, which lies below
22 the Salado Formation containing the WIPP repository.

23 Construction of access control systems using higher technology than described is not
24 required or practicable. Likewise, continuous surveillance, whether human or electronic,
25 is not required or practicable. The staffing levels to achieve continuous human
26 surveillance become significant when weighed against the potential risk and the
27 alternatives for controlling access. Continuous electronic surveillance also has significant
28 costs of procurement, installation, testing, and maintenance. Electronic systems would
29 require significant maintenance, both operational and corrective, and probably would not
30 relieve the need to make routine patrols to the site. This is especially true of alarmed
31 electronic surveillance in a location populated by a variety of wild and domestic animals
32 that may give rise to numerous false alarms. Televised electronic surveillance combines
33 both human and electronic technology to become extremely costly in relation to what is
34 needed to provide reasonable assurance of continued repository integrity against
35 inadvertent human intrusion.

36 AAC.4.2 Surveillance Monitoring

37 Although the Federal government (initially DOE) could maintain staffing to conduct
38 periodic surveillance of the site, contractual arrangement with a local organization, such
39 as the Eddy County Sheriff s Department, would provide some distinct advantages.
40 Among the advantages:
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@1 0 Sheriff s deputies are trained in patrol and surveillance activities
2 0 Sheriff s deputies are authorized to arrest members of the general public who are
3 found to be violating trespassing laws
4 0 The liability associated with apprehension, attempted apprehension, or circumstances
5 arising from attempts would remain with the Sheriff s Department
6 0 The general area to be patrolled is already a part of the Sheriff s area of responsibility

7 Surveillance will consist of drive-by patrolling around the fenced perimeter two to three
8 times per week. In the course of the patrol, particular note shall be taken of the fence
9 integrity. In addition, the locked condition of each gate shaJl be checked to ensure that

10 gate integrity is maintained and that there is no evidence of tampering. Surveillance
I1I should also include visual observation of the entire enclosed[ area for any signs of human
12 activity. A routine summaary of each month's surveillance activity shall be prepared
13 documenting the day and time of each patrol and any unusual circumstances that may
14 have been observed. This surveillance routine should continue throughout the active
15 control period and for at least 100 years following the sealing of shafts.

16 Upon commencement of construction of the PMS, a routine presence at the site will once
17 again be established and periodic surveillance will not be necessary. Once the PMS is
18 completed, the active controls program and access control measures will be reevaluated. 19 and changes necessitated by construction of the PM syste~m will made and implemented
20 for the remainder of the active controls period. With construction of the PMS, easy
21 visual inspection of the repository footprint may be curtailed. The berm is an imposing
22 feature that would require being scaled to achieve an unobstructed view of the footprint.
23 The DOE could defer construction of the PMS until decade!; after completion of
24 decomm-issioning.

25 AAC.4.3 Mainteniance and Remedial Actions

26 Anticipated maintenance and remedial action issues during -the active control period are
27 minimal and should encompass such issues as:

28 - Fence and road maintenance
29 - Evidence of vandalism()
30 - Potential erection of drilling equipment
31 - Grass fires
32 - Unauthorized entry into prohibited areas

33 The DOE will establish contractual arrangements with local commercial and
34 governmental organizations to provide maintenance services when called upon by the
35 organization providing the routine patrolling service. Vandalism or unauthorized entry
36 will be investigated by the Eddy County Sheriff's department and, upon notification of.37 the DOE, action will be taken as the circumstances warrant. Grass fires will] be addressed
38 by the City of Carlsbad. following notification that a fire exists. Normally, the Sheriff s
39 department will make the notification if the fire is discovered by one of its units.
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1 AAC.4. Control and Clean-Up Of Releases

2 DOE/WIPP 95-2072 (January, 1995) describes how the DOE intends to decontaminate
3 and dismantle the surface structures. This decontamination process and disposal of the
4 derived radioactive waste will be completed prior to the final closing of the waste
5 disposal area and sealing the shafts. With the location of the WJPP repository 2,150 ft
6 (655 mn) below the surface and with the panels closed and shafts sealed, the potential for
7 releases of radioactive material following the sealing of the shafts is precluded. There
8 will be no credible pathway for releases from the repository other than human intrusion.

9 AAC.4.5 Monitoring Disposal System Performance

10 Details describing the establishment of a network of elevation benchmarks and the
11 development of a data baseline from which to evaluate disposal system performance is
12 described in Appendix LTM. Subsidence monitoring is the primary technology to be
13 used. If, upon analysis of subsidence data disposal, system performance deviates from
14 what is expected, other techniques also described in Appendix LTM may be used to assist
15 in determ-ining more detail regarding performance. Appendix LTM also describes the
16 development of baselines for these other techniques.

17 AAC.5.O PERIODIC ACTIVITY CONTROL

18 With the advent of decommissioning the WIPP and returning the land disturbed by the
19 WIPP activitives to a stable ecological state that will assimilate with the surrounding
20 undisturbed ecosystem, continuous occupancy for operational and security purposes will
21 cease. However, during the active controls period after disposal (at least 100 years), there
22 will be an ongoing need to carry out periodic activities associated with the LTM Program
23 and evaluations of the performance of PMS features under long term testing. To ensure
24 that these periodic activities are implemented and that their results are included in
25 periodic reports to the appropriate regulatory and legislative authorities, a process for
26 controlling these activities will be developed and managed from the appropriate DOE
27 office. The essential elements of the process will include the following:

28 1 . Development of detailed individual activities supporting the LTM

29 2. Development of detailed individual activities supporting the evaluation of
30 performance of PMS features

31 3. Development of the individual steps and identification of responsible
32 personnel required for the drafting, review, commenting, and approval of
33 reports to the appropriate regulatory authority

34 4. Development of the individual steps and identification of responsible
35 organizations or personnel required for the drafting, review, commenting,
36 and approval of reports to the appropriate legislative authority
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1 5. The identification of requirements defined from the above actions will be
2 documented in a detailed schedule covering a period of at least 10 years

3 6. Review of the approved schedule at least quarterly during the first two
4 years following completion of land restoration and implementation of
5 Active Access Controls After Disposal

6 7. Semi-annual reviews of the schedule, including updating and progress
7reporting to the DOE, shall be documented until such time as the Federal

8 government ceases active control of the site

9 Development of detailed activities supporting the LTM program shall include those
10 elements of the Environmental Monitoring Plan (EMP) (DOE/WIPP 94-024) that are to
11 continue for the first two years following completion of the Decontamination &
12 Decommissioning (D & D) Plan, as stipulated in Appendix A of the C & C between the
13 State of New Mexico and the DOE. As defined in the C & C, this includes "The level of
14 environmental radiological surveillance developed during- the operational phase..."
15 Currently, the EMP Radiological Monitoring Program includes:

16 1 . Effluent Monitoring - Liquid Releases.17 2. Effluent Monitoring - Airborne Releases
18 3. External. Radiation
19 4. Airborne Particulate
20 5. Vegetation
21 6. Beef
22 7. Game Animals
23 8. Soil Sampling
24 9. Surface/Drinking Water

,----~ 25 10. Groundwater(,, \26 11. Aqu atic Foodstuffs
/27 12. Sediment Sampling

28 Appendix A of the C&C also defines elements of a minimum post-operational phase
29 program that will be imnplemented for at least five years following termination of the
30 D & D phase. This program includes:

31 * Intermittent operation of the state-operated high volume air sampling stations

32 * Four annual soil surface samples

33 * Four annual water samples

. 34 NOTE: The TLD requirement has been deleted from DOE! WIPP 94-024 with
35 agreement from the State of New Mexico.
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I For long-term repository performance monitoring, a detailed subsidence survey will be
2 conducted upon completion of land restoration. That survey will include, at a minimum,
3 the 54 elevation benchmarks currently monitored. Once every ten years, an additional
4 detailed subsidence survey will be taken and analyzed for indications of unexpected
5 repository performance. The LTM plan describes in detail additional technologies to
6 further evaluate repository performnance should any unanticipated subsidence data be
7 developed. Updating the ten-year schedule every six months to one year will ensure that
8 this infrequent requirement is not lost.

9 To optimize the final design of the PMS, testing of various materials and berm
10 configurations over a long period of time is a prudent and logical course of action. The
I1I detailed activities supporting the testing required to evaluate various aspects of the
12 planned PMS design and construction will address the following topical processes and
13 materials:

14 1 . Evaluation of the system for unloading and moving large quantities of
15 material from the railroad spur to the PM site

16 2. Performance of the railroad spur and maintenance required. This may
17 impact a decision of whether to conduct periodic maintenance of the spur,
18 or refurbish it at the time of initiating construction of the PMS

19 3. Survey of representative monuments within a 150 mi (240 kin) radius of
20 the WIPP to more extensively evaluate the climatic environmental affects
21 on granite

22 4. Identification of a suitable local source of caliche and establishment of
23 required contractual and regulatory agreements to obtain and move the
24 caliche in the quantities required

25 5. Identification of a suitable local source of riprap and establishing the
26 required contractual and regulatory agreements to obtain and move the
27 riprap in the quantities required

28 6. Development of construction techniques applicable to a large berm.
29 Determine what, if any, configuration changes may have significant
30 impacts on the cost of construction

31 7. Evaluation of various berm surface materials (e.g., size of rocks, types of
32 soil, types of vegetation) for durability and success in supporting
33 vegetation overgrowth

34 8. Procurement, shipment, erection, and evaluation of various types of
35 monument rock to assess the long-term environmental effects of wind,
36 rain, and shifting sand on various types of monument rock (granites and
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1 sandstones). This will provide information for development of
2 specifications for procurement and erection of multiple monuments. In
3 addition, concrete should be emplaced underground and tested for
4 durability as a substitute for the granite in construction of the buried
5 storage rooms associated with the PMS

6 9. Evaluation of the magnetic signature provided by sample permanent
7 magnets buried within the berm to determine; optimum locations and
8 spacing patterns

9 10. Evaluation of the effects of alternative soils for use as backfill (around
10 subsurface portions of markers) with respect to compatability with granites
I1I and sandstones. Preferable materials will funiction to protect the rock from
12 attack by chemicals within the backfill material

13 11. Evaluation of environmental effects on the berm caused by wind, rain, and
14 shifting sand

15 12. Evaluation of the effects of plant root intrusion into the berm and potential
16 for salt dissolution and berm slumping

*17 13. Evaluation of the effectiveness of sample ref lectors, buried within the berm
18 at various distances. Evaluations should include reflectors directly buried
19 in the berm and buried reflectors encased in concrete
20
21 Issue dates should be scheduled for distribution of periodic :reports to the appropriate
22 regulatory and legislative authorities, and completion of normal report development

17 23 activities of assignment of responsibility, establishment of the scope of the reports,
(124 completion of initial drafts, draft reviews, comment resolution, and final approval.

25 Management of the reports can then be actively addressed arid adequate resources applied
26 to ensure timely completion after effective review and commnent.

27 All of the activities addressed above should be documented on the LTM schedule in
28 sufficient detail to clearly convey the time of their scheduled completion and the
29 organization responsible for conducting the activity. During quarterly and semi-annual
30 reviews of the schedule, responsible individuals should be identified for each specific
31 activity programmed for completion prior to the next review. Documentation of this
32 responsibility and comnmunication to the personnel identified should promote the timely
33 completion of these activities and minimize the potential failure of completing any
34 specific scheduled task.

35 Due to the relatively simple technology used to provide access control to the repository.36 footprint and the Hot Cell, the range of potential abnormal occurrences is quite limited.
37 Primarily, the abnormal occurrences will involve damage to the fencelines or roadway
38 through vandalism, weather effects, and aging of the materials. Corrective action to
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1 repair these effects will be accomplished by a DOE contractor. The DOE will provide
2 the Eddy County Sheriff s department with applicable guidelines for contacting the
3 appropriate personnel locally for making any identified repairs. Considering the
4 properties for which access control is being provided, there is no need to provide
5 continuous surveillance. However, arrangements should be made for daily vehicular
6 patrols of the site until repairs are made if the damage is of a suspicious nature. If not, no
7 increase in patrol activity should be required.

8 Abnormal occurrences associated with the environmental monitoring activities should be
9 investigated under the auspices of the DOE Albuquerque Operations Office. As

10 described above, the post-decommissioning environmental monitoring program will
I1I include both radiological and nonradiological monitoring for the first two years following
12 land restoration and only radiological monitoring thereafter. Due to the reduced activity
13 to support the WIPP after disposal, it is probably more cost-effective for the DOE to
14 contract for the periodic sampling and analyses than to maintain a Carlsbad staff for that
15 purpose. Within the contractual arrangements, immediate notification by the contractor
16 to the Albuquerque Operations Office in the event of an abnormal occurrence should be a
17 requirement. Appropriate guidelines for action to mitigate the effects of abnormal
18 occurrences related to environmental monitoring should include:

19 0 Verification of analytical results
20 0 Increased frequency of sampling and analyses
21 0 Determination of cause
22 a Investigation of additional geographical and/or parameter monitoring areas that might
23 be affected
24 0 Timely communication to the press regarding any potential adverse impacts and
25 mitigating actions to be taken
26
27 The LTM provides guidance for conducting subsidence surveys every ten years following
28 repository closure. If the surveys indicate a rate of subsidence significantly different than
29 predicted, additional technologies may be introduced to more precisely evaluate what, if
30 any, conditions detrimental to repository integrity have occurred. These additional
31 technologies may include:

32 0 Seismic Reflection/Refraction Surveys
33 * Gravitational Surveys
34 0 Electromagnetic Conductivity Surveys
35 0 Resistivity Surveys
36 0 Ground Penetrating Radar Surveys
37
38 Currently, none of these technologies are developed to the degree of providing irrefutable
39 evidence of the condition of the sealed repository. However, over the next few decades,
40 while waste is being emplaced in the repository, the technology will likely advance
41 significantly. It is also possible that images available using today's technologies will
42 improve to a point where resolution of images of the repository acquired from grade level
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1 will be of sufficient quality to make some assessments of rep ository performance. The
2 acionguidelines for abnormal occurrences associated with subsidence are the same as

3 those proposed for the environmental monitoring program.

4 AAC.6.O ARCHIVED INFORMATION

5 Proposed regulations require the placement of records in the archives and land record
6 systems of local, state, ]Federal governments, and international archives that would likely
7 be consulted by individuals in search of unexploited resources. A significant part of the
8 overall system of controls is the use of passive, institutional controls through the archiving
9 of information at locations other than at the repository site. The archived information

10 will describe the location of the repository, the nature and hazard of the waste, the
11 geologic, geochemical, hydrologic, and other data pertinent to the containment of the
12 waste, and the results of tests, experiments, and/or other analyses relating to excavated
13 areas, shaft sealing, waste experiments, and analyses pertinent to the containment of
14 waste in the repository. This information will be more extensive in volume than that
15 available near the repository and should be widely distributed in a number of locations,
16 including some locations worldwide.

17 The initial form of the information should be on archival qualdity paper and high-quality
*18 microfilm. Jensen (19913) describes a Scandinavian paper specification that prescribes

19 that the paper be made of fibers from cotton, linen, and/or bleached chemical pulp with
20 any other type pulp making up less than 5 percent of the fiber content. In addition, the pH
21 is specified as 7.5- 10 with a minimum 2 percent calcium carbonate alkaline reserve.

22 Specific documents that should be included in the archived ;nrformation. portfolio include:

23 1. The Final Safety Analysis Report (FSAR) and the addenda that describes
24 the disposal phase of the WIPP

25 2. The Final Environmental Impact Statement (FEIS) for WJPP and the
26 supplement(s) to the Environmental Impact Sr"tatement

27 3. The No-Migration Variance Petition (NMVF) and the No-Migration
28 Determination for Disposal

29 4. The Resource, Conservation, and Recovery Act (RCRA) Permit
30 Application and final Permit

31 5. The Compliance Certification Application (C CA) for Title 40 CFR 191
32 and final EPA certification

.33 6. Environmental and ecological background data collected during the
34 preoperational phase of WIEPP and summaries of data collected during the
35 disposal and decommissioning phases of the WIPP
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1 7. Records of the contents of the waste containers and their disposal location
2 within the WLPP repository

3 8. Drawings defining the construction and configuration of the repository and
4 shafts

5 9. Drawings, procedures, and design report(s) describing how the waste was
6 emplaced; how the rooms, entries, and panels were closed and sealed; and
7 how the shafts and boreholes were sealed

8 10. Detailed maps describing the exact geographic and geologic location of
9 the repository

10 Locations for this information should include public-funded organizations that may be
I1I more likely to expend the resources necessary to preserve the documents in well-
12 controlled environments. However, the most likely strategy for long-termn protection of
13 the information is through widespread distribution. As a minimum, the information shall
14 be submitted to the following facilities/organizations (or their equivalent) for archiving:

15 1. Library of Congress
16 2. National Archives
17 3. Within the States of New Mexico and Texas
18 0 The state archives
19 a The state library
20 * The city libraries of population centers exceeding 15,000 within 150
21 mi (241 kin) of Carlsbad

22 4. The state libraries of the remaining 48 states
23 5. The local office of the BLM
24 6. The local office of the Bureau of Mines
25 7. The local office of the Bureau of Reclamation
26 8. The national library and national archives of the nations worldwide that
27 possess nuclear weapons and/or operate nuclear power generating plants
28 9. The archive of the United Nations
29 10. The national archive/libraries of the signatory nations to the nuclear non-
30 proliferation treaty
31 11. The U.S. Nuclear Regulatory Conunission (NRC)
32 12. The 53 Federal Regional Depository Libraries

33 Location and hazards information shall be submitted to various Federal and State of New
34 Mexico mapping agencies to ensure that the WIPP location and drilling or mining
35 restrictions are identified on widely distributed maps used by almost all public and private
36 organizations. These agencies include:

37 1 . BLM

38 2. U.S. Geological Survey
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.1 3. Library of Congress
2 4. National. Archives and Records Service
3 5. Defense Mapping Agency
4 6. International Boundary Commission
5 7. Federal Highway Administration
6 8. U.S Department of Transportation (DOT)
7 9. New Mexico State Highway Department Planning and Research Division,
8 Cartography Section
9 10. One-Call System of notification of underground utilities

10 To ensure widespread information relative to the location of the WIPP site and the
I11 hazards associated with the emplaced waste, detalled maps and descriptions of the waste
12 constituents should be sent to national and international professional societies of
13 cartographers and geographers. Weitzburg (1982) suggests the following organizations
14 and societies receive this location and hazards information:

15 1. The American Congress on Surveying and Mapping
16 2. The American Society of Cartographers
17 3. The Commission for the Geological Map cf the World
18 4. The International Cartographic association
19 5. The American Geographical Society.20 6. The Association of American Geographers
21 7. The International Geographical Union
22 8. The Society of Women Geographers
23 9. The American Geological Institute
24 10. The American Geophysical Union
25 11. The American Society of Professional Geographers
26 12. The National Geographic Society
27 13. Mining, Oil, and Gas Professional Organizations

28 Many of the members cf these various organizations are employed in secondary and
29 college education, providing an opportunity for this informiation to become more widely
30 disseminated among students during their formal education.

31 AAC.7.0 QUALIT1Y ASSURANCE

32 The Quality Assurance and Quality Control (QA/QC) discipline shall be applied to the
33 procurement of materials for and the erection of the fencelines enclosing the repository
34 footprint and the Hot Cell. In particular, QC inspection of the placement and tensioning
35 of the barbed wire and chain link fabric should be applied and used to provide reasonable
36 assurance that the fencing structures will function over an extended period without
37 significant maintenance to a number of aspects of the PM procurement and construction.38 effort.
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1 QA/QC will also be applied to the sampling and analyses supporting the environmental
2 monitoring program and the LTM. DOE contractors collecting samples and laboratories
3 conducting analyses should be qualified in accordance with guidelines prescribed in the
4 most current edition of the WID Quality Assurance Program Description (WPT 13- 1) at
5 the time that the contracts are awarded.

6 The creation and management of records included in the archived information is
7 controlled under an approved QA program. This program has been developed in
8 accordance with established DOE and industry guidelines. It includes procedures
9 governing the creation, handling, and distribution of records, and QA/QC for passive

10 controls as dealt with elsewhere.
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.1 1.0 SCOPE

2 The purpose of this modeling was to determine the air dispersion factors (ADF) representing
3 the maximum concentrations of any gaseous airborne hazard ous constituent that would be
4 released from the mine! air exhaust system during Waste Isolation Pilot Plant (WIPP)
5 disposal operations. The main function of this calculation was performed by using the
6 Environmental Protection Agency (EPA) computer-based Industrial Source Complex Long-
7 Term (ISCLT3) air dispersion model. The model was; used to predict a maximum
8 concentration in Ug/M 3, given an arbitrary input of a gas concentration of 1,000 Zg/m 3 . The
9 ADF was then calculated using the following ratio:

Air Dispersion Factor =maximum concentration (pg/rn (D1 0-1)(/17/ release concentration (pg/rn)

10 2.0 BACKGROUND

11 The calculations and model runs were performed for the No-Migration Variance Petition
12 (NMVP) and the Resource Conservation and Recovery Act (RCRA) Part B Permit
13 Application. In the petition, the Department of Energy (DOE) must demonstrate that there
14 will be no migration of hazardous constituents above heath-based levels (HBL) beyond the. 15 unit boundary. In its guidance manual, the EPA recommends that no-migration variance
16 petitioners assess the air pathway using the ISC model. Given a concentration of a volatile
17 organic compounds (VOC) in air released from the mine ventilation exhaust ducts, the air
18 dispersion factor determines the resulting maximum concentration for the NMVP. This
19 concentration is then compared to HBLs to demonstrate no-migration. In the permit
20 application the DOE must demonstrate that there will be rno release that may have an
21 adverse effect on human health and the environment due to migration of waste constituents
22 in the air. For the permit application the maximum concentration is used to calculate the
23 long-term risk to the public, and then compared to acceptable risk levels. Occupational
24 exposure is also required tob~e assessed in the application.

25 To perform the assessments above, four ADFs were determined. One ADF was determined
26 for the maximum concentration point on the WIPP Site Boundary, two AD~s were determined
27 for public exposure inside the WIPP Site Boundary, and one ADF was determined for the
28 maximum worker exposure inside the Property Protection Area.

29 The EPA guidance on the air pathway assessment for NMVPs has specific requirements
30 related to the ISC model run(s) for a NMVP. The model runs should:

31 1 . estimate annual average concentrations using ISCLT3;
32 2. use five years of preferable on-site meteorological data, evaluate one year at
33 a time, and use the run that produces the maximum boundary concentration;
34 3. include receptors up to 328 feet (100 meters) beyond the unit boundary to verify. 35 that the maximum concentration occurs at the boundary;
36 4. include a fine receptor grid in the maximum concentration area;
37 5. use Cartesian receptor grids;
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1 6. correct for the vertical wind profile, if the source is at ground level; and
2 7. specify receptor heights at 5 feet (1.5 meters) (inhalation height).

3 Although the WIPP facility has an on-site meteorological monitoring program, the wind speed
4 and direction data recorded under that program for the last five years do not meet EPA
5 guidance for completeness (90 percent). As a whole, the data represent approximately 50
6 percent of the past five years. However, the data collected during 1993 represents
7 approximately 70 percent coverage for that year. In addition to the on-site data, a complete
8 set of meteorological data from the Carlsbad, New Mexico National Weather Service (NWS)
9 Station at the Carlsbad Municipal Airport was available. The environmental conditions at the

10 Carlsbad airport are similar to those at the WIPP facility, which is located approximately 30
11 miles east/southeast of the airport. Data from this station are based on hourly observations,
12 24 hours a day, and it is the closest NWS station to the WIPP site.

13 Yearly meteorological data for the Carlsbad, New Mexico NWS Station from 1990 to 1994
14 and the WIPP on-site meteorological station from 1993 were used during the analyses. In
15 each model run, each set of meteorological data were used, and the run that yielded the
16 highest concentration of concern was used to determine the next run or the ADF.

17 3.0 MODEL INPUT PARAMETERS

18 3.1 General

19 The ISCLT3 model is a FORTRAN computer program that requires an input file with
20 parameters for the model run. The input file uses a keyword/parameter approach. The
21 keywords specify the type of option or input data entered on each line of the input file and the
22 parameters following the keyword define the specific options selected or the actual input
23 data. The input file is divided into five functional "pathways." The pathway keywords and
24 description are as follows:

25 CO - for specifying overall job COntrol options;
26 SO - for specifying SOurce information;
27 RE - for specifying REceptor information;
28 ME - for specifying MEteorology information; and
29 OU - for specifying OUtput options.

30 The input parameters described below are the only ones applicable to these model runs.
31 Also note that all parameter values are expressed in SI units unless otherwise specified.

32 3.2 Job Control Options

33 TITLEONE and TITLETWO - specify a title for the model run
34 MODELOPT - CONC specifies an output in concentration of a gas per unit volume of
35 air, and RURAL specifies the facility is in a rural area.
36 AVERTIME - time interval for averaging long-term concentrations
37 POLLUTID - name or other identifier of the pollutant modeled
38 TERRHGTS - elevation differences between source and receptors
39 ELEVUNIT - elevation unit
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.1 FLAGPOLE - height of receptor above ground-level

2 3.3 Source Information

3 LOCATION -coordinates for each source
4 SRCPARAM -souirce parameters, such as emission rate (mass/time), stack height,
5 stack temperature, exit velocity, and equivalent stack diameter

6 Stack Tip Downwash and Building Wake - ISC incorporates the effects of wind turbulence
7 at the exit of the stack (exhaust duct) and near other buildings around the stack using the
8 Building Profile Input Program (BPIP). Data representing the buildings and structures around
9 the stack are required.

10 BUILDHGT - height of buildings near the exhaust stack
I1I BUILDWID - apparent width of buildings near the exhaust stack

12 3.4 Receptor Information

13 GRIDOART - Cartesian coordinates of a grid of receptors
14 DISCCART - Cartesian coordinates of discrete receptors

15 3.5 Meteorological Information

. 16 INPUTFIL - directory and filename containing STAR data
17 ANEMHGHT - height of the anemometer
18 SURFDATA - surface meteorological station number, year data represents, and a
19 name for the information
20 UAIRDATA - upper air meteorological station number, year data represents, and

21 a name for the information
(17 2 STARDATA - time interval STAR data represents

\ J 23 AVESPEED - median values of wind speed categories represented in the STAR
24 data
25 AVETEMPS - time interval, and average temperature for each wind speed category
26 AVEMIXHT - time interval, average mixing height for each wind speed category
27 and each stability class
28 DTHETADZ - vertical temperature gradients for each wind speed category and
29 each stability class

30 3.6 Output Options

31 RECTABLE - print a receptor concentration table
32 MAXTABLE - print maximum ground-level concentrations for the number specified

33 4.0 INPUT PARAMETERS

. 34 4.1 Job Control Options (most are self-explanatorv)

35 TERRHGTS - ELEV, use elevations for complex terrain as indicated on topographic
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1 maps provided in Attachment B

2 ELEVUNIT - units are in feet to correspond to US Geological Survey (USGS) maps

3 4.2 Source Information

4 LOCATION - the center of the outer edge of the exhaust fan discharge duct of one
5 main fan represents the origin (0,0) for all other coordinates. The
6 other fan discharge coordinate is 23.6 feet (7.2 meters) north of the
7 origin.
8 SRCPARAM - The "stack" in this case is the exhaust fan discharge duct, which is
9 rectangular. The emission rate. is calculated assuming that 1000

10 U~g/M 3 (0.001 g/m) of any gas is released from 425,000 ft/min of air.

air release rate = (425,000 ft3/Min)x(1 m3/35.32 ft 3)X(1 min/60 s)

= 200.6 m 31s

release rate for each fan = (200.6 m 31s) = 100.3 m 3Is
2 fans

emission rate = (0.001 g/rn3) x (100.3 m3/s) = 0.1 g/s

11 stack height = 8.2 meter
12 stack temperature = 288 Kelvin

13 Because the exhaust fans actually emit the mine air at approximately a 450 angle, the vector
14 equivalent velocity is input as (velocity) x (SIN 450):

stack Vel. = (vol. flowrate)x(sin450) -70.92 m 3/s =4.66 rn/s
TT x (d/2)1 ni x (4.4 m/2)'

stackexitarea = (178in) x (l3Oin) X (M 2/1 549.4 in 2) =14.93 M 2

equivalent dia. = 2 x (A/TT)1 /2 = 2 x (14.93 m2/rr) 112 = 4.4 mn

15 BUILDHGT and BUILDWID - Apparent width is the width of a structure perpendicular to the
16 16 evenly-spaced sectors around the stack (Figure 1). For example, the apparent width of
17 Building 413 in the northwest direction is 28.9 feet (8.8 meters).
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.1 4.3 Receptor Information

2 4.3.1 Receptor GridL

3 4.3.1.1 Coarse Receptor Grid

4 The first five runs (Attachment A) were coarse grid runs covering the WIPP property from the
5 source (exhaust fans) to the WIPP Site Boundary. The receptors in these runs were
6 generated in a Cartesian Grid of 1,312 feet (ft) by 1,312 ft (400 meters (in) by 400 in), which
7 is the maximum number of receptors that can be used in one run to cover the property. One
8 run was performed with the 1993 WIPP meteorological data, and the other five runs were
9 performed with 1990 to 1994 Carlsbad meteorological data.

10 To determine the two ADFs for public inside the WIPP Site Boundary, the coarse grid
11 concentrations were averaged for two areas. The two areas, represent the cattle grazing
12 leases on the WIPP property as shown in Figure D9-1 in Appendix 09 of the permit
13 application (Appendix RA of the NMVP).

14 4.3.1.2 Fine Receptor Grid

15 TO determine the WIPP Site Boundary ADF and the Property Protection Area ADF, two fine
16 grids runs were performed. Based on the highest concentration at or beyond the WIPP Site. 17 Boundary from the six coarse grid runs, a fine grid run of 3,2 -ft by 32 ft (lOin by lOin) was
18 performed around that point. In the other run a fine grid run of 32 ft by 32 ft (l1in by l1in)
19 was performed around the highest concentration, which was in the Property Protection Area
20 from the six coarse runs.

21 4.4 Meteorological Information

22 INPUTFIL - STAR file consisting of the normal frequency distribution of wind speed
23 and wind direction, grouped by stability, class. The data used in these

C 24 model runs is from the Carlsbad, New Mexico Municipal Airport NWS

\ /,6 ANEMHGHT - self-explanatory
27 SURFDATA - self-explanatory
28 UAIRDATA - self-explanatory
29 STARDATA - self-explanatory
30 AVESPEED - self-explanatory
31 AVETEMPS - 288 Kelvin for each stability class
32 AVEMIXHT - 4,708 feet (1,435 meters) for each stability class and each wind speed
33 category
34 DTHETADZ - 0. 0 10 - stability class E, 0. 030 - stability class F

35 4.5 Output Options

. 36 MAXTABLE - print the top 10 maximum ground-level concentrations and associated

37 receptor coordinate and type
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1 5.0 AIR DISPERSION FACTORS

2 Using equation D1O0-1, the four ADFs were calculated and are presented in Table D1I0-1
3 below. In conclusion, any concentration of a gas released from the exhaust ducts can be
4 multiplied by these ADFs to determine the maximum annual average concentration at the
5 point or area of concern.

6 TABLE D10-1
7 AIR DISPERSION FACTORS

8 Area ADF

9 WIPP Site Boundary 1.2 x10

10 Grazing Lease Area - North 9.8 x 10-5

11 Grazing Lease Area - South 6.7 X 1-

12 Property Protection Area 1.2 x 10-2
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ATTACHMENT A - MODEL OUTPUT LIST FILES
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Coarse Grid Run with 11990 Carlsbad Meteorological Data .................. D10-34
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Coarse Grid Run with 1993 Carlsbad Meteorological Data ................. D10-106
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WIPP Site Boundary Fine Grid Run with WIPP Meteorological Data .......... D10-154

WIPP Site Boundary Fine Grid Run with 1990 Carlsbad Meteorological Data ... D10-190

Property Protection Area Fine Grid Run with WIPP Meteorological Data....... D10-226

0 Property Protection Area Fine Grid Run with 1990 Carlsbad Meteorological Data D1 0-257
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**TRINITY DO9WNWASH FILE NAME: C:\MODELS\EXFAN.WAK

CO STARTING

CO TITLEONE CONCENTRATIONS AT THE WIPP SITE BOUNDARY (9.3 WIPP Met)

CO TITLETWO Coarse Receptor Grid(400x400m)/1000 pig/MA13 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDNGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDNGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILOWID 1 30.72 30.72 7.29 31.62

SO BUILDNGT 2 11.22 11.22 11.22 0.00 6.55 6.55

.SO BUILDHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILOWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO ENISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -3189.53 17 400.00 -3469.81 17 400.00

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 -1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCART COARSE FLAG 5 1150 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50

RE GRIDAR' COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

D1 0-11



RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRTDCART COARSE FLAG 13 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50

RE GRIDCART COARSE ELEV 1 3310.00 3320.00 3320.00 3330.00

RE GRIDCART COARSE ELEV 1 3330.00 3340.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 1 3340.00 3350.00 3370.00 3390.00
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RE GRIDCART COARSE ELEV 1 3400.00 3420.00 3440.00 3430.00

RE GRIDCART COARSE ELEV 1 3420.00

RE GRIDCART COARSE ELEV 2 3320.00 3320.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 2 3340.00 3340.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 2 3360.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 2 3410.00 3420.00 3460.00 3440.00

RE GRIDCART COARSE ELEV 2 3430.00

RE GRIDCART COARSE ELEV 3 3320.00 3330.00 3330.00 3330.00

RE GRIDEART COARSE ELEV 3 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 3 3370.00 3380.00 3400.00 3410.00

RE GRIDCART COARSE ELEV 3 3420.00 3440.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 3 3440.00

RE GRIDCART COARSE ELEV 4 3320.00 3330.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 4 3340.00 3350.00 3350.00 3360.00

RE GRIOCART COARSE ELEV 4 3380.00 3400.00 3410.00 3420.00

RE GRIDCART COARSE ELEV 4 3450.00 3450.00 3440.00 3440.00

RE GRIOCART COARSE ELEV 4 3440.00

RE GRIDCART COARSE ELEV 5 3330.010 3330.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 5 3340.00 3350.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 5 3380.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 5 3470.010 3460.00 3450.00 3450.00

RE GRIDCART COARSE ELEV 5 3450.010

RE GRIDCART COARSE ELEV 6 3340.010 3330.00 3340.00 3350.00

RE GRIDCART COARSE ELEV 6 3350.030 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 6 3390.020 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 6 3470.00 3460.00 3470.00 34'70.00

RE GRIDCART COARSE ELEV 6 3470.002

RE GRIOCART COARSE ELEV 7 3350.00 3340.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 7 3350.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 7 3400.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 7 3480.00 3470.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 7 3500.002

RE GRIDCART COARSE ELEV 8 3360.002 3350.00 3370.00 3370.00

RE GRIDCART COARSE ELEV 8 3370.00 3380.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 8 3400.0) 3410.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 8- 3480.002 3490.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 8 3520.002

RE GRIDCART COARSE ELEV 9 3380.002 3380.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 9 3380.00) 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 9 3410.00) 3420.00 3440.00 3450.00

RE GRIDCART COARSE ELEV 9 3490.012 3500.00 3510.00 3530.00
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RE GRIDCART COARSE ELEV 9 3540.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3420.00 3440.00 3460.00

RE GRIDCART COARSE ELEV 10 3480.00 3510.00 3520.00 3540.00

RE GRIDCART COARSE ELEV 10 3540.00

RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 11 3430.00 3430.00 3450.00 3470.00

RE GRIDCART COARSE ELEV 11 3490.00 3510.00 3510.00 3530.00

RE GRIOCART COARSE ELEV 11 3540.00

RE GRIDCART COARSE ELEV 12 3390.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3420.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 12 3450.00 3450.00 3460.00 3470.00

RE GRIDCART COARSE ELEV 12 3500.00 3500.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 12 3520.00

RE GRIDCART COARSE ELEV 13, 3380.00 3390.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 13 3400.00 3420.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 13 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 13 3490.00 3490.00 3490.00 3500.00

RE GRIDCART COARSE ELEV 13 3500.00

RE GRIDCART COARSE ELEV 14 3370.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 14 3400.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 14 3460.00 3470.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 14 3480.00 3480.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 14 3500.00

RE GIDCRT CARS ELE 15336000 370.0 380.0 330.0

RE GRIDCART COARSE ELEV 15 3360.00 3370.00 3380.00 34380.00 7

RE GRIDCART COARSE ELEV 15 3400.00 3400.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 15 3460.00 3460.00 3460.00 3460.00

RE GRIDCART COARSE ELEV 15 3470.003400 37.0 38.0

RE GRIDCART COARSE ELEV 15 33510.00360037.038.0

RE GRIDCART COARSE ELEV 16 3350.00 3360.00 3370.00 34380.00

RE GRIDCART COARSE ELEV 16 3390.00 3400.00 3400.00 3430.00

RE GRIDCART COARSE ELEV 16 3440.00 3450.00 3450.00 3440.00

RE GRIDCART COARSE ELEV 16 34510.003400 38.0 39.0

RE GRIDCART COARSE ELEV 16 33510.00360036.037.0

RE GRIDCART COARSE ELEV 17 3350.00 3360.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 17 3380.00 34390.00 3400.00 3420.00

RE GRIDCART COARSE ELEV 17 3420.00 3430.00 3430.00 3440.00

RE GRIDCART COARSE ELEV 17 3510.00
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RE GRIDCART COARSE END

RE FINISHED

ME STARTING

ME INPUTFIL C:\MODELS\MET\WP3093.STR FREE

ME ANEMHGHT 10.000 METERS

ME SURFDATA 11111 1993 WIPP

ME UAIRDATA 11111 1993

ME STARDATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435s00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTHETADZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME OTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01 0.01 0.01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

OU RECTABLE SRCGRP

OU MAXTABLE 10 SRCGRP

OU PLOTFILE ANNUAL ALL C:\MODELS\ADM\ADMCW93A.GPH 70

OU FINISHED

SSETUP Finishes Successfully
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ISCLT3 - VERSION 95250 * **CONCENTRATIONS AT THE WIPP SITE BOUNDARY (93 WIPP Met) 03/27/96

Coarse Receptor Grid (400x400m) /1000 pg/m^3 SrcConc 07:22:13
PAGE

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.

**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

"MNodel Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0

and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

SeasonalQuarters: 0 0 0 0
and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 289 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:

Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)

Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)

Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

**Misc. Inputs: Anem. Ngt. (in) - 10.00 ; Decay Coef. = .0000 ; Rot. Angle = .0

Emission Units = GRAMS/SEC ;Emission Rate Unit Factor = .10000OE+07

Output Units = MICROGRAMS/M**3

**Input Runstream File: ADMCW93A.DAT ;**Output Print File: ADMCW93A.LST
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SMODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

SPOINT SOURCE DATA

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY
----- - -- -- -- --------------------------------------------- - - - ---- - -- -- -- ---

1 0 .10000E+00 .0 .0 1039.4 8.20 288.80 4.66 4.40 YES

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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ttMODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

SSOURCE IDs DEFINING SOURCE GROUPS

GROUP ID SOURCE IDs

ALL 1 ,2
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** DIRECTION SPECIFIC BUILDING DIMENSIONS**

SOURCE ID: 1
IFV EM EN WAX IFV EM EN WAX IFV BH BW WmX x IV BH EN WAX
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, C 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, C 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, C 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, C 16 6.6, 31.6, 0

SOURCE ID: 2
IEV BH BW WAX IFV BM BW WAX IFV BH 8W W;K Irv BH BW WAX
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, C 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, C 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, C 12 .0, .0, 0

13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, C 16 6.6, 33.7, 0
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** GRIDDED RECEPTOR NETWORK SUMMARY**

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

SX-COORflINATES OF GRID
(METERS)

-3189.5, -2789.5, -2389.5, -1989.5, -1589.5, -1189.5, -789.5, -389.5, 10.5, 410.5,
810.5, 1210.5, 1610.5, 2010.5, 2410.5, 2810.5, 3210.5,

SY-COORDINATES OF GRID **

(METERS)

-3469.8, -3069.8, -2669.8, -2269.8, -1869.8, -1469.8, -1069.8, -669.8, -269.8, 130.2,
530.2, 930.2, 1330.2, 1730.2, 2130.2, 2530.2, 2930.2,
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

0 **~NETWORK ID: COARSE ;NETWORK TYPE: GRIXART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORfl (METERS)
(METERS) 1 -3189.53 -27:89.53 -2389.53 -1989.53 -1589.!3 -1189.53 -789.53 -389.53

10.47

2930.19 1 1021.08 1024.13 1024.13 1027.18 1030.22 1033.27 1036.32 1042.42
1042.42

2530.19 1 1021.08 10:24.13 1027.18 1030.22 1033.27 1036.32 1036.32 1045.46
104 8.51

2130.19 1 1024.13 1027. 18 1030.22 1030.22 1036.32 1036.32 1039.37 1045.46
1054.61

1730.19 1 1027.18 1030.22 1033.27 1036.32 1036.32 1039.37 1042.42 1048.51
1054.61

1330.19 1 1030.22 1033.27 1036.32 1036.32 1036.32 1042.42 1045.46 1051.56
1057.66

930.19 1 1033.27 1036.32 1039.37 1039.37 1039.37 1042.42 1042.42 1048.51
1051.56

530.19 1 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1045.46
1045.46

130.19 1 1036.32 10,36.32 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32

1036.32
-269.81 1 1030.22 10,30.22 1030.22 1030.22 1030.22 1030.22 1033.27 1036.32

1039.37
-669.81 1 1024.13 10:21.08 1027.18 1027.18 1027.18 1030.22 1030.22 1033.27

1036.32
-1069.81 1 1021.08 1018.03 1021.08 1024.13 1021.08 1027.18 1030.22 1033.27

1036.32
-1469.81 1 1018.03 10:14.98 1018.03 1021.08 1021.C8 1024.13 1027.18 1030.22

1033.27

-1869.81 1 1014.98 10:14.98 1018.03 1018.03 1018.03 1021.08 1024.13 1027.18

1030.22
-2269.81 1011.94 10:14. 98 1014.98 1018.03 1018.03 1021.08 1021.08 1024.13

1030.22
-2669.81 1 1011.94 10:14.98 1014.98 1014.98 1018.03 1021.08 1021.08 1024.13

1027.18
-3069.81 I 1011.94 10:11. 94 1014.98 1014.98 1019.03 1018.03 1018.03 1018.03

1024.13
-3469.81 1 1008.89 10:11.94 1011.94 1014.98 1014.98 1018.03 1014.98 1018.03

1018.03
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SMODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

--- -- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

2930.19 1 1045.46 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85
2530.19 1 1051.56 1051.56 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2130.19 1 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1069.85

1730.19 1 1057.66 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1066.80

1330.19 1 1057.66 1057.66 1060.70 1063.75 1063.75 1063.75 1066.80 1066.80

930.19 1 1051.56 1054.61 1057.66 1066.80 1066.80 1066.80 1069.85 1072.90

530.19 1 1045.46 1051.56 1057.66 1063.75 1069.85 1069.85 1075.94 1078.99

130.19 1 1042.42 1048.51 1054.61 1060.70 1069.85 1072.90 1078.99 1078.99

-269.81 1 1042.42 1048.51 1051.56 1063.75 1066.80 1069.85 1075.94 1078.99

-669.81 1 1039.37 1045.46 1051.56 1060.70 1063.75 1066.80 1069.85 1072.90

-1069.81 1 1039.37 1042.42 1051.56 1060.70 1057.66 1060.70 1063.75 1066.80

-1469.81 1 1039.37 1042.42 1051.56 1057.66 1054.61 1057.66 1057.66 1057.66

-1869.81 1 1039.37 1042.42 1048.51 1057.66 1054.61 1051.56 1051.56 1051.56

-2269.81 1 1036.32 1039.37 1042.42 1051.56 1051.56 1048.51 1048.51 1048.51

-2669.81 1 1030.22 1036.32 1039.37 1042.42 1048.51 1048.51 1048.51 1048.51

-3069.81 1 1027.18 1030.22 1033.27 1039.37 1042.42 1054.61 1048.51 1045.46

-3469.81 1 1021.08 1027.18 1033.27 1036.32 1042.42 1048.51 1045.46 1042.42

Dl 0-22



**ISCLT3 - VERSION 95250 * CONCENTRATIONS AT THE WIPP SITE BOUNDARY (93 WIPP Met) 03/27/96
Coarse Receptor Grid (400x400m) /1000 pg/m^3 SrcConc 07:22:13

PAGE

8 ~''MODELING OPTIONS USED: CONC RURAL ELEV 8'LGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: C4RI])CART

*RECEPTOR FLAGPOLE HEIGHTS IN ME:TERS*

Y-COORD I X-COORD (METERS:)
(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
1330.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-269.81 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
-669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-1069.81 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
-1469.81 11.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

15 .015 .015 .015 .01.50

-2269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50
-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

DIO-23



*~ISCLT3 - VERSION 95250 ** **CONCENTRATIONS AT THE WIPP SITE BOUNDARY (93 WIPP Met) 03/27/96

**Coarse Receptor Grid (400x400m)/1000 Ipg/mA3 SrcConc 07:22:13
PAGE

9
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*~NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART ~'

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORfl X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
----- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- ---

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2669.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
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**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY**
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.:!5, 12.50,

SWIND PROFILE EXPONENTS *~

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01
B .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01
C .10000E+00 .10000E+00 .10000E+00 .1000)OE+00 .10000E+00 .10000E+00
D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00
E .35000E+00 .35000E+00 .35000E+00 .35000OE+00 .35000E+00 .35000E+00
F . 55000E+00 . 55000E+00 . 55000E+00 . 55000E+00 . 55000E+00 . 55000E+00

**VERTICAL POTENTIAL TEMPERATURE GRAkDIENTS**
(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A . OOOOOE+00 .0OOOOOE+00 OOOOOE0+00 .00000OE+00 .OOOOOE+00 .OOOOOE+00

B .OOOOOE+00 .OOOOOE+00 .00O00E+00 .0'OOUOE+00 .OOOOOE+00 .OOOOOE+00
C .00000E+00 .00000E+00 .OOOOOE+00 .0OOOOE+00 .000006+00 .OOOOOE+00
D .00000E+00 .OOOOOE+00 OOOOO0E+00 .0OO0OE+00 .00000E+00 OOOOO0E+00

E .10000E-01 .100006-01 . 100006-01 .1 00006-01 . 100006-01 . 100006-01
F .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY* STABILITY STABILITY STABILITY STABILITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY D CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000' 288.8000 288.8000
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**MODELING OPTIONS USED: CONC RURAL ELEV EIGPOL

**AVERAGE MIXING LAYER HEIGHT (METERS)

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11~111 UPPER AIR STATION NO.: 11111
NAME: WIPP NAME: UNKNOWN
YEAR: 1993 YEAk: 1993

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED IWIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 MIS) (2.250 M/S) C4.050 MIS) C6.550 M/S) C9.250 MIS) (L2.500 M/S)
(DEGREES)------------------------------------------------------------------- ------

.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
45.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
67.500 .00000000 .00017000 .00000000 .00000000 .00000000 .00000000
90.000 .00019600 .00034000 .00000000 .00000000 .00000000 .00000000

112.500 .00000000 .00034000 .00000000 .00000000 .00000000 .00000000
135.000 .00019600 .00136200 .00000000 .00000000 .00000000 .00000000
157.500 .00039200 .00238300 .00000000 .00000000 .00000000) .00000000
180.000 .00195900 .00187200 .00000000 .00000000 .00000000) .00000000
202.500 .00195900 .00153200 .00000000 .00000000 .00000000 .00000000
225.000 .00215500 .00221300 .00000000 .00000000 .00000000 .00000000
247.500 .00195900 .00119100 .00000000 .00000000 .00000000) .00000000

270.000 .00078400 .00085100 .00000000 .00000000 .00000000) .00000000
292.500 .00000000 .00068100 .00000000 .00000000 .00000000 .00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED 'WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) 1 2.250 MIS) C4.050 MIS) 1 6,550 MIS) 9,250 M/S) (L2 *50)0 M/S)
(DEGREES) ----------- ------------ ----------- ----------- ------------ -----------...

.000 .00019600 .00000000 .00000000 .00000000 .00000000 .00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
45.000 .00058800 .00017000 .00051100 .00000000 .00000000 .00000000
67.500 .00078400 .00085100 .00017000 .00000000 .00000000 .00000000
90.000 .00156700 .00102100 .00051100 .00000000 .00000000 .00000000

112.500 .00333100 .00306400 .00255300 .00000000 .00000000 .00000000
135.000 .00293900 .00425500 .00425500 .00000000 .00000000 .00000000
157.500 .00293900 .00766000O .00680900 .00000000 .00000000 .00000000
180.000 .00411400 .00697900 .00510600 .00000000 .00000000 .00000000

202.500 .00489800 .00646800 .00306400 .00000000 .00000000 .00000000
225.000 .00391800 .00459600 .00187200 .00000000 .00000000 .00000000
247.500 .00509400 .00527700 .00153200 .00000000 .00000000 .00000000
270.000 .00117600 .00-170200 .00204300 .00000000 .00000000 .00000000
292.500 .00098000 .00187200 .00221300 .00000000 .00000000 .00000000
315.000 .00098000 .00102100 .00119100 .000600000 .00000000 .00000000
337.500 .00000000 .00017000 .00000000 .00000000 .00000000 .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: WIPP NME: UNKNOWN
YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION )1.000 M/S) (2.250 M/S) (4.050 MIS) (6.550 M/S) (9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00039200 .00034000 .00000000 .00000000 .00000000 .00000000
22.500 .00019600 .00034000 .00034000 .00000000 .00000000 .00000000
45.000 .00000000 .00068100 .00238300 .00000000 .00000000 .00000000

67.500 .00098000 .00085100 .00102100 .00000000 .00000000 .00000000
90.000 .00137100 .00136200 .00187200 .00000000 .00000000 .00000000

112.500 .00450600 .00391500 .00629800 .00034000 .00000000 .00000000
135.000 .00352700 .00544700 .01787200 .00442600 .00000000 .00000000
157.500 .00450600 .00425500 .01123400 .00289400 .00000000 .00000000
180.000 .00293900 .00595700 .01089400 .00340400 .00017000 .00000000

202.500 .00176300 .00459600 .00595700 .00017000 .00000000 .00000000

225.000 .00313500 .00425500 .00187200 .00017000 .00000000 .00000000

247.500 .00156700 .00340400 .00459600 .00170200 .00000000 .00000000
270.000 .00195900 .00289400 .00204300 .00170200 .00034000 .00000000
292.500 .00137100 .00153200 .00221300 .00000000 .00000000 .00000000
315.000 .00039200 .00136200 .00221300 .00051100 .00000000 .00000000
337.500 .00000000 .00017000 .00034000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) )4.050 MIS) )6.550 M/S) (9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00017000 .00017000 .00000000 .00000000 .00000000
22.500 .00000000 .00102100 .00119100 .00102100 .00034000 .00034000

45.000 .00039200 .00255300 .00493600 .00851100 .00153200 .00000000
67.500 .00078400 .00425500 .00595700 .00697900 .00068100 .00017000
90.000 .00313500 .00527700 .01293600 .00987200 .00119100 .00017000

112.500 .00372300 .01293600 .02706400 .01344700 .00136200 .00000000
135.000 .00372300 .01004300 .03285100 .04204300 .00306400 .00000000
157.500 .00176300 .00663800 .01855300 .01991500 .00238300 .00017000
180.000 .00274300 .00612800 .01072300 .00425500 .00051100 .00000000
202.500 .00117600 .00425500 .00731900 .00357400 .00000000 .00000000
225.000 .00019600 .00408500 .00510600 .00340400 .00136200 .00017000
247.500 .00058800 .00357400 .00595700 .01123400 .00306400 .00136200

270.000 .00058800 .00238300 .00527700 .00748900 .00357400 .00187200
292.500 .00039200 .00153200 .00221300 .00238300 .00102100 .00000000

315.000 .00000000 .00068100 .00204300 .00391500 .00136200 .00034000

337.500 .00000000 .00000000 .00034000 .00051100 .00000000 .00000000
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY *

FILE: C:\MODELS\MET\WP30593.STR FORMAT: FREE

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: WIPP NAMEi: UNKNOWN

YEAR: 1993 YEAR.: 1993

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED iVIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 MIS) (2.250 MIS) C4.050 M/S) (6.550 MIS) (9.250 MIS) (32.500 MIS)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00034000 .00034000 .00000000 .00000000 .00000000
22.500 .00000000 .00017000 .00034000 .00000000 .00000000 .00000000
45.000 .00000000 .00085100 .00187200 .00000000 .00000000 .00000000
67.500 .00000000 .00170200 .00272300 .00000000 .00000000 .00000000
90.000 .00000000 .00272300 .00783000 .00000000 .00000000 .00000000

112.500 .00000000 .00680900 .02314900 .00000000 .00000000 .00000000
135.000 .00000000 .01123400 .02961700 .00000000 .00000000 .00000000
157.500 .00000000 .00868100 .01038300 .00000000 .00000000 .00000000
180.000 .00000000 .00323400 .00238300 .00000000 .00000000 .00000000
202.500 .00000000 .00340400 .00068100 .00000000 .00000000 .00000000
225.000 .00000000 .00221300 .00119100 .00000000 .00000000 .00000000
247.500 .00000000 .00187200 .00442600 .00000000 .00000000 .00000000
270.000 .00000000 .00034000 .00272300 .00000000 .00000000 .00000000
292.500 .00000000 .00068100 .00204300 .00000000 .00000000 .00000000
315.000 .00000000 .00085100 .00170200 .00000000 .00000000 .00000000
337.500 .00000000 .00034000 .00085100 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED W"IND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS), 2,250 M/S) 4.050 M/S) 6.550 MIS) 1 9.250 M/S) (22.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

2.5000 .00039200 .0001700 .00000000 .00000000 .00000000 .00000000
2.500 .0000900 .00011700 .00000000 .00000000 .00000000 .00000000

4500 .0016700 .003748900 .00000000 .00000000 .00000000 .00000000

112.500 .0019700 .020596600 .00000000 .00000000 .00000000 .00000000
135.000 .01195100 .02348900 .00000000 .00000000 .00000000 .00000000
157.500 .01036400 .01209600 .00000000 .00000000 .00000000 .00000000
180.000 .00881700 .00541700 .00000000 .00000000 .00000000 .00000000
202.500 .0016400 .0023700 .00000000 .00000000 .00000000 .00000000
225.000 .0048700 .0049600 .00000000 .00000000 .00000000 .00000000
247.500 .00450600 .0050600 .00000000 .00000000 .00000000 .00000000
270.000 .0024700 .002723600 .00000000 .00000000 .00000000 .00000000
292.500 .0017600 .00238300 .00000000 .00000000 .00000000 .00000000
315.000 .001959700 .00238300 .00000000 .00000000 .00000000 .00000000
337.500 .00058800 .0018200 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL - .99999
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**'THE AN4NUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2 0

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART '

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl I X-COORD (METERS)

(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
---- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

2930.19 1 .065769 .075666 .075780 .079804 .081915 .081094 .081777 .083849

.070873
2530.19 1 .067632 .081635 .095510 .102764 .107807 .108443 .099799 .110719

.095228
2130.19 1 .073869 .090523 .112253 .124712 .145173 .138825 .136338 .142826

.120694
1730.19 1 .079878 .099408 .125793 .161919 .185073 .199953 .199806 .204437

.159140
1330.19 1 .085004 .107306 .138573 .169472 .211444 .300336 .322220 .298857

.224 387
930.19 1 .080948 .106643 .145621 .185914 .240418 .359329 .451964 .483030

.350081
530.19 1 .072245 .088150 .120204 .158123 .218275 .317410 .476453 .917824

.612324
130.19 1 .054653 .064879 .078691 .098137 .126338 .171871 .258387 .463141

1. 3232 98
-269.81 1 .037627 .042552 .048406 .055372 .062816 .070488 .086707 .135155

.00844 4
-669.81 1 .026443 .026068 .033451 .035338 .036063 .046215 .054874 .037382

.007953
-1069.81 1 .019342 .018214 .020776 .024879 .024502 .032864 .030024 .011820

.0062 35
-1469.81 1 .014561 .014330 .016571 .019192 .020345 .019743 .013360 .007162

.004 183
-1869.81 1 .012035 .012644 .014329 .014919 .013677 .011276 .006051 .004785

.002989
-2269.81 1 .009958 .011094 .011439 .011572 .009621 .007182 .004134 .003390

.002423
-2669.81 1 .008863 .009715 .009233 .008065 .006831 .004607 .003366 .002752

.001864
-3069.81 1 .007879 .007546 .007273 .006108 .004879 .003072 .002554 .001935

.00147 9
-3469.81 1 .006286 .006149 .005374 .004656 .003229 .002601 .001989 .001650

.00112 3
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**THE: ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 ,2

**NETWORK ID: COARSE ;NETWORK TYPE: GR::DCART

**CONG OF ANY IN MICROGRANS/M**3 *

Y-COORfl X-COORD (METERS)
(METERS) I 410.47 81.0.47 1210.47 1610.47 2010.4"1 2410.47 2810.47 3210.47

2930.19 1 .066410 .056593 .048034 .043285 .0385111 .034008 .029928 .027224

2530.19 1 .082451 .067745 .056212 .049549 . 04 3,021 .037143 .033284 .030229
2130.19 1 .101205 .079013 .066837 .056789 .041865 .042030 .037472 .033408

1730.19 1 .127230 .096333 .080074 .065013 .055,390 .048156 .041883 .036636

1330.19 1 .164793 .12:3308 .095632 .077998 .065-039) .054529 .046222 .039642

930.19 1 .223003 .1i9887 .120366 .094147 .074690 .058938 .046259 .037427
530.19 1 .319253 .21.9602 .150175 .100331 .07117:. .053443 .041806 .033791
130.19 1 .383190 .209957 .120484 .080131 .053873 .044206 .035118 .028769

-269.81 1 .124966 .11.1276 .080921 .059900 .045995 .036565 .029873 .024988

-669.81 1 .034933 .068361 .055900 .042052 .035,40:. .029833 .025326 .021767
-1069.81 1 .012542 .014125 .044029 .035685 .028951 .023784 .020545 .018336
-1469.81 1 .009032 .01.8355 .029486 .029455 .025083 .021319 .018228 .015741
-1869.81 I .006659 .01.0426 .018769 .021687 .0214141 .018801 .016506 .014526

-2269.81 1 .004544 .0C16680 .010799 .015312 . 0167111 .016477 .014803 .013270
-2669.81 1 .002962 .014742 .006755 .009889 .012624 .013419 .013210 .012050
-3069.81 1 .002251 .003177 .004158 .006800 .008794) .010596 .011077 .010600
-3469.81 1 .001605 .002434 .003479 .004744 .00683:. .008440 .008778 .008703

D1 0-31



ISCLT3 - VERSION 95250 **CONCENTRATIONS AT THE WIPP SITE BOUNDARY (93 WIPP Met) 03/27/96

**Coarse Receptor Grid (400x400m) /1000 pig/m^3 SrcConc 07:22:13
PAGE

17
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

TNE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAI4S/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE

1. 1.323298 AT C 10.47, 130.19) GC 6. .463141 AT C -389.53, 130.19) GC

2. .917824 AT ( -389.53, 530.19) GC 7. .451964 AT C -789.53, 930.19) GC

3. .612324 AT C 10.47, 530.19) GC 8. .383190 AT C 410.47, 130.19) GC

4. .483030 AT C -389.53, 930.19) GC 9. .359329 AT C -1189.53, 930.19) GC

5. .476453 AT C -789.53, 530.19) GC 10. .350081 AT C 10.47, 930.19) GC

SRECEPTOR TYPES: GC = GRIDCART
GP - GRIDPOLR
DC - DISCCART
DP - DISCPOLR
BD - BOUNDARY
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**MODELING OPTIONS USED: COMC RURAL ELEV EIGPOL

SMessage Summary : ISCLT3 Model Execution**

------Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational. Message(s)

SFATAL ERROR MESSAGES
** NONE ***

***** WARNING MESSAGES
*NONE

SISCLT3 Finishes Successfully
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*** TRINITY DOWNWASH FILE NAME: C:\MODELS\EXFAN.WAK

CO STARTING

CO TITLEONE CONCENTRATIONS AT THE WIPP SITE BOUNDARY (9.0 Carlsbad Met)

CO TITLETWO Coarse Receptor Grid (400x400m) /1000 Wi/m*A3 SrcConc

CO MODELOPT CONC RURAL

CO AVERT IME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARP.M 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARA 4 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILOWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILOWID 1 30.72 30.72 7.29 31.62

SO BUILDHGT 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILOHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILOWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILOWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILOWID 2 26.82 33.44 34.97 33.72

SO EMISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/N**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -3189.53 17 400.00 -3469.81 17 400.00

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50

RE GRIOCART COARSE FLAG 2 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.5(0 1.50 1.50 1.50

RE GRI1CART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.5(3

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50

RE GRIIEART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.53)

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.53)

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.53)

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9'- 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50) 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 9 1.51)

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1ý 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50

RE GRIDCART COARSE ELEV 1 3310.00 3320.00 3320.00 3330.00

RE GRIDCART COARSE ELEV 1 3330.00 3340.00 3330.00 3340.00

RE GRIDOART COARSE ELEV 1 3340.00 3350.00 3370.00 3390.00
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RE GRIDCART COARSE ELEV 1 3400.00 3420.00 3440.00 3430.00

RE GRIDCART COARSE ELEV 1 3420.00

RE GRIDCART COARSE ELEV 2 3320.00 3320.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 2 3340.00 3340.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 2 3360.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 2 3410.00 3420.00 3460.00 3440.00

RE GRIDCART COARSE ELEV 2 3430.00

RE GRIDCART COARSE ELEV 3 3320.00 3330.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 3 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 3 3370.00 3380.00 3400.00 3410.00

RE GRIDCART COARSE ELEV 3 3420.00 3440.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 3 3440.00

RE GRIDCART COARSE ELEV 4 3320.00 3330.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 4 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 4 3380.00 3400.00 3410.00 3420.00

RE GRIDCART COARSE ELEV 4 3450.00 3450.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 4 3440.00

RE GRIDCART COARSE ELEV 5 3330.00 3330.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 5 3340.00 3350.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 5 3380.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 5 3470.00 3460.00 3450.00 3450.00

RE GRIDCART COARSE ELEV 5 3450.00

RE GRIDCART COARSE ELEV 6 3340.00 3330.00 3340.00 3350.00

RE GRIDCART COARSE ELEV 6 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 6 3390.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 6 3470.00 3460.00 3470.00 3470.00

7RE GRIOCART COARSE ELEV 6 3470.00

REGICR ORE EE 300 300 300 3o0

RE GRIDCART COARSE ELEV 7 3350.00 3340.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 7 3350.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 7 3400.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 7 3500.00

RE GRIDCART COARSE ELEV 8 3360.00 3350.00 3370.00 3370.00

RE GRIDCART COARSE ELEV 8 3370.00 3380.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 8 3400.00 3410.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 8 3480.00 3490.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 8 3520.00

RE GRIDCART COARSE ELEV 9 3380.00 3380.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 9 3380.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 9 3410.00 3420.00 3440.00 3450.00

RE GRIDCART COARSE ELEV 9 3490.00 3500.00 3510.00 3530.00
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RE GRIDCART COARSE ELEV 9 3540.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3420.00 3440.00 3460.00

RE GRIDCART COARSE ELEV 10 3480.00 3510.00 3520.00 3540.00

RE GRIDCART COARSE ELEV 10 3540.00

RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 11 3430.00 3430.00 3450.00 3470.00

RE GRIDCART COARSE ELEV 11 3490.00 3510.00 3510.00 3530.00

RE GRIDCART COARSE ELEV 11 3540.00

RE GRIDCART COARSE ELEV 12 3390.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3420.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 12 3450.00 3450.00 3460.00 3470.00

RE GRIDCART COARSE ELEV 12 3500.00 3500.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 12 3520.00

RE GRIDCART COARSE ELEV 13 3380.00 3390.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 13 3400.00 3420.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 13 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 13 3490.00 3490.00 3490.00 3500.00

RE GRIDCART.COARSE ELEV 13 3500.00

RE GRIDCART COARSE ELEV 14 3370.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 14 3400.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 14 3460.00 3470.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 14 3480.00 3480.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 14 3500.00

RE GRIOCART COARSE ELEV 15 3360.00 3370.00 3380.00 3380.00

RE GRIOCART COARSE ELEV 15 3400.00 3400.00 3410.00 3430.00

RE GRIOCART COARSE ELEV 15 3460.00 3460.00 3460.00 3460.00

RE GRIDCART COARSE ELEV 15 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 15 3510.00

RE GRIDCART COARSE ELEV 16 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 16 3390.00 3400.00 3400.00 3430.00

RE GRIDCART COARSE ELEV 16 3440.00 3450.00 3450.00 3440.00

RE GRIDCART COARSE ELEV 16 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 16 3510.00

RE GRIDCART COARSE ELEV 17 3350.00 3360.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 17 3380.00 3390.00 3400.00 3420.00

RE GRIDCART COARSE ELEV 17 3420.00 3430.00 3430.00 3440.00

RE GRIDCART COARSE ELEV 17 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 17 3510.00
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RE GRIDCART COARSE END

RE FINISHED

ME STARTING

ME INPUTFIL C:\MODELS\MET\CBD90.STR (7X, 6F7.5)

ME ANEMHGHT 10.000 METERS

NE SURFDATA. 11111 1990 CARLSBAD

ME UAIRDATA 11111 1990

ME STARDATA ANNUAL

NE AVESPEED 1.00 2.25 4.05 6. 55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXMT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXNT ANNUAL E 1435.00 1435.,00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTHETAlZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAlZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01. 0.01 0.01

ME DTHETAD1Z F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

CU STARTING

CU RECTABLE SRCGRP

CU MAXTABLE 10 SRCGRP

CU PLOTFILE ANNUAL ALL C: \MODELS\AflN\ADMCC9OA. GPH 70

CU FINISHED

**SETUP Finishes Successfully
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.

**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified options:
1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates I STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0

and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0

and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 289 Receptor(s)

"*The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:

Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)
Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

**Misc. Inputs: Anem. Hgt. (m) - 10.00 ; Decay Coef. = .0000 ; Rot. Angle = .0

Emission Units = GRAMS/SEC ;Emission Rate Unit Factor = .10000OE+07

output Units - MICROGRAMS/M**3

**Input Runstream File: ADMCC9OA.DAT ;**Output Print File: ADMCC9OA.LST
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2
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**POINT SOURCE DATA**

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

------- -- -- ------------------------------------------------ -- -- -- ----------- - - - ----- - - --- - -- -- -- -----

1 0 .10000E+00 .0 .0 1039.4 8.20 288.80 4.66 4.40 YES

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.B0 4.66 4.40 YES
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3
SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**SOURCE IDs DEFINING SOURCE GROUPS

GROUP ID SOURCE Ios

ALL 1 ,2
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4
SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** DIRECTION SPECIFIC BUILDING DIMENSIONS

SOURCE ID: 1
IFV BH BW WAK IFV BH BW WAX IFV BN BW WRK IEV BN BW WAK

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 0 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13. 1, 0 12 .0, .0, 0
13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 0) 16 6.6, 31.6, 0

SOURCE ID: 2
IFV BN BW WAX IFV SM SW WAX IEV SH BW WAX IEV SN SW WAX
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, 0) 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, ) 12 .0, .0, 0

13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, 0) 16 6.6, 33.7, 0
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5
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**GRIDDED RECEPTOR NETWORK SUMMARY**

**~NETWORK ID: COARSE ;NETWORK TYPE: GRIOCART

SX-COORflINATES OF GRID**

(METERS)

-3189.5, -2789.5, -2389.5, -1989.5, -1589.5, -1189.5, -789.5, -389.5, 10.5, 410.5,

810.5, 1210.5, 1610.5, 2010.5, 2410.5, 2810.5, 3210.5,

SY-COORDINATES OF GRID**
(METERS)

-3469.8, -3069.8, -2669.8, -2269.8, -1869.8, -1469.8, -1069.8, -669.8, -269.8, 130.2,
530.2, 930.2, 1330.2, 1730.2, 2130.2, 2530.2, 2930.2,
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**MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: C-RIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORfl (METERS)
(METERS) 1 -3189.53 -27189.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 1021.08 1024.13 1024.13 1027.18 1030.22 1033.27 1036.32 1042.42
1042.42

2530.19 1 1021.08 1024.13 1027.18 1030.22 1033.27 1036.32 1036.32 1045.46
1048.51

2130.19 1 1024.13 102?7. 18 1030.22 1030.22 1036.32 1036.32 1039.37 1045.46
1054.61

1730.19 1 1027.18 10:30.22 1033.27 1036.32 1036.32 1039.37 1042.42 1048.51

1054.61
1330.19 1 1030.22 10:33.27 1036.32 1036.32 103S. 32 1042.42 1045.46 1051.56

1057.66
930.19 1 1033.27 10:36. 32 1039.37 1039.37 1039. 37 1042.42 1042.42 1048.51

1051.56
530.19 1 1036.32 10:36.32 1039.37 1039.37 1039. 37 1039.37 1039.37 1045.46

1045.46
130.19 1 1036.32 1036. 32 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32

1036.32
-269.81 1 1030.22 1030.22 1030.22 1030.22 1030.22 1030.22 1033.27 1036.32

1039.37
-669.81 1 1024.13 1021. 08 1027.18 1027.18 1027. 13 1030.22 1030.22 1033.27

1036.32
-1069.81 1 1021.08 101.8.03 1021.08 1024.13 1021L. 08 1027.18 1030.22 1033.27

1036.32
-1469.81 1 1018.03 1014.98 1018.03 1021.08 1021. 0 3 1024.13 1027.18 1030.22

1033.27

-1869.81 I 1014.98 101.4 .98 1018.03 1018.03 1013. 0 3 1021.08 1024.13 1027.18

1030.22
-2269.81 I 1011.94 1014 .98 1014.98 1018.03 1018.03 1021.08 1021.08 1024.13

1030.22
-2669.81 1 1011.94 1014 .98 1014.98 1014.98 10111.03 1021.08 1021.08 1024.13

1027.18
-3069.81 1 1011.94 1011. 94 1014.98 1014.98 1018. 03 1018.03 1018.03 1018.03

1024.13
-3469.81 1 1008.89 101.1. 94 1011.94 1014.98 1014.93 1018.03 1014.98 1018.03

1018.03
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** MODELING OPTIONS USED: CONC RURAL ELEV PLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
--- -- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

2930.19 1 1045.46 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2530.19 1 1051.56 1051.56 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2130.19 1 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1069.85

1730.19 1 1057.66 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1066.80

1330.19 1 1057.66 1057.66 1060.70 1063.75 1063.75 1063.75 1066.80 1066.80

930.19 1 1051.56 1054.61 1057.66 1066.80 1066.80 1066.80 1069.85 1072.90

530.19 1 1045.46 1051.56 1057.66 1063.75 .1069.85 1069.85 1075.94 1078.99

130.19 1 1042.42 1048.51 1054.61 1060.70 1069.85 1072.90 1078.99 1078.99

-269.81 1 1042.42 1048.51 1051.56 1063.75 1066.80 1069.85 1075.94 1078.99

-669.81 1 1039.37 1045.46 1051.56 1060.70 1063.75 1066.80 1069.85 1072.90

-1069.81 1 1039.37 1042.42 1051.56 1060.70 1057.66 1060.70 1063.75 1066.80

-1469.81 1 1039.37 1042.42 1051.56 1057.66 1054.61 1057.66 1057.66 1057.66

-1869.81 1 1039.37 1042.42 1048.51 1057.66 1054.61 1051.56 1051.56 1051.56

-2269.81 1 1036.32 1039.37 1042.42 1051.56 1051.56 1048.51 1048.51 1048.51

-2669.81 1 1030.22 1036.32 1039.37 1042.42 1048.51 1048.51 1048.51 1048.51

-3069.81 1 1027.18 1030.22 1033.27 1039.37 1042.42 1054.61 1048.51 1045.46

-3469.81 1 1021.08 1027.18 1033.27 1036.32 1042.42 1048.51 1045.46 1042.42
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8* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIECART -

*RECEPTOR FLAGPOLE HEIGHTS IN ME1'EFS

Y-COORD I X-COORD (METERS)

(METERS) 1 -3189.53 -2789. 53 -2389.53 -1989.53 -15851.5:3 -1189.53 -789.53 -389.53

10.47
------- - -- -- -- ----------------------------------------------- - -- -- ------------ - - --- - - -- -- -- ---

2930.19 1 1.50 1.50 1.50 1.50 1.5'0 1.50 1.50 1.50
1.50

2530.19 11.50 1.50 1.50 1.50 1.51) 1.50 1.50 1.50
1.50

2130.19 1 1.50 1.50 1.50 1.50 1.5'1) 1.50 1.50 1.50
1.50

1730.19 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
1330.19 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
930.19 1 1.50 1.50 1.50 1.50 1. 5) 1.50 1.50 1.50

1.50
530.19 1 1.50 1.50 1.50 1.50 1.50) 1.50 1.50 1.50

1.50
130.19 1 1.50 1.50 1.50 1.50 1.5)0 1.50 1.50 1.50

1.50
-269.81 1 1.50 1.50 1.50 1.50 1. 5) 1.50 1.50 1.50

1.50
-669.81 1 1.50 1.50 1.50 1.50 1.51) 1.50 1.50 1.50

1.50
-1069.81 11.50 1.50 1.50 1.50 1. 5) 1.50 1.50 1.50

1.50
-1469.81 11.50 1.50 1.50 1.50 1.5:) 1.50 1.50 1.50

1.50

- 1869.81 1 1.50 1.50 1.50 1.50 .)~ 1.50 1.50 1.50

-26.8 I 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
-2669.81 1 1.50 1.50 1.50 1.50 .5 D 1.50 1.50 1.50

1.50
-3069.81 1 1.50 1.50 1.50 1.50 .5 D 1.50 1.50 1.50

1.50
-3469.81 1 1.50 1.50 1.50 1.50 :..5 ) 1.50 1.50 1.50

1.50
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9* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGNTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
----- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- ---

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
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10 MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

**WIND PROFILE EXPONENTS *

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4 5 6
A .70000E-0l .70000E-01 .70000E-D1 .10000E-01 .70000E-01 .70000E-01

B .70000E-01 .70000E-0l .70000E-D1 .70000E-01 .70000E-01 .70000E-D1

C .10000E+00 .10000E+00 .10000E+00 .100C0E+00 .10000E+00 .10000E+00

D .15000E+00 .15000E+00 .15000E+00 .1SOCOE+00 .15000E+00 .15000E+00

E .35000E+00 .35000E+00 .35000E+00 .350C0E+00 .35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .550C0E+00 .55000E+00 .55000E+00

**VERTICAL POTENTIAL TEMPERATURE GRADIENTS
(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .0000OE+00 .OOOOOE+00 .OOOOOE+00

B .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOCOE+00 .OOOOOE+00 .OOOOOE+00

C .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOCOE+00 .OOOOOE+00 .OOOOOE+00

D .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOCOE+00 OOOOO0E+00 .OOOOOE+00

E .10000E-0l .10000E-01 .10000E-01 .100COE-01 .10000E-01 .10000E-01

F .30000E-01 .30000E-01 .30000E-01 .300COE-01 .30000E-01 .30000E-01

*** AVERAGE AMBIENT AIR 
TEMPERATURE (KELVIN) **

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY D CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000 288.8000 288.8000
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1** MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE MIXING LAYER HEIGHT (METERS)**

AN~NUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY '

FILE: C:\MODELS\MET\CBD90.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAM,: UNKNOWN

YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 MIS) (4.050 M/S) C6.550 M/S) C9.250 M/S) (:2.500 M/S)
(DEGREES) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00064000 .00083000 .00000000 .00000000 .00000000 .00000000

22.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000
45.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000

67.500 .00048000 .00035000 .00000000 .00000000 .0000000C .00000000

90.000 .00094000 .00095000 .00000000 .00000000 .00000000 .00000000

112.500 .00057000 .00047000 .00000000 .00000000 .00000000 .00000000

135.000 .00126000 .00083000 .00000000 .00000000 .00000000 .00000000

157.500 .00045000 .00059000 .00000000 .00000000 .0000000C .00000000

180.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000

202.500 .00018000 .00024000 .00000000 .00000000 .OOOOOOOC .00000000

225.000 .00027000 .00035000 .00000000 .00000000 .0000000C .00000000

247.500 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000

270.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000

292.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000

315.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000

337.500 .00036000 .00047000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED HIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 MIS) C2.250 M/S) (4.050 M/S) (6.550 M/S) C9.250 M/S) (:.2.500 MIS)

(DEGREES)-------------- ----------- ----------- ----------- ----------- ------------

.000 .00103000 .00213000 .00189000 .00000000 .00000000 .00000000

22.500 .00130000 .00213000 .00071000 .00000000 .OOOOOOOC .00000000

45.000 .00083000 .00177000 .00118000 .00000000 O00000000 .00000000

67.500 .00118000 .00307000 .00106000 .00000000 O0000000C .00000000
90.000 .00169000 .00284000 .00130000 .00000000 O0000000C .00000000

112.500 .00105000 .00402000 .00189000 .00000000 O0000000C .00000000
135.000 .00116000 .00556000 .00355000 .00000000 O0000000C .00000000
157.500 .00225000 .00721000 .00343000 .00000000 O0000000C .00000000
180.000 .00248000 .00520000 .00343000 .00000000 O0000000C .00000000
202.500 .00039000 .00071000 .00095000 .00000000 .00000000 .00000000

225.000 .00043000 .00095000 .00012000 .00000000 .00000000 .00000000

247.500 .00009000 .00059000 .00024000 .00000000 .0000000C .00000000

270.000 .00035000 .00047000 .00035000 .00000000 .0000000C .00000000
292.500 .00045000 .00024000 .00024000 .00000000 .00000000 .00000000

315.000 .00034000 .00130000 .00012000 .00000000 .00000000 .00000000
337.500 .00071000 .00189000 .00071000 .00000000 .00000000 .00000000
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY ~

FILE: C:\MODELS\MET\CBD9O.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAME: UNKNOWN
YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) (4.050 M/S) (6.550 M/S) C9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00080000 .00366000 .00816000 .00248000 .00012000 .00000000
22.500 .00035000 .00284000 .00343000 .00059000 .00000000 .00000000
45.000 .00025000 .00319000 .00118000 .00012000 .00000000 .00000000
67.500 .00036000 .00296000 .00130000 .00000000 .00000000 .00000000
90.000 .00056000 .00390000 .00343000 .00071000 .00000000 .00000000

112.500 .00067000 .00366000 .00473000 .00142000 .00000000 .00000000
135.000 .00029000 .00366000 .01017000 .00355000 .00012000 .00000000
157.500 .00069000 .00556000 .01324000 .00248000 .00035000 .00000000
180.000 .00040000 .00508000 .01206000 .00284000 .00024000 .00000000
202.500 .00034000 .00106000 .00106000 .00071000 .00000000 .00000000
225.000 .00016000 .00047000 .00047000 .00012000 .00024000 .00000000
247.500 .00030000 .00059000 .00177000 .00083000 .00071000 .00047000
270.000 .00047000 .00118000 .00225000 .00213000 .0016500Q .00071000

292.500 .00031000 .00071000 .00083000 .00083000 .00024000 .00000000

315.000 .00035000 .00118000 .00095000 .00035000 .00000000 .00000000
337.500 .00033000 .00095000 .00189000 .00059000 .00012000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION (1.000 MIS) (2.250 M/S) (4.050 M/S) (6.550 M/S) (9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00043000 .00461000 .00875000 .01572000 .00307000 .00059000
22.500 .00042000 .00248000 .00402000 .00449000 .00047000 .00035000
45.000 .00044000 .00284000 .00496000 .00343000 .00035000 .00012000
67.500 .00037000 .00177000 .00366000 .00201000 .00000000 .00000000
90.000 .00058000 .00307000 .00579000 .00496000 .00035000 .00000000

112.500 .00042000 .00248000 .00603000 .00378000 .00035000 .00000000
135.000 .00100000 .00556000 .01312000 .01820000 .00201000 .00059000
157.500 .00073000 .00520000 .02506000 .02376000 .00225000 .00024000
180.000 .00096000 .00496000 .01962000 .01466000 .00071000 .00047000
202.500 .00028000 .00225000 .00319000 .00366000 .00118000 .00035000
225.000 .00064000 .00201000 .00390000 .00319000 .00106000 .00024000
247.500 .00034000 .00130000 .00544000 .01253000 .00532000 .00189000

270.000 .00021000 .00307000 .00768000 .02624000 .01548000 .00662000

292.500 .00049000 .00165000 .00402000 .00922000 .00213000 .00071000

315.000 .00039000 .00213000 .00366000 .00485000 .00047000 .00012000
337.500 .00046000 .00307000 .00721000 .00969000 .00414000 .00059000
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\CBD91O.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAM1:: UNKNOWN
YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 C:ATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) (4.050 MIS) (6.550 NIS) C9.250 MIS) (1.2.500 MIS)
(DEGREES)--------------- ----------- ----------- ----------- ----------- ------------

.000 .00000000 .00390000 .00473000 .00000000 .00000000 .00000000
22.500 .00000000 .00130000 .00130000 .00000000 .00000000 .00000000
45.000 .00000000 .00071000 .00118000 .00000000 .00000000 .00000000
67.500 .00000000 .00118000 .00154000 .00000000 .00000000 .00000000
90.000 .00000000 .00165000 .00189000 .00000000 .00000000 .00000000

112.500 .00000000 .00154000 .00236000 .00000000 .00000000 .00000000
135.000 .00000000 .00414000 .00863000 .00000000 .00000000 .00000000
157.500 .00000000 .00721000 .01797000 .00000000 .00000000 .00000000
180.000 .00000000 .01005000 .02364000 .00000000 .00000000 .00000000
202.500 .00000000 .00284000 .00934000 .00000000 .00000000 .00000000
225.000 .00000000 .00366000 .00792000 .00000000 .00000000 .00000000

247.500 .00000000 .00236000 .01206000 .00000000 .00000000 .00000000
270.000 .00000000 .00390000 .01478000 .00000000 .00000000 .00000000
292.500 .00000000 .00461000 .01229000 .00000000 .00000000 .00000000
315.000 .00000000 .00260000 .00603000 .00000000 .00000000 .00000000
337.500 .00000000 .00154000 .00402000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) C4.050 M/S) (6.550 M/S) (9.250 MIS) (1.2.500 MIS)

(DEGREES)-------------- ----------- ----------- ----------- ----------- ------------

.000 .00468000 .00993000 .00000000 .00000000 .00000000 .00000000
22.500 .00242000 .00520000 .00000000 .00000000 .00000000 .00000000

45.000 .00155000 .00201000 .00000000 .00000000 .00000000 .00000000

67.500 .00120000 .00248000 .00000000 .00000000 .00000000 .00000000
90.000 .00258000 .00390000 .00000000 .00000000 .00000000 .00000000

112.500 .00174000 .00461000 .00000000 .00000000 .00000000 .00000000
135.000 .00246000 .00745000 .00000000 .00000000 .00000000 .00000000
157.500 .00425000 .01430000 .00000000 .00000000 .00000000 .00000000
180.000 .00608000 .02352000 .00000000 .00000000 .00000000 .00000000
202.500 .00264000 .00981000 .00000000 .00000000 .00000000 .00000000
225.000 .00254000 .00674000 .00000000 .00000000 .00000000 .00000000

247.500 .00388000 .00768000 .00000000 .00000000 .00000000 .00000000

270.000 .00378000 .01312000 .00000000 .00000000 .00000000 .00000000
292.500 .00431000 .01678000 .00000000 .00000000 .00000000 .00000000

315.000 .00265000 .00827000 .00000000 .00000000 .00000000 .00000000
337.500 .00287000 .00603000 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL = .99995
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S):. 1 , 2 0

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD fX-COORD (METERS)
(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
--- -- -- ----------------------------------------------------------- -- -- -- ------------- --- - ------ - ---- -- -- -- ---

2930.19 1 .022464 .028361 .034472 .044335 .056847 .072193 .089532 .113674

.123982
2530.19 1 .021706 .027825 .036289 .048397 .064506 .085263 .103321 .143887

.164025
2130.19 1 .021497 .028269 .037662 .048331 .072147 .094252 .128997 .178953

.210257
1730.19 1 .020338 .027520 .037958 .053405 .072924 .109823 .163067 .239090

.280215
1330.19 1 .017830 .024912 .035751 .049487 .070491 .122227 .206454 .322363

.406299
930.19 1 .020287 .025082 .031689 .043172 .066094 .116623 .205432 .445746

.660715
530.19 1 .022812 .026786 .034521 .042627 .054131 .076806 .160422 .531248

1. 217 078
130.19 1 .023551 .027818 .033536 .041513 .052964 .071434 .106884 .194960

2.262 964
-269.81 1 .018822 .021657 .025233 .029875 .035789 .044056 .061384 .121488

.523172
-669.81 1 .013823 .014191 .018360 .020379 .022538 .033083 .048256 .075833

.218682
-1069.81 1 .010565 .010474 .012567 .016347 .018645 .028092 .039994 .062925

.145736
-1469.81 1 .008578 .009208 .011458 .014534 .017467 .023013 .030569 .053754

.096444
-1869.81 1 .007895 .008965 .010988 .012721 .014909 .018936 .024112 .044123

.069358
-2269.81 1 .007203 .008599 .009721 .011948 .013776 .017139 .022168 .036036

.057429
-2669.81 1 .006930 .008164 .009232 .010476 .012784 .015636 .021766 .032461

.044529
-3069.81 1 .006619 .007370 .008804 .009858 .011860 .013885 .019154 .024798

.035557
-3469.81 1 .006032 .007087 .007842 .009288 .010208 .013889 .016755 .022596

.0267 99
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1** MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE: ANNUAL AVERAGE CONCENTRATION VALUES I.OR SOURCE GROUP: ALL

INCLUDING SOURCE(S): 1 , 2

NETWORK ID: COARSE ;NETWORK TYPE: GREDCART

*CONC OF ANY IN MICROGRAMS/M*113

Y-COORD I X-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

-------- -- -- ---------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

2930.19 1 .100222 .070500 .044037 .039338 .03'180L .030574 .026843 .024955

2530.19 1 .120657 .077389 .051090 .044829 .038671 .033196 .030467 .028556

2130.19 1 .143723 .0,79188 .060532 .050928 .042671 .038511 .035514 .032549

1730.19 1 .170609 .088108 .072023 .057753 .050757 .045906 .041166 .036917

1330.19 1 .197812 .11.1353 .084735 .071653 .062465 .054197 .047211 .041463

930.19 1 .207465 .141859 .110917 .091540 .075443 .064470 .056715 .050016

530.19 1 .286015 .203941 .148718 .121117 .090923 .081786 .068598 .058484

130.19 1 .409863 .352419 .232682 .165746 .1241613 .097972 .079483 .066194

-269.81 1 .225604 .322464 .229455 .166763 .126264 .099530 .080818 .067300

-669.81 1 .126210 .152287 .164296 .141260 .11314D .092062 .076270 .064401

-1069.81 1 .101663 .090620 .099557 .098313 .090134 .080547 .069933 .060250

-1469.81 1 .087050 .072617 .072669 .065999 .066279 .062950 .058367 .053647

-1869.81 1 .073077 .058039 .059140 .051543 .04*7717 .048254 .046881 .044560

-2269.81 1 .056408 .047125 .043377 .043766 .038914 .036567 .037192 .036585

-2669.81 1 .041113 .039159 .034253 .033893 .0341059 .030823 .029233 .029783

-3069.81 1 .033470 .0.30403 .026559 .027766 .02*744) .027522 .025211 .023402

-3469.81 1 .025618 .025710 .024794 .023044 .0241340 .024603 .022222 .019694
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

STHE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL
INCLUDING SOURCE(S): I , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RAN~K CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR )XR,YR) OF TYPE

1. 2.262964 AT ( 10.47, 130.19) GC 6. .445746 AT ( -389.53, 930.19) GC

2. 1.217078 AT ( 10.47, 530.19) GC 7. .409863 AT ( 410.47, 130.19) GC
3. .660715 AT ( 10.47, 930.19) GC 8. .406299 AT ( 10.47, 1330.19) GC

4. .531248 AT ( -389.53, 530.19) GC 9. .352419 AT ( 810.47, 130.19) GC
5. .523172 AT ( 10.47, -269.81) GC 10. .322464 AT ( 810.47, -269.81) GC

**RECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR
DC - DISCOART
DP - DISCPOLR
BD - BOUNDARY
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summary : ISCLT3 Model Execution

------Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational Message(s)

*****FATAL ERROR MESSAGES
*** NONE ***

WARNING MESSAGES ****

SNONE

SISCLT3 Finishes Successfully**
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**TRINITY DOWNWASH FILE NAME: C:\MODELS\EXFAN.WA(

CO STARTING

CO TITLEONE CONCENTR&TIONS AT THE WIPP SITE BOUNDARY (91 Carlsbad Hot)

CO TITLETWO Coarse Receptor Grid (400x400m) /1000 Wi/mA*3 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM~ 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILDWID 1 30.72 30.72 7.29 31.62

SO BUILDNGT 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDNGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO ENISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIOCART COARSE STA

RE GRIOCART COARSE XYINC -3189.53 -1-7 400.00 -3469.81 17 400.00

RE GRIOCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50

RE GRIOCART COARSE FLAG 2 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50. 1.50 1.50

RE GRIDGART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE MLG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDZART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCARIT COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50

RE GRIOCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 16 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50

RE GRIDCART COARSE ELEV 1 3310.00 3320.00 3320.00 3330.00

RE GRIDCART COARSE ELEV 1 3330.00 3340.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 1 3340.00 3350.00 3370.00 3390.00

DI 0-60



RE GRIDCART COARSE ELEV 1 3400.00 3420.00 3440.00 3430.00

RE GRIDCART COARSE ELEV 1 3420.00

RE GRIDCART COARSE ELEV 2 3320.00: 3320.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 2 3340.00 3340.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 2 3360.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 2 3410.00 3420.00 3460.00 3440.00

RE GRIDCART COARSE ELEV 2 3430.00

RE GRIDCART COARSE ELEV 3 3320.00 3330.00 3330.00 3330.00

RE GRIDOART COARSE ELEV 3 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 3 3370.00 3380.00 3400.00 3410.00

RE GRIDCART COARSE ELEV 3 3420.00 3440.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 3 3440.00

RE GRIDCART COARSE ELEV 4 3320.00 3330.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 4 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 4 3380.00 3400.00 3410.00 3420.00

RE GRIDCART COARSE ELEV 4 3450.00 3450.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 4 3440.00

RE GRIDCART COARSE ELEV 5 3330.00 3330.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 5 3340.00 3350.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 5 3380.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 5 3470.00 3460.00 3450.00 3450.00

RE GRIDCART COARSE ELEV 5 3450.00

RE GRIDCART COARSE ELEV 6 3340.00 3330.00 3340.00 3350.00

RE GRIDCART COARSE ELEV 6 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 6 3390.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 6 3470.00 3460.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 6 3470.00

RE GRIDCART COARSE ELEV 7 3350.00 3340.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 7 3350.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 7 3400.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 7 3480.00 3470.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 7 3500.00

RE GRIDOART COARSE ELEV 8 3360.00 3350.00 3370.00 3370.00

RE GRIDCART COARSE ELEV 8 3370.00 3380.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 8 3400.00 3410.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 8 3480.00 3490.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 8 3520.00

RE GRIDCART COARSE ELEV 9 3380.00 3380.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 9 3380.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 9 3410.00 3420.00 3440.00 3450.00

RE GRIDCART COARSE ELEV 9 3490.00 3500.00 3510.00 3530.00
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RE GRIOCART COARSE ELEV 9 3540.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00REGRDAR OAS EE 1 40.0 40.0340003600
RE GRIDCART COARSE ELEV 10 3400.00 3420.00 3440.00 35460.00

RE GRIDCART COARSE ELEV 10 38.0 5100 5200 3540.00

RE GRIDCART COARSE ELEV 10 35400.00340031.031.0

RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 11 3430.00 3430.00 34510.00 3470.00

RE GRIDCART COARSE ELEV 11 35490.00 3500 31.0 33.0

RE GRIDCART COARSE ELEV 12 3540.00340031.031.0

RE GRIDCART COARSE ELEV 12 3390.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3420.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 12 34500.00 34500.00 3460.00 3470.00

RE GRIDCART COARSE ELEV 12 3520.00

RE GRIDCART COARSE ELEV 13 3380.00 3390.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 13 3400.00 3420.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 13 3470.00 3470.00 3470.00 3480.00

RE GRIDCARr COARSE ELEV 13 3490.00 3490.00 3490.00 3500.00

RE GRIOCART COARSE ELEV 13 3500.00

RE GRIDCART COARSE ELEV 14 3370.00 3380.00 3390.00 3400.000

RE GRIDCART COARSE ELEV 14 3400.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 14 3460.00 3470.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 14 3480.00 3480.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 14 3500.00

RE GRIDCART COARSE ELEV 15 3360.00 3370.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 15 3400.00 3400.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 15 3460.00 3460.00 3460.00 3460.00

RE GRIDCART COARSE ELEV 15 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 15 3510.00

RE GRIDCART COARSE ELEV 16 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 16 3390.00 3400.00 3400.00 3430.00

RE GRIDCART COARSE ELEV 16 3440.00 3450.00 3450.00 3440.00

RE GRIDCART COARSE ELEV 16 3450.00 3460.00 3480.00 3490.00

RE GRIOCART COARSE ELEV 16 3510.00

RE GRIDCART COARSE ELEV 17 3350.00 3360.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 17 3380.00 3390.00 3400.00 3420.00

RE GRIDCART COARSE ELEV 17 3420.00 3430.00 3430.00 3440.00

RE GRIDCART COARSE ELEV 17 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 17 3510.00
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RE GRIDCART COARSE END

RE FINISHED

ME STARTING

ME INPUTFIL C:\MODELS\MET\CBD91.STR (7X,6F7. 5)

ME ANEMHGHT 10.000 METERS

ME SURFDATA 11111 1991 CARLSBAD

ME UAIRDATA 11111 1991

ME STARDATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288:.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.OC0 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.OC0 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.OC0 1435.00 1435.00 1435.00 1435.00

ME AVEI4IXHT ANNUAL D 1435.00 1435.OC0 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.OC0 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00' 1435.00 1435.00 1435.00 1435.00

ME DTHETADZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAlZ 0 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.011 0.01 0.01 0.01 0.01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

DU RECTABLE SRCGRP

DU MAXTABLE 10 SRCGRP

DU PLOTFILE ANNUAL ALL C:\MODELS\ADIM\ADMCC91A.GPH 70

OU FINISHED

**SETUP Finishes Successfully
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.
**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Prof ile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0
Seasons/Quarters: 0 0 0 0

and Annual: 1

-*Data File Includes 1 STAR.Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0
Seasons/Quarters: 0 0 0 0

and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 289 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:
Model Outputs Tables ofMau Long Term ValuesRcpo (MAXTABLE Keyword)
Model Outputs Tables ofMai Long Term ValuesRcpo (RCTABLE Keyword)
Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

*-Misc. Inputs: Anem. Hgt. (in) - 10.00 ; Decay Coef. .0000 ; Rot. Angle = .0

Emission Units - GRAMS/SEC ;Emission Rate Unit Factor = . 10000E+07
Output Units - MICROGRAMS/M**3

*-Input Runstream File: ADMCC91A.DAT ;**Output Print File: ADMCC91A.LST
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2
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SPOINT SOURCE DATA**

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (HETERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

1 0 .100E0 .0 .0 109. B.2 2B.- 4.6 4.4 YES -----------------

2 0 .10000E+00 .0 7.2 1039.4 8.20 2BB.80 4.66 4.40 YES
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3
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SSOURCE I~s DEFINING SOURCE GROUPS**

GROUP ID SOURCE I~s

ALL 1 ,2
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4
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** DIRECTION SPECIFIC BUILDING DIMENS;IONS

SOURCE ID: 1
IEV BN BW WAX IFV BN BW WAX IEV BH BW WAN( IFV BH BW WAK
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 0) 4 .0, .0, 0
5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, I) 8 6.6, 31.6, 0
9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1f 0) 12 .0, .0, 0

13 6.6f 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 0) 16 6.6, 31.6, 0

SOURCE ID: 2
IFV EH BW WAX Irv BH BW WAX IEV BH BW WAX( IEV BH BW WAX
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, 0C 4 .0, .0, 0
5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0C 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, () 12 .0, .0, 0
13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, (0 16 6.6, 33.7, 0
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* MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**GRIDDED RECEPTOR NETWORK SUMMARY

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

SX-COORDINATES OF GRID**
(METERS)

-3189.5, -2789.5, -2389.5, -1989.5, -1589.5, -1189.5, -789.5, -389.5, 10.5, 410.5,

810.5, 1210.5, 1610.5, 2010.5, 2410.5, 2810.5, 3210.5,

SY-COORDINATES OF GRID
(METERS)

-3469.8, -3069.8, -2669.8, -2269.8, -1869.8, -1469.8, -1069.8, -669.8, -269.8, 130.2,

530.2, 930.2, 1330.2, 1730.2, 2130.2, 2530.2, 2930.2,
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART '

*ELEVATION HEIGHTS IN METERS*

Y-COORD IX-COORl (METERS)
(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 1021.08 1024.13 1024.13 1027.18 1030.22 1033.27 1036.32 1042.42
1042.42

2530.19 1 1021.08 1024.13 1027.18 1030.22 103:3.27 1036.32 1036.32 1045.46
1048.51

2130.19 1 1024.13 1027.18 1030.22 1030.22 1036.32 1036.32 1039.37 1045.46
1054.61

1730.19 1 1027.18 1030.22 1033.27 1036.32 1036.32 1039.37 1042.42 1048.51
1054.61

1330.19 1 1030.22 1033.27 1036.32 1036.32 1036.32 1042.42 1045.46 1051.56
1057.66

930.19 1 1033.27 1036.32 1039.37 1039.37 1039.37 1042.42 1042.42 1048.51

1051.56
530.19 1 1036.32 1036.32 1039.37 1039.37 1039.37 1039.37 1039.37 1045.46

1045.46
130.19 1 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32 1036.32

1036.32
-269.81 1 1030.22 1030.22 1030.22 1030.22 1030.22 1030.22 1033.27 1036.32

1039.37
-669.81 1 1024.13 1021.08 1027.18 1027.18 1021.13 1030.22 1030.22 1033.27

1036.32
-1069.81 1 1021.08 1018.03 1021.08 1024.13 1021.03 1027.18 1030.22 1033.27

1036.32
-1469.81 1 1018.03 10314.98 1018.03 1021.08 1021L.03 1024.13 1027.18 1030.22

1033.27

-1869.81 1 1014.98 101.4.98 1018.03 1018.03 1018.03 1021.08 1024.13 1027.18
1030.22

-2269.81 1 1011.94 1014.98 1014.98 1018.03 1018.03 1021.08 1021.08 1024.13
1030.22

-2669.81 1 1011.94 1014.98 1014.98 1014.98 1018.03 1021.08 1021.08 1024.13

1027.18
-3069.81 1 1011.94 101.1.94 1014.98 1014.98 1018.03 1018.03 1018.03 1018.03

1024.13
-3469.81 1 1008.89 101.1.94 1011.94 1014.98 1014.93 1018.03 1014.98 1018.03

1018.03
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7 MODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

2901 - 1054 1054 1085 1015 1046 1007 1037 1069.85 -------- -------- --------

2530.19 1 10451.56 10451.56 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2130.19 1 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1069.85

1730.19 1 1057.66 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1066.80

1330.19 1 1057.66 1057.66 1060.70 1063.75 1063.75 1063.75 1066.80 1066.80

930.19 1 1051.56 1054.61 1057.66 1066.80 1066.80 1066.80 1069.85 1072.90

530.19 1 1045.46 1051.56 1057.66 1063.75 16.5 1069.85 1075.94 1078.99

130.19 1 1042.42 1048.51 1054.61 1060.70 1069.85 1072.90 1078.99 1078.99

-269.81 1 1042.42 1048.51 1051.56 1063.75 1066.80 1069.85 1075.94 1078.99

-669.81 1 1039.37 1045.46 1051.56 1060.70 1063.75 1066.80 1069.85 1072.90

-1069.81 1 1039.37 1042.42 1051.56 1060.70 1057.66 1060.70 1063.75 1066.80

-1469.81 1 1039.37 1042.42 1051.56 1057.66 1054.61 1057.66 1057.66 1057.66

-1869.81 1 1039.37 1042.42 1048.51 1057.66 1054.61 1051.56 1051.56 1051.56

-2269.81 1 1036.32 1039.37 1042.42 1051.56 1051.56 1048.51 1048.51 1048.51

-2669.81 1 1030.22 1036.32 1039.37 1042.42 1048.51 1048.51 1048.51 1048.51
-3069.81 1 1027.18 1030.22 1033.27 1039.37 1042.42 1054.61 1048.51 1045.46

-3469.81 1 1021.08 1027.18 1033.27 1036.32 1042.42 1048.51 1045.46 1042.42
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIIEART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2130.19 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

1330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-669.81 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-1069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-1469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

I1.5..5515015
-26.1115 .015 .01.50 1.50 1.50 1.50

1.50
-2669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
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NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS

Y-COORD I X-COORO (METERS)
(METERS) 1 410.47 610.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

--- -- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- --

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1330.19 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1069.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-1469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-2269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3469.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
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**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY**

(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

**WIND PROFILE EXPONENTS**

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-E-01 .700-0 700E-01 .70000E-01 .70000E-01
B .70000E7-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01
C .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00

D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00
E .35000E+00 .35000E+00 .35000E+00 ..35000E+00 .35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .'55000E+00 .55000E+00 .55000E+00

**VERTICAL POTENTIAL TEMPERATURE GRADIENTS**
(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .000001?+00 OOOOO0E+00 .00000E+00 .00000E+00 OOOOO0E+00 .OOOOOE+00
B .000001'+00 OOOOO0E+00 .OOOOOE+00 .00OO0E+00 .0O0O01+00 OOOOO0E+00

C .00000E+00 .000001+00 .0000O1+00 .000001+00 .000O0E+00 .00000E+00
O .00000E+00 .00000E+00 OOOOO0E+00 .00000E+00 .00000E+00 OOOOO0E+00
E . 10000E-01 . 100001-01 . 100OOE-01 .1LOO0OE-01 . 10000E-01 . 100001-01
F . 300001-01 . 30000E-0J. . 30000E-01 . 300001-01 . 300001-01 . 300001-01

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY D CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000 288.8000 288.8000
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SAVERAGE MIXING LAYER NEIGHT (METERS) *

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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**MODELING OPTIONS USED: CONC RURAL ELEV EtGPOL

*** FREQUENCY OF OCCURREN4CE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\CBD91.STP. FORMAT: (7X,6F7.5-)

SURFACE STATION NO.: 11:111 UPPER AIR STATION NC.: 11111
NAME: CARLSBADl NAME: UNKNOWN

YEAR: 1991 YEAR: 1991

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) C4.050 M/S) (6.550 MIS) C9.250 M/S) (12.500 M/S)

(DEGREES) - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - -

.000 .00010000 .00059000 .00000000 .00000000 .00000000 .00000000
22.500 .00018000 .0010600)0 .00000000 .00000000 .0000000'0 .00000000
45.000 .00027000 .00082000 .00000000 .00000000 .00000000 .00000000

67.500 .00020000 .00035000 .00000000 .00000000 .00000000 .00000000
90.000 .00027000 .00082000 .00000000 .00000000 .0000000'0 .00000000

112.500 .00025000 .0007001)0 .00000000 .00000000 .00000000 .00000000

135.000 .00045000 .00106000 .00000000 .00000000 .00000000 .00000000
157.500 .00037000 .001410030 .00000000 .00000000 .0000000:0 .00000000

180.000 .00022000 .000470030 .00000000 .00000000 .00000003 .00000000

202.500 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000
225.000 .00008000 .00047000 .00000000 .00000000 .00000000 .00000000
247.500 .00014000 .000000030 .00000000 .00000000 .00000000 .00000000

270.000 .00004000 .00023000 .00000000 .00000000 .00000000 .00000000

292.500 .00014000 .000000030 .00000000 .00000000 .00000000 .00000000

315.000 .00006000 .00035000 .00000000 .00000000 .00000000 .00000000

337.500 .00002000 .00012000 .00000000 .00000000 .0000000) .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED) WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 M/S) C2.250 M/S) C4.050 M/S) C6.550 M/S) C9.250 M/S) (12.500 M/S)
(DEGREES) - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -

.000 .00152000 .002110030 .00129000 .00000000 .00000000 .00000000
22.500 .00115000 .002110,00 .00106000 .00000000 .00000000 .00000000
45.000 .00090000 .002230100 .00164000 .00000000 .00000000 .00000000

67.500 .00107000 .00282000 .00082000 .00000000 .00000000 .00000000
90.000 .00114000 .00388000 .00117000 .00000000 .00000000 .00000000

112.500 .00086000 .003410,00 .00211000 .00000000 .00000000 .00000000
135.000 .00180000 .00623000 .00294000 .00000000 .00000000 .00000000
157.500 .00206000 .006340,00 .00599000 .00000000 .00000000 .00000000

180.000 .00156000 .004580,00 .00446000 .00000000 .00000000 .00000000
202.500 .00034000 .001290,00 .00070000 .00000000 .00000000 .00000000
225.000 .00021000 .001290,00 .00023000 .00000000 .00000000 .00000000

247.500 .00031000 .00082000 .00023000 .00000000 .00000000 .00000000
270.000 .00116000 .00047000 .00059000 .00000000 .00000000 .00000000
292.500 .00017000 .00059000 .00000000 .00000000 .00000000 .00000000
315.000 .00015000 .00035000 .00012000 .00000000 .00000000 .00000000
337.500 .00052000 .00023000 .00047000 .00000000 .00000000 .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY **

FILE: C:\MODELS\MET\CBD91.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAME: UNKNOWN

YEAR: 1991 YEAR: 1991

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 MIS) C2.250 MIS) C4.050 M/S) C6.550 M/S) C9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00115000 .00305000 .00587000 .00106000 .00012000 .00000000
22.500 .00036000 .00211000 .00294000 .00012000 .00000000 .00000000
45.000 .00037000 .00223000 .00141000 .00023000 .00000000 .00000000
67.500 .00052000 .00282000 .00106000 .00000000 .00000000 .00000000
90.000 .00037000 .00235000 .00223000 .00035000 .00000000 .00000000

112.500 .00042000 .00317000 .00388000 .00047000 .00023000 .00000000
135.000 .00058000 .00399000 .00893000 .00294000 .00000000 .00000000
157.500 .00027000 .00505000 .01480000 .00258000 .00012000 .00000000
180.000 .00062000 .00470000 .01081000 .00258000 .00012000 .00012000
202.500 .00017000 .00082000 .00141000 .00047000 .00000000 .00012000
225.000 .00030000 .00094000 .00106000 .00082000 .00012000 .00000000
247.500 .00028000 .00059000 .00153000 .00164000 .00047000 .00012000
270.000 .00040000 .00059000 .00200000 .00270000 .00223000 .00070000
292.500 .00078000 .00070000 .00129000 .00070000 .00012000 .00023000
315.000 .00069000 .00141000 .00153000 .00012000 .00000000 .00000000
337.500 .00023000 .00200000 .00211000 .00035000 .00012000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 M/S) (2.250 M/S) C4.050 M/S) (6.550 M/S) (9.250 M/S) (12.500 MIS)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00134000 .00564000 .01304000 .01527000 .00200000 .00035000
22.500 .00074000 .00611000 .00493000 .00364000 .00035000 .00000000
45.000 .00065000 .00505000 .00411000 .00223000 .00023000 .00000000
67.500 .00082000 .00388000 .00576000 .00223000 .00000000 .00012000
90.000 .00138000 .00458000 .00505000 .00211000 .00035000 .00000000

112.500 .00063000 .00470000 .00529000 .00317000 .00047000 .00023000
135.000 .00049000 .00623000 .00904000 .01386000 .00282000 .00012000
157.500 .00075000 .00623000 .02185000 .01903000 .00188000 .00023000
180.000 .00108000 .00717000 .0179'7000 .01269000 .00059000 .00012000
202.500 .00040000 .00188000 .00411000 .00458000 .00129000 .00035000
225.000 .00038000 .00164000 .00317000 .00388000 .00164000 .00035000
247.500 .00046000 .00106000 .00435000 .01269000 .00305000 .00223000
270.000 .00065000 .00176000 .00646000 .02784000 .01457000 .00916000
292.500 .00049000 .00294000 .00317000 .00928000 .00317000 .00164000
315.000 .00091000 .00352000 .00670000 .00634000 .00082000 .00023000
337.500 .00093000 .00376000 .00975000 .01480000 .00270000 .00035000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY *

FILE: C:\MODELS\MET\CBD91.STR FORM4AT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO :11111
NAME: CARLSBAD NAM]': UNKNOWN
YEAR: 19'91 YEAR: 1991

ANNUrAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2' CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 MIS) (4.050 M/S) (6.550 M/S) C9.250 M/S) (X 2.500 M/S)
(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - -I -- - - - -

.000 .00000000 .00470000 .00611000 .00000000 .OOOOOOOC0 .00000000
22.500 .00000000 .002000010 .00200000 .00000000 .OOOOOOOC0 .00000000
45.000 .00000000 .00223000 .00141000 .00000000 .OOOOOOOC0 .00000000
67.500 .00000000 .002000010 .00106000 .00000000 .00000000 .00000000
90.000 .00000000 .00223000 .00094000 .00000000 .00000000' .00000000

112.500 .00000000 .003050010 .00106000 .00000000 .00000000 .00000000
135.000 .00000000 .00411000 .00341000 .00000000 .00000000 .00000000
157.500 .00000000 .00705000 .00975000 .00000000 .00000000 .00000000
180.000 .00000000 .00975000 .01809000 .00000000 .OOOOOOOC0 .00000000
202.500 .00000000 .00411000 .00916000 .00000000 .OOOOOOOC0 .00000000
225.000 .00000000 .002470010 .00646000 .00000000 .OOOOOOOC0 .00000000
247.500 .00000000 .003880010 .01010000 .00000000 .OOOOOOO00 .00000000
270.000 .00000000 .005760010 .01797000 .00000000 .OOOOOOOC0 .00000000
292.500 .00000000 .00470000O .01081000 .00000000 .00000000 .00000000
315.000 .00000000 .00388000 .00634000 .00000000 .00000000 .00000000
337.500 .00000000 .002700010 .00458000 .00000000 .00000000' .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2' CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 MIS) C4.050 M/S) C6.550 M/S) C9.250 M/S) (:.2.500 M/S)
(DEGREES)----------------------------------------------------------------- I--------

.000 .00407000 .00858000 .00000000 .00000000 .OOOOOOOC0 .00000000
22.500 .00238000 .00446000 .00000000 .00000000 .00000000 .00000000
45.000 .00137000 .00258000 .00000000 .00000000 .OOOOOOO00 .00000000
67.500 .00193000 .00176000O .00000000 .00000000 .OOO00OOC0 .00000000
90.000 .00248000 .00305000 .00000000 .00000000 .OOO0OOOC0 .00000000

112.500 .00159000 .00552000 .00000000 .00000000 .OOOOO0OC0 .00000000
135.000 .00319000 .00564000 .00000000 .00000000 .00000000 .00000000
157.500 .00544000 .01339000 .00000000 .00000000 .00000000 .00000000
180.000 .00568000 .02408000 .00000000 .00000000 .OOO0OOO00 .00000000
202.500 .00352000 .00951000 .00000000 .00000000 .00000000 .00000000
225.000 .00358000 .00893000 .00000000 .00000000 .00000000 .00000000
247.500 .00376000 .01151000 .00000000 .00000000 .00000000 .00000000
270.000 .00579000 .01515000 .00000000 .00000000 .00000000 .00000000
292.500 .00469000 .01480000 '.00000000 .00000000 .00000000 .00000000
315.000 .00281000 .00904000 .00000000 .00000000 .00000000 .00000000
337.500 .00281000 .00693000 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL = .99990
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

* THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL

INCLUDING SOURCE(S): 1 , 2 0

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl I X-COORD (METERS)

(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
-- -- -- -- --------------------------------------------------------- -- -- -- ----------- - - - ----- - - --- - -- -- -- -----

2930.19 1 .019249 .024130 .029853 .039158 .051144 .066098 .083581 .108031

.119059
2530.19 1 .019175 .023922 .030932 .042250 .057558 .077617 .095635 .136585

.157 667
2130.19 1 .019873 .025281 .032618 .041267 .063551 .084606 .118548 .169107

.202014
1730.19 .020068 .026044 .034492 .046651 .062602 .097250 .148346 .224837

.269042
1330.19 I .019471 .025746 .035015 .045800 .061710 .105548 .185034 .299209

.389580
930.19 I .021274 .026629 .034221 .044709 .063165 .103509 .176123 .401561

.631541
530.19 I .022852 .026964 .035042 .043685 .056231 .078602 .142697 .450585

1.150348
130.19 I .022470 .026486 .031831 .039214 .049634 .065912 .095132 .165023

2.016856
-269.81 I .018642 .021525 .025198 .030041 .036417 .045857 .068567 .129945

.4 93748
-669.81 I .015027 .015760 .020960 .024335 .028702 .040558 .055672 .084380

.228139
-1069.81 1 .012844 .013333 .016271 .020679 .022824 .033409 .046633 .071240

.154415
-1469.81 I .011198 .011846 .014443 .017910 .020923 .027219 .035820 .059753

.102383
.073632 1.109 .127 .157 .135 078 026 086 089

-18369.32.109 .127 .157 .135 078 026 086 089

-2269.81 1 .009050 .010623 .011785 .014351 .016464 .020315 .025575 .039514

.060585
.-2669.81 1 .008569 .009935 .011141 .012588 .015241 .018445 .024628 .035264

.047059
-3069.81 1 .008073 .006926 .010598 .011820 .014086 .016260 .021521 .027104

.037650
-3469.81 I .007327 .008564 .009447 .011095 .012159 .015944 .018760 .024544

.028652
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**THE: ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GR.:DCART

**CONC OF ANY IN MICROGRA3S/M*43 *

Y-COORD I X-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.4' 2410.47 2810.47 3210.47

2930.19 1 .098536 .07,1909 .048265 .043493 .0388011 .034378 .030414 .028312
2530.19 1 .119177 .080302 .056162 .049717 .043295 .037519 .034500 .032293
2130.19 1 .142791 .084579 .066692 .056700 .048035; .043459 .040057 .036703
1730.19 1 .171203 .0916164 .079623 .064657 .057012 .051584 .046266 .041500
1330.19 1 .202562 .12,1830 .094254 .080067 .069864 .060669 .052893 .046496

930.19 1 .223035 .15 5707 .122868 .101780 .08407(1 .072486 .064664 .057612
530.19 1 .304282 .221675 .163617 .136646 .113504 .094904 .080250 .068842
130.19 1 .405533 .3915611 .268741 .194128 .1472301 .116463 .094923 .079334

-269.81 1 .250126 .32,6000 .244856 .183358 .14153;, .113090 .092766 .077861
-669.81 1 .155750 .174367 .167761 .137793 .115014 .096405 .081599 .070029

-1069.81 I .121217 .11,0859 .115030 .104158 .09119:; .079209 .069355 .061340
-1469.81 1 .098983 .087516 .087497 .076883 .071801' .065288 .058805 .052945
-1869.81 1 .080862 .069267 .070648 .061945 .055839 .053058 .049501 .045731
-2269.81 1 .061720 .054809 .051852 .052278 .04669Et .042912 .041329 .039155
-2669.81 1 .044973 .044628 .040872 .040525 .04066" .036936 .034363 .033355
-3069.81 1 .036465 .034383 .031520 .033163 .032801. .032840 .030174 .027590
-3469.81 1 .028037 .028833 .028775 .027503 .028975; .029249 .026548 .023657
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL

INCLUDING SOURCE(S): 1 , 2

** CONO OF ANY IN MICROGRAMS/M**3 *

RANK CONO AT RECEPTOR (XR,YR) OF TYPE RANK CONO AT RECEPTOR (XR,YR) OF TYPE
-- -- -- -- -------------------------------------------------- -- -- -- ------------- -- - - ------ - --- -- -- -- - -

1. 2.016856 AT ( 10.47, 130.19) GO 6. .405533 AT ( 410.47, 130.19) GC
2. 1.150348 AT ( 10.47, 530.19) GO 7. .401561 AT ( -389.53, 930.19) GO
3. .631541 AT ( 10.47, 930.19) GO 8. .395611 AT ( 810.47, 130.19) GO
4. .493748 AT ( 10.47, -269.81) GO 9. .389580 AT ( 10.47, 1330.19) GO

5. .450585 AT ( -389.53, 530.19) GO 10. .326000 AT ( 810.47, -269.81) GO

**RECEPTOR TYPES: GO - GRIDCART
GP - GRIDPOLR
DC - DISCOART
DP - DISCPOLR
BD - BOUNDARY
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summary : ISCLT3 Model Execution

------Summary of Total Messages ---------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational Message(s)

*****FATAL ERROR MESSAGES ****

*** NONE ***

WARNING MESSAGES
SNONE **

SISCLT3 Finishes Successfully**

D1 0-81



*** TRINITY DOWNWASN FILE NAME: C:\NODELS\EXFAN.WAK

CO STARTING

CO TITLEONE CONCENTRATIONS AT THE WIPP SITE BOUNDARY (92 Carlsbad Hot)

CO TITLETWO Coarse Receptor Grid(400x400m)/1000 pq/mA3 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISNED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7 .20 1039.37

SO SRCPARA24 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDNGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDNGI 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGI 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILOWID 1 30.72 30.72 7.29 31.62

SO BUILONGI 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDNGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGI 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO El4ISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -3189.53 -17 400.00 -3469.81 17 400.00

RE GRIOCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDEART COARSE FLAG 5 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50

RE GRIOCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50

RE GRIOCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 9 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50

RE GRIDCART COARSE ELEV 1 3310.00 3320.00 3320.00 3330.00

RE GRIDCART COARSE ELEV 1 3330.00 3340.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 1 3340.00 3350.00 3370.00 3390.00
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RE GRIDCART COARSE ELEV 1 3400.00 3420.00 3440.00 3430.00

RE GRIDCART COARSE ELEV 1 3420.01)

RE GRIDCART COARSE ELEV 2 3320.00) 3320.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 2 3340.00 3340.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 2 3360.01) 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 2 3410.0') 3420.00 3460.00 3440.00

RE GRIDCART COARSE ELEV 2 3430.01)

RE GRIDZART COARSE ELEV 3 3320.01) 3330.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 3 3340.04) 3350.00 3350.00 3360.00

RE GRIDGART COARSE ELEV 3 3370.01) 3380.00 3400.00 3410.00

RE GRIDCART COARSE ELEV 3 3420.01) 3440.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 3 3440.01)

RE GRIDCART COARSE ELEV 4 3320.01) 3330.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 4 3340.04) 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 4 3380.04) 3400.00 3410.00 3420.00

RE GRIDCART COARSE ELEV 4 3450.04) 3450.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 4 3440.04)

RE GRIDCART COARSE ELEV 5 3330.04) 3330.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 5 3340.01) 3350.00 3360.00 3370.00

RE GRIDGART COARSE ELEV 5 3380.01) 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 5 3470.04) 3460.00 3450.00 3450.00

RE GRIDCART COARSE ELEV 5 3450.04)

RE GRIDCART COARSE ELEV 6 3340.04) 3330.00 3340.00 3350.00

RE GRIDCART COARSE ELEV 6 3350.04) 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 6 3390.04) 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 6 3470.04) 3460.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 6 3470.04)

RE GRIDCART COARSE ELEV 7 3350.04) 3340.00 3350.00 3360.00

REGICR ORE EE 300 300 300 300
RE GRIDCART COARSE ELEV 7 3350.04) 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 7 3400.04) 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 7 3500.04)

RE GRIDCART COARSE ELEV 8 3360.04) 3350.00 3370.00 3370.00

RE GRIDCART COARSE ELEV 8 3370.04) 3380.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 83400.04) 3410.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 8 3480.04) 3490.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 8 3520.04)

RE GRIDCART COARSE ELEV 9 3380.04) 3380.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 9 3380.04) 3380.00 3390.00 3400.00

RE GRIDGART COARSE ELEV 9 3410.04) 3420.00 3440.00 3450.00

RE GRIDGART COARSE ELEV 9 3490.04) 3500.00 3510.00 3530.00
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RE GRIDCA.T COARSE ELEV 9 3540.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3420.00 3440.00 3460.00

RE GRIDCART COARSE ELEV 10 3480.00 3510.00 3520.00 3540.00

RE GRIDCART COARSE ELEV 10 3540.00

RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 11 3410.00 3410.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 11 3430.00 3430.00 3450.00 3470.00

RE GRIDCART COARSE ELEV 11 3490.00 3510.00 3510.00 3530.00

RE GRIDCART COARSE ELEV 11 3540.00

RE GRIDCART COARSE ELEV 12 3390.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3420.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 12 3450.00 3450.00 3460.00 3470.00

RE GRIDCART COARSE ELEV 12 3500.00 3500.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 12 3520.00

RE GRIDCART COARSE ELEV 13 3380.00 3390.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 13 3400.00 3420.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 13 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 13 3490.00 3490.00 3490.00 3500.00

RE GRIDCART COARSE ELEV 13 3500.00

RE GRIDCART COARSE ELEV 14 3370.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 14 3400.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 14 3460.00 3470.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 14 3480.00 3480.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 14 3500.00

RE GRIDCART COARSE ELEV 15 3360.00 3370.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 15 3400.00 3400.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 15 3460.00 3460.00 3460.00 3460.00

RE GRIDCART COARSE ELEV 15 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 15 3510.00

RE GRIOCART COARSE ELEV 16 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 16 3390.00 3400.00 3400.00 3430.00

RE GRIDCART COARSE ELEV 16 3440.00 3450.00 3450.00 3440.00

RE GRIDCART COARSE ELEV 16 3450.0 0 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 16 3510.00

RE GRIDCART COARSE ELEV 17 3350.00 3360.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 17 3380.00 3390.00 3400.00 3420.00

RE GRIDCART COARSE ELEV 17 3420.00 3430.00 3430.00 3440.00

RE GRIDCART COARSE ELEV 17 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 17 3510.00
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RE GRIDCART COARSE END

RE FINISHED

ME STARTING

0ME INPUTFIL C:\MODELS\MET\CBD92.STR (7X,6F7.5)

ME ANEMHGHT 10.000 METERS

ME SURFDATA 11111 1992 CARLSBAD

ME UAIRDATA 11111 1992

ME STARDATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTHETAlZ A 0.00 0.00 0.00 0.00 0r00 0.00

ME DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01 0.*01 0. 01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

OU RECTABLE SRCGRP

DU MAXTABLE 10 SRCGRP

DU PLOTFILE ANNUAL ALL C:\MODELS\ADH\AlMCC92A.GPH 70

OU FINISHED

SETUP Finishes Successfully
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* ISCLT3 - VERSION 95250 ** CONCENTRATIONS AT THE WIPP SITE BOUNDARY (92 Carlsbad Met) 03/27/96
Coarse Receptor Grid (400x400m) /1000 pg/m^3 SrcConc 07:12:13

PAGE

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** MODEL SETUP OPTIONS SUMMAaARY

.*Model Is Setup For Calculation of Average CONCentration Values.:
--Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Dowowash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**Data File Includes 1 STARSummaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

"*This Run Includes: 2 Source(s); 1 Source Group(s); and 289 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:

Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)

Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)

Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

**Misc. Inputs: Anem. Hgt. (in) - 10.00 ; Decay Coef. - .0000 ; Rot. Angle - .0

Emission Units - GRAMS/SEC ;Emission Rate Unit Factor - .10000OE+07

Output Units - MICROGRAMS/M**3

**Input Runstream File: ADMCC92A.DAT ;**Output Print File: ADMCC92A.LST
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** POINT SOURCE DATA**

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE
SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. ILXIT VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

- ~ -100E0 .0 .0 109. 6.2 28.8 4.- 4.4 YES -------------- ---------

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SSOURCE IDs DEFINING SOURCE GROUPS ~~

GROUP ID SOURCE IDs

ALL 1 ,2
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

Is DIRECTION SPECIFIC BUILDING DIMENSIONS

SOURCE ID: 1
IFV BH BW WAK IF. BE BW WAX IFV BE BW WAK IFV BN BW WAX
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 3) 4 .0, .0, 0
5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, Q3 8 6.6, 31.6, 0
9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, 0 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 1) 16 6.6, 31.6, 0

SOURCE ID: 2
IFv BE BW WAX IFV BH BW WAX IFV BH 8W WAX IFV BE BW WAK
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, 1) 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, 3) 12 .0, .0, 0
13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, 0 16 6.6, 33.7, 0
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**MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**GRIDDED RECEPTOR NETWORK SUMMARY

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

SX-COORDINATES OF GRID**
(METERS)

-3189.5, -2789.5, -2389.5, -1989.5, -1589.5, -1189.5, -789.5, -389.5, 10.5, 410.5,

810.5, 1210.5, 1610.5, 2010.5, 2410.5, 2810.5, 3210.5,

SY-COORDINATES OF GRID
(METERS)

-3469.8, -3069.8, -2669.8, -2269.8, -1869.8, -1469.8, -1069.8, -669.8, -269.8, 130.2,
530.2, 930.2, 1330.2, 1730.2, 2130.2, 2530.2, 2930.2,
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

* NETWORK ID: COARSE ;NETWORK TYPE: GRIOCART

*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORfl (METERS)
(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.!3 -1189.53 -789.53 -389.53

10.47
--------- -- ------------------------------------------------- - - --- - --- -- -- ---

2930.19 1 1021.08 1024.13 1024.13 1027.18 1030.;2 1033.27 1036.32 1042.42

1042.42
2530.19 1 1021.08 1024.13 1027.18 1030.22 1033.27 1036.32 1036.32 1045.46

1048.51
2130.19 1 1024.13 1027.18 1030.22 1030.22 1036.;2 1036.32 1039. 37 1045.46

1054.61
1730.19 1 1027.18 1030.22 1033.27 1036.32 1036.$ 2 1039.37 1042.42 1048.51

1054.61
1330.19 1 1030.22 1033.27 1036.32 1036.32 1036.2 2 1042.42 1045.46 1051.56

1057.66
930.19 1 1033.27 1036.32 1039.37 1039.37 1039.217 1042.42 1042.42 1048.51

1051.56
530.19 1 1036.32 1036.32 1039.37 1039.37 10392 7 1039.37 1039.37 1045.46

1045.46
130.19 1 1036.32 1036.32 1036.32 1036.32 10362: 2 1036.32 1036.32 1036.32

1036.32
-269.81 1 1030.22 1030.22 1030.22 1030.22 1030.22 1030.22 1033.27 1036.32

1039.37
-669.81 1 1024.13 1021.08 1027.18 1027.18 1027238 1030.22 1030.22 1033.27

1036.32
-1069.81 1 1021.08 1018.03 1021.08 1024.13 1021.0'8 1027.18 1030.22 1033.27

1036.32
-1469.81 1 1018.03 1014.98 1018.03 1021.09 1021. 08 1024.13 1027.18 1030.22

1033.27

-1869.81 1 1014.98 1014.98 1018.03 1018.03 1018.0'3 1021.08 1024.13 1027.18
1030.22

-2269.81 1 1011.94 1014.98 1014.98 1018.03 1018.03 1021.08 1021.08 1024.13
1030.22

-2669.81 1 1011.94 1014.98 1014.98 1014.98 1018.(03 1021.08 1021.08 1024.13
1027.18

-3069.81 1 1011.94 1011.94 1014.98 1014.98 1018.(03 1018.03 1018.03 1018.03
1024.13

-3469.81 1 1008.89 1011.94 1011.94 1014.98 1014.98 1018.03 1014.98 1018.03
1018.03
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**MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART ~'

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
--- -- -- -- ------------------------------------------------- -- -- -- ------------- -- - - ------ - --- -- -- -- --

2930.19 I 1045.46 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2530.19 1 1051.56 1051.56 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2130.19 1 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1069.85
1730.19 1 1057.66 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1066.80

1330.19 1 1057.66 1057.66 1060.70 1063.75 1063.75 1063.75 1066.80 1066.80

930.19 I 1051.56 1054.61 1057.66 1066.80 1066.80 1066.80 1069.85 1072.90
530.19 I 1045.46 1051.56 1057.66 1063.75 1069.85 1069.85 1075.94 1078.99

130.19 I 1042.42 1048.51 1054.61 1060.70 1069.85 1072.90 1078.99 1078.99

-269.81 I 1042.42 1048.51 1051.56 1063.75 1066.80 1069.85 1075.94 1078.99

-669.81 I 1039.37 1045.46 1051.56 1060.70 1063.75 1066.80 1069.85 1072.90

-1069.81 I 1039.37 1042.42 1051.56 1060.70 1057.66 1060.70 1063.75 1066.80
-1469.81 I 1039.37 1042.42 1051.56 1057.66 1054.61 1057.66 1057.66 1057.66
-1869.81 I 1039.37 1042.42 1048.51 1057.66 1054.61 1051.56 1051.56 1051.56

-2269.81 I 1036.32 1039.37 1042.42 1051.56 1051.56 1048.51 1048.51 1048.51

-2669.81 I 1030.22 1036.32 1039.37 1042.42 1048.51 1048.51 1048.51 1048.51

-3069.81 I 1027.18 1030.22 1033.27 1039.37 1042.42 1054.61 1048.51 1045.46

-3469.81 1021.08 1027.18 1033.27 1036.32 1042.42 1048.51 1045.46 1042.42
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**MODELING OPTIONS USED: CONC RURAL ELEV E'LGPOL

0 **NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORfl I X-COORfl (METERS)
(METERS) 1 -3189.53 -27139.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
----- ------------------------------------------------------------------------------- - -- -- ---------- - ------------ -- -- -- -- -----

2930.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
2530.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
2130.19 1 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50

1.50
1730.19 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
1330.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
930.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
530.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
130.19 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
-269.81 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
-669.81 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
-1069.81 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
-1469.81 11.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50

-1869.81 11.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

-26.8 I 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
-2669.81 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
-3069.81 1 1.50 1.50 1.50 1.50 :1 .50 1.50 1.50 1.50

1.50
-3469.81 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
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* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD IX-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

290- 1.5 -. 5 1.5 1.5 1.5 1.5 1.5 1.50 ----- ------ -------- ---

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
21730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

9330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-269.819 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-1469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-2269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
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10* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

* AVERAGE SPEED FOR EACH WIND SPEED CATEGORY**
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

*~WIND PROFILE EXPONENTS**

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .70030E-01 .70000E-01 .70000E-01
B .70000E-01 .70000E-OJ. .70000E-01 .700)OE-01 .70000E-01 .70000E-01
C .100001.+00 .10000E+00 .10000E+00 .1.00)0E+00 .10000E+00 .10000E+00
D .15000E+00 .15000E+00 .15000E+00 .:L50)OE+00 .15000E+00 .15000E+00
E .35000E+00 .35000E+00 .35000E+00 .35030E+00 .35000E+00 .35000E+00
F .55000EP+00 .55000E+00 .55000E+00 .55030E+00 .55000E+00 .55000E+00

VERTICAL POTENTIAL TEMPERATURE GRkDIENTS
(DEGREES KELVIN PER METER)

STAB3ILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .00000E7+00 .OOOOOE+00 OOOOO0E+00 .00030E+00 OOOOO0E+00 OOOOO0E+00

B .00000OE+00 OOOOO0E+00 OOOOO0E+00 .000)0E+00 .OOOOOE+00 OOOOO0E+00
C .0000017+00 .OOOOOE+00 OOOOO0E+00 .000)0E+00 .OOOOOE+00 OOOOO0E+00

D .0000017+00 OOOOO0E+00 OOOOO0E+00 .000)0E+00 OOOOO0E+00 OOOOO0E+00

E . 1000017-01 . 10000E-01 . 100OOE-01 .1:.oo 0E-01 .1lOOE-Di . 10000E-01
F .30000E-01 .30000E-01 .30000E-01 .300)OE-01 .30000E-01 .30000E-01

**AVERAGE AMBIENT AIR TEMPERATURE :KELVIN)**

STABILITY STABILITY STABILITY STABILITY STABI1LITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY 1) CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000) 288.8000 288.8000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE MIXING LAYER HEIGHT (METERS) *

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY '

FILE: C:\MODELS\MET\CBD9:2.STR FORMAT: (7X,6F7.51j

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NAM]E: UNKNOWN
YEAR: 1992 YEA&: 1992

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 M/S) C9.250 M/S) (:.2.500 M/S)
(DEGREES) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00025000 .00071000 .00000000 .00000000 .00000000 .00000000
22.500 .00029000 .00095000 .00000000 .00000000 .00000000 .00000000
45.000 .00035000 .00047000 .00000000 .00000000 .00000000 .00000000
67.500 .00037000 .00059000 .00000000 .00000000 .00000000 .00000000
90.000 .00042000 .00178000 .00000000 .00000000 .00000000 .00000000

112.500 .00034000 .00130000 .00000000 .00000000 .00000000 .00000000
135.000 .00052000 .00154000 .00000000 .00000000 .00000000 .00000000
157.500 .00032000 .00118000 .00000000 .00000000 .00000000 .00000000
180.000 .00039000 .00071000 .00000000 .00000000 .00000000 .00000000
202.500 .00006000 .00036000 .00000000 .00000000 .00000000 .00000000
225.000 .00019000 .00036000 .00000000 .00000000 .00000000 .00000000
247.500 .00006000 .00036000 .00000000 .00000000 .00000000 .00000000
270.000 .00006000 .00036000 .00000000 .00000000 .00000000 .00000000
292.500 .00007000 .00047000 .00000000 .00000000 .00000000 .00000000

315.000 .00004000 .00024000 .00000000 .00000000 .00000000 .00000000
337.500 .00031000 .00024000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 M/S) (4.050 M/S) 1 6.550 M/S) 1 9.250 M/S) (.,2.500 M/S)

(DEGREES)-------------- ----------- ----------- ----------- ----------- ------------

2.000 .00124000 .00201000 .0021000 .00000000 .00000000 .00000000

2.500 .00124000 .00201000 .00201000 .00000000 .00000000 .00000000

4500 .00043000 .00616000 .00273000 .00000000 .00000000 .00000000

112.500 .00115000 .00308000 .00284000 .00000000 .00000000 .00000000
135.000 .00234000 .00403000 .0023000 .00000000 .00000000 .00000000
157.500 .0015000 .00344000 .00201000 .00000000 .00000000 .00000000
180.000 .0001000 .0043000 .0035000 .00000000 .00000000 .00000000
202.500 .0006000 .00012000 .0007000 .00000000 .00000000 .00000000
225.000 .0002000 .0003000 .000240000 .00000000 .00000000 .00000000
247.500 .00019000 .000712000 .00036000 .00000000 .00000000 .00000000
270.000 .000440000 .00071000 .00059000 .00000000 .00000000 .00000000
292.500 .00042000 .00071000 .00036000 .00000000 .00000000 .00000000
315.000 .00049000 .0001000 .00036000 .00000000 .00000000 .00000000
337.500 .00079000 .00147000 .000836000 .00000000 .00000000 .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCURRENCE OF WINO SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\CBD92.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NAME: UNKNOWN

YEAR: 1992 YEAR: 1992

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) C4.050 M/S) (6.550 MIS) C9.250 MIS) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00067000 .00273000 .00699000 .00095000 .00024000 .00000000
22.500 .00047000 .00367000 .00391000 .00024000 .00000000 .00000000

45.000 .00050000 .00201000 .00213000 .00036000 .00000000 .00000000
67.500 .00027000 .00237000 .00237000 .00036000 .00000000 .00000000

90.000 .00035000 .00367000 .00450000 .00083000 .00000000 .00000000

112.500 .00046000 .00355000 .00533000 .00190000 .00000000 .00000000
135.000 .00045000 .00545000 .01102000 .00308000 .00024000 .00000000

157.500 .00081000 .00308000 .00984000 .00237000 .00000000 .00000000

180.000 .00047000 .00367000 .00711000 .00166000 .00000000 .00000000

202.500 .00016000 .00059000 .00142000 .00024000 .00000000 .00000000
225.000 .00029000 .00071000 .00130000 .00024000 .00000000 .00000000

247.500 .00004000 .00071000 .00118000 .00059000 .00012000 .00000000

270.000 .00050000 .00213000 .00142000 .00130000 .00083000 .00024000

292.500 .00058000 .00130000 .00154000 .00047000 .00000000 .00000000

315.000 .00046000 .00142000 .00344000 .00130000 .00000000 .00000000
337.500 .00027000 .00237000 .00438000 .00130000 .00036000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WINO SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 M/S) C4.050 M/S) C6.550 M/S) C9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00040000 .00652000 .01244000 .01232000 .00308000 .00059000

22.500 .00046000 .00344000 .00403000 .00320000 .00024000 .00000000

45.000 .00057000 .00320000 .00296000 .00201000 .00012000 .00000000
67.500 .00054000 .00261000 .00296000 .00261000 .00012000 .00000000

90.000 .00061000 .00581000 .00462000 .00628000 .00012000 .00000000

112.500 .00063000 .00415000 .00841000 .00806000 .00095000 .00012000

135.000 .00083000 .00545000 .01600000 .01766000 .00130000 .00000000

157.500 .00103000 .00450000 .01517000 .01090000 .00012000 .00000000
180.000 .00027000 .00438000 .01161000 .01007000 .00083000 .00012000

202.500 .00009000 .00142000 .00355000 .00379000 .00059000 .00000000

225.000 .00029000 .00059000 .00379000 .00415000 .00036000 .00000000
247.500 .00010000 .00166000 .00510000 .00841000 .00462000 .00083000

270.000 .00014000 .00225000 .00652000 .02003000 .01149000 .00474000
292.500 .00022000 .00367000 .00557000 .01090000 .00379000 .00130000

315.000 .00044000 .00308000 .00640000 .01019000 .00296000 .00059000
337.500 .00039000 .00427000 .00723000 .01232000 .00510000 .00059000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRE.NCE OF WIND SPEED, DIRECTION AND STABILITY *

FILE: C:\MODELS\MET\CBD9:2.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NANI.: UNKNOWN

YEAR: 1992 YEAR:: 1992

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED liIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) (4.050 MIS) C6.550 M/S) (9.250 M/S) (32.500 MIS)
(DEGREES)--------------- ----------- ----------- ----------- ----------- -----------

.000 .00000000 .00450000 .00415000 .00000000 .00000000 .00000000

#.500 .00000000 .00154000 .00036000 .00000000 .00000000 .00000000

45.000 .00000000 .00237000 .00059000 .00000000 .00000000 .00000000

67.500 .00000000 .00201000 .00190000 .00000000 .00000000 .00000000

90.000 .00000000 .00284000 .00284000 .00000000 .00000000 .00000000

112.500 .00000000 .00438000 .00332000 .00000000 .00000000 .00000000

135.000 .00000000 .00747000 .00806000 .00000000 .00000000 .00000000

157.500 .00000000 .00948000 .01505000 .00000000 .00000000 .00000000

180.000 .00000000 .00865000 .02145000 .00000000 .00000000 .00000000

202.500 .00000000 .00391000 .00960000 .00000000 .00000000 .00000000

225.000 .00000000 .00284000 .00521000 .00000000 .00000000 .00000000

247.500 .00000000 .00450000 .01066000 .00000000 .00000000 .00000000

270.000 .00000000 .00865000 .01967000 .00000000 .00000000 .00000000
292.500 .00000000 .00664000 .01612000 .00000000 .00000000 .00000000
315.000 .00000000 .00687000 .00640000 .00000000 .00000000 .00000000
337.500 .00000000 .0032000:0 .00403000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WrIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 C:ATEGORY 6

DIRECTION C1.000 M/S) C2.250 M/S) C4.050 MIS) (6.550 M/S) C9.250 M/S) (1.2.500 M/S)

(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - -

.000 .00298000 .00936000 .00000000 .00000000 .00000000 .00000000

22.500 .00238000 .00427000 .00000000 .00000000 .00000000 .00000000

45.000 .00155000 .00225000 .00000000 .00000000 .00000000 .00000000

67.500 .00134000 .00178000 .00000000 .00000000 .00000000 .00000000

90.000 .00245000 .00569000 .00000000 .00000000 .00000000 .00000000

112.500 .00214000 .00545000 .00000000 .00000000 .00000000 .00000000

135.000 .00388000 .00995000 .00000000 .00000000 .00000000 .00000000

157.500 .00524000 .01469000 .00000000 .00000000 .00000000 .00000000

180.000 .00448000 .0169500'0 .00000000 .00000000 .00000000 .00000000

202.500 .00396000 .00960000 .00000000 .00000000 .00000000 .00000000

225.000 .00204000 .0066400'0 .00000000 .00000000 .00000000 .00000000

247.500 .00322000 .00912000 .00000000 .00000000 .00000000 .00000000

270.000 .00428000 .01742000 .00000000 .00000000 .00000000 .00000000

292.500 .00555000 .01588000 .00000000 .00000000 .00000000 .00000000

315.000 .00466000 .0125600'0 .00000000 .00000000 .00000000 .00000000
337.500 .00208000 .0087700'0 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL = .99998
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**'MODELING OPTIONS USED: CONC RURAL ELEV EtGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORD (METERS)
(METERS) 1 -3199.53 -2789.53 -2399.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 .027330 .033317 .037275 .044599 .053435 .063734 .074869 .090264
.093142

2530.19 1 .026870 .033866 .042381 .051777 .063539 .077760 .087226 .115360
.123151

2130.19 1 .027430 .035316 .046148 .055945 .075846 .088896 .111470 .144621

.157874
1730.19 1 .027063 .035632 .047924 .065875 .083954 .111033 .146387 .196268

.210358
1330.19 1 .025298 .034050 .047210 .063034 .086327 .139039 .198620 .268633

.305086
930.19 1 .027814 .034676 .044291 .058955 .085737 .143986 .220988 .378586

.496048
530.19 1 .030140 .035674 .046296 .057874 .074715 .105428 .194937 .503573

.910924
130.19 1 .030035 .035614 .043138, .053703 .069015 .093696 .139984 .252262

1. 64 9730
-269.81 1 .023349 .026834 .031192 .036754 .043607 .052445 .068736 .115836

.48 9327
-669.81 1 .016587 .016898 .021453 .023216 .024571 .034758 .047039 .073413

.2168 93
-1069.81 1 .012089 .011738 .013724 .017496 .019282 .028111 .039275 .061869

.144413
-1469.81 1 .009382 .009947 .012157 .015101 .017565 .022820 .030073 .052940

.0 95015
.067898 087 097 012 020 046 085 037 038

-1678698 087 097 012 020 046 085 037 038
-2269.81 1 .007596 .008947 .009916 .012053 .013726 .016894 .021829 .035396

.055667
-2669.81 I .007214 .008400 .009360 .010493 .012668 .015295 .021323 .031632

.04 3119
-3069.81 1 .006825 .007499 .008872 .009821 .011673 .013577 .018778 .024337

.034 423
-3469.81 1 .006155 .007169 .007848 .009193 .010011 .013534 .016448 .022043

.026171
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL *

INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRJ:DCART '"

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

2930.19 1 .080924 .063599 .048285 .040622 .033769~ .027844 .022898 .021460
2530.19 1 .098824 .073300 .054343 .044410 .03564(; .028416 .026317 .025506

2130.19 1 .120068 .081346 .061650 .047699 .036674t .033436 .032015 .030172
1730.19 1 .147265 .093188 .069013 .049913 .04436t; .041867 .038685 .035474

1330.19 1 .181911 .110348 .073926 .063300 .057885 .051852 .046209 .041297

930.19 1 .216612 .125704 .099645 .086842 .073984 .065349 .059407 .053582
530.19 1 .260264 .188162 .146313 .126399 .1068591 .090290 .076871 .066255

130.19 1 .363926 .383500 .263674 .191204 .145207 .114985 .093773 .078396

-269.81 1 .333619 .387678 .271410 .197261 .149655 .118273 .096261 .080313

-669.81 1 .176695 .230217 .210681 .167564 .133585 .108747 .090223 .076301

-1069.81 1 .123678 .136590 .154004 .133171 .113121. .096176 .082117 .070839

-1469.81 1 .097529 .097535 .112426 .103736 .09304' .082255 .072549 .064259
-1869.81 1 .078066 .071390 .083577 .080992 .07574S, .069455 .063119 .057141

-2269.81 1 .058823 .054619 .057091 .063902 .061754 .058448 .054522 .050406
-2669.81 1 .042494 .043711 .042489 .046574 .050814 .049244 .046953 .044277
-3069.81 1 .034225 .033264 .031560 .036201 .03884,, .041689 .040476 .037742
-3469.81 1 .026189 .027634 .028400 .028718 .03282S, .035527 .034062 .031761
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SMODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE
-- -- -- -- -------------------------------------------------- -- -- -- ------------- -- - - ------ - -- -- -- -- - -

1. 1.649730 AT ( 10.47, 130.19) GC 6. .387678 AT ( 810.47, -269.81) GC

2. .910924 AT C 10.47, 530.19) GC 7. .383500 AT ( 810.47, 130.19) GC

3. .503573 AT ( -389.53, 530.19) GC 8. .378586 AT ( -389.53, 930.19) C

4. .496048 AT C 10.47, 930.19) GC 9. .363926 AT ( 410.47, 130.19) GC

5. .489327 AT ( 10.47, -269.81) GC 10. .333619 AT ( 410.47, -269.81) GC

SRECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR
DC - DISCCART
DP - DISCPOLR
BD - BOUNDARY
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18* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summaary : ISCLT3 Model Execution

------Summary of Total Messages ---------

A Total of 0 Fatal Error Nessage(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational, Message(s)

*****FATAL ERROR MESSAGES
*** NONE ***

SWARNING MESSAGES
**NONE **

SISCLT3 Finishes Successfully
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**TRINITY DOWNWASH FILE NME: C:\MODELS\EXFA2N.WAK

CO, STARTING

CO TITLEONE CONCENTRATIONS AT THE WIPP SITE BOUNDARY (93 Carlsbad Met)

CO TITLETWO Coarse Receptor Grid (400x400m) /1000 jig/MA13 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO, TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILDWID 1 30.72 30.72 7.29 31.62

SO BUILDHGT 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO EMISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -3189.53 1-7 400.00 -3469.81 17 400.00

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.513 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.510 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.503 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRIDCART COARSE FLAG 3 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.51) 1.50 1.50 1.50

RE GRIDOART COARSE FLAG 3 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.510

RE GRIDCART COARSE FLAG 4 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1. 51D 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.5'0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCAP.T COARSE FLAG 5 1.50) 1,50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.51) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDZART COARSE FLAG 5 1.50)

RE GRIDCART COARSE FLAG 6 1. 50 1.50 1.50 1.50

RE i3RIDCART COARSE FLAG 6 1.5') 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.51) 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 6 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50)

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50)

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.5(0

RE GRIDCART COARSE FLAG 9 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50)

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50

RE GRIOCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50

RE GRIOCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50

RE GRIDCART COARSE ELEV 1 3310.00 3320.00 3320.00 3330.00

RE GRIDCART COARSE ELEV 1 3330.00 3340.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 1 3340.00 3350.00 3370.00 3390.00
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RE GRIDCART COARSE ELEV 1 3400.00 3420.00 3440.00 3430.00

RE GRIOCART COARSE ELEV 1 3420.00

RE GRIDCART COARSE ELEV 2 3320.00: 3320.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 2 3340.00 3340.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 2 3360.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 2 3410.00 3420.00 3460.00 3440.00

RE GRIOCART COARSE ELEV 2 3430.00

RE GRIOCART COARSE EI.EV 3 3320.00 3330.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 3 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 3 3370.00 3380.00 3400.00 3410.00

RE GRIDCART COARSE ELEV 3 3420.00 3440.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 3 3440.00

RE GRIOCART COARSE ELEV 4 3320.00 3330.00 3330.00 3340.00

RE GRIOCART COARSE ELEV 4 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 4 3380.00 3400.00 3410.00 3420.00

RE GRIOCART COARSE ELEV 4 3450.00 3450.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 4 3440.00

RE GRIDCART COARSE ELEV 5 3330.00 3330.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 5 3340.00 3350.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 5 3380.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 5 3470.00ý 3460.00 3450.00 3450.00

RE GRIDCART COARSE ELEV 5 3450.00

RE GRIDCAR.T COARSE ELEV 6 3340.00 3330.00 3340.00 3350.00

RE GRIDCAR.T COARSE ELEV 6 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 6 3390.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 6 3470.00 3460.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 6 3470.00

RE GRIDCART COARSE ELEV 7 3350.00 3340.00 3350.00 3360.00

Ox" 1 .IRE GRIDCART COARSE ELEV 7 3350.00 3370.00 3380.00 3390.00

REGI½R ORE EE 400 400 400 400

RE GRIOCART COARSE ELEV 7 3400.00 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 7 3500.OC0

RE GRIDCART COARSE ELEV 8 3360.00i 3350.00 3370.00 3370.00

RE GRIDCART COARSE ELEV 8 3370.00I 3380.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 8_ 3400.00 341.0.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 8 3480.OC0 3490.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 8 3520.00

RE GRIDCART COARSE ELEV 9 3380.00 3380.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 9 33810.OC 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 9 3410.00 3420.00 3440.00 3450.00

RE GRIDCART COARSE ELEV 9 3490.OC0 3500.00 3510.00 3530.00
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RE GRIDCART COARSE ELEV 9 3540.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3420.00 3440.00 3460.00

RE GRIDCART COARSE ELEV 10 3480.00 3510.00 3520.00 3540.00

RE GRIDCART COARSE ELEV 10 3540.00

RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 11 3430.00 3430.00 3450.00 3470.00

RE GRIDCART COARSE ELEV 11 3490.00 3510.00 3510.00 3530.00

RE GRIDCART COARSE ELEV 11 3540.00

RE GRIDCART COARSE ELEV 12 3390.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3420.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 12 3450.00 3450.00 3460.00 3470.00

RE GRIDCART COARSE ELEV 12 3500.00 3500.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 12 3520.00

RE GRIDCART COARSE ELEV 13 3380.00 3390.00 3400.00 3400.00

RE GRIDGART COARSE ELEV 13 3400.00 3420.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 13 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 13 3490.00 3490.00 3490.00 3500.00

RE GRIDCART COARSE ELEV 13 3500.00

RE GRIDCART COARSE ELEV 14 3370.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 14 3400.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 14 3460.00 3470.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 14 3480.00 3480.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 14 3500.00

RE GRIDGART COARSE ELEV 15 3360.00 3370.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 15 3400.00 3400.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 15 3460.00 3460.00 3460.00 3460.00

RE GRIDOART COARSE ELEV 15 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 15 3510.00

RE GRIDCART COARSE ELEV 16 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 16 3390.00 3400.00 3400.00 3430.00

RE GRIDCART COARSE ELEV 16 3440.00 3450.00 3450.00 3440.00

RE GRIDCART COARSE ELEV 16 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 16 3510.00

RE GRIDCART COARSE ELEV 17 3350.00 3360.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 17 3380.00 3390.00 3400.00 3420.00

RE GRIDCART COARSE ELEV 17 3420.00 3430.00 3430.00 3440.00

RE GRIDCART COARSE ELEV 17 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 17 3510.00
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RE GRIDCART COARSE END

RE FINISHED

ME SARTING

HEINPUTFIL C:\MODELS\MET\CBD93.STR (7X,6F7.5)

ME ANEMH8GHT 10.000 METERS

ME SURFDATA 11111 1993 CARLSBAD

ME UAIRDATA 11111 1993

ME STARDATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 65.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXMT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTNETADZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAlZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01 0.01 0.01

ME DTNETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

OU RECTABLE SRCGRP

OU MAXTABLE 10 SRCGRF

OU PLOTFILE ANNUAL ALL C:\MODELS\AlM\ADMCC93A.GPH 70

OU FINISHED

**SETUP Finishes Successfully**
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SMODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.

**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0
Seasons/Quarters: 0 0 0 0

and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0
Seasons/Quarters: 0 0 0 0

and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 289 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:

Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)
Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

-*Misc. Inputs: Anem. Hgt. (in) - 10.00 ; Decay Coef. = .0000 ; Rot. Angle - .0

Emission Units - GRAMS/SEC ;Emission Rate Unit Factor - .10000OE+07

Output Units - MICROGRAMS/M**3

**Input Runstream File: ADMCC93A.DAT " *Output Print File: ADMCC93A.LST
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

POINT SOURCE DATA**

NUMBER EM4ISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. E:XIT VEL. DIAMETER EXISTS SCALAR VARY
ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

- 0 -100E0 .0 .0 109. 8.2 28.8 4.6 4.4 YES -----------------

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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MODELING OPTIONS USED: CONO RURAL ELEV ELGPOL

SSOURCE IDs DEFINING SOURCE GROUPS

GROUP ID SOURCE IDs

ALL 1 ,2
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**MODELING OPTIONS USED: CONC RURAL, ELEV FLGPOL

*** DIRECTION SPECIF~IC BUILDING DIMENSIONS

SOURCE ID: 1
IFV BH BW WAK IFV BM BW WAX IFV BH BW WR.K ISV BH BW WAX

1 11.2, 10.5, 0 2 11.2, 11.6, 0 3 11.2, 13.1, C 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, C 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, C 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, C 16 6.6, 31.6, 0

SOURCE ID: 2
IFV BH BW WAX ISV BM BW WAX Irv BM BW WPK IFV BH BW WAK

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, C 4 .0, .0, 0
5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, C 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, o0, C 12 .0, .0, 0
13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, C 16 6.6, 33.7, 0
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**GRIDDED RECEPTOR NETWORK SUMMARY**

* NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**X-COORDINATES OF GRID

(METERS)

-3189.5, -2789.5, -2389.5, -1989.5, -1589.5, -1189.5, -789.5, -389.5, 10.5, 410.5,
810.5, 1210.5, 1610.5, 201.5, 2410.5, 2610.5, 3210.5,

*~Y-COORDINATES OF GRID

(METERS)

-3469.8, -3069.8, -2669.8, -2269.8, -1869.8, -1469.8, -1069.8, -669.8, -269.8, 130.2,

530.2, 930.2, 1330.2, 1730.2f 2130.2, 2530.2, 2930.2,
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 -3189.53 -27839.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53
10.47

2930.19 1 1021.08 10:24.13 1024.13 1027.18 10303.22 1033.27 1036.32 1042.42

1042.42
2530.19 1 1021.08 10:24.13 1027.18 1030.22 1033.27 1036.32 1036.32 1045.46

1048.51
2130.19 1 1024.13 10:27.18 1030.22 1030.22 10365.32 1036.32 1039.37 1045.46

1054.61
1730.19 1 1027.18 10:30.22 1033.27 1036.32 10365.32 1039.37 1042.42 1048.51

1054.61
1330.19 1 1030.22 10:33.27 1036.32 1036.32 1036.32 1042.42 1045.46 1051.56

1057.66
930.19 1 1033.27 10:36. 32 1039.37 1039.37 1039. 37 1042.42 1042.42 1048.51

1051.56
530.19 1 1036.32 10:36. 32 1039.37 1039.37 1039. 37 1039.37 1039.37 1045.46

1045.46
130.19 1 1036.32 10:36. 32 1036.32 1036.32 103-5.32 1036.32 1036.32 1036.32

1036.32
-269.81 1 1030.22 10:30.22 1030.22 1030. 22 10310.22 1030.22 1033.27 1036.32

1039.37
-669.81 1 1024.13 10:21. 08 1027.18 1027.18 1027.18 1030.22 1030.22 1033.27

1036.32
-1069.81 1 1021.08 101L8 .03 1021.08 1024.13 1021.08 1027.18 1030.22 1033.27

1036.32
-1469.81 1 1018.03 101L4 .98 1018.03 1021.08 1021.06 1024.13 1027.18 1030.22

1033.27

- 1869.81 1 1014.98 10:14 .98 1018.03 1018.03 10113.03 1021.08 1024.13 1027.18

1030.22
-2269.81 1 1011.94 1014 .98 1014.98 1018.03 10183.03 1021.08 1021.08 1024.13

1030.22
-2669.81 1 1011.94 10:14. 98 1014.98 1014.98 1013.03 1021.08 1021.08 1024.13

1027.18
-3069.81 1 1011.94 10:11. 94 1014.98 1014.98 10183.03 1018.03 1018.03 1018.03

1024.13
-3469.81 1 1008.89 10:11. 94 1011.94 1014.98 1014.98 1018.03 1014.98 1018.03

1018.03
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**MODELING OPTIONS USED: COMC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDZART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
--- -- -- -- ------------------------------------------------- -- -- -- ------------- -- - - ------ - --- -- -- -- --

2930.19 1 1045.46 1045.46 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2530.19 1 1051.56 1051.56 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2130.19 1 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1069.85

1730.19 1 1057.66 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1066.80

1330.19 1 1057.66 1057.66 1060.70 1063.75 1063.75 1063.75 1066.80 1066.80

930.19 1 1051.56 1054.61 1057.66 1066.80 1066.80 1066.80 1069.85 1072.90

530.19 1 1045.46 1051.56 1057.66 1063.75 1069.85 1069.85 1075.94 1078.99

130.19 1 1042.42 1048.51 1054.61 1060.70 1069.85 1072.90 1078.99 1078.99

-269.81 1 1042.42 1048.51 1051.56 1063.75 1066.80 1069.85 1075.94 1078.99

-669.81 1 1039.37 1045.46 1051.56 1060.70 1063.75 1066.80 1069.85 1072.90

-1069.81 1 1039.37 1042.42 1051.56 1060.70 1057.66 1060.70 1063.75 1066.80

-1469.81 1 1039.37 1042.42 1051.56 1057.66 1054.61 1057.66 1057.66 1057.66

-1869.81 1 1039.37 1042.42 1048.51 1057.66 1054.61 1051.56 1051.56 1051.56

-2269.81 1 1036.32 1039.37 1042.42 1051.56 1051.56 1048.51 1048.51 1048.51

-2669.81 1 1030.22 1036.32 1039.37 1042.42 1048.51 1048.51 1048.51 1048.51

-3069.81 1 1027.18 1030.22 1033.27 1039.37 1042.42 1054.61 1048.51 1045.46

-3469.81 1 1021.08 1027.18 1033.27 1036.32 1042.42 1048.51 1045.46 1042.42
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** NETWORK ID: COARSE ;NETWORK TYPE: GRII)CART

*RECEPTOR FLAGPOLE HEIGHTS IN METEI1.S*

Y-COORD I X-COORD (METERS)
(METERS) 1 -3189.53 -27139.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2530.19 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

2130.19 1 1.50 1.50 1.50 1.50 [L.50 1.50 1.50 1.50
1.50

1730.19 11.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50
1.50

1330.19 1 1.50 1.50 1.50 1.50 [1.50 1.50 1.50 1.50
1.50

930.19 1 1.50 1.50 1.50 1.50 [. 50 1.50 1.50 1.50
1.50

530.19 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

130.19 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

-269.81 1 1.50 1.50 1.50 1.50 :1. 5D 1.50 1.50 1.50
1.50

-669.81 1 1.50 1.50 1.50 1.50 :1 .50 1.50 1.50 1.50
1.50

-1069.81 1 1.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50
1.50

-1469.81 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

-1869.81 1 1.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50

1.50
-2669.81 11.50 1.50 1.50 1.50 1L. 50 1.50 1.50 1.50

1.50
-3069.81 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
-3469.81 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
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9* MODELING OPTIONS USED: CONC RURAL ELEV EtGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

SRECEPTOR F'LAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
--- - -- -- -- ------------------------------------------------ -- -- -- ----------- - - - ----- - - -- -- -- -- ---

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-1069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1869.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2269.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2669.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
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10* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE SPEED FOR EACH WIND SPEED C1ATEGORY**
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9., 5, 12.50,

**WIND PROFILE EXPONENTS

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .700006-01 .70000E-O1 .700(10E-01 .70000E-01 .70000E-01

B .70000E-01 .70000E-01 .70000E-O1 .70000E-01 .70000E-01 .70000E-01

C .10000E+00 .100006+00 .100006+00 .10000E+00 .10000E+00 .10000E+00

D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00

E .35000E+00 .350006+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00

SVERTICAL POTENTIAL TEMPERATURE GRLiDIENTS *

(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .000006+00 OOOOO0E+00 .00000 OOO+00 .00000E+00 OOO+i OOOOOE+00

B .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .000006+00 OOOOO0E+00 .OOOOOE+00

C .000006+00 .OOOOOE+00 .OOOOOE+00 .000O0E+00 .0OOOOE+00 .OOOOOE+00

D .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .C000OE+00 .00000E+00 .OOOOOE+00

E . 10000E-01 .100006-01 .10000E-01 . 100O0E-01 . 10000E-01l .100006-01

F . 30000E-01 .300006-01 .300006-01 .300006-01 . 30000-01 .300006-01

SAVERAGE AMBIENT AIR TEMPERATURE (KELVIN)**

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY

CATEGORY A CATEGORY B CATEGORY C CATEGORY D CATEGORY 6 CATEGORY F

ANNUAL 288.8000 286.8000 288.8000 288.8000 288.8000 288.8000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SAVERAGE MIXING LAYER HEIGHT (METERS)

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILIT7Y

FILE: C:\MODELS\MET\CBD93.STR FORMAT: (7XF7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAM1: UNKN4OWN
YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 C ATEGORY 6

DIRECTION C1.000 MIS) (2.250 M/B) (4.050 M/S) C6.550 MIS) (9.250 M/S) (12.500 MIS)
(DEGREES)-------------------------------------------------------------------- ------

.000 .00049000 .0004700p0 .00000000 .00000000 .00000000 .00000000
22.500 .00026000 .0007100'0 .00000000 .00000000 .00000000 .00000000
45.000 .00020000 .00035000 .00000000 .00000000 .00000000 .00000000
67.500 .00035000 .00047000 .00000000 .00000000 .00000000 .00000000
90.000 .00016000 .00095000 .00000000 .00000000 .00000000 .00000000

112.500 .00014000 .00083000 .00000000 .00000000 .00000000 .00000000
135.000 .00010000 .0005900'0 .00000000 .00000000 .00000000 .00000000
157.500 .00008000 .0004700'0 .00000000 .00000000 .00000000 .00000000
180.000 .00008000 .0004700'0 .00000000 .00000000 .00000000 .00000000
202.500 .00006000 .0003500'0 .00000000 .00000000 .00000000 .00000000
225.000 .00000000 .OOOOOO000 .00000000 .00000000 .00000000 .00000000
247.500 .00004000 .0002400'0 .00000000 .00000000 .00000000 .00000000
270.000 .00000000 .OOOOOOC00 .00000000 .00000000 .00000000 .00000000
292.500 .00002000 .0001200'0 .00000000 .00000000 .00000000 .00000000
315.000 .00020000 .0003500'0 .00000000 .00000000 .00000000 .00000000
337.500 .00008000 .0004700'0 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED 1WIND SPEED

CATEGORY 1 CATEGORY 2' CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION 1 1.000 M/S) ( 2.250 MIS) ( 4.050 M/S) ( 6.550) M/S) 1 9.250 MIS)' (12.*500' MIS)
(DEGREES)------------------------------------------------------------------- ------

.000 .00136000 .0021300'0 .00248000 .00000000 .00000000 .00000000
22.500 .00041000 .0029600'0 .00142000 .00000000 .00000000 .00000000
45.000 .00098000 .00201O00O .00083000 .00000000 .00000000 .00000000
67.500 .00125000 .0024800'0 .00106000 .00000000 .00000000 .00000000
90.000 .00137000 .0047300'0 .00166000 .00000000 .00000000 .00000000

112.500 .00055000 .0033100'0 .00260000 .00000000 .00000000 .00000000
135.000 .00071000 .0039000'0 .00343000 .00000000 .00000000 .00000000
157.500 .00101000 .0048500'0 .00367000 .00000000 .00000000 .00000000
180.000 .00091000 .0029600i0 .00379000 .00000000 .00000000 .00000000
202.500 .00028000 .00059000 .00047000 .00000000 .00000000 .00000000
225.000 .00014000 .0003500'0 .00024000 .00000000 .00000000 .00000000
247.500 .00042000 .0008300'0 .00035000 .00000000 .00000000 .00000000
270.000 .00027000 .0004700'0 .00047000 .00000000 .00000000 .00000000
292.500 .00029000 .0007100'0 .00024000 .00000000 .00000000 .00000000
315.000 .00026000 .0002400'0 .00024000 .00000000 .00000000 .00000000
337.500 .00020000 .00142000 .00130000 .00000000 .00000000 .00000000
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* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\CBD93.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NAME: UNKNOWN

YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 MIS) ( 6.550 MIS) C9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00023000 .00379000 .00769000 .00142000 .00024000 .00000000

22.500 .00056000 .00296000 .00343000 .00083000 .00012000 .00000000

45.000 .00042000 .00272000 .00213000 .00024000 .00000000 .00000000
67.500 .00057000 .00308000 .00130000 .00035000 .00000000 .00000000
90.000 .00056000 .00296000 .00438000 .00095000 .00000000 .00000000

112.500 .00010000 .00166000 .00355000 .00166000 .00000000 .00000000

135.000 .00052000 .00426000 .01112000 .00402000 .00035000 .00000000

157.500 .00063000 .00414000 .01219000 .00331000 .00035000 .00000000

180.000 .00038000 .00414000 .01088000 .00402000 .00024000 .00000000

202.500 .00032000 .00106000 .00095000 .00035000 .00035000 .00000000
225.000 .00028000 .00047000 .00154000 .00012000 .00047000 .00000000
247.500 .00005000 .00083000 .00154000 .00130000 .00047000 .00035000

270.000 .00006000 .00095000 .00189000 .00189000 .00177000 .00035000
292.500 .00018000 .00095000 .00095000 ..00012000 .00000000 .00000000
315.000 .00044000 .00106000 .00118000 .00047000 .00000000 .00000000
33j.500 .00025000 .00201000 .00367000 .00154000 .00024000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 M/S) (9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00055000 .00627000 .01088000 .01645000 .00355000 .00130000

22.500 .00006000 .00213000 .00402000 .00544000 .00106000 .00012000

45.000 .00019000 .00225000 .00260000 .00390000 .00000000 .00000000
67.500 .00020000 .00284000 .00319000 .00272000 .00024000 .00000000

90.000 .00050000 .00450000 .00639000 .00284000 .00000000 .00012000

112.500 .00046000 .00331000 .00911000 .00710000 .00059000 .00012000

135.000 .00037000 .00450000 .02011000 .02437000 .00213000 .00000000

157.500 .00031000 .00639000 .01952000 .02047000 .00035000 .00012000

180.000 .00043000 .00651000 .01633000 .01503000 .00154000 .00035000

202.500 .00004000 .00154000 .00450000 .00414000 .00047000 .00047000

225.000 .00003000 .00118000 .00414000 .00461000 .00142000 .00024000

247.500 .00014000 .00059000 .00556000 .02082000 .00663000 .00284000

270.000 .00007000 .00248000 .00580000 .02449000 .01195000 .00876000

292.500 .00043000 .00237000 .00355000 .00450000 .00047000 .00012000

315.000 .00018000 .00189000 .00319000 .00521000 .00083000 .00035000

337.500 .00017000 .00177000 .00722000 .01633000 .00213000 .00035000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AN4D STABILITY '

FILE: C:\MODELS\MET\CBD9:3.STR FORMIAT: (7X, SF7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAME: UNKNOWN
YEAR: 1993 'YEAlt: 1993

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) (4.050 MIS) C6.550 M/S) (9.250 M/S) (:.2.500 M/S)
(DEGREES)--------------------------------------------------------------------------

.000 .00000000 .00213000 .00603000 .00000000 .00000000 .00000000
22.500 .00000000 .00237000 .00248000 .00000000 .00000000 .00000000
45.000 .00000000 .00118000 .00166000 .00000000 .00000000 .00000000
67.500 .00000000 .00166000 .00189000 .00000000 .00000000, .00000000

90.000 .00000000 .00402000 .00154000 .00000000 .00000000 .00000000
112.500 .00000000 .00556000 .00379000 .00000000 .000000OC .00000000
135.000 .00000000 .0061500,0 .01041000 .00000000 .00000000 .00000000
157.500 .00000000 .0081600:0 .01313000 .00000000 .0000000C .00000000
180.000 .00000000 .01065000 .02236000 .00000000 .00000000 .00000000
202.500 .00000000 .00509000 .00899000 .00000000 .00000000 .00000000
225.000 .00000000 .00603000 .00615000 .00000000 .00000000 .00000000

247.500 .00000000 .00532000 .01029000 .00000000 .00000000 .00000000

270.000 .00000000 .00521000 .01230000 .00000000 .00000000 .00000000
292.500 .00000000 .00331000 .0089 9000 .00000000 .00000000 .00000000

315.000 .00000000 .00225000 .00509000 .00000000 .00000000 .00000000
337.500 .00000000 .00201000 .00473000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED ITIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1,000 MIS) 2.250 MIS) 1,4050 M/S), 6.550 M/S), 9.250 M/S) (:2.*500 M/S)

(DEGREES)----------------------------------------------------------------------------
.000 .00286000 .01053000 .00000000 .00000000 .00000000, .00000000

22.500 .00118000 .00461000 .00000000 .00000000 .00000000 .00000000

45.000 .00162000 .00308000 .00000000 .00000000 .00000000 .00000000

67.500 .00154000 .003430CC .00000000 .00000000 .00000000 .00000000

90.000 .00189000 .00473000 .00000000 .00000000 .00000000 .00000000

112.500 .00134000 .00473000 .00000000 .00000000 .00000000 .00000000
135.000 .00215000 .00710000 .00000000 .00000000 .000000C0 .00000000

157.500 .00548000 .01881000 .00000000 .00000000 .00000000 .00000000

180.000 .00448000 .016090CC .00000000 .00000000 .00000000 .00000000

202.500 .00308000 .009350C0 .00000000 .00000000 .0000000C0 .00000000

225.000 .00150000 .005680C0 .00000000 .00000000 .00000000 .00000000
247.500 .00300000 .01053000 .00000000 .00000000 .000000CC' .00000000
270.000 .00454000 .01479000 .00000000 .00000000 .00000000 .00000000

292.500 .00363000 .011000CC .00000000 .00000000 .OOOOOOOC0 .00000000

315.000 .00343000 .00899000 .00000000 .00000000 .00000000 .00000000

337.500 .00217000 .00722000 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL - .99986

D1 0-125



**ISCLT3 - VERSION 95250 CONCENTRATIONS AT THE WIPP SITE BOUNDARY (93 Carlsbad Met) 03/27/96

Coarse Receptor Grid (400x400n) /1000 jig/m^3 SrcConc 07:16:43
PAGE

15
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2 0

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

-* CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl X-COORD, (METERS)
(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47

2930.19 1 .025631 .031651 .037206 .046424 .058133 .072358 .084341 .100313

.102406
2530.19 1 .025209 .031808 .040458 .051914 .067125 .086715 .098770 .128454

.135031
2130.19 1 .025430 .032816 .042949 .053807 .076848 .096538 .126800 .161861

.173588
1730.19 1 .024731 .032689 .044113 .060826 .080780 .115448 .164823 .220882

.232365
1330.19 1 .022680 .030723 .042852 .058104 .081293 .134520 .213555 .305117

.338638
930.19 1 .024668 .030795 .039419 .053095 .078981 .135145 .224011 .435618

.554834
530.19 1 .026442 .031381 .040772 .051194 .066546 .095712 .191274 .548981

1.043133
130.19 1 .026100 .030984 .037576 .046835 .060246 .081616 .120537 .212560

2. 107 513
-269.81 1 .021046 .024313 .028445 .033790 .040518 .049485 .068268 .119985

.559448

- 669.81 1 .015925 .016407 .021453 .023996 .026587 .036660 .048264 .079659
.2324 64

-1069.81 1 .012557 .012500 .014865 .018632 .019856 .028447 .040623 .065943
.150057

-1469.81 1 .010194 .010521 .012672 .015457 .017531 .023095 .031270 .055210
.097928

.01968 .1.089 .076 .150 .178 042 091 046 048

-1896981 089 095 018 028 042 091 046 048
-2269.81 1 .007742 .008992 .009757 .011931 .013785 .017180 .022470 .036337

.056937
-2669.81 1 .007200 .008262 .009206 .010434 .012720 .015442 .021741 .032293

.044037
-3069.81 1 .006683 .007340 .008765 .009782 .011683 .013722 .019116 .024854

.035115
-3469.81 1 .005999 .007049 .007770 .009145 .010038 .013617 .016733 .022447

.026678
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16 MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL

INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRJDCART

**CONC OF ANY IN MICROGRAI4S/M**3 *

Y-COORD (X-COORD (METERS)
(METERS) 410.47 810.47 1210.47 1610.47 2010.4, 2410.47 2810.47 3210.47

-------- -- -- ------------------------------------------------ - -- -- ---------- - -------- -- - -- -- -- ---

2930.19 1 .086425 .065443 .046732 .039948 .03376C1 .028307 .023706 .022647

2530.19 1 .105091 .074299 .053164 .044304 .036271. .029510 .027913 .027482

2130.19 1 .127181 .080647 .061270 .048568 .03826!, .035732 .034767 .033129
1730.19 1 .154928 .091930 .070206 .052388 .047900' .045939 .042906 .039640

1330.19 1 .188465 .111991 .078083 .069225 .06439f; .058250 .052230 .046834

930.19 1 .217861 .134353 .111231 .098412 .08448(i .072567 .062719 .054704

530.19 1 .283730 .217953 .170873 .134607 .107553 .087926 .073275 .062229

130.19 1 .456576 .363636 .239411 .1'70887 .12875' .101428 .082436 .068764

-269.81 1 .182143 .251154 .196432 .149834 .11685C, .093981 .077441 .065224

-669.81 1 .136197 .139457 .129271 .103108 .08888, .076058 .065264 .056560

-1069.81 1 .111315 .494418 .096192 .082941 .070374 .059801 .052663 .047461

-1469.81 1 .091011 .076893 .076280 .065452 .05846, .051561 .045408 .040182

-1869.81 1 .074277 .061481 .062096 .054281 .048090 .043906 .039793 .035956

-2269.81 1 .056692 .049011 .045515 .045980 .04111C, .037273 .034630 .031925

-2669.81 1 .041327 .040100 .035938 .035484 .03585, .032658 .030050 .028228

-3069.81 1 .033481 .030992 .027808 .029021 .02874$; .029037 .026779 .024167

3469.81 1 .025738 .026035 .025526 .024067 .025411, .025839 .023471 .020874
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

STHE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL

INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRJU4S/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE
-- -- -- -- -------------------------------------------------- -- -- -- ------------- -- - - ------ - -- -- -- -- - -

1. 2.107513 AT ( 10.47, 130.19) GC 6. .456576 AT ( 410.47, 130.19) GC

2. 1.043133 AT ( 10.47, 530.19) GC 7. .435618 AT ( -389.53, 930.19) GC

3. .559448 AT ( 10.47, -269.81) GC 8. .363636 AT ( 810.47, 130.19) GC

4. .554834 AT ( 10.47, 930.19) GC 9. .338638 AT ( 10.47, 1330.19) GC

5. .548981 AT ( -389.53, 530.19) GC 10. .305117 AT ( -389.53, 1330.19) GC

**RECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR

DC - DISCCART

DP - DISCPOLR

BD - BOUNDARY
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1** MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summary : ISCLT3 Model E.Kecution

-----------------Summary of Total Messages---------

A Total of 0 Fatal Error Message(s)

A Total of 0 Warning Message(s)
A Total of 0 Informational Message(s)

FATAL ERROR MESSAGES
*** NONE ***

WARNING MESSAGES
**NONE **

SISCLT3 Finishes Successfully
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**TRINITY DOWNWASH FILE NAME: C:\MODELS\EXFAN.WAK

CO STARTING

CO TITLEONE CONCENTRATIONS AT THE WIPP SITE BOUNDARY (94 Carlsbad Ment)

CO TITLETWO Coarse Receptor Grid (400x400m) /1000 vg/=mA3 SrcCoric

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILDWID 1 30.72 30.72 7.29 31.62

SO BUILDNGT 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDNGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO EMISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -3189.53 17 400.00 -3469.81 17 400.00

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50

RE GRIOCART COARSE FLAG 2 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.5D 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.5D

RE GRIDCART COARSE FLAG 3 1.5D 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.5D 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLG 9- 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50

RE GRIOCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCAR.T COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 12 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50

RE GRIDCART COARSE ELEV 1 3310.00 3320.00 3320.00 3330.00

RE GRIOCART COARSE ELEV 1 3330.00 3340.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 1 3340.00 3350.00 3370.00 3390.00
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RE GRIDCART COARSE ELEV 1 3400.00 3420.00 3440.00 3430.00

RE GRIDCART COARSE ELEV 1 3420.00

RE GRIDCART COARSE ELEV 2 3320.00 3320.00 3330.00 3330.00

isRE GRIDCART COARSE ELEV 2 3340.00 3340.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 2 3360.00 3370.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 2 3410.00 3420.00 3460.00 3440.00

RE GRIDCART COARSE ELEV 2 3430.00

RE GRIDCART COARSE ELEV 3 3320.00 3330.00 3330.00 3330.00

RE GRIDCART COARSE ELEV 3 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 3 3370.00 3380.00 3400.00 3410.00

RE GRIDCART COARSE ELEV 3 3420.0) 3440.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 3 3440.00

RE GRIDCART COARSE ELEV 4 3320.00 3330.00 3330.00 3340.00

RE GRIDCART COARSE ELEV 4 3340.00 3350.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 4 3380.00) 3400.00 3410.00 3420.00

RE GRIDCART COARSE ELEV 4 3450.00 3450.00 3440.00 3440.00

RE GRIDCART COARSE ELEV 4 3440.00

RE GRIDCART COARSE ELEV 5 3330.00 3330.00 3340.00 3340.00

RE GRIDCART COARSE ELEV 5 3340.00 3350.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 5 3380.00 3410.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 5 3470.00 3460.00 3450.00 3450.00

RE GRIDCART COARSE ELEV 5 3450.00)

RE GRIDCART COARSE ELEV 6 3340.00) 3330.00 3340.00 3350.00

RE GRIDCART COARSE ELEV 6 3350.01) 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 6 3390.00) 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 6 3470.00) 3460.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 6 3470.00)

RE GRIDCART COARSE ELEV 7 3350.00) 3340.00 3350.00 3360.00

RE GRIDCART COARSE ELEV 7 3350.00) 3370.00 3380.00 3390.00

RE GRIOCART COARSE ELEV 7 3400.003 3410.00 3420.00 3450.00

RE GRIDCART COARSE ELEV 7 3480.00 3470.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 7 3500.00

RE GRIOCART COARSE ELEV 8 3360.00 3350.00 3370.00 3370.00

RE GRIDCART COARSE ELEV 8 3370.00) 3380.00 3380.00 3390.00

RE GRIDCART COARSE ELEV 8 3400.010 3410.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 8'- 3480.00 3490.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 8 3520.00

RE GRIDCART COARSE ELEV 9 3380.0)0 3380.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 9 3380.0)0 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 9 3410.0)0 3420.00 3440.00 3450.00

RE GRIDCART COARSE ELEV 9 3490.010 3500.00 3510.00 3530.00
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RE GRIDCART COARSE ELEV 9 3540.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3400.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 10 3400.00 3420.00 3440.00 3460.00

RE GRIDCART COARSE ELEV 10 3480.00 3510.00 3520.00 3540.00

RE GRIDGART COARSE ELEV 10 3540.00

RE GRIDCART COARSE ELEV 11 3400.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3430.00

RE GRIDGART COARSE ELEV 11 3430.00 3430.00 3450.00 3470.00

RE GRIDCART COARSE ELEV 11 3490.00 3510.00 3510.00 3530.00

RE GRIDCART COARSE ELEV 11 3540.00

RE GRIDCART COARSE ELEV 12 3390.00 3400.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3420.00 3420.00 3440.00

RE GRIDCART COARSE ELEV 12 3450.00 3450.00 3460.00 3470.00

RE GRIDCART COARSE ELEV 12 3500.00 3500.00 3500.00 3510.00

RE GRIDCART COARSE ELEV 12 3520.00

RE GRIDCART COARSE EIEV 13 3380.00 3390.00 3400.00 3400.00

RE GRIDCART COARSE ELEV 13 3400.00 3420.00 3430.00 3450.00

RE GRIDCART COARSE ELEV 13 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 13 3490.00 3490.00 3490.00 3500.00

RE GRIDCART COARSE ELEV 13 3500.00

RE GRIDCART COARSE ELEV 14 3370.00 3380.00 3390.00 3400.00

RE GRIDCART COARSE ELEV 14 3400.00 3410.00 3420.00 3440.00

RE GRIDGART COARSE ELEV 14 3460.00 3470.00 3470.00 3470.00

RE GRIDCART COARSE ELEV 14 3480.00 3480.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 14 3500.00

RE GRIDCART COARSE ELEV 15 3360.00 3370.00 3380.00 3380.00

RE GRIDCART COARSE ELEV 15 3400.00 3400.00 3410.00 3430.00

RE GRIDCART COARSE ELEV 15 3460.00 3460.00 3460.00 3460.00

RE GRIDCART COARSE ELEV 15 3470.00 3470.00 3470.00 3480.00

RE GRIDCART COARSE ELEV 15 3510.00

RE GRIDCART COARSE ELEV 16 3350.00 3360.00 3370.00 3380.00

RE GRIDCART COARSE ELEV 16 3390.00 3400.00 3400.00 3430.00

RE GRIDCART COARSE ELEV 16 3440.00 3450.00 3450.00 3440.00

RE GRIDCART COARSE ELEV 16 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 16 3510.00

RE GRIDCART COARSE ELEV 17 3350.00 3360.00 3360.00 3370.00

RE GRIDCART COARSE ELEV 17 3380.00 3390.00 3400.00 3420.00

RE GRIDCART COARSE ELEV 17 3420.00 3430.00 3430.00 3440.00

RE GRIDGART COARSE ELEV 17 3450.00 3460.00 3480.00 3490.00

RE GRIDCART COARSE ELEV 17 3510.00
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RE GRIDCART COARSE END

RE FINISHED

ME STARTING

ME INPUTFIL C:\MODELS\NET\CBD94.STR (7X,6F7.5)

ME ANEI4HGHT 10.000 METERS

ME SURFDATA 11111 1994 CARLSBAD

ME UAIRDATA 11111 1994

ME STARDATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 5.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTHETAlZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTNETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01 0.01 0.01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

OU RECTABLE SRCGRP

OU MAXTABLE 10 SRCGRP

OU PLOTFILE ANNUAL ALL C:\MODELS\AflN\ADNCC94A.GPH 70

OU FINISHED

SETUP Finishes Successfully *

D1 0-135



**ISCLT3 - VERSION 95250 CONCENTRATIONS AT THE WIPP SITE BOUNDARY (94 Carlsbad Met) 03/27/96

Coarse Receptor Grid (400x4O0m) /1000 pg/m^3 SrcConc 07:19:18
PAGE

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.*
**Model Does HOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

"*Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

*-Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0
Seasons/Quarters: 0 0 0 0

and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 289 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

-*Output Options Selected:
Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)0
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)

Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

"*Misc. Inputs: Anem. Mgt. (in) - 10.00 ; Decay Coef. - .0000 ; Rot. Angle - .0

Emission Units - GRAMS/SEC ;Emission Rate Unit Factor - . l0000E+01

Output Units - MICROGRAMS/M**3

"*Input Runstream File: ADMCC94A.DAT ;**Output Print File: ADMCC94A.LST
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2
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**POINT SOURCE DATA**

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. 17XIT VEL. DIAMETER EXISTS SCALAR VARY
ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

------- -- -- ------------------------------------------------ -- -- -- ------------- -- - - ------ - ---- -- -- -- ---

1 0 .10000E+00 .0 .0 1039.4 8.20 288.80 4.66 4.40 YES

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SSOURCE Ios DEFINING SOURCE GROUPS

GROUP ID SOURCE I~s

ALL 1 ,2
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** DIRECTION SPECIFIC BUILDING DIMENSIONS

SOURCE ID: 1
1EV BH BW WAR IEV BM BW WAR IEV BM BW WAK IEV BN BW WAK

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 0~ 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0~ 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, (; 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 0i 16 6.6, 31.6, 0

SOURCE ID: 2
IFV BM BW WAK IEV BM BW WAX Irv BN 8W WILK IEV BM BW WAK

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, () 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, (1 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, Ci 12 .0, .0, 0

13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, 0i 16 6.6, 33.7, 0
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**MODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

**GRIDDED RECEPTOR NETWORK SUMMARY**

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

SX-COORDINATES OF GRID '

(METERS)

-3189.5, -2789.5, -2389.5, -1989.5, -1589.5, -1189.5, -789.5, -389.5, 10.5, 410.5,

810.5, 1210.5, 1610.5, 2010.5, 2410.5, 2810.5, 3210.5,

SY-COORflINATES OF GRID
(METERS)

-3469.8, -3069.8, -2669.8, -2269.8, -1869.8, -1469.8, -1069.8, -669.8, -269.8, 130.2,

530.2, 930.2, 1330.2, 1730.2, 2130.2, 2530.2, 2930.2,
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6 MODELING OPTIONS USED: CONC RURAL ELEV EtGPOL

0** NETWORK ID: COARSE ;NETWORK TYPE: GRIDZ-ART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
------ -- -- -- ---------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- ---

2930.19 1 1021.08 1024.13 1024.13 1027.18 1030.22 1033.27 1036.32 1042.42

1042.42
2530.19 1 1021.08 1024.13 1027.18 1030.22 1033,.2" 1036.32 1036.32 1045.46

1048.51
2130.19 1 1024.13 1027.18 1030.22 1030.22 1036. 32 1036.32 1039.37 1045.46

1054.61
1730.19 1 1027.18 1030.22 1033.27 1036.32 1036. 32 1039.37 1042.42 1048.51

1054.61
1330.19 1 1030.22 1033.27 1036.32 1036.32 1036;.32 1042.42 1045.46 1051.56

1057.66
930.19 1 1033.27 1036.32 1039.37 1039.37 1039'.31 1042.42 1042.42 1048.51

1051.56
530.19 1 1036.32 1036.32 1039.37 1039.37 1039.3T? 1039.37 1039.37 1045.46

1045.46
130.19 I 1036.32 1036.32 1036.32 1036.32 1036. 32 1036.32 1036.32 1036.32

1036.32
-269.81 1 1030.22 1030.22 1030.22 1030.22 1030.223 1030.22 1033.27 1036.32

1039.37
-669.81 1 1024.13 1021. 08 1027.18 1027.18 1027'.13 1030.22 1030.22 1033.27

1036.32
-1069.81 1 1021.08 1018.03 1021.08 1024.13 1021.01 1027.18 1030.22 1033.27

1036.32
-1469.81 1 1018.03 1014.98 1018.03 1021.08 1021.03 1024.13 1027.18 1030.22

1033.27
-1869.81 1 1014.98 101.4.98 1018.03 1018.03 1018.03 1021.08 1024.13 1027.18

1030.22
-2269.81 1 1011.94 101.4.98 1014.98 1018.03 1018. 03 1021.08 1021.08 1024.13

1030.22
-2669.81 1 1011.94 1014.98 1014.98 1014.98 1018. 03 1021.08 1021.08 1024.13

1027.18
-3069.81 1 1011.94 101.1.94 1014.98 1014.98 10183.03 1018.03 1018.03 1018.03

1024.13
-3469.81 1 1008.89 101.1.94 1011.94 1014.98 1014I.93 1018.03 1014.98 1018.03

1018.03
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

-* NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

290- 1054 1054 1085 1015 104- 1007 1037 1069.85 -------- -------- --------

2530.19 1 10451.56 1045.56 1048.51 1051.56 1054.61 1060.70 1063.75 1069.85

2130.19 1 1054.61 1054.61 1054.61 1057.66 1057.66 1057.66 1060.70 1069.85

1730.19 1 1057.66 1057.66 1057.66 1060.70 1060.70 1060.70 1063.75 1066.80
1330.19 1 1057.66 1057.66 1060.70 1063.75 1063.75 1063.75 1066.80 1066.80

930.19 1 1051.56 1054.61 1057.66 1066.80 1066.80 1066.80 1069.85 1072.90

530.19 1 1045.46 1051.56 1057.66 1063.75 1069.85 1069.85 1075.94 1078.99

130.19 1 1042.42 1048.51 1054.61 1060.70 1069.85 1072.90 1078.99 1078.99

-269.81 1 1042.42 1048.51 1051.56 1063.75 1066.80 1069.85 1075.94 1078.99

-669.81 I 1039.37 1045.46 1051.56 1060.70 1063.75 1066.80 1069.85 1072.90

-1069.81 1 1039.37 1042.42 1051.56 1060.70 1057.66 1060.70 1063.75 1066.80
-1469.81 1 1039.37 1042.42 1051.56 1057.66 1054.61 1057.66 1057.66 1057.66

-1869.81 1 1039.37 1042.42 . 1048.51 1057.66 1054.61 1051.56 1051.56 1051.56
-2269.81 1 1036.32 1039.37 1042.42 1051.56 1051.56 1048.51 1048.51 1048.51

-2669.81 1 1030.22 1036.32 1039.37 1042.42 1048.51 1048.51 1048.51 1048.51

-3069.81 1 1027.18 1030.22 1033.27 1039.37 1042.42 1054.61 1048.51 1045.46

-3469.81 1 1021.08 1027.18 1033.27 1036.32 1042.42 1048.51 1045.46 1042.42

D1 0-142



**ISCLT3 - VERSION 95250 ** **CONCENTRATIONS AT THE WIPP SITE BOUNDARY (94 Carlsbad Met) 03/27/96

Coarse Receptor Grid (400x400m) /1000 pg/MA:3 SrcConc 07:19:18
PAGE

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIICART

*RECEPTOR FLAGPOLE HEIGHTS IN METEFS*

Y-COORD X-COORD (METERS)
(METERS) 1 -3189.53 -2709.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
---- ------------------------------------------------------------------------------- - -- -- ---------- - --------- ---- ---- -- -- -----

2930.19 1 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50
1.50

2530.19 11.50 1.50 1.50 1.50 1L.53 1.50 1.50 1.50
1.50

2130.19 11.50 1.50 1.50 1.50 1L.5 0 1.50 1.50 1.50
1.50

1730.19 I 1.50 1.50 1.50 1.50 1. 5D 1.50 1.50 1.50

1.*50
1330.19 I 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50

1.50
930.19 1 1.50 1.50 1.50 1.50 1L.5 3 1.50 1.50 1.50

1.50
530.19 1 1.50 1.50 1.50 1.50 1L.53 1.50 1.50 1.50

1.50
130.19 1 1.50 1.50 1.50 1.50 :1.5 D 1.50 1.50 1.50

1.50
-269.81 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
-669.81 I 1.50 1.50 1.50 1.50 1.53 1.50 1.50 1.50

1.50
-1069.81 I 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

1.50
-1469.81 1 1.50 1.50 1.50 1.50 1L. 50 1.50 1.50 1.50

1.50

- 1869.81 I 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50

10151.0151.0:50151.01.50

-2669.81 1.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50

1.50
-3069.81 1 1.50 1.50 1.50 1.50 :1 .50 1.50 1.50 1.50

1.50
-3469.81 1 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50

1.50
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9 MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART 0
*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD IX-COORD (METERS)
(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47

--- -- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- ---

2930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

2130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1730.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1330.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

930.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

530.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

130.19 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-269.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-669.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1069.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-1469.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-1869.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
-2269.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-2669.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3069.81 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

-3469.81 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
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10* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

'*AVERAGE SPEED FOR EACN WIND SPEED CATEGORY
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.2'5, 12.50,

**WIND PROFILE EXPONENTS ,

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01
8 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01
C .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00
D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00
E .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00
F .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00

VERTICAL POTENTIAL TEMPERATURE GRADIENTS
(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00
B .00000E+00 .00000E+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 OOOOO0E+00

C .00000E+00 .OOOOOE+00 .OOOOOE+00 .0000OE+00 .OOOOOE+00 .OOOOOE+00
D .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .0000IOE+00 .OOOOOE+00 OOOOO0E+00

E .10000E-01 .10000E-01 .10000E-01 .10000E-01 .10000E-01 .10000E-01
F .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY* STABILITY STABILITY STABILITY STABILITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY D' CATEGORY E CATEGORY F

ANNPUAL 288.8000 288.8000 288.8000 288.8000 288.8000 288.8000
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**MODELING OPTIONS USED: CONC RURAL. ELEV FLGPOL

**AVERAGE MIXING LAYER HEIGHT (METERS)**

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STAB3ILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STAB3ILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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MODELING OPTIONS USED: CONC :RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY *

FILE: C:\MODELS\MET\CB094.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAMIF: UNKNOWN

YEAR: 1994 YEAR.: 1994

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED W'IND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 M/S) ( 4.050 M/S) ( 6.550 M/S) (9.250 MIS) (22.500 MIS)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00017000 .00086000 .00000000 .00000000 .00000000 .00000000
22.500 .00028000 .00058000 .00000000 .00000000 .00000000 .00000000
45.000 .00023000 .00115000 .00000000 .00000000 .00000000 .00000000
67.500 .00057000 .00115000 .00000000 .00000000 .00000000 .00000000
90.000 .00031000 .00158000 .00000000 .00000000 .00000000 .00000000

112.500 .00020000 .00101000 .00000000 .00000000 .00000000 .00000000
135.000 .00028000 .00058000 .00000000 .00000000 .00000000 .00000000
157.500 .00031000 .00158000 .00000000 .00000000 .00000000 .00000000
180.000 .00063000 .00144000 .00000000 .00000000 .00000000 .00000000
202.500 .00026000 .00043000 .00000000 .00000000 .00000000 .00000000

225.000 .00026000 .00043000 .00000000 .00000000 .00000000 .00000000
247.500 .00003000 .00014000 .00000000 .00000000 .00000000 .00000000
270.000 .00003000 .00014000 .00000000 .00000000 .00000000 .00000000

292.500 .00023000 .00029000 .00000000 .00000000 .00000000 .00000000

315.000 .00023000 .00029000 .00000000 .00000000 .00000000 .00000000
337.500 .00003000 .00014000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED W'IND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 M/S) C 2.2501 M/S) C4,050) MIS) ( 6.550 M/S) 1 9.250 M/S) (122.500" M/S)I
(DEGREES) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00093000 .00359000 .00244000 .00000000 .00000000 .00000000
22.500 .00089000 .00316000 .00144000 .00000000 .00000000 .00000000

45.000 .00120000 .00316000 .00115000 .00000000 .00000000 .00000000

67.500 .00125000 .00374000 .00115000 .00000000 .00000000 .00000000

90.000 .00116000 .00446000 .00302000 .00000000 .00000000 .00000000

112.500 .00119000 .00489000 .00331000 .00000000 .00000000 .00000000

135.000 .00178000 .00805000 .00633000 .00000000 .00000000 .00000000
157.500 .00121000 .00690000 .00561000 .00000000 .00000000 .00000000

180.000 .00110000 .00374000 .00374000 .00000000 .00000000 .00000000

202.500 .00001000 .00014000 .00043000 .00000000 .00000000 .00000000

225.000 .00002000 .00029000 .00029000 .00000000 .00000000 .00000000
247.500 .00068000 .00072000 .00029000 .00000000 .00000000 .00000000
270.000 .00023000 .00086000 .00043000 .00000000 .00000000 .00000000
292.500 .00032000 .00014000 .00014000 .00000000 .00000000 .00000000
315.000 .00054000 .00086000 .00058000 .00000000 .00000000 .00000000
337.500 .00041000 .00115000 .00058000 .00000000 .00000000 .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\CBD94.STR FORMAT: (7,6F7.5)

SURFACE STATION MO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NAME: UNKNOWN

YEAR: 1994 YEAR: 1994

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) (4.050 M/S) (6.550 M/S) (9.250 MIS) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00044000 .00403000 .00748000 .00173000 .00000000 .00000000

22.500 .00076000 .00259000 .00158000 .00058000 .00000000 .00000000

45.000 .00062000 .00273000 .00187000 .00029000 .00000000 .00000000

67.500 .00068000 .00187000 .00273000 .00058000 .00000000 .00000000

90.000 .00071000 .00359000 .00690000 .00187000 .00029000 .00000000

112.500 .00079000 .00288000 .00748000 .00359000 .00000000 .00000000

135.000 .00035000 .00316000 .01308000 .00719000 .00000000 .00000000

157.500 .00054000 .00489000 .01251000 .00518000 .00000000 .00000000

180.000 .00073000 .00230000 .00762000 .00345000 .00014000 .00000000

202.500 .00013000 .00115000 .00086000 .00029000 .00014000 .00000000

225.000 .00003000 '.00029000 .00101000 .00058000 .00000000 .00000000

247.500 .00003000 .00029000 .00072000 .00072000 .00014000 .00029000

270.000 .00029000 .00115000 .00244000 .00216000 .00072000 .00058000

292.500 .00041000 .00086000 .00101000 .00029000 .00000000 .00000000

315.000 .00021000 .00043000 .00144000 .00029000 .00000000 .00000000

337.500 .00017000 .00158000 .00331000 .00144000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 M/S) (9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00059000 .00417000 .01352000 .01380000 .00273000 .00043000

22.500 .00019000 .00187000 .00388000 .00460000 .00144000 .00014000

45.000 .00022000 .00216000 .00532000 .00374000 .00043000 .00014000

67.500 .00074000 .00259000 .00388000 .00374000 .00058000 .00000000

90.000 .00077000 .00288000 .00676000 .00834000 .00129000 .00000000

112.500 .00051000 .00345000 .00820000 .01050000 .00129000 .00014000

135.000 .00038000 .00374000 .01481000 .02574000 .00316000 .00101000

157.500 .00095000 .00460000 .01107000 .01308000 .00072000 .00014000

180.000 .00089000 .00403000 .01869000 .01251000 .. 00072000 .00014000

202.500 .00015000 .00144000 .00661000 .00345000 .00144000 .00000000

225.000 .00041000 .00086000 .00489000 .00417000 .00129000 .00043000

247.500 .00029000 .00288000 .00604000 .01107000 .00604000 .00288000

270.000 .00046000 .00144000 .00561000 .01596000 .01050000 .00374000

292.500 .00016000 .00158000 .00446000 .00417000 .00173000 .00029000

315.000 .00022000 .00216000 .00388000 .00359000 .00187000 .00029000

337.500 .00025000 .00244000 .00791000 .01107000 .00359000 .00058000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\CBD94.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11:111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD N4AME: UNKNOWN
YEAR: 1994 YEAR: 1994

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WJIND SPEED
CATEGORY 1 CATEGORY :2 CATEGORY 3 CATEGORY 4 CATEGORY 5 :ATEGORY 6

DIRECTION C1.000 MIS) C2.250 M/S) 4.050 M/S) C6.550 MIS) C9.250 MIS), (12.500 M/S)
(DEGREES) - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - -

.000 .00000000 .00460000 .00690000 .00000000 .00000000 .00000000
22.500 .00000000 .00230000 .00187000 .00000000 .00000000 .00000000
45.000 .00000000 .00216000 .00086000 .00000000 .00000000 .00000000
67.500 .00000000 .001580020 .00115000 .00000000 .00000000) .00000000
90.000 .00000000 .00359000 .00331000 .00000000 .00000000 .00000000

112.500 .00000000 .004740030 .00676000 .00000000 .00000000 .00000000
135.000 .00000000 .00575000 .01395000 .00000000 .00000000) .00000000
157.500 .00000000 .00561000 .01265000 .00000000 .00000000 .00000000
180.000 .00000000 .00676000 .02631000 .00000000 .00000000 .00000000
202.500 .00000000 .004170030 .01222000 .00000000 .00000000 .00000000
225.000 .00000000 .00230000 .00561000 .00000000 .00000000) .00000000
247.500 .00000000 .00489000 .01050000 .00000000 .00000000 .00000000
270.000 .00000000 .00388000 .01035000 .00000000 .00000000) .00000000
292.500 .00000000 .00403000 .00848000 .00000000 .00000000 .00000000
315.000 .00000000 .00374000 .00403000 .00000000 .00000000 .00000000
337.500 .00000000 .00302000 .00359000 .00000000 .00000001) .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 Z;ATEGORY 6

DIRECTION 1 1,000 M/S) 1 2,250 M/S) 4.050 M/S) 1 6,550 M/S) ( 9,250 MIS) 112.500 M/S)

(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - -- - - - -

2.500 .00240000 .0046000 .0000 .0000 0000 .0000

2.000 .00240000 .008486000 .00000000 .00000000 .0000000o) .00000000

4500 .0021000 .00561000 .00000000 .00000000 .0000000o) .00000000
112.500 .00145000 .00487000 .00000000 .00000000 .00000000) .00000000
135.000 .002280000 .005780030 .00000000 .00000000 .00000000) .00000000
157.500 .0042000 .01475000 .00000000 .00000000 .0000000o) .00000000
180.000 .0052000 .020970000 .00000000 .00000000 .0000000o) .00000000
202.500 .0042000 .01005000 .00000000 .00000000 .00000000) .00000000
225.000 .00169000 .001000 .00000000 .00000000 .00000000) .00000000
247.500 .00261000 .010069000 .00000000 .00000000 .0000000o) .00000000
270.000 .0019000 .0051000 .00000000 .00000000 .00000000) .00000000

292.500 .00307000 .010500030 .00000000 .00000000 .0000000o) .00000000
315.000 .00286000 .00820000 .00000000 .00000000 .0000000o) .00000000
337.500 .00203000 .0058000 .00000000 .00000000 .0000000o) .00000000

SUM OF FREQUENCIES, FTOThiL = 1.00005
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2 0

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl I X-COORD (METERS)

(METERS) I -3189.53 -2789.53 -2389.53 -1989.53 -1589.53 -1189.53 -789.53 -389.53

10.47
---- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- --

2930.19 1 .027723 .033436 .036959 .043365 .050958 .060005 .076655 .099575

.109831
2530.19 1 .027553 .034492 .042668 .051068 .061385 .073591 .087275 .125846

.145124
2130.19 1 .028253 .036123 .046864 .056592 .074429 .085548 .107947 .155584

.185865
1730.19 1 .028043 .036658 .048948 .066797 .084782 .109022 .139422 .206617

.247 315
1330.19 1 .026441 .035321 .048614 .065084 .089513 .140362 .193626 .273932

.358111
930.19 I .028701 .035855 .045950 .061597 .090083 .150568 .229704 .364660

.5814 93
530.19 .030709 .036606 .047628 .060319 .079594 .115927 .219760 .542058

1.073149
130.19 1 .030349 .036133 .044010 .055229 .071921 .099782 .155454 .306972

2.181532
-269.81 1 .023709 .027359 .031977 .037963 .045580 .055891 .075811 .145016

.537889

-669.81 1 .017032 .017551 .022231 .024347 .026315 .038401 .055645 .079837

.232 956
-1069.81 1 .012528 .012358 .014552 .018752 .021489 .031883 .042912 .062593

.149783
-1469.81 1 .009831 .010620 .013074 .016407 .019588 .024793 .030779 .053660

.097278
-1869.81 1 .008953 .010123 .012266 .014111 .016078 .019441 .023261 .043827

.069050
-2269.81 1 .008071 .009528 .010693 .012766 .014219 .016852 .021589 .035665

.055958
-2669.81 1 .007633 .008893 .009844 .010847 .012711 .014843 .021080 .031655

.043255
-3069.811 .007178 .007844 .009085 .009891 .011444 .013149 .018617 .024460

.034489
-3469.81 I .006411 .007331 .007920 .009071 .009692 .013152 .016348 .022053

.026336
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORfl (METERS)

(METERS) 1 410.47 810.47 1210.47 1610.47 2010.47 2410.47 2810.47 3210.47
------ - -- -- -- ---------------------------------------------- - - --- - - -- -- -- ---

2930.19 1 .092410 .06,9271 .048529 .040260 .033000 .026811 .021707 .020889

2530.19 1 .112066 .07,3206 .054443 .043760 .034502 .026982 .025742 .025857

2130.19 1 .135086 .084342 .061461 .046499 .034905 .032915 .032784 .031738

1730.19 1 .163671 .09,4676 .068067 .047677 .044068 .043437 .041278 .038597

1330.19 1 .198338 .111082 .071057 .063701 .061162 .056382 .051191 .046294

930.19 1 .228190 .12:2524 .102463 .094213 .082534 .071201 .061214 .053227

530.19 1 .266195 .20,1395 .165671 .129905 .103377 .084401 .070318 .059728

130.19 1 .370747 .329572 .220979 .159321 .120821 .095606 .077972 .065218

-269.81 1 .182576 .238432 .183420 .140051 .109569 .088403 .073050 .061678

-669.81 1 .126557 .135363 .124135 .098541 .084.218 .071905 .061701 .053518

-1069.81 1 .101700 .089039 .092056 .079143 .066985 .056807 .049911 .044931

-1469.81 1 .085012 .070388 .071574 .062326 .055584 .048944 .043044 .038044

-1869.81 1 .069840 .055239 .057089 .050974 .045-653 .041638 .037695 .034025

-2269.81 1 .053691 .04.4612 .041394 .042496 .038510 .035305 .032775 .030190

-2669.81 1 .039526 .03,5975 .032380 .032502 .033.234 .030662 .028411 .026674

-3069.81 1 .032140 .028955 .025163 .026361 .026442 .026962 .025132 .022848

-3469.81 1 .024902 .024497 .023294 .021718 .023155 .023767 .021846 .019647
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SMODELING OPTIONS USED: CONC RURAL. ELEV FLGPOL

STHE MAXIMUM 10 ANNUM.. AVERAGE CONCENTRATION VALUES FOR GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE

-- -- -- -- --------------------------------------------------------- -- -- -- ----------- - -- ----- - - ----- -- -- -- -- -

1. 2.181532 AT ( 10.47, 130.19) GC 6. .370747 AT ( 410.47, 130.19) GC

2. 1.073149 AT ) 10.47, 530.19) GC 7. .364660 AT ( -389.53, 930.19) GC

3. .581493 AT ) 10.47, 930.19) GC 8. .358111 AT ( 10.47, 1330.19) GC

4. .542058 AT ) -389.53, 530.19) GC 9. .329572 AT ) 810.47, 130.19) GC

5. .537889 AT ) 10.47, -269.81) GC 10. .306972 AT ( -389.53, 130.19) GC

**RECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR
DC - DISCCART
DP - DISCPOLR
BD - BOUNDARY
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SMessage Summiary : ISCLT3 Model Execution

------Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational Message(s)

*****FATAL ERROR MESSAGES
*** NONE ***

WARNING MESSAGES
**NONE **

SISCLT3 Finishes Successfully**
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-TRINITY DOWNWASH FILE NAME: C:\MODELS\EXFAN.WAK

CO STARTING

CO TITLEONE MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met)

CO TITLETWO Fine Receptor Grid (0xl~m) /1000 plg/ukA3 SrcConc

CO ?4ODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORI4OT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDNGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILDWID 1 30.72 30.72 7.29 31.62

SO BUILDHGT 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILOWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO ENISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIOCART COARSE XYINC -609.53 45 10.00 2974.73 11 10.00

RE GRIDCA.T COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 1 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50

RE GRIOCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG, 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRICART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 - 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50- 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIXCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIXCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50

RE GRIOCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIXCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIJEART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIWCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 11- 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIJEART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIOCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00- 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00
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RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00

RE GRIOCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7-- 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00
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RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 7 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 8 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 34 10 .00r 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00
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RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDOART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

isRE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00

RE GRIDCART COARSE END

RE FINISHED

NE STARTING

NE INPUTFIL C:\MODELS\MET\WP3093.STRk FREE

NE ANEMHGHT 10.000 METERS

ME SURFDATA 11111 1993 WIPP

NE UAIRDATA 11111 1993

NE STARflATA ANNUAL

NE AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

NE AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

NE AVEMIXHT ANNUAL A 1435.00 1435.010 1435.00 1435.00 1435.00 1435.00

NE AVEMIXHT ANNUAL B 1435.00 1435.010 1435.00 1435.00 1435.00 1435.00

NE AVEMIXMT ANNUAL C 1435.00 1435.030 1435.00 1435.00 1435.00 1435.00

NE AVEMIXHT ANNUAL D 1435.00 1435.00) 1435.00 1435.00 1435.00 1435.00

NE AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

NE AVEMIXRT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

NE DTHETADZ A 0.00 0.00 0.00 0.00 0.00 0.00

NE DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

NE DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

NE DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

NE DTHETADZ E 0.01 0.01 0.01 0.01 0.01 0.01

NE DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

NE FINISHED

OU STARTING

OU RECTABLE SRCGRP

OU NAXTABLE 10 SRCGRP

OU PLOTFILE ANNUAL ALL C:\NODELS\AflN\AlNFW93B.GPH 70

* U FINISHED

**SETUP Finishes Successfully
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ISCLT3 - VERSION 95250 MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96
* Fine Receptor Grid (l0xl~m) /1000 pg/m^3 Src0)nc 08:36:17

PAGE

MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** MODEL SETUP OPTIONS SUMMARI

**Model Is Setup For Calculation of Average CONCentration Values.
**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 10 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 D 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0

and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 495 Receptor(s)

"*The Model1 Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:
Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)
Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

**Misc. Inputs: Anem. Hgt. (in) - 10.00 ; Decay Coef. = .0000 Rot. Angle = .0
Emission Units - GRAMS/SEC ;Emission Rate Unit Factor = .10000OE+07

Output Units = mIrCROGRAMS/M**3

**Input Runstream File: ADMFW93B.DAT ;**Output. Pr~int File: ADMFW93B.LST
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ISCLT3 - VERSION 95250 MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

Fine Receptor Grid(l0xl~m)/1000 pig/m^3 SrcConc 08:36:17
PAGE

2
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**POINT SOURCE DATA

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY
-- - -- -- -- -- ---------------------------------------------- - - ----------- - - - ----- - - --- -- -- -- -- ---

1 0 .10000E+00 .0 .0 1039.4 8.20 288.80 4.66 4.40 YES

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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**ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

**Fine Receptor Grid (l0xl~m) /1000 jig/m^3 Szcooc 08:36:17
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3
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SSOURCE I0s DEFINING SOURCE GROUPS *

GROUP ID SOURCE IDs

ALL 1 ,2
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ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

**Fine Receptor Grid (l0xl~m) /1000 jig/m^3 SrcConc 08:36:17
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4
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** DIRECTION SPECIFIC BUILDING DIMENSIONS *

SOURCE ID: 1
IFV BH 8W WAK IFV BH 8W WAK IFV BN BW WAX IFV BN BW WAX

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 0 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, 0 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 0 16 6.6, 31.6, 0

SOURCE ID: 2
IFV BN BW WAX IFV BH BW WAK IFV BH BW WAK IEV BM BW WAX

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, 0 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, 0 12 .0, .0, 0

13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, 0 16 6.6, 33.7, 0
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** GRIDDED, RECEPTOR NETWORK SUMM4ARY

SNETWORK ID: COARSE ;NETWORK TYPE: GRIOCART ~~

SX-COORDINATES OF GRID**
(METERS)

-609.5, -599.5, -589.5, -579.5, -569.5, -559.5, -549.5, -539.5, -529.5, -519.5,
-509.5, -499.5, -489.5, -479.5, -469.5, -459.5, -449.5, -439.5, -429.5, -419.5,
-409.5, -399.5, -389.5, -379.5, -369.5, -359.5, -349.5, -339.5, -329.5, -319.5,
-309.5, -299.5, -289.!5, -279.5, -269.5, -259.5, -249.5, -239.5, -229.5, -219.5,
-209.5, -199.5, -189.!5, -179.5, -169.5,

SY-COORDINATES OF GRID**
(METERS)

2974.7, 2984.7, 2994.7, 3004.7, 3014.7, 3024.7, 3034.7, 3044.7, 3054.7, 3064.7,
3074.7,

D1 0-167



**IS CLT 3 - VERSION 95250 * MA~X CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

**Fine Receptor Grid (10xl~m) /1000 pg/m^3 SrcConc 08:36:17
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6
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD (X-COORD (METERS)

(METERS) 1 -609.53 -599.53 -589.53 -579.53 -569.53 -559.53 -549.53 -539.53

-529.53
-- -- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

3074.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

3064.73 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1038.37
3054.73 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3044.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3034.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3024.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3014.73 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3004.73 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2994.73 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2984.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2974.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37

D1 0-168



**ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96
* Fine Receptor Grid (10xl~m) /1000 pig/m^3 SrcCconc 08:36:17

PAGE
7

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SNETWORK ID: COARSE ;NETWORK TYPE: (3RIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -519.53 -509.53 -499.53 -489.53 -479.53 -469.53 -459.53 -449.53

-439.53

3074.73 1 1039.37 1039.37 1039.37 1039.37 1039.' 7 1039.37 1039.37 1039.37
1039.37

3064.73 1 1039.37 1039.37 1039.37 1039.37 1039.1t7 1039.37 1039.37 1039.37
1039.37

3054.73 1 1039.37 1039.37 1039.37 1039.37 1039.'$7 1039.37 1039.37 1039.37
1039.37

3044.73 1 1039.37 1039.37 1039.37 1039.37 1039.'.7 1039.37 1039.37 1039.37
1039.37

3034.73 1 1039.37 1039.37 1039.37 1039.37 1039..,7 1039.37 1039.37 1039.37
1039.37

3024.73 1 1039.37 1039.37 1039.37 1039.37 1039.'.7 1039.37 1039.37 1039.37
1039.37

3014.73 1 1039.37 1039.37 1039.37 1039.37 1039.$,7 1039.37 1039.37 1039.37
1039.37

3004.73 1 1039.37 1039.37 1039.37 1039.37 1039.t.7 1039.37 1039.37 1039.37
1039.37

2994.73 I 1039.37 1039.37 1039.37 1039.37 1039.2-7 1039.37 1039.37 1039.37
1039.37

2984.73 1039.37 1039.37 1039.37 1039.37 1039.-7 1039.37 1039.37 1039.37
1039.37

2974.73 I 1039.37 1039.37 1039.37 1039.37 1039.2-7 1039.37 1039.37 1039.37
1039.37

DIO0-169



* ISCLT3 - VERSION 95250 ** MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

**Fine Receptor Grid (l0xl~m) /1000 jig/m^3 SrcConc 08:36:17
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8* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

- ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)

(METERS) 1 -429.53 -419.53 -409.53 -399.53 -389.53 -379.53 -369.53 -359.53
-349.53
---- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

3074.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3064.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3054.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3044.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3034.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3024.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3014.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3004.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2994.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2984.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2974.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37

D10-170



**ISCLT3 - VERSION 95250 MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

**Fine Receptor Grid(lOxl~km)/1000 iig/MA3 Sr-cConc 08:36:17
PAGE

9 MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

0 **NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS:

Y-COORfl X-COORD (METERS:)
(METERS) 1 -339.53 -3:29. 53 -319.53 -309.53 -299.53 -289.53 -279.53 -269.53

-259.53

3074.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3064.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3054.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3044.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3034.73 1 1039.37 10399.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3024.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3014.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3004.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2994.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2984.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2974.73 1 1039.37 10:39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37

D1 0-171



ISCLT3 - VERSION 95250 MMR CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPF Met) 03/28/96

**Fine Receptor Grid (l0xl~m) /1000 ipg/m^3 SrcConc 08:36:17
PAGE

10* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*~NETWORK ID: COARSE ;NETWORK TYPE: GRIOCART

*ELEVATION HEIGHTS IN METERS

Y-COORD I X-COORD (METERS)

(METERS) 1 -249.53 -239.53 -229.53 -219.53 -209.53 -199.53 -189.53 -179.53
-169.53
-- -- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

3074.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3064.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3054.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3044.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3034.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3024.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3014.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
3004.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2994.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2984.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
2974.73 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37

D1 0-172



**IS CLT 3 - VERSION 95250 * **MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 W~IPP Met) 03/28/96

**Fine Receptor Grid (10xlom) /1000 Ipg/m'^3 Sr,.Conc 08:36:17
PAGE

SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METEILS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -609.53 -599.53 -589.53 -579.53 -569.53 -559.53 -549.53 -539.53

-529.53

3074.73 1 1.50 1.50 1.50 1.50 :.50 1.50 1.50 1.50
1.50

3064.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3054.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3044.73 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50
1.50

3034.73 1 1.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50
1.50

3024.73 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50
1.50

3014.73 I 1.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50
1.50

3004.73 I 1.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50
1.50

2994.73 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2984.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

2974.73 I 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50
1.50

D1 0-173



**ISCLT3 - VERSION 95250 MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

Fine Receptor Grid (l0xl~m) /1000 pg/m^3 SrcConc 08:36:17
PAGE

12
SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -519.53 -509.53 -499.53 -489.53 -479.53 -469.53 -459.53 -449.53

-439.53
-- -- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

3074.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3064.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3054.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3044.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3034.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3024.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3014.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3004.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2994.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2984.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2974.73 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

D1 0-174



ISCLT3 - VERSION 95250 MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

Fine Receptor Grid (l0xl~m) /1000 pg/m^3 SrcCc~nc 08:36:17
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13
SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORfl X-COORD (METERS)
(METERS) I -429.53 -419.53 -409.53 -399.53 -389.53 -379.53 -369.53 -359.53

-349.53

3074.73 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3064.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3054.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3044.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3034.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3024.73 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3014.73 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3004.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2994.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2984.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2974.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

DIO0-175



**ISCLT3 - VERSION 95250 **MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

Fine Receptor Grid (l0xl~m) /1000 pg/m^3 SrcConc 08:36:17
PAGE

14
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDEART 0
*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)

(METERS) I -339.53 -329.53 -319.53 -309.53 -299.53 -289.53 -279.53 -269.53

-259.53
-- - -- -- -- ------------------------------------------------------- -- -- -- ----------- - - - ----- - - ---- -- -- -- -----

3074.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3064.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3054.73 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3044.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3034.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3024.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3014.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3004.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2994.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2984.73 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2974.73 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

DIG-I176



ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WiIPP Met) 03/28/96

**Fine Receptor Grid (l0xl~m) /1000 pg/m't^3 SrcConc 08:36:17
PAGE
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* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART *

*RECEPTOR FLAGPOLE HEIGHTS IN METERS

Y-COORD I X-COORD (METERS)
(METERS) 1 -249.53 -239.53 -229.53 -219.53 -209.53 -199.53 -189.53 -179.53

-169.53

3074.73 1 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50
1.50

3064.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3054.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3044.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3034.73 11.50 1.50 1.50 1.50 1 .50 1.50 1.50 1.50
1.50

3024.73 11.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3014.73 11.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

3004.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

2994.73 11.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

2984.73 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

2974.73 1 1.50 1.50 1.50 1.50 1. 50 1.50 1.50 1.50
1.50

D1 0-177



ISCLT3 - VERSION 95250 ** MA~X CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

Fine Receptor Grid (10xl~m) /1000 pig/m^3 SrcConc 08:36:17
PAGE

1** MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

-* WIND PROFILE EXPONENTS

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000B-Ol

B .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01

C .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00

D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00

E .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00
F .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00

**VERTICAL POTENTIAL TEMPERATURE GRADIENTS *

(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .OOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOO0E+00 .OOOOOE+00
8 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 OOOODE+00
C OOOOO0E+00 OOOOO0E+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00
D .OOOOOE+00 OOOOO0E+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00
E .10000E-01 .10000E-01 .10000E-01 .10000E-01 .10000E-01 .10000E-01
F .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01

SAVERAGE AM4BIENT AIR TEMPERATURE (KELVIN) *

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY 0 CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000 288.8000 288.8000

D10-178



ISCLT3 - VERSION 95250 MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96
**Fine Receptor Grid (l0xl~m) /1000 pg/m^3 SrcConc 08:36:17

PAGE
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE MIXING LAYER HEIGHT (METERS)**

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.00,30 1435.0000 1435.0000
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.00,30 1435.0000 1435.0000
STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.00030 1435.0000 1435.0000

D1 0-179



ISCLT3 - VERSION 95250 ** **MAX CONCENTRATION AT WIPP SITE BOUNDARY (93 WIPP Met) 03/28/96

Fine Receptor Grid (l0xl~m) /1000 jig/m^3 SrcConc 08:36:17
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF COCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NMNE: WIPP NMNE: UNKNOWN
YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 M/S) C2.250 MIS) (4.050 M/S) C6.550 M/S) C9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
45.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
6'7.500 .00000000 .00017000 .00000000 .00000000 .00000000 .00000000
90.000 .00019600 .00034000 .00000000 .00000000 .00000000 .00000000

112.500 .00000000 .00034000 .00000000 .00000000 .00000000 .00000000
135.000 .00019600 .00136200 .00000000 .00000000 .00000000 .00000000
157.500 .00039200 .00238300 .00000000 .00000000 .00000000 .00000000
180.000 .00195900 .00187200 .00000000 .00000000 .00000000 .00000000
202.500 .00195900 .00153200 .00000000 .00000000 .00000000 .00000000
225.000 .00215500 .00221300 .00000000 .00000000 .00000000 .00000000
247.500 .00195900 .00119100 .00000000 .00000000 .00000000 .00000000
270.000 .00078400 .00085100 .00000000 .00000000 .00000000 .00000000
292.500 .00000000 .00068100 .00000000 .00000000 .00000000 .00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 M/S) C2.250 M/S) C4.050 MIS) C6.550 M/SC) 9.250 M/S) (12.500 MISC
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00019600 .00000000 .00000000 .00000000 .00000000 .00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
45.000 .00058800 .00017000 .00051100 .00000000 .00000000 .00000000
67.500 .00078400 .00085100 .00017000 .00000000 .00000000 .00000000
90.000 .00156700 .00102100 .00051100 .00000000 .00000000 .00000000

112.500 .00333100 .00306400 .00255300 .00000000 .00000000 .00000000

135.000 .00293900 .00425500 .00425500 .00000000 .00000000 .00000000
157.500 .00293900 .00766000 .00680900 .00000000 .00000000 .00000000
180.000 .00411400 .00697900 .00510600 .00000000 .00000000 .00000000
202.500 .00489800 .00646800 .00306400 .00000000 .00000000 .00000000
225.000 .00391800 .00459600 .00187200 .00000000 .00000000 .00000000

247.500 .00509400 .00527700 .00153200 .00000000 .00000000 .00000000
270.000 .00117600 .00170200 .00204300 .00000000 .00000000 .00000000
292.500 .00098000 .00187200 .00221300 .00000000 .00000000 .00000000
315.000 .00098000 .00102100 .00119100 .00000000 .00000000 .00000000
337.500 .00000000 .00017000 .00000000 .00000000 .00000000 .00000000
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

-** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\WP3CI93.STR FORMAT: FREE

SURFACE STATION NO.: 11:111 UPPER AIR STATION NC.: 11111
NAME: WIPP NME: UNKNOWN
YEAR: 1,993 YEAR: 1993

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY :2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 MIS) (2.250 M/S) (4.050 M/S) C6.550 MIS) (9.250 M/SI (12.500 M/S)
(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00039200 .00034000 .00000000 .00000000 .00000000) .00000000
22.500 .00019600 .00034000 .00034000 .00000000 .00000000) .00000000
45.000 .00000000 .00068100 .00238300 .00000000 .00000000) .00000000
67.500 .00098000 .00085100 .00102100 .00000000 .00000000) .00000000
90.000 .00137100 .00136200 .00187200 .00000000 .0000000o .00000000

112.500 .00450600 .00391500 .00629800 .00034000 .00000000 .00000000
135.000 .00352700 .00544700 .01787200 .00442600 .00000000 .00000000
157.500 .00450600 .00425500 .01123400 .00289400 .00000000 .00000000
180.000 .00293900 .00595700 .01089400 .00340400 .00017000 .00000000
202.500 .00176300 .00459600 .00595700 .00017000 .00000000 .00000000
225.000 .00313500 .00425500 .00187200 .00017000 .00000000 .00000000
247.500 .00156700 .00340400 .00459600 .00170200 .00000000 .00000000
270.000 .00195900 .00289400 .00204300 .00170200 .00034000 .00000000
292.500 .00137100 .00153200 .00221300 .00000000 .00000000 .00000000
315.000 .00039200 .00136200 .00221300 .00051100 .00000000 .00000000
337.500 .00000000 .00017000 .00034000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WJIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 MIS) (4.050 M/S) (6.550 M/S) C9.250 MIS) (12.500 M/S)
(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00000000 .0001700)0 .00017000 .00000000 .00000000 .00000000
22.500 .00000000 .00102100 .00119100 .00102100 .00034000 .00034000
45.000 .00039200 .00255300 .00493600 .00851100 .00153200 .00000000
67.500 .00078400 .00425500 .00595700 .00697900 .00068100 .00017000
90.000 .00313500 .00527700 .01293600 .00987200 .00119100 .00017000

112.500 .00372300 .01293600 .02706400 .01344700 .00136200 .00000000
135.000 .00372300 .0100430)0 .03285100 .04204300 .00306400 .00000000
157.500 .00176300 .00663800 .01855300 .01991500 .00238300 .00017000
180.000 .00274300 .00612800 .01072300 .00425500 .00051100) .00000000
202.500 .00117600 .00425500 .00731900 .00357400 .00000000 .00000000
225.000 .00019600 .00408500 .00510600 .00340400 .00136200 .00017000
247.500 .00058800 .00357400 .00595700 .01123400 .00306400 .00136200
270.000 .00058800 .00238300 .00527700 .00748900 .00357400 .00187200
292.500 .00039200 .00153200 .00221300 .00238300 .00102100 .00000000
315.000 .00000000 .00068100 .00204300 .00391500 .00136200 .00034000
337.500 .00000000 .00000000 .00034000 .00051100 .00000000 .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV ELGPOL

*-* FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: WIPP NAME: UNKNOWN
YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 MIS) (4.050 MIS) (6.550 M/S) (9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00034000 .00034000 .00000000 .00000000 .00000000
22.500 .00000000 .00017000 .00034000 .00000000 .00000000 .00000000
45.000 .00000000 .00085100 .00187200 .00000000 .00000000 .00000000
67.500 .00000000 .00170200 .00272300 .00000000 .00000000 .00000000
90.000 .00000000 .00272300 .00783000 .00000000 .00000000 .00000000

112.500 .00000000 .00680900 .02314900 .00000000 .00000000 .00000000
135.000 .00000000 .01123400 .02961700 .00000000 .00000000 .00000000
157.500 .00000000 .00868100 .01038300 .00000000 .00000000 .00000000
180.000 .00000000 .00323400 .00238300 .00000000 .00000000 .00000000
202.500 .00000000 .00340400 .00068100 .00000000 .00000000 .00000000
225.000 .00000000 .00221300 .00119100 .00000000 .00000000 .00000000
247.500 .00000000 .00187200 .00442600 .00000000 .00000000 .00000000
270.000 .00000000 .00034000 .00272300 .00000000 .00000000 .00000000
292.500 .00000000 .00068100 .00204300 .00000000 .00000000 .00000000
315.000 .00000000 .00085100 .00170200 .00000000 .00000000 .00000000
337.500 .00000000 .00034000 .00085100 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 M/S) (9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00051100 .00000000 .00000000 .00000000 .00000000
22.500 .00039200 .00187200 .00000000 .00000000 .00000000 .00000000
45.000 .00156700 .00374500 .00000000 .00000000 .00000000 .00000000
67.500 .00313500 .00476600 .00000000 .00000000 .00000000 .00000000
90.000 .00607400 .00748900 .00000000 .00000000 .00000000 .00000000

112.500 .01097200 .02059600 .00000000 .00000000 .00000000 .00000000
135.000 .01195100 .02348900 .00000000 .00000000 .00000000 .00000000
157.500 .01136400 .01293600 .00000000 .00000000 .00000000 .00000000
180.000 .00881700 .00561700 .00000000 .00000000 .00000000 .00000000
202.500 .00607400 .00357400 .00000000 .00000000 .00000000 .00000000
225.000 .00470200 .00493600 .00000000 .00000000 .00000000 .00000000
247.500 .00450600 .00510600 .00000000 .00000000 .00000000 .00000000
270.000 .00254700 .00272300 .00000000 .00000000 .00000000 .00000000
292.500 .00176300 .00238300 .00000000 .00000000 .00000000 .00000000
315.000 .00195900 .00238300 .00000000 .00000000 .00000000 .00000000
337.500 .00058800 .00187200 .00000000 .00000000 .00000000 .00000000

SUN OF FREQUENCIES, FTOTAL - .99999
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL

INCLUDING SOURCE(S): I ,2

~*NETWORK ID: COARSE ;NETWORK TYPE: GR:[DCART

CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORD (METERS)
(METERS) 1 -609.53 -599.53 -589.53 -579.53 -569.53 -559.53 -549.53 -539.53

-529.53

3074.73 1 .078429 .078223 .078015 .077806 .077595 .077381 .077167 .076950
.0767 31

3064.73 1 .078795 .078588 .078379 .078169 .077956 .077742 .077526 .077308
.077088

3054.73 1 .079164 .078956 .078746 .078534 .078321 .078105 .077888 .077669
.077448

3044.73 1 .079537 .079327 .079116 .078903 .078688 .078471 .078253 .078032
.077810

3034.73 1 .079912 .079701 .079489 .079275 .079058 .078840 .078620 .078399
.078175

3024.73 1 .080289 .080078 .079864 .079649 .079431 .079212 .078991 .078768
.078543

3014.73 1 .080670 .080457 .080243 .080026 .079808 .079587 .079365 .079141
.078914

3004.73 1 .081054 .080840 .080624 .080406 .080187 .079965 .079742 .079516
.079289

2994.73 1 .081441 .081226 .081009 .080790 .080569 .080346 .080121 .079894
.07 9665

2984.73 1 .081831 .081615 .081396 .081176 .080954 .080730 .080503 .0802'75
.080045

2974.73 1 .082224 .082006 .081787 .081565 .081342 .081116 .080889 .080659
.080428
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

STHE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2 0

**NETWORK ID: COARSE ;NETWORK TYPE: GRIOCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORD (METERS)
(METERS) I -519.53 -509.53 -499.53 -489.53 -479.53 -469.53 -459.53 -449.53

-439.53

3074.73 1 .076511 .076289 .076065 .075839 .075612 .075383 .075152 .074919
.074684

3064.73 1 .076866 .076643 .076418 .076191 .075962 .075731 .075499 .075265
.075029

3054.73 1 .077225 .077000 .076773 .076545 .076315 .076083 .075849 .075614
.075376

3044.73 I .077586 .077360 .077132 .076902 .076671 .076437 .076202 .075965

.075727
3034.73 1 .077949 .077722 .077493 .077262 .077029 .076795 .076558 .076320

.076080
3024.73 1 .078316 .078088 .077857 .077625 .077391 .077155 .076917 .076677

.076435
3014.73 1 .078686 .078456 .078225 .077991 .077755 .077517 .077278 .077037

.076793
3004.73 1 .079059 .078828 .078595 .078359 .078122 .077883 .077642 .077399

.077154
2994.73 1 .079435 .079202 .078967 .078730 .078492 .078251 .078009 .077764

.077518
2984.73 1 .079813 .079579 .079342 .079104 .078864 .078622 .078378 .078132

.077884
2974.73 1 .080194 .079958 .079721 .079481 .079239 .078996 .078750 .078503

.078253
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR.SOURCE GROUP: ALL **40INCLUDING SOURCE(S) : 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRANS/M**3 *

Y-COORfl I X-COORfl (METERS)
(METERS) I -429.53 -419.53 -409.53 -399.53 -389.33 -379.53 -369.53 -359.53

-349.53

3074.73 1 .074448 .074210 .073971 .073730 .0734137 .073242 .072996 .072748
.072498

3064.73 1 .074792 .074552 .074311 .074069 .073 824 .073578 .073330 .073080
.072829

3054.73 1 .075138 .0'74897 .074654 .074410 .0741,34 .073916 .073667 .073416
. 073163

3044.73 1 .075486 .0'75244 .075000 .074754 .07450)6 .074257 .074006 .073753
.0734 99

3034.73 I .075838 0C755 94 .075348 .075101 0714 851 .074601 .074348 .074093
.073837

3024.73 I .076192 .075946 . .075699 .075450 .0 119 .074947 .074692 .074436
.074178

3014.73 I .076548 .076301 .076053 .075802 .015550 .075295 .075039 .074782
.074522

3004.73 1 .076908 .076659 .076409 .076157 .015903 .075647 .075389 .075130
.074868

2994.73 I .077270 .077020 .076768 .076514 .016258 .076001 .075741 .075480
.075217

2984.73 1 .077634 .077383 .077129 .076874 .0766:.6 .076357 .076096 .075833
.075568

2974.73 1 .078002 .077749 .077493 .077236 .076917 .076716 .076453 .076189
.075922
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**MODELING OPTIONS USED: COMC RURAL ELEV FLGPOL

* THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL

INCLUDING SOURCE(S): 1 , 2 0

*~NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl I X-COORD (METERS)
(METERS) 1 -339.53 -329.53 -319.53 -309.53 -299.53 -289.53 -279.53 -269.53

-259.53
-- -- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- --

3074.73 1 .072247 .071994 .071739 .071483 .071225 .070966 .070705 .070442

.070178
3064.73 1 .072576 .072322 .072065 .071807 .071548 .071287 .071024 .070759

.0704 93
3054.73 1 .072908 .072652 .072394 .072134 .071873 .071610 .071345 .071079

.070811
3044.73 1 .073242 .072984 .072725 .072463 .072200 .071935 .071669 .071401

.071131
3034.73 1 .073579 .073319 .073058 .072795 .072530 .072264 .071995 .071726

.071454
3024.73 1 .073919 .073657 .073394 .073129 .072863 .072594 .072324 .072053

.071779
3014.73 1 .074260 .073997 .073732 .073466 .073197 .072927 .072656 .072382

.072107
3004.73 1 .074605 .074340 .074074 .073805 .073535 .073263 .072989 .072714

.072437
2994.73 1 .074952 .074685 .074417 .074147 .073875 .073601 .073325 .073048

.072769
2984.73 1 .075301 .075033 .074763 .074491 .074217 .073941 .073664 .073385

.073104
2974.73 1 .075654 .075383 .075111 .074837 .074562 .074284 .074005 .073724

.07 3441
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

STHE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

,*NETWORK ID: COARSE ;NETWORK TYPE: GR.rDCART

*CONC OF ANY IN MICROGRAMS/M**~3

Y-COORD X-COORD (METERS)
(METERS) 1 -249.53 -239.53 -229.53 -219.53 -209.!3 -199.53 -189.53 -179.53

-169.53

3074.73 1 .069912 .069645 .069376 .069105 .0688--3 .068560 .068285 .068008
.067730

3064.73 1 .070226 .069956 .069686 .069413 .069140 .068864 .068587 .068309
.068029

3054.73 1 .070542 .070271 .069998 .069724 .069448 .069171 .068892 .068612
.068330

3044.73 1 .070860 .070587 .070313 .070037 .069759 .069480 .069199 .068917
.068633

3034.73 1 .071181 .070906 .070630 .070352 .070073 .069792 .069509 .069225

.068939
3024.73 1 .071504 .071228 .070950 .070670 .070368 .070105 .069821 .069535

.069247
3014.73 1 .071830 .071552 .071272 .070990 .0707C6 .070421 .070135 .069847

.069557
3004.73 1 .072158 .071878 .071596 .071312 .071027 .070740 .070451 .070161

.069869
2994.73 1 .072489 .072206 .071922 .071637 .071349 .071060 .070770 .070478

.070184
2984.73 1 .072821 .072537 .072251 .071963 .071674 .071383 .071091 .070796

.070501
2974.73 1 .073157 .072870 .072582 .072293 .0720C1 .071708 .071414 .071117

.0708 19
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

STHE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE

1. .082224 AT ( -609.53, 2974.73) GC 6. .081565 AT C -579.53, 2974.73) GC
2. .082006 AT ( -599.53, 2974.73) GC 7. .081441 AT ( -609.53, 2994.73) GC
3. .081831 AT ( -609.53, 2984.73) GC 8. .081396 AT ( -589.53, 2984.73) GC

4. .081787 AT ( -589.53, 2974.73) GC 9. .081342 AT ( -569.53, 2974.73) GC
5. .081615 AT ( -599.53, 2984.73) GC 10. .081226 AT C -599.53, 2994.73) GC

SRECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR
DC - DISCCART
DP - DISCPOLR
BD BOUNDARY
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summary : ISCLT3 Model Execution**

------Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational. Message(s)

SFATAL ERROR MESSAGES
** NONE ***

WARNING MESSAGES ****

*NONE

SISCLT3 Finishes Successfully**
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**TRINITY DOWNWASH FILE NAME: C:\MODELS\EXFAN.WAK

CO STARTING

CO TITLEONE HMX CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met)

CO TITLETWO Fine Rkceptor Grid (10xl~m) /1000 pg/=m3 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAN 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILDWID 1 30.72 30.72 7.29 31.62

SO BUILDHGT 2 11.22 11.22 11.22 0.00 6.55 6.55

S0'BUILDHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO EMISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -209.53 45 10.00 2978.51 11 10.00

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDOART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50

RE GRI1CART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50

RE GRIDCART COARSE FLAG 4 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50O 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIWCART COARSE FLAG 4' 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRID)CART COARSE FLAG 4 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 4 1.50

RE GRIDCART COARSE FLAG 5 1.50 .1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1,50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE. FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIJEART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3:1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLG 11 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIOCART COARSE ELEV 1 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 1 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDEART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 2 3420.00 3420.00 3420.00 3420.00

RE GRIOCART COARSE ELEV 2 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDOART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDOART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 3 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00
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RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 4 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE, ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDOART COARSE ELEV 5 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 5 3420.00

RE GRIDCART COARSE ELEV 6 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.013 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.030 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.013 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.010 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.01) 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.00) 3420.00 3420.00 3420.00

RE GRIDOART COARSE ELEV 6 3420.00) 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.01) 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.00) 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 6 3420.01)

RE GRIDCART COARSE ELEV 7 3420.01) 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7- 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00) 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00
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RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 7 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDGART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 8 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDGART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 9 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.G0 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 10 3420.00
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RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00 3420.00 3420.00 3420.00

RE GRIDCART COARSE ELEV 11 3420.00

RE GRIDCART COARSE END

RE FINISHED

ME STARTING

ME INPUTFIL C:\MODELS\MET\CBD9O.STR (7X,6F7. 5)

ME ANENHGHT 10.000 METERS

ME SURFDATA 11111 1990 CARLSBAD

ME UAIRDATA 11111 1990

ME STARflATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXNT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXNT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTHETAflZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAflZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAflZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01 0.01 0.01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

OU RECTABLE SRCGRP

OU MAXTABLE 10 SRCGRP

OU PLOTFILE ANNUAL ALL C:\MODELS\ADM4\ADMFC9OB.GPH 70

OU FINISHED

SETUP Finishes Successfully *
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**ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96
Fine Receptor Grid (10xl~m) /1000 pg/m^3 SrcC.,nc 14:21:10

PAGE

MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** MODEL SETUP OPTIONS SUMMARN

**Model Is Setup For Calculation of Average CONCentration Values.
**Model Does NOT Use GRIDOED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 3 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 2
and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 2
and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 495 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

Ou~tput Options Selected:
Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keywordj
Model Outputs External File(s) of Long Term Values for Plotting (PIOTFILE Keyword)

**Misc. Inputs: Anem. Hgt. (in) - 10.10 Decay Coef. = .0000 ; Rot. Angle - .0
Emission Units - GRAMS/SEC ;Emission Rate Unit Factor .10000OE+07

Output Units - MICROGRAMS/M**3

**Input Runstream File: ADMFC9OB.DAT ;**Output Print File: ADMFC9OB.LST
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2
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** POINT SOURCE DATA

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) )DEG.K) (M/SEC) (METERS) BY

1 0 .1-0ED .0 .0 109. 8.2 28.8 4.6 4.4 YES -----------------

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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11MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SSOURCE IDs DEFINING SOURCE GROUP.S

GROUP ID SOURCE IDs

ALL 12
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** DIRECTION SPECIFIC BUILDING DIMENSIONS

SOURCE ID: 1
IFV BH BW WAK IFV BN BW WAK IFV BE{ BW WAK IFV BM BW WAK

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 0 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 B 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, 0 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 0 16 6.6, 31.6, 0

SOURCE ID: 2
IFV BH BW WAK IEV EH BW WAX 1EV BH BW WAR IEV BN 8W WAK

1 11.2, 10.5, 0 2 11.2, 11.B, 0 3 11.2, 12.7, 0 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, 0 12 .0, .0, 0

13 6.6, 26.8, 0 14 6.6, 33.4, 0 15 6.6, 35.0, 0 16 6.6, 33.7, 0
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** GRIDDED RECEPTOR NETWORK SUMMARY

**NETWORK ID: COARSE ;NETWORK TYPE: GRI0CART

SX-COORDINATES OF GRID
(METERS)

-209.5, -199.5, -189.5, -179.5, -169.5, -159.5, -149.5, -139.5, -129.5, -119.5,
-109.5, -99.5, -89.5, -79.5, -69.5, -59.5, -49.5, -39.5, -29.5, -19.5,

-9.5, .5, 10.5, 20.5, 30.5, 40.5, 5C.5, 60.5, 70.5, 80.5,
90.5, 100.5, 110.5, 120.5, 130.5, 140.5, 15C.5, 160.5, 170.5, 180.5,

190.5, 200.5, 210.5, 220.5, 230.5,

SY-COORflINATES OF GRID**
(METERS)

2978.5, 2988.5, 2998.5, 3008.5, 3018.5, 3028.5, 3038.5, 3048.5, 3058.5, 3068.5,
3078.5,
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

ELEVATION HEIGHTS IN METERS

Y-COORD IX-COORD (METERS)
(METERS) 1 -209.53 -199.53 -189.53 -179.53 -169.53 -159.53 -149.53 -139.53

-129.53

3078.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3068.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3058.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3048.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3038.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3028.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3018.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3008.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

2998.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

2988.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

2978.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SNETWORK ID: COARSE ;NETWORK TYPE: 13RIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -119.53 -1.09.53 -99.53 -89.53 -19.53 -69.53 -59.53 -49.53

-39.53

3078.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3068.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3058.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3048.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3038.51 1 1042.42 10)42.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3028.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3018.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3008.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
2998.51 1 1042.42 1042.42 1042.42 1642.42 1042.42 1042.42 1042.42 1042.42

1042.42
2988.51 1 1042.42 1042.42 1042.42 1042.42 1042.412 1042.42 1042.42 1042.42

1042.42
2978.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)
(METERS) 1 -29.53 -19.53 -9.53 .47 10.47 20.47 30.47 40.47

50.47

3078.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3068.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3058.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3048.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3038.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3028.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3018.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3008.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

2998.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

2988.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

2978.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: G-RIDflRT

*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORfl (METERS)
(METERS) 1 60.47 '70. 47 80.47 90.47 100.47 110.47 120.47 130.47

140.47

3078.51 I 1042.42 10412.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3068.51 I 1042.42 10412.42 1042.42 1042.42 1042. 42 1042.42 1042.42 1042.42
1042.42

3058.51 I 1042.42 10412.42 1042.42 1042.42 104:2.42 1042.42 1042.42 1042.42
1042.42

3048.51 1 1042.42 10412.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3038.51 1 1042.42 10412.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42
1042.42

3028.51 1 1042.42 10412.42 1042.42 1042.42 104:2. 42 1042.42 1042.42 1042.42
1042.42

3018.51 1 1042.42 10412.42 1042.42 1042.42 1042. 42 1042.42 1042.42 1042.42
1042.42

3008.51 1 1042.42 10412.42 1042.42 1042.42 1042. 42 1042.42 1042.42 1042.42
1042.42

2998.51 1 1042.42 10412.42 1042.42 1042.42 1042. 42 1042.42 1042.42 1042.42
1042.42

2988.51 1 1042.42 10412.42 1042.42 1042.42 1042. 42 1042.42 1042.42 1042.42
1042.42

2978.51 1 1042.42 10412.42 1042.42 1042.42 1042. 42 1042.42 1042.42 1042.42
1042.42
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**0 MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORfl X-COORfl (METERS)
(METERS) 1 150.47 160.47 170.47 180.47 190.47 200.47 210.47 220.47

230.47

3078.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3068.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3058.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3048.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3038.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3028.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3018.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
3008.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
2998.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
2988.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
2978.51 1 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42 1042.42

1042.42
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: cRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS

Y-COORl I X-COORD (METERS)
(METERS) 1 -209.53 -199.53 -189.53 -179.53 -169.53 -159.53 -149.53 -139.53

-129.53

3078.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3068.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3058.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3048.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3038.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3028.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3018.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3008.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2998.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2988.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2978.51 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

D1 0-209



ISCLT3 - VERSION 95250 MA~X CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96

Fine Receptor Grid (10xl~m) /1000 jig/m^3 SrcConc 14:21:10
PAGE

12
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -119.53 -109.53 -99.53 -89.53 -79.53 -69.53 -59.53 -49.53

-39.53

3078.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3068.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3058.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3048.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3038.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3028.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3018.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3008.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2998.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2988.51 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
2978.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIJ)CART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)

(METERS) I -29.53 -19.53 -9.53 .47 10.47 20.47 30.47 40.47

50.47
------- - -- -- ---------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

3078.51 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3068.51 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
3058.51 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
3048.51 1 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
3038.51 1 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50

3028.51 I1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
3018.51 I1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
3008.51 t1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
2998.51 I1.50 1.50 1.50 1.50 1.!50 1.50 1.50 1.50

1.50
2988.51 I1.50 1.50 1.50 1.50 1.!50 1.50 1.50 1.50

1.50
2978.51 I1.50 1.50 1.50 1.50 1.50o 1.50 1.50 1.50

1.50
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART 0
*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD IX-COORD (METERS)
(METERS) 1 60.47 70.47 80.47 90.47 100.47 110.47 120.47 130.47

140.47

3078.51 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3068.51 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3058.51 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3048.51 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3038.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3028.51 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

3018.51 I1.50 1.50 1,50 1.50 1.50 1.50 1.50 1.50
1.50

3008.51 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2998.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2988.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

2978.51 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50
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**MODELING OPTIONS USED: CONC RURAL ELEV 8'LGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR F'LAGPOLE HEIGHTS IN METEF'S

Y-COORD I X-COORD (METERS)
(METERS) 1 150.47 160.47 170.47 180.47 190.47 200.47 210.47 220.47

230.47
-------- -- -- ------------------------------------------------------ - -- -- ---------- - --------- -- - - -- -- -- -----

3078.51 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50
1.50

3068.51 1 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50
1.50

3058.51 1 1.50 1.50 1.50 1.50 1L.50 1.50 1.50 1.50
1.50

3048.51 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50
1.50

3038.51 I1.50 1.50 1.50 1.50 :1. 5D 1.50 1.50 1.50
1.50

3028.51 1 1.50 1.50 1.50 1.50 :1 .50 1.50 1.50 1.50

1.50
3018.51 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
3008.51 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
2998.51 1 1.50 1.50 1.50 1.50 :1. 50 1.50 1.50 1.50

1.50
2988.51 1 1.50 1.50 1.50 1.50 :1.50 1.50 1.50 1.50

1.50
2978.51 11.50 1.50 1.50 1.50 1. 5D 1.50 1.50 1.50

1.50

D1 0-213



* ISCLT3 - VERSION 95250 MA* ~ X CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96

**Fine Receptor Grid (l0xl~m) /1000 jig/m^3 SrcConc 14:21:10
PAGE

**MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY

(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

SWIND PROFILE EXPONENTS**

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01

B .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01

C .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00

D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00

E .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00

*VERTICAL POTENTIAL TEMPERATURE GRADIENTS *

(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4 5 6

A .OOOOOE+00 .OOOOOE+00. .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

B .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 OOOOE4-00 .OOOOOE+00 .OOOOOE+00

C .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 ODOOOOE+00 .OOOOOE+00

D .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

E .10000E-01 .10000E-01 .10000E-01 .10000E-01 .10000E-01 .10000E-01

F .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01

** AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY

CATEGORY A CATEGORY B CATEGORY C CATEGORY D CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000 288.8000 288.8000
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SAVERAGE MIXING LAYER HEIGHT (METERS) *

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MFT\CBD9O.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAME: UNKNOWN
YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 M/S) )9.250 M/S) (12.500 MIS)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00064000 .00083000 .00000000 .00000000 .00000000 .00000000
22.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000
45.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000
67.500 .00048000 .00035000 .00000000 .00000000 .00000000 .00000000
90.000 .00094000 .00095000 .00000000 .00000000 .00000000 .00000000

112.500 .00057000 .00047000 .00000000 .00000000 .00000000 .00000000
135.000 .00126000 .00083000 .00000000 .00000000 .00000000 .00000000
157.500 .00045000 .00059000 .00000000 .00000000 .00000000 .00000000
180.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000
202.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000
225.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000
247.500 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000
270.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000
292.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
337.500 .00036000 .00047000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 MIS) C4.050 M/S) (6.550 M/S) C9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00103000 .00213000 .00189000 .00000000 .00000000 .00000000
22.500 .00130000 .00213000 .00071000 .00000000 .00000000 .00000000
45.000 .00083000 .00177000 .00118000 .00000000 .00000000 .00000000
67.500 .00118000 .00307000 .00106000 .00000000 .00000000 .00000000
90.000 .00169000 .00284000 .00130000 .00000000 .00000000 .00000000

112.500 .00105000 .00402000 .00189000 .00000000 .00000000 .00000000
135.000 .00116000 .00556000 .00355000 .00000000 .00000000 .00000000
157.500 .00225000 .00721000 .00343000 .00000000 .00000000 .00000000
180.000 .00248000 .00520000 .00343000 .00000000 .00000000 .00000000
202.500 .00039000 .00071000 .00095000 .00000000 .00000000 .00000000
225.000 .00043000 .00095000 .00012000 .00000000 .00000000 .00000000
247.500 .00009000 .00059000 .00024000 .00000000 .00000000 .00000000
270.000 .00035000 .00047000 .00035000 .00000000 .00000000 .00000000
292.500 .00045000 .00024000 .000240b0 .00000000 .00000000 .00000000
315.000 .00034000 .00130000 .00012000 .00000000 .00000000 .00000000
337.500 .00071000 .00189000 .00071000 .00000000 .00000000 .00000000
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*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\CBD90.STR FORMAT: (7X,6F7.51

SURFACE STATION No.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAM: UNKNOWN
YEAR: 1990 YEAF.: 1990

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED VIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION ( 1.000 M/S) (2.250 M/S) C4.050 M/S) (6.550 M/S) C9.250 MIS) (12.500 MIS)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00080000 .00366000 .00816000 .00248000 .00012000 .00000000
22.500 .00035000 .00284000 .00343000 .00059000 .00000000 .00000000
45.000 .00025000 .00319000 .00118000 .00012000 .00000000 .00000000
67.500 .00036000 .00296000 .00130000 .00000000 .00000000 .00000000
90.000 .00056000 .00390000 .00343000 .00071000 .00000000 .00000000

112.500 .00067000 .00366000 .00473000 .00142000 .00000000 .00000000
135.000 .00029000 .00366000 .01017000 .00355000 .00012000 .00000000
157.500 .00069000 .00556000 .01324000 .00248000 .00035000 .00000000
180.000 .00040000 .00508000 .01206000 .00284000 .00024000 .00000000
202.500 .00034000 .00106000 .00106000 .00071000 .00000000 .00000000
225.000 .00016000 .00047000 .00047000 .00012000 .00024000 .00000000
247.500 .00030000 .00059000 .00177000 .00083000 .00071000 .00047000

270.000 .00047000 .00118000 .00225000 .00213000 .00165000 .00071000
292.500 .00031000 .00071000 .00083000 .00083000 .00024000 .00000000
315.000 .00035000 .00118000 .00095000 .00035000 .00000000 .00000000
337.500 .00033000 .00095000 .00189000 .00059000 .00012000 .00000000

ANNUAL: STAB3ILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WTIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION 1 1.000 M/S) ( 2,250 MIS) 4.050 M/S, 6.550 M/S) 1 9.250 M/S) (12.*500 M/S)

(DEGREES) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

.000 .00043000 .00461000 .00875000 .01572000 .00307000 .00059000

22.500 .00042000 .00248000 .00402000 .00449000 .00047000 .00035000

45.000 .00044000 .00284000 .00496000 .00343000 .00035000 .00012000

67.500 .00037000 .00177000 .00366000 .00201000 .00000000 .00000000
90.000 .00058000 .00307000 .00579000 .00496000 .00035000 .00000000

112.500 .00042000 .00248000 .00603000 .00378000 .00035000 .00000000
135.000 .00100000 .00556000 .01312000 .01820000 .00201000 .00059000
157.500 .00073000 .00520000 .02506000 .02376000 .00225000 .00024000

180.000 .00096000 .00496000 .01962000 .01466000 .00071000 .00047000

202.500 .00028000 .00225000 .00319000 .00366000 .00118000 .00035000
225.000 .00064000 .00201000 .00390000 .00319000 .00106000 .00024000

247.500 .00034000 .00130000 .00544000 .01253000 .00532000 .00189000
270.000 .00021000 .00307000 .00768000 .02624000 .01548000 .00662000

292.500 .00049000 .00165000 .00402000 .00922000 .00213000 .00071000

315.000 .00039000 .00213000O .00366000 .00485000 .00047000 .00012000

337.500 .00046000 .00307000 .00721000 .00969000 .00414000 .00059000

Dl 0-217



ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96

**Fine Receptor Grid (l0xl~m) /1000 pig/m^3 SrcConc 14:21:10
PAGE

20
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\CBD90.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: CARLSBAD NAME: UNKNOWN
YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION (1.000 MIS) (2.250 M/S) C4.050 M/S) C6.550 M/S) (9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00390000 .00473000 .00000000 .00000000 .00000000
22.500 .00000000 .00130000 .00130000 .00000000 .00000000 .00000000
45.000 .00000000 .00071000 .00118000 .00000000 .00000000 .00000000
67.500 .00000000 .00118000 .00154000 .00000000 .00000000 .00000000
90.000 .00000000 .00165000 .00189000 .00000000 .00000000 .00000000

112.500 .00000000 .00154000 .00236000 .00000000 .00000000 .00000000
135.000 .00000000 .00414000 .00863000 .00000000 .00000000 .00000000
157.500 .00000000 .00721000 .01797000 .00000000 .00000000 .00000000
180.000 .00000000 .01005000 .02364000 .00000000 .00000000 .00000000
202.500 .00000000 .00284000 .00934000 .00000000 .00000000 .00000000
225.000 .00000000 .00366000 .00792000 .00000000 .00000000 .00000000
247.500 .00000000 .00236000 .01206000 .00000000 .00000000 .00000000
270.000 .00000000 .00390000 .01478000 .00000000 .00000000 .00000000
292.500 .00000000 .00461000 .01229000 .00000000 .00000000 .00000000
315.000 .00000000 .00260000 .00603000 .00000000 .00000000 .00000000
337.500 .00000000 .00154000 .00402000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION (1.000 M/S) C2.250 M/S) (4.050 M/S) )6.550 M/S) C9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00468000 .00993000 .00000000 .00000000 .00000000 .00000000
22.500 .00242000 .00520000 .00000000 .00000000 .00000000 .00000000
45.000 .00155000 .00201000 .00000000 .00000000 .00000000 .00000000
67.500 .00120000 .00248000 .00000000 .00000000 .00000000 .00000000
90.000 .00258000 .00390000 .00000000 .00000000 .00000000 .00000000

112.500 .00174000 .00461000 .00000000 .00000000 .00000000 .00000000
135.000 .00246000 .00745000 .00000000 .00000000 .00000000 .00000000
157.500 .00425000 .01430000 .00000000 .00000000 .00000000 .00000000
180.000 .00608000 .02352000 .00000000 .00000000 .00000000 .00000000
202.500 .00264000 .00981000 .00000000 .00000000 .00000000 .00000000
225.000 .00254000 .00674000 .00000000 .00000000 .00000000 .00000000
247.500 .00388000 .00768000 .00000000 .00000000 .00000000 .00000000
270.000 .00378000 .01312000 .00000000 .00000000 .00000000 .00000000
292.500 .00431000 .01678000 .00000000 .00000000 .00000000 .00000000
315.000 .00265000 .00827000 .00000000 .00000000 .00000000 .00000000
337.500 .00287000 .00603000 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL - .99995
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SMODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONG OF ANY IN MICROGRAMS/M**3 *

Y-COORD IX-COORD (METERS)
(METERS) 1 -209.53 -199.53 -189.53 -179.53 -169.53 -159.53 -149.53 -139.53

-129.53
-------- -- -- ------------------------------------------------- - -- -- ------------ - - --- - - -- -- -- ---

3078.51 1 .111547 .111800 .112052 .112301 .112549 .112795 .113039 .113282
.113 522

3068.51 1 .112035 .112290 .112544 .112796 .1131045 .113294 .113540 .113784
.114027

3058.51 1 .112527 .112764 .113040 .113294 .113546 .113796 .114044 .114290
.114535

3048.51 1 .113023 .113282 .113540 .113795 .11'1049 .114301 .114552 .114800
.11504 7

3038.51 1 .113522 .113783 .114043 .114301 .1141557 .114811 .115064 .115314
.115563

3028.51 1 .114025 .114288 .114550 .114810 .115068 .115325 .115579 .115832

.116082
3018.51 1 .114531 .11.4797 .115061 .115323 .115584 .115842 .116099 .116353

.116606
3008.51 1 .115041 .115309 .115576 .115840 .116102 .116363 .116622 .116878

.117134
2998.51 1 .115556 .115826 .116094 .116361 .116626 .116888 .117149 .117408

.117665
2988.51 1 .116074 . 116346 .116617 .116886 .117153 .117418 .117681 .117942

.118201
2978.51 1 .116596 .116871 .117144 .117415 .117684 .117951 .118217 .118480

.118741
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

STHE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL

INCLUDING SOURCE(S): 1 , 2 10

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl I X-COORD (METERS)
(METERS) 1 -119.53 -109.53 -99.53 -89.53 -79.53 -69.53 -59.53 -49.53

-39.53
-- - -- -- -- ------------------------------------------------ - - ----------- - - - ----- - - --- -- -- -- -- ---

3078.51 ) .113761 .113998 .114233 .114467 .114698 .114927 .115155 .115380

.115605
3068.51 1 .114267 .114507 .114744 .114979 .115212 .115443 .115672 .115900

.116125
3058.51 I .114778 .115018 .115258 .115494 .115729 .115963 .116194 .116423

.116650
3048.51 1 .115292 .115534 .115775 .116014 .116252 .116486 .116719 .116950

.117179
3038.51 1 .115809 .116054 .116297 .116538 .116777 .117014 .117249 .117482

.117712
3028.51 1 .116331 .116578 .116823 .117066 .117306 .117545 .117782 .118017

.118249
3018.51 1 .116857 .117106 .117353 .117597 .117840 .118081 .118320 .118557

.118791
3008.51 1 .117386 .117637 .117886 .118133 .118378 .118620 .118861 .119099

.119336
2998.51 I .117920 .118173 .118424 .118673 .118920 .119165 .119407 .119648

.119886
2988.51 I .118458 .118713 .118966 .119217 .119466 .119712 .119958 .120200

.120441
2978.51 I .119000 .119258 .119512 .119766 .120017 .120265 .120513 .120756

.120999
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRIJDCART

CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD IX-COORl (METERS)

(METERS) -29.53 -19. 53 -9.53 .47 10.47 20.47 30.47 40.47

50.47
-------- -- -- ------------------------------------------------- - -- -- ------------ - - --- - - -- -- -- ---

3078.51 1 .115827 .116046 .116264 .116487 .115839 .115235 .114628 .114021

.113413
3068.51 1 .116349 .1:16570 .116788 .117015 .11,5364 .115753 .115142 .114530

.113916
3058.51 1 .116876 .1:17100 .117319 .117547 .116889 .116275 .115659 .115042

.114423
3048.51 1 .117406 .117632 .117855 .118083 .11*7417 .116800 .116181 .115559

.114936
3038.51 1 .117941 .1:18168 .118395 .118624 .117953 .117328 .116703 .116079

.115450
3028.51 1 .118480 .118708 .118936 .119168 .1113493 .117862 .117229 .116595

.115965
3018.51 1 .119023 .1:19254 .119480 .119717 .119035 .118400 .117762 .117123

.116483
3008.51 1 .119570 .119803 .120033 .120269 .119580 .118942 .118299 .117655

.117009
2998.51 1 .120122 .120356 .120590 .120827 .120134 .119488 .118840 .118191

.117540
2988.51 1 .120678 .120915 .121151 .121389 .12,0692 .120039 .119387 .118733

.118076
2978.51 1 .121239 .121477 .121714 .121955 .121251 .120595 .119937 .119277

118616
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2 0

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORD (METERS)
(METERS) 1 60.47 70.47 80.47 90.47 100.47 110.47 120.47 130.47

140.47
-- -- -- -- --------------------------------------------------------- -- -- -- ----------- - - - ----- - - ----- -- -- -- ---

3078.51 1 .112803 .112191 .111578 .110964 .110349 .109732 .109114 .108494

.107874
3068.51 I .113302 .112685 .112067 .111448 .110828 .110206 .109584 .108959

.108334
3058.51 1 .113804 .113183 .112560 .111936 .111311 .110684 .110057 .109428

.108797
3048.51 1 .114311 .113684 .113057 .112428 .111797 .111166 .110533 .109899

.109264
3038.51 1 .114821 .114189 .113557 .112923 .112287 .111651 .111013 .110374

.109733
3028.51 1 .115329 .114698 .114061 .113422 .112781 .112139 .111496 .110852

.110206
3018.51 1 .115840 .115197 .114560 .113925 .113279 .112632 .111984 .111334

.110683
3008.51 1 .116362 .115714 .115064 .114412 .113769 .113116 .112474 .111819

.111163
2998.51 1 .116889 .116234 .115579 .114923 .114264 .113605 .112956 .112295

.111647
2988.51 1 .117418 .116759 .116099 .115437 .114773 .114108 .113442 .112774

.112106
2978.51 1 .117953 .117288 .116622 .115954 .115285 .114615 .113944 .113271

.112596
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**MODELING OPTIONS USED: CONG RURAL ELEV FLGPOL

**THE: ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*CONG OF ANY IN MICROGRAMS/M*0,3

Y-COORD IX-COORfl (METERS)
(METERS) I 150.47 160.47 170.47 180.47 190.47 200.47 210.47 220.47

230.47

3078.51 1 .107252 .1106630 .106006 .105381 .104757 .104130 .103504 .102876
.102247

3068.51 1 .107708 .107080 .106452 .105822 .105191 .104560 .103928 .103295
.102662

3058.51 1 .108166 .1107534 .106900 .106265 .105620 .104993 .104356 .103717
.103078

3048.51 1 .108628 .107990 .107352 .106712 .106071 .105429 .104787 .104143
.103499

3038.51 1 .109092 .1108450 .107806 .107162 .106516 .105869 .105221 .104572
.103923

3028.51 1 .109560 .1108912 .108263 .107614 .106963 .106311 .105658 .105004
.104350

3018.51 I .110031 .109378 .108724 .108069 .107412 .106755 .106098 .105439

.104779
3008.51 1 .110506 .1139848 .109188 .108528 .107866 .107203 .106540 .105876

.105211
2998.51 1 .110985 .110321 .109656 .108990 .108323 .107655 .106986 .106316

.105646
2988.51 1 .111451 .110781 .110128 .109456 .108784 .108110 .107436 .106760

.106084
2978.51 1 .111921 .111244 .110585 .109907 .109247 .108568 .107889 .107208

.106526
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ISCLT3 - VERSION 95250 * MAX CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96
SFine Receptor Grid (l0xl~m) /1000 pg/m^3 SrcConc 14:21:10
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**~THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RANK CONC AT RECEPTOR (XR, YR) OF TYPE RANK CONC AT RECEPTOR (XR, YR) OF TYPE

-- -- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- --

1. .121955 AT ( .47, 2978.51) GC 6. .121239 AT ( -29.53, 2978.51) GC

2. .121714 AT ( -9.53, 2978.51) GC 7. .121151 AT ( -9.53, 2988.51) GC
3. .121477 AT ( -19.53, 2978.51) GC 8. .120999 AT C -39.53, 2978.51) GC
4. .121389 AT ) .47, 2988.51) GC 9. .120915 AT ) -19.53, 2988.51) GC
5. .121251 AT ( 10.47, 2978.51) GC 10. .120827 AT C.47, 2998.51) GC

SRECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR
D- DISCCART

DP - DISCPOLR
BD - BOUNDARY
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* ISCLT3 - VERSION 95250 MA **?X CONCENTRATION AT WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96

**Fine Receptor Grid (l0xlkm) /1000 pg/mA3 Sr-Cconc 14:21:10
PAGE
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summary : ISCLT3 Model Execution

------Summary of Total Messages ---------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message Cs)
A Total of 0 Informational. Message(s)

SFATAL ERROR MESSAGES ****

*** NONE ***

WARNING MESSAGES
**NONE

SISCLT3 Finishes Successfully
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*** TRINITY DOWNWASH FILE NAME: C:\MODE-LS\X'AN.WAK

Co STARTING

CO TITLEONE b9AX CONCENTRATION INSIDE WIPP SITE BOUNDARY (93 WIPP Not)

CO TITLETWO Fine Receptor Grid (10xl~m) /1000 pW/mA"3 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.37

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.100000 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 .6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 .00 .00 13.05 .00

SO BUILDWID 1 30.72 30.72 7.29 31.62

SO BUILDHGT 2 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILOWID 2 26.82 33.44 34.97 33.72

SO EMISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -100 22 10.00 -20.00 22 10.00

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE RIOARTCOASE FLAG 6 1.50 15

RE GRIDCART COARSE FLG7 153 1.50 1.0 .5

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.0 .5

RE GRIDCART COARSE FLAG 7 .(3 5 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.5(0 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.5(3 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 8 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 13 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 15 1. 50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50

RE GRIOCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIWCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21- 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 21 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.150 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.150 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.150 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 22 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 22 1.50 1.50 1.50 1.50

RE GRIDCAR.T COARSE FLAG 22 1.50 1.50

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDEART COARSE ELEV 2 3410.00 3410.00

RE: GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 4 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE E-LEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00- 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 6 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00
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RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00

RE GRIDCART COARSE ELEV a 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV a 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV a 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV a 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00

RE GRIDCPRT COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13- 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00

RE GRIDOART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00
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RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00

RE GRIDGART COARSE ELEV 15 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 15 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00

RE GRIOCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDOART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00

RE GRIDCART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 20 3410.00 3410.00
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RE GRIDCART COARSE ELEV 21 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.130 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.100 3410.00

RE GRIDCART COARSE ELEV 22 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.100 3410.00

RE GRIDCART COARSE END

RE FINISHED

ME STARTING

NE INPUTFIL C:\MODELS\MET\WP3093.STRt FREE

ME ANEMHGHT 10.000 METERS

ME SURFDATA 11111 1993 WIPP

ME UAIRDATA 11111 1993

ME STARDATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

ME AVETEMPS ANNUAL 268.80 288.80 2883.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME DTHETAlZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAlZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETAlZ E 0.01 0.01 0.01 0.01 0.01 0.01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

OU RECTABLE SRCGRP

OU MAXTABLE 10 SRCGRP

OU PLOTFILE ANNUAL ALL C:\MODELS\AD?4\AflMFW93A.GPH 70

OU FINISHED

**SETUP Finishes Successfully

DIO0-233



DlI0-234



ISCLT3 - VERSION 95250 MA~?WX CONCENTRATION INSIDE WIPP SITE BOUNDARY (93 WIPP Met) 03/27/96
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.

**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 484 Receptor(s)

**The Model Assumes A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**output Options Selected:

Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyaord)

Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)
Model Outputs External File(s) of Long Term Values for Plotting (PE.OIFILE Keyword)

**Misc. Inputs: Anem. Hgt. (m) - 10.00 ; Decay Coef. = .0000 ; Rot. Angle - .0

Emission Units - GRAMS/SEC Emission Rate Unit Factor = .10000OE+07

Output Units - MICROGRA34S/M**3

**Input Runstream File: admfW93a.dat **Output P:int File: admfW93A.lst
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2
**MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

SPOINT SOURCE DATA**

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCAL.AR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

--- -- -- -- ------------------------------------------------ -- -- -- ----------- - - - ----- - - -- -- -- -- ---

1 0 .10000E+00 .0 .0 1039.4 8.20 288.80 4.66 4.40 YES

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**SOURCE IDs DEFINING SOURCE GROUPS

GROUP ID SOURCE I~s

ALL 1 ,2
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** DIRECTION SPECIFIC BUILDING DIMENSIONS 
0

SOURCE ID: 1
IFV EN BW WAK 1EV EN EW WAK IFV EM 8W WAN 1EV BH 8W WAR

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 13.1, 0 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, 0 12 .0, .0, 0

13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 0 16 6.6, 31.6, 0

SOURCE ID: 2
IFV EN BW WAK IEV EN BW WAN IFV EN 8W WAN IEV EN EW WAN

1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, 0 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 0 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, 0 12 .0, .0, 0

13 6.6, 26.6, 0 14 6.6, 33.4, 0 15 6.6, 35.0, 0 16 6.6, 33.7, 0
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** GRIDDED RECEPTOR NETWORK SUMMARY**

**NETWORK ID: COARSE ;NETWORK TYPE: GRI1DCART

SX-COORDINATES OF GRID**
(METERS)

-100.0, -90.0, -80.0', -70.0, -60.01 -50.0, -40 0, -30.0, -20.0, -10.0,
.0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0,

100.0, 110.0,

**Y-COORDINATES OF GRID**
(METERS)

-20.0, -10.0, .Cl, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0,

80.0, 90.0, 100.0', 110.0, 120.0, 130.0, 140.0, 150.0, 160.0, 170.0,
180.0, 190.0,
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART 0
*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)
(METERS) 1 -100.00 -90.00 -80.00 -70.00 -60.00 -50.00 -40.00 -30.00

-20.00

190.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

180.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
170.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
160.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
150.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
140.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
130.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
120.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
110.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
100.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
90.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
80.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
70.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37

1039.37 60.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.370

50.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

140.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
20.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
10.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
- 10.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
-20.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

0 **kNETWORK ID: COARSE ;NETWORK TYPE: GRI3CART

*ELEVATION HEIGHTS IN METERS*

Y-COORfl I X-COORD (METERS)
(METERS) 1 -10.00 .00 10.00 20.00 30.CO 40.00 50.00 60.00

70.00
----- -------------------------------------------------------------------------- -- -- -- ----------- - - - ------ - ---- -- -- -- -----

190.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
180.00 1 1039.37 1039.37 1039.37 1039.37 1039.%7 1039.37 1039.37 1039.37

1039.37
170.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
160.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
150.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
140.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
130.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
120.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
110.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
100.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
90.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
80.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
70.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1093 60.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

50.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
40.00 1 1039.37 1039.37 1039.37 1039.37 1039.17 1039.37 1039.37 1039.37

1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
20.00 1 1039.37 1039.37 1039.37 1039.37 1039.27 1039.37 1039.37 1039.37

1039.37
10.00 1 1039.37 1039.37 1039.37 1039.37 1039.3-7 1039.37 1039.37 1039.37

1039.37
.00 1 1039.37 1039.37 1039.37 1039.37 1039.-7 1039.37 1039.37 1039.37

1039.37
-10.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
-20.00 1 1039.37 1039.37 1039.37 1039.37 1039.-7 1039.37 1039.37 1039.37

1039.37
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8* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 80.00 90.00 100.00 110.00

19.0 - 1093 1093 1093 -1039.37 --------- --------- ---------

180.00 1 1039.37 1039.37 1039.37 1039.37
170.00 1 1039.37 1039.37 1039.37 1039.37
160.00 1 1039.37 1039.37 1039.37 1039.37
150.00 1 1039.37 1039.37 1039.37 1039.37
140.00 1 1039.37 1039.37 1039.37 1039.37
130.00 1 1039.37 1039.37 1039.37 1039.37
120.00 1 1039.37 1039.37 1039.37 1039.37
110.00 1 1039.37 1039.37 1039.37 1039.37
100.00 1 1039.37 1039.37 1039.37 1039.37

900.00 1 1039.37 1039.37 1039.37 1039.37
80.00 1 1039.37 1039.37 1039.37 1039.37
70.00 1 1039.37 1039.37 1039.37 1039.37
60.00 1 1039.37 1039.37 1039.37 1039.37
50.00 I 1039.37 1039.37 1039.37 1039.37
40.00 1 1039.37 1039.37 1039.37 1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37
10.00 1 1039.37 1039.37 1039.37 1039.37
1.00 I 1039.37 1039.37 1039.37 1039.37

-. 00 I 1039.37 1039.37 1039.37 1039.37
-20.00 I 1039.37 1039.37 1039.37 1039.37
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SNETWORK ID: COARSE ;NETWORK TYPE: GrRII)CART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 -100.00 -90.00 -80.00 -70.00 -60.00 -50.00 -40.00 -30.00
-20.00
--------- -- -- ---------------------------------------------------- - - - ---------- -- - - ----- -- - -- -- -- -----

190.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

180.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

170.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

160.00 1 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50
1.50

150.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

140.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
130.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
120.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
110.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
100.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
90.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
80.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50

70.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

50.00 1 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
50.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
40.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
30.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
20.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
1. 00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
_1.00 1 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50

1.50
-10.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
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10* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD X-COORD (METERS)

(METERS) -10.00 .00 10.00 20.00 30.00 40.00 50.00 60.00
70.00
-- -- -- -- -------------------------------------------------- -- -- -- ------------- -- - - ------ - -- -- -- -- --

190.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
180.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
170.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
160.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
150.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
140.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
130.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
120.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
110.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
100.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
90.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
80.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
70.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
1.0.0 .015 .015 .015 .015

1.0.0 .015 .015 .015 .015
50.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
40.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
30.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
20.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
10.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
. 00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
- 10.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-20.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

* NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

0, RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORfl (METERS)
(METERS) 180.00 90.00 100.00 110.00

19.0 1.5 1.5 1.5 1.50 ------------ ------------

180.00 1 1.50 1.50 1.50 1.50

170.00 1 1.50 1.50 1.50 1.50
160.00 1 1.50 1.50 1.50 1.50

150.00 1 1.50 1.50 1.50 1.50
140.00 1 1.50 1.50 1.50 1.50

130.00 1 1.50 1.50 1.50 1.50

120.00 1 1.50 1.50 1.50 1.50

110.00 11.50 1.50 1.50 1.50

100.00 1 1.50 1.50 1.50 1.50

900.00 1 1.50 1.50 1.50 1.50
80.00 1 1.50 1.50 1.50 1.50

70.00 11.50 1.50 1.50 1.50

60.00 1 1.50 1.50 1.50 1.50

50.00 1 1.50 1.50 1.50 1.50

40.00 1 1.50 1.50 1.50 1.50

30.00 1 1.50 1.50 1.50 1.50

20.00 1 1.50 1.50 1.50 1.50

10.00 1 1.50 1.50 1.50 1.50
1.00 11.50 1.50 1.50 1.50

-1.00 11.50 1.50 1.50 1.50

-20.00 11.50 1.50 1.50 1.50

-2.0 1.01.015015
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**MODELING OPTIONS USED: CONC RURAL ELEV ELGPOL

*SOURCE-RECEPTOR COMBINATIONS FOR WHICH CALCULATIONS MAY NOT BE PERFORMED*

LESS THAN 1.0 METER OR 3*ZLB IN DISTANCE, OR WITHIN OPEN PIT SOURCE

SOURCE - - RECEPTOR LOCATION - - DISTANCE
ID XR (METERS) YR (METERS) (METERS)

1 -20.0 -20.0 28.28
1 -10.0 -10.0 14.14
1 10.0 -10.0 14.14
1 -10.0 .0 10.00
1 .0 .0 .00
1 10.0 .0 10.00
1 .0 10.0 10.00
1 10.0 10.0 14.14
1 .0 20.0 20.00
1 10.0 20.0 22.36
1 20.0 20.0 28.28
1 .0 30.0 30.00
1 10.0 30.0 31.62
2 10.0 .0 12.32
2 -10.0 10.0 10.38
2 .0 10.0 2.80
2 -10.0 20.0 16.24
2 .0 20.0 12.80
2 10.0 20.0 16.24
2 .0 30.0 22.80
2 10.0 30.0 24.90
2 20.0 30.0 30.33
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE SPEED FOR EACH WIND SPEED C.2TEGORY
(METERS/SEC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

**WIND PROFILE EXPONENTS *

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .700UOE-01 .70000E-01 .70000E-01

B .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01
C .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00
D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00

E .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00

**VERTICAL POTENTIAL TEMPERATURE GR2DIENTS
(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00
B .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .00000E+00 OOOOE4-00 .OOOOOE+00
C .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00
D .OOOOOE+00 .OOOOOE+00 OOOOO0E+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00
E .10000E-01 .100O0E-01 .100OOE-01 .100O0E-01 .10000E-01 .10000E-01
F . 30000E-01 . 30000E-01 . 30000E-01 . 30000E-01 . 30000E-01 . 30000E-01

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY STABILITY STABILITY STABILITY! STABILITY STABILITY
CATEGORY A CATEGORY B CATEGORY C CATEGORY D' CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.800C 288.8000 288.8000
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE MIXING LAYER HEIGH4T (METERS)

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STAB3ILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY C 1435.D000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000

STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000 1435.0000
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**MODELING OPTIONS USED: COMC RURAL ELEV FLGPOL

-** FREQUENCY OF OCCURREN4CE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: WIP)? 14AME: UNKNOWN
YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 M/S) (9.250 N/Si (12.500 M/S)
(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000) .00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000) .00000000

45.000 .00000000 .00000000 .00000000 .00000000 .0000000o .00000000

67.500 .00000000 .000170100 .00000000 .00000000 .00000000 .00000000
90.000 .00019600 .00034000 .00000000 .00000000 .00000000) .00000000

112.500 .00000000 .00034000 .00000000 .00000000 .00000000) .00000000

135.000 .00019600 .0013620)0 .00000000 .00000000 .00000001) .00000000

157.500 .00039200 .0023830)0 .00000000 .00000000 .00000000) .00000000
180.000 .00195900 .00187200 .00000000 .00000000 .00000000) .00000000
202.500 .00195900 .00153200 .00000000 .00000000 .00000001) .00000000
225.000 .00215500 .00221300 .00000000 .00000000 .00000001) .00000000
247.500 .00195900 .0011910)0 .00000000 .00000000 .00000001) .00000000
270.000 .00078400 .00085100 .00000000 .00000000 .00000000) .00000000
292.500 .00000000 .0006810)0 .000,00000 .00000000 .00000000 .00000000
315.000 .00000000 .0000000)0 .00000000 .00000000 .00000001) .00000000
337.500 .00000000 .000000030 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WINO SPEED WIND SPEED

CATEGORY 1 CATEGORY :2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1,0001 M/S), 2.250 MIS) 4.050 M/S) (6,550 M/S) ( 9250 MIS, (12.*500 M/S)

(DEGREES) - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - -

.000 .00019600 .0000001)0 .00000000 .00000000 .00000001) .00000000

22.500 .00000000 .0000000)0 .00000000 .00000000 .00000001) .00000000

45.000 .00058800 .00017000 .00051100 .00000000 .000000003 .00000000

67.500 .00078400 .00085100 .00017000 .00000000 .00000000) .00000000

90.000 .00156700 .00102100 .00051100 .00000000 .00000000) .00000000

112.500 .00333100 .00306400 .00255300 .00000000 .00000000 .00000000
135.000 .00293900 .0042550)0 .00425500 .00000000 .00000000 .00000000
157.500 .00293900 .00766000 .00680900 .00000000 .00000001) .00000000
180.000 .00411400 .0069790)0 .00510600 .00000000 .00000000 .00000000
202.500 .00489800 .0064680)0 .00306400 .00000000 .0000000)3 .00000000
225.000 .00391800 .0045960)0 .00187200 .00000000 .00000001) .00000000
247.500 .00509400 .00527700 .00153200 .00000000 .00000000) .00000000
270.000 .00117600 .0017020)0 .00204300 .00000000 .0000000) .00000000
292.500 .00098000 .0018720)0 .00221300 .00000000 .00000000) .00000000
315.000 .00098000 .0010210)0 .00119100 .00000000 .0000000) .00000000
337.500 .00000000 .0001701)0 .00000000 .00000000 .0000000) .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111
NAME: WIPP NAME: UNKNOWN
YEAR: 1993 YEAR: 1993

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION (1.000 MIS) (2.250 M/S) (4.050 MIS) (6.550 M/S) (9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00039200 .00034000 .00000000 .00000000 .00000000 .00000000
22.500 .00019600 .00034000 .00034000 .00000000 .00000000 .00000000
45.000 .00000000 .00068100 .00238300 .00000000 .00000000 .00000000
67.500 .00098000 .00085100 .00102100 .00000000 .00000000 .00000000
90.000 .00137100 .00136200 .00187200 .00000000 .00000000 .00000000

112.500 .00450600 .00391500 .00629800 .00034000 .00000000 .00000000
135.000 .00352700 .00544700 .01787200 .00442600 .00000000 .00000000
157.500 .00450600 .00425500 .01123400 .00289400 .00000000 .00000000
180.000 .00293900 .00595700 .01089400 .00340400 .00017000 .00000000
202.500 .00176300 .00459600 .00595700 .00017000 .00000000 .00000000
225.000 .00313500 .00425500 .00187200 .00017000 .00000000 .00000000
247.500 .00156700 .00340400 .00459600 .00170200 .00000000 .00000000
270.000 .00195900 .00289400 .00204300 .00170200 .00034000 .00000000
292.500 .00137100 .00153200 .00221300 .00000000 .00000000 .00000000
315.000 .00039200 .00136200 .00221300 .00051100 .00000000 .00000000
337.500 .00000000 .00017000 .00034000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) )4.050 M/S) )6.550 M/S) )9.250 M/S) (12.500 MIS)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00017000 .00017000 .00000000 .00000000 .00000000
22.500 .00000000 .00102100 .00119100 .00102100 .00034000 .00034000
45.000 .00039200 .00255300 .00493600 .00851100 .00153200 .00000000
67.500 .00078400 .00425500 .00595700 .00697900 .00068100 .00017000
90.000 .00313500 .00527700 .01293600 .00987200 .00119100 .00017000

112.500 .00372300 .01293600 .02706400 .01344700 .00136200 .00000000
135.000 .00372300 .01004300 .03285100 .04204300 .00306400 .00000000
157.500 .00176300 .00663800 .01855300 .01991500 .00238300 .00017000
180.000 .00274300 .00612800 .01072300 .00425500 .00051100 .00000000
202.500 .00117600 .00425500 .00731900 .00357400 .00000000 .00000000
225.000 .00019600 .00408500 .00510600 .00340400 .00136200 .00017000
247.500 .00058800 .00357400 .00595700 .01123400 .00306400 .00136200

270.000 .00058800 .00238300 .00527700 .00748900 .00357400 .00187200
292.500 .00039200 .00153200 .00221300 .00238300 .00102100 .00000000
315.000 .00000000 .00068100 .00204300 .00391500 .00136200 .00034000
337.500 .00000000 .00000000 .00034000 .00051100 .00000000 .00000000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\WP3093.STR FORMAT: FREE

SURFACE STATION NO.: 11I11 UPPER AIR STATION NO.: 11111
NAME: WIPP 14AME: UNKNOWN
YEAR: 1993 YEAR~: 1993

ANNUAL: STABILITY CATEGORY E

WIND SPEED WINO SPEED WIND SPEED WIND SPEED WIND SPEED W~IND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) C4.050 M/S) (6.550 M/S) C9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00000000 .00034000 .00034000 .00000000 .00000000 .00000000

22.500 .00000000 .00017000 .00034000 .00000000 .00000000 .00000000
45.000 .00000000 .00085100 .00187200 .0000000w .00000000 .00000000
67.500 .00000000 .00170200 .00272300 .00000000 .00000000 .00000000
90.000 .00000000 .00272300 .00783000 .00000000 .00000000 .00000000

112.500 .00000000 .00680900 .02314900 .00000000 .00000000 .00000000
135.000 .00000000 .01123400 .02961700 .00000000 .00000000 .00000000

157.500 .00000000 .00868100 .01038300 .00000000 .00000000 .00000000
180.000 .00000000 .00323400 .00238300 .00000000 .00000000 .00000000
202.500 .00000000 .00340400 .00068100 .00000000 .00000000 .00000000
225.000 .00000000 .00221300 .00119100 .00000000 .00000000 .00000000
247.500 .00000000 .00187200 .00442600 .00000000 .00000000 .00000000

270.000 .00000000 .00034000 .00272300 .00000000 .00000000 .00000000
292.500 .00000000 .00068100 .00204300 .00000000 .00000000 .00000000
315.000 .00000000 .00085100 .00170200 .00000000 .00000000 .00000000
337.500 .00000000 .00034000 .00085100 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WINO SPEED WJIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 MIS) C4.050 M/S) C6.550 M/S) C9.250 MIS) (12.500 M/S)
(DEGREES) -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00000000 .00051100 .00000000 .00000000 .00000000 .00000000
22.500 .00039200 .00187200 .00000000 .00000000 .00000000 .00000000
45.000 .00156700 .00374500 .00000000 .00000000 .00000000 .00000000
67.500 .00313500 .00476600 .00000000 .00000000 .00000000 .00000000
90.000 .00607400 .00748930 .00000000 .00000000 .00000003 .00000000

112.500 .01097200 .02059630 .00000000 .00000000 .00000003 .00000000
135.000 .01195100 .023489030 .00000000 .00000000 .00000000 .00000000
157.500 .01136400 .01293600 .00000000 .00000000 .00000000 .00000000
180.000 .00881700 .00561730 .00000000 .00000000 .00000003 .00000000
202.500 .00607400 .00357430 .00000000 .00000000 .00000003 .00000000
225.000 .00470200 .00493630 .00000000 .00000000 .00000003 .00000000
247.500 .00450600 .00510630 .00000000 .00000000 .00000003 .00000000
270.000 .00254700 .00272300 .00000000 .00000000 .00000003 .00000000

292.500 .00176300 .00238300 .00000000 .00000000 .00000003 .00000000

315.000 .00195900 .00238330 .00000000 .00000000 .00000000 .00000000
337.500 .00058800 .001872(30 .00000000 .00000000 .00000003 .00000000

SUM OF FREQUENCIES, FTOTAL - .99999
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18* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

* THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2 0

**NETWORK ID: COARSE ;NETWORK TYPE: GRIOCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORfl I X-COORfl (METERS)
(METERS) 1 -100.00 -90.00 -80.00 -70.00 -60.00 -50.00 -40.00 -30.00

-20.00

190.00 1 1.222216 1.189521 1.160668 1.164512 1.184652 1.204184 1.222966 1.240891

1. 257879
180.00 1 1.283754 1.249361 1.219119 1.203540 1.228386 1.252902 1.276950 1.300391

1. 32 3104
170.00 1 1.348213 1.313030 1.279943 1.252702 1.271748 1.302379 1.333016 1.363471

1. 393562
160.00 I 1.415336 1.379260 1.343307 1.314602 1.313425 1.351671 1.390678 1.430208

1.469992
150.00 1 1.484756 1.447678 1.410153 1.378297 1.356255 1.398866 1.448436 1.499660

1.552146
140.00 1 1.556017 1.517758 1.478760 1.442415 1.418277 1.441429 1.504558 1.571133

1. 64 0598
130.00 1 1.628485 1.588775 1.547932 1.508438 1.481075 1.474993 1.555274 1.641854

1. 733 975
120.00 1 1.701342 1.659803 1.616559 1.574385 1.540788 1.526155 1.595042 1.707753

1. 830310
110.00 ) 1.773597 1.729647 1.683175 1.637277 1.596744 1.578863 1.614689 1.761066

1.924307
100.00 ) 1.741381 1.796891 1.746073 1.694989 1.648776 1.617727 1.621725 1.789309

2.010427
90.00 1 1.608979 1.738308 1.803424 1.745203 1.691144 1.649764 1.637326 1.772110

2.077041
80.00 1 1.458563 1.577693 1.707730 1.785825 1.721147 1.668990 1.641741 1.673053

2.097031
70.00 1 1.293218 1.398021 1.513495 1.639201 1.736757 1.668695 1.626088 1.626077

2.033510
60.00 1 1.118833 1.205525 1.301585 1.407336 1.522238 1.648854 1.574736 1.522967

1. 7 59072
50.00 1 .944682 1.010898 1.083720 1.163570 1.251361 1.344994 1.453261 1.392034

1.423658
40.00 1 .858367 .878867 .882496 .929054 .983400 .999142 1.062658 1.273805

1. 2283 90
30.00 1 .756011 .782375 .809363 .825210 .772004 .732243 .745177 .789834

1.089679
20.00 1 .653725 .670959 .687632 .703172 .680724 .680496 .595170 .471521

.503250
10.00 1 .556981 .566267 .574095 .579815 .550247 .536957 .513441 .483457

.403385
.00 1 .465547 .464818 .460872 .452696 .414352 .384345 .340939 .281998

.203035
_-10.00 1 .373324 .356310 .331922 .297996 .239443 .176663 .102610 .048739

.004869
-20.00 1 .288197 .257509 .216454 .162422 .107067 .058804 .255871 .772106

.009054
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**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRrDCART

**CONC OF ANY IN MICR0GRA!4S/M*1r3 *

Y-COORD I X-COORfl (METERS)
(METERS) 1 -10.00 .00 10.00 20.00 30. C0 40.00 50.00 60.00

70.00
-------- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - ---- -- -- -- -----

190.00 1 1.274003 1.289266 1.235893 1.179796 1.1217S'8 1.062732 1.003397 .944519
.886952

180.00 1 1.345123 1.366405 1.305957 1.242323 1.176540 1.109641 1.042621 .976456
.912039

170.00 1 1.423265 1.452461 1.383696 1.311045 1.236064 1.159955 1.083966 1.009411

.939638
160.00 I 1.509914 1.549701 1.470833 1.387612 1. 3014!.l 1.214437 1.127524 1.043121

.972912
150.00 I 1.605609 1.659555 1.568311 1.471951 1.372(44 1.272538 1.173320 1.078568

1. 007 727
140.00 1 1.712427 1.785739 1.678948 1.566203 1.450285 1.334180 1.220520 1.121051

1. 04 3908
130.00 1 1.830676 1.930538 1.804295 1.671011 1. 534! 56 1.398807 1.267296 1.166658

1. 08 1523
120.00 1 1.960920 2.097628 1.945393 1.785615 1.6252ý70 1.465837 1.319829 1.212177

1. 119813
110.00 I 2.101557 2.2?89079 2.102841 1.908514 1.716,58 1.527908 1.379498 1.258339

1. 1564 37
100.00 I 2.255842 2.517848 2.285388 2.043751 1.804.'40 1.581970 1.423794 1.299171

1. 18 9304
90.00 I 2.424623 2.1300235 2.500512 2.190561 1.889271 1.643099 1.475119 1.330322

1. 206 993
80.00 1 2.598319 3.149501 2.752333 2.345571 1. 9586 31 1.716557 1.523323 1.356006

1.213497
70.00 1 2.748115 3.574750 3.043500 2.508001 2.063106 1.793717 1.560961 1.367728

1. 178 338
60.00 1 2.851949 4.124 78 9 3.389175 2.664995 2.189S33 1.855830 1.581498 1.311532

1. 053055
50.00 I 2.849340 4.879751 3.804641 2.832660 2.2980Sý5 1.884561 1.488543 1.111831

.865873
40.00 1 2.534865 6.016435 4.333626 3.084569 2.355003 1.717775 1.148562 .804859

.6042 34
30.00 1 1.471623 .000442 .604355 1.629417 2.0452!3 1.106030 .619992 .439520

.408313
20.00 1 .345729 .000676 .000352 .011077 .750137 .404347 .315704 .413885

.491487
10.00 I .000889 .000308 .000379 .188312 .320838 .442107 .526602 .581765

.629444
.00 1 .000330 .000000 .000178 .351980 .4548E2 .540981 .600972 .636146

.669957
-10.00 I .001734 .000000 .039682 .173429 .2151C'9 .293281 .386997 .455324

.510914
-20.00 1 .010449 .000000 .032517 .194948 .2362!,9 .245222 .272537 .323537

.370826
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

***THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL ***

INCLUDING SOURCE(S): 1 , 2 0

SNETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD IX-COOPRf (METERS)
(METERS) 1 80.00 90.00 100.00 110.00

---- -- -- ---------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

190.00 1 .835229 .795602 .761086 .728997
180.00 1 .861283 .818430 .781410 .746254
170.00 1 .888129 .842850 .801938 .763351
160.00 1 .916187 .867754 .822449 .780050
150.00 1 .946513 .892814 .842605 .795998

140.00 1 .978057 .917730 .861866 .810695

130.00 1 1.008913 .941805 .879601 .823541
120.00 1 1.037922 .963118 .895298 .833553

110.00 I 1.064012 .981032 .906644 .835756

100.00 1 1.085662 .993762 .905015 .821569

90.00 1 1.099998 .986808 .878241 .795698
80.00 1 1.077953 .940610 .834117 .755413
70.00 1 .993459 .864048 .768541 .697991

60.00 1 .875575 .755124 .675821 .620620
50.00 1 .710720 .614299 .555860 .538435

40.00 1 .497927 .488576 .498901 .523666

30.00 1 .454641 .500153 .528027 .542934
20.00 1 .535056 .559590 .570302 .571674

10.00 1 .638707 .635777 .624930 .609606
.00 I .664295 .649660 .629844 .607801

-10.00 I .530452 .536392 .533309 .524846

-20.00 1 .408209 .430259 .441200 .444592
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SMODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE

1. 6.016435 AT ( .00, 40.00) GO 6. 3.5747501 AT (.00, 70.00) GO

2. 4.879751 AT ( .00, 50.00) GC 7. 3. 38 9175 AT ( 10.00, 60.00) GO

3. 4.333626 AT ( 10.00, 40.00) GC 8. 3.149501. AT C.00, 80.00) GO

4. 4.124789 AT ( .00, 60.00) GO 9. 3. 08 4569 AT C 20.00, 40.00) GO

5. 3.804641 AT C 10.00, 50.00) GO 10. 3. 04 35001 AT C 10.00, 70.00) GO

**RECEPTOR TYPES: GO - GRIDOART
GP - GRIDPOLR
DC - DISCCART
DP - DISCPOLR

BD - BOUNDARY
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SMessage Summary : ISCLT3 Model Execution

- ----- Summnary of Total Messages---------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational Message(s)

**~ FATAL ERROR MESSAGES
*** NONE **

S WARNING MESSAGES ****

SNONE

SISCLT3 Finishes Successfully
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**TRINITY DOWNWASH FILE NAME: C:\MO0DELS\EXFAN.WAK

CO STARTING

CO TITLEONE NMA CONCENTRATION INSIDE WIPP SITE BOUNDARY (90 Carlsbad Met)

CO TITLETWO Fine Receptor Grid (10xl~m) /1000 vq/mA3 SrcConc

CO MODELOPT CONC RURAL

CO AVERTIME ANNUAL

CO POLLUTID ANY

CO TERRHGTS ELEV

CO FLAGPOLE 1.500000

CO RUNORNOT RUN

CO FINISHED

SO STARTING

SO LOCATION 1 POINT 0.00 0.00 1039.31

SO SRCPARAM 1 0.100000 8.20 288.80 4.6598 4.400

SO LOCATION 2 POINT 0.00 7.20 1039.37

SO SRCPARAM 2 0.1O0bOO 8.20 288.80 4.6598 4.400

SO BUILDHGT 1 11.22 11.22 11.22 0.00 6.55 6.55

SO BUILDHGT 1 6.55 6.55 0.00 0.00 11.22 0.00

SO BUILDHGT 1 6.55 6.55 2.04 6.55

SO BUILDWID 1 10.51 11.82 13.05 .00 30.72 33.44

SO BUILDWID 1 34.97 31.62 . 00 .00 13.05 .00

SO BUILDWID 1 30.72 30,72 7.29 31.62

SO BUILDHGT 2 11.22 11.22 :11.22 0.00 6.55 6.55

SO BUILDHGT 2 6.55 6.55 0.00 0.00 0.00 0.00

SO BUILDHGT 2 6.55 6.55 6.55 6.55

SO BUILDWID 2 10.51 11.82 12.68 .00 26.82 33.44

SO BUILDWID 2 34.97 33.72 .00 .00 .00 .00

SO BUILDWID 2 26.82 33.44 34.97 33.72

SO EMISUNIT 1000000.000000 GRAMS/SEC MICROGRAMS/M**3

SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE ELEVUNIT FEET

RE GRIDCART COARSE STA

RE GRIDCART COARSE XYINC -100 22 :10.00 -20.00 22 10.00

RE GRIDCART COARSE FLAG 1 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.5') 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 1 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50) 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 1 1.50 1.50
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RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 2 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 3 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 4 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 5 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDZART COARSE FLAG 6 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 6 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 7 1.506 1.50

RE GRIDGART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 8 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 8 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 9 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 10 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE, FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 11 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 12 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 13 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 14 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 15 1.50 1.50 1.50 1.50

DI 0-259



RE GRIDCART COARSE FLAG 15 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 15 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 16 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 17 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 18 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 19 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDGART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 20 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIOCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50l 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 21 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLG 22 1.50 1.50 1.50 1.50
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RE GRIDCART COARSE FLAG 22 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.50 1.50 1.50 1.50

RE GRIDCART COARSE FLAG 22 1.50 1.50

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE EI.EV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 1 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 2 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 3 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 4 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 5 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6- 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 6 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 6 3410.00 3410.00

RE GRIOCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00
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RE GRIOCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 7 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 8 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV B 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 9 3410.00 3410.00

RE GRIDCART COARSE ELEV 10Q 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIOCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 10 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 11 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDOART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 12 3410.00 3410.00

RE GRIDGART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 13 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 13 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00
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RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 -3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 14 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 15 3410.100 3410.00

RE GRIDCART COARSE ELEV 16 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.130 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.130 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 16 3410.100 3410.00

RE GRIDCART COARSE ELEV 17 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIXCART COARSE ELEV 17 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 17 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.100 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 17 3410.130 3410.00

RE GRIDCART COARSE ELEV 18 3410.030 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.030 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 34 10. 00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 18 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.030 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 19 3410.00 3410.00

RE GRIDCART COARSE ELEV 260 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 20 3410.00 3410.00 3410.00 3410.00

RE GRIDGART COARSE ELEV 20 3410.030 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 20 3410.0)0 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 20 3410.030 3410.00

Dl 0-263



RE GRIDCART COARSE ELEV 21 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 21 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00 3410.00 3410.00

RE GRIDCART COARSE ELEV 22 3410.00 3410.00

RE GRIDCART COARSE END

RE FINISHED

ME STARTING

ME INPUTFIL C:\MODELS\MET\CBD9O.STR (7X,6F7 .5)

ME ANEMHGHT 10.000 METERS

ME SURFDATA 11111 1990 CARLSBAD

ME UAIRflATA 11111 1990

ME STARflATA ANNUAL

ME AVESPEED 1.00 2.25 4.05 6.55 9.25 12.50

ME AVETEMPS ANNUAL 288.80 288.80 288.80 288.80 288.80 288.80

ME AVEMIXHT ANNUAL A 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL B 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL C 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL D 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL E 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

ME AVEMIXHT ANNUAL F 1435.00 1435.00 1435.00 1435.00 1435.00 1435.00

HE DTHETAlZ A 0.00 0.00 0.00 0.00 0.00 0.00

ME OTHETAlZ B 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ C 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ D 0.00 0.00 0.00 0.00 0.00 0.00

ME DTHETADZ E 0.01 0.01 0.01 0.01 0.01 0.01

ME DTHETADZ F 0.03 0.03 0.03 0.03 0.03 0.03

ME FINISHED

OU STARTING

00 RECTABLE SRCGRP

00 MAXTABLE 10 SRCGRP

00 PLOTFILE ANNUAL ALL C:\MODELS\AlM\ADMFC9OA.GPH 70

00 FINISHED

* SETUP Finishes Successfully
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** MODEL SETUP OPTIONS SUMMARY

**Model Is Setup For Calculation of Average CONCentration Values.:
**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses User-Specified options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.
4. Default Wind Profile Exponents.
5. User-Specified Vertical Potential Temperature Gradients.

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0 0 0 0 0 0

Seasons/Quarters: 0 0 0 0
and Annual: 1

**This Run Includes: 2 Source(s); 1 Source Group(s); and 484 Receptor(s)

**The Model Assumes.A Pollutant Type of: ANY

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:

Model Outputs Tables ofMai Long Term ValuesRcpo (MAXTABLE Keyword)0
Model Outputs Tables ofMai Long Term ValuesRcpo (RCTABLE Keyword)
Model Outputs External File(s) of Long Term Values for Plotting (PLOTFILE Keyword)

**Misc. Inputs: Anem. Hgt. (in) - 10.00 Decay Coef. - .0000 Rot. Angle - .0

Emission Units - GRAMS/SEC ;Emission Rate Unit Factor = .10000OE+07

Output Units - MICROGRAMS/M**3

**Input Runstream, File: admfc90a.dat **Otpu Print File: admfc90a.lst
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2
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**POINT SOURCE DATA

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE

SOURCE PART. (USER UNITS) X Y ELEV. HEIGHT TEMP. EXIT VEL. DIAMETER EXISTS SCALAR VARY
ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K) (M/SEC) (METERS) BY

- 0 -100E0 .0 .0 109. 8.2 28.- 4.6 4.4 YES -----------------

2 0 .10000E+00 .0 7.2 1039.4 8.20 288.80 4.66 4.40 YES
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3
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

SSOURCE IDs DEFINING SOURCE GROUPS

GROUP ID SOURCE IDs

ALL 1 ,2
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4
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** DIRECTION SPECIFIC BUILDING DIMENSIONS

SOURCE ID: 1
IFV BN BW WAX IFV BN BW WAX IFV BH BW WAX IFV BM BW WAX
1 11.2, 10.5, 0 2 11.2, 11.6, 0 3 11.2, 13.1, 2 4 .0, .0, 0

5 6.6, 30.7, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 1) 8 6.6, 31.6, 0

9 .0, .0, 0 10 .0, .0, 0 11 11.2, 13.1, 2 12 .0, .0, 0
13 6.6, 30.7, 0 14 6.6, 30.7, 0 15 2.0, 7.3, 16 6.6, 31.6, 0

SOURCE ID: 2
IFV BH BW WAX IFv BN BW WAX IFV BH BW WAX IFV BN BW WAX
1 11.2, 10.5, 0 2 11.2, 11.8, 0 3 11.2, 12.7, 1) 4 .0, .0, 0

5 6.6, 26.8, 0 6 6.6, 33.4, 0 7 6.6, 35.0, 1) 8 6.6, 33.7, 0

9 .0, .0, 0 10 .0, .0, 0 11 .0, .0, 0 12 .0, .0, 0
13 6.6, 26.8, 0 14 6.6,, 33.4, 0 15 6.6, 35.0, 0 16 6.6, 33.7, 0
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**GRIDDED RECEPTOR NETWORK SUMMARY

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

* X-COORDINATES OF GRID**
(METERS)

-100.0, -90.0, -80.0, -70.0, -60.0, -50.0, -40.0, -30.0, -20.0, -10.0,

.0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0, 90.0,

100.0, 110.0,

SY-COORDINATES OF GRID**
(METERS)

-20.0, -10.0, .0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0,

80.0, 90.0, 100.0, 110.0, 120.0, 130.0, 140.0, 150.0, 160.0, 170.0,

180.0, 190.0,
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**MODELING OPTIONS USED: CONC RURAL ELEV ELGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRI3CART

*ELEVATION HEIGHTS IN METERS *

Y-COORD I X-COORD (METERS)
(METERS) 1 -100.00 -90.00 -80.00 -70.00 -60.CO0 -50.00 -40.00 -30.00

-20.00

190.00 1 1039.37 1039.37 1039.37 1039.37 1039.-'7 1039.37 1039.37 1039.37
1039.37

180.00 1 1039.37 1039.37 1039.37 1039.37 1039.-7 1039.37 1039.37 1039.37
1039.37

170.00 1 1039.37 1039.37 1039.37 1039.37 1039.17 1039.37 1039.37 1039.37
1039.37

160.00 1 1039.37 1039.37 1039.37 1039.37 1039-57 1039.37 1039.37 1039.37
1039.37

150.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

140.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

130.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37
1039.37

120.00 1 1039.37 1039.37 1039.37 1039.37 1039.3.7 1039.37 1039.37 1039.37

1039.37
110.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
100.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
90.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
80.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
70.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
60.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
50.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
40.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
20.00 1 1039.37 10.39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
1. 00 1 1039.37 10-39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
_.00 1 1039.37 10.39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
-10.00 I 1039.37 10.39.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: G RIDCART 0
*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 -10.00 .00 10.00 20.00 30.00 40.00 50.00 60.00

70.00
---- -- -- -------------------------------------------------- -- -- -- ----------- - - - ----- - - --- -- -- -- ---

190.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
180.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
170.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
160.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
150.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
140.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
130.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
120.00 1 1039.37 1039.37 1039.37 1039.737 1039.37 1039.37 1039.37 1039.37

1039.37
110.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
100.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
90.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
80.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
70.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37

1039.37 6000 093 093 093 093 093 093 093 093

60.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
* 40.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
20.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
10.00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
. 00 I 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
- 10.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
-20.00 1 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37 1039.37

1039.37
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8* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*,NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*ELEVATION HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)
(METERS) 1 80.00 90.00 100.00 110.00

19.0 1039.37 1039.37 --- --- -- -- -- 1039.37---- --- --1039.37 -- --

180.00 1 1039.37 1039.37 1039.37 1039.37
170.00 1 1039.37 1039.37 1039.37 1039.37
160.00 1 1039.37 1039.37 1039.37 1039.37
150.00 1 1039.37 1039.37 1039.37 1039.37
140.00 1 1039.37 1039.37 1039.37 1039.37
130.00 1 1039.37 1039.37 1039.37 1039.37
120.00 1 1039.37 1039.37 1039.37 1039.37
110.00 1 1039.37 1039.37 1039.37 1039.37
100.00 1 1039.37 1039.37 1039.37 1039.37

900.00 1 1039.37 1039.37 1039.37 1039.37
80.00 1 1039.37 1039.37 1039.37 1039.37
70.00 1 1039.37 1039.37 1039.37 1039.37
60.00 1 1039.37 1039.37 1039.37 1039.37
50.00 1 1039.37 1039.37 1039.37 1039.37
40.00 1 1039.37 1039.37 1039.37 1039.37
30.00 1 1039.37 1039.37 1039.37 1039.37
20.00 1 1039.37 1039.37 1039.37 1039.37
10.00 1 1039.37 1039.37 1039.37 1039.37
1.00 1 1039.37 1039.37 1039.37 1039.37

-1.00 1 1039.37 1039.37 1039.37 1039.37
-20.00 I 1039.37 1039.37 1039.37 1039.37
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9 MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORD (METERS)

(METERS) 1 -100.00 -90.00 -80.00 -70.00 -60.00 -50.00 -40.00 -30.00

-20.00
----- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

190.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
180.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
170.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
160.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
150.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
140.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
130.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
120.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
110.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
100.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
90.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
80.00 I 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
70.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.060.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
50.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
40.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
30.00 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
20.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
10.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
. 00 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-10.00 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
-20.00 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50

1.50
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10* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIO'CART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD I X-COORO (METERS)
(METERS) 1 -10.00 .00 10.00 20.00 310.fl0 40.00 50.00 60.00

70.00

190.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

180.00 1 1.50 1.50 1.50 1.50 1.5i0 1.50 1.50 1.50
1.50

170.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

160.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

150.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

140.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

130.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

120.00 1 1.50 1.50 1.50 1.50 1.50o 1.50 1.50 1.50
1.50

110.00 11.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

100.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

90.00 11.50 1.50 1.50 1.50 1.0 1.50 1.50 1.50
1.50

80.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

70.00 1 1.50 1.50 1.50 1.50 1.!;0 1.50 1.50 1.50
1.50

60.00 11.50 1.50 1.50 1.50 1.50o 1.50 1.50 1.50
1.50

50.00 1 1.50 1.50 1.50 1.50 1.!,0 1.50 1.50 1.50
1.50

40.00 1 1.50 1.50 1.50 1.50 1.!50 1.50 1.50 1.50
1.50

30.00 1 1.50 1. 50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

20.00 I1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

10.00 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

.00 1 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
1.50

-10.00 I 1.50 1.50 1.50 1.50 1.!0 1.50 1.50 1.50
1.50

-20. 00 11.50 1.50 1.50 1.50 1. 0 1.50 1.50 1.50
1.50
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**MODELING OPTIONS USED: CONO RURAL ELEV FLGPOL

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*RECEPTOR FLAGPOLE HEIGHTS IN METERS*

Y-COORD IX-COORD (METERS)

(METERS) 1 80.00 90.00 100.00 110.00
-- - -- -- -- ------------------------------------------------- -- -- -- ----------- - - - ----- - - -- -- -- -- ---

190.00 1 1.50 1.50 1.50 1.50

180.00 1 1.50 1.50 1.50 1.50

170.00 1 1.50 1.50 1.50 1.50

160.00 1 1.50 1.50 1.50 1.50
150.00 1 1.50 1.50 1.50 1.50
140.00 1 1.50 1.50 1.50 1.50

130.00 1 1.50 1.50 1.50 1.50
120.00 1 1.50 1.50 1.50 1.50
110.00 1 1.50 1.50 1.50 1.50
100.00 1 1.50 1.50 1.50 1.50
90.00 1 1.50 1.50 1.50 1.50
80.00 1 1.50 1.50 1.50 1.50
70.00 1 1.50 1.50 1.50 1.50
60.00 1 1.50 1.50 1.50 1.50
50.00 11.50 1.50 1.50 1.50
40.00 1 1.50 1.50 1.50 1.50
30.00 1 1.50 1.50 1.50 1.50

20.00 11.50 1.50 1.50 1.50

10.00 1 1.50 1.50 1.50 1.50

.00 1 1.50 1.50 1.50 1.50

-10.00 1 1.50 1.50 1.50 1.50

-20.00 1 1.50 1.50 1.50 1.50
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SMODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*SOURCE-RECEPT0R COMBINATIONS FOR WMICH CALCULATIONS MAY NOT BE PERFORMED
LESS THAN 1.0 METER OR 3*ZLB IN DISTANCE, OR WITHI:N OPEN PIT SOURCE

SOURCE - - RECEPTOR LOCATION - - DISTANCE
ID XR (METERS) YR (METERS) (METERS)

1 -20.0 -20.0 28.28
1 -10.0 -10.0 14.14
1 10.0 -10.0 14.14
1 -10.0 .0 10.00
1 .0 .0 .00
1 10.0 .0 10.00
1 .0 10.0 10.00
1 10.0 10.0 14.14
1 .0 20.0 20.00
1 10.0 20.0 22.36
1 20.0 20.0 28.28
1 .0 30.0 30.00
1 10.0 30.0 31.62
2 10.0 .0 12.32
2 -10.0 10.0 10.38
2 .0 10.0 2.80
2 -10.0 20.0 16.24
2 .0 20.0 12.80
2 10.0 20.0 16.24
2 .0 30.0 22.80
2 10.0 30.0 24.90
2 20.0 30.0 30.33
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY**
(METERS/S EC)

1.00, 2.25, 4.05, 6.55, 9.25, 12.50,

**WIND PROFILE EXPONENTS**

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01 .70000E-01

B .70000E-01 .70000E-0l .70000E-01 .70000E-01 .70000E-01 .70000E-01

C .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00 .10000E+00

D .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00 .15000E+00

E .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00 .55000E+00

**VERTICAL POTENTIAL TEMPERATURE GRADIENTS
(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 4 5 6

A OOOOO0E+00 .OOOOOE+00 OOOOOE+-00 OOOOO0E+00 OOOOO0E+00 OOOOO0E+00

B .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 OOOOO0E+00 OOOOO0E+00 .OOOOOE+00

C .OOOOOE+00 OOOOO0E+00 .OOOOOE+00 OOOOO0E+00 .OOOOOE+00 .OOOOOE+00

D .OOOOOE+00 OOOOO0E+00 .OOOOOE+00 OOOOO0E+00 OOOOO0E+00 OOOOO0E+00

E . 100O0E-01 . 10000E-0. . 100O0E-01 . 10000E-01 . 10000E-01 . 10000E-01

F. .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01 .30000E-01

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)**

STABILITY STABILITY STABILITY STABILITY STABILITY STABILITY

CATEGORY A CATEGORY B CATEGORY C CATEGORY D CATEGORY E CATEGORY F

ANNUAL 288.8000 288.8000 288.8000 288.8000 288.8000 288.8000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**AVERAGE MIXING LAYER HEIGHT (METERS)**

ANNUAL
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 1435.0000 1435.0000 1435.0000 1435.00030 1435.0000 1435.0000
STABILITY CATEGORY B 1435.0000 1435.0000 1435.0000 1435.00100 1435.0000 1435.0000
STABILITY CATEGORY C 1435.0000 1435.0000 1435.0000 1435.00,00 1435.0000 1435.0000
STABILITY CATEGORY D 1435.0000 1435.0000 1435.0000 1435.00030 1435.0000 1435.0000
STABILITY CATEGORY E 1435.0000 1435.0000 1435.0000 1435.00030 1435.0000 1435.0000
STABILITY CATEGORY F 1435.0000 1435.0000 1435.0000 1435.00100 1435.0000 1435.0000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\CBD9O.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NAME: UNKNOWN

YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION C1.000 M/S) (2.250 M/S) (4.050 M/S) (6.550 MIS) (9.250 M/S) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00064000 .00083000 .00000000 .00000000 .00000000 .00000000
22.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000
45.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000
67.500 .00048000 .00035000 .00000000 .00000000 .00000000 .00000000
90.000 .00094000 .00095000 .00000000 .00000000 .00000000 .00000000

112.500 .00057000 .00047000 .00000000 .00000000 .00000000 .00000000
135.000 .00126000 .00083000 .00000000 .00000000 .00000000 .00000000
157.500 .00045000 .00059000 .00000000 .00000000 .00000000 .00000000
180.000 .00066000 .00059000 .00000000 .00000000 .00000000 .00000000
202.500 .00018000 .00024000 .00000000 .00000000 .00000000 .00000000
225.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000
247.500 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000
270.000 .00027000 .00035000 .00000000 .00000000 .00000000 .00000000
292.500 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000 .00000000
337.500 .00036000 .00047000 .00000000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) C4.050 M/S) (6.550 M/S) (9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00103000 .00213000 .00189000 .00000000 .00000000 .00000000

22.500 .00130000 .00213000 .00071000 .00000000 .00000000 .00000000
45.000 .00083000 .00177000 .00118000 .00000000 .00000000 .00000000
67.500 .00118000 .00307000 .00106000 .00000000 .00000000 .00000000
90.000 .00169000 .00284000 .00130000 .00000000 .00000000 .00000000

112.500 .00105000 .00402000 .00189000 .00000000 .00000000 .00000000
135.000 .00116000 .00556000 .00355000 .00000000 .00000000 .00000000
157.500 .00225000 .00721000 .00343000 .00000000 .00000000 .00000000

180.000 .00248000 .00520000 .00343000 .00000000 .00000000 .00000000
202.500 .00039000 .00071000 .00095000 .00000000 .00000000 .00000000

225.000 .00043000 .00095000 .00012000 .00000000 .00000000 .00000000
247.500 .00009000 .00059000 .00024000 .00000000 .00000000 .00000000

270.000 .00035000 .00047000 .00035000 .00000000 .00000000 .00000000
292.500 .00045000 .00024000 .00024000 .00000000 .00000000 .00000000

315.000 .00034000 .00130000 .00012000 .00000000 .00000000 .00000000
337.500 .00071000 .00189000 .00071000 .00000000 .00000000 .00000000
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCURRENCE OF WIND SPEED, DIRECTION AND STABILITY

FILE: C:\MODELS\MET\CBD9,3.STR FORMAT: (7X,6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO,: 11111
NAME: CARLSBAD lI4) : UNKNOWN
YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY I CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 M/S) (4.050 MIS) ( 6.550 MIS) C9.250 M/S) (:.2.500 MIS)
(DEGREES) -- - - - - -- - - - -I- - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00080000 .0036600'0 .00816000 .00248000 .00012000 .00000000
22.500 .00035000 .0028400'0 .00343000 .00059000 .OOOOOODC, .00000000
45.000 .00025000 .0031900'0 .00118000 .00012000 .OOOOOOOC0 .00000000
67.500 .00036000 .0029600'0 .00130000 .00000000 .00000000 .00000000
90.000 .00056000 .00390000 .00343000 .00071000 .00000000 .00000000

112.500 .00067000 .0036600'0 .00473000 .00142000 .00000000 .00000000
135.000 .00029000 .0036600'0 .01017000 .00355000 .00012000r .00000000
157.500 .00069000 .0055600'0 .01324000 .00248000 .00035000' .00000000
180.000 .00040000 .0050800'0 .01206000 .00284000 .00024000 .00000000
202.500 .00034000 .00106000 .00106000 .00071000 .00000000 .00000000
225.000 .00016000 .0004700'0 .00047000 .00012000 .00024000 .00000000
247.500 .00030000 .0005900'0 .00177000 .00083000 .00071000 .00047000
270.000 .00047000 .001180C00 .00225000 .00213000 .00165000r .00071000
292.500 .00031000 .00071000 .00083000 .00083000 .00024000 .00000000
315.000 .00035000 .001180CC .00095000 .00035000 .00000000 .00000000
337.500 .00033000 .000950CC .00189000 .00059000 .0001200C' .00000000

ANNUAL: STABILITY CATEGORY D

WIND SPEED WINO SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) (2.250 M/S) (4.050 M/S) C6.550 M/S) C9.250 MIS) (1L2.500 M/S)
(DEGREES) - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -

.000 .00043000 .00461000 .00875000 .01572000 .0030700C0 .00059000

22.500 .00042000 .0024800'0 .00402000 .00449000 .00047000 .00035000

45.000 .00044000 .00284000 .00496000 .00343000 .00035000 .00012000
67.500 .00037000 .001770C00 .00366000 .00201000 .000000CC0 .00000000
90.000 .00058000 .00307000 .00579000 .00496000 .00035000 .00000000

112.500 .00042000 .00248000 .00603000 .00378000 .00035000 .00000000
135.000 .00100000 .00556000 .01312000 .01820000 .00201000 .00059000

157.500 .00073000 .00520000 .02506000 .02376000 .00225000 .00024000
180.000 .00096000 .00496000 .01962000 .01466000 .00071000 .00047000

202.500 .00028000 .00225000 .00319000 .00366000 .0011800C0 .00035000

225.000 .00064000 .002010010 .00390000 .00319000 .0010600C' .00024000
247.500 .00034000 .001300010 .00544000 .01253000 .005320CC0 .00189000
270.000 .00021000 .003070010 .00768000 .02624000 .0154800C0 .00662000

292.500 .00049000 .001650010 .00402000 .00922000 .0021300C0 .00071000
315.000 .00039000 .00213000 .00366000 .00485000 .0004700C' .00012000
337.500 .00046000 .00307000 .00721000 .00969000 .004140CC0 .00059000
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**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY *

FILE: C:\MODELS\MET\CBD90.STR FORMAT: (7X, 6F7.5)

SURFACE STATION NO.: 11111 UPPER AIR STATION NO.: 11111

NAME: CARLSBAD NAME: UNKNOWN
YEAR: 1990 YEAR: 1990

ANNUAL: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
DIRECTION (1.000 MIS) C2.250 MIS) C4.050 MIS) (6.550 MIS) C9.250 M/S) (12.500 M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00390000 .00473000 .00000000 .00000000 .00000000
22.500 .00000000 .00130000 .00130000 .00000000 .00000000 .00000000
45.000 .00000000 .00071000 .00118000 .00000000 .00000000 .00000000
67.500 .00000000 .00118000 .00154000 .00000000 .00000000 .00000000
90.000 .00000000 .00165000 .00189000 .00000000 .00000000 .00000000

112.500 .00000000 .00154000 .00236000 .00000000 .00000000 .00000000
135.000 .00000000 .00414000 .00863000 .00000000 .00000000 .00000000
157.500 .00000000 .00721000 .01797000 .00000000 .00000000 .00000000
180.000 .00000000 .01005000 .02364000 .00000000 .00000000 .00000000
202.500 .00000000 .00284000 .00934000 .00000000 .00000000 .00000000
225.000 .00000000 .00366000 .00792000 .00000000 .00000000 .00000000
247.500 .00000000 .00236000 .01206000 .00000000 .00000000 .00000000

270.000 .00000000 .00390000 .01478000 .00000000 .00000000 .00000000
292.500 .00000000 .00461000 .01229000 .00000000 .006000000 .00000000
315.000 .00000000 .00260000 .00603000 .00000000 .00000000 .00000000
337.500 .00000000 .00154000 .00402000 .00000000 .00000000 .00000000

ANNUAL: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6

DIRECTION (1.000 M/S) C2.250 MIS) C4.050 MIS) (6.550 M/S) (9.250 MIS) (12.500 M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00468000 .00993000 .00000000 .00000000 .00000000 .00000000
22.500 .00242000 .00520000 .00000000 .00000000 .00000000 .00000000
45.000 .00155000 .00201000 .00000000 .00000000 .00000000 .00000000
67.500 .00120000 .00248000 .00000000 .00000000 .00000000 .00000000
90.000 .00258000 .00390000 .00000000 .00000000 .00000000 .00000000

112.500 .00174000 .00461000 .00000000 .00000000 .00000000 .00000000
135.000 .00246000 .00745000 .00000000 .00000000 .00000000 .00000000
157.500 .00425000 .01430000 .00000000 .00000000 .00000000 .00000000
180.000 .00608000 .02352000 .00000000 .00000000 .00000000 .00000000
202.500 .00264000 .00981000 .00000000 .00000000 .00000000 .00000000
225.000 .00254000 .00674000 .00000000 .00000000 .00000000 .00000000

247.500 .00388000 .00768000 .00000000 .00000000 .00000000 .00000000

270.000 .00378000 .01312000 .00000000 .00000000 .00000000 .00000000
292.500 .00431000 .01678000 .00000000 .00000000 .00000000 .00000000
315.000 .00265000 .00827000 .00000000 .00000000 .00000000 .00000000
337.500 .00287000 .00603000 .00000000 .00000000 .00000000 .00000000

SUM OF FREQUENCIES, FTOTAL = .99995
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MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

**NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAMS/M**3 *

Y-COORD I X-COORfl (METERS)
(METERS) 1 -100.00 -90.00 -80.00 -70.00 -60.00 -50.00 -40.00 -30.00

-20.00

190.00 1 1.102467 1.158826 1.221442 1.335687 1.4781173 1.629453 1.786217 1.947673
2.112065

180.00 1 1.108006 1.166693 1.232545 1.325720 1.485'?80 1.655425 1.833302 2.017618
2.206207

170.00 1 1.110313 1.172082 1.240023 1.317314 1.481"80 1.673673 1.876571 2.088318
2.306204

160.00 1 1.108625 1.173278 1.243332 1.323659 1.4620388 1.681128 1.914168 2.159425
2. 413485

150.00 1 1.102139 1.169359 1.242580 1.325761 1.430,193 1.672364 1.941714 2.228032

2. 52 6997
140.00 1 1.090064 1.159320 1.235601 1.320534 1.420285 1.640335 1.953996 2.291446

2.647181
130.00 1 1.071608 1.142087 1.220724 1.308417 1.412293 1.574123 1.941687 2.342966

2. 770 954
120.00 1 1.046065 1.116609 1.196473 1.286967 1.3924116 1.518340 1.891523 2.373039

2.894079
110.00 1 1.012981 1.081949 1.161345 1.253055 1.359,17 1.491089 1.782566 2.362982

3. 002623
100.00 1 .946023 1.1037508 1.114075 1.204594 1.311043 1.441171 1.629657 2.288250

3. 084 090
90.00 1 .870382 .950278 1.053997 1.139880 1.245013 1.373527 1.533482 2.112102

3.122024
80.00 1 .783733 .858496 .939507 1.058276 1.1564121 1.282051 1.440517 1.763442

3. 064 848
70.00 1 .687611 .754665 .827817 .907427 1.045"21 1.161001 1.316196 1.517582

2.832734
60.00 1 .585130 .641940 .703992 .772023 .6460~04 1.010851 1.141904 1.321118

2.20858 3
50.00 1 .481347 .526024 .574064 .626066 .6836;83 .748959 .913546 1.080104

1. 419055
40.00 1 .448285 .453338 .451162 .480793 .515"24 .539853 .591363 .827733

1. 0624 51
30.00 1 .435156 .436432 .432954 .420929 .3843c6 .362097 .381464 .427686

.754075
20.00 1 .424749 .423508 .416431 .401472 .36534A .330117 .269820 .203071

.251146
10.00 1 .418483 .416601 .408721 .392685 .353464 .315500 .269236 .220799

.166939
.00 1 .383468 .377385 .365132 .344824 .3031,!6 .261321 .211207 .157361

.105733
- 10.00 1 .292492 .273326 .246593 .210869 .159542 .105825 .051661 .021203

.002275
-20.00 1 .207180 .176707 .138051 .090643 .0483,2 .016322 .165609 .539415

.007677
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STHE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2 0

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

**CONC OF ANY IN MICROGRAI4S/M**3 *

Y-COORD I X-COORD (METERS)
(METERS) 1 -10.00 .00 10.00 20.00 30.00 40.00 50.00 60.00

70.00

190.00 1 2.277956 2.443372 2.207652 1.968591 1.729608 1.493948 1.264542 1.043898
.834366

180.00 1 2.397167 2.587957 2.323422 2.055116 1.787310 1.524015 1.268813 1.024829
.794608

170.00 1 2.527712 2.749530 2.450901 2.147902 1.846122 1.550493 1.265426 .994861

.769218
160.00 1 2.672992 2.933516 2.593692 2.249133 1.906514 1.572536 1.252183 .950846

.794262
150.00 1 2.834061 3.143243 2.753217 2.357932 1.966337 1.586568 1.225357 .900772

.825806
140.00 1 3.014986 3.386605 2.9342 43 2.476148 2.024133 1.588859 1.179376 .913216

.860183
130.00 I 3.216894 3.669590 3.139112 2.602521 2.075820 1.573220 1.105785 .956714

.898157
120.00 I 3.441535 4.001420 3.369303 2.732254 2.115532 1.530689 1.076593 1.003624

.939970
110.00 1 3.682908 4.382370 3.619835 2.854147 2.121549 1.437962 1.138203 1.055661

.984647
100.00 I 3.944575 4.833965 3.901471 2.967979 2.079447 1.326708 1.184012 1.105480

1. 031727
90.00 I 4.238219 5.401286 4.231628 3.068095 1.978955 1.359204 1.250487 1.152921

1. 067 722
80.00 I 4.547877 6.115063 4.606899 3.122836 1.768957 1.459049 1.328982 1.210057

1.104469
70.00 1 4.831633 7.014118 5.017674 3.085256 1.757011 1.578395 1.413924 1.268212

1. 109 375
60.00 I 5.039189 8.194150 5.446136 2.859057 1.944157 1.708555 1.501276 1.269848

1.031841
50.00 1 5.036280 9.822060 5.824366 2.606087 2.156241 1.842127 1.488406 1.129595

.900220
40.00 I 4.398587 12.252350 5.940111 2.914804 2.381149 1.790908 1.219995 .887612

.696962
30.00 1 2.163015 .000305 1.236609 1.604103 2.227657 1.243222 .755251 .620023

.653762
20.00 I .391404 .000466 .000168 .030706 .903163 .687474 .709382 .937521

1. 10 9186
10.00 I .000770 .000212 .001068 .670649 1.048137 1.345416 1.510961 1.593307

1. 6713 37
.00 I .000172 .000018 .000290 1.272013 1.544162 1.702706 1.780133 1.801134

1.844003
-10.00 I .002017 .002822 .202214 .320476 .565019 .780483 1.002190 1.154784

1. 28 6605
-20.00 ( .013557 .026502 .490767 .271745 .296861 .404241 .496856 .642007

.774705
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ISCLT3 - VERSION 95250 ** MAX CONCENTRATION INSIDE WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96

* Fine Receptor Grid (l0xl~m) /1000 pg/m^3 SrcCconc 08:46:28
PAGE

20
* MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE~ ANNUAL AVERAGE CONCENTRATION VALUES F-.OR SOURCE GROUP: ALL
INCLUDING SOURCE(S): 1 , 2

NETWORK ID: COARSE ;NETWORK TYPE: GRIDCART

*CONC OF ANY IN MICROGRAMS/M*1*3

Y-COORD I X-COORD (METERS)
(METERS) 1 80.00 90.00 100.00 110.00

-------- -- -- ---------------------------------------------- - - --- - -- -- -- -- --

190.00 1 .683746 .655306 .630528 .607161
180.00 1 .705799 .675252 .648839 .623245
170.00 1 .729179 .697219 .667996 .639881
160.00 1 .754542 .720568 .688080 .657044
150.00 1 .783120 .745327 .709102 .674740
140.00 1 .814639 .771610 .730931 .692834
130.00 1 .847679 .799628 .753409 .711137
120.00 1 .882144 .82!7693 .777020 .729154
110.00 1 .917954 .856218 .799397 .741855
100.00 I .954756 .884393 .812003 .739074
90.00 1 .990778 .897658 .802347 .728452
80.00 1 .995857 .875833 .780407 .708148
70.00 1 .944282 .830234 .742995 .674893
60.00 1 .869848 .758822 .683074 .625730

50.00 1 .754627 .661355 .600071 .596148
40.00 1 .598160 .627236 .672544 .739627
30.00 1 .773469 .873812 .934084 .966002
20.00 1 1.185242 1.21L9140 1.224944 1.212520
10.00 1 1.641400 1.592988 1.534444 1.471329

.00 1 1.775496 1.698348 1.618179 1.538657
-10.00 I 1.312974 1.31L0662 1.290192 1.258751

-20.00 1 .877298 .939111 .972013 .984821
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ISCLT3 - VERSION 95250 "MAX CONCENTRATION INSIDE WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96
**Fine Receptor Grid (l0xl~m) /1000 pig/m^3 SrcConc 08:46:28

PAGE

21
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR GROUP: ALL **

INCLUDING SOURCE(S): 1 , 2

** CONC OF ANY IN MICROGRAMS/M**3 *

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE

1. 12.252350 AT ( .00, 40.00) GC 6. 5.940111 AT ( 10.00, 40.00) GC
2. 9.822060 AT ( .00, 50.00) GC 7. 5.824366 AT ( 10.00, 50.00) GC
3. 8.194150 AT ( .00, 60.00) GC 8. 5.446136 AT ( 10.00, 60.00) GC

4. 7.014118 AT ( .00, 70.00) GC 9. 5.401286 AT (.00, 90.00) GC
5. 6.115063 AT ( .00, 80.00) GC 10. 5.039189 AT ( -10.00, 60.00) GC

**RECEPTOR TYPES: GC - GRIDCART
GP - GRIDPOLR
DC- DISCOART

DP - DISCPOLR
BD- BOUNDARY

D1 0-286



**ISCLT3 - VERSION 95250 **MAX CONCENTRATION INSIDE WIPP SITE BOUNDARY (90 Carlsbad Met) 03/27/96
*tFine Receptor Grid (l0xlom) /1000 jig/m^3 Src.Conc 08:46:28

PAGE

22
**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL

**Message Summary : ISCLT3 Model Execution ~

------Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)
A Total of 0 Warning Message(s)
A Total of 0 Informational. Message(s)

*****FATAL ERROR MESSAGES ****

** NONE ***

WARNING MESSAGES ****

SNONE **

SISCLT3 Finishes Successfully**
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TOPOGRAPHIC MAPS
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The information contained in this box is
oversized or uinacceptable quality and cannot be
accurately digitized. To view the original please
contact the DOE Carlsbad Field Off-ice Chief
Information Off-icer at 234-72001.



INSERT WIPP AND CARLSBAD AIRPORT Topo MAPS HERE
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QUALITY ASSURANCE SUMMARY

* Quality Assurance (QA) for the model runs consists of: 1) a summaiyf of OA tests performed by
the Environmental Protection Agency (EPA) on the Industrial Source Complex (ISC)2 model and
2) an independent review of the Department of Energy's (DOE's) model runs by Trinity
Consultants, Inc. Both reports are attached.

The EPA QA test summary serves as the validation of the ISC2 model. For model verification,
Trinity Consultants Inc. reviewed the model input and ran the input files to ensure that the data
were derived and input correctly, the copy of the model code used was unchanged, and the
hardware used to run the code did not influence the results of the model runs. Upon
incorporation of Trinity's comments, the results of their model runs were exactly the same as
those contained in this attachment.
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SUMMARY OF THE QUALITY ASSURANCE AND EQUIVALENCE TESTS PERFORMED ON
THE lSC2 MODELS

(From the EPA Support Center for Regulatory Air Models
[SCRAM] Bulletin Board System [BBS] on April 24, 1995)

MARCH 1992

1 INTRODUCTION

This report presents a summary of the quality assurance and testing
procedures that were used during the development of the ISC2 models, and
summarizes the results of the ISC2 testing. A brief overview of the QA/Test
Plan is presented in Section 2, followed in Section 3 by a summary of the tests
performed at various stages in the software development cycle, and concluding
with a discussion of the results of equivalence tests using standard EPA test
data sets.

2 OVERVIEW OF QA/TEST PLAN

The ISC2 reprogramming effort included the preparation of a detailed
Quality Assurance (QA) and Test Plan for the software development process as
one of the earliest steps. The QA/Test Plan included a discussion of the goals
of the reprogramming effort, established standard operating procedures for
programming that addressed coding style, language standards, and documentation
practices, and outlined a detailed test plan. The test plan stressed the
importance of testing the code at each phase of the development process,
including independent review of the design of individual modules, testing
individual modules with standard test data, testing of groups of modules during
the module integration phase, extensive system level testing, and outside
review and testing of beta (draft) versions of the ISC2 software.

3 SUMMARY OF ISC2 TESTING

3.1 Module Level Testing

Individual modules were designed using structured English diagrams, or
pseudo-code, to document the overall flow and structure of the program. The
actual code was developed from these pseudocode files as a natural extension to
executable Fortran statements. In many cases, the pseudocode remained in the
actual Fortran source code files as comments to clarify the processing steps.
Important modules were tested by code walkthroughs and other independent review
mechanisms.

Most individual modules, particularly the calculation modules, underwent
testing with standard test data once the Fortran code was written and
compiled. In the absence of functioning module interfaces and data input
routines, the module testing made use of the Fortran NAMELIST extension for
inputting and outputting list-directed data. In this way, the input and output
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variables specific to a module could be conveniently read in and written out
without the need for burdensome 1/0 statements.

The most intensive module level testing was performed for certain modules
that are involved with the more complex model computations. These included the
modules that calculate the vertical term of the concentration equation, the
module that solves the cubic equation for Schulman-Scire plume rise and for
urban virtual distances for stabilities A and B, and the module that calculates
the error function term for the finite line segment area source algorithm in
the Short Term model. Using the NAMELIST test driver, the input parameters for
these modules were systematically varied over the full range of possible
inputs, and the results were compared with the comparable algorithms from the
original ISO model. The tests of the CUBIC module were particularly intensive
since the new model uses Newton's method to solve the cubic equation, which is
a different method from that used in the original ISO models. This method was
chosen for its efficiency, accuracy and stability over the full range of
inputs, and for the better clarity of the code involved. One result of these
detailed tests of the CUBIC module was the adjustment of the convergence
criterion to obtain more accurate results for cases with very small plume
rise. The development and testing of the error function module included an
examination and comparison of several methods extracted from different models.
The method used in the original ISOST model was retained, although
restructured, because it appeared to be the most efficient, and gave comparable
results to the other methods.

3.2 Module Integration Testing

Additional testing was performed during the module integration phase of
the software development. The NAMELIST test driver approach was also used
during this phase, particularly for the calculation modules. The set~lp
processing modules were integrated and tested for each of the functional
pathways using live input runstreamn data. This included testing of the data
entry and extraction, as well as the error handling capabilities of the setup
modules.

Module integration testing for the calculation modules was perform~ed in
/ ~s stages, from the initial integration of the dispersion parameter modUles to the

full testing of the Schulman-Scire plume rise algorithms. In order to perform
the later testing, essentially all of the plume rise and dispersion parameter
modules had to be integrated. The integration testing served to check the
module interfaces and the flow of data.

Another important area of module integration testing involved the
averaging and sorting rou tines of the model. In order to test these routines
independent of the calculation modules, a binary concentration file of hourly
results was generated by the original ISOST model to provide the raw
concentration values for input to the new ISCST2 modules. In this way, all of
the "bookkeeping" routines of the new model could be tested by clirect
comparison to the original model. As part of this testing, it was discovered

* that the original ISOST model contains an inconsistency between the high value
by receptor and the overall maximum value summaries in the treatment of cases
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with the same concentration (or deposition) value. The high value by receptor
routines retain the earlier occurrence of the value, while the overall maximum
50 value routines keep the most recent occurrence. The sorting routines in the
ISCST2 model consistently retain the earlier occurrence in these situations.

3.3 System Level Testing

Once all of the modules were integrated and the model input processing
routines were fully functional, system level testing could be performed.
System testing involved a broad range of activities. These included re-testing
conditions tested under the previous stages of development, testing cases with
predetermined results, systematically varying inputs to test transition points
in the algorithms (especially important for the building downwash algorithms),
testing normal and extreme ranges of input parameters, and testing realtime
applications. An important part of this testing involved comparisons of
results between the ISC2 models and the original ISC models. It was out of the
need to make side-by -side comparisons for the same input data that the file
conversion utility, STOLDNEW, was developed in stages.

The most intensive system level testing involved exercising the regulatory
default options, since these are the most important to the user community. The
building downwash algorithms were also tested intensively due to their
complexity and in light of the numerous bugs associated with those algorithms
in the earlier versions of ISC. The non-regulatory default options, including
gradual plume rise, no BID, no stack tip downwash, and no calms processing,
were also tested thoroughly. Tests were performed for both concentration
calculations and deposition calculations. In addition to several realtime
meteorological data sets, smaller test data sets of meteorological data were
developed with variables covering a full range of possible inputs.

During the various phases of testing the models, several discrepancies
were discovered between the ISC2 models and the earlier versions of ISO. Many
of these discrepancies involved the building downwash algorithms, and
especially the calculation of gradual momentum plume rise. Each discrepancy
identified was carefully evaluated, and a resolution was reached for
incorporation into the ISC2 models. An effort was also made to incorporate
fixes for these discrepancies into the original ISC models, primarily for
testing of the ISC2 corrections and to verify the cause and resolution of the
discrepancy. The ISCST fixes are considered to be fairly complete, although
they are in draft form and have not been released. Due to some fundamental
flaws in the design of the ISCLT model's treatment of the direction-specific
building downwash algorithms, it was not possible to complete the fixes for
that model without major rewriting of the original code. Due to the number of
discrepancies and the sometimes obscure nature of the causes, it is not
practical to list all of them here. A brief description of some of the main
problem areas was included with the original READ-ME.TXT file included with the
first draft of ISC2 placed on the SCRAM BBS in September 1991. Overall, the
discrepancies are not likely to effect design values significantly for most
routine applications of the models for buoyant point sources or for volume
sources. All values for area sources modeled with the ISCST2 model will be0
about 11.4 percent lower than corresponding values generated by the original
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ISCST model. The most significant differences are likely to be for point
sources dominated by momentum plume rise with no downwash and with Huber-Snyder
downwash.

An important phase of the system testing involved automated point-by-point
comparisons of the ISCST2 results with the original ISCST results for a large
number of sources where the input parameters were varied systematically across
a broad range of expected values. The results were compared on a1
point-by-point and hour-by-hour basis by a program that was developed to read
the binary concentration files generated by each of the models. O~ne of the
ISC2 beta reviewers, Mark Garrison of United Engineers and Constiructors,
provided input data sets for this- purpose that were developed during a
performance evaluation of another dispersion model. Results from some of these
comparisons are presented below in Section 4 of this report.

3.4 Beta Review and Testing

In addition to the system testing performed by the developers of the ISC2
code, draft versions of the models were sent to selected individuals and
organizations for~ independent testing and beta review. The beta reviewers
included EPA Regional and State modelers, as well as modelers from other
Federal agencies, private industry and consulting firms. Additional systemn
testing was being performed concurrent with the beta review. The beta
reviewers were given draft versions of the models including source code, draft
versions of the user's guide, arid a list of specific issues for which feedback
was solicited. Comments and suggestions from the beta reviewers were evaluated

* and incorporated into the final versions of the models where appropriate and
practical.

3.5 Final Acceptance Testing

The final phase of testing for the ISC2 models is referred to as final
acceptance testing. This involved review of the complete ISC2 package by EPA,
and included the release of draft versions of the ISC2 models and draft user's
guide to the modeling community by placing them on the SCRAM BBS. The first

'7 drafts were placed on SCRAM in September 1991, followed about two months later
by revised drafts of the Short Term models, and by revised drafts of~ all models
in early February 1992. Comments were received from several users through a
special public message area in the Model Conference section of SCRAM. This
final acceptance testing resulted in several bugs being identified and
corrected. Additional system testing was performed concurrent with final
acceptance testing. This was focused primarily on testing the lesser used
options of the model and on challenging the error handling and reporting
capabilities of the models. Also performed as part of the final acceptance
testing were standard equivalence tests used by EPA in evaluating past changes
to the models. These equivalence tests, which focus on a comparison of design
values for a small number of representative sources, are summarized in the next
section.

. 4 ISC2 EQUIVALENCE TESTS
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This section describes tests that were performed on the ISC2 models to
document their equivalence to the original ISC models. Two types of tests are
summarized here. The first involves comparisons of predicted design values
based on standard test data sets used by EPA in evaluating past changes to the
models. This type of comparison is presented below for both the ISCST2 and
ISCLT2 models. Another type of test for the ISCST2 model involves automated
comparisons of results on a point-by-point and hour-by-hour basis using the
binary concentration files generated by both models.

4.1 ISCST2 vs. ISCST Design Value Comparisons

The results of the equivalence tests involving comparisons of design
values showed the ISCST2 results to be nearly identical to the ISCST (Version
90346) design values. The tests included six point sources with fiat terrain,
two point sources with elevated terrain, an elevated volume source, and an
elevated area source. The sources were modeled using a 180 receptor polar
network with one year of Pittsburgh (1964) meteorological data and one year of
Oklahoma City (1984) meteorological data. All cases were modeled with both
rural dispersion coefficients and with urban dispersion coefficients. The
point source characteristics were as follows:

Stack Stack Exit Stack Bldg. Bldg.
Height Temp. Vel. Diam. Height Width Elev.
(in) (K) (mis) (in) (in) (in) Terrain

35 432 11.7 2.4 NA NA No
35 432 11.7 2.4 34 60 No
35 432 11.7 2.4 34 30 No
35 432 11.7 2.4 34 180 No
100 416 18.8 4.6 NA NA No
200 425 26.5 5.6 NA NA No
35 432 11.7 2.4 NA NA Yes

200 425 26.5 5.6 NA NA Yes

The volume source had a release height of 35 meters, an initial lateral
dimension of 14 meters and an initial vertical dimension of 16 meters. The
area source had a release height of 35 meters and a width of 1000 meters.
Receptor distances (in meters) for the six point sources with no terrain and
for the volume and area sources were 125, 250, 400, 800, and 2000. The
receptor distances for the cases with elevated terrain were 800, 2000, 4000,
7000, and 15000.

The design values examined included the highest and high-second-high
1 -hour, 3-hour and 24-hour averages, and the highest annual averages. A total
of 280 design values were compared. With the exception of the 24-hour Oklahoma
City averages for the three building downwash sources for rural dispersion, all
of the design values agreed to within a few hundredths or a few thousandths of
a percent difference. The 24-hour Oklahoma City rural downwash values differed
by a few tenths of percent, with the difference attributed to an error in the
treatment of enhanced lateral dispersion for cases with the wake plume height
less than 1.2 building heights by the original ISCST model. This difference
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was resolved with the-"fixed' version of the ISCST model.

4.2 ISCLT2 vs. ISCLT Design Value Comparisons

The same six point sources without elevated terrain used for the Short
Term equivalence tests were also used in the Long Term model equivalence
tests. The 200-meter release with elevated terrain was also examined, along
with a volume source (10-meter release height and 10-meter initial lateral and
vertical dispersion), and an area source (10-meter release height arid 100-meter
width). All sources were modeled with an annual STAR summary for the 1964
Pittsburgh data. The results of the equivalence tests for the Long Term model
also showed only insignificant differences (less than 0.1 percent) between the
highest annual averages from ISCLT2 and ISCLT (Version 90008) fDr the point
sources, but showed larger differences for the area and volume sources
examined. The highest annual average for the volume source for ISCLT2 was
about 1.4 percent larger than the ISCLT high annual value, and the highest
annual average for the area source for ISCLT2 was about 5 percent lower than
the ISCLT high annual value. These differences are attributed, at least in
part, to an error in the original ISCLT. model in the treatment of lateral
virtual distances. The differences were largest at the closer receptor
distances, especially for the area source.

4.3 ISCST2 vs. ISOST Binary File Comparisons

A more intensive and complete testing of the ISCST2 model involved
automated comparisons of hourly results using the binary concentration output

* file options of both the ISCST2 and ISCST models for a large number of source
scenarios. A total of 365 different sources were included in these tests,
which were broken down as follows:

100 point sources with no downwash
100 point sources with Huber-Snyder downwash
100 point sources with Schuilman-Scire downwash
48 volume sources
17 area sources

The stack parameters for the point sources included a range of inputs for the
release height, exit temperature, exit velocity and stack diameter covering a
broad spectrum of source scenarios. These included momentum dominated plumes
with no buoyancy as well as highly buoyant plumes. The volume arid area source
scenarios also covered a broad range of inputs, with five of the area sources
including variable emission rate factors.

Receptors were located at various distances ranging from very riear the
source out to 100,000 meters downwind, with locations along the plume
centerline and at about 10 degrees off-centerline. At each distance, receptors
were placed at ground level and at two terrain elevations for the point
sources. A total of 60 receptors were used for the point sources with no. downwash, 54 receptors were used for the points sources with downwash, and 88
receptors were used for the volume and area sources.
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The input meteorological data included 144 hours for the point sources and
24 hours for the volume and area sources. The larger number of hours for the
point sources were to account for the dependence of plume rise on input
meteorological conditions. The meteorological data for point sources included
wind speeds at 0.5 m/s increments for the valid range of speeds for each
stability category for two different mixing heights. The meteorological data
for the volume and area sources also included each stability class with a
smaller range of wind speeds and with two different mixing heights.
Altogether, over 5 million data points were compared between the ISCST2 and
ISCST models.

The results of these comparisons are presented in the following tables.
The tables present the number of occurrences for various categories of the
percent difference, stratified by the absolute value of the original ISCST
result. Totals are given for each column, as well as for the total number of
comparisons for each case and the total number of cases where both models
indicated a value of 0.0. The percent differences were calculated as follows:
[(New-Old)IOld]100. Thus, a negative percent difference indicates that the
ISCST2 value was less than the original or "fixed" ISCST value. Also, values
in a particular column are for cases that were less than or equal to the
percent difference given above the column and greater than the percent
difference for the column to the left. Thus, cases under the column labeled
".20" are for cases where the percent difference was less than or equal to 0.20
percent but greater than -0.20 percent. For the ISCST2 vs. Original ISCST
cases, about 92.8 percent of the cases fell into this category, while for the
ISCST2 vs. "Fixed" ISCST cases, about 99.5 percent fell into this category.
About 95.5 percent of the ISCST2 vs. Original ISCST occurrences fell with the
range of plus or minus 2.0 percent, while about 99.5 percent of the ISCST2 vs.
"Fixed" ISCST occurrences fell within this range. Most of the remaining
occurrences for the ISCST2 vs. "Fixed" ISCST cases were for instances where the
ISCST2 model predicted a value of 0.0 and the ISCST model predicted a very
small value (less than or equal to I .OE-6). These values are included in the
upper left hand "cell" of the tables, and are indicative of slight differences
in the lateral "truncation" of the plume between the two models due to rounding
errors.

The results are presented in the following order

100 Point Sources; No Downwash; Rural Dispersion; ISCST2 vs. Original ISCST
100 Point Sources; No Downwash; Rural Dispersion; ISCST2 vs. "Fixed" ISCST
100 Point Sources; No Downwash; Urban Dispersion; ISCST2 vs. Original ISCST
100 Point Sources; No Downwash; Urban Dispersion; ISCST2 vs. "Fixed" ISCST

100 Point Sources; H-S Downwash; Rural Dispersion; ISCST2 vs. Original ISCST
100 Point Sources; H-S Downwash; Rural Dispersion; ISCST2 vs. "Fixed" ISCST
100 Point Sources; H-S Downwash; Urban Dispersion; ISCST2 vs. Original ISCST
100 Point Sources; H-S Downwash; Urban Dispersion; ISCST2 vs. "Fixed" ISCST

100 Point Sources; S-S Downwash; Rural Dispersion; ISCST2 vs. Original ISCST
100 Point Sources; S-S Downwash; Rural Dispersion; ISCST2 vs. "Fixed" ISCST
100 Point Sources; S-S Downwash; Urban Dispersion; ISCST2 vs. Original ISCST
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100 Point Sources; S-S Downwash; Urban Dispersion; ISCST2 vs.. "Fixed" ISCST

48 Volume Sources; Rural Dispersion; ISCST2 vs. Original ISCST
48 Volume Sources; Rural Dispersion; ISCST2 vs. "Fixed" ISCST@48 Volume Sources; Urban Dispersion; ISCST2 vs. Original ISCS rT
48 Volume Sources; Urban Dispersion; ISCST2 vs. "Fixed" ISCST

17 Area Sources; Rural Dispersion; ISCST2 vs. Original ISCST
17 Area Sources; Rural Dispersion; ISCST2 vs. "Fixed" ISCST
17 Area Sources; Urban Dispersion; ISCST2 vs. Original ISCST
17 Area Sources; Urban Dispersion; ISCST2 vs. "Fixed" ISCST

Most of the largest differences in the ISCST2 vs. Original ISCST tables
are associated with point sources with plume rise dominated by momentum. The
consistent differences between the area source results of about -11.4 percent
are due to an error in the derivation of the equation for the finite line!
segment algorithm for modeling area sources in ISCST. The vast majority of
occurrences for the ISCST2 vs. "Fixed" ISCST cases fall within the range of
plus or minus 0.2 percent, or fall into the category of a zero ISCST2 value and
a very small ISCST value. A few occurrences for the rural dlownwash scenarios
fall outside the +/- 0.2 percent range, but most of those are still within 1
2.0 percent. These are primarily attributable to an error in the original
ISCST model that was not practical to fix. The original ISCST model
occasionally uses an incorrect set of coefficients for the calculation of
vertical virtual distance in the rural mode. This calculation is performed by
an iterative process in both models, where an estimate of virtual distance is. made based on the coefficients corresponding to the source-receptor distance,
and then the value of X+Xz is checked to see if it falls within the samne
distance range for coefficients. The original ISCST model occasionally selects
coefficients for the distance range beyond the correct range, but does not
allow for stepping back to the previous distance range.
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100 POINT SOURCES; NO DOWNWASH; RURAL DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 60
NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT()

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00

2.00 10.00 100.00

RANGE (-=):
.1000E-05 6028 474 378 316 516 233567 2774

852 796 310 5300

.1000E-04 0 108 44 26 64 7677 623

64 70 74 436

.1000E-03 0 62 60 52 92 8034 691

60 110 94 384

.1000E-02 6 46 60 6 20 26065 930

40 108 148 338

.1000E-01 6 64 62 54 140 67649 1020

16 92 180 440

.1000 0 90 72 40 60 87815 990

0 114 206 386
1.000 0 46 74 68 168 132611 1472

120 218 229 1498

10.00 0 30 72 50 168 118777 3632

348 602 123 852

100.0 0 38 84 36 206 66300 6836

2503 2024 498 1118

1000. 0 42 18 68 238 25861 2805

1770 7594 4932 2890

.1000E+05 0 42 96 36 58 4492 676

558 1722 5194 3318

.1000E+06 0 46 20 2 12 882 650

100 302 702 468

.1000E+07 0 8 2 2 2 34 14

6 6 118 14

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 6040 '1096 1042 756 1744 779764 23113

6437 13758 12808 17442

TOTAL NUMBER OF COMPARISONS = 864000

NUMBER OF ZERO COMBINATIONS = 201756

D1 0-300



. 100 POINT SOURCES; NO DOWNWASH; RURAL DISPERSION; ISCST2 vs. 'Fixed' ISCST

NUMREC = 60

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA 'PERCENT()

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00

2.00 10.00 100.00

RANGE (.=):

.1000E-05 6494 0 0 0 0 243653 0

0 0 0 0

.1000E-04 0 0 0 0 0 9258 0

0 0 0 0

.1000E-03 0 0 0 0 0 9810 0

0 0 0 0

.1000E-02 0 0 0 0 0 27865 0

0 0 0 0

.1000E-01 0 0 0 0 0 69575 0

0 0 0 0

.1000 0 0 0 0 0 89513 0

00 0 0

1.000 0 0 0 0 0 135054 0

0 0 0 0

10.00 0 0 0 0 0 123793 0

0 0 0 0

100.0 0 0 0 0 0 78293 0

0 0 0 0

1000. 0 0 0 0 0 42752 0

0 0 0 0

.1000E+05 0 0 0 0 0 15694 0

0 0 0 0
. 1000E+06 0 0 0 0 0 10352 0

0 0 0 0

.1000E+07 0 0 0 0 0 1894 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 6494 0 0 0 0 857506 0

0 0 - 0 0

TOTAL NUMBER OF COMPARISONS = 864000

NUMBER OF ZERO COMBINATIONS = 201292

D1 0-301



100 POINT SOURCES; NO DOWNWASH; URBAN DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 60

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT(=

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00

2.00 10.00 100.00

RANGE (_=):
.1000E-05 3862 410 296 102 274 183306 1719

279 690 626 4821

.1000E-04 0 44 74 20 20 11367 322

26 104 248 468

.1000E-03 0 42 34 16 4 21828 393

79 133 361 479

.1000E-02 0 60 30 14 80 19677 482

76 123 478 476

.1000E-01 0 50 86 26 106 49418 369

146 138 636 240

.1000 0 64 24 16 88 80097 581

148 278 637 164

1.000 0 86 92 54 86 144069 498

184 379 625 24

10.00 0 34 126 36 112 168582 952

288 668 313 8

100.0 0 54 82 56 132 86456 7436

1503 1004 146 628

1000. 0 32 58 52 132 29078 3530

2404 8544 162 1400

.1000E+05 0 44 30 6 26 3132 1258

254 1676 2500 4826

.1000E+06 0 16 0 6 4 868 248

60 386 614 590

.1000E+07 0 0 0 0 0 20 0

0 4 72 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 3862 936 932 404 1064 797898 17788

5447 14127 7418 14124

TOTAL NUMBER OF COMPARISONS = 864000

NUMBER OF ZERO COMBINATIONS = 151488

D1 0-302



. 100 POINT SOURCES; NO DOWNWASH; URBAN DISPERSION; ISCST2 vs. 'Fixed' ISCST

NUMREC = 60

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT()

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (,,=):

.1000E-05 4496 0 0 0 0 191113 0

0 0 0 0
.1000E-04 0 0 0 0 0 12785 0
0 0 0 0
.1000E-03 0 0 0 0 0 23513 0
0 0 0 0
.1000E-02 0 0 0 0 0 21647 0
0 0 0 0

.1000E-01 0 0 0 0 0 51403 0
0 0 0 0
.1000 0 0 0 0 0 82198 0

0 0 0 0

0 0 0 0
10.00 0 0 0 0 0 171127 0
0 0 0 0
100.0 0 0 0 0 0 96815 0
0 0 0 0
1000. 0 0 0 0 0 43878 0
0 0 0 0
.1000E+05 0 0 0 0 0 11262 0
0 0 0 0

1000E+06 0 0 0 0 0 6994 0
0 0 0 0
.1000E+07 0 0 0 0 0 612 0

0 0 0 0
0 0 0 0 0 0 0

0 0 0 0

TOTAL= 4496 0 0 0 0 859504 0

0 0 -0 0

TOTAL NUMBER OF COMPARISONS = 864000

NUMBER OF ZERO COMBINATIONS = 150854

---------------------------------------------
Dl 0-303



100 POINT SOURCES; H-S DOWNWASH; RURAL DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 54

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT )

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00

2.00 10.00 100.00

RANGE(.)

.1000E-05 3002 280 166 24 190 147590 2243

234 102 269 4381

.1000E-04 0 26' 14 0 2 6164 466

14 2 69 270

.1000E-03 0 14 26 22 16 5402 511

18 6 94 269

.1000E-02 0 38 28 14 48 22184 557

16 2 76 180

.1000E-01 0 6 42 16 80 64306 683

8 2 99 44

.1000 0 40 84 26 308 84357 644

10 0 159 6

1.000 0 28 76 100 476 128681 794

128 44 140 14

10.00 0 34 134 394 790 127305 3262

196 316 10 0

100.0 0 10 320 712 1280 95183 7968

1988 1506 106 86

1000. 0 2 442 780 452 33054 3330

2942 7956 1418 314

.1000E+05 0 0 104 50 16 3110 444

320 2776 1496 448

.1000E+06 0 0 0 0 0 22 18

6 30 24 16

.1000E+07 0 0 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 3002 478 1436 2138 3658 717358 20920

5880 12742 3960 6028

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 127209

D1 0-304



. 100 POINT SOURCES; H-S DOWNWASH; RURAL DISPERSION; :ISCST2 vs. "Fixed" ISCST

NUMREC = 54

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT()

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (.=):
.1000E-05 3800 6 0 0 8 154078 0

0 0 0 0

.1000E-04 0 0 4 0 0 7259 0

0 0 0 0
.1000E-03 0 0 0 0 2 6477 0

0 0 0 0
.1000E-02 0 0 0 0 0 23261 0
0 0 0 0
.1000E-01 0 0 2 0 2 65381 0

0 0 0 0
.1000 0 0 2 0 2 85649 0

0 0 0 0

0 0 0 0
10.00 0 0 0 0 0 132365 48

0 0 0 0
100.0 0 0 0 0 0 108985 6

0 0 0 0
1000. 0 0 0 0 2 50118 0

0 0 0 0
.1000E+05 0 0 0 0 0 9340 2

0 0 0 0
.1000E+06 0 0 0 0 0 304 2

0 0 0 0
.1000E+07 0 0 0 0 0 0 0
0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 3800 6 8 0 18 773658 110

0 0 -0 0

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 126411

--------------------------------------------
Dl 0-305



100 POINT SOURCES; H-S DOWNWASH; URBAN DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 54

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT )

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00

2.00 10.00 100.00

RANGE ()

.1000E-05 2219 128 38 42 186 122110 1563

0 33 359 4958

.1000E-04 0 12 4 4 26 10159 192

0 12 264 456

.1000E-03 0 4 44 12 22 20234 198

4 30 387 442

.1000E-02 0 60 0 4 2 17404 324

13 66 494 305

.1000E-01 0 12 0 12 50 46857 162

14 178 660 138

.1000 0 0 78 18 10 77437 324

30 321 561 74

1.000 0 64 82 0 0 139038 216

118 479 417 0

10.00 0 0 6 98 292 167999 526

223 528 180 0

100.0 0 6 240 330 1450 100766 7258

1536 868 6 0

1000. 0 0 516 838 542 26750 2834

2742 6078 736 0

.1000E+05 0 0 48 8 12 1430 212

132 1628 614 0

.1000E+06 0 0 0 0 0 0 4

0 0 0 0

.1000E+07 0 0 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 2219 286 1056 1366 2592 730184 13813

4812 10221 4678 6373

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 98178

D1 0-306



. 100 POINT SOURCES; H-S D0OWNWASH; URBAN DISPERSION; ISCST2 vs. 'Fixed, ISCST

NUMREC = 54
NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT(=

-100.00 -1.0 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (=):

.1000E-05 3008 0 0 0 0 127885 0

0 0 0 0
.1000E-04 0 0 0 0 0 11262 0
0 0 0 0
.1000E-03 0 0 0 0 0 21466 0
0 0 0 0
.1000E-02 0 0 0 0 0 18915 0
0 0 0 0
.1000E-01 0 0 0 0 0 48140 0
0 0 0 0
.1000 0 0 0 0 0 79009 0

0 0 0 0

0 0 0 0
10.00 0 0 0 0 0 169870 12

0 0 0 0
100.0 0 0 0 0 0 112432 0
0 0 0 0
1000. 0 0 0 0 0 40932 0
0 0 0 0
.1000E+05 0 0 0 0 0 4210 0
0 0 0 0

1000E+06 0 0 0 0 0 12 0
0 0 0 0
.1000E+07 0 0 0 0 0 0 0
0 0 0 0

0 0 0 0 0 0 0
0 0 0 0

TOTAL= 3008 0 0 0 0 774568 24

0 0 -*0 0

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 97389

--------------------------------------------
Dl 0-307



100 POINT SOURCES; S-S DOWNWASH; RURAL DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 54

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT (=

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE(_)

.1000E-05 1218 0 0 0 0 149165 1265

744 124 58 1252

.1000E-04 0 0 0 0 0 4206 447

56 0 38 121

.1000E-03 0 0 0 0 0 4092 574
70 6 46 88

.1000E-02 0 0 0 0 0 19946 676
44 8 32 64
.1000E-01 0 0 0 0 0 60717 1067

36 0 18 16
.1000 0 0 0 0 0 78974 1151

26 14 40 0
1.000 0 0 154 67 230 127990 1091

27 101 29 0
10.00 0 0 3060 401 1228 134599 2203

184 2403 587 0
100.0 0 12 2030 2337 998 96110 3964

180 6696 2220 0
1000. 0 0 308 332 380 46414 2198

78 1830 1928 0
.1000E+05 0 0 0 4 340 7322 80

12 262 726 0
.1000E+06 0 0 0 0 0 86 0
0 0 0 0
.1000E+07 0 0 0 0 0 0 0
0 0 0 0

0 0 0 0 0 0 0
0 0 0 0

TOTAL= 1218 12 5552 3141 3176 729621 14716

1457 11444 5722 1541

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 138501

D1 0-308



. 100 POINT SOURCES; S-S DOWNWASH; RURAL DISPERSION; ISCST2 vs. 'Fixed' ISCST

NUMREC = 54

NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT()

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (.=):
.1000E-05 1384 0 0 0 0 152107 0
0 0 0 0
.1000E-04 0 0 0 0 0 4919 0
0 0 0 0
.1000E-03 0 0 0 0 0 4988 0
0 0 0 0
.1000E-02 0 0 0 0 0 20838 0

0 0 0 0
.1000E-01 0 0 0 0 0 61921 0

0 0 0 0
.1000 0 0 0 0 0 80236 0

1.000 0 0 0 0 0 129692 0

0 0 0 0
10.00 0 0 0 0 8 144434 0

0 0 0 0
100.0 0 0 0 56 20 114409 0
0 0 0 0
1000. 0 0 0 52 28 53572 0

0 0 0 0
.1000E+05 0 0 0 4 0 8826 0
0 0 0 0
.1000E+06 0 0 0 0 0 106 0
0 0 0 0
.1000E+07 0 0 0 0 0 0 0

0 0 0 0
0 0 0 0 0 0 0

0 0 0 0

TOTAL= 1384 0 0 112 56 776048 0

0 0 -- o 0

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 138335

--------------------------------------------
D1 0-309



100 POINT SOURCES; S-S DOWNWASH; URBAN DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 54
NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT(=

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00

2.00 10.00 100.00

RANGE (-=):
.1000E-05 553 16 0 0 0 143059 407

154 8 26 1528

.1000E-04 0 0 0 0 0 8345 126

6 2 39122

.1000E-03 0 0 0 0 0 19223 136

6 16 71 165

.1000E-02 0 0 0 0 0 15470 288

4 18 100 142

.1000E-01 0 0 8 0 0 44251 354

12 14 136 24

.1000 0 0 12 0 0 73521 416

0 6 138 4

1.000 0 0 88 76 152 135705 530

10 31 99 0

10.00 0 4 58 71 350 168349 399

14 68 12 0

100.0 0 0 30 46 169 113895 474

20 8 0 0

1000. 0 0 4 10 18 42998 148

4 0 0 0

.1000E+05 0 0 0 0 0 4806 20

0 0 0 0

.1000E+06 0 0 0 0 0 8 0

0 0 0 0

.1000E+07 0 0 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 553 20 200 203 689 769630 3298

230 171 621 1985

TOTAL NUMBER OF COMPARISONS 777600

NUMBER OF ZERO COMBINATIONS = 125921

D1 0-310



. 100 POINT SOURCES; S-S DOWNWASH; URBAN DISPERSION; ISCST2 vs. 'Fixed, ISCST

NUMREC = 54
NUMBER OF HOURS OF METEOROLOGY = 144

DELTA PERCENT(=

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00

2.00 10.00 100.00

RANGE (-=):
.1000E-05 766 0 0 0 0 144598 0

0 0 0 0
.1000E-04 0 0 0 0 0 8697 0

0 0 0 0
.1000E-03 0 0 0 0 0 19708 0

0 0 0 0
.1000E-02 0 0 -0 0 0 16062 0

0 0 0 0
.1000E-01 0 0 0 0 0 44936 0

0 0 0 0
.1000 0 0 0 0 0 74141 0

0 0 0 0
1.000 0 0 0 0 0 136707 0

0 0 0 0
10.00 0 0 0 0 0 169324 0

0 0 0 0
100.0 0 0 0 0 0 114643 0

0 0 0 0
1000. 0 0 0 0 0 43180 0

0 0 0 0
.1000E+05 0 0 0 0 0 4830 0

0 0 0 0
.1000E+06 0 0 0 0 0 8 0

0 0 0 0
.1000E+07 0 0 0 0 0 0 0

0 0 0 0
0 0 0 0 0 0 0

0 0 0 0

TOTAL= 766 0 0 0 0 776834 0

0 0 0 0

TOTAL NUMBER OF COMPARISONS = 777600

NUMBER OF ZERO COMBINATIONS = 125708

---------------------------------------------
D10-311



48 VOLUME SOURCES; RURAL DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT()

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00

2.00 10.00 100.00

RANGE ( =):
.1000E-05 370 0 0 0 0 43068 144

15 32 0 0

.1000E-04 0 0 0 0 0 396 42

8 24 0 0

.1000E-03 0 0 0 0 0 645 46

20 0 0 0

.1000E-02 0 0 0 0 0 974 41

41 0 0 0

.1000E-O1 0 0 0 0 0 679 76

s0 0 0 0

.1000 0 0 0 0 0 1067 148

4 0 0 0

1.000 0 0 0 0 0 5668 222

4 0 0 0

10.00 0 0 0 0 0 12965 471

24 0 0 0

100.0 0 0 0 0 0 22272 720

16 0 0 0

1000. 0 0 0 0 0 9884 313

0 0 0 0

.1000E+05 0 0 0 0 0 923 4

0 0 0 0

.1000E+06 0 0 0 0 0 0 0

0 0 0 0

.1000E+07 0 0 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 370 0 0 0 0 98541 2227

182 56 0 0

TOTAL NUMBER OF COMPARISONS = 101376

NUMBER OF ZERO COMBINATIONS = 41424

D1 0-312



. 48 VOLUME SOURCES; RURAL DISPERSION; ISCST2 vs. 'Fixed' ISCST

NUMEEC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT(..=

-100.00 -1.0 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (=):
.1000E-05 370 0 0 0 0 43255 0

0 0 0 0
.1000E-04 0 0 0 0 0 474 0

0 0 0 0
.1000E-03 0 0 0 0 0 711 0
0 0 0 0
.1000E-02 0 0 0 0 0 1056 0

0 0 0 0

.1000E-01 0 0 0 0 0 805 0
0 0 0 0
.1000 0 0 0 0 0 1219 0

0 0 0 0

0 0 0 0
10.00 0 0 0 0 0 13458 0

0 0 0 0
100.0 0 0 0 0 0 23008 0

0 0 0 0
1000. 0 0 0 0 0 10199 0
0 0 0 0
.1000E+05 0 0 0 0 0 927 0

0 0 0 0
.1000E+06 0 0 0 0 0 0 0

0 0 0 0
1000E+07 0 0 0 0 0 0 0

0 0 0 0
0 0 0 0 0 0 0

0 0 0 0

TOTAL= 370 0 0 0 0 101006 0

0 0 -.0 0

TOTAL NUMBER OF COMPARISONS = 101376

NUMBER OF ZERO COMBINATIONS = 41424

--------------------------------------------
Dl 0-313



48 VOLUME SOURCES; URBAN DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT(=

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00

2.00 10.00 100.00

RANGE(=)

.1000E-05 192 0 0 0 0 41301 0

0 0 0 0

.1000E-04 0 0 0 0 0 271 0

0 0 0 0
.1000E-03 0 0 0 0 0 326 2

0 0 0 0
.1000E-02 0 0 0 0 0 365 6

0 0 0 0
.1lOOGE-Ol 0 0 0 0 0 669 4

0 0 0 0

.1000 0 0 0 0 0 1133 48

0.000 00 0 0 0 9688 92
0 0 0 0
10.00 0 0 0 0 0 19147 158
0 0 0 0
100.0 0 0 0 0 0 19150 229
0 0 0 0
1000. 0 0 0 0 0 8075 129
0 0 0 0
.1000E+05 0 0 0 0 0 387 4

0 0 0 0
.1000E+06 0 0 0 0 0 0 0
0 0 0 0
.1000E+07 0 0 0 0 0 0 0
0 0 0 0

0 0 0 0 0 0 0
0 0 0 0

TOTAL= 192 0 0 0 0 100512 672

0 0 0 0

TOTAL NUMBER OF COMPARISONS = 101376

NUMBER OF ZERO COMBINATIONS = 39808

D010-314



@48 VOLUME SOURCES; URBAN DISPERSION; ISCST2 vs. 'F.Lxsd" ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT()

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (=,=):
.1000E-05 192 0 0 0 0 41301 0

0 0 0 0
.1000E-04 0 0 0 0 0 271 0
0 0 0 0
.1000E-03 0 0 0 0 0 328 0
0 0 0 0
.1000E-02 0 0 0 0 0 371 0
0 0 0 0
.1000E-01 0 0 0 0 0 673 0
0 0 0 0
.1000 0 0 0 0 0 1181 0

0 0 0 0

0 0 0 0

10.00 0 0 0 0 0 19307 0
0 0 0 0
100.0 0 0 0 0 0 19378 0

0 0 0 0
1000. 0 0 0 .0 0 8205 0
0 0 0 0
.1000E+05 0 0 0 0 0 391 0

0 0 0 0
.1000E+06 0 0 0 0 0 0 0
0 0 0 0
.1000E+07 0 0 0 0 0 0 0
0 0 0 0

0 0 0 0 0 0 0
0 0 0 0

TOTAL= 192 0 0 0 0 101184 0

0 0 0- 0

TOTAL NUMBER OF COMPARISONS = 101376

NUMBER OF ZERO COMBINATIONS = 39808

----------------------------------------------
D1 0-315



17 AREA SOURCES; RURAL DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT(=

-100.00 -10.00 -2.00 -1.00 -.20 .20 1.00

2.00 10.00 100.00

RANGE ()

.1000E-05 2766 288 0 0 0 10514 0

0 0 0 0

.1000E-04 325 99 0 0 0 0 0

0 0 0 0

.1000E-03 239 287 2 0 0 0 0

0 o 0 0
.1000E-02 31 235 12 0 0 0 0

0 0 0 0
.1000E-01 0 399 8 0 0 0 0

0 0 0 0

.1000 0 0 4610 2 0 0 0 0

1.000 0 594 0 0 0 0 0

0 0 0 0

10.00 0 1498 0 0 0 0 0

0 0 0 0

100.0 0 5169 0 0 0 0 0

0 0 0 0
1000. 0 7384 0 0 0 0 0

0 0 0 0
.1000E+05 0 4229 0 0 0 0 0

0 0 0 0

.1000E+06 0 1121 0 0 0 0 0

0 0 0 0

.1000E+07 0 241 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0

0 0 0 0

TOTAL= 3361 22005 24 0 0 10514 0

0 0 0 0

TOTAL NUMBER OF COMPARISONS = 35904

NUMBER OF ZERO COMBINATIONS = 10514

D1 0-316



. 17 AREA SOURCES; RURAL DISPERSION; ISCST2 vs. NFixedw ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PE)RCENT (=

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE
.1000E-05 2776 0 0 0 0 10818 0
0 0 0 0
.1000E-04 371 0 0 0 0 85 0
0 0 0 0
.1000E-03 184 0 0 0 0 300 0
0 2 0 0
.1000E-02 30 0 0 0 0 228 0

0 12 0 0
.1000E-01 0 0 0 0 0 439 1
0 8 0 0
.1000 0 0 0 0 0 433 4.0 2 0 0
1.000 0 0 0 0 0 652 0
0 0 0 0
10.00 0 0 0 0 0 1993 0
0 0 0 0
100.0 0 0 0 0 0 4829 0
0 0 0 0
1000. 0 0 0 0 0 7463 0
0 0 0 0
.1000E+05 0 0 0 0 0 4033 0
0 0 0 0
.1000E+06 0 0 0 0 0 1022 0

0 0 0 0
.1000E+07 0 0 0 0 0 219 0
0 0 0 0

0 0 0 0 0 0 0
0 0 0 0

TOTAL= 3361 0 0 0 0 32514 5
0 24 -0 0

TOTAL NUMBER OF COMPARISONS = 35904

NUMBER OF ZERO COMBINATIONS = 10514

-- -----------*- --------------- ---------------
Dl 0-317



17 AREA SOURCES; URBAN DISPERSION; ISCST2 vs. Original ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT(=

-100.00 -10.00 -2.00 -1.00 -. 20 .20 1.00

2.00 10.00 100.00

RANGE (==):

.1000E-05 1952 68 0 0 0 9188 0

0 0 0 0
.1000E-04 124 36 0 0 0 0 0

0 6 0 0
.1000E-03 49 94 0 0 0 0 0
0 4 0 0
.1000E-02 12 189 0 0 0 0 0

0 0 0 0
.1000E-01 0 509 0 0 0 0 0
0 0 0 0

.1000 0 749 0 0 0 0 0

0 0 0 0
1.000 0 938 0 0 0 0 0

0 0 0 0
10.00 0 3582 0 0 0 0 0

0 0 0 0
100.0 0 6004 0 0 0 0 0

0 0 0 0

1000. 0 7466 0 0 0 0 0
0 0 0 0
.1000E+05 0 4113 0 0 0 0 0

0 0 0 0

.1000E+06 0 729 0 0 0 0 0

0 0 0 0
.1000E+07 0 92 0 0 0 0 0

0 0 0 0

0 0 0 0 0 0 0
0 0 0 0

TOTAL= 2137 24569 0 0 0 9188 0

0 10 0 0

TOTAL NUMBER OF COMPARISONS = 35904

NUMBER OF ZERO COMBINATIONS = 9188

D1 0-318



. 17 AREA SOURCES; URBAN DISPERSION; ISCST2 vs. 'Fixed" ISCST

NUMREC = 88

NUMBER OF HOURS OF METEOROLOGY = 24

DELTA PERCENT()

-100.00 -:10.00 -2.00 -1.00 -. 20 .20 1.00
2.00 10.00 100.00

RANGE (-=):
.1000E-05 1960 0 0 0 0 9256 0

0 0 0 0
.1000E-04 124 0 0 0 0 36 0

0 0 6 0
.1000E-03 41 0 0 0 0 100 0
0 0 4 0
.1000E-02 12 0 0 0 0 201 6
0 0 0 0
.1000E-01 0 0 0 0 0 512 20
0 0 0 0
.1000 0 0 0 0 0 713 8

0 0 0 0

0 0 0 0
10.00 0 0 0 0 0 3623 0
0 0 0 0
100.0 0 0 0 0 0 6301 0
0 0 0 0
1000. 0 0 0 .0 0 7414 0
0 0 0 0
.1000E+05 0 0 0 0 0 3821 0
0 0 0 0
.1000E+06 0 0 0 0 0 681 0

0 0 0 0
.1000E+07 0 0 0 0 0 85 0

0 0 0 0
0 0 0 0 0 0 0

0 0 0 0

TOTAL= 2137 0 0 0 0 33723 34

0 0 10 0

TOTAL NUMBER OF COMPARISONS = 35904

NUMBER OF ZERO COMBINATIONS = 9188
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*This is a simple example problem for the ISC Long Term Model, ISCLT.

*This example makes use of the new area source algorithm, and corresponds

*to the same source and receptor inputs as used in the TESTST.INP file.

*To run the example type: ISCLT3EM TESTLT.INP outfil.nam

*The results for this test are in file TESTLT.OUT

CO STARTING

TITLEONE TEST RUN FOR NEW ISCLT MODEL -TEST OF NEW AREA SOURCE ALGORITHM

MODELOPT DFAULT CONC RURAL

AVERTIME WINTER

TERRHGTS ELEV

FLAGPOLE

POLLUTID 0TH

RUNORNOT RUN

ELEVUNIT FEET

CO FINISHED

SO STARTING

**SRCID SRCTYP XS YS ZS

- - - - - - - - - - - - -

SO LOCATION I AREA 800. 400. .0000

SO LOCATION 2 AREA 40. 360. .0000

SO LOCATION 3 AREA 480. 20. .0000

SO LOCATION 4 AREA 420. 260. .0000

SO LOCATION 5 AREA 420. 180. .0000
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SO LOCATION 6 AREA 420. 100. .0000

SO LOCATION 7 AREA 260. 340. .0000

SO LOCATION 8 AREA 40. 100. .0000

SO LOCATION 9 AREA 40. 20. .0000

SO LOCATION 10 AREA 300. 360. .0000

**SRCID QS HS XINIT YINIT

- - - - - - - - - - - -

SO SRCPARAM 1 1.0 1.0 60. 100.

SO SRCPARAM 2 1.0 1.0 20. 20.

SO SRCPARAM 3 1.0 1.0 30. 300.

SO SRCPARAM 4 1.0 1.0 40. 40.

.SO SRCPARAM 5 1.0 1.0 40. 40.

SO SRCPARAM 6 1.0 1.0 40. 40.

SO SRCPARAM 7 1.0 1.0 140. 200.

SO SRCPARAM 8 1.0 1.0 220. 100.

SO SRCPAP.AM 9 1.0 1.0 220. 70.

SO SRCPARAM 10 -1.0 1.0 80. 40.

SO EMISUNIT 1. 000 (GUALMS/SC*2) grams/cubic-er

SO SRCGROUP ALL

SO FINISHED
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RE STARTING

RE DISCCART 20. 60. 1.0 1.0

RE DISCCART 150. 95. 1.0 1.0

RE DISCCART 360. 100. 1.0 1.0

RE DISCCART 520. 120. 1.0 1.0

RE DISCCART 490. 240. 1.0 1.0

RE DISCCART 320. 240. 1.0 1.0

RE DISCCART 150. 260. 1.0 1.0

RE DISCCART 50. 330. 1.0 1.0

RE DISCCART 70.- 390. 1.0 1.0

RE DISCCART 190. 350. 1.0 1.0

RE DISCCART 310. 370. 1.0 1.0

RE DISCCART 420. 380. 1.0 1.0

RE DISCCART 70. 460. 1.0 1.0

RE DISCCART 200. 460. 1.0 1.0

RE DISCCART 330. 470. 1.0 1.0

RE DISCCART 40. 560. 1.0 1.0

RE DISCCART 480. 660. 1.0 1.0

RE DISCCART 800. 700. 1.0 1.0

RE FINISHED

ME STARTING

INPUTFIL TEST.STA FREE

ANEMHGHT 10.

SURFDATA 99999 1990 TESTDATA
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UAIRDATA 99999 1990 TESTDATA

STARDATA SEASON

** - AMBIENT AIR TEMPERATURE (DEGREES KELVIN) -

**STAB STAB STAB STAB STAB STAB

**CATi1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6

AVETEMPS WINTER 283.0 283.0 283.0 283.0 283.0 283.0

** - MIXING LAYER HEIGHT (METERS) -

** S

**T WS WS WS WS WS WS

**SEAS A CAT 1 CAT 2 CAT3 CAT 4 CAT 5 CAT6

B ----- B- - ----- ----

AVEMIXHT WINTER 1 .2:25E+04 .225E+04 .225E+04 .225Z+04 .225E+04 .225E+04

AVEMIXHT WINTER 2 .1,50E+04 .150E+04 .150E+04 .15034+04 .150E+04 .150E+04

AVEMIXHT WINTER 3 .1150E+04 .150E+04 .150E+04 .1502~+04 .150E+04 .150E+04

AVEMIXHT WINTER 4 .1100E+04 .100E+04 .100E+04 .10013+04 .100E+04 .100E+04

AVEMIXHT WINTER 5 .1100E+05 .100E+05 .100E+05 .10013+05 .100E+05 .100E+05

AVEMIXHT WINTER 6 .100E+05 .100E+05 .100E+05 .100E+05 .100E+05 .100E+05
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** - Roughness Length (in)-

**SEAS ZO (mn)

** AVEROUGH WINTER 0.10

ME FINISHED

**TG STARTING

**TG FINISHED

OU STARTING

RECTABLE SRCGRP

MAXTABLE 10 INDSRC SRCGRP

OU FINISHED

**Message Summary For 15C3 Model Setup**

------ Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)
A Total of 2 Warning Message(s)
A Total of 0 Informational Message(s)

*******FATAL ERROR MESSAGES ****

*** NONE ***

******* WARNING MESSAGES

CO W205 12 FLAGDF: No Option Parameter Setting. Forced by Default to ZFLAG=0.

CO W151 15 COCARD: CO ELEVUNIT card obsolescent: use RE ELEVUNIT card instead
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**SETUP Finishes Successfully *
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*** ISCLT3 - VERSION 95250 * *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 1

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

MODEL SETUP OPTIONS SUMMARY

-- -- ------------------------------------ -- ------- -- -- --

**Model Is Setup For Calculation of Average CONCentration Values.

**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses Regulatory DEFAULT Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.

4. Default Wind Profile Exponents.

5. Default Vertical Potential Temperature Gradients.

6. 'Upper Bound' Values For Supersguat Buildings.

7. No Exponential Decay for RURAL Mode

**Model Accepts Receptors on ELEV Terrain.

**Model Accepts FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0

00 00 0
Seasons/Quarters: 1 0 0 0

and Annual: 0

**Data File Includes 4 STAR Summaries for the Following Months: 0 0 0 0 0 0 0

00 00 0
Seasons/Quarters: 1111

and Annual: 0

**This Run Includes: 10F Source(s); 1 Source Group(s); and 18 Receptor(s)

**The Model Assumes A Pollutant Type of: 0TH

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:

D1 0-326



Model outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
Model Outputs Tables of Maximum Long Term 'Values (MAXTABLE Keyword)

**Misc. Inputs: Anem. Hgt. (in) = 10.00 ; Decay Coef. = .0000 ; Rot.

Angle = .0

Emission Units = (GRAMS/(SEC-M**2))

Emission Rate Unit Factor = 1.0000
Output Units = GRAMS/CUBIC-METER

**Input Runstream File: areatest.inp ,**Output Print

File: areatest.out
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*** ISCLT3 - VERSION 95250 *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 2

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

*** AREA SOURCE DATA**

NUMBER EMISSION RATE COOED (SW CORNER) BASE RELEASE X-DIM

Y-DIM ORIENT. INIT. EMISSION RATE

SOURCE PART. (USER UNITS X Y ELEV. HEIGHT OF AREA OF

AREA OF AREA SZ SCALAR VARY

ID CATS. /METER**2) (METERS) (METERS) (METERS) (METERS) (METERS)

(METERS) (DEG.) (METERS) BY

1 0 .10000E+01 800.0 400.0 .0 1.00 60.00

100.00 ..00 .00

2 0 .10000E+01 40.0 360.0 .0 1.00 20.00

20.00 .00 .00

3 0 .10000E+01 480.0 20.0 .0 1.00 30.00

300.00 .00 .00

4 0 .10000E+01 420.0 260.0 .0 1.00 40.00

40.00 .00 .00

5 0 .10000E+01 420.0 180.0 .0 1.00 40.00

40.00 .00 .00

6 0 .10000E+01 420.0 100.0 .0 1.00 40.00

40.00 .00 .00

7 0 .10000E+01 260.0 340.0 .0 1.00 140.00

200.00 .00 .00

8 0 .10000E+01 40.0 100.0 .0 1.00 220.00

100.00 .00 .00

9 0 .10000E+01 40.0 20.0 .0 1.00 220.00

70.00 .00 .00

10 0 -.10000E+01 300.0 360.0 .0 1.00 80.00

40.00 .00 .00
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*** ISCLT3 - VERSION 95250 * *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 3

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**SOURCE IDs DEFINING SOURCE GROUPS**

GROUP ID SOURCE IDs

ALL 1 ,2 3 4,56 ,78

9 ,10
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*** ISCLT3 - VERSION 95250 * *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 4

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

*** DISCRETE CARTESIAN RECEPTORS**

(X-COORD, Y-COORD, ZELEV, ZFLAG)

(METERS)

20.0, 60.0, .3, 1.0); ( 150.0, 95.0,

.3, 1.0);

360.0, 100.0, .3, 1.0); ( 520.0, 120.0,

.3, 1.0);

( 490.0, 240.0, .3, 1.0); ( 320.0, 240.0,

.3, 1.0);

150.0, 260.0, .3, 1.0); ( 50.0, 330.0,

.3, 1.0);

70.0, 390.0, .3, 1.0); ( 190.0, 350.0,

.3, 1.0);

310.0, 370.0, .3, 1.0); ( 420.0, 380.0,

.3, 1.0);

70.0, 460.0, .3, 1.0); ( 200.0, 460.0,

.3, 1.0);

330.0, 470.0, .3, 1.0); ( 40.0, 560.0,

.3, 1.0);

480.0, 660.0, .3, 1.0); ( 800.0, 700.0,

.3, 1.0);
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**ISCLT3 - VERSION 95250 * TEST RUN~ FO:R NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26*:*53

PAGE 5

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**AVERAGE SPEED FOR EACH WIND SPEED CATEGORY

(METERS/SEC)

1.50, 2.50, 4.30, 6.80, 9.50,

12.50,

**WIND PROFILE EXPONENTS**

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4

5 6

A .70000E-01 .70000E-01 .70000E-01 .70000E-01

. 70000E-01 . 70000E-01

B .70000E-01 .70000E-01 .70000E-01 .70000E-01

* 70000E-01 . 70000E-01

C .10000E+00 .10000E+00 .10000E+00 .10000E+00

.10000E+00 . 10000E+00

D .15000E+00 .15000E+00 .15000E+00 .15000E+00

.15000E+00 . 15000E+00

E .35000E+00 .35000E+00 .35000E+00 .35000E+00

.35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .55000E+00

.55000E+00 . 55000E+00

**VERTICAL POTENTIAL TEMPERATURE GRADIENTS

(DEGREES KELVIN PER METER)

STAB3ILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4

5 6

A .OOOOOE+00 .00000E+00 .OOOOOE+00 .OOOOOE+00

.OOOOOE+00 .OOOOOE+00

B *OOOOOE+00 .00000E+00 .OOOOOE+00 .OOOOOE+00

*OOOOOE+00 .OOOOOE+00
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C .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

.OOOOOE+OO .OOOOOE+00

D .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

.OOOOOE+OO .OOOOOE+00

E .20000E-O1 .20000E-O1 .20000E-O1 .20000E-O1

* 20000E-O1 .20000E-O1

F .35000E-O1 .35000E-O1 .35000E-O1 .35000E-O1

.35000E-O1 .35000E-O1

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY STABILITY STABILITY STABILITY

STABILITY STABILITY

CATEGORY A CATEGORY B CATEGORY C CATEGORY D

CATEGORY E CATEGORY F

.WINTER 283.0000 283.0000 283.0000 283.0000

283.0000 283.0000
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*** ISCLT3 - VERSION 95:250 * *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 6

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

AVERAGE MIXING LAYER HEIGHT (METERS)**

WINTER

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4

CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A 2250.0000 2250.0000 2250.0000 2250.0000

2250.0000 2250.0000

STABILITY CATEGORY B 1500.0000 1500.0000 1500.0000 1500.0000

1500.0000 1500.0000

STABILITY CATEGORY C 1500.0000 1500.0000 1500.0000 1500.0000

1500.0000 1500.0000

STABILITY CATEGORY ID 1000.0000 1000.0000 1000.0000 1000.0000

1000.0000 1000.0000

STABILITY CATEGORY E 10000.0000 10000.0000 10000.0000 10000.0000

10000.0000 10000.0000

STABILITY CATEGORY F 10000.0000 10000.0000 10000.0000 10000.0000

10000.0000 10000.0000
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ISCLT3 - VERSION 95250 * TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 7

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: TEST.STA FORMAT: FREE

SURFACE STATION NO.: 99999 UPPER AIR STATION NO.:

99999
NAME: TESTDATA NAME:

TESTDATA

YEAR: 1990 YEAR:

1990

WINTER: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5

CATEGORY 6

DIRECTION (1.500 MIS) (2.500 M/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500

MIS)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

90.000 .00000000 .25000000 .00000000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

135.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

157.500 .00000000- .00000000 .00000000 .00000000 .00000000

.00000000

180.000 .25000000 .00000000 .00000000 .00000000 .00000000

.00000000

202.500 .00000000 .00000000 .00000000 .00000000 .00000000

225.~000 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000
247.500 .00000000, .00000000 .00000000 .00000000 .00000000

.00000000

270.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

292.500 .00000000, .00000000 .00000000 .00000000 .00000000
.00000000

315.000 .00000000, .00000000 .00000000 .00000000 .00000000

.00000000

337.500 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

WINTER: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5
CATEGORY 6

DIRECTION (1.500 M/S) (2.500 H/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500
M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .25000000 .00000000 .00000000 .00000000 .00000000

.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
67.500 .00000000 .00000000 .00000000 .00000000 .00000000

00000000
90.000 .00000000 .00000000 .00000000 .00000000 .00000000

00000000
112.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

135.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

157.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
A180.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

202.500 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

225.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

247.500 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

270.000 .00000000 .00000000 .25000000 .00000000 .00000000
.00000000

292.500 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

315.000 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
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*** ISCLT3 - VERSION 95I250 * *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 8

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: TEST.STA FORMAT: FREE

SURFACE STATION NO.: 99999 UPPER AIR STATION NO.:

99999

NAME: TESTDATA NAME:

TESTDATA

YEAR: 1990 YEAR:

1990

WINTER: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5
CATEGORY 6

DIRECTION (1.500 MIS) (2.500 M/S) (4.300 M/S) (6.800 MIS) (9.500 M/S) (12.500
M/S)

(DEGREES) - - - - - - -- - - - - - - - - - - - - - - - - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
90.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
135.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
157.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
180.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
202.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
225.000 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000
247.500 .00000000 .00000000 .00000000 .00000000 .00000000

27o~0.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
292.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

WINTER: STABILITY CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5

CATEGORY 6

DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500

M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

90.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00000000 .00000000 .00000000

00000000

135.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
157.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

180.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
202.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

225.000 .00000000 .00000000 .00000000 .00000000 .00000000

00000000
247.500 .00000000- .00000000 .00000000 .00000000 .00000000

.00000000

270.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

292.500 .00000000 .00000000 .00000000 .00000000 .00000000

315.~000 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000. .00000000
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**ISCLT3 - VERSION 95250 *** * TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 9

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: TEST.STA FORMAT: FREE

SURFACE STATION NO.: 99999 UPPER AIR STATION NO.:

99999
NAME: TESTDATA NAME:

TESTDATA

YEAR: 1990 YEAR:

1990

WINTER: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5

CATEGORY 6
DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (6.800 MIS) (9.500 M/S) (12.500

M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
90.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
135.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

157.500 .00000000' .00000000 .00000000 .00000000 .00000000

.00000000

180.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

202.500 .00000000 .00000000 .00000000 .00000000 .00000000

225.~,00 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000
247.500 .00000000 .00000000 .00000000 .00000000 .00000000. . 00000000
270.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
292.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

337.500 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

WINTER: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND
SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5
CATEGORY 6

DIRECTION (1.500 MIS) (2.500 M/S) (4.300 M/S) ( 6.800 M/S) ( 9.500 M/S) (12.500
M/S)

(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
90.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

135.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

157.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

18.0 .00000000 .00000000 .00000000 .00000000 .00000000

202.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
225.000 .00000000 .00000000 .00000000 .00000000, .00000000

.00000000
247.500 .0000000 .00000000 .00000000 .00000000 .00000000

.00000000
270.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
292.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000

D1 0-341



.00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

SUM OF FREQUENCIES, FT0TAL = 1.00000
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**ISCLT3 - VERSION 95250 ** * TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 10

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**THE WINTER AVERAGE CONCENTRATION VALUES FOR SOURCE

GROUP: ALL

INCLUDING SOURCE(S): 1 ,2 ,3

14 5 ,6 ,7

8 9 ,10

~V~DISCRETE CARTESIAN RECEPTOR POINTS

*CONC OF 0TH IN GRAMS/CUBIC-METER

X-COORD (M) Y-COORD (M) CONC X-COORD (M)

Y-COORD (M) CONC

20.00 60.00 1.461732 150.00

95.00 6.278599

360.00 100.00 1.107130 520.00

120.00 1. 776145

490.00 240.00 7.055643 320.00

240.00 1.317164

150.00 260.00 1.304899 50.00

330.00 .920154

70.00 390.00 .618355 190.00

350.00 .919853
310.00 370.00 3.915823 420.00

380.00 1.159203

70.00 460.00 .503892 200.00

460.00 .930905
330.00 470.00 8.712571 40.00

560.00 .234258

480.00 660.00 .148282 800.00

700.00 .120108
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*** ISCLT3 - VERSION 95250 * *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 11

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 1

**CONC OF 0TH IN GRAMS/CUBIC-METER

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. .106338 AT ( 800.00, 700.00) DC 6. .005187 AT(

190.00, 350.00) DC

2. .018014 AT ( 420.00, 380.00) DC 7. .004079 AT(

480.00, 660.00) DC

3. .012828 AT ( 330.00, 470.00) DC 8. .003953 AT (

490.00, 240.00) DC

4. .009823 AT ( 310.00, 370.00) DC 9. .003938 AT (

320.00, 240.00) DC

5. .006498 AT ( 200.00, 460.00) DC 10. .003682 AT(

70.00, 460.00) DC

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 2

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. .378019 AT ( 50.00, 330.00) DC 6. .008402 AT (

20.00, 60.00) DC

2. .074267 AT ( 70.00, 390.00) DC 7. .004482 AT(

310.00, 370.00) DC

3. .044939 AT ( 70.00, 460.00) DC 8. .003663 AT(

150.00, 95.00) DC

4. .013317 AT (- 40.00, 560.00) DC 9. .002255 AT(

420.00, 380.00) DC

5. .012170 AT ( 190.00, 350.00) DC 10. .001280 AT(

330.00, 470.00) DC

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 3
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RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. 6.790764 AT ( 490.00, 240.00) DC 6. .039687 AT

480.00, 660.00) DC

2. 1.374194 AT ( 520.00, 120.00) DC 7. .031461 AT

150.00, 95.00) DC

3. .123926 AT ( 360.00, 100.00) DC 8. .029688 AT

150.00, 260.00) DC

4. .092051 AT ( 420.00, 380.00) DC 9. .022130 AT

310.00, 370.00) DC

5. .089242 AT ( 320.00, 240.00) DC 10. .018005 AT

190.00, 350.00) DC!

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 4

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. .152196 AT ( 420.00, 380.00) DC 6. .012970 AT

150.00, 260.00) DC

2. .044282 AT ( 320.00, 240.00) DC 7. .011296 AT

190.00, 350.00) DC

3. .028833 AT ( 490.00, 240.00) D-C 8. .011080 AT

480.00, 660.00) DC

4. .021732 AT ( 360.00, 100.00) DC 9. .008672 AT

330.00, 470.00) DC

5. .019270 AT ( 520.00, 120.00) DC 10. .007012 AT

310.00, 370.00) DC

**RECEPTOR TYPES: GC = GRIDCART

GP = GRIDPOLR

DC = DISCCART

DP = DISCPOLR

BD = BOUNDARY
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**ISCLT3 - VERSION 95250 *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 12

*"MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 5

*CONC OF 0TH IN GRAMS/CUBIC-METER

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. .055564 AT ( 420.00, 380.00) DC 6. .007075 AT(

360.00, 100.00) DC

2. .044280 AT ( 320.00, 240.00) DC 7. .006960 AT(

480.00, 660.00) DC

3. .038800 AT ( 490.00, 240.00) DC 8. .005860 AT(

150.00, 95.00) DC

4. .010134 AT ( 150.00, 260.00) DC 9. .003783 AT (
310.00, 370.00) DC

5. .009423 AT ( 330.00, 470.00) DC 10. .003289 AT(

520.00, 120.00) DC

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 6

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. .147215 AT ( 520.00, 120.00) DC 6. .007564 AT (
330.00, 470.00) DC

2. .125256 AT ( 360.00, 100.00) DC 7. .006338 AT (
310.00, 370.00) DC

3. .054108 AT ( 490.00, 240.00) DC 8. .004861 AT(

20.00, 60.00) DC

4. .027218 AT (- 420.00, 380.00) DC 9. .004489 AT(

480.00, 660.00) DC

5. .012740 AT ( 150.00, 95.00) DC 10. .003246 AT(

150.00, 260.00) DC

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 7
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RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. 8.914557 AT ( 330.00, 470.00) DC 6. .476067 AT(

360.00, 100.00) DC

2. 8.621045 AT ( 310.00, 370.00) DC 7. .399267 AT(

190.00, 350.00) DC

3. 1.220750 AT ( 320.00, 240.00) DC 8. .231648 AT(

70.00, 460.00) DC

4. 1.127268 AT ( 420.00, 380.00) DC 9. .209623 AT (
70.00, 390.00) DC

5. .667998 AT ( 200.00, 460.00) DC 10. .115042 AT(

50.00, 330.00) DC

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 8

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. . 3.515034 AT ( 150.00, 95.00) DC 6. .247998 AT(

360.00, 100.00) DC

2. .919383 AT ( 150.00, 260.00) DC 7. .247827 AT(

70.00, 390.00) DC

3. .404632 AT ( 190.00, 350.00) DC 8. .192060 AT(

200.00, 460.00) DC

4. .348773 AT ( 20.00, 60.00) DC 9. .165306 AT(

70.00, 460.00) DC

5. .304241 AT ( 50.00, 330.00) DC 10. .119560 AT(

520.00, 120.00) DC

**RECEPTOR TYPES: GC = GRIDCART

GP =GRIDPOLR

DC = DISCCART

DP = DISCPOLR

BD = BOUNDARY
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*** ISCLT3 - VERSION 95250 *** TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 13

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 9

*CONC OF 0TH IN GRAMS/CUBIC-METER

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. 2.644321 AT ( 150.00, 95.00) DC 6. .119259 AT(

50.00, 330.00) DC

2. 1.076195 AT ( 20.00, 60.00) DC 7. .100372 AT(

70.00, 390.00) DC

3. .286411 AT ( 150.00, 260.00) DC 8. .078936 AT(

200.00, 460.00) DC

4. .185585 AT ( 360.00, 100.00) DC 9. .070402 AT (
70.00, 460.00) DC

5. .150859 AT ( 190.00, 350.00) DC 10. .067230 AT(

520.00, 120.00) DC

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

SOURCE: 10

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. .000000 AT (.00, .00) 6. .000000 AT(

.00, .00)

2. .000000 AT (.00, .00) 7. .000000 AT(

.00, .00)

3. .000000 AT (.00, .00) 8. .000000 AT(

.00, .00)

4. .000000 AT (.00, .00) 9. .000000 AT(

.00, .00)

5. .000000 AT (.00, .00) 10. .000000 AT(

.00, .00)

**RECEPTOR TYPES: GC = GRIDCART

GP = GRIDPOLR
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DC = DISCCART

DP = DISCPOLR

BD = BOUNDARY
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**ISCLT3 - VERSION 95250 ** * TEST RUN FOR NEW ISCLT MODEL - TEST OF NEW

AREA SOURCE ALGORITHM * 09/07/95

16:26:53

PAGE 14

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**THE MAXIMUM 10 WINTER AVERAGE CONCENTRATION VALUES FOR

GROUP: ALL

INCLUDING SOURCE(S): 1 ,2 ,3 ,4

5,6 ,7

8 9 ,10

**CONC OF 0TH IN GRAMS/CUBIC-METER

RANK CONC AT RECEPTOR (XR,YR) OF TYPE RANK CONC AT

RECEPTOR (XR,YR) OF TYPE

1. 8.712571 AT ( 330.00, 470.00) DC 6. 1.461732 AT(

20.00, 60.00) DC

2. 7.055643 AT ( 490.00, 240.00) DC 7. 1.317164 AT(

320.00, 240.00) DC

3. 6.278599 AT ( 150.00, 95.00) DC 8. 1.304899 AT(

150.00, 260.00) DC

4. 3.915823 AT ( 310.00, 370.00) DC 9. 1.159203 AT(

420.00, 380.00) DC

5. 1.776145 AT ( 520.00, 120.00) DC 10. 1.107130 AT(

360.00, 100.00) DC

**RECEPTOR TYPES: GC = GRIDCART

GP = GRIDPOLR

DC = DISCCART

DP = DISCPOLR

BD = BOUNDARY
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**ISCLT3 - VERSION 95:250 * *** TEST RUN FOR NEW ISCLT MODEL -TEST OF NEW

AREA SOURCE ALGORITHM **09/07/95

16:26:53

PAGE 15

**MODELING OPTIONS USED: CONC RURAL ELEV FLGPOL DFAULT

**Message Summary : ISCLT3 Model Execution

--- -- Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)

A Total of 2 Warning Message(s)

A Total of 0 Informational Message(s)

*******FATAL ERROR M4ESSAGES ****

*** NONE ***

~~ WARNING MESSAGES ****

CO W205 12 FLAGDF: No Option Parameter Setting. Forced by Default to ZFLAG0O.

CO W151 15 COCARD: CO ELEVUNIT card obsolescent: use RE ELEVUNIT card instead

SISCLT3 Finishes Successfully**
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CO STARTING

TITLEONE Test case for long-term deposition model DEPLT

TITLETWO Model deposition for an urban site with no plume depletion

MODELOPT DFAULT DEPOS RURAL

AVERTIME WINTER

POLLUTID TSP

RUNORNOT RUN

ERRORFIL ERRORS.*OUT

CO FINISHED

SO STARTING

LOCATION STACKi POINT 0.0 0.0 0.0

*Point Source QS HS TS VS DS

**Parameters:----- --- ----

SRCPARAM STACKi 1.00 35.0 432. 11.7 2.4

BUILDHGT STACKI 16*34.

BUILDWID STACK1 36.45 34.00 25.50 15.00

STACKi 25.50 34.00 36.45 33.33

STACKi 36.45 34.00 25.50 15.00

STACKI 25.50 34.00 36.45 33.33

PARTDIAM STACKi 10.

MASSFRAX STACKi 1.

PARTDENS STACKi 1.
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SO SRCGROUP ALL

SO FINISHED

RE STARTING

RE GRIDPOLR POL ORIG 0.0 0.0

RE GRIDPOLR POL STA

RE GRIDPOLR POL DIST 3:00. 20000.

RE GRIDPOLR POL GDIR 36 10.0 10.0

RE GRIDPOLR POL END

RE FINISHED

ME STARTING

INPUTFIL BOSTON.JFD FREE

ANEMHGHT 10.

SURFDATA 14739 1990 BOSTON

UAIRDATA 14764 1990 PORTLAND

STARDATA WINTER

** - AMBIENT AIR TEMPERATURE (DEGREES KELVIN)-

**STAB STAB STAB STAB STAB STAB

CATi1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6
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---- -- - - - -- - - -

AVETEMPS WINTER 250.00 282.77 277.51 275.99 273.72 273.40

** - MIXING LAYER HEIGHT (METERS) -

** S

**T WS WS WS WS WS WS

**SEAS A CATi1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6

B* ----- B- - - - - - - -- -

AVEMIXET WINTER 1 0. 0. 0. 0. 0. 0.

AVEMIXHT WINTER 2 0. 502. 619. 0. 0. 0.

AVEMIXHT WINTER 3 370. 462. 891. 1795. 0. 0.

AVEMIXHT WINTER 4 385. 375. 601. 846. 802. 755.

AVEMIXHT WINTER 5 400. 402. 526. 490. 0. 0.

AVEMIXHT WINTER 6 386. 294. 58. 0. 0. 0.

** - Roughness Length (in)-

**SEAS ZO (in)

AVEROUGH WINTER 0.10
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ME FINISHED

OU STARTING

RECTABLE SRCGRP

OU FINISHED

**SETUP Finishes Successfully**
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*** ISCLT3 - VERSION 95250 * *** Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 1

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

MODEL SETUP OPTIONS SUMMARY

-- -- ------------------------------------ -- ------- -- -- --

**Model Is Setup For Calculation of Total DEPOSition Values.

**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations

**Model Uses NO plume DEPLETION.

**Model Uses RURAL Dispersion.

**Model Uses Regulatory DEFAULT Options:

1. Final Plume Rise.
2. Stack-tip Downwash.
3. Buoyancy-induced Dispersion.

4. Default Wind Prof ile Exponents.

5. Default Vertical Potential Temperature Gradients.

6. 'Upper Bound' Values For Superaquat Buildings.

7. No Exponential Decay for RURAL Mode

**Model Assumes Receptors on FLAT Terrain.

**Model Assumes No FLAGPOLE Receptor Heights.

**Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0

0 0 000
Seasons/Quarters: 1 0 0 0

and Annual: 0

**Data File Includes 1 STAR Summaries for the Following Months: 0 0 0 0 0 0 0

00 00 0
Seasons/Quarters: 1 0 0 0

and Annual: 0

**This Run Includes: 1 Source(s); 1 Source Group(s); and 72 Receptor(s)

**The Model Assumes A Pollutant Type of: TSP

**Model Set To Continue RUNning After the Setup Testing.

**Output Options Selected:
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Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)

**Misc. Inputs: Anen. Hlgt. (mn) = 10.00 ; Decay Coef. = .0000 ; Rot.

Angle = .0
Emission Units = GRAMS/SEC

Emission Rate Unit Factor = 3600.0

Output Units = GRAMS/M**2

**Input Runstream File: deptest.inp ,**Output Print

File: deptest.out
**Error Message File: ERRORS.OUT
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*** ISCLT3 - VERSION 95250 ** *** Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 2

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

SPOINT SOURCE DATA**

NUMBER EMISSION RATE BASE STACK STACK STACK

STACK BUILDING EMISSION RATE

SOURCE PART. (GRAMS/SEC) X Y ELEV. HEIGHT TEMP. EXIT

VEL. DIAMETER EXISTS SCALAR VARY

ID CATS. (METERS) (METERS) (METERS) (METERS) (DEG.K)

(M/SEC) (METERS) BY

STACKi 1 .10000E+01 .0 .0 .0 35.00 432.00

11.70 2.40 YES
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**ISCLT3 - VERSION 95250 * * Test case for long-term deposition model

DEPLT 09/07/95

*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 3

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**SOURCE IDs DEFINING SOURCE GROUPS**

GROUP ID SOURCE IDs

ALL STACK1

D1 0-359



**ISCLT3 - VERSION 95250 * * Test case for long-term deposition model

DEPLT 09/07/95
** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 4

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**SOURCE PARTICULATE DATA**

**SOURCE ID = STACKi ; SOURCE TYPE =POINT **

MASS FRACTION =

1.00000,

PARTICLE DIAMETER(MICRONS)=

10.00000,

PARTICLE DENSITY (G/CM**3) =

1. 00000,
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*** ISCLT3 - VERSION 95250 * *** Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion 'f 16:31:32

PAGE 5

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**DIRECTIONI SPECIFIC BUILDING DIMENSIONS

SOURCE ID: STACKi

IFv BH BW WAX IFV BH EW WAR IFV BH EW WAX

IFV BH BW WAX

1 34.0, 36.5, 0 2 34.0, 34.0, 0) 3 34.0, 25.5, 0

4 34.0, 15.0, 0
5 34.0, 25.5, 0 6 34.0, 34.0, 0 7 34.0, 36.5, 0

8 34.0, 33.3, 0

9 34.0, 36.5, 0 .10 34.0, 34.0, 0 11 34.0, 25.5, 0

12 34.0, 15.0, 0

13 34.0, 25.5, 0 14 34.0, 34.0, 0) 15 34.0, 36.5, 0

16 34.0, 33.3, 0
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**ISCLT3 - VERSION 95250 * * Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 6

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

** GRIDDED RECEPTOR NETWORK SUMMARY**

**NETWORK ID: POL ;NETWORK TYPE: GRIDPOLR

**ORIGIN FOR POLAR NETWORK**

X-ORIG =.00 ; Y-ORIG = .00 (METERS)

~''DISTANCE RANGES OF NETWORK**
(METERS)

300.0, 20000.0,

**DIRECTION RADIALS OF NETWORK

(DEGREES)

10.0, 20.0, 30.0, 40.0, 50.0, 60.0, 70.0,

80.0, 90.0, 100.0,

110.0, 120.0, 130.0, 140.0, 150.0, 160.0, 170.0,

180.0, 190.0, 200.0,

210.0, 220.0, 230.0, 240.0, 250.0, 260.0, 270.0,

280.0, 290.0, 300.0,

310.0, 320.0, 330.0, 340.0, 350.0, 360.0,
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*** ISCLT3 - VERSION 95:250 *** * Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion iti t16:31:32

PAGE 7

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

SAVERAGE SPEED FOR EACH WIND SPEED CATEGORY

(METERS/SEC)

1.50, 2.50, 4.30, 6.80, 9.50,

12.50,

**WIND PROFILE EXPONENTS**

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4

5 6

A .70000E-01 .70000E-01. .70000E-01 .70000E-01

.70000E-01 . 70000E-01
B .70000E-01 .70000E-01 .70000E-01 .70000E-01

.70000E-01 . 70000E-101
C .10000E+00 .10000E+00 .10000E+00 .10000E+00

.10000E+00 . 10000E+00
D .15000E+00 .15000E+OD0, .15000E+00 .15000E+00

.15000E+00 . 15000E+00

E .35000E+00 .35000E+0D .35000E+00 .35000E+00

.35000E+00 .35000E+00

F .55000E+00 .55000E+00 .55000E+00 .55000E+00

.55000E+00 . 55000E+00

SVERTICAL POTENTIAL TEM4PERATURE GRADIENTS

(DEGREES KELVIN PER METER)

STABILITY WIND SPEED CATEGORY

CATEGORY 1 2 3 4

5 6

A .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

.OOOOOE+00 .OOOOOE+00

B .OOOOOE+00 .00000E+00 .OOOOOE+00 .OOOOOE+00

.OOOOOE+00 .OOOOOE+00
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C .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

.OOOOOE+OO .OOOOOE+00

.OOO+OD .OOOOOE+00 .OOOOOE+00 .OOOOOE+00 .OOOOOE+00

.OOOOE+0 .OOOOOE+00

E .20000E-O1 .20000E-O1 .20000E-O1 .20000E-O1

* 20000E-O1 .20000E-O1

F .35000E-O1 .35000E-O1 .35000E-O1 .35000E-O1

* 35000E-O1 .35000E-O1

**AVERAGE AMBIENT AIR TEMPERATURE (KELVIN)

STABILITY STABILITY STABILITY STABILITY

STABILITY STABILITY

CATEGORY A CATEGORY B CATEGORY C CATEGORY D

CATEGORY E CATEGORY F

WINTER 250.0000 282.7700 277.5100 275.9900

273.7200 273.4000
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**ISCLT3 - VERSION 95250 * * Test case for long-term deposition model

DEPLT 09/07/95

*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 8

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**AVERAGE MIXING LAYER HEIGHT (METERS)**

WINTER

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED WIND SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4

CATEGORY 5 CATEGORY 6

STABILITY CATEGORY A .0000 .0000 .0000 .0000

.0000 .0000
STABILITY CATEGORY B .0000 502.0000 619.0000 .0000

.0000 .0000

STABILITY CATEGORY C 370.0000 462.0000 891.0000 1795.0000

.0000 .0000

STABILITY CATEGORY D 385.0000 375.0000 601.0000 846.0000

802.0000 755.0000

STABILITY CATEGORY E 400.0000 402.0000 526.0000 490.0000

.0000 .0000

STABILITY CATEGORY F 386.0000 294.0000 58.0000 .0000

.0000 .0000
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*** ISCLT3 - VERSION 95250 * *** Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 9

SMODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

*** AVERAGE SURFACE ROUGHNESS LENGTH (METERS)**

WINTER .1000
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*** ISCLT3 - VERSION 95250 * *** Test case for long-term deposition model

DEPLT 09/07/95

** Model depositiLon for an urban site with no

plume depletion 16:31:32

PAGE 10

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: BOSTON.JFD FORM4AT: FREE

SURFACE STATION NO.: 14739 UPPER AIR STATION NO.:

14764
NAME: BOSTON NAME:

PORTLAND

YEAR: 1990 YEAR:

1990

WINTER: STABILITY CATEGORY A

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5. CATEGORY 6

DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (: 6.800 MIS) (9.500 M/S) (12.500

M/S)
(DEGREES) - - - - - - - - - - - - - - - - - - -- - - - - - - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

45.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

90.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

112.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
135.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

157.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
180.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

202.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

225.000 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000

247.500 .00000000 .00000000 .00000000 .00000000 .00000000

70.~~000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

292.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
315.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

337.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

WINTER: STABILITY CATEGORY B

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5

CATEGORY 6

DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500

M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
22.500 .00000000 .00000000 .00000000 .00000000 .00000000

45.0~000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
67.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

90.000 .00000000 .00138900 .00000000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00092600 .00000000 .00000000

.00000000

135.000 .00000000 .00092600 .00046300 .00000000 .00000000

.00000000
157.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

180.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000

202.500 .00000000 .00046300 .00000000 .00000000 .00000000

.00000000
225.000 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
247.500 .00000000- .00092600 .00000000 .00000000 .00000000

.00000000

270.000 .00000000 .00000000 .00092600 .00000000 .00000000

.00000000

292.500 .00000000 .00000000 .00000000 .00000000 .00000000

315.~000 .00000000 .00000000 .00000000 .00000000 .00000000
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.00000000
337.500 .00000000 .00000000 .00000000 .00000000 .00000000. 00000000
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*** ISCLT3 - VERSION 95250 *** Test case for long-term deposition model

DEPLT 09/07/95
*** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 11

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

-** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: BOSTON.JFD FORMAT: FREE

SURFACE STATION NO.: 14739 UPPER AIR STATION NO.:

14764

NAME: BOSTON NAME:

PORTLAND

YEAR: 1990 YEAR:

1990

WINTER: STABILITY CATEGORY C

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5

CATEGORY 6

DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500

M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00000000 .00046300 .00092600 .00000000 .00000000

.00000000

22.500 .00000000 .00000000 .00000000 .00000000 .00000000

.00000000
45.000 .00000000 .00046300 .00000000 .00000000 .00000000

.00000000
67.500 .00046300 .00046300 .00046300 .00000000 .00000000

.00000000

90.000 .00000000 .00046300 .00463000 .00000000 .00000000

.00000000
112.500 .00000000 .00000000 .00185200 .00000000 .00000000

.00000000
135.000 .00000000 .00092600 .00416700 .00000000 .00000000

.00000000

157.500 .00000000- .00092600 .00092600 .00000000 .00000000

.00000000

180.000 .00000000 .00092600 .00231500 .00046300 .00000000

.00000000

202.500 .00000000 .00000000 .00046300 .00000000 .00000000

225.~~000 .00046300 .00000000 .00324100 .00000000 .00000000
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.00000000
247,500 .00000000 .00092600 .00370400 .00000000 .00000000

.00000000
270.000 .00000000 .00092600 .00416700 .00000000 .00000000

.00000000
292.500 .00000000 .00000000 .00231500 .00046300 .00000000

.00000000
315.000 .00000000 .00000000 .00416700 .00000000 .00000000

.00000000
337.500 .00000000 .00000000 .00138900 .00092600 .00000000

.00000000

WINTER: STABILITZ CATEGORY D

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND
SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5
CATEGORY 6
DIRECTION (1.500 MIS) (2.500 M/S) (4.300 M/S) 6 .800 M/S) (9.500 M/S) (12.500

M/S)
(DEGREES) - - - - - - - - - - - - - - - - - - -- - - - - - - - - -

.000 .00156300 .00370400 .01481500 .03101900 .00648200

.00000000
22.500 .00006400 .00185200 .00509300 .00555600 .00231500

*00046300
45.000 .00009500 .00277800 .00463000 .00694500 .00324100

.00324100
67.500 .00009500 .00277800 .00740800 .01203800 .00509300

.00092600
90.000 .00201000 .00277800 .01018600 .02037100 .00694500

.00092600

112.500 .00059000 .00324100 .00509300 .01203800 .00370400

.00000000

135.000 .00007900 .00231500 .00416700 .00648200 .00046300
.00000000

157.500 .00015800 .00463000 .00787100 .00555600 .00000000

.00000000
180.000 .00022100 .00648200 .01805600 .01203800 .00185200

.00000000
202.500 .00003200 .00092600 .00926000 .03703800 .01481500

.00138900
225.000 .00003200 .00092600 .01435200 .04907500 .03426000

.00833400
247.500 .00004800 .00138900 .01620400 .04953800 .01435200

.00231500
270.000 .00000000 .00000000 .00833400 .05046300 .01666700

.00231500

292.500 .00001600 .00046300 .00972300 .06759300 .02824100
.00926000

315.000 .00049500 .00046300 .00972300 .03472300 .01527800
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.00555600
337.500 .00099000 .00092600 .00694500 .02963000 .00694500

.00277800
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*** ISCLT3 - VERSION 95250 *** Test case for long-term deposition model

DEPLT 09/07/95

*** Model deposition for an urban site with no

plume depletion 16:31:32
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**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY**

FILE: BOSTON.JFD FORMAT: FREE

SURFACE STATION NO.: 14739 UPPER AIR STATION NO.:

14764

NAME: BOSTON NAME:

PORTLAND

YEAR: 1990 YEAR:

1990

WINTER: STABILITY CATEGORY E

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED

CATEGORY 1 CATEGORY 2 CATEGORY 3 CALTEGORY 4 CATEGORY 5. CATEGORY 6
DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500

M/S)
(DEGREES) -- - - - - -- - - - - -- - - - - -- - - - - -- - - - -

.000 .00046300 .00138900 .00601900 .00000000 .00000000

.00000000
22.500 .00000000 .00185200 .00046300 .00000000 .00000000

.00000000
45.000 .00000000 .00138900 .00092600 .00000000 .00000000

.00000000
67.500 .00000000 .00092600 .00000000 .00000000 .00000000

.00000000
90.000 .00000000 .00231500 .00000000 .00000000 .00000000

.00000000
112.500 .00046300 .00138900 .00046300 .00000000 .00000000

.00000000
135.000 .00000000 .00138900 .00185200 .00000000 .00000000

.00000000
157.500 .00046300 .00000000 .00231500 .00046300 .00000000

.00000000
180.000 .00000000 .00231500 .00879700 .00000000 .00000000

.00000000
202.500 .00000000 .00138900 .00277800 .00000000 .00000000

.00000000
225.000 .00000000 .00138900 .00787100 .00092600 .00000000
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.00000000
247.500 .00000000 .00092600 .00879700 .00000000 .00000000

270.~000 .00000000 .00231500 .00740800 .00000000 .00000000

.00000000
292.500 .00000000 .00092600 .01574100 .00046300 .00000000

.00000000
315.000 .00000000 .00000000 .01111200 .00000000 .00000000

.00000000
337.500 .00000000 .00000000 .00740800 .00000000 .00000000

.00000000

WINTER: STABILITY CATEGORY F

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND

SPEED
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5

CATEGORY 6
DIRECTION (1.500 M/S) (2.500 M/S) (4.300 M/S) (6.800 M/S) (9.500 M/S) (12.500

M/S)
(DEGREES) - - - - - - - - - - - - - - - - - - - - - - - - - -

.000 .00101900 .00046300 .00000000 .00000000 .00000000
.00000000

22.500 .00009300 .00138900 .00000000 .00000000 .00000000
.00000000

45.000 .00006200 .00092600 .00000000 .00000000 .00000000
.00000000

67.500 .00101900 .00046300 .00000000 .00000000 .00000000
.00000000

90.000 .00000000 .00000000 .00000000 .00000000 .00000000
.00000000

112.500 .00098800 .00000000 .00000000 .00000000 .00000000
.00000000

135.000 .00055600 .00092600 .00000000 .00000000 .00000000
.00000000

157.500 .00049400 .00000000 .00000000 .00000000 .00000000
.00000000

180.000 .00018600 .00277800 .00000000 .00000000 .00000000
.00000000

202.500 .00006200 .00092600 .00000000 .00000000 .00000000
.00000000

225.000 .00015500 .00231500 .00046300 .00000000 .00000000
.00000000

247.500 .00015500- .00231500 .00000000 .00000000 .00000000

.00000000
270.000 .00009300 .00138900 .00000000 .00000000 .00000000

.00000000
292.500 .00006200 .00092600 .00000000 .00000000 .00000000

315.~000 .00055600 .00092600 .00000000 .00000000 .00000000
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.00000000
337.500 .00006200 .00092600 .00000000 .00000000 .00000000. .00000000

SUM OF FREQUENCIES, FTOTAL = 1.100006
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**ISCLT3 - VERSION 95250 ** *** Test case for long-term deposition model

DEPLT 09/07/95
** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 13

**MODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**THE WINTER TOTAL DEPOSITION VALUES FOR SOURCE

GROUP: ALL
INCLUDING SOURCE(S): STACKi

~V~NETWORK ID: POL ;NETWORK TYPE: GRIDPOLR

**DEPO OF TSP IN GRAMS/M**2

DIRECTION T DISTANCE (METERS)

(DEGREES) 300.00 20000-.00
--- -- ------------------------------------ -- ------ -- -- -- --

10.00 1 .228236 .001296

20.00 1 .322830 .001672

30.00 1.392019 .002252

40.00 1.450586 .002861

50.00 .383487 .002988

60.00 .191753 .002627

70.00 .078565 .002335

80.00 .205135 .002347

90.00 1.331275 .002326

100.00 .496848 .002884

110.00 .660746 .003395

120.00 .597187 .003032

130.00 .457595 .002357

140.00 .360605 .001873

150.00 .306703 .001609

160.00 .265054 .001405

170.00 1.261846 .001442

180.00 .258021 .001458

190.00 .170774 .000978

200.00 1.083149 .000487

210.00 1.065i23 .000415

220.00 .070123 .000482

230.00 1.059794 .000552

240.00 .034442 .000622

250.00 2 .028965 .000716

260.00 1 .083070 .000892

270.00 .136956 .001056
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280.00 .125380 .000863
290.00 * 113265 .000659
300.00 .093438 .000528
310.00 .071074 .000421
320.00 .057906 .000367
330.00 .053929 .000371
340.00 .060047 .000432
350.00 .096707 .000668
360.00 .132,976 .000897
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*** ISCLT3 - VERSION 95250 * *** Test case for long-term deposition model

DEPLT 09/07/95
** Model deposition for an urban site with no

plume depletion 16:31:32

PAGE 14

SMODELING OPTIONS USED: DEPOS RURAL FLAT DFAULT

**Message Summary : ISCLT3 Model Execution

-------- Summary of Total Messages --------

A Total of 0 Fatal Error Message(s)

A Total of 0 Warning Message(s)

A Total of 0 Informational Message(s)

FATAL ERROR MESSAGES

*** NONE ***

WARNING MESSAGES

**NONE**

D1 0-378



APPENDIX APS

AIR POLLUTION SOURCES





APPENDIX D15
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WIPP RCRA Part B Permit Application
DOEAMIPP 91-005

Revision 6

APPENDIX D15

COMPARISON OF WIPP FACILITY EMISSIONS TO
PERMITTED EMISSIONS AT SURROUNDING FACILITIES

To compare the emissions from the WIPP repository to other area sources of air contamination,

the emissions from the repository as converted to tons/year as folliows:

PE. (tons/year) = APE. (mole/panel/year) x MW (gimole) x (1 kg/bOO0 g) x (0.0011 tons/kg)

where,

P E,., panel emissions, tons/year
APEVC = average panel emissions, mole/panel/year
MW = molecular weight, g/mole

The average emission rates for 1 open and 9 closed panels are used to give the maximum
emission rate of the repository as follows:

TPE. = (1lx OPE.) + (9 x CPE.)

* where,

TPEV0 = total panel emissions, tons/year

OPE = open panel emission rate for the VOC, PEc for an open panel, tons/year

CPEv = closed panel emission rate for the VOC, PE; for a closed panel, tons/year

The maximum emission rates for each VOC, expressed in tons/year, are presented in Table 1.
The values in Table 1 reflect no room closures in the open panel. Table 2 contains the permitted
emission rates for surrounding facilities.
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WIPP RCRA Part B Permit Application
DOEAAWIPP 91-005
Revision 6

TABLE D15-1

REPOSITORY MAXIMUM EMISSION RATESa

OPE CPE Total Emissions

VOC (tonslyear) (tons/year) . (tons/year)

Carbon tetrachloride 0.196 0.0026 0.219

Chlorobenzene 0.0046 0.00006 0.0052

Chloroform 0.011 0.00013 0.0126

1,1-Dichloroethylene 0.0044 0.00005 0.0048

I ,2-Dichloroethane 0.0033 0.00004 0.0037

Methylene chloride 0.13 0.0014 0.142

1, 1,2,2-Tetrachloroethane 0.0054 0.00007 0.0060

Toluene 0.0060 0.00008 0.0067

1,1 ,1-Trichloroethane 0.14 0.0019 0.161

I TOTAL_ 0.561

a. The values presented reflect no room closures in the open panel
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WIPP RCRA Part B Permit Application
DOE/WIPP 91-005

Revision 6

TABLE D15-2
SOUTHEASTERN NEW MEXICO PERMITTED EMISSION RATES

Facility Pollutant Tonslvr

1. Navajo Refinery VOC's 779.73
5 Miles South of Lovington Toluene 12.353
on Highway 18 Benzene 4.311
(505) 748-3311 Ethyl Benzene 1.863
Permit # 273 Xylene 13.581

Hex 7.524
Napthalene 1.841

2. SPS - Cunningham Plant Nox 20
15 Miles West of Hobbs
on U.S. Highway 62-1 80
(505) 391-3200
Permit # 622 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. SPS - Maddox Plant VOC's 8
8 Miles West of Hobbs Co 489
on U.S. Highway 62-1 80 N2  4155
(505) 391-3200
Permit # 747 __________

4. IMC Fertilizer, Inc. TSP 567.2*/535.1
26 Miles SE of Carlsbad
on Highway 31
(505) 887-2871
Permit # 495-M-5 ________________________

5. New Mexico Potash Corp. TSP 1007.8*/394.2
35 Miles East of Carlsbad
on U.S. Highway 62-1 80
(505) 887-1117
Permit # 755

6. Navajo Refinery VOC's 1760.70
501 E. Main St. Toluene 68.536
Artesia, NM 88210 Benzeie - 26.546
(505) 748-3311 Ethyl Benzene 36.743
Permit# 195-M-5 XylenEý 22.411

Hexane 24.696
Nap-thalene 1.744
HF Acid 9.248
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WIPP RCRA Part B Permit Application
D0EMIPP 91-005
Revision 6

Facility Pollutant Tonslvr

7. GPM - Lea Plant SO 2  81 8.000
28 Miles West of Hobbs VOC's 45.70
on U.S. Highway 62-1 80 CO 789.10
(505) 397-5720 NO), 2540.60
Permit # 76

8. GPM - Eunice Plant
1 Mile North 502 34,264.70
1 Mile West of Oil Center VOC's 420.20
(505) 397-5591 CO 634.50
Permit # 44-M-5 NO. 4339.90

9. GPM - Artesia Plant S21459.00

12 Miles East of Artesia VOC's 69.20
on Hwy 82 and CO 886.50
3 Miles South NO. 2040.60
on County Rd. 206
(505) 397-5594
Permit # 434

10. El Paso Natural Gas VOC's 4.73
9 miles NW of Carlsbad, NM CO 26.00
(505) 885-0615 NOX 83.00
Permit # 1009

11. Mississippi Chemical Corp. TSP 801 .5*/146.7
18 Miles East and
2 Miles South of Carlsbad
on Highway 41
(505) 887-5591
Permit # 421

12. Western AG-Minerals Co. TSP 3822.0*/i 02.2
20 Miles East of Carlsbad PM10  1834.6*/49.1
on U.S. Highway 62-1 80 NO), 14.4*/14.4
(505) 885-3175 CO 3.6*/3.6
Permit # 163-M-2

13. Anderson Ranch Station VOC's - 1.5/1.36(actual)
10,000 bbl Oil Storage Tank
15 Miles West of Lovington
Permit # 1524
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WIPP RORA Part B Permit Application
DOENVMPP 91-005

* Revision 6

Facility Pollutant Tonslvr

14. Cabin Lake Compressor Sta. NO,, 50.00
21 Miles West of Carlsbad CO 46.00
Permit# 1120 VOC's 18.00

15. Lea Crude Oil Storage Fac. VOC's 9.80
4 Miles North of
Oil Center, NM
Permit # 1430___________

16. Thomas Station Alt. #1 VOC's 1.52
Crude Oil Storage Tank
20,000 bbl Capacity
28 Miles West of Jai, NM
Permit # 1504 ____________

17. City of Hobbs VOC's 35.400
Soil Vapor Extraction Sys. Ethyl Benzene 0.200
Ground Water Vapor E--xtrac. Benzene 1.800
Hobbs, NM 88240 Toluene 0.920
Permit# 1486 Xylene 0.500

Ethyl Dichloride 0.070
Ethyl Dibromide 0.013

18. Monument Lateral Comp. Sta. NOX 14.40
16 Miles Southwest of CO 18.60
Monument, NM VOC's 0.40
Permit # 1242-Revision____________

19. Texaco, Inc. NOx 79.70*/21.50
Bilbrey Compressor Station I CO 57.80*/21.50
27 Miles Northeast of Loving VOC's 10.90*/7.40
Permit# 1505

20. Vaca Compressor Station NOX 23.60
20 Miles West of Jai, NM CO 23.60
Permit# 1448 VOC's 14.80

21. Conoco Oil, Inc. NOx 959.80
Maljamar Gas Plant CO 136.10
Maljamar, NM SO 2  3573.40
Permit # 319-M-4 VOC's 42.70
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WIPP RCRA Part B Permit Application
DOEJWIPP 91-005
Revision 6PoltnTnly

22. Livingston Ridge VOC's 2.10
Crude Oil Storage Facility
Lea County, NM
Permit # 1096-M-1

23. Shoe Bar Compressor Station NO0, 6.70
5 Miles South of Lovington CO 27.40
Permit# 1472 VOC's 0.20

24. Mike's Super Fina and VOC's 9.60
Detail Shop (Gas/Oil Station)
Soil Vapor Extraction System
Hobbs, NM
Permit# 1330

25. Grama Ridge Number I NO 2  139.20
Compressor Station CO 187.40
18 Miles Northwest of Eunice VOC's 44.40
Permit # 944-M-2

26. Rattlesnake Compressor Sta. NO 2  21.20
9 Miles South-Southwest of CO 31.80
Jal, NM VOC's 8.01
Permit # 477-M-1

27. Commanche Compressor Station NO), 14.10
20 Miles West of Oil Center CO 2.00
Permit# #1288-M-1 VOC's 2.00

28. Texaco Oil Co., Inc. NO), 28.90
Bilbrey Compressor Station 2 CO 28.90
26 Miles Northeast of Loving VOC's 9.60
Permit# 1425

29. Hat Mesa Compressor Station NO 2  245.80
24 Miles West of Oil City, NM CO 245.80
Permit# 101 8-M-2 VOC's 16.60

30. Lynch Booster Compressor Sta. NO 2  -225.70

25 Miles Southwest of Hobbs CO 225.70
Permit # 609-M-3 SO 2  2.80

VOC's 7.90

Facility Pollutant Tonslyr
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WIPP RCRA Part B Permit Application
D0EIWIPP 91 -005

* Revision 6

31. Asphalt Plant and TSP's 29.80
Rock Crushing Plant: NOX 59.00
Loco Hills, NM CO 22.30
Permits #1345 and It1346 S237.50

VOC's 25.10

32. WGI Compressor Station
Notice of Intent 1542 - Per AQOR 702, no permit is needed if the uncontrolled

emission rate of air pollutanms from a particular facility is
less than 10 lbs/hr or 25 tons/yr.

33. 127 hp Waukeska WAKC
Natural Gas Engine,
Notice of Intent 1084 - Per AQCR 702 and AQOR 703.1, no permit is needed if

the uncontrolled emission rate of air pollutants from a
particular facility is less than 10 lbs/hr or 25 tons/yr. If
the uncontrolled emission rate of air pollutants from a
particular facility is less than 10 tons/yr, the Notice of
Intent itself serves as the complete application.

34. Armstrong Construction NOX 42.25
3 Miles West of Hobbs CO 25.10
Permit # 827-M-3 TSP's 21.20

PM1,) 10.20
VOC's 7.30

35. Compressor Station TSP's 4647.12
22 Miles West of Jai NO:, 32.00
Permit # 261-M-3 VO0C'0' 43.40

36. Portable Natural Gas; Comp. NO. 18.40
Portable with locations CO 39.00
between Hobbs and Carlsbad VOC's 0.30
Permit# 1543___________

37. 125 tph Portable Rock NO 2  23.10
Crushing Facility CO 1.00
6.8 Miles Southeast of S22.10

Maljamar, NM VOC's 0.60
Permit # 1474 -
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WIPP RCRA Part B Permit Application
DOEANIPP 91 -005
Revision 6

Facility Pollutant Tonslyr

38. Chiso BCD Compressor Station NO,, 30.30
20 Miles Southwest of Eunice CO 56.70
Permit# 1398 VOC's 6.30

39. Mitchell Energy Technology NO,, 6.60
Geronimo Compressor Site CO 27.00
26 Miles South of Maijamar VOC's 1 .50
Permit # 1392

40. TSTA Oil Producers NO,, 28.80
Antelope Ridge Comp. Station CO 36.00
22 Miles Southwest of Eunice VOC's 14.40
Permit # 1377

41. TSTA Oil Producers NO,, 30.50
Antelope Ridge L.P.Comp. Sta. CO 31.60
22 Miles Southwest of Eunice VOC's 13.80
Permit # 1378

42. Ojo Chiso No. 3 Comp. Station NO,, 9.70
21 Miles Southwest of Eunice CO 16.90
Permit # 1376 VOC's 4.90

43. Antelope Ridge Gas Plant NO2  180.80
20 Miles Southwest of Eunice CO 119.00
Permit # 401 -M-3 VOC's 430.20

44. El Paso Natural Gas Co. NO 2  83.10
Eunice B Compressor Station CO 26.10
9 Miles Northwest of Eunice VOC's 4.80
Permit # 1009-Revision

45. Llano, Inc. NO,, 168.30
Apex Compressor Station CO 93.20
8 Miles West of Hobbs VOC's 23.80
Permit # 696-M-2

46. Northland Sweet Booster Sta. NOx 20.30
17.50 Miles Southeast CO 30.40
of Artesia, NM VOC's 10.20
Permit # 1289

D15-8



WIPP RCRA Part B Permit Application
DOE/WIPP 91-005

* Revision 6

Facility Pollutant Tonslyr

47. Northland Sour Booster Sta. NO,, 15.00
7 Miles Southeast of Artesia Co 22.50
Permit# 1290 VOC's 7.50

48. Ranger Lake Booster Station NO. 35.10
10 Miles East of Taturn CO 35.10
Permit # I1I36-M-1 VOC's 1.40

49. Warren Petroleum Co. NO 2  2802.90
Monument Gas Processing Plant CO 387.40
3 Miles West of Monument, NM S02 1460.00
Permit# 11 0-M-2 VOC's 113.70

50. DA Natural Gas Comp. Station NO,: 0.91
10 Miles West of Eunice, NM CO 7.30
Permit# 1134 VOC's 0.10

51. Mid-America Pipeline, Inc. NO2  36.00
Caprock Compressor Station CO 47.40
Near Caprock, NM
Permit # 920-M-1_____________

52. Texaco Oil Co., Inc. NOX 1179.80
Eunice South CO 249.50
Gas Processing Plant SO 2  5476.40
6 Miles South of Eunice VOC's 56.90
Permit # 278-M-3 ____________

53. ENRON Gas Processing Co. NO,: 15.90
Siete O&G Compressor Station CO 15.90
30 Miles Northeast VOC's 0.40
of Lovington, NM
Permit# 1203 ___________

54. Shoebar Compressor Station NOx 5.10
Section 34, Range 35E, CO 5.10
Township 16S - Lea County VOC's 2.60
Permit# 1116 ___________
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WIPP RORA Part B Permit Application
DOEIWIPP 91-005
Revision 6Poltn

Facility Pollutant _______

55. Warren Petroleum Co. NOX 2743.50
Eunice Gas Processing Plant CO 344.75
Eunice, NM S0 2  632.80
Permit # 67-M-2 VOC'S 105.00

56. Jai Number 3 Gas Plant NO, 3490.80
Jai, NM CO 518.40
Permit# 1092 S02 1205.90

VOC's 123.50
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O 1 APPENDIX BAD

2 Table BAD-i. WIPP VOC Monitoring Program ]Dat~a - Station VOC-1
3 All concentrations in parts per billion

4 Date Sample Trichloro- Methylene Tricldoro- aro Trichloro-
tdtflnoro- Chloride ethane Tetra- ethylene.

5 09/06/91 47 0.19 JB 0.31 B 12,00 0.10 U 0.10 U
6 09/11/91 51 0.49 B 0.421300.2J.0
7 09/18/91 63 1.30 B 0.77 25 .1J 01
8 09/25/9 1 60 0.69 B 0.20 24 .0 J 01
9 09/29/91 66 0.21 B 0.16 J 0.56 0.07 J 0.10 U

10 10/01/91 70 9.30 B 0.10 U 45.00 0.12 J 0.10 U
11 10/03/91 75 0.21 B 0.27 1.50 0.09 J 0.10 U
12 10/10/91 78 0.31 B 0.19 J 48.00 0.14 J 0.10 U
13 10/17/91 80 0.20 B 0.48 20,00 0.12 J 0.10 U
14 10/26/91 86 0.20 B 0.49 110,00 0.15 J 0.10 U
15 10/31/91 89 0.19 B 0.10 U 12,00 0.10 U 0.10 U
16 11/06/91 92 0.24 B 0.22 2.00 0.10 J 0.10 U
17 11/13/91 100 0.86 B 0.22 22.00 0.12 J 0.10 U
18 11/21/91 104 0.34 0.36 9.30 0.11 J 0.10 U
19 11/26/91 112 0.29 B 0.18 J 10.00 0.11 J 0.10 U
20 12/06/91 114 0.76 B 0.18 J 9,70 0.11 J 0.10 U
21 . 12/10/91 119 0.37 B 0.28 6.60 0.11 J 0.10 U.22 12/17/91 123 0.56 B 0.23 39.00 0.13 J 0.10 U
23 12/27/91 127 0.22 B 0.15 J 3,00 0.10 J 0.09 J
24 12/31/91 131 0.18 JB 0.14 J 1.40 0.10 1 0.10 U
25 02/05/92 135 0.12 JB 0.12 J 0.40 0.11 J 0.10 U
26 02/07/92 136 0.15 JB 0.10 U 0.58 0.12 J 0.10 U
27 02/08/92 138 0.17 JB 0.14 J 0.37 0.11 J 0.10 U
28 02/19/92 139 0.12 JB 0.13 J 0.28 J 0.10 J 0.10 U
29 02/27/92 140 0.15 JB 0.12 J 0.39 0.10 3 0.10 U
30 03/04/92 144 0. 16 JB 0.14 J 0.40 B 0.10 J 0.10 U
31 03/16/92 148 0.16 J 0.13 J 0.33 B 0.10 1 0.10 U
32 03/21/92 152 0.13 JB 0.12 J 0.81 B 0.09 3 0.10 U
33 03/27/92 153 0. 16 JB 0.10 J 0.42 B 0.10 J 0.10 U
34 04/02/92 168 0.13 lB 0.10 U 0.35 B 0.10 3 0.10 U
35 04/08/92 169 0.19 JB 0.14 J 0.51 B 0.11 3 0.10 U
36 04/14/92 171 0. 14 JB 0.10 U 0.36 B 0.11 3 0.10 U
37 04/16/92 172 0.15 JB 0.10 U 0.36 B 0.11 J 0.10 U
38 04/20/92 174 0.12 JB 0.10 U 0.37 B 0.10 JB 0.10 U
39 04/25/92 176 0.11 J 0.10 U 0.29 JB 0.09 J 0.10 U
40 04/29/92 178 0.11 3 0.10 U 6,70.00 B 0.20 0.10 U
41 Data qualifiers:
42 J indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
43 but the result is less than the specified reporting limit.
44 B -indicates the analyte was detected in the blank as well as in the sample.
45 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
46 reporting detection limit.
47 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data.48 validation procedure. This qualifier is applied to analytical results when minor deviations of program
49 quality control or documentation requirements are discovered and are not subsequently corrected by
50 the laboratory.
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Table BAD-i. WIPP VOC Monitoring Program Data - Station VOC-1 (continued)

All concentrations in parts per billion

I Date Sample Trichloro- Methylene Trichioro- Carbon, Tridiktro-
triflonro. Chloride ethane tetra.....hylene.

ethane Chloride
2 05/01/92 179 0.15 J 0.09 J 0.32 B 0.11 J 0.10 U
3 05/05/92 181 0.15 J 0.11 J 0.31 B 0.10 J 0.10 U
4 05/08/92 182 0.58 0.13 J 5.70 B 0.13 J 0.10 U
5 05/14/92 186 0.23 0.10 U 45.00 B 0.14 J 0.10 U
6 05/20/92 188 0.08 J 0.12 J 1.60 B 0.10 J 0.10 U
7 05/27/92 190 .5.10 0.10 J 12.00 B 0.12 J 0.10 U
8 06/02/92 191 1.30 0.19 J 7.40 B 0.13 J 0.10 U
9 06/08/92 192 0.09 J 0.13 J 4.50 B 0.12 J 0.10 U

10 06/13/92 193 0.11 J 0.20 7.50 B 0.13 J 0.10 U
11 06/19/92 194 0.11 JB 0.10 U 5.60 B 0.11 J 0.10 U
12 06/25/92 199 0.13 J 0.15 J 1.40 B 0.10 J 0.10 U
13 06/26/92 200 4.00 0.10 U 8.40 B 0.11 J 0.10 U
14 06/30/92 202 0.26 B 0.10 U 1.40 B 0.12 J 0.10 U
15 07/08/92 203 0.18 J 0.13 J 0.55 B 0.10 J 0.10 U
16 07/16/92 204 0.22 B 0.10 U 1.70 B 0.12 J 0.10 U
17 07/24/92 205 15.00 0.10 U 2.60 B 0.10 J 0.10 U
18 08/01/92 206 3.60 B 0.46 31.00 B 0.11 J 0.10 U
19 08/04/92 207 0.84 B 0.30 0.65 B 0.11 J 0.10 U
20 08/12/92 214 1.60 B 0.15 J 1.70 0.11 J 0.10 U
21 08/14/92 217 0.37 B 0.21 4.40 B 0.12 J 0.210
22 08/19/92 218 0.15 JB 0.15 J 0.72 B 0.13 J 0.08 J
23 08/27/92 219 0.17 JB 0.15 J 0.94 B 0.12 J 0.07 J
24 09/02/92 220 0.14 J 0.19 J 16.00 0.11 J 0.10 U
25 09/04/92 222 0.37 0.31 280.00 0.13 J 0.10 J
26 09/12/92 223 0.49 0.13 J 4.80 0.11 J 0.24
27 09/16/92 224 0.22 B 0.13 J 21.00 0.11 J 0.07 J
28 09/17/92 227 0.39 B 0.16 J 2.30 0.11 J 0.10 U
29 09/18/92 230 0.16 J 0.15 J 2.50 0.14 J 0.10 J
30 09/21/92 231 0.14 J 0.68 1.30 0.14 J 0.10 J
31 10/08/92 232 0.13 B 1.20 130.00 0.12 J 0.10 J
32 10/16/92 233 0.66 0.10 U 9.40 0.11 J 0.10 U
33 10/22/92 234 0.10 J 0.10 U 4.30 0.10 J 0.10 U
34 10/29/92 236 0.34 0.16 J 16.00 0.11 J 0.12 J
35 11/04/92 237 0.49 0.45 8.30 0.10 J 0.12 J
36 11/11/92 238 0.60 0.27 3.40 0.09 J 0.07 J
37 11/21/92 240 0.48 0.32 4.60 J 0.07 J 0.09 1
38 111/26/92 243 0.11 J 0.18 J 7.90 0.10 1 0.10 U
39 Data qualifiers:
40 J indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
41 but the result is less than the specified reporting limit.
42 B -indicates the analyte was detected in the blank as well as in the sample.
43 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
44 reporting detection limit.
45 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data
46 validation procedure. This qualifier is applied to analytical results when minor deviations of program

47 quality control or documentation requirements are discovered and are not subsequently corrected by0

June 14, 1996 BAD-2 DOE/CAO-96-21 60



Final No-Migration Variance Petition

Table BAD-i. WIPP, VOC Monitoring Program Data - Station VOC-i (continued)

All concentrations in parts per billion

I Date Sample Tnebhloro- methviene. Thdiloro- Crbon Trichloro-
triflouro- Chloride ethane Tetra- ethylene

ethane ord
2 12/02/92 244 0.19 J 0.12 J 100.00 J 0.13 J 0.10 U
3 12/10/92 245 0.65 0.315400.1 .0U
4 12/15/92 246 0.12 J 0.14 J 84.00 0.11 J 0.10 U
5 12/23/92 247 0.50 0.34 47.00 0.08 J 0.09 3
6 12/31/92 248 0.11 3 0.18 J 17.00 0.09 3 0.05 J
7 01/08/93 249 0.09 3 0.65 76.00 0.10 J 0.10 U
8 01/16/93 252 0.11 J 0.12 J 38.00 0.08 J 0.20 U
9 01/18/93 253 0.10 J 0.10 U 0.80 0.10 J 0.10 U

10 01/26/93 254 0.09 J 0.12 J 29.00 0.09 J 0.10 U
11 02/04/93 256 0.16 J 0.10 U 58.00 0.10 3 0.10 U
12 02/11/93 257 0.20 J 0.17 J 24.00 0.10 3 0.07 J
13 02/19/93 258 0.08 J 0.18 J 11.00 0.10 3 0.10 J
14 02/27/93 259 0.10 J 0.16 J 4.20 0.10 J 0.10 U
15 03/01/93 260 0.11 J 3.30 1.70 0.10 J 0.30
16 03/09/93 267 2.30 0.23 3.20 0.10 J 0.10 U
17 03/18/93 268 0.11 3 0.17 J 3.60 0.13 J 0.10 U
18 03/27/93 269 0.25 0.22 9.90 0.09 J 0.10 U.19 04/02/93 270 0.11 J 0.37 B 3.80 0.09 J 0.03
20 04/07/93 271 0.12 J 0.39 B 7.80 0.10 3 0.14 J
21 04/09/93 273 0.09 J 0.42 B 3.40 0.09 3 0.03 J
22 04/14/93 274 0.11 J 0.23 5.50 0.10 U 0.10 U
23 04/22/93 276 0.24 0.19 J 1.50 0.10 J 0.10 U
24 04/27/93 277 0.10 J 0.26 B 17.00 0.09 3 0.10 U
25 05/05/93 278 1.60 1.00 B 6.70 0.11 3 0.12 J
26 05/12/93 279 0.41 B 0.52 B 320.00 0.09 J 0.03 J
27 05/20/93 280 0.32 B 0.87 B 13.00 0.07 J 0.10 U
28 05/27/93 290 0.63 B 0.44 B 0.50 0.07 J 0.10 U
29 06/02/93 296 0.52 0.21 B 4.90 0.10 3 0.10 U
30 06/10/93 311 0.12 J 0.35 B 2.70 0.10 3 0.10 U
31 06/18/93 329 0.10 3 0.20 B 1.50 0.10 3 0.10 U
32 06/23/93 344 0.30 B 0.30 B 3.10 0.10 3 0.10 U
33 06/24/93 346 0.12 J 0.19 JB 2.60 0.11 3 0.04 J
34 06/30/93 364 0.20 J 0.40 B 4.90 0.10 3 0.10 U
35 07/08/93 373 0.20 0.20 B 9.00 0.10 3 0.10 U
36 07/16/93 385 0.18 JB 0.27 B 4.20 0.02 J 0.10 U
37 107/20/93 389 1.30 0.20 B 5.10 0.10 J 0.10 U
38 Data qualifiers:
39 J indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
40 but the result is less than the specified reporting limit.
41 B -indicates the analyte was detected in the blank as well as in the samiple.
42 U -indicates the compound was not detected in the sample. The repoit value is one-half the laboratory
43 reporting detection limnit.
44 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data.45 validation procedure. This qualifier is applied to analytical results when minor deviations of program
46 quality control or documentation requirements are discovered and are not subsequently corrected by
47 the laboratory.
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Table BAD-i. WIPP VOC Monitoring Program Data - Station VOC-1 (continued)

All concentrations in parts per billion

1 Dt Sample Trichloro- Methylene Trichioro- Carbon Trichiero-
triflouro- Chloride ethane Tetra_ ethylene

ethane................Chloride
2 07/28/93 391 0.10 J 0.20 B 18.00 0.10 J 0.10 J

3 08/05/93 397 0.10 J 0.30 B 19.00 0.10 J 0.10 U
4 08/13/93 399 0.29 JB 0.29 B 3.20 0.09 J 0.14 J
5 08/21/93 401 0.39 B 0.10 U 1.40 0.08 J 0.10 J
6 08/23/93 402 0.11 lB 0.08 JB 1.20 0.08 J 0.10 1
7 08/30/93 403 0.54 B 0.10 U 36.00 0.07 J 0.10 U
8 09/07/93 404 0.07 B 0.34 JB 5.80 0.20 U 0.20 U
9 09/16/93 406 9.80 B 0.18 JB 16.00 0.09 1 0.10 U

10 09/23/93 408 0.17 J 0.21 B 1.90 0.13 J 0.04 J
11 09/29/93 410 1.60 B 0.46 B 7.90 0.09 J 0.10 U
12 10/06/93 412 0.18 J 0.21 B 21.00 0.13 J 0.56
13 10/12/93 415 0.06 J 0.28 B 48.00 0.10 U 0.10 U
14 10/20/93 417 1.20 0.23 B 1.70 0.12 J 0.10 U
15 10/28/93 419 0.90 0.15 J 1.90 0.07 J 0.10 U
16 11/05/93 423 0.52 B 0.22 B 24.00 0.09 J 0.02 J
17 11/07/93 424 0.25 JB 0.24 B 1.80 0.09 1 0.01 J
18 11/15/93" 426 0.50 B 0.16 JB 1.80 Jv 0.06 J 0.01 1
19 11/23/93 428 0.10 U 2.80 J 4.90 J 0.66 J 2.30 J
20 12/01/93 431 0.17 J 0.10 U 3.00 0.07 J 0.08 1
21 12/09/93 433 0.11 1 0.16 JB 0.22 0.06 J 0.20
22 12/16/93 437 0.46 0.36 B 1.80 0.06 J 0.09 J

23 12/19/93 439 0.12 J 0.21 B 0.26 0.12 J 0.10 U
24 12/27/93 441 0.14 J 0.24 BJv 1.90 Jv 0.14 J 0.07 J
25 01/06/94 443 0.60 0.25 B 1.50 0.15 J 0.10 1
26 01/19/94 446 0.25 0.29 B 1.80 B 0.16 J 0.08 J
27 02/01/94 453 4.80 0.39 1.20 0.14 J 0.10 U
28 02/14/94 456 2.40 0.10 U 0.44 0.13 J 0.10 U
29 03/03/94 461 0.10 U 0.10 U 1.10 0.10 1 0.10 U
30 03/16/94 466 0.10 U . 1.40 1.20 0.56 0.42
31 03/29/94 474 0.10 U 0.10 U 0.47 0.10 U 0.10 U
32 04/11/94 477 0.13 J 0.38 3.60 0.11 1 0.10 U

33 04/27/94 484 0.10 U 0.10 U 4.20 0.10 U 0.10 U
34 05/11/94 489 0.10 U 0.10 U 1.30 0.10 U 0.10 U
35 05/24/94 492 0.25 0.19 JB 1.90 0.11 1 0.08 J

36 06/07/94 498 0.11 J 0.19 JB 5.10 0.07 J 0.28
37 Data qualifiers:
38 J -indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
39 but the result is less than the specified reporting limit.
40 B -indicates the analyte was detected in the blank as well as in the sample.
41 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
42 reporting detection limit.
43 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data

44 validation procedure. This qualifier is applied to analytical results when minor deviations of program

45 quality control or documentation requirements are discovered and are not subsequently corrected by
46 the laboratory.
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Table BAD-i. WIPP VOC Monitoring Program Data - Station VOC-1 (continued)

All concentrations in parts per billion

1 Date Sample Trichloro- Methylene Trichioro- Carbon Trichioro-
trifinoro- Chrioride ethane Tetra- ethylene

2 06/23/94 502 0.11 J 0.45 3.50 0.06 J 0.10 U
3 07/06/94 508 0.29 B 0.17 J 1.30 0.05 J 0.04 J
4 07/19/94 510 0.25 B 1.20 B 18 .0U 01
5 08/01/94 518 1.20 B 1.30 B 63 .0U 01
6 08/18/94 522 0.10 U 2.40 1.60 0.10 U 0.10 U
7 09/16/94 527 0.26 SB 0.17 JB 0.10 1 0.10 U 0.10 U
8 09/27/94 538 0.10 U 0.26 B 0.10 U 0.10 U 0.10 U
9 10/11/94 547 0.22 B 0.20 JB 0.10 J 0.10 U 0.10 U

10 11/09/94 555 1.90 B 0.12 JB 0.10 U 0.10 U 0.10 U
11 11/21/94 561 0.26 B 0.23 B 0.13 J 0.10 U 0.10 U
12 12/08/94 568 0.24 B 0.24 0.49 0.13 J 0.20
13 12/21/94 590 0.21 B 0.10 U 0.46 0.10 U 0.10 U
14 01/18/95 601 0.24 B 0.19 JB 0.18 J 0.10 U 0.10 U
15 01/30/95 602 0.26 B 0.23 B 1.40 0.10 U 0.10 U
16 02/15/95 606 1.90 2.30 B 4.00 2.20 3.80
17 03/14/95 618 0.20 SB 0.17 SB 0.10 U 0.10 U 0.10 U
18 03/27/95 621 0.23 B 0.33 B 0.30 0.10 U 0.10 U
19 04/12/95 627 0.27 B 0.14 SB 0.14 J 0.10 U 0.10 U.20 04/27/95 636 0.21 B 0.24 B 0.10 S 0.10 U 0.10 U
21 05/10/95 647 0.10 U 0.23 B 0.10 U 0.10 U 0.10 U
22 06/05/95 656 0.19 SB 0.43 B 0.29 0.10 U 0.10 U
23 06/20/95 667 0.27 B 0.27 B 0.16 J 0.10 U 0.10 U
24 07/06/95 670 1.10 B 0.26 B 0.69 0.10 U 0.10 U
25 07/19/95 676 0.28 B 0.86 B 0.18 J 0.10 U 0.14 J
26 08/14/95 681 0.34 B 1.20 B 0.33 0.10 U 0.19 5
27 08/31/95 688 0.18 JB 0.60 B 0.43 0.10 U 0.10 5
28 09/13/95 691 0.17 SB 0.39 B 0.12 J 0.10 U 0.10 U
29 10/09/95 697 0.20 J 0.22 B 0.15 J 0.10 U 0.10 U

30 Minimum 0.06 J 0.08 U 0.10 U 0.02 J 0.01 1
31 Maximum 15.00 B 3.30 J 670.00 2.20 3.80
32 1Average 0.63 0.32 17.17 0.12 0.14

*33 Data qualifiers:
34 J - indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
35 but the result is less than the specified reporting limit.
36 B - indicates the analyte was detected in the blank as well as in the sample.
37 U - indicates the compound was not detected in the sample. The report. value is one-half the laboratory
38 reporting detection limit.
39 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data
40 validation procedure. This qualifier is applied to analytical results when minor deviations of program
41 quality control or documentation requirements are discovered and are not subsequently corrected by
42 the laboratory.
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Table BAD-2. WIPP VOC Monitoring Program Data - Station VOC-2 4
All concentrations in parts per billion

1 Date. Sample Trichioro- Methylene Trichloro- Carboni Thichloro-
trifluoro- Chloride ethane. Tta ehln

ethane Chloride
2 09/06/91 48 0.18 JR 0.21 B 0.31 0.09 J 0.10 U
3 09/11/91 52 0.23 B 0.10 U 0.21 J 0.08 J 0.10 U
4 09/18/91 64 0.37 B 0.13 J 0.25 J 0.09 J 0.10 U
5 09/25/91 59 0.20 B 0.10 U 0.18 J 0.08 J 0.10 U
6 09/29/91 67 0.18 JB 0.10 U 0.23 J 0.10 U 0.10 U
7 10/03/91 74 0.18 JR 0.10 U 0.31 0.10 U 0.10 U
8 10/10/91 79 0.18 JR 0.10 U 0.28 J 0.09 J 0.10 U
9 10/17/91 81 0.19 JR 0.10 J 0.32 0.08 J 0.10 U

10 10/26/91 87 0.18 JR 0.12 J 0.24 J 0.09 J 0.10 U
11 10/31/91 91 0.19 JR 0.27 0.22 0.10 U 0.10 U
12 11/06/91 93 0.19 JR 0.23 0.25 J 0.09 J 0.10 U
13 11/13/91 101 0.20 B 0.43 0.36 0.09 J 0.10 U
14 11/21/91 102 0.19 J 0.24 0.26 J 0.10 J 0.10 U
15 11/26/91 113 0.17 JR 0.14 J 0.68 0.09 J 0.84
16 12/06/91 115 0.20 JR 0.13 J 0.21 J 0.09 J 0.10 U
17 12/10/91 118 0.21 B 0.22 0.33 0.09 J 0.10 U
18 12/17/91 124 0.19 JR 0.12 J 0.35 0.09 J 0.10 U
19 12/27/91 128 0.17 JR 0.10 U 0.22 J 0.09 J 0.10 U
20 12/31/91 132 0.18 JR 0.11 J 0.33 0.10 J 0.10 U
21 04/23/92 175 0.11 J 0.10 U 19.00 B 0.11 J 0.10 U
22 04/28/92 177 0.10 J 0.10 U 32.00 B 0.11 J 0.10 J
23 01/06/94 444 0.17 J 0.21 B 0.25 J 0.14 J 0.08 J
24 01/19/94 448 0.16 J 0.25 B 0.33 B 0.14 J 0.08 J
25 02/01/94 452 0.14 J 0.39 B 0.31 0.11 J 0.04 J
26 02/14/94 457 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U
27 03/03/94 462 0.10 U 0.10 U 0.14 J 0.10 J 0.10 U
28 03/16/94 468 0.10 U 0.10 U 0.19 J 0.10 U 0.10 U
29 03/29/94 472 0.10 U 0.10 U 0.15 J 0.10 U 0.10 U
30 04/11/94 479 0.10 U 0.10 U 0.15 J 0.10 U 0.20 J
31 04/28/94 483 0.10 U 0.10 U 0.19 J 0.10 U 0.10 U
32 05/11/94 487 0.10 J 0.20 B 0.14 J 0.09 J 0.22 B

33 05/24/94 494 0.10 J 0.10 U 0.13 J 0.09 J 0.10 J
34 06/07/94 499 0.18 JR 0.10 U 0.08 J 0.03 J 0.03 J
35 06/23/94 505 0.09 J 0.14 J 0.12 J 0.07 J 0.15 J
36 07/06/94 506 0.16 J 0.31 B 0.45 0.40 0.92
37 07/19/94 512 0.21 B 0.36 B 0.58 0.10 U 0.21
38 07/25/94 516 0.42 B 0.60 B 0.16 J 0.08 J 0.08 J
39 Data qualifiers:
40 J -indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
41 but the result is less than the specified reporting limit.
42 B -indicates the analyte was detected in the blank as well as in the sample.
43 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
44 reporting detection limit.
45 JR - indicates the associated results are considered to be estimated based on findings of the WIPP data
46 validation procedure. This qualifier is applied to analytical results when minor deviations of program
47 quality control or documentation requirements are discovered and are not subsequently corrected by
48 the laboratory.

June 14, 1996 BAD-6 DOE/CAO-96-2 160



Final No-Migration Variance Petition

O1 Table BAD-2. WIPP VOC Monitoring Program Data -Station VOC-2 (continued)

2 All concentrations in parts per billion

3 Date Sample.Ticloro-. Methylene Trichloro- Cairbon Trichloro-
trillauoro- Chrloride ethane Tetra- ethylene.

4 08/01/94 519 0.20 B 0.26 B 01 .0 U 01
5 08/18/95 523 0.10 U 0.10 U 01 .0 U 01
6 09/21/94 533 0.19 JB 0.20 JB 01 .0 U 01
7 10/10/94 544 0.21 B 0.20 JB 01 .0 U 01
8 10/28/94 548 0.21 B 0.22 B 0.14 J 0.10 U 0.10 U
9 11/21/94 563 0.32 B 0.24 B 0.10 U 0.10 U 0.10 U

10 12/08/94 569 0.17 JB 0.12 J 0.10 J 0.10 U 0.10 U
11 12/21/95 591 0.26 B 0.23 B 0.10 U 0.10 U 0.10 U
12 01/05/95 593 0.27 B 0.22 B 0.10 J 0.10 U 0.10 U
13 01/30/95 605 0.27 B 0.21 B 0.10 J 0.10 U 0.10 U
14 02/15/95 608 0.10 U 0.29 B 0.10 U 0.10 U 0.10 U
15 03/01/95 614 0.19 JB 0.22 B 0.10 U 0.10 U 0.10 U
16 03/14/95 619 0.25 B 0.21 B 0.15 J 0.10 U 0.10 U
17 04/12/95 628 0.18 JB 0.18 JB 0.10 U 0.10 U 0.10 U
18 04/27/95 634 0.20 JB 0.17 JB 0.10 U 0.10 U 0.10 U
19 05/09/95 646 0.10 U 0.16 JB 0.10 U 0.10 U 0.10 U
20 05/25/95 652 0.18 JB 0.16 JB 0.10 U 0.10 U 0.10 U.21 06/20/95 666 0.21 B 0.47 B 0.10 U 0.10 U 0.10 U
22 07/06/95 668 0.18 JB 0.35 B 0.10 U 0.10 U 0.10 U
23 07/19/95 675 0.17 JB 0.37 B 0.10 U 0.10 U 0.10 U
24 08/01/95 677 0.19 JB 0.34 B 0.10. U 0.10 U 0.10 U
25 08/31/95 687 0.17 JB 0.21 B 0.10 U 0.10 U 0.10 U
26 09/13/95 689 0.16 JB 0.29 B 0.10 U 0.10 U 0.10 U
27 10/09/95 696 0.16 J 0.20 JB 0.10 U 0.10 U 0.10 U
28 11/07/95 700 0.10 U 0.11 JB 0.10 U 0.10 U 0.10 U

29 Minimum 0.09 J 0.10 U 0.08 J 0.03 J 0.03 J
30 Maximum 0.42 B 0.60 B 32.00 B 0.40 0.92
31 Average 0.18 0.20 1.01 0.44 0.13
32 Data qualifiers:
33 J -indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
34 but the result is less than the specified reporting limit.
35 B -indicates the analyte was detected in the blank as well as in the sample.
36 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
37 reporting detection limit.
38 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data
39 validation procedure. 'This qualifier is applied to analytical results when minor deviations of program

40 quality control or documentation requirements are discovered and are not subsequently corrected by
41 the laboratory.-
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Table BAD-3. WIPP VOC Monitoring Program Data - Station VOC-8
All concentrations in parts per billion

1 Date Sample Trichioro- Methylene Trichloro- Carbo~n.Trichloro-
trifluoro- Chloride ethane....Tetra- ethiylene

ethane Chloride
2 09/06/91 39 0.32 B 0.29 1.40 0.10 U 0.10 U
3 09/11/91 45 3.30 B 1.50 1.80 0.11 J 0.10 U
4 09/17/91 57 0.39 JB 0.25 24.00 0.12 J 0.10 U
5 09/25/91 49 3.00 B 0.24 2.40 0.09 J 0.10 U
6 09/29/91 61 0.24 B 0.19 J 0.37 0.08 J 0.10 U
7 10/03/91 68 0.25 B 1.80 12.00 0.11 J 0.10 U
8 10/10/91 72 0.24 B 0.13 J 63.00 0.13 J 0.10 U
9 10/17/91 82 0.28 B 0.18 J 16.00 0.11 0.10 U

10 10/26/91 76 0.23 B 0.37 98.00 0.14 J 0.10 U
11 10/31/91 84 0.23. B 0.10 U 124.00 0.14 J 0.10 U
12 11/06/91 88 0.25 B 0.15 J 0.54 0.09 3 0.10 U
13 11/13/91 94 0.26 B 0.10 U 21.00 0.11 3 0.10 U
14 11/21/91 106 0.22 0.18 3 0.76 0.09 J 0.10 U
15 11/26/91 97 0.26 B 0.10 U 4.40 0.10 J 0.10 U
16 12/06/91 110 0.28 B 0.10 U 0.44 0.10 3 0.10 U
17 12/10/91 116 0.19 JB 0.73 0.66 0.11 3 0.10 U
18 12/17/91 120 0.52 B 0.10 U 0.35 0.09 3 0.10 U
19 12/27/91 125 0.18 JB 0.10 U 0.31 0.09 3 0.10 U
20 12/31/91 129 0.17 JB 0.10 U 0.32 0.09 J 0.10 U
21 08/05/92 208 0.32 B 0.76 3800.00 0.19 0.10 U
22 11/23/93 429 0.13 J 0.22 B 56.00 0.15 J 0.430
23 12/09/93 434 0.21 J 0.77 B 2.20 0.07 J 0.15 J
24 12/16/93 435 0.14 J 0.30 B 4.50 0.06 J 0.12 J
25 12/20/93 440 0.11 J 0.18 JB 0.23 0.06 J 0.10 3
26 12/27/93 442 0.14 J 0.19 JB 0.47 0.13 J 0.13 J
27 01/06/94 445 0.17 J 0.24 B 0.72 0.17 J 0.17 J
28 01/19/94 450 0.46 0.44 B 0.51 B 0.15 J 0.14 J
29 02/01/94 455 0.25 0.22 B 0.24 0.11 J 0.13 3
30 02/14/94 459 0.59 0.10 U 0.26 0.13 J 0.10 U
31 03/03/94 463 0.16 J 2.30 B 0.25 0.10 U 0.10 U
32 03/15/94 470 0.10 U 0.10 U 0.24 0.10 U 0.10 U
33 03/29/94 473 0.10 U 0.10 U 3.30 0.10 U 0.10 U
34. 04/11/94 478 0.10 U 0.10 U 2.20 0.10 U 0.10 U
35 04/28/94 485 0.10 U 0.10 U 0.28 0.10 U 0.10 U
36 05/11/94 488 0.10 3 0.24 B 0.25 0.08 J 0.09 JB
37 05/24/94 496 3.00 0.28 B 0.27 0.12 J 0.10 U
38 106/07/94 501 0.15 J 0.20 B 0.65 0.07 J 0.10 U
39 Data qualifiers:
40 J -indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
41 but the result is less than the specified reporting limit.
42 B -indicates the analyte was detected in the blank as well as in the sample.
43 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
44 reporting detection limit.
45 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data
46 validation procedure. This qualifier is applied to analytical results when minor deviations of program
47 quality control or documentation requirements are discovered and are not subsequently corrected by

48 the laboratory.
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@I Table BAD-3. WIPP VOC Monitoring Program Data -Station VOC-8 (continued)

2 All concentrations in parts per billion

3 Date. Sample Trichloro- Methyln~.. Trihoro- Carbon Tichloro-
trifluoro-...Chloride ethane....Tetra- ehln

ethane Clrd
4 06/23/94 503 0.22 B 0.14 JB 01 .0 U 01
5 07/06/94 507 0.12 J 0.22 B 0.16 J 0.09 J 0.10 U
6 07/25/94 514 0.19 JB 0.25 B 01 .0 U 01
7 08/01/94 521 0.21 B 0.19 JB 01 .0 U 01
8 08/18/94 524 0.10 U 0.42 0.10 U 0.10 U 0.10 U
9 09/19/94 531 0.20 B 0.16 JB 0.33 0.10 U 0.28

10 09/26/94 536 0.10 U 0.29 B 0.24 0.10 U 0.10 U
11 10/31/94 551 2.70 B 0.20 JB 4.50 0.10 U 0.20 J
12 11/08/94 552 0.27 B 0.20 B 0.42 0.10 U 0.10 U
13 11/21/94 . 565 0.47 B 0.25 B 0.20 0.10 U 0.10 U
14 12/21/94 587 0.33 B 0.21 B 4.40 0.10 U 0.10 U
15 01/05/95 592 0.28 B 0.27 B 3.20 0.10 U 0.10 U
16 01/17/95 599 0.25 B 0.17 JB 3.80 0.10 U 0.10 U
17 02/15/95 610 0.10 U 0.22 B 1.30 0.10 U 0.10 U
18 03/01/95 617 0.22 B 0.24 B 2.40 0.10 U 0.10 U
19 03/14/95 620 0.22 B 0.19 JB 0.11 3 0.10 U 0.10 U
20 03/27/95 622 0.21 B 0.40 B 0.21 0.10 U 0.10 U.21 04/27/95 638 0.20 JB 0.17 JB 0.10 U 0.10 U 0.10 U
22 05/08/95 645 0.17 J 0.35 B 0.10 U 0.10 U 0.10 U
23 05/25/95 653 0.20 JB 0.18 JB 0.11 J 0.10 U 0.10 U
24 06/05/95 659 0.73 B 0.17 JB 0.11 3 0.10 U 0.10 U
25 07/06/95 672 0.17 JB 0.15 JB 0.14 J 0.10 U 0.10 U
26 07/19/95 674 0.41 B 0.19 JB 0.11 3 0.10 U 0.10 U
27 08/01/95 678 0.79 B 0.18 JB 0.12 J 0.10 U 0.10 U
28 08/14/95 684 0.20 B 0.42 B 0.20 J 0.10 U 0.10 U
29 09/13/95 693 0.16 JB 0.17 JB 0.10 U 0.10 U 0.10 U
30 10/09/95 695 0.16 J 0.19 JB 0.10 3 0.10 U 0.10 U
31 11/07/95 699 0.10 U 0.12 JB 0.10 U 0.10 U 0.10 U

32 Minimum 0.10 3 0.10 U 0.10 0.06 J 0.09 JB
33 Maximum 3.30 2.30 B 3800.00 0.19 3 0.43
34 Average 0.41 0.31 65.65 0.10 0.11

35 Data qualifiers:
36 J indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
37 but the result is less than the specified reporting limit.
38 B -indicates the analyte was detected in the blank as well as in the samiple.
39 U -indicates the compound was not detected in the sample. The report value is one-half the laboratory
40 reporting detection limit.
41 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data
42 validation procedure. This qualifier is applied to analytical results when minor deviations of program
43 quality control or documentation requirements are discovered and are not subsequently corrected by
44 the laboratory.
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Table BAD-4. WIPP VOC Monitoring Program Data - Station VOC-9
All concentrations in parts per billion

1 Date Sample Trichloro- Methylene Trichloro- Carbon Tichloro-
trifluoro- Chloride ethane....Tetra- ethylene

ethane Chloride

2 09/06/91 42 0.20 B 0.29 8.40 0.11 J 0.10 U
3 09/11/91 46 2.70 B 1.50 1.80 0.12 J 0.10 U
4 09/24/91 65 0.45 B 0.19 J 1.30 0.11 J 0.10 U
5 09/25/91 58 2.50 B 0.19 J 2.10 0.09 J 0.10 U
6 09/29/91 62 0.21 B 0.19 J 0.27 J 0.07 J 0.10 U
7 10/03/91 69 0.19 B 2.90 65.00 0.13 J 0.10 U
8 10/10/91 73 0.15 JB 0.13 J 63.00 0.15 J 0.10 U
9 10/17/91 83 0.22 B 0.16 J 19.00 0.13 J 0.10 U

10 10/26/91 77 0.18 JB 0.34 87.00 0.17 J 0.10 U
11 11/06/91 85 0.28 B 0.53 0.64 0.09 J 0.10 U
12 11/13/91 95 0.22 B 0.24 19.00 0.11 J 0.10 U
13 11/21/91 108 0.23 1.10 0.66 0.09 J 0.10 U
14 11/26/91 98 0.28 B 0.16 J 4.80 0.10 J 0.10 U
15 12/06/91 111 0.28 B 0.29 0.96 0.10 1 0.30
16 12/10/91 117 0.19 JB 0.86 0.61 0.10 J 0.10 U
17 12/17/91 121 0.48 B 0.15 J 0.33 0.10 J 0.10 U
18 12/27/91 126 0.19 JB 0.14 J 0.32 0.09 J 0.10 U
19 12/31/91 130 0.18 JB 0.54 0.34 0.09 J 0.10 U

20 Minimum 0.15 0.13 0.27 0.07 0.10
21 Maximum 2.70 2.90 87.00 0.17 0.30
22 Average 0.51 0.55 15.31 0.11 0.11

23 Data qualifiers:
24 J - indicates an estimated value and is used when mass spectral data indicate the presence of a compound,
25 but the result is less than the specified reporting limit.
26 B - indicates the analyte was detected in the blank as well as in the sample.
27 U - indicates the compound was not detected in the sample. The report value is one-half the laboratory
28 reporting detection limit.
29 JB - indicates the associated results are considered to be estimated based on findings of the WIPP data
30 validation procedure. This qualifier is applied to analytical results when minor deviations of program
31 quality control or documentation requirements are discovered and are not subsequently corrected by
32 the laboratory.
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1.0 INTRODUCTION

This Biennial Environmental Compliance Report (BECR) addres~ses regulatory compliance at the
Waste Isolation Pilot Plant (WIPP), a research and development: facility designed to demonstrate
the safe disposal of transuranic (TRU) radioactive waste. As required by the WIPP Land
Withdrawal Act [Public Law (PL) 102-579], the BECR documents WIPP's compliance with
applicable Federal laws implemented by the U.S. Environmental Protection Agency (EPA).
It also addresses compliance with applicable New Mexico laws, regulations, and permit
conditions.

1.1 Background of the Waste Isolation Pilot Plant (WIPP)

The WLPP project was authorized by the U.S. Department of Energy (DOE) National Security
and Military Applications of Nuclear Energy Authorization Act of 1980 (PL 96-164). This
legislation mandated that DOE provide a research and developmnent facility to demonstrate the
safe disposal of radioactive waste resulting from U.S. defense activities and programs. Under
this statute, the WIPP facility'is exempted from regulation by the U.S. Nuclear Regulatory
Commission (NRC). Initially, the WIPP mission was to include experimentation with high-level
wastes, but subsequent legislation has restricted the radioactive waste to TRU waste. TRU waste
is radioactive waste that contains alpha-emitting; radionuclides of atomic mnber greater than 92. with half-lives longer than .20 years which are present in concentrations greater than
100 nanocuries per gram of waste. Most of this waste is generated from plutonium reprocessing
and fabrication.

In January 1981, the DOE announced its decision to proceed with a phased development of the
WIPP, to be located in Eddy Countyinsoutheastern New Mexico, 26 miles east of the City of
Carlsbad. The decision called for the WIPP to be designed to acmoteapproximately
6.2 million cubic feet of contact-handled (CH) TRU waste and 13.25 million cubic feet of remote-
handled (RH) TRU waste. The WIPP Land Withdrawal Act (LWA) has limited the total WIPP
capacity to 6.2 million cubic feet of tanisuranic waste.

After completing a Site and Preliminary Design Validation (SPDV) phase, the construction phase
at the WJPP began in 1983. At present, surface and uerondfacilities to support waste
handling and emplacemenMtoperatons have been completed. Of the nine surface buildings, the
largest structure is the Waste Handling Building, which includes areas for the receipt, inventory,
inspection, and transfer of waste to the underground. The WITPP underground facility, which
is 2,150 feet below the land surface in a 2,000-foot-thick bedded salt formation, consists of four
shafts, the waste disposal area, the experimental area (for repository safety and mine
performance studies), an equipment and maintenance facility, and connecting tunnels. Only a
few waste disposal rooms have been mined at present because Of the natural phnmnnof salt
creep, which causes eventual. room closure. Additional waste disposal rooms will be mined prior
to perm anent w aste em placem ent. 1 1O 
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In~troduction

Originally, the construction phase was to have been followed by the pilot plant phase. Following
the preparation of the Supplement Environmental Impact Statement (SEIS) in 1990, the DOE
decided that the construction phase was to be followed by the test phase, during which tests with
TRU waste would have been conducted underground at the WIPP. However, on
October 21, 1993, the DOE decided not to conduct TRU waste tests underground at the WIPP
facility, but to conduct enhanced laboratory tests at existing DOE facilities elsewhere. Thus,
no TRU or TRU mixed waste (radioactive waste with hazardous constituents) will be sent to
WIPP until after the initiation of the disposal phase. The disposal phase will be followed by the
decontamination and decommissioning phase.

More detailed information on the background of the WIPP project can be found in the DOE's
Final Environmental Impact Statement, Waste Isolation Pilot Plant (EIlS; DOE, 1980); the
DOE's 1981 Record of Decision (ROD) to the ElS (DOE, 1981); the 1990 Final Supplement
Environmental Impact Statement, Waste Isolation Pilot Plant (SEIS; DOE, 1990a); and the 1990
ROD to the SETS (DOE, 1990b).

1.2 Biennial Environmental Compliance Report under the WIEPP Land

Withdrawal Act

Tis BECR provides the documentation required by the 1992 LWA. The LWA specifies that:

The Secretary shall, not later than 2 years after the date of the enactment of this
Act, and biennially thereafter, submit documentation of continued compliance
with the laws, regulations and permit requirements described in paragraph (1) to
the Administratr, and, with the law described in paragraph (1)(C), to the State
[§ 9(a)(2)].

Paragraph (1) requires that the WIPP comply with Subpart A of 40 CFR Part 191; the Clean Air
Act; the Solid Waste Disposal Act (SWDA); the Safe Drinkring Water Act; the Toxic Substances
Control Act; the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA); "all other applicable Federal laws pertaining to public health and safety or the
environment"; and "all regulations promulgated, and all permit requirements" under these laws.
Paragraph (1XC) requires compliance with the Solid Waste Disposal Act.

1.3 Regulatory Requirements Hierarchy

The f=rs step in doumning regulatry compliance is the identification of all applicable
regulatory requirement. This section describes the interrelationships among laws, regulations,
and permit conditions and identifies the origins of the detailed regulatory requirements discussed
in this report.
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1.3.1 Federal/State Laws

Laws result from legislative processes at either the Federal, State, or local level. This report
will summarize the purpose of each relevant law and discuss its applicability and importance to
the WLPP.

1.3.2 mplementing egltons

Once a law has been enacted, it must be implemented. Statutory authority for each new act is
usually assigned to a particular agency during the legislative p~rocess. That agency is responsible
for developing regulations to implement the act. At the Federal level, these regulations are first
published in the Federal Register as "proposed" for comment from interested groups and
individuals. The imiplementing agency must then respond appropriately to the comments and
prepare the final regulations. These final regulations are again published in the Federal Register,
along with a discussion of the comments, and are inserted into the appropriate part(s) of the
Code of Federal Regulations (CFR).

New Mexico agencies use: a similar process in the promulgation of regulations, with the
proposed and final regulations published in the New M~ico Register. Many State environmental
laws evolve from Federal statutes, many of which mandate that the State become authorized to
administer and enforce its own regulatory program in lieu of the Federal program as long as the
State regulations are no less stringent, than the Federal requirements. In these cases, the State
must send its "final" regulations to the U.S. Environmenta Protection Agency (EPA) for
approval. The EPA may approve all, part, or none of the final regulations. After EPA
approval, notification of EPA's atoiton of the State programi is published in the Federal
Register.

Local laws or ordinances that apply to the WIPP are limited to those under the authority of the
county commission. The only local laws or ordinances applicable to the facility are znn
ordinances. These do not affect the facility's ability to protect human health and the
environment. Therefore, these laws and ordinances are not included in this report.

This report identifies specific reureetsrm Federal/State implementing regulations that
apply to the WIPP facility. In some cases where implementing regulations have not been
promulgated or where a particular statute requirement is not covered by the implementing
regulations, this report identifies specific requirements directly from the statute.
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1.3.3 Permit Conditions

A number of Federal/State implementing regulations include permit programs. Because many
implementing regulations are couched in general terms, permits and permit programs allow the
regulatory agency to regulate individual facilities and stipulate site-specific conditions that must
be met by a specific facility in order to meet the statutory goals of protection of the public and
the environment. Thus, permits are used to regulate discharges and activities (construction,
modifications, and/or operations) of a facility. This report identifies site-specific permit
conditions that apply to the WIPP.

1.4 Regulatory Compliance at the WIPP

The DOE and the Westinghouse Waste Isolation Division (WED), the Managing and Operating
Contractor (MOC) for the WLPP, are fully committed to conducting operations at the WIPP in
such a manner as to achieve and demonstrate compliance with applicable regulations and permit
conditions. Both organizations have implemented plans and procedures to achieve and maintain
compliance with the regulations and have established aggressive assessment programs to validate
continued successful implementation of these activities.

In a mnmber of areas throughout this document, it is noted that procedures and manuals are in
place to guide and direct WI]) personnel in the pefrmance of specific job tasks which have or
could have a direct impact on the compliance status in a given situiation. These procedures and
manuals are in place to supplement personnel training, education, and qualifications and to
promote the operation of the WIPP facility in a safe and environmentally. sound manner.
Because this is the intended purpose of these documents, they are continually evaluated and
revised to ensure that they are effective and current with respect to both regulatory and
operational changes. For this reason, specific procedures and manuals are not referenced in the
body of this document.

In addition, a mnber of reports (especially those reports wich are a result of regulatory
requiremnents) are referenced throughout the document. Due to the continual update and revision
requirements for reports of this nature, they are referenced only by the report title or by the
citation that requires their submittal rather than by document numbers.

1.4.1 OraiainlStructure

The organizational structure of the DOE WIPP'Carlsbad Area Office (CAO) and WID reflect
the importance of regu.latory compliance at the WIPP and the commitment of both organizations
to achieving and mitnngfull compliance.
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The backbone of DOE CAO's organization for the WIPP con~sists of the Area Manager who
oversees the five major branches: the Administrative Branch, the Compliance Branch, the
Experimental Programs Branch, the WIPP Site Branch, and the National TRU Program Office.
The Chief of the Compliance Branch is responsible for overall strategy and criteria to
demonstrate and validate long-term compliance for the dispoA of TRU waste and leads the
preparation of the repository compliance package. The Chief of the WIPP Site Branch oversees
the environment, safety, and health activities related to site operations. The Chief of the
Environment, Safety, and Health Section addresses additional compliance activities and reports
to the Chief of the WIPP Site Branch. The Chief of the Compliance Branch provides additional
oversight in the areas of quality assurance for compliance-relaited activities.

WID's commitment to compliance is also represented in their organizational structure, consisting
of the General Manager, the Deputy Manager, and nine department managers. The Department
Manager of Environment, Safety, Health, and Regulatory Compliance reports directly to the
General Manager and provides the management necessary for W[D's compliance responsibilities.
The Department Manager for Quality Assurance provides support to ensure that compliance
activities are managed and performed in a manner consistent with WID's commitment to
compliance.

. 1.4.2 Compliance Activities

Compliance includes a wide range of activities, ranging from the preparation of plans,
procedures, reports, or permit applications to hands-on actions such as recordkeeping,
monitoring, sampling and analysis, performing assessments or audits, and housekeeping. The
compliance activities carried out at the WIPP to fulfill applicable regulatory reurmnsare
identified in this report. In addition, plans and reports that have been established to maintain
compliance at the WIPP are identified and discussed, and applicable manruals and procedures are

metioned.

Where appropriate, plans and procedures have been established to address compliance.
Inspections and audits of related activities are conducted to demonstrate the effectiveness of these
plans and procedures. WED has an aggressive Environmental Compliance Assessment Program
(ECAP), which provides a comprehensive system to appraise compliance with applicable
environmental statutes and reuiemnts at the WIPP and to identify operationally feasible and
environmentally sound corrective action measures for any )procedural non-conformance or
observation identified. The ECAP is designed around five compliance assessment processes:
(1) environmental compliance appraisals, (2) environmental audits, (3) independent review group
evaluations, (4) eirn ntlevent evaluations, and (5) ecivironmental compliance status
tracking and reporting.
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The ECAP represents a substantial commitment by WED in compliance appraisal activities. The
ECAP is expected to enhance protection of public health and the environment by discovering and
eliminating any WIPP programmatic, procedural, and operational deficiencies that could lead
to (1) permit violations; (2) regulatory noncompliance; (3) safety and health risks to WIPP site
workers and/or the public; and (4) spills, releases, or discharges of environmental pollutants.
This BECR will summarize the results of completed compliance assessments as they apply to
overall WIPP compliance.

1.5 Organization of and Reporting Period for the Report

The organization of and reporting period for the BECR are discussed in the following
subsections.

1.5.1 Organization of the Report

This report organizes the pertinent regulatory requirements into 14 parts, each of which
corresponds to a Federal or State agency that is authorized to administer regulatory programs.
Under each agency, separate chapters identify and discuss each law administered by the agency
that is relevant to the WIPP facility. For example, the first part contains all pertinient regulatory
programamnted by the EPA. Within this part, 10 chapters correspond to the 10
environmenaws and sets of regulations that apply to the WIPP for wich the EPA is
responsible (Chapters 2 through 11).

Each of the following 37 chapters summarizes a law and its implementing regulations and briefly
describes their applicability to the WIPP. For ease in identifying compliance status, summary
tables in each chapter provide a synopsis of WEPP's compliance with each specific requirement
and a cross-referenc to the more detailed discussion in the text. Each section of the text
discussion summarizes a requirement and addrse its compliance statu. Compliance status
is identified as "achieved,' "up to date," or 'not applicable":

ACEVE Items with the status of "achieved" are reurmnsthat have been
met and do not require any further action. They are essentially
"one-time" occurrences.

Example: As a generator of hazardous waste, WI1PP must obtain
an EPA IM number; this requirement has been achieved.
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UP TO DATE Items with the status of "up to date" are requirements that require

some type of ongoing activity to maintain compliance.

Example: The DOE must file a biennial hazardous waste report;

these reports are MRD to date.

NOT APPLICABLE Items with the status of "not applicable" were evaluated and
determined not to be applicable to the WIPP either during this
reporting period or throughout the duration of the project.

Example: Since the WIPP disposes of its construction and
demolition debris at a landfill located on DOE property and in
accordance with the applicable regulations, the requirement for
obtaining a permit is not a=1 )ale.

Following the list of references, Appendix A presents an indiex of the specific requirements
discussed in the report by regulating agency. Appendix B indexes the specific requirements in
terms of their technical subject areas (for example, waste management requirements, water

quality requirements, historic preservation requirements).

1.5.2 Reporting Period

This firs BECR sets forth the status of WIPP compliance during the period from the
Congressional approval of the WIPP LWA on October 30, 1.99~2, to the March 31, 1994, cutoff
date. Future BECRs will address the compliance status of WHIPP programs and activities for the
reporting period beginning, April I and ending on March 31L two years later. The purpose for
establishing a cutoff date is to provide consistncy in the reporting period from year to year and
to provide sufficient time to prca and review the biennial report prior to its submittal to the
EPA and the State of New Mexico.
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2.0 RESOURCE CONSERVATION AND RECOVERY ACT AND SOLID

WASTE DISPOSAL ACT

2.1 Summary of the Law

The Resource Conservation and Recovery Act (RCRA; 42 §J; USC 6901 et seq.) is a statute
designed to provide "cradle-to-grave" control of hazardous waste by imposing management
requirements on generators and transporters of hazardous wastes and on the owners and
operators of treatment/storage/disposal facilities (TSDFs). RCRA applies primarily to active
facilities; abandoned and inactive sites are regulated under-the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA, or Superfund; see Chapter 3).

The legislative history of RCRA was initiated in 1965 when Congress enacted the Solid Waste
Disposal Act (SWDA; PL 89-72; 42 USC §§ 3251 et seq.). This law dealt with solid waste
disposal and gave the States the responsibility for developing solid waste management plans.
In 1970, Congress passed the Resource Recovery Act (Pt. 91-512) to provide the U.S.
Environmental Protection Agency (EPA) with funding for reource recover programs. The
Resource Conservation and, Recovery Act of 1976 (PL 94-580) completely replaced the SWDA
and incorporated the intent of the Resource Recovery Act. A numnber of minor aedet
were added during the next few years. The Hazardous and Solid Waste Amendments of 1984
(HSWA; PL 98-616) reauthorized RCRA, expanded its scope! significantly, and altered many. of its provisions. The term "RCRA" will be used throughoutt this document to refer to the
reauthorized law as amended.

There are two major objectives of RCRA. T1he first is to promote the protection of health and
the environment and to conserve material and energy resources. This objective is to be
accomplished through such means as ensuring that hazardous waste management practices are
conducted so as to protect human health and the enionet, minimrizing the generation of
hazardous waste, prohibiting open dumping on the land, and requiring existing open dumps to
be converted to facilities that pose no danger to the environment or health. The second objective
of RCRA is to set national policy to reduce or eliminate the generation of hazardous waste as
expeditiously as possible and to ensure that any hazardous waste generated be treated, stored,
or disposed of so as to mninimiz the present and future threat to huma~n health and the
environment.

The EPA implemnent RCRA primarily through the 40 CFR Part 260-280 series. Parts 260-270
of Title 40 of the Code of Federal Regulations (CFR) consist of requirements and standards
pertaining to solid waste, particularly hazardous waste; 40 CFR Parts 280-281 pertain to the

managmentof underground storage tanks (USTs) contaiing petroleum products or hazardous
chemicals.

Congress intended for the RCRA program to be implemented by States. Consequently the EPA
has defined, a process through which State may apply for and receive authorization to administer. the RCRA program. New Mexico received authorization 'For the base RCRA program in
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January 1985. New Mexico administers its program through the Hazardous Waste Management
Regulations (HWMRs). By virtue of this authorization, New Mexico has primary authority for
most aspects of the RCRA program.

The Federal Facility Compliance Act of 1992 (FFCA; 42 Usc 6961) subjects the DOE to the
requirements of RCRA or State hazardous waste programs. However, WIPP is not currently
subject to the requirements for fees, inventory reporting, reporting the status of treatment
capacity and technology (site treatment plans), or other FFCA requirements.- Even though WIPP
is subject to the Land Disposal Restrictions (LDRs) (and, as such, DOE has opted to obtain a
variance from treatment standards prior to disposal), the WIPP will not generate or treat mixed
waste subject to the requirements of the FFCA during operation. Therefore, these requirements
are not addressed further in this report.

During this reporting period, WI]) conducted an operational readiness review (ORR) of WIPP
operations and activities to verify that WIPP has completed those actions necessary to receive
shipments of tansuramce/mixed waste in support of Type I bin testing. This review included
perfrac-based inspections to augment the numerous affidavit reviews performed by the ORR
team. The ORR team was compried of experienced WID staff who were removed from their
duties. The team was suplmete by contract technical experts as required. The ORR
affidavits that are mentioned in this document refer to signed statements that certify compliance
with established acceptance criteria. These affidavits have been mentioned in this report to
provide additional douetto of compliance to specific requirements. Completed affidavits
and supportive dcmnainare handled, stored, and archived as permanent quality assurance
records.

Because of the complexity of the regations and requirmet under RCRA, Table 2-1 is
presented to assist the reader. This table shows the location of the RCRA-related requirements
in this BECR by section and table numbers. The Federal requirements are presented in this
chapter; the State RCRA-related reurmnsare incorporated in Chapter 25, under the New
Mexico Eniromnit Departmenit (NMED). The conditions and reurmns from the EPA's
No-Migration etmiaonare also included in this table.
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TABLE 2-1. Index of Requirements Pertaining to RCRA in the BECR

Citation ITite BECR Section

The Resource Conservation and Recovery Act

(RCRA), 42 USC If 6901 et seq.

RCRA, 1 3016 Inventory of Federal hazardous waste [2.2.1
Regulations Implenienting RCRA

40 CFR Part 262; Standards Applicable to Generators of 25.2.2
HWMR-7, Pan IM Hazardous Wagte

40 CFR Part 263; Standards Applicable to Transporters 25.2.3
HWMR-7, Part IV of Hazadous Waste

40 CPR Part 264; Standards for Owners and Operators Not applicable
HWMR-7, Part V Of Hazardous Wagte Trestaent

_________________ Storage, and Disposal Faicilities___________

40 CFR Part 265; Interim Status Stuadards for Owners 25.2.4
HWMR-7, Part VI and Operators of Hazardous Waste

Treatmm, Storage. and Disposal
Facilit

40 CFR Part 268 Land Disposal Restrictions, 2.2.2_ __

40 CFR Part 270; EPA Administered Permit Program:2..

HWMR-7, Part IX the Hazadous Wmse Permit Program ___________

EPA'. P1ouu Varlame aWi Coudkmd~to No-Migration Deterusinatlon (NMD)

55 FR 13068, Specific conditions unde tie proposed 2.3
4/6/90vaime__________ __

section VI, Specific conditions of the NMD 2.3
55 FR 47700,
11/14/90 1_____________ ___________
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TABLE 2-1 (continued)

citation 11ie BECK Section

55 FR 47700, General conditions of the NMD 2.3
11/14/901

Requirmnents for and Registration of Underground Storage Tanks (USTs)

40 CFR Part 280; 'New Mexico Underground Storage 25.2.6
USTR-1 through Tank Regulations
14

NMSA 74-6B-1 New Mexico Ground Water Protection 28 and 25.2.2
through 74-6B-14 Act

RCRA provides direction for the management of solid and hazardous waste. It should be noted
that waste defined as hazardous under RCRA (40 CFR Part 261, Identification ad Listing of
Hazardous Waste) does not ineluide radiomiclides. Thus, mixed waste, which consists of
radioactive waste with hazardous constituents, is regulated under both the Atomic Energy Act
(for the rioude)and RCRA (for the hazardous constituents).

Requirements and conditions related to the EPA's land-disposal restrictions -are codified in
40 CFR Part 268 and are applicable to the WIPP facility. Under the 1984 HSWA, the land
disposal of hazardous wastes not meet EPA-imposed treatment standards is prohibited unless
it can be demnstate "to a reasonable degree of certainty" that thee will be "no migration of
hazardous constituents from the disposal umt... for as long as the wastes remain hazardous"
[RCRA § 3004(d)(1)]. Section 40 CFR 268.6 allows for a variance from the land disposal
restrictions when the applican ca make the required demonstration of no migration.

Because the proposed activity at the WVIPP consists of placement "in or on the land," 40 CFR
Part 268 applies. Consequemly, the DOE submitted a petition to EPA heduresfor a no-
migration variance in Match 1989. On April 6, 1990, the EPA published the proposed variance
for WIPP (EPA, 1990) The EPA's decision to grant the final Conditional No-Migration
Determination for WIPP (NMD) was published on November 14, 1990 (EPA, 1990b).
One section of RCRA governs the maaemn of underground storage tanks (USTs). This
portion of RCRA and the regulations specified under 40 CFR Parts 280 and 281 address USTs
containing petroleum products or hazardous chemicals. (Requirements for tanks containing
hazardous wastes are specified under Subpart J of 40 CFR Parts 264 and 265.-) Requirements
for UST maaement pertain to the design, construction, installation, and operation of USTs as
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well as notification and corrective action requirements in the event of a release and actions

required for out-of-service 1LSTs.

The NMED has been authorized by the EPA to regulate TSs. Therefore, the State UST
requirements and the compliance status for each requirement are presented in Chapter 25 of this
report.

2.2 Compliance Status of the Regulatory Requirements

Tis section provides information on requirements of RCRA and of the EPA's regulations
implementing this act. Each subsection contains a summary table with the requirement and the
compliance status, and more detailed information is provided in the text.

2.2.1 Compliance with the Resource Conservation and Recovery Act

Nearly all of the requirements specified in RCRA are coveredi more detail in the implementing
regulations. The exception is § 3016 of the act, which requires each Federal agency to provide
a biennial inventory of its TSDFs; (see Table 2-2).

TABLE 2-2. The- RCRA Requirements Not Covered by Ipeetn
Reglaion -Compliance status

Cltmdem RaqIr.n Compllmuce states

§3016 Inventory of Fedwal hazardous waste UP TO DATE

Report filed biennially in even-
numbered years

(Section 2.2. 1. 11

2.2.1.1 Inventory of Federal Hazardous Waste Facilites, 13016

The DOE files, the hazardous waste inventory report with the EPA and the NMED biennially (on
even-numbered years) as required by § 3016 of RCRA. The most recent of these reports was
submitted in 1994.
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2.2.2 Compliance with the Land Disposal Restriction (LDRS), 40 CFR Part 268

This section is limited to those EPA regulations implementing RCRA that are directly applicable
to the WIPP. Regulations implementing other portions of RCRA for which the State of New
Mexico is authorized are found in Chapter 25.

The compliance status of each of the applicable land-disposal restrictions of 40 CFR Part 268
is summarized in Table 2-3. Detailed information is provided in the text.

TABLE 2-3. RCRA Land-Disposal Restrictions - Compliance Status

C 'ATION ]REQUIREMENT COMPLIANCE STATUS

40 CFR 268.1 Purpose, scope, and ACHIEVED
applicabilit

WIPP No-Migruimon Variance
Pginon (NMVP); No-
Mligration Determination
(NMD)

[Section 2.2.2. 11

40 CFR 268.6(a) Submittal of petitoes to allow ACHIEVED
land dispoWa of a wute
prohibited une Subpaft C of NMVP
Piut 268

[Section 2.2.2.21

40 CFR 268.6(b) Rapqwzumms of ACHIEVED
demonstration of no-maigratian
in petition NMVP

[Section 2.2.2.3]

40 CFR 268.6(c) Contents of petition ACHIEVED

NMVP

[Section 2.2.2.41
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TABLE 2-3 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

40 CFR 268.6(d) Submittal of petition to EPA ACH[EVED
Administraor

NMVP

[Section 2.2.2.51

40 CFR 268.6(e) Consistency of activities with UP TO DATE
those described in the petition
and notification of EPA of Westinghouse Waste Isolation
changes in conditions at the Division (WID) procedure
unit and/or in the environment

(Section 2.2.2.61

40 CFR 268.6(f) Atvierquedif NOT APPLICABLE
hazardous constituents are
found to have migrated from No waste emplaced at WIPP
the repository[Scin2..7

40 CFR 268.6(g) Certification in petition AEEE

NMVP; certification
signature

[Section 2.2.2.81

40 CFR 268.6(h) Additional infrmation ACHIEVED
requested by Adminstrto

Two addenda to the NMVP

[Section 2.2.2.91

40 CFR 268.6(k) Termi of variac ACHIEVED

NMD for test phase; up to
November 14, 2000

[Section 2.2.2. 101
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TABLE 2-3 (continued)

CrTATION REQUIREMENT COMPLIANCE STATUS

40 CFR 268.6(n) Non-exemption of liquid UP TO DATE
hazardous wastes containing
> 500 ppm polychiorinated Prohibition of liquids by
biphenyls (PCBs) WIPP Waste Acceptance

Criteria

[Section 2.2.2.11]

40 CFR 268.7 Waste analysis and UP TO DATE
recordkeeping

WID procedures

[Section 2.2.2. 121

40 CFR 268.8 1 ndfll and surfwc UP TO DATE
-monmn dipoa

restrictions WIPP generated LDR waste
treated prior to disposal

[Section 2.2.2. 131

40 CFR 268.9 Special rules regarding wastes UP TO DATE
dhat exhibit.a charuaristic

NMD received for test phase

[Section 2.2.2. 14]

40 CFR 268.10-12 Identification of wast to be NOT APPLICABLE
evaluated by August 8, 1988;
by June 8, 1989; and by No treanment standard for
May 8, 1990 mixed waste; NMD received

for test phase

(Section 2.2.2. 151

2-8 October 21, 1994



U.S. Environmental Protection Agency Resource Conservation and Recovery Act

TABLE 2-3 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

40 CFR 268.30 Waste-specific prohibitions- UP TO DATE
solvent wastes

WIPP generated solvent
waste receive treatment
prior to TSDF land disposal

[Section 2.2.2.161

40 CFR 268.31 Waste-specific prohibitions- NOT APPLICABLE
dioxin-containing wastes

NMD

[Section 2.2.2.17]

40 CFR 268.32 Waste-specific prohibitions- UP TO DATE

CaliomialisedwatesWIPP generated California-
listed wastes receive
treamet prior to TSDF land

[Section 2.2.2. 18]

40 CFR 268.33 Waste prohibitions-first-third UP TO DATE

WEPP generated first-third
wastes receive treatet
prior to TSDF land disposal

[Section 2.2.2.191

40 CFR 268.34 Waste prohibitions-second- UP TO DATE
third wastes

WEPP generated second-third
wastes receive treatment
prior to TSDF land disposal

[Section 2.2.2.201
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TABLE 2-3 (continued)

CITATION REQUJRENME4 CObMLIANCE STATUS

40 CFR 268.35 Waste prohibitions-thýIlrdthir UP TO DATE
wastes

W[PP generated third-third
wastes receive treatment
prior to TSDF land disposal

[Section 2.2.2.21 ]

40 CFR 268.41 Treatment standards expressed UP TO DATE
as concentrations in waste
extract WIPP provides appropriat

treatment standards on the
notification and/or
certification forms that
accompany each shipment of
LDR wastes. WIPP does not
treat site generated hazardous
wastes

[Section 2.2.2.221

40 CFR 268.42 Treatment standards expressed UP TO DATE
as specified technologies

WIPP provides appropriate
treatment standards on the
notification and/or
certification forms that
accompany each shipment of
LDR wastes. WIPP does not
treat site generated hazardous
wastes

[Section 2.2.2.23]
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TABLE 2-3 (continued)

CiTATION REQUIRENM COMPLIANCE STATUS

40 CFR 268.43 Treatment standards expressed UP TO DATE
as waste concentrations

WIPP provides appropriate
treatment standards on the
notification and/or
certification forms that

acmpany each shipment of
LDR wastes. WIPP does not
treat site generated hazardous
wastes

[Section 2.2.2.241

40 CFR 269." Varinc from a treatment NOT APPLICABLE
standard

No tretment standards for
mixed waste

(Section 2.2.2.25]

40 CFR 268.50 Prohibitions on storage of UP TO DATE
restricted wastes

WID procedures and manuals

(Section 2.2.2.261

2.2.2.1 Purpose, Scope, and Applicabilt, 40 CMR 263.1

Thm hazwdo wastes restricted from land disposal are specifted in
- j this chapter. Limited circwanstances are described under which an

othierwise, prohibited waste may continue to be land disposed.

The repirments of 40 CFR Part 268 apply to generators and to the owners and operators of
hazardous waste TSDFs. Therefore, WIPP is subject to 40 CFR' Part 268. WID procedures are
in place for identifying and characerzg hazardous waste generated at the facility.
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With respect to WIPP as a TSDF, restricted waste may continue to be placed in a salt-bed
formation when an exemption from a prohibition pursuant to a petition under 268.6 has been
granted. WIPP obtained such an exemption for the test phase during which TRU mixed waste
was to be tested at WIPP [i.e., the EPA's Conditional No-Migration Determination for the WIPP
Test Phase (NMD) dated November 14, 1990]. In the wake of the DOE's decision to test TRU
and TRU mixed waste only at non-WIPP facilities, some of the conditions specified in the EPA's
NMD no longer apply (see Section 2.3 of this chapter).

2.2.2.2 Submittal of Petitions to Allow Land Disposal of Prohibited Waste,
40 CFR 268.6(a)

A petition may be submitted to the Adnistrator requesting land
disposal of a waste that is prohibited under Subpart C of Part 268.
7the petition must demonstrate, with a reasonable degree of
certainly, that there will be no migration of hazardous constituents
from the unit as Jong as the wastes remain hazardous.

The WIPP No-Migration Variance Petiton (NMVP) was submitted to the EPA in January 1990
and revised in March 1990 (DOE, 1990f). The EPA granted the NMD for the test phase in
November 1990 (EPA, 1990b). Another petition must be prepared for the disposal phase and
EPA approval obtained before TRU mixed waste may be received at WIPP.

2.2.2.3 Criteria for the DePmotrto of No-Migration in Petiio, 40 CFRt 268.6(b)

A number of criteria for demonstrating no-migration in the petition
are specified.

All criteria specified were met in the WIPP NMVP, as demonstrated by the EPA's grantinig of
the NMD for the test phase at WIPP.

Since the NMVP and the NMD pertained only to the testing of TRU and TRU mixed waste at
WIPP durig the test phase, a new NMVP must be suibmitted to the EPA for the disposal phase
at WIPP. Out of the reurmnsthat imus be completed prior to the implementation of the
disposal phase is the EPA's publication of a varianc for this phase.
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2.2.2.4 Contents of Petition, 40 CFR 268.6(c

Each petition must include a monitoring plan for the monitoring
program required to verify continued compliance with the
conditions of the variance; baseline monitoring prior to receipt of
the prohibited waste; submittal of the monitoring data to the
Administrator; retention of the data on site in the operating record;
and the Administrator's approval of all sampling, testing, and
analytical data as well as of all estimation and monitoring
techniques and the quality assurance and quality control plan for
the monitoring program.

The NMYP submitted to the EPA in March 1990 contained all topics required in such a petition.
These topics included the monitoring program and plan for volatile organic compounds (VOCs)

(NMVP, Section 2.8; Appendices H, L, J, anid K; and Chapter 6 of the addendum to the
NMVP); baseline monitoring prior'to receipt of the prohibited waste (NMVP Addendum,

Chapter 6); submittal of monitoring data to the Administrator (NMVP Addendum, Chapter 6);

and retention of the data in the operating record on site (WMD procedure). The estimation and

monitoring techniques and the quality assuranice/quality control (QA/QC) program for the VOC
monitoring program were included in the NMVP; their approval by the Administrator is implied
by the EPA's publication of the NMD. The Adminstraor's approval of WIPP's sampling,

listing, and analytical data is predicated upon EPA approval of the annual VOC monitoring
report requied by the NMD (see Section 2.3).

2.2.2.5 Submitta of Petitio to EPA Administrato-, 40 CPR 268.6(d)

Each petition must be submite to the EPA A~dmnistraor.

In March 1989, the DOE submaitted the NMVP to the EPA. In response to requests for

additional ifraonfrom the EPA, the DOE submaitted two addenda to the NMVP, one on

October 1, 1989, the othe on January 22, 1990. For the convenience of commentors, the

various portions of the petition and addenda were consolidated and reprinted as a single eight-
volume document datd March 1990.

The EPA published its Notice Proposing to Grant a Conditional Variance to the Department of
Energy Waste Isolation Plot Plant (WIPP) for Land Disposal Restrictions in the Federal Register

on April 6, 1990 (EPA, 1990a); the Conditional No-Mi gration Derermmiationfor the Department

of Energy Waste Isolation Pilot Plant (WIPP) was published on November 14, 1990 (EPA,
1990b). (See Section 2.3 for the conditions imposed on WIPP' by these documents.)
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2.2.2.6 Consistency of Activities with those Described in the Petition and Notification
of EPA of Changes in Conditions, 40 CFR 268.6(e)

After a petition has been approved, any changes in conditions at
the unit or the environment around the unit that significantly depart
from the conditions described in the variance and affect the
potentiol for migration of hazardous constituents from the unit must
be reported.

A WID procedure has been prepared and implemented for reviewing changes (either planned or
unplanned) in conditions at WIPP and/or the surrounding environment that may significantly
depart from conditions described in the NMD and affect the potential for migration of hazardous
constituents beyond the unit boundary. The purpose of this procedure is to ensure that such
changes or proposed changes will trigger notification of the DOE, which will notify the EPA
in accordance with 40 CFR 268.6(e) and (f). Any deliberate plans to modify or add to the
procedures and conditions (e.g., experimental test plans, repository design, construction, and
operations) set forth in the WIPP Test Phase Plan: Perlormance Assessment (DOE, 1990c) or
the NMD constitute "planned changes.* Action take to mitigate the effects of unintentional
deviations from what was modeled or predicted in the WIPP Test Phase Plan: Peformance
Assessment or the NW) are unplanned changes. Unplanined changes may be related to
repository perforALmnC (e.g., revised uIdrsanding of site geology and hydrology characteristics
due to new data, facility design and operations, predicted environmental impacts, modeled
uncert ainty analyses) or the migration of hazardous constituents.

The Administrator must be notfied in writing at least 30 days prior to making any proposed
change. The requirement states that the A insatrwill determine whether the change
invalidates the terms of the petition and will determine the appropriate response. In addition,
any change must be approved by the Administrator prior to being made. If a condition at the
site that was modeled or predicted in the petition does not occur as predicted, the Administrator
must be notified in writing within 10 days of the discovery of the chanige. If conditions do not
occur as modelled or predicted, the Administrator will determine any further action, including
termination of waste acceptance and revocation of the petition, petition mdfctoor other
actions.
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2.2.2.7 Activities Required if Hamardous Constituents Migrate, 40 CFR Part 268.6(f)

If hazardous constituents are found to have migrated from the
repository, receipt of prohibited waste at the unit must be
suspended immediately, and the Administrator must be notified in
writing within 10 days of the determination that a release occurred.
Within 60 day' of the receipt of the notification, the Administrator
will determine whether the facility may continue receiving
prohibited waste in the unit, whether the variance is to be revoked,
and whether further examination of any migrat~ion is warranted
under applicable provisions of 40 CFR Part 264 or 265.

In the event that hazardous constituents are found to have migrated from the unit, a WIPP
procedure will be invoked, according to which the DOE is responsible for arranging the
immediate suspension of the receipt of restricted waste. The DOE is also responsible for
notifying the EPA Regional Administrator within the required time frame.

2.2.2.8 Cetificati n Petiton, 40 CFR 268.6(o)

Each petition must include a signed certification statement
indicating the Completeness and accuracy of the itormaton
included.

A signed certification acm nId the submittal of the NMVP to the EPA.

2.2.2.9 Addftioma Information Requested by the AdmInistrator, 40 CFR 268.6(h)

The A~dinnimr may request additonal irnsation to evaluae
the demonitrato.

Additional information was requested by the EPA after the DOE submitted the original NMVP
in March 1989. T1w additional information was provided to the EPA on October 1, 1989.
Additional requests for information fromr the EPA resulted in ithe preparation and submittal of
a second addendum in Janwazy 22, 1990. (See also response in Section 2.2.2.5.)
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2.2.2. 10 Length of variance, 40 CFR 268.6(k)

The term of a variance granted by the EPA will be no longer than
the term of the RCRA permit or u~p to 10 years fromt the date of
approval for an interim-status TSDF.

The NMD provides for a 10-year term for the variance (i.e., through November 14, 2000).

2.2.2.11 Non-Exemption of Liquid Hazardous Wastes Containing PCBs, 40 CFR
268.6(n)

Liquid hazardous wastes containing 500 ppm ofpolychlorinated
biphenyls (PCBs) are not eligible for an exempton under this
section.

The WI7PP Waste Acceptance Criteria (WAC; DOE, 1991b) allow only residual liquids, not to
exceed I percent of the volumne of the internal container. Furthermnore, there are no plans to
accept PCBs or PCB-contamnig wastes at WIPP.

2.2.2.12 Waste Analysis and Reodepn,40 CFR 268.7

Waste analysis and recordkeeping requirements include the
retention of any notices and certifications from the generator site
that the waste meets the treatment standards of Subpart D and the
results of the testing of the waste or of an extract of the wse to
ensure that the wastes are in compliance with the treatment
standards. The testing must be peiormed in accordance with the
facility's waste analysis plan.

No treament standards currently exist for mixed waste; therefore, no such notices and
certifications are anticipated from the generator sites. Prior to the initiation of the disposal phase
at WIPP, the DOE will subm a variance petition for disposal to the EPA. If the EPA grants
a variance for t disposal phase, the DOE will be allowed to ship untreate TRU and TRU
mixed waste to WIPP upon completion of all other pre-disposal-phase reureets.

Sampling and analysis will be conducted at the generator sites as addressed in the Waste Analysis
Plan (DOE, 1993d), the Waste Characterization Program Sampling and Analysis Guidance
Manual (DOE, 1992a), and the Quality Assurance Program Plan for the Erperimental Waste 2
Characterization Program (DOE, 1991d). Sampling consists of visual examination (including
weighing of individual items), real-time radiography, and headspace gas sampling of drums and
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of the inner containers within the drums. Samples are analyzed for both organic and inorganic

constituents. Process knowledge will also be used where possible.

The amount of sampling and analysis to be done at WIPP must be determined. However,
minmizngthe opening of the drums containing TRU and TRU mixed waste will minimize the

potential for contamination at WIPP.

As a generator of land disposal restricted waste, WIPP provides with each shipment, the
appropriate notification and/or certification forms to the TSDF accepting the waste. WID
procedures provide guidance regarding compliance with the generator requirements under this
part (see also Chapter 25 on compliance with 40 CFR 262.40).

2.2.2.13 Landfill and Surface Impoundment Disposal Restrictions, 40 CFR 268.8

Specific disposal restrictions apply to landflits and surface
impoundments. -Generators must make a goodfiih effort to locate
and contract with treatment and recovery facilities prior to
disposing of hazardous waste in landfills and surface
impoundments.

. As a generator, WIPP has provisions in place for shipping its hazardous waste to treatment
and/or recovery facilities. Surface impondments are not used.

WIPP will not manage TRU mixed waste using surface imonmnsor landfills. Thus, the
disposal restrictions for landfills and surface .isdo not apply to WIPP as a TSDF.

2.2.2.14 Special Rulies Regarding Wastes Exhiting a 1hrce~tc 40 CFR 268.9

Special rules have been promulgated regarding wastes that echibit
a characteristic. Thke generator of the waste must determine the
EPA Hazardous Waste Number for the waste to ascertain the
applicable treatme standard under Subpart D of 40 CFR
Part 268.

WIPP persomil deteriz3 the appropriate EPA Hazardous Waste Number for all hazardous
waste generated at WIPP. This information is included on the manifest that is sent to the TSDF
that will receive the waste.
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The requirements of 40 CER 268.9 are not applicable to WIPP as a TSDF. No treatment
standards currently exist for mixed waste. A variance from these requirements similar to the
NMD for the test phase at WLPP will be needed for the disposal phase.

Waste generated at WIPP will be handled in accordance with WID procedures. These
procedures provide guidance regarding compliance with the generator requirements (see also
Chapter 25 on compliance with 40 CFR 262.40).

2.2.2.15 Identification of Waste to be Evaluatedi, 40 CFR 268.10-12

Wastes to be evaluated for land-disposal prohibition and
establishment of treatment standards were dfivided into three thirds.
Mired waste, which was to have been evaluated by May 8. 1990,
was included in the *third third. "

No treatment standards have been devised for mixed waste. Therefore, the emplacement of any
mixed waste at WIPP will require a variance from the requirement for treatment: prior to

shipentto WIPP. The Mixed wastes expected to be received at WIPP for disposal will be
listed in Part A of the RCRA permit application for the disposal phase.

2.2.2. 16 Waste-Specific Prohlbltlon sovent Wastes, 40 CFR 268.30

Solven wases are prohibited fiv.m land disposal unliess they are
treated in accordance with the treatment standards of Subpart D.

WEPP generated solvent wastes receive trannest prior to land disposal.

The EPA granted a variance from the Vrannes standards for the test phase in the NMD.

2.2.2. 17 Waae-Spedifl Prbbitloums-D~ozh-Coutalnlng Wastes, 40 CFR 268.31

Dioxin-conutanng wastes are prohibited from land disposal unless
they are treaed in accordance with the treatment standards of
Subpart D.

No dioxin-containing wastes are generated at WIPP.

The EPA granted a variance from the treatment standards for the test phase in the NMD.
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2.2.2.18 Waste-Specific Prohibitions-Califorflia-Listed Wastes, 40 CFR 268.32

California-listed wastes are prohibited from land disposal unless
they are treated in accordance with the treatment standards of
Subpart D.

WIPP generated California-listed wastes receive treatment prior to land disposal.

The EPA granted a variance from the treatment standards for the test phase in the NM]).

2.2.2.19 Waste Probibitions-First-Third Wastes, 40 CIR 268.33

First-third wastes are prohibited from laind disposal unless they are

treated in accordance with the treatment standards of Subpart D.

WIPP generated first-third wastes receive treatment prior to land disposal.

The EPA granted a variance from the treatmient standards for te test phase in the NMD. Since

mixed wastes are categorized as tird-third wastes, see Section 2.2.2.21.

2.2.2.20 Waste Prohibitions-Second-Third Wastes, 40 CFR 268.34

Second-third wastes are prohibited from land disposal unless they
are treated in accordance with the treatment standards of
Susbpart D.

WIPP generated second-third wastes receive treatment prior to land disposal.

The EPA granted a variance from the treatment standards for the test phase in the NMD. Since

mixed wastes are categorized as third-third wastes, see Section 2.2.2.21.

2.2.2.21 Wage Prohibitions-Third-Third Wastes, 40 CMR 268.35

77urd-third wastes are prohibited from land dispsal unless they
are treated in accordance with the treatment standards of
Subpart D.

WIPP generated third-third wastes receive treatment prior to land disposal.
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In the NMD, the EPA granted a variance from the treatment standards for the test phase at
WIPP. A new variance or treatment Of Mixed waste will be required prior to WIPP's acceptance
of TRU mixed waste at WIPP during the disposal phase.

2.2.2.22 Treatment Standards Expressed as Concentr-ations in Waste Extract, 40 CFRt
268.41

Treated waste must meet the treatment standards expressed as
concentrations in waste extract for the waste to be land disposed

The EPA granted a variance (i.e., the NMD) from the treatmient standards for mixed waste land
disposal at WlPP during the test phase. A new variance will be required from the EPA prior
to WIPP's acceptance of TRU mixed waste during the disposal phase.

The WIPP facility does not treat site-generaed hazardous waste subject to land disposal
regulations. It does, however, provide the appropriate treatment standards on the notification
and/or certification forms that accompany each shipmen of LDR waste. (see 2.2.2. 12)

2.2.2.23 Treatment Standards Expressed as Specified Technloges, 40 CFR 268.42

Certain wastes must be treated with the technologies specfied in
this section for the wastes to be land disposed.

Thbe EPA granted a variance (i.e., the NMD) from the treatment standards for mixed waste land
disposal at WIPP during the test phase, when TRU mixed wastes were to have been tested at
WIPP. A new varianpe from the EPA will be required prior to WIPP's acceptance of TRU
mixed waste during t disposal phase. Therefore, these requremets are not applicable.

The: WIPP facility does not trat site-geinrated hazadus waste subject to land disposal
regulations. It does, howeve, provide the appropriate traten standards on the notification
and/or certification forms that accompany each shipment of LDR waste. (see 2.2.2.12)
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2.2.2.24 Treatment Standards Expressed as Waste Concentrations, 40 CFR 268.43

Thze waste concentrations specified in this section may not be
exceeded for wastes to be land disposed.

The EPA granted a variance (i.e., the NMD) from the treatment standards for mixed waste land
disposal at WIPP during the test phase, when TRU mixed wastes were to have been tested at
WIPP. A new variance from the EPA will be required prior to WIPP's acceptance of TRU
mixed waste during the disposal phase. Therefore, these requirments are not applicable.

The WlPP facility does not treat site-generated hazardous waste subject to land disposal
regulations. It does, however, provide the appropriate treatment standards on the notification
and/or certification forms that accompany each shipment of LDR waste. (see 2.2.2.12)

2.2.2.25 Variance from a Treatment Standard, 40 CMR 268.44

A variance from a treatment standard may be granted by the EPA.

This requirement is not appicable as no treatment standards currently exist for mixed waste.

2.2.2.26 Prohibitions on Storage of Restricted Wastes, 40 CFR 268.50

A number of prohibitions and requirements relating to the storage
of restricted wastes are specified in this section. They include
storing accumulated hazardoau/ixbed waste for no longer than
1 year and prohibiting liquid hazardous/mixed wastes that contain
PCBs at concentrations greater than or equal to 50 ppm unless the
facility meets the requirements of 40 CFR 761.65(b) of the Toxic
Substances Control Act (INCA).

As a generator of hazardous waste, programs have been developed at WlPP that demonstrate
compliance with the storage prohibitions for restricted waste. WIPP procedure manuals contain
the procedures by which waste is identified, collected, stored, manifested, and tansported off
site for disposal.

This requirement does not apply to waste covered by a variance granted under 40 CFR 268.6.
During the disposal phase, small amounts of TRU and TRU mixed waste may be generated at
WIPP from managing the TRU waste shipped from the generawo sites (i.e., "derived waste").
All such derived waste will be managed as if it were TRU mixed waste. (See also Chapter 25.)

2-21 October 21, 1994



U.S. Environumental Protection Agency Resource Conservation and Recovery Act

At present, the DOE has no plans to accept PCB-containing waste at WIPP. Furthermore, the
WIPP Waste Acceptance Criteria (DOE, 1991b) precludes the receipt of liquid waste exceeding
1 percent of the volume of a container.

2.3 Compliance with the Conditional No-Mfigration Determination (NMD)

On April 6, 1990, the EPA published its Notice Proposing to Grant a Conditional Variance to
the Department of Energy Waste Isolation Pilot Plant (WIPP) from Land Disposal Restrictions
in the Federal Register (EPA, 1990a). This was followed by the publication of the EPA's final
Conditional No-Migration Determination for the Depanwrtm of Energy Waste Isolation Pilot
Plant (WIPP) (NMD) in the Federal Register on November 14, 1990 (EPA, 1990b). The NMD
specified eight conditions for placement of hazardous constituents at WIPP during the test phase.
In addition, four general conditions were established. The NMD also stipulated that the
conditions pertaining to the VOC monitoring program that were discussed in detail in the
proposed variance published in April be adopted by reference and that compliance with these
conditions is also mandatory.

The compliance status of each of these conditions is sunmmarized in Table 2-4; the text provides
more detailed information. Conditions 1 through 8 from the NMD are presented in Sections
2.3. 1 through 2.3.10. The general conditions frm the NMD are discussed in Sections 2.3. 11
through 2.3.14, and the specific conditions from, the proposed variance that pertain to the VOC
monitoring program are contained in Sections 2.3.15 through 2.3.40.

In a DOE news release dated October 21, 1993, DOE changed its previous position of
conducting tests with radioactive wastes in the WI[PP ndroudto conducting laboratory tests
at a facility other than WIPP. This change in policy is consistent with DOE's phased
development approach at WIPP and will allow the DOE and the EPA to focus on disposal
certification issues. Because of this policy change, a number of the reureet addressed in
this document are no longer applicable to the WIPP facility (specifically those programs resultant
from planned test phase operations). However, the DOE has chosen to maintain the programs
necessary for compliance with a number of thesereuemns
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TABLE 2,4. The Conditional No-igration Determination and the

P~roposed Variance - Compliance Status

CITATTON IREQUIREMENr COM(PLIANCE STATUS

EPA's Conditional No. Miigration Determination (NMD), Federal Regiser, November 14, 1990,
pp. 47700-47721 (5S FR 47700)

Condition 1, Only testing for the purpose of NOT APPLICABLE
IV.B.1 and VI(l) determnining the long-term

acceptability of WIPP to be DOE decision to discontinue
performed during the tesn phase WIPP test phase

______________________[Section 2.3. 11

Condition 2, Wastes not to exceed 8,500 NOT APPLICABLE
IV.B.2 and VI(2) drum or 1 percent of

repository's total capacity DOE decision to discontinue
WIPP test phase

_________________ ___________________ [Section 2.3.21

Condition 3, Retrieval of waste if NOT APPLICABLE
IV.B.3 and VI(3) noncompliance with 40 CFR

268.6 DOE decision to discontinue
WIPP test phase

____________________[Section 2.3.31

Condition 4, Readily retrievable placement NOT APPLICABLE
IV.B.4 and VI(4) of wasne

DOE decision to discontinue
WIPP test phase

______________________ (Section 2.3.4]

Conditim 5, Installation of carbon ACEVED
IV.B.5 and VI(5) adsorption device Cro dopindvc

installed

[Section 2.3.5]
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TABLE 2-4 (continued)

CITATION EQIEETCOMPIJANCE STATUS

Condition 6, Implementation of air UP TO DATE
IV.B.6 and VI(6) monitoring plan for VOCs

VOC Monitoring Plan; WID
procedures (see also Sections
2.3.15-2.3.40)

____ ___ ___ ___ ____ ___ __ ___ ___ ____ ___ ___ ___ __[Section_2.3.6]

Condition 7(a), Wasge analysis: flammable UP TO DATE
IV.B.7(a) and VI(7)Xa) mixtures of gases

Waste Analysis Plan; WID
procedure

_____________________________ [Section 2.3.7]

Condition 7(b), Waste analysis: comparison of UP TO DATE
IV.B.7(b) and VI(7X(b) analytical results with estimated

compositions Waste Analysis Plan; WID

___________________ _____________________ [Section 2.3.81

Condition 7(c), Waste analysis: maintenance of UP TO DATE
IV.B.7(c) and VI(7)(c) records

Records maintained by WID

____ ___ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ ___(Section 2.3.9]

Condition 8, Anmial report UP TO DATE
IV.B.8 and VIMS

Annual reports submitted

____________________ ______________________ [Section 2.3. 10]

2-24 October 21, 1994



U.S. Environmental Protection Agency Resource Conservation and Recovery Act

TABLE 2-4 (continued)

CrTATION : j EQUIREMENT I COMPLIANCE STATUS

GnrlConditions for Compliance with the NMED (EPA, 1990b)

General condition (OC) 1, Correlation between wastes 'UP TO DATE
IV.B.l received and those described in

the No-Migration Varac NMVP; WID procedure
Petition (NMVP)

[Section 2.3. 111

GC 2, Notification of EPA of changes UP TO DATE
VI in conditions

WID procedure

______________________ (Section 2.3.12]

GC 3, Suspension of receipt of UP TO DATE
VI retitdwastes and

notification of EPA in the event WMD procedures
of migration of hazardous
constituents from the repository [Section 2.3.131

GC 4, Term of petition approval UP TO DATE
VI

NMD valid until November
14, 2000

________________ j [Section 2.3.141

Addidemi Reqedanrf for Air Moualtn unds the Propaued Variance (PV) Published In the
FedoWl Registe on Apr0 6, 1990 (EPA, 1990s)

PY 1, Monitoring in the exhaust shaft UP TO DATE
IV.K

VOC Monitoring Plan;
monitoring implemented
July-August 1991

______________________ [Section 2.3.151
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TABLE 2-4 (continued)

CITATION REQUIREMENT COMIPLIANCE STATUS

PV 2, Monitoring of bin-scale UP TO DATE
WV. experiment rooms

VOC Monitoring Plan;
monitoring implemented
July-August 1991

___________________ _____________________ [Section_2.3.16]

PV 3, Monitoring of alcoves NOT APPLICABLE
WV.

DOE decision to discontinue
WIPP test phase

_____________ ____ ___ ____ ___ [Section 2.3.17]

PV 4, Measurement of the leakage NOT APPLICABLE

IV.K.1 rate of sealed alcoves DOE decision to discontinue

WIPP test phase

_________________________________________ [Section 2.3. 181

PV 5, Weekly collection of air UP TO DATE
IV.K.1 samples

VOC monitoring Plan

___________________ _____________________ (Section 2.3.191

PV 6. Weekly monitoring at the UP TO DATE
IV.K.1 exhaust shaft and air intak

locations VOC Monitoring Plan

_____________________ _______________________ [Seczion_2.3.201

PV 7, Monitoring frequency for the UP TO DATE
JV.K. 1 bin discharge system

VOC Monitoring Plan; VOC
Monitoring Quality
Assurance Program Plan
(QAPP)

____________________ I [Section_2.3.2 1]
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TABLE 2-4 (continued)

CrTATION REQUIREMENT COMCPLIANCE STATUS

PV 8, Increased montoring frequency UP TO DATE
IV.K. I due to increased variability

VOC Monitoring Plan

I____________ _______________ [Section_2.3.22]

PV 9, Routine quantification of any UP TO DATE
IV.K.2 VOC

VOC Monitoring Plan; VOC
Monitoring QAPP

___________________ ________________________ [Section 2.3.231

PV 10, Standard operating procedures ACHIEVED
1V.K.2 to identify certain other VOCs

VOC Monitoring PMan; VOC
Monitoring QAPP; WID

____________________ ______________________[Section_2.3 .241

PV III Use Of the aVerag rePPonse ACHIEVED
IV.K.3 fauw for each trare uzzuyte

VOC Monitoring Plan; VOC
Monitoring QAPP

___________________ ______________________ [Section 2.3.25]

PV 12, Use of standard operating ACHIEVED
IV.K.4 procedures to anwe the

validity of the montoring data VOC Monitoring QAPP;
WID manual and procedures

______________________________ [Section 2.3.261

PV 13, Recaiibration of insuunas UP TO DATE
IV.K.4

VOC Monitoring QAPP

_________________ _____________________ [Section 2.3.27]
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TABLE 2-4 (continued)

CrTAION REQUnUMMENT COMPLIANCE STATUS

PV 14, Establishment and annual UP TO DATE
IV.K.4 evaluation of the method limit

of quantification for each target VOC Monitoring Plan; VOC
analyte Monitoring QAPP

____________________ _______________________ [Section_2.3.28]

PV 15, Separate determination of the .ACEGEVED

IV.K.4 method limit of quantification
for the bin, alcove, and exhaust VOC Monitoring Plan; VOC
shaft monitoring locations Monitoring QAPP

Section 2.3 .291

PV 16, Collection and analysis of UP TO DATE
IV.K.4 recovery samples

VOC Monitoring Plan; VOC
Monitoring QAPP

_____________________ _______________________ [Section 2.3.30]

PV 17, Coluection ad analysis of UP TO DATE
IV.K.4 duplicate samples

VOC Monitoring Plan; VOC
Monitoring QAPP; WED
procedures

_______________________________________________ [Section 2.3.3 11

PV 1s, Validatianof the completeness UP TO DATE
P/.K.4 of the data

VOC Monitoring QAPP

________________________ [Section_2.3.321

PV 19, Tracking and evaluation of UP TO DATE
IV.K.4 accuracy, precisio, and

completeness of the data VOC Monitoring QAPP

____________________ ______________________ [Section 2.3.331
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TABLE 2-4 (continued)

CrrATIOIN REQUIREMENT COMPLIANCE STATUS

PV 20, Performance of system audits UP TO DATE
IV.K.4

VOC Monitoring QAPP

_____________________ [Section 2.3.341

PV 21, Corrective action required for ACEI[EVED
IV.K.4 improper conditions or

practices VOC Monitoring QAP

____ ___ ___ ___ ____ ___ __ ___ ___ ____ ___ ___ ___ __ [Section 2.3.351

PV 22, Establishment of specific ACEMEVED
IV.K.4 quality assuace objectives for

data acceptability VOC Monitoring QAPP

_____________ _______________ [Section 2.3.36]

PV 23, Corretiv action required ACEIEVED

VCMonitoring QAPP

____________________ _______________________ [Section 2.3.371

PV 24, Ana araging of ACEDEVED
IV.K.5 cnmadons of targete

coniw=WID procedure; annual

__________________________________________ [Section 2.3.38]

PV 25, Submittal of annul data ACEGEVED
IV.K.5 summzaries and suies of

data accucy, precision, and WID procedure; amnua
- for each repor

monitoring location
__________________________________________ [Section 2.3.391
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TABLE 2-4 (continued)

CITATION REQUIREMENT COMIPLIANCE STATUS

PV 26, Maintenance of documentation ACHIEVED
IV.K.5 on all aspects of QA/QC

WID procedures

[Section 2.3.401

2.3.1 Condition 1, Testing Only of Long-Term Acceptability Of WIPP

Only resting for the purpose of determining WI7PP's long-term
acceptability is to be periformed during the test phase.

Due to DOE's decision to discontinue plans for radioactive waste tests in the WIPP
underground, this condition is no longer applicable.

2.3.2 Condition 2, Wastes Not to Exceed 8,500 Drums or 1 Percent of the Repository's
Total Capacity

Waste to be emplaced during the test phase at WIPP. will not
ecceed 8,500) drnis or 1 percent of repoitory's total capacity.

Prior to the prmlainof the LWA, the DOE was limited to emplacing no more than 8,500
drums, or 1 percent of the total planned capacity of the WIPP, as specified by the NMD. The
LWA, however, furthe resarits the amount of waste that may be emplaced at the WIPP during
the test phase to one-haif of 1 percent of the total capacity of the repository (i.e., 4,250 drums).
The WIPP-related DOE documents that have been issued since the promulgation of the LWA
on October 30, 1992, reflect this change and commit to emplacing no more than this latter
volume of TRU wafte undrgrwxl. Due to DOE's decision to discontinue plans for radioactive
waste tests in the WIPP unegound this condition is no longer applicable.

2.3.3 Condition 3, Retrieval of Waste in the Event of Noncompliance with 40 CF`R 268.6

If the DOE cannot demonstrate compliance with the standards of
40 CFR 268.6, all wastes emplaced in WIPP mutst be removed.
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During the test phase, all waste emplaced in the WIPP underground waste management area was
to be maintained in a manner, that would ensure that wastes were readily retrievable. The DOE
prepared the Waste Retrieval Plan for the Waste Isolation Pilot Plant (DOE, 1993b) to specify
retrieval actions and to demonstrate the ability to retrieve waste. The original waste retrieval
plan was issued in May, 1990. This plan has subsequently been revised and issued as Revision
1 (DOE, 1993b). The DOE would submit the required retrieval schedule in the event that it was
determiined that the repository could not meet the standards for lOng-term disposal or 6 months
prior to the expiration of the petition approval. Due to DOE's decision to discontinue plans for
radioactive waste tests in the WIPP underground,, this condition is no longer applicable.

2.3.4 Condition 4, Readily Retrievable Placement of Waste

All wastes emplaced at WIPP d&ring the test phase must be placed
in a readily retrievable manner.

The EPA defined "readily retrievable" in the NMD as the adoption of specific measures
identified in the NMVP to magintain room stability, such as roam size, rock bolting, standoff
wafls, and the use of easily retrieved waste containers (e.g., boxes and drums). This
information and the DOE's commitments to maintain the waste in a readily retrievable manner. are included in the Waste Rerrieval Plan and in Section 2.6.8 of the NMVP. This information
was reviewed by the EPA during its review of the NMVP. ,Subsequently on March 19, 1993,
the DOE submitted Revision 1 of the Waste Retrieval Plan to the EPA.

The DOE had agreed that no backtiiling would be used to seal the rooms in which waste would
be emplaced during the test phase; such bacfiling would greatly decrease the retrievability of
the emplaced waste. Due to DOE's decision to discontimie plans for radioactive waste tests in
the WIPP unmderground, this condition is no longer applicable.

2.3.5 Condition 5, Installation of a Carbon Adsorption Device

Thse DOE ,m= untall and operate a carbon adsorption device
designed to achieve a control efficiency of 95, percent in the
discharge symtm of the bin erpriment rooms.

A carbon adsorption control device has been installed u 1ndergowx as required by this condition.
The efficiency of t carbon adsorption system depends upon the surface are of the carbon, the
quantity of carbon used, the flow rate of air through the system, and the types and quantities of
constituents to be adsorbed. Data to document that the carbon sorption system is at least
95 percent efficient in removing VOCs are maintained as part of the WIPP operating record as
specified by the EPA. The following data are being collected and maintained:
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* The date and time when the carbon in the control device is replaced with fresh
carbon and when Volatile Organic Sampling Train (VOST) tube samples are
collected for monitoring carbon breakthrough, along with records of the
monitoring results;

" Engineering design analyses used to size the control device and to determine the
frequency of carbon replacement; and

* A signed certification that all carbon removed from the control device is
regenerated or reactivated by a process that minimizes the release of VOCs to the
atmosphere or is disposed of in compliance with Federal and State of New
Mexico regulations.

The bin-scale test VOC monitoring system includes three VOST tubes. Samples of carbon
packed in the tubes are analyzed, and test results, along with the system mass flow data, provide
a basis for estimating the lifetime of the carbon in the main sorption unit.

2.3.6 Condition 6,.mlmetto of the Air Monitoring Plan for VOCs

The DOE must implement the air monitring plan for VOCs
described in Section IV K of the proposd wwmnce (see also BECR
Sections 2.3. 15 through 2.3.40). Requirenmns include weekly
monitoring of the five tageted MO.s QAIQC, collection of a
atrix spike and a concurrent matr duplicate to aijust for

background VOC concent ran ons, ±1I0 percent accuracy of the
concentration data, a quarty check on the calibration of the
ventilation erhaust fans, and annual calibration. Thke five target
compounds are carbon tetrachloride; methylene chloride,
trichioroetylene; 1,1, 1-trichlorvedhane; and),), 2-t ri chloro-1 ,2,2-

trifluoroethane.

The VOC monitoring program describe in the addendum to the NMVP has been implemented
at WIPP. flm EPA required that this program be imleene 30 days prior to the firs receipt
of TRU waste at WIPP. This requireen was met during July and August of 1991. Records
relating to VOC air monitoring are being inntijud in the WIPP operating record and will be
retained for the term of the NMD (i.e., unti November 14, 2000) or for 3 years, whichever is
longer, as required by this condition.

The monitoring schedule shows reurmnsfor weekly monitoring of VOCs.
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Affidavit VOC Prog. A.52.07 indicates that the DOE has committed to a full dynamic
calibration of the exhaust fans annually, with quarterly checks (Section 2.4 of the affidavit). The
quarterly checks consist of a Pitot tube traverse, comparing the measured value from the
reference method with that of the system being tested. If the system. is outside tolerance, a full
dynamic calibration will be performed. The quarterly checks axe performed in accordance with
WID preventive maintenance procedures.

2.3.7 Condition 7(a), Waste Analysis: Flammable Mixtures of Gases

Thiree conditions were imposed relating to wastecanlysis. The first
of these conditions is that the DOE ensure that each wase
container emplaced underground at WIPP has no layer of
confinement in containers that contain flammable mixtures of
gases. This Prohibition must be implemented by analytical testing
of head space gases from each drum/container. (7the other two
conditions relating to waste analysis are descnibed in Sections
2.3.8 and 2.3.9.)

The Waste Analysis Plan (DOE, 1993d) requires DOE waste generators to provide the required. information to the DOE prior to the shipment of waste to WJPP. The DOE will approve
shipment to WIPP of only those wastes for which the required information has been provided.
Only waste meeting the criteria specified in Conditions 7(a)-(c) will be approved for shipment
(Sections 2.3.7 through 2.3.9).

Waste-category-specific waste profile plans were developed for categories of waste proposed for
emplacement in WIPP during the test phase. T1he plans specified the waste characterization
activities to be performed to meet t minial2 information reurmnsthat were to be satisfied
through the implemnentation of each plan. The minilmal reureet include testing the waste
containers for flammable gases. Only those waste containers tested in accordance with this
condition and deosrtdto be within the EPA-specified flammability limits will be acceptable
for shipment to the WIPP.

A WED procedure is in place that addresses the review of waste characterization records from
the generator sizs to verif that each waste container emplaced at the WIPP has no layer of
confinemenit containing flammable ixtures of gases, as defined in the NMD [i.e., "measured
concentrations (excluding methane) of 500 parts per million or greater"). This review is
conducted by WID in accordance with a WID procedure. This procedure contains a checklist
which is used to verify that the data contained -in the Bin Case Addendum Report (i.e., the
results of bin sampling and analysis) meet the requirements of the NMD. This checklist directs
the WID reviewer to ensure that the concentration of flammable VOCs in the headspace of the
bin does not exceed a concentration of 500 parts per million (jpmi). If the concentration of
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flammable VOCs exceeds 500 ppm, the WID reviewer ensures (in accordance with the checklist)
that an explicit flame test has been conducted and that the results of this test were negative (i.e.,
not flammable), as required by the NMDI). At the generator sites, all internal layers of
confinement are breached while a bin of waste is loaded. As such, the only layer of
confinement in a bin of waste is the bin itself. Since the bin was to have been the "container
emplaced at the WIPP," a bin headspace sample would have been used to verify that the NMD
flammability limit has not been exceeded. Due to DOE's decision to discontinue plans for
radioactive waste tests in the WIPP underground, this condition is no longer applicable.

2.3.8 Condition 7(b), Waste Analysis: Comparison of Analytical Results with Estimated
Comoiin

The second condition pertaining to waste analysis is that the DOE
must analyze representative samples of the head saces of
containers and compare the results with the estimated compositions
provided in the WIPP ANMV.

The Waste Analysis Plan requires DOE waste generators to provide the required information to
the DOE prior to the shipment of the waste to WIPP. T1he DOE will approve shipment to WIPP
of only those wastes for which the required information has been provided. Only waste meeting
the criteria specified in Conditions 7(a)-c) will be approved for shipment (Sections 2.3.7
through 2.3.9).

Thie results of the headspace tests will be checked to ensure that the gas compositions are
comparable to those described in the NMVP. A procedure is in place to ensure that waste
characterizaton records from the generator sites are reviewed to verify that the concentrations
of VOCs in the headapace of each container are less than the concentrations listed in the NMD.
This review is conducted by WMD in accordance with a WED procedure.

2.3.9 Conditdon. 7(c), -Wast Analysis: Mitaneof Records

The third conditon relating to wase analysis is that waste analysis
reconts must be maintained for the term of the NMWD or for 3 years
after generation, whichever is longer. Reconft must also be
maintained during the course of any en~forcement action for which
they are relevant.

'However, the NRC's Certificate of Compliance (C of C) for the TRUPACT-Il package prohibits the
transportation of wase that exceeds the 500-ppm limi.
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The waste analysis records will be maintained in the WIPP operating records throughout the 10-
year term of the NMD, for 3 years, or during the course of any enforcement action for which
they are relevant, whichever is longer.

2.3.10 Condition 8, Annual Report

The DOE musst provide annual written reports to EPA Region W on
the status of DOE 's performance assessment during the test phase.

During this reporting period, the Office of Solid Waste at EPA headquarters as well as EPA's
Region VI office have been provided with two annual written reports containing a description
of the tests to date and their results, modifications to the test plan, a summary of the DOE's
current understanding of the repository's performance, waste characterization data from pre-test
waste characterization, and an annu11 summary of VOC monitoring data.

2.3.11 General Condition (GC) 1, Correlation between, the Wastes Emplaced by
DOE at WIMP and DOE's Activities with those Described in the NMVP

The wsres to be emplaced by the DOE at WIPP and the
ex;periments and taut conducted during the test phase must be
consistent with those described in the NMVP ard in the DOE's
performance assessment test plan.

Wastes to have been- emplaced in the WIPP during the test phase would have been consistent
with those descibed in the NMVP. WID uses administrative controls such as procedures to
ensure that project activities are consisten with those described in the NMVP. Individuals
responsible for initiating changes that could be impactive ame required to submit relevant
information to WMD. WMD then ensuries that the proposed change is subject to review with
respect to departure from the conditions described in the WIPP NMVP. If it is determined that
the change proposed is significant and may affect the potential for the migration of hazardous
constituents, the EPA will be notified. Any notifications to this effect will also be provided to
the NMED.

2.3.12 General Condition 2, Notification of EPA of Changes in Conditions

7The DOE must notli)' the EPA of "any changes in conditions at the
unit and/or environment that significantly depart from the
conditions described in the variance and affect the potential for
migration of hazardous constituents from the unit.. " If the change
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is planned, the EPA must be notified in writing 30 days before the
change; if it is wnplanned, the EPA must be notified within
10 days.

Wastes emplaced in the WIPP during the test phase would have been consistent with those
described in the NMYP. WI]) uses administrative controls such as procedures to ensure that
project activities are consistent with those described in the NMVP. The responsible individuals
are required to submit relevant information to WED. WED) is responsible for ensuring that the
proposed change is subject to review with respect to departure from the conditions described in
the WIPP NMVP. If it is determined that the proposed change is significant and may affect the
potential for the migration of hazardous constituents, WI]) will notify the DOE, which will
notify the EPA. Any notifications to this effect will also be provided to the NMED. Any
unplanned change will result in notification of the EPA within 10 days.

2.3.13 General Condition 3, Suspension of Receipt of Restricted Wastes and
Notification of EPA within 10 Days In the Event of Migration of Hazardous

Co.*.ut from the Repository

In the event of the migration of hazardous constiuents from the
repository, the DOE will susped receipt of restricted wastes and
will notift the EPA (Office of Solid Waste and EPA Region WI)
within 10 days.

T" h NMV deostae that the only credible pathway for the migration of hazardous
contituents beyond the unit bounidary in concntraion exceeding health-basied standards is. via

the airborne transport of VOCs. The EPA has concurred with this demonsrto in the
proposed variance and in the NMD.

WM] has developed a procedur to implenmn the deemination of airborne concentrations of
VOCs in the undergroInd exhaust air stram. In additon, another WID procedure specifies the
steps to be taken to notify regulatory authorities in the event of an eirn ntal release of a
hazardous materia or in the event that migration of a hazardous constituen is determined to
have occurred frm the WIPP udrondwaste mnagmn area.
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2.3.14 General Condition 4, Term of Petition

Thze term of the petition approval specified in the PM is 10 years
(i.e., until November 14, 200Y0).

The NMD pertains to the test phase only. Since the test phase no longer will involve the testing
of TRU and TRU mixed waste at WIPP, the need for an extensiton is unlikely.

2.3.15 Proposed Variance Condition (PV) 1, Monitoring in the Exhaust Shaft

Monitoring in the exhaust shaft must begin 30 days prior to the

emplacement of any experimental wases underground.

This requirement is stipulated in Section 3.3 of the VOC Monitorig Plan for the Bin-Scale Tests.
This requirement was met during July and August of 1991, when VOC monitoring was initiated
at WIPP.

It should be noted that this and the rest of the rMWurmet in this section would have been
applicable only to the performance of tests on TRU mixed waste at WIPP if they had been
conducted. However, the DOE has chosen to maintain the programs necessary for compliance. ~ ~with a number of these requiremns

2.3.16 Proposed Variance Condition 2, Monitoring of Bin-Scale Experiment Rooms

Monitoring of bin-scale experiment rooms must commence prior to
emplacement of any bin containing TRU wavste.

This requirement is stipulatd in Section 3.3 of the VOC Monitoring Plan for the Bin-Scale Tests.
This requirement was met during July and August of 1991, when VOC monitoring was initiated
at WIPP.

2.3.17 Psropood Variance Condition 3, Monitoring of Alcoves

Monitoring of alcoves must commence prior to initiation of alcove
experiments, after alcoves are seaLe4, and prior to purging of
alcove atmosphere.

Due to DOE's decision 10 discontinue plans for radioactive waste tests in the WIPP
underground, this condition is no longer applicable.
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2.3.18 proposed Variance Condition 4, Leakage Rate of the Sealed Alcoves

The leakage rate of the sealed alcoves must be measured by means
of injecting tracer gases into the atmosphere within each alcove
and monitoring the tracer gas levels.

Due to DOE's decision to discontinue plans for radioactive waste tests in the WIIPP
underground, this condition is no longer applicable.

2.3.19 Proposed Variance Condition 5, Weekly Collection of Air Samples

Air samples must be collected at least weekly.

A weekly schedule for collecting air samples for the subsequent analysis of VOCs was being
used at the WIPP, as indicated in Section 7.2.1 of the VOC Monitoring Quality Assurance
Program Plan (WID, 1991la). T7he monitoring schedule for the first two quarters of 1993 is
included in Affidavit VOC Prog. M.66.04. This schedule shows that weekly sampling of VOCs
was performed.

2.3.20 Proposed Variance Condition 6, Weekly Monitoring at the Exhaust Shaft and

Air Intake Locatlom

Ethaust shaft and air intake locations must be monitored weekly.

A weekly schedule for collecting air samples for the subsequent analysis of VOCs was being
used at the WIPP, as indicated in Section 7.2.1 of the VOC Monitoring Quality Assurance
Program Plan. Weekly collection of air samples was performed.

2.3.21 ProIposed - Variance Condition 7, Monitoring Frequecy

In no event shall the monitoring frequency for the bin d~ischarge
systmn be reduced to less than 20 percent of the minimum time
required for the consmption of the total working c capaiy of the
carbon adscipton system.

This condition is reflected in Section 3.3. 1 of the VOC Monitoring Plan for the Bin-Scale Tests
and in Section 7.2.1 of the VOC Monitoring Quality Assurance Program Plan.
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2.3.22 Proposed Variance Condition 8, Increased Monitoring Due to Increased

Variability

In the event that the results of weekly air monitoring exhibit
increased variability, daily air sampling must be, resumed if the
calculated relative standard deviation in the preceding 4-week
period at the monitoring locations exceeds 75 percent for any
targeted constituent.

This condition is reflected in Section 3.3. 1 of the VOC Monitoring Plan for the Bin-Scale Tests.

2.3.23 Proposed Variance Condition 9, any VOC Routine Quantification of any
VOC

Any VOC must be targeted for routine quantification if the average
estimated concentration at the point of sampling L; 1 ppm or more
during any *-month period and the compound is detected in at

least 10 percent of the samples collected from the gas discharge
system from eithe the room containing bins or from 50 percent of
the samples collected from any alcove.

This requirement is reflected in Section 4.4 of the VOC Monitoing Plan for the Bin-Scale Tests
and in Section 9.4.2 of the VOC Monitoring Quality Assurance Program Plan.

2.3.24 Proposed Variance Condition 10, Standard Operat Procedures to Identify
Certain othe VOCs

77e DOE mu~st implement #andard operating procedwves to provide
posiieietfcto of the foblowint compounds: perchioro-
ethylene (.e., tamachloroetknel). chlorojbrim bromofrm,

dihooethan, dichioroethylene. toluene, and chlorobenzene.

This requirem= is reflected in Section 4.2 of the VOC Monitoring Plan for the Bin-Scale Tests

and in Sections 9.2.1.6 and 9.2.1.7 of the VOC Monitoring Quality Assuance Program Plan.

To implement these plan, a standard operating procedure (SOP) is in place at the contract

laboratory to provide positive idniiainof these nontargeted VOCs as well as of the targeted
compounds, as documented in Affidavit VOC Prog. M.66.03.
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2.3.25 proposed Variance Condition 11, use of the Average Response Factor for
each Target Analyte

The average response factor for each target analyte, as determined
byfive -point instre calibration, must be used for quantification
in high-resolution gas chromatography.

This requirement is reflected in Section 5.5 of the VOC Monitoring Plan for the Bin-Scale Tests
and in Sections 9.2.1.5 and 9.2.2.4 of the VOC Monitoring Quality Assurance Program Plan.

2.3.26 Proposed Variance Condition 12, Standard Operating Procedures to Ensure
the Validity of Monitoring Data

Standard operating procedures must be adopted by the DOE to
ensure the validity of the monitoring data.

This requiremient is reflected in Section 12. 0 of the VOC Monitoring Quality Assurance Program
Plan. A numnber of procedures have been issued to implement these rqireet. Affidavit
VOC Prog. M.66.04 examined these WID SOPs to ensure the validity of the VOC Monitoring
Program data. The procedures and activities examined during this review were for sampling and
analysis certification, instrument calibration checks, duplicate sampling, audit cylinder sampling,
technical system audits, and data quality audit. Tie SOPs developed by the contract laboratory
to analyze the samples and certify the canister samples were also covered by the affidavit.

2.3.27 Proposed Variance Condition 13, Recailrto Of stues

Consistent with EPA 's Method 8240 of SW46, insruments must
be recalibrated by afidlflw-poiWi calibration f the reponse factor
from the calibration check d4&nr by more tha 25 percent of the
averge or expected response ftzctor.

This requiremnent is reflected in Section 9.2.1.5 of the VOC Monitoring Quality Assurance
Program Plan.
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2.3.28 proposed Variance Condition 14, Establishment and Annual Evaluation of the
method Limit of Quantification for each Target Analyte

The method limit of quantification for each target analyte must be
established prior to the initiation of the monitorinzg program and
Must be reevaluated annually thereafter in 4rcordance With
EPA 1530-S w.90-021, "Quality Assurance and Quality Control,"
dated Ausgust 1990.

This requirement is reflected in Section 6.1.6 of the VOC Montitoring Plan for the Bin-Scale
Tests and in Section 9.3.2.6 of the VOC Monitoring Quality Assurance Program Plan.

2.3.29 Proposed Variance Condition 15, Separate Dee-iato of the Method
Limit of Quantification for the Bin, Alcove, and Exhaust Shaft Monitoring
Locations

7The method limit of quant#Ifcation must be determined separately
for the bin, alcove, and exhaust Ah*f monitoring locations.

. This requirement is reflected in Section 6.1.6 of the VOC Monitoring Plan for the Bin-Scale
Tests and in Section 9.3.2.6 of the VOC Monitoring Quality Assurance Program Plan.

2.3.30 PrpsdVariance Condition 16, Collctdo, and Analysis of Recovery
SaMPI

Recovery sample., mums be- collected from aud& cylinders and
analyed at afrequency 'of 10 percent at each monitoring location.

This requirement is reflte~d'in Section 6.1.4 of the VOC Monitoing Plan for the Bin-Scale
Tests and in Section 9..1.4 of tht VOC Monitorin Quality Asrwuce Program Plan.

2.3.31 Prspu. Varia Condon 17, Collectoa and Analysis of Duplicate

Duplicate samples must be collected and analyzed at a frequency
of 10 percent in each monitoring location, including she exhaust
shaft.
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Mhs requirement is reflected in Section 6.1.4 of the VOC Monitoring Plan for the Bin-Scale
Tests and in Section 9.3.1.3 of the VOC Monitoring Quality Assurance Program Plan. In
addition, Affidavit VOC Prog. M.66.04 examined the procedures pertaining to duplicate
sampling and found them to be satisfactory.

2.3.32 Proposed Variance Condition 18, Validation of the Completeness of the Data

Data completeness must be evaluated by data validation audits at
a frequency not less than 5 percent.

This requirement is reflected in Sections 9.3.2. 10 and 12.4 of the VOC Monitoring Quality
Assurance Program Plan.

2.3.33 Proposed Variance Condition 19, Tracking and Evaluation of Accuracy,
Precision, and Completeness

To ensure that any samling analysis problems that may occur are
detected and corrected, accuracy, precision, and completeness
must be tracked and evaluated after every 10 quality control
analyses.

This requirement is reflected in Section 9.3.2.9 of the VOC Monitoring Quality Assurance
Program Plan.

2.3.34 WL Prno poe Variance Condition 20, Perflormance of Systems Audits

Systems audits must be performed not only prior to the initiation of
the monitoring program but also sermi-annually thereafer to be
couuistent with good operating pmracice.

This requiremMi is reflected in Section 12.3 of the VOC Monitoring Quality Assurance Program
Plan.

2.3.35 Proposed Variance Condition 21,* Corective Action Required for Improper
Conditions or Practices

Corrective action must be taken whenever a conditon or practice
is found that is outside systems specifications or SOPs or that could
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reasonably be expected to compromise the ability of the monitoring
program to meet established quality assurance objectives for data
acceptability.

This requirement is reflected in Section 11.0 of the VOC Monitoring Quality Assurance Program
Plan.

2.3.36 Proposed Variance Condition 22, Establishment of Specific Quality Assurance
Objectives

Specific quality assurance objectives must be established for data
acceptability for the WIPP air monitoring program consistent with
method capability and good operating practice.

This requirement is reflected in Section 9.3.2 of the VOC Monitoring Quality Assurance Program
Plan.

2.3.37 Proposed Variance Condition 23, Corrective Action Required

Corrective action must be taken whenever quality assurance
objectives for data aepbityare not being met.

This requirement is reflected in Section 11.0 of the VOC Monitoring Quality Assurance Program
Plan.

2.3.38 Proposed Variance CondIi 24, Annusal Averaging of CocnrtOof
TarfeudCmdu

To detennLwu whether migration has occurred, conetrtons o.f
targeted coemus must be averaged over an annual time period.

Procedures addksuin this requirement have been issued. The data averaged over an annual
time period at hiuiked as part of t two annual reports 'issued to the EPA durin this
reportin period, which wete required by Condition 8 of the NMD (see Section 2.3. 10).
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2.3.39 Proposed Variance Condition 25, Submittal of Annual Data Summaries and
Summaries of Data Accuracy, Precision, and Completeness for each
Monitoring Location

Annual data summaries and summaries of data accuracy, precision,
and completeness for each monitoring location, together with
calculated concentrations at the exhaust shaft and documentation
of the actual method limit of detection achieved for each targeted
analyte. must be submitted to the EPA.

Procedures addressing this requirement have been issued and implemented as part of a WED
manutal. These data were included as part of the annulal reports issued to the EPA, which are
required by Condition 8 of the NMD (see Section 2.3. 10).

2.3.40 Proposed Variance Condition 26, M ntnceof Documentation on all
Aspects of QA/QC

Documentation on all aspects of QA/QC as described in EPAIS3O-
SW-90-021 must be maintained at WIPP.

Auditable records pertaining to the VOC Monitoring Program were examined under Affidavit
VOC Prog. A. 12. 01. The records were found to be satisfactory.
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3.0 COMPREHENSIVE ENVIRONMENTAL RESPONSE,
COMPENSATION, AND LIABILITYACT

3.1 Summary of the Law

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA;
42 Usc §§ 9601 et seq.), or "Superfund," and the Superfund Amendments and Reauthorization
Act of 1986 (SARA) establish a comprehensive Federal strategy for responding to, and
establishing liability for, releases of hazardous substances from a facility to the environment.
The Emergency Planning and Community Right-to-Know Act (EPCRA) was enacted as a stand-
alone portion under SARA. It is described in further detail in Chiapter 4.

Any spills of reportable quantities of hazardous substances must be reported to the National
Response Center (NRCr) under the provisions of § 103 of CERCLA, Notices, Penalties, and the

imleenin regulations in 40 CFR Part 302, Designation, Reportable Quantities, and
Noification. Because the WIPP is not a CERCLA remediation site and is not expected to
become one, most of the reurmnsof this act do not apply.

The WIPP is liable for any release of hazardous substances as defiued in § 101 of CERCLA,
Definitions, in quantities equal to or greater than the reportable quantities mentioned in § 102,
Reportable Quandwie and Additional Designations, and specified in 40 CFR Part 302. In theOevent of a release of a hazardous substance to the er ont in an amount that meets or
exceeds the reportable quantity for that substance, a notification of the release will be made to
the appropriate agencies by WIPP personnel as required by §103 of CERCLA.

Section 120(c) of CERCLA, Federal Agency Hazardous Waste Compliance Docke, establishes
a docket that provides information regarding Federal facilities that manage hazardous waste or
from which hazardous substances may be or have been released. This is information to be
submitted to tbe- EPA by othe Federal agencies une I 103 of CERCLA or under § 3005,
3010, oc 30M6 of RCRA. Facilities listed under the docket mus prepare a Preliminary
Assessment and Mibmi it to tie EPA within 18 mouths of the dat of publication in the Federal
Register. If doomed ncessary, a site inspection report is also due to the EPA within the sam
time hum.

Under 40 CFR Paut 300, Natona Oil and Hazardous Substances Polutdion Contingency Plan
(NCP), the 1 ganraio a uctures and procedures are provided for preparing for and
responding to discharges of oil and releases of hazardous substances, pollutants, and
contaminants 1L NCP is required by §105 of CERCLA.
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3.2 Compliance Status of the Regulatory Requirements

Table 3-1 summarizes each applicable requirement and its compliance status under CERCLA.

The text provides more detail on the compliance status of each requirement.

TABLE 3-1. Comprehensive Environmental Response, Copnain and Liability

Act - Summary of Regulatory Compliance Status

crrATION( EQIEETcobIINCE STATUS

I1V0. Feduwl Feciiti, of the Comprvebuie EnvirownumoWa Rnpomie, Compe~unstion, and
Liabflit Adt (MCCA)

CECLA, I 120(d) Assuussment and evaluation UP TO DATE

Pdiminvay assmunt due
August 5, 1994

[Section 3.2. 1]

40 CFR Put 300, Nutiewa 0il ad ilwarwm Substumes PoUnd.. Candqeucy Ple.

40 CFR 300.215(b) Emergency pliigACHEVED

WIPP representative on
Emergency Managemuent
AdvisMr BoardLocal

Committe (LEPC)

[Section 3.2.21
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TABLE 3-1 (continued)

CrTATION REQUIREMEN4T COMPUANCE STATUS

40 CFR 300.215(e) Materal safety data sheet ACHIEVED
(MSDS) and inventory form

List of hazardous chemicals;
Emergency and Hazardous
Chemical Inventory Report
(Tier 11 Report)

[Section 3.2.3]

40 CFR Part 302, DasuIgntin Rupertabl Quwuisie, and Netificen

40 CFR 302.4 Designation of hazardous AEEE
nbstances

Spils of ethylene glycol
identified as hazardous

[Section 3.2.41

40 CFR 302.5 Determination of reportable ACUDVED
quantities (RQs)

SpillIs of ethylene glycol dhat
exceeded current RQ

[Sectio 3.2.5]

40 CFR 302.6(0 ~ Notification rqtiruims ACHIEVED

Ethylene glycol spis reported
to National Response Cente
(NRCr)

(Section 3.2.6]
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TABLE 3-1 (continued)

CITATION REQUIREMFNT COMPLIANCE MIMTS

40 CFR 302.6(bXl) Release of mixtures or ACHI1EVED
solutions

RQ for mixtur of hazardous
constituents determined - see
Section 3.2.5

[Section 3.2.7]

40 CFR 302.6(bX2) Notification of reeaes of NOT APPLICABLE
radionuclids

Applicable upon recipt of
7hU Waste

(Section 3.2.81

40 CFR 302.6(d) Notification Of the release Of NOT APPLICABLE
hev roale

No release of heavy meals at
WI"

[Section 3.2.91

3.2.1 Assessment and Evaluatio of Federal Faciltes, 5120 of CERCLA

A preliminary assessment and, F wrrntd, a site inspection must
be submitted to the EPA by each Federal facility that is included
on the docket of Federal facilities tha manage hazardous wuste or
from which hazadous substances have been releaed. The
preliraiwy a~uessment or preliminary assessmm//site inspection
for a facility must be submitted to the EPA within 18 months of the
publication of the nonice that includes the facility on the Federal
Agency Hazardous Waste Compliance docet.

On February 5, 1993, WIPP was included as a new facility in the additions made to the Federal
Agency Hazardous Waste Compliance Docket in the Federal Register (58 FR 7298). Therefore, _

a preliminary assessment for WIPP must be submitted to the EPA by August 5, 1994. As aV
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result of negotiations with the preliminary assessment coordinator of the Region VI EPA office,
only a brief preliminary assessment is required of WIPP at the 'present time; no site inspection
is needed. The brief preliminary assessment is currently in preparation.

3.2.2 Emergency Planning Requirements, 40 CFR 300.215(b)

A facility is subject to emergency planning requirements if an
extremely hazardous substance [as defined in 40 (,FR Part 355] is
present at the facility in an amount equal to or in excess of the
threshold planning qua ntity established for rhe, substance. A
Governor may designate additional facilities that will also be
subject to these planning requirements. Facility owners or
operators should name a facilit representative who will participate
in the planning process as a facility Emergency Coordinator.

WIPP is subject to the emergency planning eurmns A WIPP repreetaie has been
designated to serve as the Emergency Coordinator for the Eddy County Emergency Management
Advisory Board, which is very similar to a Local Emergency Planning Committee (LEPC). An. official LEPC will be created in 1994; the current WIPP representative to the EMA Board will
also represent WIPP on the LEPC. Chapter 4 also discusses this requirement.

3.2.3 Materia Safety Data Sheet and Inventory Form, 40 CFR 300.215(e)

Each facility required to prepare or have availtable a material
safety data sheet (MSDS) will submi either an MSDS for each
hazwa1ous chemical or a lis of hawdnous chemicals to the
approprite- &M EwMargen Respons Commiuion (SERC),
LEPC, and loalfire depaUent in acconiance wi4h 40 CFR Part

Ech* faiity will also submit an inventory form to the SERC,
LEPC, and local fire deparment This invenory form must
contai an estmate of the mmarmal amount of hazardous chemicals
presen at the tbcility during the preceding year, an estimate of the
average daily amount of hazardous chemicals at the facilty, and
the location of those chemicals..

In lieu of MSDS, WIPP submits a list of those hazardous chemicals that are present at WIPP
in amounts that exceed their respective reportable quantities.

3-5 October 21, 1994



Comprehensive Environmental Response,
U.S. Environmental Protection Agency Compensation, and Liability Act

The requirement to submit the Emergency and Hazardous Chemical Inventory report to the
sERC, LEpC, and local fire department has been met. These requirements are also discussed
in Chapter 4.

3.2.4 Dsgainof Hazardous Substances, 40 CFR 302.4

Hazardous substances released to the environment must be
ident#fied.

During thins reporting period, there have been three antifreez spills from WIPP facility systems.
The major ingredient of antifreez is ethylene glycol [Chemical Abstract Service (CAS
107-21-1)]. This substance is designated as a hazardous substance under § 302.4 of CERCLA.

3.2.5S eemnto of Reportable Quantities, 40 CM 302.5

Reportable quantites (RQs) are established for each substance
listed in Table 302.4 or in Appendix B.

Each of the spills was detenmined to have exceeded the RQ for ethylene glycol (currently
1 pound). This determination was based upon the cncentration of the ethylene glycol/water
mixture, the data obtained from the MSDS, an dth current RQ for the substance.

3.2.6 Notiffication ReuIrements, 40 CM 302.6(a)

Any release of a hazardous substance in a quwara* equal to or
exceeding the reportable quantity determnined in 40 CFR 302.5 or
in 40 CFR Part 117 in any 24-hour period shall immediately be
reported to the NRCr at (800) 4244M0.

The ethylene glycol spills were reported to the National Response Center as required. [See also
the WIPP NPDES Storm Water Pollution Pm'eenton Plan (WED, 1993b).J
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3.2.7 Releases of Mixtues or Solutions, 40 CF R 302.6(b)(1)

If a ixture or solution is released and the quantity of all
hazardous constituents is known, not ifi cation is required when a
quantity that meets or exceeds the RQ of any hazardous constituent
has been released. If the quantity of one or more of the hazardous
constituents is not knowon, notification is required when the total
amount of the mixture or solution released equals or exceeds the
RQ for the hazardous constituent with the lowest.RQ.

The determination of the RQs for hazardous constituents of a mixture was discussed in Section
3.2.5.

3.2.8 Notification of Releases of Radionuclides, 40 CF!R 302.6(b)(2)

Radionuclides are subject to these notification requirements only
under the following circumzstances:

0 If the identity and quantity of each radionuclide in a
released mixtue or solution is known and the sum of the
ratios (quantity released in curies/RQ for Mhe radionuclide)
for the siocidsin the mixtur or solution is equal to
or greater than 1 or

* If the quantit of each rainciein a released mixture or
solution is known but the quantity released (in curies) of
one or more of the radionuclides is wbwmwn and the total
quantity (in curies) of the mixture or solution is equal to or
greater than the lowes RQ of any individal radionuclide
in the mixture or solution or

9 If the identit of one or more radionuclides in a released
mixture or solution is unknown and the total quantity (in
curi) released is equal to or greater than either 1 curie or
the lows RQ of any known individual rainciein the
mixure or solution, whichever is lower.

This requirement will becom applicable when WJPP receives TRU waste.
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3.2.9 Notification of the Release Of Heavy Metals, 40) CFR 302.6(d)

Notification of the release of an RQ of solid particles of antimony,
arsenic, berylliun, cadmium, chromium, copper, lead, nickel,
selenium, silver, thallium, or zinc is not required if the mean
diameter released is larger than 100) micrometers except for
releases of radionuclides.

T7here have been no releases of heavy metals from the WIPP facility to date.
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4.0 EMERGENCY PLANNING AND COMMUNITY
RIGHT-TO-KNOW ACT

4.1 Summary of the Law

Tidle MI of the Superfund Amendments and Reauthorization Act (SARA), otherwise known as
the Emergency Planning and Community-Right-to-Know Act of 1986 (EPCRA; 42 Usc
§ § 1100 1 et seq.), authorizes a nationwide program of emergency planning as protection against
accidents involving extremely hazardous substances (EHSs). The act also requires a
comprehensive body of information about hazardous substances to be submitted to various State
and local groups. Under Subtitle A, Emergency Planning and Notification, facilities such as
WIPP are required to make various notifications to the State Emergency Response Commission
(SERC) and the Local Emergency Planning Committee (LEPC). These notifications include
notification of applicability under EPCRA, designation of a facility Emergency Coordinator, and
notification, of extremely hazardous substance releases to the environment. Subtitle B, Reporting
Requirements, requires the submittal of information such as inventories of specific hazardous
chemicals used or stored within a facility to the SERC, LEPC, and the fire department that has
jurisdiction over the facility.- Within Subtitle B, the following sections outline specific reporting

requremets:(1) Section 311, Material Saety Data Sheets, directs the submission of a
Material Safety Data Sheet (MSDS) for each hazardous chemical present or a list of hazardous

* chemicals present that require an MSDS; (2) Section 312, Emergency and Hazardous Chemical
Inventory Forms, directs the annual submission of an inventory of hazardous chemicals present
during the preceding year; and (3) Section 313, Toxic Chemical Release Forms, outline

requremntsfor facilities to submit a toxic chemical release repor to the EPA and the resident
State if toxic chemicals are used at that facility in excess of established threshold amounts.

The regulations uile 40 CFR Part 355, Emergency Planning and Notification, established the
list of extremely hazardous substances, the threshold planning quantities, and facility notification
responsibilities necessary for the development and implementation of State and local emergency
response plans.

The regulations of 40 CFR Part 370, Hazardous Chemical Reporting: Community Right-to-
Know, established reportigrqrent that provide the public with vital information on the
hazardous chemicals in their comnte, with the inten of ensuring enhanced community
awareness; of cemical hazards and facilitating the development of State and local emergency
response plans.

In 40 CFR Part 372, Toxic Chemical Release Reporting: Community Right-to-Know,
requremntsare established for the submission of information relating to the release of toxic

chemicals under Section 313.
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4.2 Compliance Status of the Regulatory Requirements

Table 4-1 summarizes the applicable requirements and their compliance status under the
Emergency Planning and Community Right-to-Know Act. The text provides more detail on the
compliance status of each requirement.

TABLE 4-1. Emergency Planning and Community Right-to-Know Act -

Summary of Regulatory Copace Status

MrATION4 UEQUIRU4EN COMIIACE STATUS

40 CMl Pu 355, EmM,~w Planing Nodfcad*n

40 CFR 355.30(a)-(b) megnyPlanning ACEIEVED

Notification submitted to
SERC

____ ___ ___ ___ ___ __ ___ ___ ___ ___ ___ ___ [Section 4.2. 11

40 CFR 355.30(c) Facility Emerency ACEDEVED
Coordinator

WI"P -sege
Coordboor Eddy County
Emer geny Managemient
Adiw Board ad LccW-:wg, Plantning
Co~e (LEPC)

____ ___ ____ ___ ____ __ ____ ___ ____ ___ ___ [Section 4.2.21

40 CFR 355.30(d) Priovision of information ACEDEVED

16fonutio provided to

LEPC as required

____________________ [Section 4.2.31

40 CFR 355.40 Release of exrm~eiy NOT AM'LICABLE
haurdous substances
(EHSs) No EHS release

____ ___ ____ ___ ___ ___ ____ ___ ____ ___ [Section 4.2.41
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TABLE 4-1 (continuedl)

CITATION I REQUIREMENT -F CO)MPUANCE STATUS

40 CFR Part 370, Haarvows Chemcal Reporting: Commutky Right-to-Know

40 CFR 370.21 Submission of MSDS or UP TO DATE
chemical list

Reised list submitted in
March and August 1993 and
in March 1994

[Soetion 4.2.5]

40 CFR 370.25 Submission of hazardous UP TO DATE
chemical inventory form

Inventory submitted in
March 1993 and 1994

____________________ [Section 4.2.6]

40 CPR Part 372, Toxic Chemieel Rel=s Repeflig: Cam iy* Right-to-Knew

40 CFR 372.30 Submission of the Toxic NOT APYLICABLE
Chemmca Inventory Rapont

Toxic chemical inventory
rqioning no required due to
cam eeminn

______________ [Section 4.2.7]

4.2.1 Emarguacy Planning, 40 CFR 355.1%2a)-(b)

A faciliy nout norifj die SERC that It is subject to the emergency
planning requirements if there are extreely hazardous substances
equal to or in cwes of the threshold planning ?eqirements.

DOE has notified the SERC that ergecy planning requiements are applicable to the WIPP
facility.
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4.2.2 Facility Emergency Coordinator, 40) CFR 355.30(c)

Thje facility shall designate a facility representative who will
participate in the local emergency planning process as a facility
emergency response coordinator.

WI]) has appointed a WIPP representative who acts as the Emergency Coordinator for the Eddy
County Emergency Management Advisory Board, which will be replaced by an official LEPC
in 1994. The same individual will serve in the LEPC as the WIPP Emergency Coordinator.

4.2.3 Provision of Information, 40 CFR 355.30(d)

7Te facility will ifyrm the LEPC of any changes occurring at the
facility that may be relevant to emergency planning.

WIPP provides information to the LJEPC regarding changes at the facility which may be relevant
to emergency planning

4.2.4 Releases of Extremely Hazardous Substances, 40 CFR 355.400

For releases of ctremely hazadous substances under £'4R4 Ti-tle
Iff (40 CFR Part 355, Appendix A), the owner or operator mst
notit the National Response Center of any area that is likely to be
affected by the release.

T"here have been no relecases of extreely hazardous substances from the WIIPP.

4.2.5 Submission of a Mfateria Safety Dafta Sheet or ist of Chemicals, 40 CFR 370.21

Facilities must submit either an MSDS for each hazardous chemical
present at the facility according to established minimum threshold
schdulwes or a list of the hazardous chemicals for which the MSDS
is requret

T7he WIPP submits a lis of hazardous chemicals to the SERC, the LEPC, and the local fire
department whenever additional hazardous substances are received at WIPP or if significant new
information is received about an item for which a list was provided. In March and August 1993,
and again in March 1994, a revised list of hazardous chemicals was submitted to the appropriate
organizations. The listing was comprised of extremely hazardous substances present in amounts
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equal to or greater than the threshold planning quantity (TPQ) or 500 pounds, whichever was
less, and all substances classified as hazardous under the Occupational Safety and Health Act
Hazard Communication Standard with site inventories equal to or greater than 10,000 pounds.

4.2.6 Submission of a Hazardous Chemical Inventory, 40 CF!R 370.25

On or before March 1 of each year, facilities must submit an
inventory form containing Tier I information on hazardous
chemicals present during the preceding year, or Tier 1I information
in lieu of Tier 1, with respect to any specific hazardous chemical
at the facility. This inventory must be submitted to the State
Emergency Response Commission, the Local Emergency Planning
Committee, and the local fire department.

The WIPP submitted the Emergency and Hazardous Chemical Inventory Report (Tier ]I) in
March 1993 and 1994 to the SERC, LEPC, and the local fire department.

4.2.7 Submission of a Tosic Chemical Release Inventory Report, 40 CFR 372.30

For each toxic chemical on site in exces of the reporting threshold
level, the owner or operator must submit a completed EPA Form R
To TnE EPA AmD 171 STATE.

During this reporting period, the WIPP was exempt from Section 313 reporting under 40 CFR
372.38, Exemptions. However, due to the promulgation of Executive Order (EO) 12856 on
August 6, 1993, the WIPP is reevaluating the reporting requireent of Section. 313, and
examining the use of chemicals on site in regards to their relationship to the primary mission.
Under section 3-304 of the EQ the first report will be due on July 1, 1995, if the WIPP site
meets applicable thresholds.
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5.0 ATOMIC ENERGY ACT

5.1 Summary of the Law

The Atomic Energy Act of 1954 as amended (AEA; 42 USC §§ 2011 et seq.) initiated a national
program for research, development, and use of atomic energy for both national defense and
domestic civilian purposes. In § 161 of the AEA, the Atomic. Energy Commission (succeeded
by the DOE for national defense purposes) was authorized to prescribe regulations and Orders
to:

[G]overn any activity authorized pursuant to [the AEA], including
standards, and restrictions governing the design, location, and
operation of facilities used in the conduct of such activity, in order
to protect health and to minimiz danger to life or property.

The authority of the DOE to develop policies, issue Orders, and promulgate regulations
addressing environmental, safety, and health protection aspects of radioactive waste and nuclear
materials is derived directly from the AEA. The DOE, under ihe authority of the AEA, uses
a system of Orders, notice, and directives to carry out the mandate to implement effective and
consistent programs to protect the public, the environment, and employees from adverse
consequences resulting from DOE operations.

The AEA also authorized the U.S. Nuclear Regulatory Commission (NRC) to serve a similar
function for commercial nuclear facilities. Regulations promulgated by the NRC under the AEA
establish standards for the maaeetof special nuclear material and the protection of the
public from radiation. Additional NRC reurment apply to the licensing, packaging,
preparation, and transpM;ortation of radioactive materials. The NRC does not have regulatory
authority over DOE facilities, but NRC standards and reurmnsare incorporated into DOE
Orders. ThieNRC'sirequ1iremnts ,pertain to WIPP only in the transportation of TRU waste from
the generator sites to W[PP (See Chapter 15).

Much of the waste to be emplaced at the WIPP is mixed (i.e., radioactive waste with hazardous
consiitents). This waste is subject to dual regulation: the radioactive constituents of the waste
are regulated une the ABA, whereas the hazardous constituents are regulated under RCRA.
Nevertheless, theat may be som ci r umstances under which RCRA regulation of the hazardous
constituents would be found to be inconsistent with AEA health and safetyreuemns

The authority of the EPA to establish standards for the proection of the public and the
environment from radiation is derived from the AEA, as amended; Reorganization Plan No. 3
of 1970; and the Nuclear Waste Policy Act (NWPA) (Public Law 97-425). The protection
standards found at 40 CFR Part 191 apply to spent nuclear fuel and high-level radioactive waste
as defined by the Nuclear Waste Policy Act and to TRU waste that contains more than. 100 nanocunes per gram of waste of alpha-emitting TRU isotopes with half-lives greater than
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20 years. These standards consist of three subparts: A, B, and C. For the purpose of this
report, only subpart A is included.

Subpart A, Standards for Management and Storage, sets the operational term requirements
limiting annual doses to members of the public from management and storage operations at
disposal facilities that are operated by the DOE and are not regulated by either the NRC or by
agreement States. The annual dose equivalent to any member of the public in the general
environment may not exceed 25 millirem, (mrem) to the whole body and 75 mrem to any critical
organ.

5.2 Compliance Status of the Regulatory Requirements

The compliance status of each of the applicable reurmnsis summarized in Table 5-1. More
detail is provided in the text.

TABLE 5-1. Atomic Energy Act - Summary of Regulatory Compliance Status

CITATION REQuIRmEz4T cOmPLANCE STATus

40 CPR Part 191, Ei'uealRmaule Proeed.. StAduidi for Manegeuet and Dupeoal of Spent
Nxdw Fuel High-Lxm4l aud T7)wwic Radfeaedwr Wavte

Subpart A, 40 CMR Sadard: Annual dose eqwivalait of NOTr APPLICABLE
191.03-191.04 25 nuin to whole body and 75 mume

tmy critical organ WIll becomen - applicable when
wme reep begn

____ ___ ____ ___ _ _ ____ ___ ___ ____ ___ ___ rSections 5.2.1 and 6.2.21

5.2.1 Stamdard, Subpart A of 40 CFR 191.03-191.04

A standard of an annual dose equivalent of 25 mrem to the whole
body and 75 mrean to any critical organ has been set for 40 CFR
Part 191.

In the Second Modification to the Agreement for Consultation and Cooperation (dated
August 4, 1987), the DOE and the State of New Mexico agreed that the WIPP will comply with
the standards of Subpart A upon the initial receipt of waste and thereafter. However, since the
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only possible pathway for releases from the facility during operations is air, the applicable
NESHAPs standard under 40 CFR Part 61, Subpart H (i.e., an, annual effective dose equivalent
of 10 mrem), is more restrictive. See also the report prepared by the S.M. Stoller Corporation,
Verification of the Station A Alpha CAM Alarm Set Point at the Waste Isolation Pilot Plant (dated
January 17, 1991) and the letter report prepared by Cooper (dated November 2, 1992) that
amended the 1991 report.

5-3 October 21, 1994





6.0 CLEAN AIR ACT

6.1 Summary of the Law

The Clean Air Act (CAA), as amended, establishes a national regulatory strategy and program
to protect and enhance air quality in the United States. The CAA includes a number of
standards, requirements, and permit programs to protect the quality of air in attainment areas
(areas in which air pollutant em.issions do not exceed the appropriate standards) and to improve
it in nonattainment areas (areas that do not meet the national primary or secondary ambient air-
quality standard for an air pollutant).

Congress enacted the Clean Air Act Amnmnts of 1990 (CAAA; PL 101-549) on
November 15, 1990. The 11 titles in this public law are:

I. Provisions for Attinment and Mitnneof National Ambient Air Quality
Standards

HI. Provisions Relating to Mobile Sources
MI. Hazardous Air Pollutants
IV. Acid Deposition Control
V. Permits

VI. Stratospheric Ozone Protection
VII. Provisions Relating toEfocmn

VIE!. Miscellaneous Provisions
IX. Clean Air Research
X. Disadvantaged Business Concerns
M. Clean Air Employment Transition Assistance.

The I11 titles of the CAAA resulted in mnmrous changes to the CAA and other acts and
established six titles in the CAA:

1. Air Pollution Prevention and Control,
HI. EmissionStandards for Moving Sucs

Il. General Provisions,
IV. Acid-Deposition Control (i e., control of acid rain),
V. Operating Permits, and

VI. 'Stratospheic Ozone Protection.

Title 1. Air Pollutin Prevento and Cbrol: Title I of the CAA contains requirements and
sandards for a number of programs that govern air pollutant emissions from stationary sources.-
Tese include the National Ambient Air Quality Standards (NAAQSs), the New Source

Performatnce Stadards; (NSPS), the National Emission Standards for Hazardous Air Pollutants
* (NESHAPs), the Prevention of Significant Deterioration (PSD) program, and requirements for
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nonattainment areas. Most of these programs are requirements for proposed new construction
or for modifications of existing sources. In addition, Titles VUI and IX of the CAAA established
provisions relating to enforcement and requirements for CAA-related research programs,
respectively.

NAAQS -A program established byTitle of the CAA (and revised by Title Iof the
CAAA) is the NAAQS program for the six "criteria" pollutants: sulfur dioxide,
particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. These standards
establish the maximum levels of each pollutant allowed in the air within a particular area.
The Federal NAAQSs are specified in 40 CFR 50.4 through 40 CFR 50.12, and the
program is implemented under 40 CFR Part 51. The U.S. Environmental Protection
Agency (EPA) has authorized the New Mexico Environment Department (NMED) to
administer the NAAQS program. Therefore, the Federal NAAQSs have been superseded
by the New Mexico Ambient Air Quality Standards (NMAAQSs) for the six criteria
pollutants. Therefore, the two backup diesel electrical power-supply generators at WIPP
are regulated under New Mexico regulations, and compliance with these regulations is
discussed in Chapter 29 under the New Mexico Air Quality Act.

NSPS - The NSPS program regulates emissions from operating facilities and specifies
emission standards and test methods for analyzing the emissions. This program, which
was initiated byl §III of the CAA and is implemented by 40 CFR Part 60, StandardsV
of Performance for New Stationary Sources, specifies standards of pefomac for air
pollutant emission from different type of facilities and equipment. Pollutants that are
regulated under the NSPS include sulfu dioxide, nitrogeni oxides, particulate matter,
visible emissions (opacity), carbon monoxide, volatile organic compounds (VOCs), and
lead. Since the EPA has authorized the NMED to administer the NSPS program, the
NMED reuiemnt supersede the Federal requirements. Therefore, emissions from the
backutp generators at WWP ame regulated under the State program. which is discussed in
Chapter 29.

NESHAPs - Hazardous air pollutant emissions are regulated under § 112 of the CAA
(Tide MI of the CAAA) as implemented by 40 CFR Part 61, National Emission Standards
for Hazardous Air Pollutants (NESHAPs). Before the CAA was amended in 1990,
Subpart A of NESHAPS listed only eight hazardous air pollutants (HAPs). These
pollutants are asbestos, benzene, berylium, coke oven emissions, inorganic arsenic,
mercury, radionuclides, and vinyl chloride. Thle CAAA (§ 301) added 181 HAPs,
bringing the list of HANs regulated under Subpart A to 189. De minimis levels for all
the HAPs have been proposed under §- 112(g) as referenced by the proposed rule
Hazardous Air PolUntants: Proposed Regulations Governing Constructed, Reconstructed
or Modified Major Sources dated April 1, 1994 (59 FR 15504).
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In 1993, the WIPP completed a Hazardous Air Pollutant (HAP) Emission Inventory
(WID, 1993c) The RAP inventory was developed as a baseline document to calculate
maximum potential hourly and annual emissions of critefia pollutants, all 189 regulated
NESHAP pollutants, and the New Mexico toxic air pollutants (TAPs) specified under
New Mexico Air Quality Control Regulations (AQCRs') 751 and 702, Part MI. Emission
estimates were used to determine if the WIPP is required to obtain air permits under
State or Federal regulations.

Based on HAPs inventory calculations, WIPP operations are significantly below the
10-ton per year (tpy) emission limit for any individual HAP or the 25-tpy limit for
combined HAPs emissions established in Subpart A. Thus, the WIPP does not have any
NESHAP Subpart A permitting or reporting requirement at this time. However, 40 CER
61 .09(a)(1) requires that the EPA be notified of WIPP's anticipated date of initial startup
of the source no more than 60 days or less than 30 days before that date.

The HAPs inventory is updated annually to evaluate regulatory changes and to monitor
the use of HAPs and TAPs at the site. The WIPP Chemical Inventory Database is used
to evaluate chemical use at the site. Using chemical inventory data, WIPP personnel
evaluate potential replacement chemicals and minimizt the use of materials that are
regulated under NESHAPs as much as possible.

After consultation with the NMED Air Quality Bureau, a deterination was made that
the WIPP was required to obtain a permit unde AQCR 702 for the operation of two
back-up diesel electrical power-supply genrators. A State permit is required when
criteria pollutants exceed the State threshold levels of 10 pounds per hour or 25 tons per
year. For the compliance staus with the State permit programs, see Chapter 29.

With regard to radionuclide emissions at the WIPP, only Subpart H of NESHAPs applies
due to the nature of wastes to be received at the WIPP. No radium-containing TRU
wastes are currently identified for disposa at the WIPP. Subpart H of 40 CFR Part 61,
National Emission Standar for Emitsions of RaincdsOther Than Radon from
Deparsmem of Ensergy Facilites, pertains to non-radon radionuclide emissions from DOE
facilities. The NESHAP for radionuclides is an effective dose equivalent (EDE) of
10 millie. (mremn) per year to any member of the public. A NESHAPs application
must be fild if the anticipated EDE will exceed 1 percent of the standard. The DOE
and the EPA have agreed that the WEPP will be regulated under NESHAPs through the
disposal phase at the WIPP [see the NESHAPs Memorandum of Understanding (MOU.)
between the EPA and the DOE, draft # 6, dated September 7, 1993].

In the WI7PP Final Safty Analysis Report (FSARI (DOE, 1990d), doses from
radionuclide emissions anticipated from WIPP were calculated to be less than 1 percent
of the allowable EDE of 10 mrem per year to any one member of the public. The DOE
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documented the expected emission levels in a data package submitted to the EPA. An
emissions monitoring system was installed to comply with NESHAPs and to meet
confirmatory monitoring requirements. Emissions monitoring tesa results will be used
to verify compliance after receipt of TRU waste at WIPP.

PSD Program - The PSD program, like many of the other programs under the CAA, is
designed for proposed new construction or the modification of existing facilities. It
pertains to any proposed new or modified facility to be located in an attainment area,
particularly if the facility could impact the air quality in a national park, wilderness area,
monumnent, seashore, or other areas of special national or regional natural, recreational,
scenic, or historic value. Because the WIPP does not emit over 100 tpy of any criteria
pollutant, the WIPP is not categorized as a major source, and the PSD program does not
apply.

Title H. Emission Standards for Movin, Sources: Although most of the requirements under the
CAA pertain to stationary sources, the requirements under Title U of the CAA and the CAAA
pertain to mobile sources and establish standards for moto vehicles and fuel. Many of these
reureet are aimed at automobile mnufacturers and petroleum companies (e.g., Part A of
Tide H, Motor Vehicle Emission and Fuel Standards). Federal agency fleets are covered in
§ 248 of the CAA. Federal agencies that operate fleets in nonattainment areas for ozone and/or
carbon monoxide are required to use clean-fuel vehicles and miust use clean alternative fuelsW
when operating in the nontainment are. At present, the requirements for Federal agency
fleets under Title HI are not applicable to the WIPP because it is not located in a nonattaiment
area.

Tide MI. Geea Poiso Tide MI of the CAA provides general provisions for the
administration of the CAA and pertains to all tides. The provisions stipulated under Tide III
include adminlistration, Federal prcrmnsuits, audits, and air-quality monitoring and
modeling. It does not add additional programs. ide HI of the CAA (VMI of the CAAA) also
requires that the EPA perform a cmrhnive analysis of the impact of the CAAA.

Tide WV. Acid DeOGiIcNMCnrl Tide IV of the CAA and the CAAA is aimed primarily at
utilities and power plants that emit large quantities of sufur dioxide and/or nitrogen oxides. It
seeks to reduce eminsiom of sulfur dioxide and nitrogen oxides in order to decrease the acid-ram
problem in the United Sts. It is not applicable to WIPP.

Tidle V. Pemt: Most of the other permitting programs une the CAA are designed primarily
for proposed new construction or the modification of existing facilities. Tidle V of the CAA and
the CAAA as promulgated in 40 CFR Part 70, Stae Operating Permit Programs, identifies the
operating permit reureet for major stationary sources. Those facilities required by the
State or by the EPA to have an operating permit will be expected to submit an operating permit
application, a compliance plan, and periodic compliance reports.
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Currently the State of New Mexico has no approved operating permit program in place. The
State submitted an Operating Permit State Implementation Plan (SIP) to the EPA on
November 15, 1993. On May 19, 1994, the EPA proposed to grant interim approval to the
NMED for its operating permit program (59 FR 26158). If approved, the interim approval will
go into effect for up to 2 years.

The SIP identifies two new regulations to implement the requirements of 40 CFR Part 70. New
Mexico Air Quality Control Regulation (AQCR) 770 adopts and adds to the provisions of 40
CER Part 70, and AQCR 771 establishes permit fees for emissions for the New Mexico
Operating Permit Program (see also Chapter 29). The Federal program (40 CFR Part 70)
regulates and requires permits for both area and major sources. At this time, emission limits
for those area sources required to have an operating permit have not been established; therefore,
the major-source emission thresholds are used to determine which facilities require operating
permits for both area and major sources under 40 CFR Part 70 and AQCRs 770 and 771. The
HAP inventory was also used to determine if the W[PP is a major source as defined in 40 CFR
Part 70 and AQCR. 771. A facility is considered a "major source" and is required to obtain an
operating permit if the facility emits 100 tons per year (tpy) of criteria pollutants, 10 Wpy of any
single HAP, or 25 Wpy of any combination of HAPs. Based on HAP inventory emission
calculations, the WIPP is not a major source and is not required to obtain a Federal CAA
operating permit.

. ~ ~Title VI. &=Mosherinc Ozo= Protection: Title VI of the CAA and the CAAA places restrictions
on and phases out the use of ozone-depleting chemicals, particularly chlorofluorocarbons
(CFCs). It is implemented by 40 CFR Part 82, Protection of Stratospheric Ozone. These
regulations are designed to phase out the use of Class I and Class HI substances. Class I
substances are CFCs. halons, carbon tetrachoride, methyl chloroform, hydrobromofluorocarbons
(HBFCs), and methyl bromide. Class 11 substances are hydrochlorofluorocarbons, which
generally have a lower ozone-depleting potential than do CFCs. The production of most Class I
substances will be prohibited as of January 1, 1996 (January 1, 2001, for methyl bromide, as
indicated in 58 FR 69235). Proposed legislation indicates that, effective January 1, 2010, the
use of Class 1I substance will be prohibited unless the substance has been used, recovered, and
recycled; is used and entirely consumed in producing other chemnicals; or is used as a refrigerant
in appliances that were manufactured prior to January 1, 2020 (58 FR 15014). By
January 1, 2030, the manu1hcwr of all Class H substances will also be prohibited (58 FR
65018).

Implementing regulations pertaining to labeling requirements and the use and disposal of Class I
substances during the service, repair, or disposal of appliances and induistrial process
refrigeration have been published in the Federal Register. Recycling equipment registrations and

tranin certification have been received from all WIPP refrigerant recycling contractors.
Effcive February 16, 1993, the distribution or sale of any Class I substance identified as
nonessential was implemented. Nonessential products include safety horns, wall-mounted
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alarms, CFC-containing cleaning fluids for electronic or photographic equipment, and CFC-
containing aerosol products or other pressurized dispensers.

Most of the requirements pertaining to ozone-depleting substances (ODSs) such as CFCs are
applicable primarily to manufacturers of the chemicals, products containing the chemicals, or
products in which ODSs are used during the manufacturing process. However, these regulations
are applicable to WIPP in that these products will no longer be available after the time specified
in the regulations; therefore, replacement products must be found. It is anticipated that the most
significant impact on WIPP will be in finding appropriate solvents and warning devices that do
not make use of ODSs.

Any container in which Class I or Class UI substances (including waste) will be transported must
have a warning label as required by 40 CFR 82.106, Warning Statement Requirements.
However, the WIPP Wavte Acceptance Criteria (WAC; DOE, 1991lb) require that each generator
site document that all aerosol cans included in the waste packages inteded for WIPP have been
punctured (because the WAC allows no pressurized containers to be transported in the
TRUPACT-fI containers) and that all such containers are empty; thus, wastes destined for the
WIPP will not include containers with Class I or Class [1 substace. Therefore, the labeling

requiement for Class I and Class 11 substanices, are not applicable to TRU wastes destined for
WlPP.

6.2 Comlac Status of the Reguatory Requirements

Table 6-1 summiarizes each applicable requiremient and its compliance status under the Clean Air
Act. Following the table, the text provides more detail on the compliance status of each

TABLE 6-1. Gam Air Act - Sunsuary of Regultor Coplnestatus

CNTMI REUIEMN COAPLIANCE SrATUS

Cim Ak Ad a mud, 1118, Co&W .1 FblUxiea from Fadevu Fadcwa.

j118 Control of pollution from Fdeal fWailte See Chiapten 6 and 29

[Section 6.2.1]
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TABLE 6-1 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

Subpart H of 40 CFR Part 61, Naional Emission Standards for Emisions of Radionucfides Other
Than Radon from Department of Eneirj Facilites

40 CFR 61.96 NESHAPs application for radionuclides ACHIEVED

Radionuclide Emission Doa
Package for the WIPP

_______________ _________________________ [Section 6.2.2. 11

40 CFR 61 .93(a),(b) EPA approval of any alternative methods for UP TO DATE
monitoring/sampling for radionuclide
emissions and air flow rate that differ from Not deemed to be required
those specified under NESHAPs for confirmatory sampling

________________ _______________________ [Section 6.2.2.21

40 CFR 61.93(b) and NESHAPs Quality Assurance project Plan ACHIEVED
Appendix B, Method (QAFMP
114, § 4.10 NES!L4Ps QAPJP, 1993

________________ _________________________ [Section 6.2.2.31

40 CFR 61 .09(aXl) EPA notification une NESHAPs, pre- UP TO DATE
strtp

Notifications: June 1991;
update reuie before receipt
of TRU waste

________________ _________________________ [Section 6.2.2.4]

40 CFR 61 .09(a)X2) EPA notification une NESHAPs, post- NOT APPLICABLE

Will be required after receipt

of TRU waste

________________ ___________________________[Section 6.2.2.51

40 CFR 61.94 NESHAPs annual report NOT APPLICABLE

Will be required prior to
receipt of TRU waste

___________ _________________ [Setio 6.2.2.6]
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TABLE 6-1 (continued)

CIT'ATION 7EUIE1N COMIPUANCE STATUS

Nional Emlucua &=&ndr& for Hmrdous Air Potnwt for Non-Radionuclides

40 CFR Part 61, 1General NESHAPs requirements 1See Chapter 29
Subpart A 1____________1_____

40 CFR Part 70, State Operating Perit Pmegwns, if applicable'

40 CFR 70.3(a)(3) Operating permit application from are NOT APPLICABLE
sources une NESHAPs

No area-source thresholds
established yet by the EPA or
NMED

___________________________________________[Section 6.2.3. 11

40 CFR 70.5(cXg) Compliance plan for 40 CFR Purt 70 NOT APPLICABLE
sources as part of operating permit
application W-ll be required if operating

permit application is

_____________________________________________[Section 6.2.3.21

40 CFR 70.5(cXgXiv) Semiannua operating permit reports and NOT APPLICABLE
and 70.6(aX3XiiiXA) propu reports on compliance plan

Will be required if operating
permit is needed

_____________________________________________[Section 6.2.3.31

lApplicability of 40 CFR Purt 70: -A Stat program with whole or partial approval unde this part must
provide for permitting of at least the following sources: ... .(3) Any source, including an area source, subject to a
standard or other requirement under section 112 of the Act ... *[40 CFR 70.3(a)].
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TABLE 6-1 (continued)

CITATION 7REQUIREMENT COMIPUANCE STATUS

CAA, §112, NaidIona Emission Siandwdts for Hazardouu Air Pollutants

CAA, § 1 12(r)(6)(K) Risk management planibazard assessment, if" NOT APPLICABLE
applicable

Low levels of emissions and
exemptions (HAPs inventory,
Tier II report, and WJPP
FAnal Safety Analysis Report)

[Section 6.2.3.41

40 CFRt Part 12, Prtecton of Stzutosphem i Ge

40 CFR 82.40 Restrictions on repairing and servicing ACEIEVED
motor vehicle air conditioners (MVACs)

Off-site certified service
technicians used on all
Government service
Administration (GSA)
Vehicles

[Section 6.2.4. 11

40 CFR 82.34(c) and Prohibition of nonessentia Class I ozone- UP TO DATE
82.104(a) depleting substances (ODSs)

Non-essential ODSs removed
from purchase lists; substitute-rdut being evaluated and
used to replace ODSs

(Section 6.2.4.2]

40 CFR 82.66 Ban on nonessential products cotiigUP TO DATE
Clas I susane

Substitute products

___________________________ [Section 6.2.4.31
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TABLE 6-1 (continued)

CITATION REQUIREMENT COMUTIANCE STATUS

40 CFR 82.84 Federal procurement requirements NOT APPLIC ABLE

Substitute products

____ ___ ____ ___ __ ____ ___ ____ ___ ___ ____ ___ ___ (Section 6.2.4.4]

40 CFR 82.86 Reporting requirements NOT APPLICABLE

Substitute products

_________________[Section 6.2.4.51

40 CFR Part 82, Labeling of products and containers NOT APPLICABLE
Subpart E containing Class I or Class 11 ODS

Aerosol cans in waste-akae -ucue and
comaimors drained to less than
I1% residual liquid; label

requzretnot applicable

____ ___ ____ ___ __ ____ ___ ____ ___ ___ ____ ___ ___ [Section 6.2.4.61

40 CFR 82.102 Applicability NOT APPLICABLE

Muiufawmus: see also

40~~~~ ~ ~ eto C6.2.0.4q.rd6arig tema

____ ___ ____ ___ __[Section 6.2.4.8]

40 CFR, 82.10 lOS P inua o wmring sutmem a NOT APP'LICABLE

the arnng t Maufaturrs;see also
Section 6.2.4.6

____ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ __ [Section 6.2.4.9]
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TABLE 6-1 (continued)

CrTATION REQUIREMENT COMPLIANCE STATUS

40 CFR 82. 122 Cartification, recordkeeping, and notice UP TO DATE
requirements

Labels applied to containers
as required

________________________ [Section 6.2.4. 101

40 CFR 82.150 Service, maintenance, and repair of ACHIEVED
appliances using refrigerants

EPA certification

conatof appylince;n

appliance sl at W PP

____ ___ ___ ____ __ ___ ____ ___ ___ ____ ___ ___ [Section 6.2.4.121

40 CFR 82.154 Reired tios UP TODE

Ceifdcontractors nd o

equipment; self-contained

Of leaks

________________ _________________________ (Section 6.2.4.131

6.2.1 Control of Nillutlo. from Federal Facilities, CAA IlS

Each deparmen of the executive, legislative, and judicia4 branches of the-Federal
governent having jurisdtiction over any properly or faclity or engaged in any
activity resulting in or that may result in the discharge of air pollutants and each
employee thereof is subject to and must comply with all Federal, State, interstate,
and local requirements respecting the control and abatement of air pollution in
the same manner and to the same extent as any nongovernmental entity.
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The DOE complies with all Federal and State requirements pertaining to the release of air
pollutants that apply to WIPP. Compliance with Federal and State air-quality requirements are
described in this chapter and in Chapter 29, respectively.

6.2.2 National Emission Standards for Hazardous Air Pollutants (NESHAPs), 40 CFR 61,
Subpart H

The NESHAP for radionuclides other than radon from DOE facilities is an
effective dose equivalent (EDE) of 10 mrem/year.

Subpart H, National Emission Standards for Emissions of Radionuclides Other Than Radon from
Department of Energy Facilities, of 40 CER Part 61 requires that facilities owned or operated
by the DOE that emit any radionuclides other than radon-222 and radon-220 into the air are
subject to this regulation.

After receipt of waste, WIPP could emit radionuclides other than radon-222 and radon-220 and
therefore would be subject to the emissions standard specifying that no member of the public
may receive an EDE of 10 mrem/year in any year. Information on modeling for radionuclide
emissions that was published in the WIPP Final Safety Analysis Report of May 1990 (DOE,
1990d) indicates that individuals could receive a maximum effective dose of 0.0017 inremlyearW
from routine operations at WIPP during disposal phase operations. In May 1994, additional
modeling was performed for NESHAPs compliance using the CAP-88 code, which resulted in
an estimated EDE of 4.04E-04 mrem/year. These calculated values are well below 1 percent
of the regulatory limit of 10 mrem/year; thus, only confirmatory sampling will be required to
comply with Subpart H. If radionuclide emissions are routinely found to exceed 1 percent of
the standard (i.e., 0.1 mreni/year), it may be necessary to develop a continuous monitoring
program, file a NESHAPs application for approval by the EPA, and/or report monthly instead
of annually, at the discretion of the EPA. However, no source term exists at or is planned for
WIPP that could cause normal operations to exceed the 1-percent emission limit. Thus, any
projected emissions exceeding the 1-percent level would be the result of an extremely unlikly
accident scenario.

6.2.2.1 NESHAPS Application for Ralncle,40 CFR 61.96

The submittal of a NE SHfP application is required prior to
constrwcton or mod4~ cmon of any DOE facility that will emit

radinucldesto the air.

An application under NESHAPs would ordinarily be required prior to receipt of radioactive
waste at WIPP. However, if the estimated annual EDE is less than 1 percent of the standard,
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no application is required. Since the estimated EDE was well below this number, no application
was required for compliance with Subpart H of NESHAPs at WLPP. Therefore, the application
that had been prepared was converted to a data package (Radionusclide Emission Data Package
for the Waste Isolation Pilot Plant) in November 1990 and transmitted to the EPA for their
information in February 1991 (WID, 1990). An application will be required only if
confirmatory monitoring reveals that the emissions may have reached or exceeded 1 percent of
the standard. If radionuclide emissions are routinely found to exceed 1 percent of the standard
(i.e., 0. 1 mrem/year), it may be necessary to develop a continuous monitoring program, file a
NESHAPs application for approval by the EPA, and/or report monthly instead of annually, at
the discretion of the EPA. However, no source term exists at or its planned for WIPP that could
cause normal operations to exceed the 1-percent emission limit. Thus, any projected emissions
exceeding the 1-percent level would be the result of an extremely unlikely accident scenario.

6.2.2.2 EPA Approval of any Alternative Methods Used, 40 CFR 61.93(a),(b)

EPA approval is required for any alternaiv~e methods for
monitoring/sampling for radionsucide emissions and air-flow rate
that differ from those specified under NESMHAPs.

O In accordance with the draft MOU between the EPA and the DOE (draft 6), it is DOE policy
to implement the reurmnsof Subpart H of 40 CFR Part 61 at WIPP until closure of the
facility. Accordingly, the WI]) has evaluated the criteria stipulated in Subpart H and determined
that the technology used at WIPP is consistent with EPA-approved methods. The WIPP employs
a single-point, anisokinetic sampling technology for performing the required periodic
confirmatory measurements rather than using an isokinctic system. The, technology being used
more accurately measures potential emissions in the WIPP mine atmosphere but is not an EPA-
approved sampling methodology. Because calculated emissions are less than 1 percent of the
1O-mrem standard, the WIPP is required to perform cofraoysampling only. For

demostraingcompliance with'Subpart H, the DOE is taking the position that EPA approval of
a single-point anisokinetic sampling technology is not required for confirmatory sampling.
However, the EPA is authorized to review WIPP's confirmatory sampling methodology as part
of the data package review., The EPA can make a dtriaonthat the sampling methods
being used are adequate for periodic conitory mauents.

Specially designed shrouded aerosol sampling probes provide iepresentative aerosol sampling
even though they operate anisokinetically with respect to the effluent stream velocity. The
shrouded probe is a unique design developed by Texas A&M University personnel specifically
for sampling air in the undeground shafts at WIPP. Texas A&M personnel examined the need
for an alternative to isokinetic samplng in the 14-foot-diameter underground exhaust shaft in
order to meet the criterion of 50-percent collection efficiency for a 10-micron diameter. The
shrouded probe has been evaluated as a successful alternative to isokinetic sampling in the
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underground exhaust shaft. Documents that support the use of amisokinetic sampling and
sampling locations in the exhaust air stream at WIPP include reports by Newton et al. (1987),
Anand and McFarland (1988), Turner et al. (1988), and McFarland et al. (1989). Thte DOE has
discussed the use of single-point anisokinetic sampling technology with EPA Region VI and does
not anticipate that the EPA will determine that approval of an alternative sampling technology
is required prior to the emplacement of TRU waste at WIPP. Based on the results of the Texas
A&M studies on the single-point anisokinetic probe, this technology provides a representative
sample of the WIPP underground environment.

6.2.2.3 NESHAPs Quality Assurance Project Plan, 40 CFR 61.93(b) and Appendix
B, Method 114, Section 4.10

A NESHAPs Quality Assurance Project Plan (QAPJP) is requi red for
facilities subject to Subpart H of NFSHAPs.

The draft Quality Assurance Project Plan for Sampling Emissions of Radionuclides to the
Ambient Air at the Waste Isolation Pilot Plant was completed on August 30, 1993, and submitted
to the DOE on September 3, 1993 (WID, 1993d). The NESHAPs QAPjP must be approved by
the EPA and implemented at WIPP prior to the receipt of TRU waste.

6.2.2.4 NESHAPS Pre-Sartup Ntfato,40 CFR 61.09(a)(1)

Thse EPA will be notified of planned stru between 30 and 60
darys prior to startu.

On June 10 and June 26, 1991, DOE sent pre-startup notification letters to the EPA
Admiistrtorand the EPA Region VI office, respectively, to inform them of the pending startup

of WIPP, which was anticipated betee July 17 and August 2, 1991. When startup was
delayed, another lewte of notifictio (not dated) was sent from DOE to the EPA Region VI
office, indicating a the window for startup had shifted to August 30 to September 30, 1991.
Again, startup was delayed. Becaus of the DOE's agreement to comply with NESHAPs
requirements until closure of WIPP, notification of the EPA will be required prior to receipt of
TRU waste at WIPP.

6.2.2.5 NESHAPs Nut-Startup Notification, 40 CFR 61.09(a)(2)

The EPA will be not#ied of actual startu of WIPP within 15 days after

that date.
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When the DOE opens WIPP for emplacement of radioactive waste, it will notify the EPA within

15 days after startup. Until that time, this requirement does not apply to WIPP.

6.2.2.6 NESHAPs Annual Report, 40 CFR 61.94

A NESHAPs annual report must be submitted b~y June 30th for
facilities subject to Subpart H of NESHAPs.

After DOE opens WIPP for the emplacement of radioactive wasie, it will file a NESHAPs report
by June 30th every year as long as the facility is subject to these regulations. This requirement
will no longer be applicable after closure of WIPP, when the radiation protection standards of
Subpart B (40 CFR Part 191) will go into effect.

6.2.3 State Operating Permit Programs, 40 CFR Part-70 and Draft AQCRs 770 and 771

The new reuiemnt for operating permits include a, proviision that State programs must
provide for permitting of "any source, including an area source (i.e., a source of the pollutant
that is not a major source), subject to a standard or other requirement under § 112 of the [Clean. Air] Act" [see Section 70.3(a)(3)], which is the section on NESHAPs. Based on emission
calculations in the 1993 HAJs Inventory, emissions at the WIPP are below "major source" and
NESHAP emission limits. Thbu, the permitting and reportinig reqient contained in 40 CFR
Part 70 and AQCRs 770 and 771 are not applicable at this time. The HAPs Inventory is updated
annually to evaluate regulatory changes and to monitor the use of HAPs and toxic air pollutants
(TAPs; defined in New Mexico AQCRs, 751 and 702, Part Il);at the site. The WIPP Chemical
Inventory Database is used to evaluate chemical use at the site. Using chemical inventory data,
WIPP personnel evaluated potential replacement chemicals to minimiz the use of materials
regulated under the NESHAPs and TAP programs.

Because the State does not yet have an operating permit program, in place, the Federal
requirements for an operating permit program are summarized here.

6.2.3.1 Operating Parmi Appliation, 40OCF!R70.3(a)(3)

Upon approval of its operatig perrm program, the State may
require the submitta of operating permit appliations from area
sources under NESHA Ps.
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Based on the 1993 WIPP HAPS Inventory, HAP emissions from the facility are below current
operating-permit threshold levels, and an operating permit is not required for WIPP. Submittal
of an application is not applicable at this time.

6.2.3.2 Compli~ance Plan, 40 CFR 70.5(c)(8)

Submittal of a compliance plan is required as part of the operating
permit application for 40 CFR 70 sources.

Based on the 1993 WIPP HAPs Inventory, HAP emissions from the facility are below current
operating-permit threshold levels, and an operating permit is not required for WIPP. If a
determination is made at a later date that an operating permit application is required for the
facility, a compliance plan will be part of the application as specified.

6.2.3.3 SeinulOperating Permit Reports and Progress Reports on the
Compliance Plan, 40 CFR 70.5(c)(S)(lv) and 70.6(a)(3)(lii)(A)

Semiannual openating permit reports and progress reports on the
compliance plan will be filed, if(applicable-

Based on the 1993 WIPP HAPs Inventory, HAP emissions from the facility are below current
operating-permit threshold levels, and an operating permit is not required for WIPP. The WIPP
will be required to submit these reports if and when WIPP is considered to be subject to the
operating permit program.

6.2.3.4 Risk MaagenmWa Plan/Hazard Aseenent. C"A I 112(r)

A risk mwagnu ntlanh~ara assesment must be prepared, if
applicable.

The list of regulted substance for accidental release prevention under § 112(r) of the CAA and
the threshold quatites for thew substances have been finalized in 40 CFR Part 68, Chemical
Accident Mrvemion Proviuiouu, (59 FR "78). However, the reurmnsfor evaluating the
need for and the preparation of a risk -mgement plan were published separately as a proposed
rule (Subpart B of 40 CFR Part 68) in October 1993 (Risk Management Programs for Chemical
Accidental Release Prevention, 58 FR 54190). Since the reurmns for risk management
programs have not yet been finalized, they do not currently apply to WIPP. However, in order
to take a proactive approach with Subpart B of 40 CFR Part 68 when these regulations become
finalized, three documents were used to determine whether emissions from WIPP exceed the
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regulatory threshold level of any of the chemicals listed in the fina rule. The three documents
are the WIPP HAPs inventory, the WIPP Tier II Emergency and Hazardous Chemical Inventory
Report required under the Emergency Planning and Community Right-to-Know Act (EPCRA),
and the IPP Final Safety Analysis Report (FSAR). It was found that, of the 162 substances
and gases listed in the final rule, none meets or exceeds the final threshold levels. Sulfuric acid,
which was included in the proposed list, is not included in the final list, and the final threshold
quantity for sulfur dioxide (502z) is 5000 pounds, which is considerably greater than the 502

emissions released as a combustion byproduct from the operation of the backup diesel generators
and the emergency diesel fire pump. Therefore, WIPP is not currently required to develop a
risk management plan to evaluate accidental releases from the site.

6.2.4 Protection of Stratospheric Ozone, 40 CFR Part 82

A mnber of requirements have been imposed that relate to chlorofluorocarbons (CFCs) and
other ozone-depleting substances (ODSs). Most of these requirements pertain directly to
manufacturers; however, because of the planned phase-out of these materials, the regulations wil
also impact users of these materials.

.6.2.4.1 Restrictions on Repairing and Servicing Motor Vehicle Air Conditioners
(MYVACs), 40 CFR 82.40

Effective August 13, 1992, no person repairing or servicing motor
vehicles for consideration may pefrm an sivce on a motor
vehicle air conditioner (MVACQ involving the reffi gerantfor the air
conditoner wvithout using approved refigerant recycling equipment
and unless ha/size has been properly trained and certifted by a
technician certificaion program approved by th! Administrator.

No government vehicles are serviced, repaired, or mabnained by WIPP employees or
contractors. The WID Purchasing Department has indicated that no work has been performed
on MVACs owned by the Government Service Adiitain(GSA) since the effective date of
the regulations. The vendors have verified that they have not serviced these vehicles.

All equipment owned or used by the vendors that service these vehicles has been approved, and
all the service technicians who perform such work are certified to work on MVACs.

6-17 October 21, 1994



U.S. Environmental Protection AgencY Clean Air Act

6.2.4.2 Prohibition of Nonessential Class I Ozone-Depleting Substances (ODSs), 40
CFR 82.54(c) and 82.104(a)

Nonessential Class I ODSs are being phased out and will no longer
be sold or distributed in the United States as Of January 17, 1994.
The Class I ODSs currently consist of the chlorofluorocarbons
(CFCs), halons, carbon tetrachloride, and methyl chloroform.

A list of the ODSs used at WIPP is included in the current WIPP emissions inventory- As
WIPP personnel continue to define the actual use of products containing ODSs, waste
minimization personnel will continue to obtain substitute products to reduce ODS emissions from
wIPp.

6.2.4.3 Ban on Nonessential Products Containing Class I Substances, 40 CFR 82.66

Thse following products that release a Class I substance were
identifted as being nonessential and are subject to the prohibitions
specified under 40 CFR 82.64:

* Personal safety horns;

* Wall-mounted alarms sued in factories or other work areas;

* Any plasticflexible or packaging foam product which is manufactured with
or contains a CFC;

* Any aerosol product or other pressuried disenser that contains a CFC
including but not limite to househol4 industrial, automotive, and
pesticide uses except luricants, coatings, or cleaning fluids for electrical
or electronic equipment that contain no CFQs other than CFC-11, CFC-
12, or CFC-113 for solvent purposes; and

* Document preservation sprays that contain no other CFC than CFC- 113.

The deadlines set une 40 CFR 82.64 pertain to selling or distributing nonessential products.
However, the items have been listed because no purchase of nonessential Products shall be made
by government entities after October 24, 1994. An inventory of ODSs on site, dated
September 17, 1993, was reviewed. No personal safety horns, wall-mounted alarms, or plastic
flexible or packaging foam was listed on the inventory list, and the WIPP warehouse has verified
that no plastic or packaging foam is present on site.
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WIPP has an inventory of aerosol products used at the site. Substitute products are being

investigated.

A number of cleaning fluids used at the site are listed on the September 17th inventory list. An
inventory list dated October 26, 1992, shows that substitute prodiucts; are being identified and
are replacing ODSs.

No document preservation sprays are used at WIPP.

6.2.4.4 Federal Procurement Requirements, 40 CFR 82.84

Each department, agency, and instrwnentality of the United States
shall conform its procurement regulations to the requirements and
policies of Title V7 of the CAA by October 24, 1994. Each such
regulation shall provide, at a minimum, the following:

9In place of Clas I or Class II substances or of products
made with or containing such substances. safe alternatives
identified under 42 USC § 7671 (k) (or products made with
or containing such alternatives) shall be substitued to the
maximum etent practicable.

* Consistent with the phaseout schedules for ODS, no
purchase shall be made of Class II substances, or products
containing Class II substances, for the purpose of any use
prohibited under 42 USC § 7671 (d) (c).

* All active or new contracts involving the performance of
any service or activiy subject to 42 USC § 7671 (g) or
7671 (hi) or regulation promulgated thereunder include, or
be modifie to include, a condition requiring the contractor
to ensure compliance with all requirements of those sections
and regulations.

* No purchase shall be made of products whose sale is
prohibited wider 42 USC § 7671 (h), exceppt when they will
be used by persons certiie under § 609 to service
vehides, and no purchase shall be made of nonessential
products as defined under 42 USC § 7671(1).
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proper labeling under 42 Usc § 7671(a) shall be a
specification for the purchase of any product subject to that
section.

For agencies subject to the Federal Acquisition Regulation (FAR),
48 CFR Part 1, amendment of the FAR, consistent with this
subpart, shall satisfy the requirement of this section.

Since the procurement regulations do not become effective until October 24, 1994, the
requirements are included for planning purposes. A comparison of the inventory list dated
September 17, 1993, with that dated October 26, 1992, indicates that efforts are being made to
identify substitute products to replace ODSs.

6.2.4.5 Reportin eI - e-m----ts, 40 CFR 82.86

No later than 1 year after October 22, 1993, each agency,
departent, and insnmentalry of the United Staes shall certify
to the Office of Management and Budget that its procurement
regidations have been amended in accordance with this section.

Cert fi cation by the GSA that the FAR has been amended in
accordance with this section shall constitute adequate certifcation
for purposes of all agencies subject to the FAR.

The procurement regulations become effective on October 24, 1994. See also response to
Section 6.2.4.5.

6.2.4.6 1Label~ng of Products and Containmr Containing Class I or Chms II Ozone-
Depletgubasc, 40 CFM Part 82, Subpart E

Warning statements are requred on containers of and products
containing or maniufactured with certain OI)Ss.

Federal poumetregulatiom require that prope labeling be a specification for the purchase
of any product. T"he labelin requr, et apply primarily to manufacturers. However, it
should be noted that this requirement could impact transporters of TRU waste to WIPP if the
waste contains any Class I or Class U ODSs and if the waste is transported across State
boundaries. Containers holding any such waste must be labeled in compliance with Subpart E
of 40 CFR Part 82.
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6.2.4.7 Applicability, 40) CFR 82. 102

These requirements apply go substances designated as Class I or
Class II substances as of February 11, 1993, beginning on May is,
1993. The requirements of this subpart apptv to the following
containers and products except those products manufactured prior
to May 15, 1993, provided that the manufacturer submits
documentation to the EPA upon request showing that the product
was manufactured prior to that date. The requirements apply to:

* All containers in which a Class I or Class 11 substance is

stored or transported,

All products containing a Class I substance, or

* All products directly manufactured with a process that uses

a Class I substance, unless otherwise exempted.

Beginning on January 1, 2010, or 1 year after any determination
between May 15, 1993 and January 1, 2010, if suitablev substitute
products or manufacturing processes are found, the requirements
of this subpart shall apply to the following:

* All products containing a Class II substance or

* All products manufactured with a process that uses a Class

HI substance

Federal prceet regulations require that proper labeling shall be a specification for the
purchase of any product. Thc labeling reuiemns apply primarily to manufctres (See also
Section 6.2.4.6.)

6.2.4.8 Required Waing Statements, 40 CFRt 82.106

Unless otherwise exemted by this subpart eAch container or
product identified in § 82.102 (a) or (b) shall bear the following
wa*rning statement, meeting the requirements of this subpart for
placement and form:
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WARNING: Contains [or Manufactured with, if applicable]
[insert name of substance], a substance which harms public
health and environment by destroying ozone in the upper
atmosphere.

Exemptions from the warning label requirement are:

* Products in which trace quantities of a controlled substance

remain as a residue or impurity

* Products manufactured using methyl chloroform or CFC-
113 by persons who can demonstrate and certify a
9S percent reduction in overall usage from their 1990
calendar year usage of methyl chloroform or CFC-113 as
solvents during a 12-month period ending within 60 days of
such cemrfication or during the most recently completed
calendar year

* Products that are otherwise not subject to the requirements
of this subpart that are being rqepd. using a process that
uses a controlled substance.

Federal prcemn regulations require that proper labeling shall be a specification for the
purchase of any product. The labeling requiree apply primarily to manufacturers. (See also
Section 6.2.4.6.)

6.2.4.9 PlacemWu of Warnig Statement and Prohibition on Removal of the Label
Bearing the Warnin Statemaut, 40 CFR 82.108 and 32.112

Th&e warning statement shall be "clearly legible and conspicuous.
Thse manner in which the label may be placed on the container is
described. Renmoval of the label bearing the warning statement is
prohibited.

The warning statement is primarily the responsibility of the manufacturer. The prohibition on
removing the label bearing the warnig statement applies primarily to fth manu facturer and
subsequent wholesalers. (See also Section 6.2.4.6.)
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6.2.4. 10 Certification, Recordkeepiiig, and Notice Requirements, 40 CFR 82.122

On or after May Is, 1993, no person may modi£fy, remove, or
interfere with any warning statement required by this subpart,
exzcept as described in § 82.112.

All appliances and products containing CFCs should have a label- from the manufacturer. It is
WIPP policy that warning labels not be removed or tampered with. If a label is damnaged. it will
be replaced.

6.2.4.11 Service, Maintenance, and Repair of Appliances using Refrigerants, 40 CF R
82.150

Thi subpart applies to any person servicing, maintaining, or
repairing appliances except forWMA0C. 7Tis suipar also applies
to persons disposing of appliances, including MVA. Cs. In addition,
this subpart applies to refigerant reclaimers, appliance owners,
and manuf~acturers of appliances and recycling and recovery
equipment.

* Although no WIPP employees service, maintain, or repair appliances, these regulations apply
to WIPP because the facility owns appliances and WIPP is responsible for the disposal of
appliances. WI]PP policy is that appliances will be sold intact or refrigerants must be removed
from all appliances by a certified recyclig contrator.

6.2.4.12 Prohibitions, 40 CFR 31.054

Prohibitions are specfle for persons who maintain, service,
repair, or dispose of appliances who may vent or othermvse release
into the environment any Class I or Class Ii substance used as
refierant in such equipment. De minimis releases associated with
good faith attempts to recycle or recover reftrigerants are not
subject to this prohibition. No person may dispose of appliances
ecept for small appliances, MVACs, and MVAC-like appliances
unless the required practices described in 40 CFR 82.156 are
observed and equipment that is cemtfted for that type of appliance
is used. Prohibitions are also specified regarding recycling or
recovery equipment.
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Prohibitions also exist for the sale of Class I or Class II substances
consisting wholly or in pant of used refrgerants.

It is a violation of this subpart to accept a signed statement
pursuant to 40 CFR 82.156(t) (2) if the person knew or had reason
to know that such a signed statement is false.

No WIPP employees service, repair, or maintain appliances on site. Before disposing of
appliances, refrigerant is evacuated by a contractor/technician. No WIPP employees perform
work on regulated appliances, and no recycling or recovery equipment is owned by the facility.-
Only small appliances have been disposed of by WIPP personnel since the regulation took effect
on July 13, 1993. All contractors have submitted a signed statement to the EPA that ensures
compliance with and knowledge of applicable regulations and is included in equipment
certification form. Recycling and reclamation appliances containing refrigerants used at the
WIPP are owned by certified contractors. No recycling or reclamation appliances have been
altered since their certification.

No Class I or HI smubsane arm sold or distributed from WIPP.

The technician writes and signs all "Work Performed' narratives on the Plant Work Request
at WIPP. The technician is always acopaid by an electrician from Work Control who is
responsible for the verification of the "Work Performed" statements.

6.2.4.13 Required Practices, 40 CFR 82.15

Effective July 13. 1993, any person opening appliances other than
MVACs must evacuate the refrigerant to a system receiver or to a
recovery or recycling machine as specified At Least one piece of
cert fle seyf-contained recovery equipmen must be available at
his/her plac of buiness.

Lkr in appliances containing refrierant must be repaired as specified.

The contractan have indicated that this is done; Plan Work Requests verify that this
requirement is met. All recovery equipment owned/used by the contractors at WIPP is certified.
All maintenance, service, and repair on applicable appliances is performed by one of the
certified contractors, who have veriflied. on the E~quipen C~ertification Form that they have
complied with these regulations.

All equipment owned/used by the contractors at WIDPP is self contained. All applicable
requirements of this section are being met.
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To date, there have been no leaks in the commercial refrigeration units used by the WIPP
cafeteria. A leak was detected in 41-B-890B; it was repaired the same day the leak was
detected.

6.3 Compliance Status of Permit Conditions

Table 6-2 summarizes the applicable permits and the status of the permit conditions. Currently,
only the permit for the backup diesel electrical power-supply generators and a permi *t for open
burning are required for WIPP under the Clean Air Act; those permits are discussed in
Chapter 29. An operating permit, to be issued by the State or the EPA, may ultimately be
required because WIPP is an area source of several pollutants under the NESHAPs program;
however, no such permit is currently required.

TABLE 6-2. Permits Required Under the Clean Air Act - Status of Compliance with
Permit Conditions

CIA7NREQUIEENTS COM7LIANCE STATUS

§19NAAQS permit See Chapter 29

40CF Prt70Operating permit conditions to be NOT APPLICABLE

detemind, f aplicbleThreshold values for area sources
requiring operating permits not
yet established by EPA or
NMED

[See Section 6.2.31

6.3.1 Applicability of Operating Permit Requirements, 40 CPR Part 70

The EPA and the State are required to establish a threshold value for area sources that emit
HAPs in amounts that are less than the lO-tpy limit for a single HAP or the 25-tpy limit for
combined HAPs emnissions. Those facilities that emit HAPs at rates that meet or exceed the
threhold values will be regulated under the operating permit program; those area sources with

emissions that are lower than the threshold values will not be required to file an operating-permait
application. Until the tshold values are promulgated, area sources are considered to be
exempt from the operating permit requirements. Specific operating-permit conditions for a given
facility will be specified in the individual permit.
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7.0 FEDERAL WATER POLLUTION CONTROL ACT

OF 1972 ("CLEAN WATER ACT")

7.1 Summary of the Law

The Federal Water Pollution Control Act of 1972 (33 Usc §§ 1251 et seq.) is usually referred
to as the "Clean Water Act" (CWA). The major program under this act is the National Pollutant
Discharge Elimination System (NPDES). This program, discussed in § 4.02 of the CWA,
regulates the discharge of pollutants into navigable waters of the United States. The regulations
implementing the NPDES that are relevant to the WIPP project are found in 40 CFR Part 122,
EPA Administered Permit Programs: the National Pollutant Discharge Elimination System,
which contains definitions and basic application requirements, standard permit conditions, and
monitoring and reporting requirements for the NPDES program.. However, because there are
no point-source discharges into navigable waters at WIPP, the facility is not required to obtain
a standard NPDES permit.

In 1990, an NPDES storm water permit program was added to the CWA [§ 402(p)] to govern
the discharge of pollutants into precipitation runoff. The EPA bias determined that the NPDES
storm water regulations found in 40 CFR Part 122.26 are applicable to WI1PP because a potential
exists for storm water runoff to contact regulated pollutants. The NPDES storm water permit
program involves three types of permits: general, individual and group. To obtain a permit,. a facility submits either a Notice of Intent for a general permit, an individual application for an
individual permit, or an application as part of a group of applicants for a group permit. The
EPA planned to cover most industrial discharges under general permits and issued the Final
NPDES General Permits for Storm Warer Discharges Associated with Industrial Activity in the
Federal Register on September 9, 1992. These general permits cover facilities that discharge
effluents associated with indiustrial activities in 11 states that do not have authorized NPDES
programs, including New Mexico.

Of the other regulations that implement the NPDES program, only 40 CFR 122.21, NPDES
Permit Assessment for Sewage Sluge, and 40 CFR Part 459, Photographic Point Source
Category, could apply to WIPP. In order to meet the requirements of 40 CFR Part
122.2 1(c)(2), the DOE filed an NPDES sewage sludge information package with EPA
Region VI, requesting a determination as to whether the facility will be required to obtain an
NPDES sewage-sludge discharge permit. Based on the determnination made by the Regional
Director, the DOE may be required to submit a Notice of Inten (NOT) to obtain a sludge-
discharge permit. However, WIPP is exempt from regulation under 40 CFR Part 459 because
photographic wastes are collected and transported off-site to a licensed facility for disposal.

Another impenIn regulation under the CWA that is applicable to the WIPP project is
40 CER Part 112, Oil Pollution Prevention, which includes criteria and guidelines for the
preparation and implementation of a facility's Spill Prevention, Control, and Countermeasures

7-1 October 21, 1994



U.S. Environmental Protection Agency Clean Water Act

(SPCC) Plan. The WI7PP Spill Prevention, Control, and Cowunermeasures Plan (SPCC Plan) was

first issued in November 1988 and is currently undergoing its third revision.

7.2 Compliance Status of the Regulatory Requirements

Table 7-1 summarizes the regulatory requirements and their compliance status under the Clean

Water Act. The text gives more detail on the compliance status for each requirement.

TABLE 7-1. Clean Water Act - Summary of Regulatory Compliance Status

ClITATION REQUIRElIENT jCOMPIJANCE. STATUS

40 Caf Part 112, Oil Peoutioa Newutie

40 CMR Requirezimts for preparation and ACEUEVED
112.3 i1nao of spill

preventimn control, and WIPP SPCC Pian
couter .- (SPCC Plans

[Section 7.2. 11

40 CFR Amendmnent of SPCC plans by UP TO0 DATE
112.5 owners and operators

WIPP SPCC Plin

____ ___ ___ ___ ___ ___ ___ ___ ____ ___ ___ ___[Section 7.2.21

40 CPR Pant M2 EFAAdAiWavetrd Pandt hwgvu& die NAieine Peouta rnscwkge
Emied.Wm Systeu (NPDES)

40 CFR NPDES prisfor die discarg NOT APPLICABLE
122.1(bXl) of pollutant from any point

source into waters of the United No NPDES permit required
statbesm of lack of process- or

point-source discharges at WIPP

____ ___ ___ ___ ___ ___ ___ ___ ____ ___ ___ ___[Section 7.2.3]
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TABLE 7-1 (continued)

CXTATIN REQuumiMN COM1PLIANCE STATUS

40 CFR NPDES permit assessment for ACHEVED
122.21(c)(2) sewage sludge

Information package submitted
to the EPA for NPDES sewage-
sludge permit determination by
the deadline (February 19,
1994)

____ ___ ___ ____ ___ ___ ____ ___ ___ ____ ___ __[Section 7.2.41

40 CFR Requiruxnt for a storm water ACHIEVED
122.26(a) discharge permit

General permit obtained,
0 NMROOA021

____ ___ ____ ______ ____ ___ ____ ___ _ _ISection 7.2.5]

40 CFR Application requirement for NOT APPLICABLE
122.26(c) storm wane dischare.

associated with industrial activity requreen superseded by
issuance of EPA's NPIDES
Genral Permits and filing of
Notice of intent for WIPP

____ ____ ___ ___ ____ ____ _ Eectiou 7.2.61

7.2.1 SPCC Plan Requfranets 40 CFR 112.3

Requiremensfor the preparation and implemenaton of SPCCplans are specfied
wnder the "Oil Pollution Prevetion " regul~iatn of 40 MF Part 112.

The WIPP Spill Preyentio, Control, and Countenneasura (SPCC) Plan was issued in
November 1988.

7.2.2 Amendment of the SPCC Plan by the Owner/Operator, 40 CFR 112.5

R~equirements for amending SPCC plan by the owners/operators of a facility are
specified wider the "Oil Pollution Preveton"- regulations of 40 CFR Part 112.
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The WIPP SPCC Plan undergoes an annual review and revision as needed to reflect changes in

facility activities and emergency equipment (WID, 1993a).

7.2.3 NPDES Permit Requirement, 40 CER 122.1(b)(1)

Thie NPDES program requires permits for the discharge of pollutants from any
point source into waters of the United States.

There are no point-source discharges into navigable water from WIPP. Therefore, the facility
is not required to obtain a standard NPDES permit.

7.2.4 NPDES Permit Assessment, 40 CFR 12.21(c)(2)

Any "treatment works treating domestic sewage *commencing operations after the
promulgation of an applicable standard for sewage sludge use or disposal shall
submit an application to the director at least 180 days prior to the date proposed
for commencing operations.

T-he WIPP stabilizaton sewage lagoon began operating in June 1985. Sludge was disposed of
in 1993 during the facility expansion. This expansion included the construction of two new lined
evaporation ponds and the subsequent draining and lining of the primary evaporation pond. All
sludges were removed from the primiary evaporation pond prior to the installation of the
synthetic liner. This was the first removal of sludge in the 9-year operation of the facility, and
it is anticipated that sludge removal will be necessary approximately twice prior to final facility
closure.

The sewage sludge permitting regulations were promulgated on February 19, 1993, and became
effective on February 19, 1994 (i.e., the submittal of a sewage sludge application was due on
the latter date). WMD personnel worked closely with NMED and EPA personnel in complying
with these new regulatu and satisfied all thei applicable rqimet.Therefore, the 180-
day prenotification period is not applicable here.

Consultation with the NNWD Surface Water Bureau and the EPA Region VI Water Mngmn
Division provided a determination, for land disposal of the sewage sludges. Dried sludges were
removed from the primary evaporation pond and ixed with top soils at a reclamation site near
the construction landfill. Sludges were used as a soil additive to implement the best management
practices (BMPs) identified in the WP National Pollutant Discharge Elimination System
(NPDES) Storm Water Pollution Prevention Plan (WIPP PPP) (WMD, 1993b).

7-4 October 21, 1994



.U.S. Environmental Protection Agency Clean Water Act

7.2.5 Requirement for NPDES Permit for Storm Water Discharges, 40 CF R 122.26(a)

Storm water discharges are regulated by the EPA under the NPDES program.
The EPA requires an NPDES permit for facilities that could discharge
contaminated storm water runoff to waters of the United States.

The WIPP site is regulated by NPDES Storm Water General Permit # NMROOAO2 1.

Evaluation of NPDES storm water compliance options for the WVIPP began in July 1991. On
April 2, 1992, the EPA published the final NPDES Application Deadlines, General Permit
Requirements and Reporting Requirements for Storm Water Discharges Associated with Industrial
Activity, which established the new general permit rules for minimal sampling and analytical
requirements. The EPA published the Final NPDES General Permits for Storm Water
Discharges Associated with Mdsra Activity (hereafter referred to as the "NPDES General
Permits") in the Federal Register on September 9, 1992. These general permits established NOI
requirements, prohibitions, requirements to develop and implement storm water pollution
prevention plans, and requirements to conduct site inspections for facilities with discharges that
are authorized by the permit. In addition, these permits established monitoring requirements for
certain classes of facilities.

. This requirement is addressed in the WIPP PPP. No sampling was required for the submittal
of the NPDES General Permits NOI; the WIPP has little existing NPDES storm water
monitoring data.

The NPDES storm water rules require compliance sampling of discharges resulting from any
storm event that is greater than 0. 1 inch in magnitude. The WIPP uses BM[Ps such as retention
basins designed to contain two consecutive 24-hour storm events, the covering of material
storage -areas, and the reclamation of disturbed sites to eliminate storm water contact with
regulated pollutants. By design, it is anticipated that regulated discharges at WIPP will be
required to complete compliance sampling only. if a storm event results in a discharge from a
retention basin. If sampling is required, it will be conducted as required by the NPDES General
Permits.

7.2.6 Aplcto eurement for Storm Wate Discharges Associated with Industrial
Activkty, 40 CFR 12.26c)

The implementing regulations in Part 122 require the submittal of an application
for a storm water NPDFS permit.

This requirement was superseded by the issuance of EPA's Final NPDES General Permits for
Storm Water Discharges Associated with Industrial Activity (57 FR 41236, September 9, 1992),
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which replaces the requirement for the submittal of an application with the filing of an N01 for
obtaining a general permit. The N01 for WIPP was submitted to the EPA on
September 26, 1992 (see Section 7.3. 1).

7.3 Compliance Status of Permit Conditions

Table 7-2 sumrie specific conditions and their compliance status under the EPA's Final
NPDES General Permits for Storm Water Discharges Associated with Industzrial Acnivity. These
general permits were published in the Federal Register on September 9, 1992. All applicable
requirements are specified in Part IV and Appendix B of the NPDES General Permits.

TABLE 7-2. NPDES General Permits - Summary of Permit Condition
Coplae Status

CITAIONCONDnCtI COMLIANCE STAUM

C CWA, Final NPDES Gwmeul P~mnhhfor Stom Water Mdisaires Astociatd %,a* Ir&Dumni Acavay

(57 FR 41236, September 9, 19M)

IV(A); Notice of Intent (NO) to file for ACHIEVED
Appendix B, gunera permit
H1(A) Filed an September 26, 199

_____________________________________ [Section 7.3. 1]

IV(AX4) Noties of Termination (NOT) NOT AJYLICABLE

Containment of storm water discharges

not demonstrated

____ ____ ___ __ _ ___ ____ ___ ____ ___ ____ __[Section 7.3.21

IV(BX 1); Prohwbition on no-Storm water ACHIEVED
Appendix B, disclarges
I11(A) Discharges: either exempt, non-

regulated, or contained

________________~ ~~~ _________________ Section 7.3.3]
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TABLE 7-2 (continued)

CITATION CONDITON COMPLIANCE STATUS

IV(B)(2); Releases of reportable quantities UP TO DATE
Appendix B, of hazardous substances and oil
HIM(B Three releases of ethylene glycol

repored; WIPP PPP, Section 3.3,
addresses necessary actions

____________ __________________ [Section 7.3.41

IV(C); Storm water pollution prevention ACEOEVED
Appendix B, plan
Part IV WIPP PP

__________________________________ [Section 7.3.51

IV(X 1; Pollution prevention team ACEIEVED
Appendix B.
IV(D)( ) Identified in WIPP PPP, Section 2.2

____ ___ __ ____ ___ ___ ___ [Setion 7.3.61

MOMX2; Identification of potential ACEOEVED
Appendix B, pollution sources
IV(DX(2) W[PP PPP, Chapter 3.0

_________ _________________ [Section 7.3.71

IV(CX(2); Site uuuumam ACHIEVED
Appendix B,
IV(D) %Suiumad in WIPP PPP, Chapter

3.0.

___________ _________________ [Section 7.3.81

IV(CX(3); Meaures ad controls (including ACEVED
Appendix B. recordkeeping and internal
1V(DX(3) reporting Identified in WIPP PPP, Chapter 4.0.

_____________ __________________ (Section 7.3.91
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TABLE 7-2 (continued)

CITATION CONDITION COMIPLIANCE STATU

[V(CX4); Comprehensive site compliance UP TO DATE
Appendix B, evaluations
IV(DX4) Initial site inspection; WIPP PPP,

Chapter 3.0

__________________________ [Section_7.3. 10]

IV(DX 1); Requirements for storage, NOT APPLICABLE
Appendix B, processing, and handling areas
IV(DX(7) for EPCRA § 313 'water No reporting 1ne §313 of EPCRA

priouity chemsicals' rqie

IV(DX2); Enclosure or covering of outdoorAPLCAL
Appendix B, salt piles
IV(DXS) Runoff diverted to evaporation basins;

no discharge to waters of the U.S.
possible, WIPP PPP, Chapter 4.0

______________________________________ [Section 7.3.121

IV(DX3); Notification to municipal lag NOT APPLICABLE
Appendix B, and indiumsprt storm
IV(DXS) water sm Storm wa not dischaged through a

larg or medium, seaaesystem,

______________________________________ [Section 7.3.131

MVE). Moniring and reporting NOT APPLICABLE
Appendix B, rquxt
Part M Required monitoring described in
XI(C(VI-) WIPP PPP, Chapter 5.0.

____________ _______________________ [Section 7.3. 141
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TABLE 7-2 (continued)

CITATION CONDITON COMPLIANCE STATUS

IV(G); Deadline for plan preparation ACHIEVED
Appendix B, and compliance
IV(A)( 1) WIPP PPP issued March 31, 1993;

impleentation of BMP completed by
October 1, 1993, compliance date

[Section 7.3. 15]

7.3.1 NOI to Mie for a Gener al Permit, 1V(A) and Appendix B, II(A)

In the EPA 's NPDES General Permit, a provision ww as de that a facility should
file an NO! to file for a general storm water discharge permit rather than submit
a formal application for the permit.

The NOI to obtain an NP DES general storm water permit was submitted to the EPA on. September 26, 1992. The EPA issued a general permit to WIPP on Decemiber 31, 1992
(# NMROOAO21).

7.3.2 Notice of Termination (NOT), 1V(A)(4)

A facility may submit an NOT if no storm waer discharges will be released.

Although the WIPP has implemented BMPs that are designed to make W[PP a zero-discharge
facility, this requirement is currently not applicable because i3 facility has the potential to
discharge storm water that could contact regulated pollutants. Il' WIPP can demonstrate that the
storm water discharges can be effectively contained, an NOT may be filed as specified under
Condition IV(AX4) of the NPDES General Permits. If the NOT is approved by the EPA,
coverage of WIPP under the NPDES General Permits for Sorm Water Discharges Associated
with Industriil Activity will cease.
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7.3.3 Prohibition on Non-Storm Water Discharges, IV(B)(1) and Appendix B, [1(A)

The EPA prohibits the release of non-storm water discharges wnder the storm
water discharge NPDES permit.

In 1989, an internal audit identified 63 potential non-storm water discharges. A comprehensive
sampling program was initiated, and non-storm water discharges have now been characterized,
either by chemical analysis or by process knowledge. Of these, 49 were either air-conditioner
condensate discharges or fire-water testing discharges, both of which are exempt from the
general permit rules. Nine of the 14 remaining discharges are non-regulated because they are
below applicable regulatory limits or are collected in containers and not allowed to be discharged
to the ground. The remaining five will be contained by engineering controls. Four of these five
discharges are oily condensates from the Main Compressor Building. A Plant Work Request
(PWR) has been submitted to hr-pip all four oily condensate discharges into a container. The
one remaining discharge is an oily condensate discharge (less than 1 gallon per day) from a
small compressor at the Air Intae Shaft. A PWR has been written to collect this discharge in
a small container. All condensate discharges will be collected and disposed of as wastes in
accordance with the applicable regulatory criteria.

7.3.4 Releases of Repoirtable Quanites of Hazardous Substances and Off, JV(B)(2) and
Appendix B, M1(B)

Releases o~f reportable quantities of hazardous substaces and oil must be
reported.

Three spills (ethylene glycol) at WIPP have been reported to the National Response Center. All
spills were immediately contained and cleaned up in accordance with the WIPP spill response
procedure. All cnta minated soils were drimmied, manifested, and transported to an off-site
disposal facility.

Section 3.3 of fth WIPP PPP MMI, 1993b) addresses the actions that mulst be taken in the event
of a reportable qMl. icluding mnoifiction of the National Response Center; modification of the
PPP within 14 days to provide a description. of the release; the ci ,rcustlances leading to, and the
date of the release; measures to prevent recurrence and to respond to such releases; and
notification of the EPA.
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7.3.5 Storm Water Pollution Prevention Plan, IV(C) and Appendix B, Part IV

Regulated facilities with a general permit must have prerxzred and im'plemented
a storm water pollution Prevention Plan.

The WIPP PPP describes how the BMPs and other requirements of the NPDES storm water
regulations are being implemented at the WIPP. Requirements addressed include the
identification of a pollution prevention team, the Potential Pollution sources, and past spills and
leaks.

7.3.6 Pollution Prevention Team, 1V(C)(1) and Appendix B, IV(D)(1)

A pollution prevention team is required for permitted fac-ilities. This team must
be addressed in the fizcility 's PPP.

The WIPP Pollution Prevention Team is composed of representatives from organizations within
the DOE and the Westinghouse Waste Isolation Division (WID) who are knowledgeable about
the facility and its operations and who will provide structure and direction to the storm water
management program. The members of the Pollution Prevention Team and their functional area. responsibilities are identified in Section 2.2 of the PPP.

7.3.7 Idniiainof Potenia Polution Sources IV(C)(Zl and Appendix B, IV(D)(2)

Potential sources of pollution must be identified at the permitted facility.

A site inspection was conducted to look for illicit connections into either the WIPP sewage
system or into storm water diversion swales. The 4-day site inspection focused on all surface
facility operations, the status of existing BMPs, materials handling practices, materials storage
areas, and storm water flow patterns and volumes. The inspection revealed seven areas that
could contribute pollutants to storm water runoff. These seven areas are identified and discussed
in Chapter 3.0, Assesment, of the PPP.

Storm water flows were evaluated uigNMED and EPA methodology. Because the NMED
guidelines for calculating runoff coefficients are more stringent., they were chosen to calculate
storm water runoff from the WIPP. Meetings were held with the EPA Region VI Storm Water
Section and with the NMED Ground Water and Surface Water Bureaus to evaluate compliance
alternatives.

As described in the PPP, three different material inventories were used to complete the materials
inventory assessment: the WI1PP Stores Stock Inventory,, the MSDS Inventory, and the
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Hazardous Air Pollutants Inventory.- Several site walkarounds were then conducted to examine
material storage practice and to identify the operations and storage areas with potential to come
into contact with storm water.

The three ethylene glycol spills that were reported to the National Response Center are described
in the PPP.

Non-storm water discharges, described in the PPP, are discussed in Section 7.3.3 above. The
existing monitoring data are also described in the PPP, and the locations of the data are
specified. An identification of potential risks from discharges was not performed because all
non-storm water discharges are either exempted, contained, or not regulated.

7.3.8 Site AsesensV(C)(2) and Appendix B, IV(D)

A sue assessment for storm water discharge sources must be included in a
facility 's PPP.

A summary of the site assessment is provided in Chapter 3.0 of the PPP. This summary
identifies the potential pollutant sources that require additional controls or BMPs to ensure
compliance with the requireent (see also Section 7.3.7 above).W

7.3.9 Measure and Controls IV(C)(3) and Appendix B, IV(D)(3)

Measures and controls (including recordkeeping and internal reporting) must be
addressed in the PPP.

The measures and controls for discharges are described in the PPP. In Chapter 4.0, BM~s and
implementation of these practces are specified for eight -aaemn areas, which include the
seven areas identified in Section 7.3.7 and the solid waste maaeetunits (SWhfUs) located
in the rest of the 16-section withdrawal are. Included in the iscussion are sections on good
housekeeping, muaintenane, and visual inspections; the WIPP SPCC Plan, management of runoff
and of sediment and eroion controls; employee training; complianc reporting; annuyal site
compliance evaluation; and reOrdkWepng
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7.3.10 Comprehensive Site Compliance Evaluations, IV(C)(4) and Appendix B,
IV(D)(4)

Comprehensive site compliance evaluations are mandatory for a permitted facility
and must be discussed in the facility s PPP.

Comprehensive site inspections are discussed in Chapter 3.0 of the PPP. The initial internal site

assessment is described, along with the periodic site compliance evaluation. The CWA
Coordinator is responsible for conducting quarterly site complince evaluations. The NPDES

program, including site operation and materials management, is reviewed annually. In addition,

the NPDES storm water permit program is evaluated periodiically as part of the WIPP

Environmental Compliance Assessment Program. The PPP will be revised annually to reflect
changes in compliance strategy, regulations, team members, etc-.

During the inspections, material handling and storage areas and other potential sources of
pollution are visually inspected for evidence of actual or potential pollutant discharges.
Guidelines for housekeeping, maintenance, and visual inspections are provided in a

Westinghouse manal. WED personnel conduct self assessments in accordance with a WIPP
procedure, which outlines the requirmet for evaluating good housekeeping practices and for

making visual inspections. In addition, WED personnel conduct quarterly walkarounds to assess

compliance with the storm water regulations at the site and develop corrective action plans to
mitigate any issues that may arise from these assessments.

7.3.11 Requirements for Storage, Processing, and Handling Areas for EPCRA § 313
"Water Priority Chemicals," IV(D)(1) and Appendix B, IV(D)(7)

The EPA specifies requirements for storage. procesng,~ and handling areas for
EPCRA § 313 'waterpriority chemicais.

This section is not applicable because WIPP has not been required to submit a report under

§ 313 of EPCRA during this reporting period due to certain exmptions; (see Chapter 4.0).

7.3.12 Endonure or Covering of Outdoor Salt Piles, 1V(D)(2) and Appendix B,
IV(D)(8)

The EPA 's NPDES General Permit requires that outdoor salt piles be enclosed or
covered. This requirement applies only to storage pile rpwoff discharged to waters
of the United States.
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The outdoor salt piles at WIPP are situated on an impervious, compacted, caliche liner which
eliminates potential discharge to waters of the United States. Any storm water runoff is diverted
to the caliche-lined evaporation basin. Storm water that collects in the evaporation basin usually
evaporates within 24 hours. Furthermore, the moisture contained in the mined salt quickly
forms a hard crust over the surface of the pile, which reduces wind-borne particulates. As rain
falls on the salt pile, this protective crust becomes thicker and more impervious, which further
reduces salt particulate discharges. Because no waters are diverted to waters of the United
States, closure or enclosure of the salt piles is not required.

7.3.13 Notification to Municpal Large and Medium Separate Storm Water Systems,
IV(D)(3) and Appendix B, 1V(D)(5)

The NPDES General Permits require that the permitted facility nou))P the
owners/operators of any municipal large and medium separate storm water
systems that service the facility in the event of a discharge.

This ruiwrement is not applic able at WIPP because storm water is not discharged through a
large or medium separate storm water system.

7.3.14 Monitoring and Reporting Requirunents, IV(E) ~ad Appendix B, Part IV
and MI (C)(vl)

Monitoring and reporting reurmnsreqsdred are described in the NPDES
General Permits and differ for dfifferen ty7e offcilities.

As discussed in the PPP, all regulated storm water discharges are or will be contained within
retention basins or controlled by practices such as diversion berms, reclamation, or material
covers. Therefore, the need for compliance sampling at WIFF is not anticipated.

As indicated by the PPP, a Discharge Monitoring Report (DMR.) is required only if a discharge
has occurred. In Uth event of a dischairge, Uth DhMR along with sampling results, will be
submitted to Uth EPA on the appropriate DMR form by October 28 of Uth appropriate year.
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7.3.15 Compliance ]Deadlines, IV(G) and Appendix B., IVA)

The NPDES General Permits require that the permuted fac~ility complete the development
of the Pollution Prevention Plan by the regulatory deadline of April 1, 1993, and require
compliance with the terms of the plan by October 1, 1993.

As required by the NPDES General Permit for WIPP, the WIP? PPP was issued on
March 31, 1993 (WID, 1993b). As described in Chapter 5 of the PPP, the implementation of
BMPs such as retention basins, reclamation of disturbed sites ha Zone 1, and the covering of

material storage areas was completed by the regulatory deadline of October 1, 1993. The BMPs
are inspected on a quarterly basis.
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8.0 SAFE DRINING WATER ACT

8.1 Summary of the Law

The Safe Drinking Water Act of 1974 (SDWA; 42 Usc §§ 300f et seq.), as amended, provides
the regulatory strategy for protecting public water supply systems and underground sources of
drinking water. As defined, in the implementing regulations in 40 CFR Part 141, National
Primary Drinking Water Regulations, these are systems that provide water for human
consumption and that have at least 15 connections or regularly serve at least 25 people.

The SDWA also protects underground sources of drinking water from underground injection of
contaminated fluids. Underground injection, defined as "subsurface emplacements of fluids by
well injections" in § 1421(d) of the SDWA, is governed by the Underground Injection Control
(UIC) program described in Subpart C of 40 CFR Part 144. The nearest potential underground
source of drinking water to the WIPP is the Dewey Lake Red Bed Formation, a perched water
table located approximately 3.5 miles south of the site. The lack of ground water in the Dewey
Lake Red Bed Formation at the WIPP site has been interpreted to imply a lack of a
hydrogeologic connection with the portions of the formation south of the site that do contain
ground water.

The EPA delegated authority for ensuring compliance with the SDWA's National Primary. Drinking Water Standards by approving the New Mexico EvrmetlImprovement Board's
(EIB's) New Mexico Water Supply Regulations, WSR 3. (See Cbapter 3 1, New Mexico Water
Supply Regulations.)

8.2 Compliance Status of the Regulatory Requirements

The WIPP Land Withdrawal.Act specifically requires; compla=c with the SDWA. The relevant
requiremnents from the SDWA are summarized in Table 8-1, along with the compliance statuis
of each. More detail is presented in the text.

The New Mexico EID has authority to adbminister the SDWA in New Mexico. The EIE's Water
Supply Regulation contain the State compliance criteria and general operating requirements for
the owners and operator of water-supply system. Thse regulations and the compliance status
at WIPP are covered in Chapter 31.
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TABLE 8-1. Safe Drinking Water Act - Summary of Regulatory Compliance Status

CITATION RtEQUREMENT 7 COMPLINCE STATUS

40 CFR Part 142, Natonal fMwy Drinkng Water Reglaionsv Implmentafion

40 CFR 142.4 State program requirements See Chapter 3 1, New Mexico
Water Supply Regulations

[Section 8.2. 1]

40 CFR Part 144, UdVndvgrud Injectin Contro

40 CFR 144(C) Underground injection control NOT API'LCABLE
(UKC)

No TRU waste or other disposal
at WIPP using UIC

____ ____ ___ ____ ___ _ __ ___ ____ ___ ____ ___ [Section 8.2.2]

8.2.1 State Program Reurennots. 40 CFR 142.4

All applicable reurmnsin this section are covered in the State program for the SDWA. See
Chapter 31, which addresae the New Mexico Water Supply Regulations.

8-2-2 Underground IJujeton Couatrol, 40 CFR 144(c)

The EPA has establishe a number of reqwrememts for facilites
that disos of wases by means of uneieiroud u~moet n.

None of the. hazrdous waste currently generated at WIPP is in~jected Lnegrud nor will TRU
waste be disposed of by Vmtemrond injection at WIPP. Therefore, the EPA's requirements for
undergrun ii4ectionrqieet for undegroundf injection control (UIC) do not apply to
wIPP.
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9.0 TONIC SUBSTANCES CONTROL ACT

9.1 Sumnmary of the Law

Prior to the passage of the Toxic Substances Control Act (T'SCA; 15 Usc §§ 2601 et seq.),
significant gaps existed in the Federal government's authority to test and regulate problem
chemicals. The Clean Air Act, the Clean Water Act, and o)ther laws dealt with chemical
substances only when they entered the environment as wastes (e.g., as emissions to the air or
discharges into the water). In many cases, controls could not be easily fashioned or required
without severe economic consequences. Other statutes, such as the Occupational Safety and
Health Act and the Consumer Product Safety Act, deal only with one phase of the chemical's
existence (worker exposure or direct consumer exposure) and have no authority to address
environmental hazards. Whereas both of these statutes were clearly needed, the life cycle of a
chemical, from production to ultimate disposal, provides many opportunities for release to the
environment, resulting in human exposure, and Federal authority to deal with the overall cycle
was fragmented. The TSCA legislation imposed on new toxic substances, which requires testing
before the chemicals reach the. production phase, helped to. overcome this difficulty.

TSCA has two main features: it regulates the production, use, distribution, and disposal of new,
potentially toxic chemical substances, where necessary, and it regulates potential hazards from

* toxic chemicals. TSCA requires that tests be conducted on new chemical substances before
significant human or envrometa exposure ca occur.

The act applies primarily to commercial manuifacturers, impxrer, and processors of toxic
chemicals. The WIPP is not a manufacturer or a processor of chemical products; therefore,
most of the provisions of TSCA do not apply. However, three sections of this act pertain to
existing commercial toxic substances, rather than to the developmnent, of new chemicals. These
sections deal with asbestos, indoor radon abatemnent, and polychlorinated biphenyls (PCBs).

9.1.1 Asbestos Hazard Enwqjuac Response Act of 196

Because of the potential for, serwus health hazards associated with asbestos, Congress amended
TSCA in 1986 by addin Title 11, 77e Asbests Hazad Emeigency Response Act (AHERA).-
AHERLA requn=e the EPA to establish a comrehensive regulatory framework of inspection,
mainagement, planing, operatons and maintenance activities, and appropriate abatement
responses for contoiling asbestos-containing materials in schools. Under AHERA, EPA
promulgated its IAHERA-in-Schools Rule" on October 17, 1987. The 1988 AHERA
amnent provided additional tim for local educational agencies to submit asbestos

managmentplan to the State governor and to begin the implementation of these plans.

Under AHOERA, the EPA was also required to conduct a study to determine the extent of danger

to humnan health posed by asbestos in public and commercial buildings and the means to respond
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to such danger. This study has been submitted to Congress. At the present time, the EPA does
not recommend a regulatory program modeled on AHERA for public and commercial buildings.

9.1.2 Indoor Radon Abatement

The Title Ml TSCA amendment, Indoor Radon Abatemenz, was added to address the national
long-term goal "with respect to radon levels in buildings, that the air within the buildings in the
United States should be as free of radon as the ambient air outside of buildings." One of the
goal-driven reqient that Title MI sets forth in § 309, Study of Radon in Federal Buildings,
directs each Federal department or agency that owns a Federal building to conduct a study to
determine the extent of radon contamination in such buildings. The WIPP has responded to this
requirement.

9.1.3 Polychlorinated Biphenyls (PCBs)

Section 6(e) of TSCA, Polychlorinated Biphenyts, directed the EPA to phase out PCB
manfacureand use according to a statutorily mandated timetable. This timetable directed the

EPA to promulgate rules for the disposal and marking of PCBs within 6 months of the enactment
of TSCA: by 1 year after the passage of this act, no one was allowed to manufacture, process,
distribute, or use any PCB in the United States except in "a totally enclosed manner."
Furthermore, unless the EPA did not find any unreasonable risk of injury to public health or the

environmeno one was allowed to mamifactur PCBs at all after 2 years, or to distribute them
after 2 1/2 years after TSCA's passage.

The regulations in 40 CFR Part 761, Environmena Protection Agencyj Regulations for
Manu~facturing, Processing, Diwstrbuion in Commerce, and Use Prohibitions for Polychlorinated
Bq~heiryLs under the Toxc Substances Control Act, implement the PCB provisions of TSCA.
This part applies to all parties who mauatrprocess, distribute in commerce, use, or
dispose of PCBs or PCB items. Thle purpose of these regulations is to establish prohibitions of,
and reureea for, the manuifacture, processing, distribution in commerc, use, disposal,
storage, and mrigof PC~s and PCB itms. DOE policy now prohibits the use of PCB items
or equipment in DOE-installed equipnm at facilities such as WIPP. However, prior to the
enactment of TSCA prohibiting PCBs, these chemicals were used in fluids of electrical systems
all over the counry, including DOE sites. Therefore, surveys have been done at DOE sites to
identify any PCB or PCB-containing equipinent and to eliminate the fluids and equipment in
accordance with EPA standards. Reureet for storage and disposal of PCBs have also been
established under TSCA (e.g., see 40 CFR 761.60, Disposal Requirements, and 40 CFR 761.65,
Storage for Disposal).
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9.2 Compliance Status of the Regulatory Requirements

Table 9-1 summarizes the applicable regulatory requirements and. their compliance status under

TSCA. The text gives more detail on the compliance status of each requirement.

TABLE 9-1. Toxic Substances Control Act - Summary ol' Regulatory Compliance

Status

CITATION REQURMENT COMPLANCE STATUS

Tidle II, Asbestos Hazad Emergency Response Adt

TSCA, §§201 et seq. Hazards of frible asbestos- ACHIEVED
containin material

Asbestws-containing material
restricted at WIPP

____ ___ ___ ____ ___ _ _ ____ ___ ___ ____ ___ _ [Section 9.2. 11

'11th M.I Indoor Radon Abatement

TSCA, j309 Study of radon in Federal ACHIEVED
buildinp

Study conducted

___________________ [Section 9.2.2)

40 CFR Part 761, EPA Repdk~i~m for Mma~AgProcessing, Ddoibutien in Conmmerce, and Use
ProhiI&w for PO*Acleed Biphayl under the To=c Subsas Conftrl Act

40 CFR 761.20 Prohibition of PCBs ACEDEVED

Survey and removal of PCB-
contaminmated eqipment; PCBs,
)prohibited at WIPP

__________________________-- 
-(__ _ __ _ _ _ __ _ _ _ Section 9.2.3)
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TABLE 9-1 (continued)

CITATION REQUIREMENT-- COAMANCE STATUS__

40 CFR 761.60 Disposal requirements for PCBS NOT APPLICABLE

PCBs prohibited from TRU waste
to be received at WIPP from
generator sites

____ ___ ____ ___ ____ __ ____ ___ ____ ___ ____ __ [Section 9.2.4]

9.2.1 Hazards of Friable Asbestos-Containing Materials, TSCA, 11201 et seq.

Because of the hazards to human health inherent in friable
asbestos-containing materials, Congress specified a number of
requirement pertanig to asbestos specified in Tile HI of TSCA.

Asbestos is a restricted materia at the WIPP. Therefore, in accordance with WIPP's Hazard
Communication Program, asbestos-fre insulating material must be used toughout the facility
when insulation is being replaced or installed. The removal of any previously installed material
that might contain asbestos requires the coino of WED safety and compliance persnnel.

9.2.2 Study of Radon in Federal Buildings, TSCA, -1309

Each Federal agency that ows a building must conduct a study of
radon contamination in the building(s).

The DOE conduced an indoor radon study in respons to this requireent and submitted the
findings in Result of the U.S. Depatmn of Energy Indoor Radon Study (DOE, 1990e).

9.2.3 Probibhla of FCBi6 40 CFR 761.20

No person may use any PCB or any PCB item regardless of
concentration in any way other than in a totally enclosed manner
within the United States.

The DOE has conducted surveys of electrical equipment, such as tasomrthat could house
PCB-containing fluids. Such a survey was conducted at WTPP. Any equpment conaining PCBs

9-4 October21, 1994



.U.S. Environmental Protection Agency Toxic Substances Control Act

was identified and has been replaced by non-PCB-containing equxipment. All PCB-containing

equipment identified was disposed of in accordance with ithe regulations described in
Section 9.2.4.

9.2.4 Disposal Requirements for PCBs, 40 CFR 761.60

In most circumstances, PCBs must be incinerated as stipulated in
40 CER 761. 70 or placed in chemical-waste landfi!Lr that meet the
requirements of 40 CFR 761.75 and that have been approved as a
landfill for PCBs by the EPA.

Any DOE equipment identified at WIPP that contained PCB fluids was decontaminated as
described in the regulations aid disposed of as required.

The WIPP WAC states that, only those wastes identified in the RCRA Part A and Part B
applications as acceptable for, emplacement at WIPP may be shipped to WIPP. As indicated in
Chapter K of the WIPP RCRI Permit Application (Rev. 3), there: are currently no plans to ship
PCB-contazninated wastes from the generator sites to WIPP.
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10.0 FEDERAL INSECTICIDE, FUNGICIDE,
AND RODENTICIDE ACT

10.1 Summary of the Law

The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA; 7 Usc §§ 136 et seq.)
authorizes the EPA to regulate the registration, certification, use, storage, disposal,
transportation, and recall of'pesticides. Section 18 of FIFRA authorizes the EPA to exempt
State and Federal agencies from any provision of the act if emergency conditions requiring an
exemption have been determined to exist, and the regulations of 40 CFR Part 166, Exemption
of Federal and State Agencies for Use of Pesticides under Emergency Conditions, provide
guidelines for urgent, non-routine situations that require the use of pesticides and for which
exemptions may be authorized. Sections 19(a) and 25(a) of FIFRA authorize the EPA to
establish regulations and procedures regarding the disposal or storage of packages and containers
of pesticides and the disposal or storage of excess amounts of such pesticides. The regulations
of 40 CFR Part 165, Regulations for the Acceptance of Certain Pesticides and Recommended
Procedures frthe Disposai and Storage oorf Pesticides and Pesticides Containers, established
procedures for the acceptance, disposal, or storage of packages and containers of pesticides and
for the disposal or storage of excess amounts of such pesticides. The standards of FIFRA are
considered mandatory for DOE facilities. All use and applications of restricted-use pesticides

* at WIPP are conducted only, by commercial pesticide applicators who are under contract with
WI] and are required to meet Federal and State standards (see also Chapter 38).

10.2 Compliance Status of the Regulatory Requirements

The two major reureets of FIFRA and the compliance status of each are summarized in
Table 10-1. More detail is provided in the text.
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TABLE 10-1. Federal Insecticide, Fungicide and Rodenticide Act - Summary of
Regulatory Compliance Status

CIATION REQUIREMENT COMPLIANCE STATUS

40 CFR 152.15 Registration of pesticide products NOTr APPLICABLE

Pesticide applications done by
contractors; pesticides and
contracts reviewed by WID
safety and regulatory compliance

____ ___ ___ ___ ___ ___ _ __ ___ ___ ___ ___ ___ ___ [Section 10.2.11

40 CFR 165.8-.11 Recommended procedures for UP TO DATE
disposal or storage of pesticides

General-use product stored at
WIPP complies With sage
mmftctions on label

____ ___ ____ ___ ____ __ ___ ____ ___ ____ ___ __ Section 10.2.2J

10.2.1 Reita~,of Pesticide Products, 40 OFR 152.15

No person may distibute or sail any pesticide producttha is not
registered under FIFRA. The pesicide must be registered if the
person who distiibutas or saels the subsce know tha it wi be
used as a pesticide.

Restricted-use pesticides are neither stored at WIPP, nor are they applied by WIPP personnel.
All applications of restricted-use pesticides are conducted according to existing contract(s)
negotiated, with pesticide applicators; WI3D safety and regulatory compliance personnel review
all pesticide application contracts before they are awarded. The DOE requires that any pesticide
contractor be licemed with the State as a certiie pesticide applicator and submit a list of
pesticides utilized and their respective EPA numbers to WI]) prior to awarding the contract.
T"he current agremnta requires that the applicator perform scheduled quarterly applications and
respond to unscheduled0 *special situations" such as ocurne of wasp swarming and ant
infestation. Before an application is performed, t contractor submits information consisting
of the application date, location, method of application. the generic pesticide name, and a
Material Safety Data Sheet (MSDS) for review by WI]), which confirms that adequate protective
equipment is available and that the pesticides to be used are not on the EPA restricted-pesticide
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list. After the application, the contractor must submit such information to WED) as the type and
amount of pesticide used and the dilution factor.

CINCH, a general-use wasp and hornet killer used on site by, WIPP personnel, is properly
registered with the State of 'New Mexico.

10.2.2 Rcmended Procedures for the Disposal or Storage of Packages and
Containers of Pesticides, 40 CFR Part 165

Recommendations for the storage and disposal of pesticides are
specified in 40 CFR 165.8 through 165. 11.

WIPP currently makes a general-use wasp and hornet killer available to its personnel. The
product is stored in the warehouse according to label insrutions. Used, empty cans are

discarde by WTPP personnel into satellite acuuainarea containers and managed as
hazardous waste.

Because WIPP personnel do not use, store, or dispose of restr~tcted-use pesticides on site, the
majority of these requirements are not applicable. All restricted-use pesticide applications are

made by contractors, who are responsible for storing and disposing of pesticides off site.

All applications of restricted-use pesticides at WIPP are performed by commercial, State-licensed
applicators. The DOE requires applicators under contract to co~mply with the requirements of
the New Mexico Pesticide Control Act and the implementing regulations set forth by the New
Mexico State University Board of Regents. More information on the State requirements is
provided in Chapter 38.
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11.0 NOISE CONTROL ACT OF 1972

11.1 Summary of the Law

In the Noise Control Act of 1972 (42 Usc §§ 4901 et seq.), tie EPA declared its policy of
promoting an environment for all Americans that is free from noise jeopardizing public health
or welfare. According to the act's policy clause in § 2(a)(3), the primary responsibility for noise
control is vested in State and local governments. Federal regulation is deemed essential only
for commercial noise sources% requiring national un~iformity of treatment (e.g., aircraft noise).
However, Federal agencies are directed to carry out the programs within their control in a
manner that furthers the act's policy. Each agency having jurisdiction over any property or
facility, or engaged in any activity resulting or which may result in the emission of noise, shall
comply with Federal, State, interstate, and local requirements regarding the control and
abatement of environmentalmnise "to the fullest extent consistent with their authority. " Facilities
under the DOE are required to comply with the OcuainlSafety and Health Administration
(OSHA) regulations that address ocuainlnoise exposure standards under 29 CFR Part 1910,
Occupational Sa~fety and Health Standafrd.

The regulations under 29 CFR 1910.95, Occupatonal Noise Frposure, define the permissible
noise exposure levels to which employees may be subjected. The regulations also include

* requirements for the development and imple mentation of a monitoring program, the
establishmen and maintenance of an audiometric testing program, the meauemn of noise,
the provision of personal hearing-protection equipment when necessary, and the administration
of a hearing conservation program.

11.2 Compliance Status of the Regulatory Requirement

Table 11-1 sumaIze the applicable requirement and its compliance status. More information
is provided in the text.
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TABLE 11-1. Noise Control Act of 1972 - Summary of Regulatory Compliance Status

29 CFR 1910.95 Compliance with hearing CE D
Protection standads

Testing, controls, eupet
truning, prooe&=n, and
contrcte specialist in place;
Hearing Conservation Progra

____ ___ ___ ___ ____ __ ___ ___ ____ ___ ___ ___ [Section 11.2. 11

11.2.1 Copinewith Hearing Protection Standards, 29 CPR 1910.95

Employers mut take measures to protect the hearing of employees.

The DOE administers a fall program in accordance with the Noise Control Act and the
implemntng regulations. Program activities inchle the following: a hearing Conservation

program; an audiometric testing program; administrative and engineering controls (e.g., noise
mufflers in the area of -2egrux exhaust fans; posted signs); noise measueet(~. sound
meters, dosimetry); and the provision of personal hearing-protection equipmnt (e.g., ear plugs,
ear muffs). Furthermore, the DOE mintains a certified ear, nose, and throat specialist on
Contract, requires hearing protecton training for WIPP employees, and has developed procedures
such as the Hearing Conservation Program. The WIPP Safety Manual and the Occupational
Health Manual and their implementing procedures address the requirements of and activities
conducted une this program.
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0 12.0 NATIONAL ENVIRONNMNTAIL POLICY ACT

12.1 -Summary of the Law

The National Environmental Policy Act (NEPA; 42 Usc §§ 4321 et seq.) establishes policy, sets
goals, and provides means for cari~ying out the policy. Congress created the Council on
Environmental Quality (CEQ) to administer the NEPA program. Within NEPA are (1) "action-
forcing" provisions to ensure that Federal agencies act according to the letter and spirit of the
act and (2) NEPA requirements for identifying reasonable courses of action, along with the
environmental consequences of all proposed actions, for all major Federal actions under
consideration. The purpose of NEPA is not to generate paperwork but to foster action. The
NEPA process is intended to help public officials (1) make decisions based on understanding
possible environmental consequences to actions and (2) take the appropriate steps to protect,
restore, and improve the environment. Because public involvement in, the decision-making
process is mandated, NEPA has often been referred to as a "public disclosure law."

The CEQ's regulations in 40 CFR Parts 1500 through 1508 implement § 102(2) of NEPA,
informing Federal agencies about what they must do to comply with the procedures and to
achieve the goals of NEPA. These regulations outline specific requirements with regard to the
integration of the NEPA process early in a process to ensure timely planning and decision-. making, the preparation of environmental impact statements (EISs) or Environmental
Assessments (EAs), public review and solicitation of comments on EISs, decisions with respect
to an E1S or EA, and the imlmnainof the decisions.

12.2 Compliance Status of the Regulatory Requirements

Table 12-1 sumrzsthe regulatory requirements and their complianc status under NEPA.
Additional information is provided in the text.
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TABLE 12,1. National Environmental Policy Act - Summary of Regulatory

Compliance Status

CITATION REQUIREMENT COAMLANCE STATUS

40 CFR Parts I500-1508 Provision of environmental UP TO DATE
information to public officials
and private citizens; use as a Final Envirometa Impact
decision-making tool; need for Statement (FEIS) and FEIS
Environmental Impact Statements Record of Decision (ROD); Final
(EISs), Environmental Supplemt Environmental Impact
Assessments (EMs), and Statement (SETS) and SEIS ROD;
categorical exclusions numerous categorical exclusions

____ ___ ___ ___ ____ ___ __ ___ ____ ___ ___ ___ ___ (Section 12.2. 11

12.2.1 Provision of Environmental nfmtonto Public Officials and Private
Citiz=s 4 CPR Parts 15006-15M6.

Em'ironnmal irnformation must be made available to the public
before decisions are made and actions are taken and must include
a detailed statement on environmna inqpacts of major Federal
actions significantly affecting the qua lity of the human
environment.

Puirsuant to the requirmm of NEPA, the DOE published the Final Envronmental Im~pact
Statement (FEIS) for the WIPP in 1980 (DOE, 1980). The FES analyzed and compared the
environmental impacts of various alternatives for demonstrating the safe disposal of TRU waste
resulting from national defense activities. Based on the environmental analyses in the EIS, the
DOE published aRecord of Decision (ROD) to the FEIS in 1981 to proceed with the phased
development of the WIPP (DOE, 1981). This ROD noted that the HIlS would be supplemented
as appropriate if new eirn ntldata resulted from the Site and Preliminary Design
Validation (SPDV) programa or from other WIPP activities.

Consistent with this cmitment, the DOE prepared additional NEPA dcmnaonto address
changes in the proposed action and the development of new geologic and hydrologic information.
Changes addressed in the 1990 Fnal Suqplement Environmental Impact Statement (SETS) (DOE,
1990a) included alterations in the composition of the waste inventory, the transportation of waste
to the WIPP, conducting a test phase at WIPP, and management of mixed waste (TRU waste
with hazardous constituents). The DOE published a ROD to the SETS in 1990 (DOE, 1990b).
One of the commitments made in this second ROD was that the DOE will prepare another
Supplemental Environmental Impact Statemen (and ROD) prior to initiating the disposal phase
at WIPP.W
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In order to ensure compliance with NEPA as administered by the CEQ and by the DOE (see also

Chapter 14), Westinghouse Waste Isolation Division (WID) personnel prepared the WIPP NEPA

Compliance Program. This program consists of the NEPA Con~p1iance Plan and implementing

procedures.
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13.0 ATOMIC ENERGY ACT AN]) THE U.S. DEPARTMENT
OF ENERGY

13.1 Summary of the Law

The Atomic Energy Act of 1954 as amended (AEA; 42 Usc H§ 2011 et seq.) established a
national program for research, development, and use of atomic energy for national defense and
civilian purposes. Section 161 of the AEA authorized the Atomic Energy Commission (AEC)
to establish rules, regulations, and orders to govern any activity regulated under the AEA to
protect health and minimize, hazards to life or property. Activities included standards and
restrictions pertaining to the design, location, and operation of facilities.

The AEC has been succeeded by two organizations: the U.S. Department of Energy (DOE) for
national defense and the U.S. Nuclear Regulatory Commission (NRC) for domestic civilian
purposes (see Chapter 15 for the compliance status of NRC-related reurmnts). Thus, the
AEA gave the DOE its authority to develop policies, issue OrderTs, and promulgate regulations
that address environmental, safety, and health protection aspects of radioactive waste and nuclear
materials. The radioactive constituents of the TRU waste to be shipped to WIPP are regulated
under the AEA by a DOE system of Orders, notices, and directives which carries out the AEA
mandate to implement effective and consistent programs to protect the public, the environment,

* and workers from adverse consequences from DOE operations. Thus, TRU waste' is regulated
under the ABA and, by extension, by the DOE system.

Regulation of mixed waste is more complex. Radioactive waste and constituents are not
regulated by the U. S. Environmental Protection Agency (EPA) under the Resource Conservation
and Recovery Act (RCRA): in fact, RCRA specifically excludes "source, special nuclear, or
by-product material as defined by the Atomic Energy Act of 19i4, as amended" [§ 1004(27) of
RCRA; see also § 1006(a)]. Therefore, TRU mixed waste is subject to dual regulation under
the AEA and RCRA: the radioactive constituents are regulated under the AEA, whereas the
hazardous constitunt are regulated under RCRA.

'The AEA defined tamsurunic waste' as

.material contaminated with elements that have an atomic number greater than 92, including
neptnium, plutomum, azzicium, and curium, and that are in concentrations greater than
10 nanocuries per gram, or in such other conenraton as the Nuclear Regulatory Commission
may prescribe to protect the public health and safety [A-AL, §1 I1(ee)J.-

In 1982, TRU waste was redefined as having half lives greater than 20 years and concentrations greater
than 100 nanocuries per gram of waste. (Wastes with TRU concentrations between 10 and 100 nanocunies;
per gram have been reclassified as low-level wastes.)
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13.2 Compliance Status of the Regulatory Requirements

As indicated in the previous section, the DOE has used a system of Orders, notices, and
directives to implement its programs under the AE.A and to ensure compliance with other statutes
and regulations. These implementing documents are not considered to be at the same levels as
are those in the Code of Federal Regulations (CFR).

The DOE has recently issued regulations in the 10 CFR series in addition to the regulations that
pertain to NEPA (see Chapter 14). On December 14, 1993, 10 CFR Part 835, Occupational
Radiation Protection, was Published in the Federal Register. These regulations became effective
on January 13, 1994.

Because radioactive waste has not yet been received at WIPP, these regulations are not
applicable. However, a number of programs are in place at WIPP to meet the rqieet
upon receipt of TRU waste.
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14.0 NATIONAL ENVIRONMENTAL POLICY ACT AND THE U.S.
DEPARTMENT OF ENERGY

14.1 Summary of the Law

As discussed in Chapter 12, the National Environmental Policy Act (NEPA) establishes policy,
sets goals, and provides a process for carrying out the policy. The NEPA process requires the

identification of reasonable courses of action, along with the environmental consequences of all

proposed actions, for all major Federal actions under consideration The NEPA process is

intended to help public officials make decisions based on understanding possible environmental
consequences to actions and to take the appropriate steps to protect, restore, and improve the

environment. The establishment of this national policy ensures that consideration is given to

environmental values and factors in Federal planning and decision making. The U.S.
Department of Energy's (DOE) policy is to comply fully with the letter and spirit of NEPA.

The Council on Environmental Quality (CEO) regulations in 40 CFR Parts 1500-1508 implement
§ 102(2) of NEPA and inform Federal agencies as to what they must do to comply with the

procedures and achieve the goals of NEPA. These parts provide regulations applicable to and
binding on all Federal agencies for implemen ting the procedural provisions of NEPA. The DOE
adopted the CEQ regulations and established 10 CFR Part 1021, National Environental Policy

Act Implementing Procedures, to implement the procedural provisions of NEPA pursuant to the

CEQ regulations. By issuing its guidelines as regulations published in the CER, the DOE
ensures that its NEPA procedures are more accessible to the public.

The implementing procedures in 10 CFR Part 1021 detail requirements for the preparation and
circulation of NEPA documients, including the Environmental Impact Statement (EIS) and the

Supplemental Environmental Impact Statement (SEIS), the related Records of Decision (RODs),
the Mitigation Action Plan (MAP), and the Environmental Assessent (EA). The DOE requires
that a MAP be prepared for the implementation of any commitments made in an UIS/ROD for
mitigation of eniro etal impacts associated with an action. A MAP is also required of any

Finding of No Significant Impact (FONSI) to an EA that contains mitigative actions prior to

initiating the proposed action.

Subpart D, 7 pical CQum of Actions, of this part lists typical types of actions that require

NEPA dcmnaonand those that are categorically excluded from the need to pear an EIS
or an EA. Clases of actions that the DOE has determined do not individually or cumulatively
have a significant effect on the huma~n eniomn are categorical exclusions. The classes of

actions identified in Subpart D are: (1) Categorical Exclusions Applicable to General Agency

Actions, such as routine administrative actions; (2) CategoricA4 Exclusions Applicable to Specific
Agency Actions, such as installation of data-processing equipment; (3) Classes of Actions Thiat
Normally Require EMs but Not Necessarily EISs, such as field demonstration projects for
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wetlands mitigation; and (4) Classes of Actions That Normally Require EISs, such as the siting,

construction, and operation of a facility, such as the WIPP, for the disposal of TRU waste.

14.2 Compliance Status of the Regulatory Requirements

Table 14-1 summnarize the regulatory r-ureet and their compliance status under the DOE's
National Environmental Policy Act Implementing Procedures in 10 CFR Part 1021. Additional
detail is presented in the text.

TABLE 14-1. DOE's National Environmental Policy Act Implementing Procedures,

10 CFR Part 1021 - Summary of Regulatory Compliance Status

M~ATION IEUR& 4 I COhmPLNCE SrATUS

10 Cu Fart 1021, Iuiphaueutmg hwoedwwr

10 CFR Part 1021 Spe.sand claifies the UP TO DATE
requirinm comainud in 40 CFR
Pami 15001508; adds Final Environumntal Impact

reqira~for Mitigation Action Statement (FEIS) and FEIS Record
Pls(MANs); delieates specific of Decision (ROD) issued in 1980

categorical exclusions for use by and 1981, respectively; Final
the DOE Supplement Environatal Impact

satemn (SEIS) and SES ROD
issued in 1990; MAP issued in
July 1991, with annual MAP
report submitted in July 199 and
199; numerous catgorical
exclusion; WIPP NEPA
Complianc Program,

[Section 14.2.11

14.2.1 Iplemuiting Prtcedure&, 10 CFR Part 1021

DOE's regulations tha implmen NEPA (10 C7'R Part 1021) supplement
and clarify the requieet contained in 40 MF Parts 1500-1508
(see also Chapter 12). The DOE regulations add a requirement for
Mitigation Action Plans (MAPs) for EISs, supplemental EISs, and

14-2 October 21, 1994



U.S. Department of Energy National Environmental Policy Act

RODs. They also delineate specific categorical ex~clusions for DOE
facilities.

In 1980, the DOE published the Final Environmental Impact Statement (FEIS) for the WIPP
(DOE, 1980). The FEIS analyzed and compared the environmental impacts of various
alternatives for demonstrating the safe disposal of TRU waste resulting from DOE national
defense-related activities. The PEIS for the WIPP project includes responses to the comments
received in writing and at the public hearings, as is required.

Based on the environmental analyses presented in the PEIS, ihe DOE published a Record of
Decision (ROD) in 1981 to proceed with the phased development of the WIPP. The ROD was
published in the Federal Register on January 28, 1981 (DOE, 1981). A number of mitigative
commitments were specified.

Since publication of the FEIS in 1980, new geological and hydrological information led to
changes in the understanding of the hydrogeological characteristics of the WIPP site as they
relate to the long-term performance of the underground waste repository. In addition, there have
been changes in the information and assumptions used to analyze the environmental impacts in
the FEIS. Consequently, the Final Supplement Environmental Impact Statement (SEIS), which
updated the environmental record established in 1980 by evaluating the environmental impacts
associat~ed with new information, new cirusacs and propo~sal modifications, was published
in 1990 (DOE, 1990a).

Based on the analysis presented in the SETS, the SETS ROD ao~epted the proposed action in the
SETS to proceed with the phased WIPP development. The DOE published the SETS ROD in the
Federal Register on June 22, 1990 (DOE, 1990b). A number of mitigative commitments were
specified in the ROD, including the comtet to prepare another supplemental Environmental
Impact Statement prior to the initiation of the disposal phase at WIPP.

The DOE issue the Mitigation Action Plan for the Records of' Decision for the Waste Isolation
Pilot Plant (DOE, 1991e) on July 10, 1991. This document addresses the mitigative
commitments stated in the RODS to the 1980 PETS and the 1990 SETS and discusses mitigative
actions, organizatons responsible for implementing these actions, and the status of each
commitmoent. The Annual Mitigation Report (AMR) is prepared annually to track the status of
each cormitment that has not yet been closed. To date, AMJRs have been issued in July 1992
and July 1993; the July 1994 AMR is currently in preparation.

Numerous categorical exclusions have been used at WIPP in accordance with 10 CFR Part 1021.
The determination that a given project falls under a categorical exclusion as identified by the
DOE is based upon a NEPA checklist that assists in the proper selection and application of
NEPA douetton. The methods used are based upon the WIPP NEPA Compliance
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Program, which contains the WIPP NEPA Compliance Plan, two procedures for implementing

NEPA at WTPP, and a training module that will be used to train appropriate personnel.

The WIPP NEPA Compliance Program is in the final technical review stage. It has been audited
by personnel from Westinghouse Environmental Affairs and DOE-Headquarters and is
considered to be a model NEPA program. The NEPA Compliance Program is consistent with
other WIPP and Sandia National Laboratories procedures, including those relating to
procurement, engineering, and work control.
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15.0 ATOMIC ENERGY ACT AND THE U.S. NUCLEAR
REGULATORY COMMIUSSION

15.1 Summary of the Law

As discussed in Chapter 13, the Atomic Energy Act of 1954 as amended (AEA; 42 USC
§§ 2011 et seq.) gives the UT.S. Nuclear Regulatory Commission (NRC) its authority to develop
policies, issue orders, and promulgate regulations that address environtmental, safety, and health
protection aspects of radioactive waste and nuclear materials in the civilian sector. Regulations
promulgated by the NRC under the AEA appear in the firs portion of Title 10 of the Code of
Federal Regulations (CFR) and establish standards for the management of nuclear material and
the protection of the public against radiation. Additional N[RC requirements apply to the
licensing, packaging, preparation, and transportation of radioactive materials.

15.2 Compliance Status of the Regulatory Requirements

Generally, the NRC does not have regulatory authority over the DOE. The only portion of the
NRC's implementing regulations that applies to WIPP is 10 CFR Part 71, Packaging and

Transportation of Radioactive Material. These regulations pertain to the NRC's certification of

packaging such as the Iaswanic Ekage Iransporter Model 11 (TRUPACT-Il) shipping
container designed to transport TRU wastes from the generator sites to WIPP. The compliance
status of each of the applicable NRC regulatory requirements is summarized in Table 15-1.
Details are provided in the text.

TABLE 15-1. Atomic Energy Act and the U. S. Nuclear Regulatory

Commission (NRC) - Summary of Regulatory Complianice Status

CiATION IREQUURMENT CONMLIANCE STATUS

10 CFR ftrt 71, Phekaging and Traunadoun of Radioactdve Matuial

10 CFR 71.12 Ceneral license: NRC-approved ACHEEVED

TRUPA CT-II Cernficate of
Note: The NRC issued the DOE Compliance (C of C) No. 9218.
a certificate of compliance for the Section 14.
TRUPACT-11 instead of a Hlicetonnse. 1
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TABLE 15-1 (continued)

CrrATION REQUIREMENT CONMLIANCE SrATUS

10 CFR 71.3 1-71.39 Contents of application and ACHIEVED
package description, evaluation,
and QA TRZUPACT-II Safety Anaiysis

Report for Packaging (SARP)

[Section 15.2.21

10 CFR 71.41 Deominof compliance ACHIEVED

TRUPACT-11 SARP, Section 1.2

[Section 15.2.31

10 CFR 71.43 and 71.45 Reqirements for all packages ACUVED

TRUPACT-TI SAIP, Sections
2.4 and 2.5

(Section 15.2.4]

10 CFR 71.47 Extrnal radiation standards for all ACHIEVED

TRUPACT-lI SARP, Section 5.0

______________________ (Section_15.2.51

10 CFR 71.51 Additional requiemt for Type ACHIEVED
B packages

TRUPACT-Il SARP, Section 4.0

(Section 15.2.61

10 CFR 71MS-71.61 Raquirements forailfissile ACEMEVED
me ackag-

TRUPACT-il SAIP. Section 6.0

(Section 15.2.7]

10 CFR 71.63 Specia requirements for ACHEEVED
plutonium shtipmets in excess Of
20 Cl/sip=mt TRUPAC-I SARP, Section 1.2

and Appendix 1.3.7

________________________ (Section_15.2.8]
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TABLE 15-1 (continued)

CrTATION REQUUIRENDT COMPUANCE STATUS

10 CFR 71.71 Tests under normal conditions Of ACHIEVED

tranportTRUPACT-11 SARP, Section 2.6

[Section 15.2.91

10 CFR 71.73 Tests under hypothetical accident ACHIEVED

condiionsTRUpACT-lI SARP, Section 2.7

[Section 15.2.101

10 CFR 71.81 Compliance with general ACHIEVED
requirements (71.00-.6a),
.Operating controls and procedures TRUPACT-11 SARP. Sections
(71.81-.99), and quality asrne 7.0, 8.0, and 9.0
requzremms (71.101-. 137)

(Section 15.2. 111

10 CFR 71.83 Assumptions as to unimown ACEOEVED
prp te: assme credible-

Value that will cause the TRUPACT-l1 SARP, Appendix
maximulm nuclear reactivity 1.3.7

[Section 15.2. 12]

10 CFR 71.85 preliminaty deeminations of ACHIEVED
integrity of packaging, presure
testing, and mrkng2d TRUPACT-il SARP, Section 8.-1

(Section 15.2. 131

10 CFR 71.87 Routine determinations prior to. ACHEVED

eachshipentTRUPACT-Il SARP, Section 7.0

(Section 15.2. 141

10 CFR 71.89 Any special opening instructions ACHIEVED

for he onsineeTRUpACT-li SARP, Section 7.2

(Section 15.2. 151
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TABLE 15-1 (continued)

CITATON REQUIREMENT CONMPL NCE STATUS

10 CFR 71.91 Records to be kept at least 3 year UP TO DATE
after shipment

WID record-keeping procedures
in place for TRUPACT-II
containers

___________________ ______________________ [Section_15.2. 161

10 CFR 71.93 Inspections and tests to be ACHIEVED
performed or allowed to be
performed by the NRC NRC inspections during and after

fabrication

_________________________________________ (Section 15.2.171

10 CFR 71.95 Reports regarding (1) any UP TO DATE
decreased effectivene= of an
anhorized packtaging during use Records maintained by
and (2) details of any defects with TRUPACT-11 Mainennc
safety signiflcut Engineer, no reports to date

____ ____ ___ ____ ___ _ __ ____ ___ ____ ___ ____ __ (Section 15.2. 181

10 CFR 71.97 Advance notification of shipment UP TO DATE
of nuclear waste as described

TRANSCOM satellite tracking
system for advance notification

___________________ ______________________ (Section_15.2. 191

10 CFR 71.101-71.137 NRC quality assurance ACHIEVED

NRC inspection of WID's QA
program

[Section 15.2.201

15..1GenerW License, 10CFR71.12

A general license is issued to any licensee of th~e NRC go trnsport
licensed material in a package for which a license, certificate of
compliance, or other approval has been issued by the NRC.
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The TRUPACT-Il container is approved for use under the general license provisions of 10
CFR 71.12 [Certificate of compliance (C of C) No. 9218, Section 14]. The DOE is registered
with the NRC as a user. The NRC's issuance of C of C No. 92 13 confs that the TRUPACT-
II packaging meets the applicable requirements of 10 CFR §71.12.

15.2.2 Contents of Application and Package Description/Evaluation, 10 CFR 71.31-
71.39

The required' contents of an application are described. The
application must include a package description/evaluation and
description of' the packaging and proposed conterus as described in
10 CFR 71.3.3 and must demonstrate that the package meets the
*app rapriate NRC standards. In addition, the quality assurance
(QA) program for the design, fabrication, assembly, testing,
maintenance, repair, modification, and use of the package must be
described, along with established codes and standards. Any
additional information requested by the NRC must be provided.

The Safety Analysis Reportfrbr Packaging (SARP) for the TRIP ACT-11 paciaging describes the
design, specifications, and safety evaluation in accordance with -the NRC's requirements (DOE,
1989a). The NRC's issuance of C of C No. 9218 confirmrs that the TRUPACT-Il is in

compliance with all applicable reqi1eent of 10 CFR §71.:31-71.39.

15.2.3 DeosrtOf Coplance, 10 CFR 71.41

7Te tests specified in 10 CFR 71.71 and 71.73 must be performed
on the package to demonstrae compliance under normal conditions
and hypothetical accident conditions. respectively.

Section 1.2 of the TRUPACT-Il SARP describes the analysis and testing to demonstrate
compliance with both noral and hypothetical accident conditions of transport. The NRC's
issuance of C of C No. 9218 confrms that the TRLJPACT-U meets the applicable requirements
of 10 CFR §71.41.

15.2.4 Standards for afU Package, 10 CFR 71.43 and 71.45

Standards for all packages must be met. 7Tese include general
standards such as size, seals and fastening devices, materials and
constructon of the package, valves, temperature, and prohibition
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of continuous venting during transport as well as lifting and tie-
down standards.

Sections 2.4 and 2.5 of the TRUPACT-f1 SARP describe the packaging features, including tie-
downs. The NRC's issuance of C of C No. 9218 confirms that the TRUPACT-Il meets the
applicable requirements of 10 CFR §71.43 and 71.45.

15.2.5 External Radiation Standards for all Packages, 10 CFR 71.47

A package must be designed and prepared for shipment so that the
radiation level at any external surface of the package does nor
exceed 200 millirem per hour and the transport index does not
exceed 10.

Section 5.0 of the TRUPACT-II SARP discusses the fact that the TRIJPACT-II has no special
shielding; the contents are limited to less than 200 mimrm per hour at the surface of the
payload containers. The NRCs issuance of C of C No. 9218 confims that the TRUPACT-JI
meets the applicable rquieet of 10 CFR §71.47.

15.2.6 Additional Requrenents for Type B Packages, 10 CFR 71.51

Type B packages must be designed, constructed, and prepared for
shipment so as to prevent loss or disposal. of radioactive material,
sigmfjicant increase in external radiation levels, or substantial
reducton in the effectiveness of the packaging (see also Section
15.2.1.9) duing normal tnwzspon. In addition, release of
krypton-85 may not exed10OA curies in 1 week, release of
other radioactive material may not exceed a total amount A2 in
1 week and no ecrernal radiaio dose rate may exceed 1 rem per
hour at 1 mete fom the external surface of the package during
4potherical acciwdent conditions. Compliance with these
requirements must not be predicated upon the use offilters or of a
mechanical cooling system.

Section 4.0 of the TRUPACT-Il SARP discusses containment design and an acceptance criterion
(a leak rate of less than I x 10" standard cubic centimeters per second). The NRC's issuance
of C of C No. 9218 confirms that the TRUPACT-Il amts the applicable requirements of 10
CFR §71.5 1.
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15.2.7 Requirements for all Fissile Material Packages, 10 CFR 71.55-71.61

All packages used to ship fissile material must be designed and
constructed in accordance with 10 CFR 71.41 through 71.5Si. In
addition, each package must be designed and constructed and its
contents so limited that the contents will remain subcritical during
normal and accident transportation conditions and that the
packaging will remain effective during normal transportation
conditions. Specific standards for Fissile Class I, II. and XI
packages are described in 10 CFR 71.57, 71.59, and 71.61,
respectively. A Fissile Class I package must be designed and
constructed and its contents so limited tha, (1) any number of
undamaged packages would be subcritical in any arrangement and
With Optimal interspersed hydrogenous moderation and (2) 250
packages, if each were subjected to the tests specified in 10 CFR
71. 73, would be subcritical if stacked together in any arrangement,
closely reflected on all sides by water, (=d with optimal
interspersed hydrogenous moderation.

Section 6.0 of the TRUPACT-Il SARP discusses criticait; the contents are controlled to limit

the amount of fissile mateial that may be shipped. The TRtJPACT-Il is a Fissile Class I

package. The NRC's issuance of C of C No. 9218 confimui; that the TRUPACT-lI meets the
applicable reuiemnts of 10 CFR §71.55-71.61.

15.2.8 Special Requirments for Plutonium Shipments, 10 CFR 71.-63

Plutonium in excess of 20 curies per package must be shipped as
a solid and must be packaged in a separate inner container placed
within outer packaging that meets the requirements of 10 CFR
71.41 through 71.77. In addition. the restrictions limiting

plutoniumn under normal and accident conditions must be met.

Section 1.2 of the TRUPACT-I[ SARP describes the double containment feature of the

TRUPACT-II; Appendix 1.3.7 of the TRUPACT-11 SARP requires the contents to be in a non-

dispersable form. The NRC's issuance of C of C No. 9218 confirms that the TRUPACT-11
meets the applicable requ irmn of 10 CFR §71.63.
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15.2.9 Tests Under Normal Conditions of Transport, 10 CFR 71.71

The behavior of each package design wnder rests and conditions
simulating normal transportation conditions must be evaluated.
The tests include free drop, compression, and penetration rests.
Conditions include heat, cold, change in ezernal pressure (reduced
and increased), vibration, and water spray.

Section 2.6 of TRUPACT-Il SARP describes the analysis and/or tests performed to demonstrate
compliance with the normal conditions of tranport. The NRC's issuance of C of C No. 9218
conifirms that the TRUJPACT-11 meets the applicable requirements of 10 CFR §71.71.

15.2.10 Tests Under Hypothetical Accident Conditions, 10 CFR 71.73

Evaluation of a package for hypothetical accident conditions is
based upon the sequential application of temt in the order specified
to determine their cumulative effect on a package or array of
packages. Tests include free drop, puncture, thermal, and
immersion as specifie in 10 CFR 71. 73.

Section 2.7 of TRUPACT-il SARP describes the analysis and/or tests performed to demonstrate
compliance with the hypothetical accident conditions of transport. The NRC's issuance of C of
C No. 9218 confirmns that the TRUPACT-Il meets the applicable requirements of 10 CFR
§71.73.

15.2.11 Compliance with Operating Controls and Procedures, 10 CFRt 71.81

A licensee w~ho is subject to this part and who transports licensed
materal nms compoly with requirements of the general provisions
(71.00-7.6a), operating controls and procedures (71.81-71.99),
and quality assurance requirements (71.101-71.1377.

Sections 7.0, 8.0, and 9.0 of the TRUPACT-H SARP describe acceptance and maintenance,
operating instructions, and quality assurance. The NRC's issuance of C of C No. 9218 confirms
that the TRUPACT-lI meets the applicable requiremnts of 10 CFR §71.81.
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15.2.12 Assumptions Regarding Unknown Properties, 10 CFR 71.83

Whzen the isotopic abundance, mass, concentration, degree of
irradiation, degree of moderation, or other relevant property of
fissile material in a package is not known, the fizrsile material will
be packaged as if the unknown properties have credible values that
will cause the maxrimum nuclear reactivizy.

Section 6.0 of the TRUJPACT-11 SARP assumes the worst case for the criticality assumptions;

Appendix 1. 3.7 limits the amount of fissile material that may be shipped in the TRUPACT-Il

packaging. The NRC's issuance of C of C No. 9218 confirms that the TRUPACT-lI meets the

applicable requirements of 10 CFR §71.83.

15.2.13 Preliminary Determination of Integrity of Packaging, Pressure Testing, and
Marking, 10 CFR 71.85

Prior to the first use of any packaging for the shipment of licensed
material, the licensee shall ensure the integrity of the packaging,
conduct pressure testing, and mark the packaging as required.

Prior to the first use of the TRUPACT-Il packaging for the shipment of TRU waste, the

integrity of the packaging will be ensured, pressure testing will be conducted as required, and

the packagings will be marked with the TRUPACT-il model number, gross weight, and the

package idetfco nm~ber assigned by the NRC. Section 8.1 of the TRUPACT-11 SARP
describes preliminarydermntos

15.2.14 Routine DeemntosPrior to each Shipme~nt, 10 CPR 71.87

Prior so each shipment of licensed material, the licensee must
ensure that the package and its contents stisfy the applicable
requirementy of this part and the license. These routine
determinations include appropriateness and integrity of ackaging;
closure devices; liquid containmnent; pressure relief devices; loading
and closure procedures; moderator/neutron absorbers, if
appropriate lift/tie-down devices; external radiation levels (on
external surfiaces of the package and around vehicle). and
accessible package surfiace temperatures-
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Routine Westinghouse Waste Isolation Division (WID) procedures and Operating and
Maintenance Instructions are int place to ensure that these requirements are met. Section 7.0 of
the TRUPACT-II SAR? describes routine determinations.

15.2.15 Special Opening Intutons, 10 CFR 71.89

Any special opening instructions must be sent or otherwise made
available to the consignee prior to delivery of a package.

WIPP has provided copies of its procedures for handling an empty TRLTPACT-II packaging to
each waste-generating site that -may ship wastes to WIPP. These procedures provide the
requirements and foundations for each site to develop its own procedure(s), taking local facilities
and needs into account. Section 7.2 of the TRUPACT-fi SARP describes opening the
TRUPACT-1I.

15.2.16 M neaceof Records, 10 CFR 71.91

A record of each shipment of licensed material must be kept at
least 3 years after shipment. The records to be kept include

idet fi atonof the packaging by model number, venfi cation of
integrity of the packaging, coolant inormation. type and quantity
of licensed material, specific information regarding irradiated
fissile material, date of shipment any special controls, name and
address of trasferee and of recipient, and results of the
determinations required by 10 CFR 71.87. Records demonstrating
the qualit of packaging must also be retained.

Each WID procedure pertaining to the TRUPACT-11 identifies the specific records required for
retention. Retention times are also identified for each record. Records are retained at the
working location and submitted to the WIPP Records Center for safe and retrievable storage.

15.2.17 NRC Inspetion and Tests, 10 CFR 71.93

The licensee or certificate holder. shall allow the NRC to inspect
the licensed material, packaging, premises, and facilities in which
the material or packaging is used, provided, constructed, listed,
stored, or shipped, perform (and allow the NRC to perform) test
deemed necessary by the NRC, and notify the NRC at least 45 days
prior to the fabrication of a package to be used to ship licensed
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material that exceeds the allowed heat load (S kilowatts) or the
mzaximal normal operating pressure (15 psi gauge).

The DOE has and will continue to allow NRC to inspect or conduct tests, or will perform those
tests deemed necessary by the NRC, on TRU waste transportation packages. The TRUPACT
C of C requires DOE to meet Subpart G requirements (see Sections 15.2. 11 through 15.2.19).
Currently there are no TRUJPACT-lIs in production. At least 45 days prior to the resumption
of construction, the DOE will notify the NRC as required by, tie TRLJPACT C of C.

15.2.18 Reports Regarding Decreased Effectiveness or Defects with Safety
Significance, 10 CFRt 71.95

Within 30 days, the licensee will report the following to the NRC:
(1) any instance in whtich there was decreased effectiveness of any
authorized packaging during use and (2) details of any defects with
safely significance in packaging after first use and the means used
to prevent recurrence.

The ackgin maitennceprogram is defined and detailed in a WID procedure that addresses

such topics as control of meaterial, spare parts, and nonconformance reports. Maintenance
records are maintained by the TRIJPACT-ilMiteac Engineer. No conditions causing
decreased effectiveness have~ occurred to date.

15.2.19 Advance Notification of Shipment of Nuclear Waste, 10 CFR 71.97

Advance written notification of a shipment of nuclear waste will be
provided to the -governor of any State to be traversed by the
shipment. Notiffcaton must be provided at least 7 days or 4 days
before die beginning of the 7-day period during Which departure of
the shipme is crpected if notification is by mazil or by messenger,
respectively. The irWormation required by 10 CR 71.97(d) will be
provide&

Advance notification to State officials will be made using the TRANSCOM satellite tracking
system. Operations personnel and designated State officials will be notified regarding WIPP
shipments and other selected high-visibility shipments. State officials designated for receipt of
this information have been provided with the requisite TRANSCOM computer software and have
been trained in its use.
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15.2.20 NRC Quality Assurance Requirements, 10 CF!R 71.101-71.137

Subpart H of 10 CFR Pant 71 (71.101- 71.13 7) established the NR C
quality assurance (QA) requirements for packagings. The QA
requirements pertain to design, purchase, fabrication, handling,
shipping, storage, cleaning, assembly, inspections, testing,
operation, maintenance, repair, and modification of components of
packaging that are important for safety. 7Te requirements address
the licensee's QA organization (71. 103); QA program (71.105);
package design control (71.107); procurement document control
(71.109); instructions, procedures, and drawings (71. 111);
document control (71.113); control of purchased material,
equipment, and services (71.115); identifi cation and control of
material parts and. components (71.117); control of special
processes (71.119); internal inspections (71.121); test control
(71.123); control of measuring and test equipment (71.125);
handling, storage, and shipping control (71.127); inspection test
and operating statu (71.129); nonconforming materials, pants, or
components (71.131); corrective action (71.133); QA records
(71.135); and audits (71.137).

The WM~ QA Plan for PrcrmeUse, Maintenance and Repair of TRUPACTI (WID,
1991b) addresses the 18 criteria specified within Annex 2 of the NRC's Regulatory Guide 7. 10,
promulgated by the Office of Nuclear Regulatory Research. The title of tis document is
Establishing Quality Assurance Program for Packtaging Used in the Transport of Radioactive
Material. The NRC has inspected the WID's QA program and found that it meets the
requirements of 10 CFR 71, Subpart H.

15.3 Co mplace Stt.of the Certificatte of Compliance

The NRC has issued C of C No. 9218 to the DOE for the TRUPACT-il container and registered
the DOE as a user. A number of conditions are specified in the C of C. The conditions from
the latest revison of the C of C (dated November 19, 199) are summarized in Table 15-2.
Additional detail is presented in the text.
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TABLE 15-2. The U. S.- Nuclear Regulatory Commission!'s Certificate of Compliance

(C of C) for the TRUPACT-I[ Container - Compliance Status of Conditions and
Restrictions

CITATION CONDMTON OR RESTRCTON I COMPLIANCE STATUS

Description of TRUPACT-lI

C of C, p. 1. Overall specifications for the TRUPACT-U ACHIEVED
5(2), par, 1

TRUPACT-TI SARP,
Section 1.2.1.1 and
Appendix 1.3.2

(Section 15.3. 11

C of C, p. 1, Weight specifications ACHEVED
5(2), pars.. 1

TRUPACT-Il SARP,
Section 1.2.1.2 and
Appendix 1.3.2

[Section 15.3.2]

C of C, p. 1, Outer containment assem ly specifications ACEMEVED
5(2), pan. 2

TRUPACT-T SARP.
Section 1.2.1.1

(Section 15.3.31

C ofC, p.1, Inne conainint vessael specifications ACHIEVED
5(2), pan. 3, ICV

TRUPACT-il SARP,
Section 1.2.1.1.2 and
Appendix 1.3.2

_________________________________________-- [Section 15.3.41
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TABLE 15-2 (continued)

CITATION CONDITON OR RESTRCTION ý7 COMPLINC STATUS

Packaging - Dirawings

C of C, p. 2, Pack agirg construction ACHIEVED

para. 1 TRUPACT-lI SARP,
Appendix 1.3.2

______________ __________________________________ (Section 15.3.5]

C of C, p. 2, Positioning of contents within packaging ACHIEVED

Pam. 2 TRUPACTr-l SARPI

Appendix 1.3.2
____ ___ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ ___ [Section 15.3.61

Contents - Type anW Form of MaterWa

C of C, p. 2, Alowable materials UP TO DATE
5(bXl)

TRUPACT-lI SARP,
Appendix 1.3.7, TRUPACT-
11 Authorized Methods for
Payload Control
CrRAMPAC); WIPP Waste
Acceptace Cmetbia (WAC)

______________________ [Section 15.3.71

C . oCp2, Expiosiv, corrosves, nonradioactive UP TO DATE
S(bXl) pysupg'ric, and pressurized containers prohibited

TRAMPAC; WAC

___ __ __ __ __ [__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ Section_15.3.81

C of C, p. 2, Radioactive pyrophorics not to exceed 1 percent UP TO DATE
5(bXl) by weight within a drum standard waste box

(SWB), or bin TRAMPAC; WAC

____ ___ ____ ___ ____ ___ ___ ____ ___ ____ ___ ____ ___ __ (Section 15.3.91
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TABLE 15-2 (continued)

CITATION co?4DM~ON OR REflMRCfON CONMIANCE STATUS

C of C, p. 2, Free liquids not toexceed 1 percent by volume UPTO DATE
5(b)(1) within a drum, SWB, or bin RMA; C

[Section 15.3.101

C of C. p. 2, Flammable organics limited to 5W0 ppm in UP TO DATE
5(b)(1) headspace of any drum, SWB, or bin

TRAMPAC; WAC

(Section 15.3. 111

Cotet - MaiMal Quantiy of Mateia per Package

C of C, p. 2, Maxim allowable weigh UP TO DATE
5(b)X2),
Pamn 1 TRAMPAC; WAC

(Section 15.3.121

C of C, p. 2, Maximal number of payload containers per UP TO DATE
5(b)X2), package and authorized packaging configuradons
Pamn 2 TRAMPAC; WAC

[Section 15.3.131

C of C, p.27, AmoMn of allwable fissile mueial UP TO DATE
5(b)X2).
Pamn 3 TRAMPAC; WAC

[Section 15.3.141

C of C, p. 2, Alkwale decay heat UP TO DATE
5(b)(2),
pamn 4 TRUPACT-11 SARP,

Section 1.2.3.33;
TRUPACT-li Content Codes
(TRUCON)

____________________(Section_15.3.151
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TABLE 15-2 (continued)

CIATION CONDIMON OR RESTRICTON C7OMPLIANCE STATUS

Fisifle Clam

C of C,p. 2,5(c) FissileClass I UP TO DATE

TRUPACT-11 SARP,
Section 6.0

_________________________________ (Section_15.3.161

C of C, p. 3, 6 Restictons of form, propertes, and other UP TO DATE

Parana=TRAMPAC; WAC

____ ___ ___ ___ ___ ___ ___ ___ ___ ____ ___ ___ ___ ___ [Section_15.3.17]

C of C. p.3.,7 Shipping cuMor designatons UP TO DATE

TRUCON

__________________________________ [Section_15.3. 18]

C of C, p. 3,8 TLabelingrnurin UP TO DATE

TRAMPAC; WAC;

TRUCON

____ ____ ___ ____ ____ ___ ____ ____ __ [Section_15.3.201

oCp. 3, 10 Raur of &bparG of10 CFR Pan 71 UP TO DATE

WMD QA programn

r_________ [______________________ Section_15.3.211
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TABLE 15-2 (continued)

CITATION COMMiTON OR RESTRCTION COMPLIANCE STATUS

C of C, p. 3, Preparation of packtages for shipmntn and UP TO DATE
10(a) operations

TRUPACT-11 SARP.
Section 7.0

(Section 15.3.221

C of C, p. 3, Testing and mainteane of packeaging UP TO DATE
10(b)

TRUPACT-il SARP,
Section 8.0

(Section 15.3.231

Of C, p.3, 11 Con~tmnsof each pwkckg 
UP TO DATE

- - -- (Section 15.3.241

C ofC, p.3, 12 LeAksM: UP TO DATE

TRUPACT-11 SARP,

Section 8.0

________________________[Section_15.3.251

C of C, p. 3. 13 RminwaI of frn-s-milf w= UP TO DATE

TRUPACT-U1 SARP,

Section 7.0

________________________ (Section_15.3.261

C of C, p.3X,14- ApprovuI of TRUPACF-fl ACHMEVED

NRC'SC of C No. 9218

__________________________(Section_15-3.271
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TABLE 15-2 (continued)

CTTATION CONDMTON OR RESTRICTON CONMIANCE. STATUS

C of C, p. 3, 15 Expiration date: August 31, 1994 UP TO DATE

Will submit application to
the NRC for timely renewal
prior to expiration

[Section 15.3.281

15.3.1 Overall Specifications for the TRUPACT-JI, Certificate of Compliance
(C ofC), p. 1, (2), para. 1

Thie TRUTPACT-II consists of an unvented, 1/4-inch-thick Stainless
steel inner containment vessel (ICM positioned within an outer
containment assembly (OCA).

The OCA is an unvemted 1/4-inch-thick stainless steel outer
containment vessel (OMV with a 10-inch-thick layer Of
polyurethane foam and a 1/4- to 3/8-inch-thick outer Stainless Steel
Shell.

The package is a right circular cylinder with outside dimensions Of
about 94 inches in diameter and 122 inches in height.

The TRupAcT-Il packaging is composed of the ICV positioned within the OCA. As shown
in the drawings in Appendix 1.3.2 of the TRUPACT-11 SARP and discussed in Section 1.2. 1.1
of that documsent the ICV is unvented and is fabricated primarily of 114-irch Type 304 stainless
steel. The OCA is also unvented and is bounded by a 1/4- to 3/8-inch-thick Type 304 stainless
steel shell. Witbin the outer shell of the OCA is the OCY, which has a 3/16-inch-thick Type
304 stainless steel sheil. Between the outer shell of the OCA and the outer shell of the OCV
is a layer of polyurethane foam to provide insulation and absorb energy; this layer is up to
9 13/16 inches thick.

The TRUPACT-II is a right cylinider. The OCA is 94 3/8 inches in diameter and 121 3/4 inches
high (Section 1.2.1.1.1 of the TRUPACT-Il SARP).
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15.3.2 Overall Weight, C Of C, P. 1, 5(2), para. 1.

7The package weighs no more than 19,250 pounds when loaded,
with the maxrimal allowable contents of 7,265 pounds.

According to Section 1.2.1.2 of the SARP, the maximum, gross shipping weight of the
TRUJPACT-I1 package is 19,250 pounds. The maximal payload weight is 7,265 pounds.

15.3.3 Outer Containment Assembly of the TRUPACT-JI, C of C, p. 1, 5(2), para. 2

The OCA has a domed lid secured to the OCA body with a locking
ring.

The CCV containment seal is provided by a biayl rubber 0-ring

(bore seal).

The CCV is equipped with a seal test port and a vent port.

As shown and described in Section 1.2.1.1 of the TRUPACT-II SARP, the OCA has a domed
li d which is secured to the body of the OCA with a locking ring assembly. The containmnent 0-
ring is made of butyl rubber. The location of the OCV seat test port and the vent port are
shown in Appendix 1.3.2 of the TRUPACT-il SARP (Sheet 2. of Drawing 2077-500 SNP).

15.3.4 Inner Containment Vesse of the TRUPACT-U, C of C, p. 1, 5(2), para. 3

The ICV is a right circular cylinder with domufeds. Irs ourside
dimensrions are aroitej73 inches in diameter and 98 inches
high.

The lid is secured to the ICV body with a locking ring.

The contaiment sal is provided by a bsayl rubber 0-ring (bore
Sad).

The ICY is equipped with a seal test port and vent port. Aluminum spacers are placed in the
top and bottom domed ends of the ICV during shipping. The cavity available for the contents
is a cylinder of approximately 73 imthes in diameter and 75 ioches in height.

The ICY is a right cylinder with domed ends. According to Section 1.2.1.1.2 of the
TRUPACT-lI SARP, the ICY has a maximal external diameter of 76 5/16 inches, a minimal
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external diameter of 73 1/8 inches, and an overall external length of 99 inches when the lid is
installed on the body of the ICV. The lid is secured to the body with a locking ring. Two main
0-rings are enclosed between the mating lid and body of the OCV: the upper main 0-ring is
made of butyl rubber and serves a containment function; the lower (test) seal is made of
neoprene or ethylene propylene and allows a vacuum to be established on the exterior side of
the containment 0-ring for helium and pressure-rise leakage-rate testing.

The locations of the ICV seal test port and the vent port are shown in Appendix 1.3.2 of the
TRUPACT-11 SARP (Sheet 3 of Drawing 2077-5OOSNP). The upper and lower alminum
spacer assemblies are shown on Sheet 6 of this same set of drawings in Appendix 1.3.2 of the
SARP.

A cylindrical cavity is available for the contents to be placed in the ICV. The dimensions of the
cavity are a minimnal and maximal diameter of 72 7/16 and 73 7/8 inches (Section 1.2.1.1.2 of
the TRUPACT-Il SARP) and a height of 74 5/8 inches (Appendix 1.3.2 of the SARP, Drawing
2077-SOOSNP, Sheet 2).

15.3.5 Drawings Showing Casruto of TRUPACT-Il, C of C, p. 2, 5(a)(.
para.1

The, packaging is constructed in accordance with Nuclear
Packaging Inc. (NuPac) drawing # 2077-SOOSNP, Sheets 1-11
(Rev. K).

The 11 sheets of Drawing #2077-500SNP are included in the TRUPACT-I1 SARP. The
TRUPACT-fl packages are constructed in accordance with these drawings.

15.3.6 Drawings Showing Position of Contents in TRUPACT-il, C of C, p. 2,
5(a)(3), para. 2

The contour are positioned wthin the packaging in accordance
with NuPac drawings # 2077-OO7SNVP (Rev. C) and 2077-008 SNP,
SheetslIand 2(Rev. Q).

NuPac Drawings 2077-OO7SNP (one sheet) and 2077-OOSSNP (two sheets) are included in
Appendix 1.3.8 of the TRUPACT-lI SARP. The drum assemblies or standard waste boxes
(SWBs) are positioned within the package as shown in these drawings.
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15.3.7 Physical Form of Allowable Material and Receptacles, C of C, p. 2, 5(b)(1)

Only dewoiered, solid, or solidified TRU wastes, ame allowed. They
mius be packaged in 55-gallon drumts, SW~s, or bins.

According to Section 3.2.1.2 of the WIPP Waste Acceptance Criteria (WAC) (DOE, 1991b),
standard 55-gallon metal drums, SWBs, 55-gallon drums overpacked in an SWB, and an
experimental bin overpacked in an SWB are authorized for shipping contact-handled TRU wastes
in a TRtJPACT-I1 packaging. The prohibition of free liquids is discussed in Section 15.3. 10
of this BECR. (See also Section 5 of Appendix 1.3.7 to the TRUTPACT-il SARP.)

15.3.8 Prohibition of Explosives, Corrosives, Nonradloactive Pyrophorics, and
Pressurized 'Containers, C of C, p. 2, 5(b)(1)

Explosives, corrosives, nonradioactivepyrophorics, and pressurized
containers are prohibited.

Section 3.3.4 of the WAC prohibits the acceptance of explosives or pressurized canisters at
* WIPP. The WAC stipulates that any nonradioactive pyrophoric materials must be rendered safe

by mixing them with chemically stable materials (e.g., concrete, glass) or by processing them
to remove their hazardous properties; thus, they will be rendered nonipyrophoric prior to
shipment to WIPP (Section 3.3.3). (See also Section 5 of Appendix 1.3.7 to the TRTJPACT-II
SARP.)

Corrosive wastes are prohibited on two counts. They are prohibited on the basis of the
definition of corrosive waste used in the WAC (i.e., aqueous materials with a pH less than 2 or
higher than 12.51). Furthermore, since corrosive wastes are aqueous by definition, they are
prohibited as free-standing liquids (see Section 15.3. 10).

15.3.9 Restriction of Radioactive Pyrophorics, C of C, p. 2, 5(b)(1)

&radoacniv pyrophorics must not exceed 1 percent by weight
within a drum, SW, or bin.

Section 3.3.3 of the WAC restricts pyrophoric forms of radionuclides to 1 percent by weight of
the waste in each waste container with the stipulation that such waste be dispersed in the waste.
(See also Section 5 of Appendix 1.3.7 to the TRUPACT-11 SARP.)

The WAC definition of corrosive wastes differs from that of RCRA since the lawte includes aqueous mzaterials with

a pH of 2 or of 12.5 in its definition of corrosive waste under 40 CFR 261- 22(a)(i).
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15.3.10 Restriction of Free Liquids, C of C, p. 2, 5(b)(1)

Free liquids must not exceed 1 percent by volume within a drum,
SWB, or bin.

Section 3.3.2 of the WAC stipulates that liquid waste will not be emplaced at WIPP and that the
total liquid in a waste container wil not equal or exceed 1 volume percent of the payload
container. (See also Section 4 of Appendix 1.3.7 to the TRUPACT-lI SARP.)

15.3.11 Restriction of flammnable Organics, C of C, p. 2, 5(b)(1)

Flammable organics are limited to 500 ppm in the headspace of
any drum, SWE, or bin.

Section 3.4.7.2 of the WAC limits the total concentration of potentially flammable volatile
organic compounds (VOCs) to 500 ppm in the headspace of a waste package; this value includes
error measurmet

15.3.12 Maximal Allowable Weight, C of C, p. 2, 5(b)(2), para. 1

Contents must not exceed 7,265 pounds including shoring and
secondaly containers, with no more than 1, 000 pounds per 55-
gallon drum and 4, [00 pounds per SME.

Section 3.4.1.2 of the WAC specifies the following weight limits for waste package assemblies
transported in the TRUPACT-lI package:

1,000 lbs per drum
1,450 lbs per drum overpacked in an SWE
4,000 lbs per SWB
7,265 lbs per TRUJPACT-11 payload

19,250 lbs per TRUPACT-II payload, including the weight of the TRLJPACT-lI
pacg2ing
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15.3.13 Maximal Number of Payload Containers 'Per Package and Authorized

Configurations, C of C, p. 2, 5(b)(2), para. 21

Thze maximal number of payload containers per package and

authorized packaging configurations are:

14 55-gal drums
2 SIMs
2 SW~s,, each containing one bin
2 SWBs, each containing four 55-gal drums
1 10-drum overk (TD)OP) containing ten 55-gal drum
1 MVOP containing one ATB
1 TDOP containing one bin within an EWB
I iVOP containing four 55-gal drums Mirhin an SWB.

According to the WAC (Section 3.2.2.2), the authorized loading configurations for shipment in
the TRUPACT-I1 package are standard 55-gallon metal drums in two seven-pack configurations
or two SWBs. Up to four drumsor outexperimental bin may be overpacked inan SWB. If
only one seven-pack or one SWE of waste is scheduled for shipment in the TRUPACT-IL a
dunnage seven-pack or S WB must be added to the package for transport, as specified in. Appendix 1.3.7 of the TRUPACT-lI SARP. In addition, drums, SWBs and experimental bins
may be overpacked in a TDOP for shipmen within the TRUPIACT-11.

15.3.14 Amount of Allowable FIssie Material, C of C, p. 2, 5(b)(2), para. 3

Fissile material must not arcted 325 gram IW-239 equivalent,
with no more tha 200 grams Pu-239 equivalent per 55-gal drum
or 325 grams Pu-239 equiwzlemt per SWE (for Pu-239 equivalent,
see Appendix 1. 3.7 of the TRUTPACT-JI SARP).

Section 3.4.2.1 of the WAC specifies that the fissile or fissionable radionuclide content of
contact-handled TRU waste packages will not exceed the following values, in Pu-239 fissile-
gram equivalem:

e 200 grams per 55-gallon drum
* 5 grams per cubic foot in boxes, up to a 3.50-gram mxmm

However, the TRUPACT-il package limit for the SWB cited in the WAC is less than
325 grams. Thus, the sum of the fissile equivalents of all waste packages in the entire payload
of a quantity including two timnes the error may not exceed 325 grams (see the calculational. methods described in Appendix 1.3.7 of the TRUPACT-Il SARP).
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15-3.15 Allowable Decay Heat, C of C, p. 2, 5(b)(2), para. 4

Decay heat must not exceed the values given in Tables 6. 1 through
6.3 of the TRUPAJT-II Content Codes (TRUCON) (DOE, 1989b).

According to Section 3.4.6.2 of the WAC, there are two thermal limits for decay heat: the total
decay heat from radioactive decay of the radioisotopes within an individual payload container
and the total decay heat from all payload containers in a TRTJPACT-lI package. The total decay
heat limits per TRUPACT-lI for each shipping category are presented in Table 1.2.3.33 of the
TRUPACT-II SARP. In determining whether or not a waste package or group of waste
packages meets the limits, the error must be added to the measured value. The design limit for
the TRUPACT-Il is 40 watts.

15.3.16 Fissile Class, C of C, p. 2, 5(c)

Thie C of C ident ftes the TR UPA CI -11 as a Fissile Class I package.

The C of C identified the TRUJPACT-U1 as a Fissile Class I packaging. Therefore, the

requirements specified in 10 CFR 71.57 must be met.

15.3.17 Retitons of Form, Properties, and other Parameters, C of C, p. 3, 6

The physical form, chemical properties, chemical com~patibility,
configuration o~f the payload containers and contents, isotopic
uemnoiy, fissile content decay hext, weight and center of gravity,
and radiation dose rate must be determined and limited in
accordance with the TRUPACT-II Amhorzzed Methods for Payload
Control (1~M PAC) (ZRUPA CT-I! &WR, Appendix 1.3.7).

The methods for determining and controlling the physical form of the wastes are visual
examination, real-time radiography (RTR), records and data-base information, and sampling
(SARP, Appendix 1.3.7, Section 4). The chemical properties of the waste (SARP, Appendix
1.3.7, Section 5) are determined by the allowable chemical constitunts within a given waste
type and are restricted so that all the payload containers are safe for handling and transport.
Chemical compatibility (SARP, Appendix 1.3.7, Section 6; see also SARP Appendix 2. 10. 12)
within the waste and between the waste and the packaging ensures that no chemical process will
occur that might pose a threat to the safe transport of the payload in the TRUPACT-lI package.
The configuration of the payload container and content is controlled as described in Section 8
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of the SARP's Appendix 1.3.7; this section also describes specif~ications for filter vents and pre-

shipping venting and aspiration requirements.

The isotopic inventory for each payload container and the fissile content are discussed in
Section 9 of the TRAMIPAC. Decay heat is discussed in SectiOn 10 of the TRAMPAC.

The allowable weights for individual payload containers and, fo the total payload are presented
in Section 11 of the TRAMIPAC, along with methods of determnining and controlling weight.
The methods for determining the center of gravity of the loaded TRUPACT-fI package are also
described in this section for 55-gallon drums and for SW~s.

External radiation dose rates are presented in Section 12 of the TRAMIPAC. These rates may
not exceed 200 mremn per hour at the surface of the payload ontainer and 10 mremn per hour
at 2 meters (see also Section 5.0 of the TRUPACT-t[ SARP).

15.3.18 Shipping Category Designation, C of C, p., 3, 7

Each drum, SWB, or bin must be assigned a shipping category in
accordance with TableS from TRUCON (Rev. 6) or tested for gas
generation and must meet the acceptance critena in accordance
with Attachment 2. 0 to Appendix 1. 3. 7 of the TR UPA CT-Il SARP.

Section 1.2.3.2 of the TRUPACT-11 SARP discusses the payload shipping categories developed
specifically for the TRUPACT-II package. The primary difference among the categories is their
potential for gas generation and internal bagging configuration. For waste with an adequate

magi of safety, an analytical prediction suffices. Wastes without such a margin of safety
require testing as described in Section 1.23.3.12 and Attachment 2 to Appendix 1.3.7 of the
TRUPACT-lI SARP.

15.3.19 Labeft wlequeants, Cof C, p.3, 8

Each drumn SWE, or bin must be labeled to indicate its shipping
category. All drums, SW~s, or bins within a package must be of
the same shiping category.

As described in Section 3.4. 8 of the WAC, each waste package will be labeled with the shipping
category after all payload parameters have been verified. Furthermore, all waste packages
within a single TRUPACT-fi package must belong to the same shipping category (WAC, Section
3.6.1.2). (See also Section 13.1 of Appendix 1.3.7 to the TRUPACT-il SARP.)
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15.3.20 Pre-Shipment Venting or Aspirating Requirements, C of C, p. 3, 9

Each drum, SWB, bin, or TDOP must be equipped with filtered
vents prior to shipment in accordance with Appendix 1.3.7 to the
TR UPA CT-II SARP; drum not equipped with filtered vents during
storage must be aspirated before shipment; the minimal aspiration
time may be determined from Tables 7.1 through 9.3 in TRUCON.

Section 3.4.7.2 of the WAC stipulates that all payload containers, including any overpacks, must
be vented with filters that meet the specifications described in the TRUPACT-fl SARP. At least
one filter will be used per drum, two per overpackced experimental bin in an SWB, and two per
SWB. Any rigid drum iners will be filtered or punctured. (See also Section 8.1 of Appendix~
1.3.7 and Appendix 3.6.11 to the TRUPACT-fi SARP.)

15.3.21 Requirements of Subpart G of 10 CPR Part 71, C of C, p. 3, 10

-Compliance with the requirements of Subpart G of 10 CFR Part 71
is required.

Subpart G invokes Subpart H, Quality Assurance. (See Section 15.2.20.)

15.3.22 Preparation of Packages for Shipment and Operations, C of C, p. 3, 10(a)

Each package must be prepared for shipment and operated in
accordance with procedures described in Section 7, -Operating
Procedures, - of the TRUPA CT-Il SARP.

Section 7 of the TRUPACT-Il SARP contains procedures for loading and unloading the
TRUPACT-il container and for preparing an empty packaging for transport. In addition, the
payload assembly criteria are presented in Section 13 of Appendix 1.3.7 to the TRUPACT-lI
SARP.

15.3.23 Testing and M ntnceof Packages, C of C, p. 3, 10(b)

Each package must be tested and maintained in accordance with
procedures described in Section 8, Acceptance Test and
Maintenance Program of the TRUPACT-Il SA"P.
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The required acceptance tests and the maintenance program are included in Section 8 of the
TRUPACT-lI SARP. The acceptance tests are those tests that must be performed prior to the
first use of the TRUPACT-II and include visual inspection andi structural and pressure, leakage,
component, and thermal acceptance tests. (No shielding is provided in the TRUPACT-Il
container; therefore shielding integrity tests are not appropriate.) The mntnance program
consists of procedures and tests used to ensure the continuation of proper performance of the
TRUPACT-Il packaging. It comprises structural and pressure tests; leak tests and subsystems
maintenance of fasteners; the ICV; the OCA; seal areas and grooves; and valves, rupture discs,
and gaskets on the containment vessel. No shielding or thermal ins~pections or tests are
necessary to ensure continued performance of the TRtJPACT-IT container.

15.3.24 Contents of Packages, C of C, p. 3, 11

Thie contents of each package must be in accordance with Appendix
7.4. 1, "Paylopad Control Procedures, - of the TRUPACT-Il SARP.

The payload control procedture appears in Appendix 7.4.3 and is summarized in Section 13 of
Appendix 1.3.7 of the TRUPACT-i1 SARP. Section 3.6.1.2 of the WAC specifies that the
payload control procedures provided in Section 7.4.3 of the: TRUPACT-11 SARP will be. ~followed for shipping contact-handled TRU waste in the TRUPACT-il package.

15.3.25 Leak Testing, C of C, p. 3, 12

Prior to each shipment, lid and vent port seats 01! inner and outer
containment vessels must be leak tested to 1 x 10"7 standard cubic
centimeter per second in accordance with Section 7 of the
TRUPA CT-Il SRP.

The assembly verification leak test and other leak tests that must be performed on the
TRUPACT-il package are described in Appendix 7.4.2 and Section 8 of the TRUPACT-11
SARP. AUl such maixiazoy tests will be run on each package prior to shipment.

15.3.26 Removal of Free-Standing Water, C of C, p. 3, 13

All free-standing water must be removed from the ICY cavity and
the CCV cavity before shipment.

The operating procedures of Section 7 of the TRUPACT-Il package include instructions for
* ~inspecting for free-standing water and removing it from the package (i.e., Sections 7.1.2.3.2,
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7.1.2.3.3, and 7.1.2.3.6 through 7.1.2.3.9). These procedures must be used for loading the

TRUPACT-lI container.

15.3.27 Approval of the TRUPACT-JI Packaging, C of C, p. 3, 14

The TRUPACT-II packaging mst! be approved for use under
general license provisions of 10 CFR 71.12.

See Section 15.2. 1.

15.3.28 Expiration Date, C of C, p. 3,1IS

The expiration date of this Coqt C is August 31, 1994.

In order to use the TRUPACT-Il packagig for shipping TRU waste, the C of C must be
updated prior to its expiration date of Augus 31, 1994. This will be accomplished by
submtting an application for timnely renewal to the NRC.
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16.0 HAZARDOUJS MATERIALS TRANSPORTATION ACT

16.1 Summary of the Law

The Hazardous Materials Transportation Act (HJMTA; 49 USC §§ 1801 et seq.), as amended,
is the major transportation-related statute that affects the DOE. The objective of the HMVTA is
"to improve the regulatory and enforcement authority of the Secretary of Transportation to
protect the Nation adequately against risks to life and property which are inherent in the
transportation of hazardous materials in commerce." The H14TA provides for safe intra- and
inter-state transportation of hazardous materials (including nuc-lear materials).

The Hazardous Materials Transportation Uniform Safety Act (HMTUSA; PL 101-615) was
enacted on November 16, 1990. This public law, which amnends the HMTA, required the U.S.
Department of Transportation (DOT) to set standards for designating routes for the transportation
of hazardous materials, establish regulations on training standards for all hazardous materials
transportation workers, issue safety permits to motor carriers for certain hazardous materials,
and perform a railroad transportation safety study for certain highly radioactive materials. DOT
is also required to participate in international forms dealing with recommendations or legislation
relating to mandatory standards and requirements pertaining to the transportation of hazardous
materials and to consult with interested agencies to facilitate consistency in international law with
respect to hazardous materials transportation. In addition, MTUSA requires registration and
an annual registration fee for shippers and carriers of certain hazardous materials such as
radioactive materials and establishies planning and training grants to the States for developing,
improving, and implementing emergency plans.

In the Second Modification to the Agreement for Consultation and Cooperation, dated
August 4, 1987, the DOE agreed to comply with all applicable DOT regulations and
corresponding regulations of the U.S. Nuclear Regulatory Commission (NRC). The following
regulations are applicable to WIPP.

49 CFR Part 171, General Information, Regulations, and Definitions, sets forth the DOT
requirements that are applicable to the tanisportation of hazarous materials and the packaging
used in the tanisportation of those materials.

49 CFR Part 172, Hazardous Materials Table, Special Provisions, Hazardous Materials
Communications Requirements and Emergency Response Information Requirements, lists and
classifies the materials that the DOT has designated as hazardous for the purpose of
transportation and describes the communications regulations dmit apply when those materials are
shipped.

In 49 CER Part 173, Shippers - General Requirements for Shipments and Packagings, the DOT
defines hazardous materials for the purpose of transportation; establishes requirements in
preparing materials for shipment; sets forth inspection, testing, and retesting responsibilities
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concerning containers built, repaired, or conditioned for use in the transportation of hazardous
materials; sets forth requirements for transporting radioactive material; classifies materials
having more than one hazard; and describes criteria for instructing those responsible for
preparing hazardous materials for shipment.

In 49 CER Part 175, Carriage by Aircraft, the DOT prescribes additional requirements to those
in Parts 171, 172, and 173 concerning the transportation of hazardous material by air.

In 49 CFR Part 177, Carriage by Public Highwvay, the DOT sets forth requirements to promote
the uniform enforcement of law to minimize danger to life and property in the transportation of
hazardous materials by public highway.

49 CFR Part 178, Specifi cations for Packagings, describes m~anufacturing and testing
specifications for packaiging and containers used for the transportation of hazardous materials.

16.2 Comliance Status of the Regulatory Requirements

Table 16-1 summarizes the regulatory requirements and their compliance status under the
Hazardous Materials Transportation Act. The text gives more detail on the compliance status
for each requirement.

TABLE 16-1. Hazardous Materials Transportation Act - Summary of Regulatory
Compliance Status

CITATION IREQUIREMENT COMIANCE STATUS

4 CPR Part 171, Gen Infonxai~n, Regulatons, and Defliitons

49 CFR 171.2 General reqpirentis UP TO DATE

Being addressed in
Trwzrponmion Managemmn
Plan and WID procedure

___ ___ __ ___ ___ __ ___ __ __ ___ ___ __ ___ ___ _ [Section_16.2. 11]
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TABLE 16-1 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

49 CFR 171.3 Transport of hazardous UP TO DATE
material requiring manifests,
labeling, and shipperlgenerator Being addressed in
and transporter identification Transporraton Managemem

Planz

__________________ _____________________ (Section_16.2.21

49 CFR 171.14 Materials poisonous by UP TO DATE
inhalation; segregation
requirements Being addressed in

Transponrauion Management
Plan

___________________ ______________________ [Section_16.2.3]

49 CFR 171.15/16 Notice and report of hazardous UP TO DATE
material incidents

Being addressed in
Transporration Managemnva
Plan

___________________ _____________________ [Section 16.2.41

49 CFR Part 172, Hwardons Mazerial Table, Spenda Prwwsiens, Hwa'dous Materials Commanaicaona
Requirmnxsea and Emergency Reap..,. Infermanen Requiremeuns

49 CFR 172. 101 Hazardous mazerials table UP TO DATE

Addressed in WID procedure

__________________ _____________________ [Section_16.2.5]

Subpat C, 49 CFR 172.200- Shippin* ae eqrnei UP TO DATE
.205

Addressed in WID procedure

_________________ ___________________ (Section_16.2.61
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TABLE 16-1 (continued)

crrIoN REQUEREMENT COMPLIANCE STATUS

Subpart D, 49 CFR 172.300- Marking of hazardous UP TO DATE
.338 materiaisubstances for

ansport Addressed in WID procedure

_______________________ (Section_16.2.71

Subpart E, 49 CFR 172.400- Labeling of hazardous UP TO DATE
.450 maerials/substances for

transport Addressed in WID procedure

________________________[Section_16.2.81

Subpart F, 49 CFR 172.500- Placarding of hazardous UP TO DATE
.560 materiassubstances for

transport Addressed in WED procedure

_____________________ _____________________ [Section_16.2.9]

Subpart G, 49 CFR 172.600 Emergency response UP TO DATE

Addressed in WID procedure

_____________________ _____________________ (Section_16.2. 101

Subpart H, 49 CFR 172.700- Training requirements for the UP TO DATE
.704 transportation of hazardous

materials Training conducted and
attnded byaprrat

_____________________ [Section_16.2.11]

49 CFR PMr 173, Skippe - GmW Requirewa for ShprWn=U and Packagiq

Subpart A., 49 CFR 173.12 General requirements for UP TO DATE
shipments and packagings

Addressed in WID procedure

_____________________ _____________________ (Section_16.2. 121
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TABLE 16-1 (continued)

CITATION ]REQUIREMENT COMIPUANCE STATUS

Subpart B, 49 CFR 173.21-.40 Preparation of hazardous UP TO DATE
materials for transport

Addressed in WMD procedure

[Section 16.2.131

Subpart C, 49 CFR 173.50-,.63 Defnitions, classification. and NOT APPLICABLE
packaging of Class I materials

Addressed in WID procedure

[Section 16.2. 141

Subpart D, 49 CFR 173.115- Classification, packing group UP TO DATE
.156 asigmeaz, and exceptions for

hazardous materials other than Addressed in WID procedure
Classes 1 and 7

_______________________ (Section_16.2. 151

Subpart E, 49 CFR 173.158- Non-bulk packaging of UP TO DATE
.230 hazardous matrials other than

Classes 1 and 7 Addressed in WID procedure

____________________ [Section 16.2.161

Subpart 1, 49 CFR 173.401- Transportation of radioactive UP TO DATE
.478 materials (including empty

packaging) Addressed in WMD procedures

____________________ (Section_16.2.171

49 CM Part 17S, CarnWa by Aircraf

49 CFR 175 Tranp.taio of hazardous UP TO DATE

mmrw y airraftAddressed in WID Procedure

[Section 16.2. 18]

49 CFR Part 177, Camage by Public Highway
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TABLE 16-1 (continued)

CIATON REQUIREMIENT CONMIANCE STATUS

49 CFR 177.800, .816, and Training responsibilities and UP TO DATE
825 requirements for Class 7

material Training conduced and
attended by appropriate
personnel

(Section 16.2. 191

49 CFR Part 178, Specifications for Packaging:

4CFR 178 Paccagings and containers used UP TO DATE
for transportation of hazardoits
materials Certificate of Compiice

(C of C) for TRUPACT-l1
paiig

[Section 16.2.201

16.2.1 Genera Requirements, 49 CFR 171.2

General requirements regarding the offering or acceptance of
hazardous material for transportation in commerce are described.
Material to be shipped must be properly classed, described,
packaged, marke4 labeled, and in condition for shipment.

General reurmnsfor the shipment of hazardous material are being addressed in the draft
WID Transportation Management Plan and in Westinghouse Waste Isolation Division (WI)
procedures. Thw Tranportatin Management Plan is being developed from, the TRUPACT-II
Transportation Management Plan (DOE, 1993a) in order to broaden the scope of the existing
document. Tin plan will identify the WI] organizations and positions that are responsible for
ensuring compliance with the HMTA. The completion and certification of several worksheets
(e-g., "Shipping Request," "Shipment Worksheet for Ground Transportation," and "Shipment
Worksheet for Air Transportation") ensure compliance through careful dcm taonof all
required actions.
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16.2.2 Hazardous Waste, 49 CFR 171.3

Requirements for the shipment of hazardous wastes include the
preparation of manifests or other shipping papers, motor vehicle
marking and placarding, waste packaging and labeling, and
identification numbers for the generators and the transporters.

Manifests, marking and placarding, and other labeling requirtements are being addressed in the
WED Transportation Management Plan. Completion of step-by-step worksheets ensure the
proper execution of these tasks in shipping hazardous wastes from WEPP to an off-site
treatmnent/storage/disposai facility (TSDF).

16.2.3 Transitional Provisions for Implementing Requirements Based on the United
Nations (UN) Recommendations, 49 CFR 171.14

This subchapter provides an orderly transition to the new
requirements incorporated as part of a comprehensive revision to
this subchapter based on the UN Recommendations. Specified are
requirements for new explosives, materials that are poisonous by
inhalation, and infetiuous substanes.

A WID procedure addresses materials that are poisonous by inhalation. Prescribed methods for
shipping poisonous-by-inhalation materials will be included iii the Transportation Management
Plan.

16.2.4 Immediate Notice of Certain Hazardo Materials Incidents and Detailed
Hazardous Materials Incident Reports 49 CFR 171.15-171.16

Section in.15 specifies the requirements of immediate noafi cation
by each carrier who transports hazardous materials (including
hazardous wses) and is involved in a hazardous material incident
during the cou of transportation. Section .171.16 specifies the
requirements for the submisson of a written hazardous materials
incident report by the carrier.

Requremntsfor transportation emergency notifications are specified in the Transportation
Management Plan. This plan and WID procedures define reportable incident andreotn

requremetsincluding the identification of organizations and other entities that receive reports.
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16.2.5 Table of Hazardous Materials, 49 CFR 172.101

The Hazardous Materials Table designates all materials listed as
hazardous for the purpose of tramsporring those materials.

These requirements are covered in a WED procedure that is directed to any "... material,
including its mixtures and solutions that ... is listed in the Appendix to 49 CFR 172. 10 1, List of
Hazardous Substances and Reportable Quantities."

16.2.6 Shipping Papers, Subpart C, 49 CFR 172.200-172.205

This subpart describes the requirements for the provision of
shipping papers by persons who offer hazardous material for
transportation. The shipping papers must include a description of
the hazardous material, shipper's certzfication, and a hazardous
waste manifest.

Requirements concerning shipping papers, including manifests, for hazardous materials, are
described in a WED procedure. Each required record is identified and defined by forms attached
to this procedure.

16.2.7 Marking, Subpart D, 49 CYR 172.300-172.338

Marking requi rements for the transportation of hazardous materials
or substances are described in this subpart.

According to a WED procedure. the Transportation Engineer marks and labels the shipment in
accordance with either Subparts D and E of 49 CFR Part 172 or the neraoalAir Transport
Association (IATA) 7.1 and 7.2.

16.2.8 Labeling, Subpart E, 49 CPR 172.400-172.450

This subpart describes the requirements for the labeling of
packages or containment devices by persons who offer hazardous
material for transport.

According to a WED procedure, the Transportation Engineer marks and labels the shipment in
accordance with either Subparts D and E of 49 CFR Part 172 or IATA 7.1 and 7.2.
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16.2.9 Placardingi Subpart F, 49 CFR 172.500-172.560

Th1is subpart describes the requirements for the placarding of
hazardouss material by persons who offer hazardous material for
transport.

According to a WI]) procedure, the Transportation Engineer ensures that the vehicle that will
transport hazardous waste from WIPP is properly placarded.

16.2.10 Emergency, Response Information, Subpart F, 49 CFR 172.600

This subpart describes the requirements f~or the provision of
emergency response information during transportation and at

facilities where hazardous materials are loaded for transportation,
stored incidental to tranhportation, or otherwise handled during
any phase of transportation.

According to a WID procedure, the Transportation Engineer, delivers the shipping papers and
the Carrier/Driver Instructions, Emergency Response Plan during Transportation, to the driver
and releases the shipment. This plan specifies driver actions to be taken in the event of an
incident during transportation.

16.2.11 Training Requirements, Federal/State Relationship, and Applicability and
Responsibility for Training and Testing, 49 CFR 172.700-.702 and 172.704

These sections prescribe minimal training requirements for the
transportation of hazadous materials and sped~fy requirements that
TSDF omwes or operators must meet to ensure that their
hazardous materials (havma) employees are mraned in a systematic
pro gramn I7Te following requirements are included: States may

imoemore stringent training requirements under certain
conditions, the training currculum must include general awareness
and familiariaton hazardous material recognition and

idetifcatoiLflnction-spec~fic topics, and sWaey and emergency
response information; and current hazina employee training
records nms be maintained and contain specific training
documentation including certification of training.

WIPP employees having job duties that require them to attend the Hazardous Material Training
Course (HMT-102) have done so or work under the direct supervision of another trained hazmat
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employee. Through the training programs, bazmat employees become familiar with the
applicable hazardous material regulations, are able to recognize and identify hazardous materials,
are knowledgeable of function-specific hazardous material regulations, and are knowledgeable
of emergency response information and hazardous material communications requirements. The
WIPP provides each hazmat employee with initial and recurrent training in accordance with
established schedules. Each employer maintains records of current training, inclusive of the

preceding 2 years. The training records are maintained in accordance with existing
requirements.

16.2.12 General Requirements for Shipments and Packagings, Subpart A, 49 CFR
173.1-173.12

This subpart includes the requirements for preparing hazardous
materials for shipment by air, highway, rail, or water and
definitions and classfi cations of hazardous materials fr
transportation purposes.

A WED procedure specifies that shipments of hazardous materials must comply with these

16.2.13 Preparation of Hazardous Materials for Transportation, Subpart B, 49 CF!R
173.21-173.40

This subpart describes the requirements for the preparation of
hazardous materials for transportaton. The shipper's respon-
sibilities are described and include the claissification and
description of hazardous material and the determination that the
packaging or container is an authorized packaging and that it has
been manugfamured, assemnble and marked properly.

According to WMD procedures, the Transportation Engineer and the generator determine who
will perform the packaging and where the packaging will be performed. Personnel packaging
hazardous materials must be familiar with the packaging requirements for these materials,
commensurate with the complexity of the packaging and the degree, nature, and quantity of

hazard. The Transportation Engineer prepares a written work instruction for the packaging of
the material, if required. WID personnel package the hazardous material.
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16.2. 14 Definitions, Classification, and Packaging for Class 1 Materials,

Subchapter C, 49 CFR 173.50-173.63

Deflniions. classifications, and requirements for packaging of

Class 1 materials (explosives) are described.

A WID procedure includes two worksheets (a shipment worksheet for ground transportation and
one for air transportation) and a shipper's declaration of dangerous goods. A hazardous waste
manifest or bill-of lading is used for ground trasport. All actions that would be required for
the classification and packaging of Class 1 materials are included in these worksheets. However,
Class 1 materials are not used, packaged, or shipped from the WIPP; therefore, this section does
not apply.

16.2. 15 Definitions, Classification, Packaging Group, Assignments, and Exceptions for
Hazar dous Materials other than Class 1 and Class 7, Subpart D, 49 CFR
173.1154173.156

Definitions, classifications, packing group assignments, and
exceptions for hazardous materials, including flammable, non-
flammable, poisonous and non-poisonous gases, flammable liquids
and solids, and toxic material are specified.

A WI] procedure includes two worksheets (a shipment worksheet for ground transportation and
one for air transportation) and a shipper's declaration of dangerous goods. All actions required
for the classification and packaging of hazardous materials other than Classes 1 and 7 are
included in these worksheets.

16.2.16 Non-Bulk: Packaging Requirements for Hazardous Materials other than Class
1 and Class 7, Subpart E, 49 CFR 173.158-173.230

Non-bulk packaging requirements for hazardous materials other
than Class 1 and Clas 7 materials are diescribed. Specific
requiremnts are described in 49 CFR 173. 158 through 173.198
for nitric acid wet batteries, corrosive non-exqplosive smoke bombs;
chemical kits; gallum hydrogen fluoride; mercury; smokeless
powder ftor small arms; aircraft hydraulic powver unit fuel tankcs,
paint, paint-related material, 'adhesives, and ink, refrigerating
machines, liquid pyrophoric materia is; barium azide;
nitrocellidose-based fim highway or rail fuses; lithium batteries
and cells; matches; pyrophoric solids, meralsr, or alloys; white or
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yellow phosphorus; certain Group 1 poisonous materials; mixtures
of bromoacetone, methyl bromide, chioropicrin, and methyl
chloride or of chioropicrin and methyl chloride or of chioropicrin
and compressed gas; hydrogen cyanide; infectious substances; and
nickel carbonyl.

A WID procedure indicates that the Transportation Engineer classifies the shipment with the

information provided in the shipping request by completing the shipment worksheet. If required,

the requestor and/or the Transportation Engineer obtain additional information to classify the

shipment properly. The Transportation Engineer determines the packaging requirements.

16.2.17 Radioactive Materials, Subpart 1, 49 CFR 173.401-173.478

This subpart sets forth requirements for the transportation of
radioactive materials by carriers and sippers and includes
requirements for package design, package testing, empty
radioactive materials packaging, and NRC-approved packages.

A WID procedure identifies both general and specific requirements to be implemented at WIPP. _

Other procedures provide instructions for shipping empty TRUPACT-Il containers from WIPP

by truck and for shipping radioactive materials to WIPP from the generator sites. The

procedures also show how packaging requirements are determined, including verification that

the quantity and form of material to be shipped meet the requirements of the Certificate of

Compliance and/or tested parameters of the intended package.

More detail is specified in Chapter 15 under the NRC's regulations implementing transportation
requirements under the Atomic Energy Act.

16.2.18 Carriage by Aircraft, 49 CFR Part 175

This part describes requirements that must be observed with respect
to the tranportaton of hazardous materials in air craft. Included
are provisions relating to unacceptable hazardous materials
shipments; acceptance and inspection of shipments;* discrepancy
reports; notification of the pilot in conmand shipping papers;
keeping and replacement of labels; reporring hazardous materials
incidents; quantity limitation; orientation. securing, and location
of cargo containing hazardous materials; compatibility of

packages; damaged shipments; and specific regulations applicable
according to the clasification of the material, including special
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limitations and requirements for Class 7 (i.e., radioactive)
materials.

A WED procedure provides guidance for shipping hazardous materials by air. Hazardous
materials shipped from WTIPP are in accordance with the International Air Transport Association
(IATA).

The transportation options studied in the Comparative Transportation Alternatives Study did not
consider transportation of TRU wastes to WIPP by air.

16.2.19 Traning Responsibilities and Requirements for Class 7 (Radioactive)
Materials, 49 CFR 177.800, 177.816, and 177.825

These sections set forth requirements for trai'ning, including the
following: a carrier may not transport or cause to be transported
hazardous material by motor vehicle unless each of its hazmat
employees has received the appropriate specialized training. Each
of the carrier's hazmar employees must have the appropriate State-
ised commercial driver's license with the proper endorsement and

must have in his/her immediate possession a certficate of training
that includes a proper statement of aiahenticzttion.

All transportation of radioactive or mixed waste will be contracted to a local carrier. The
carrier's employees have been property trained, and their records include all certification
information. The carrier's drivers all possess a commercial driver's license with either a tank
vehicle or hazardous material endorsement, and each is trained and certified to transport highway
route-controlled-quantity radioactive materials. Each driver has a properly authenticated tranig
certificate in his/her possession.

16.2 .20 Speiiain for Packagings, 49 CFR Part 178

This part contains prescribed manufactusring and testing
specifications and inspection reqzarements for packaging and for
containers used for the transportation of hazardous materials.

WIPP quality assurance procedures definie the methodology by which specified criteria are
verified. The TRUPACT-fl container has been developed to transport contact-handled TRU
waste IQ WIPP from the generator sites. The specificationi for this packaging and conditions
of the Certificate of Compliance granted by the NRC are described in more detail in Chapter 15.
All the hazardous material shipped frMM WTPP is packaged in performance-oriented packaging
in accordance with 49 CFR and United Nations packing standards and regulations.
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17.0 MATERIALS ACT OF 1947

17.1 Summary of the Law

The Materials Act of 1947 (30 Usc §§ 601 et seq.) establishes policy that directs the Bureau

of Land Management (BLM) of the U.S. Department of the Interior (DOI) to prescribe rules and

regulations for the disposal of mineral material resources (inctuding, but not limited to, sand,

stone, gravel, pumice, cinders, and clay) on public lands under the BLM's jurisdiction at fair
market value while ensuring that adequate measures are taker. to protect the environment and

to minimize damage to public health and safety during the authorized removal of such minerals.
Under the act, no mineral material shall be disposed of if the Secretary of the Interior determines

that the aggregate damage to public lands and resources would exceed the benefits to be derived
from the proposed sale or free use of the material.

The policy of the Materials Act of 1947 is addressed in the 1992 Waste Isolation Pilot Plant

Land Withdrawal Act (LWA). In the LWA, the DOE was given statutory authority and
responsibility for the management of the withdrawn land at WIPP consistent with the Materials
Act of 1947 and other applicable laws such as the Federal Land Policy and Management Act and
the Public Rangelands Improvement Act (see Chapters 18 and 19, respectively). Furthermore,
the LWA directs the DOE to produce a WIPP land management plan to provide for the disposal
of salt tailings subject to the Materials Act of 1947 and the act's implementing regulations.

The regulations in 43 CFR Part 3600, Mineral Materials Disposal.: General, iniplimnti the

Materals Act of 1947 and establish procedures for the exploration, development, '.and dispbsal
of mineral material resources as well as for the protection of the environment of the public lands® under permit or contract for sale or free, use. These regulations are applicable to the WIPP

V1 because of the need to dispose of excess salt tailings extracted from the withdrawal area.

17.2 Compliance Status of the Regulatory Requirement

Table 17-1 summarizes the single applicable requirement and its compliance status under the
Materials Act of 1947. The text provides more detail on the compliance status of the
requirement.
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TABLE 17-1. Materials Act of 1947 - Summary of Regulatory Compliance
Status

CITATION REQunRmwrr COMPLIANCE STATUS:

43 CFR Part 3600, Mineral Maerals Dispesafr General

43 CFR 3601.1-3 Protection of environment: UP TO DATE
disposal of salt tailings

Addressed in the WI7P? Land
Management Plan

[Section 17.2. 11

17.2.1 Environmental Protection During Disposal of Mineral Material,
43 CFR 3601.1-3® Authorized land managers must take steps go prevent unnecessary
or undue environmental degradation resulting from mineral
material disposal operations.

Salt from the udroudmining operations at WIPP is brought to the surface and storedmin the,

salt pile just north of the surface facilities. This salt -storage pile has the capacity to stbrmoth
2 million tons of material projected to be excavated during the lifetime of the WIPP project.
There is also an inactive salt storage pile at WIPP. This salt pile is a result of the Site *nd
Preliminary Design Validation (SPDV) phase.

According to the planned actions addressed in the WIPP Land Management Plan (DOE, 1993c),
salt tailings extracted from the withdrawal area that are not needed for backfill at WIPP will be
disposed of in accordance with the reuiemnt of §§ 2 and 3 of the Materials Act of 1947.
Thes reqieet specify that if the appraised value of the salt exceeds $1,000, disposal will
be performed by the highest. responsible qualified bidder by competitive bidding and publication
of notice of the proposed disposal as described in § 2 of the Materials Act. If the appraised
value of the salt is $1,000 or less, it may be disposed of at the discretion of the Secretary. Any
money received from the disposal of the salt will be disposed of in the same manner as money
received from the sale of public lands (Materials Act, § 3).
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.18.0 FEDERAL LAND POLICY AND MAkNAGEMENT ACT

18.1 Summary of the Law

One of the objectives of the Federal Land Policy and Management Act (FLPMA; 43 Usc
§§ 1701-1782) is to ensure that

*public lands be managed in a tmaner that wvill protect the quality of
scientific, scenic, historical, ecological, environmental, air and atmospheric,
water resource, and archeological values; that, where appropriate, will preserve
and protect certainL public lands in their natural condition; that will provide food
and habitat for fish and wildlife and domestic animal;; and that will provide for
outdoor recreation and human occupancy and use."

Title HI under FIYMA, Land Use Planning; Land Acquisition and Disposition, directs the
Secretary of the Interior to prepare and maintain an inventory, of all public lands and to develop
and maintain, with public involvement, land-use plans regardless of whether subject public lands
have been classified as withdrawn, set aside, or otherwise designated. Under Title V, Rights-of-
Way, the Secretary of the Interior is authorized to grant, issue, or renew rights-of-way over,
upon, under, or through public lands.

The policy and commitment of the FLPMA are addressed in the 1992 Waste Isolation Pilot Plant
Land Withdrawal Act (LWA). The LWA gave the DOE statutory authority and responsibility
for the management of the withdrawn land consistent with ]-?LMA and other applicable laws® such as the Public Rangelands Improvement Act and the Taylor Grazing Act (see also Chapters
19 and 20, respectively). Furthermore, the LWA directed The DOE toprouc a WIPP land-
management plan to provide for grazing, hunting and trapping, wildlife habitat, the disposal'of
salt tailings, and mining, subject to the applicable implemetring regulations of FLPMA.

A process was established in the implementing regulations of 43 CFR Part 1600, Planning,
Programming, Budgeting, for the development, approval, maintenance, amendment, and revision
of resource management plans for public lands administered by the Bureau of Land Mngmn
(BLM). This part states that the objective of resource managmn planning is to guide and
control future management actions and the development of subsequent more detailed and limited
scope plans for resources and uses consisten with the principles of Title II of FLPMA. The
DOE mist develop and maintain a land maaeetplan consistent with the processes and
requirements for resource mng ent plans as described in. these regulations.

Other regulations implementing FLPMA established procedures for the orderly and timely
processing of applications, grants, permits, amendments, assignments, and terminations for
rights-of-way and permits over, upon, under, or through public lands. In particular, 43 CFR
Part 2800, Rights-of-Way, Principles and Procedures, provides guidelines for the use of right-of-
way and temporary-use, permit areas and establishes requirements for the submission and
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processing of right-of-way grant/reservation and temporary-use permit applications. These
regulations remain applicable to the WIPP because of the necessity to establish rights-of-way for
the construction and phased operation of this facility.

18.2 Compliance Status of the Regulatory Requirements

Table 18-1 summarizes each applicable requirement and its compliance status under FLPMA.
The text provides more detail on the compliance status of each requirement.

TABLE 18-1. Federal Land Policy and Management Act - Summary of
Regulatory Compliance Status

CiTTIO REUIRMENT COMACE STATUS

43 CMR Part 1600, Pfming, Prpgnuuug, Budgdtig

43 CFR 1610.1 Resurce mngenz planning guidanice ACEIEVED

WIlPP Land Mawnagm Plan

____ ___ ____ ___ ___ __ _ ___ ___ ____ ___ ___ ____ ___ __ (Section 18.2. 11

43 CFR 1610.2 Public participation ACEMEVED

Public review of WIPP Land

Managemn Plan, 30 days

____ ___ ___ ___ ____ __ ___ ___ ____ ___ ___ ___ ___ [Section 18.2.2]

43 CFR 16 10.3-2 Consisminy of imgemnt plan with ACEOEVED
applicable laws

WIPP Land Mahnagenent Plan

____ ___ ____ ___ ____ _ _ ___ ____ ___ ____ ___ ____ ___ __ [Section 18.2.31
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TABLE 18-1 (continued)

CITATION IREQUIREENT I COAMLANCE STATUS

43 CFR Part 280, Right-of-WaY, Principls and Procedures

43 CFR 2801.2(a) Common terms and conditions of right- ACHIEVED
of-way reservations and temporary-use
permits: Compliance status in BECR;

non-discrimnation policy;
* Compliance with regulations repairs as needed; fire-fighting
* Non-discrimination equipment, personnel, and
* Repair of roads, fences. trails agreement
* Fire prevention and suppression

(Section 18.2.41

43 CFR 2801.2(b) Mandatory conditions for right-of-way UP TO DATE
reservations and temporary-use permits:

Fnal Environmental Impa
* Restoration Siamantu (FEIS); WIPP Land
* Air- and water-quality standards Management Plan; Final
* Scenic, cultural, and Supplement Environmental

eniometal values impact Statemnt (SEIS) and
* Local inhabitants SEIS for disposal; no local
* State standards that are more inhabitants who rely on biota of

stringent than the Federal owi the area for subsistence;
operation and maintenance in
accordance with reservations
(see Section 18.3); and permit
conditions met (see other
chapters in BECR)

[Section 18.2.51

43 CFR 2802.2 Application requirements for a right-of - ACHIEVED
way reservation or temporary-use permit

Several reservations'and
permits obtained (see Sections
18.3 and 35.3)

[Section 18.2.6]
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18.2.1 Resource Management Planning Guidance, 43 CFR 1610.1

Guidance in preparing resource management plans may be
provided to the District and Area ELM Managers by the Director
and State Director of the ELM.

Since the land that is the subject of the Waste Isolation Pilot Plant (WPP) Land Management
Plan (DOE, 1993c) was transferred to the DOE, the plan was prepared by Westinghouse Waste
Isolation Division (WTD) personnel at the request of the DOE. However, considerable input to
the plan was obtained from BLM personnel, particularly from the BLM office in Carlsbad.
Therefore, the WIKPP Land Management Plan represents a joint effort between BLM and WID
personnel. The plan parallels the general guidelines used in the development of BLM's Area
Resource-Management Plan.

18.2.2 Public Participation, 43 CYR 1610.2

77Le public shall be provided an opportunity to review and comment
on land management plans.

Public meetings were held in Carlsbad and Hobbs, New Mexico, and members of the public
were given 30 days to review and comment on the WIPP Land Management Plan. A copy of
the draft plan was also sent to the State Land Office, the Environmental Evaluation Group
(EEG), and the New Mexico Enirnmn Department (NMED) for their review. The
comments obtained were incorporated as appropriate into the final document.

18.2.3 Consistency of MaaeetPlan, 43 CFR 1610.3-2

Land-use plans shall be consistent with the purposes, policies, and

programs of Federal laws and regulations that apply to public© lands.

As a reqirme-nta of fth LWA, the WIPP Land Management Plan was developed for the
withdrawal ame consistent with FLPMA. The plan was drafted by WID personnel in
consultation with the BLMA and the State of New Mexico and was submitted to Congress in
October 1993. The development of this plan parallels the general guidelines used in formulating
the ELM's Area Resource-Management Plan.
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18.2.4 Common Terms and Conditions of Right-of-Way Reservations and
Temporary-Use Permits, 43 CFR 2801.2(a)

By accepting, a right-of-way reservation or a temporary-use permit,
the applicant agrees and consents to comply with the following
terms and conditions in addition to those terms and conditions that
are specified in the reservation(s) or permit(s). The common terms
and conditions are:

* To comply with all applicable State and Federal laws and
the implementing regulations to the extent practicable;

* To protect employees and applicants for employment who
-will be or are involved in the construction, operation,
maintenance, and termination of the authorized use against
discrimination because of race, creed, color, sex, or
national origin and to ensure that all subcontracts include
an identical provision;~

* To rebuild and repair roads, fences, and established trails
that may be destroyed or damaged by, the construction,
operation, or maintenance of the project and to build and
maintain suitable crossings for existing roads and
si gmificant trails that intersect the project, and

* To prevent and suppress fires on or in the immediate
vicinity of the right-of-way areas.

Compliance with all applicable State and Federal laws and their implementing regulations is
discussed throghout this documnt. See the specific regulations and the compliance statuis
section of each for more detailed information.

The DOE and its contractors have a non-disciminaio policy in effect for their employees and
for hiring. in addition, contracts and subcontracts awarded, by the DOE and by its contractors;
include such a non-discrimination clause.

Any roads, fences, or established trails destroyed or damaged by the construction, operation, or
maintenance of any of the structures for which WIPP has received a right-of-way reservation or
temporary-use permit are repaired as required.
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WIPP maintains fire-fighting equipment. Some of the WIPP emergency response personnel are
trained in fire-fighting methods. WIPP also has an agreement with the Carlsbad Fire
Department to provide fire-fighting service if necessary.

18.2.5 Conditions to be Incorporated within all Right-of-Way Reservations and
Temporary-Use Permits, 43 CF!R 2801.2(b)

All right-of-way reservations and temporary-use permits must

contain requirements to ensure:

* Restoration, revegetation, and curtailment of land erosion;

* Compliance with applicable air- and water-quality

standards;

* Protection of scenic, aesthetic, cultural, and environmental

values as well as Federal property and public health and

* Protection of the interests of local inhabitants who rely on
the fish, wildlfe, and biota of the area for subsistence;

* Maintenance and operation of facilities on the prescribed
location in a manner that is consistent wvith the reservation
or permit; and

Compiance with any State standards for public health and

safety; environmental protection; and siting, construction,
operation, and maintenance that are more stringent than
the Federal standards.

Each area that is the subject of a right-of-way reservation will be reclaimed and revegetated as
described in the WIlPP Land Managemient Plan.

Compliance with applicable air- and water-quality standiards is discussed in Chapters 6 through
8, 29, and 30 of this report. See these chapters for more specific information pertaining to the
air- and water-quality standards.

Protection of scenic, aesthetic, cultural, and environmental values was addressed in the WIPP
Final Environmental Impact Statement (FEIS) (DOE, 1980) and in the Supplement Environmental
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Impact Statement (SEIS) (DOE, 1990a). A second SEIS will be prepared prior to the initiation
of disposal of TRU waste at WT.PP; any changes in these 'values or in the potential impact of

WTPP operations on these values will be addressed in this document.

The people who live in the vicinity of WIPP are ranchers. There are no local inhabitants who

rely on fish, wildlife, or other biota of the area for subsistence. Therefore, this condition does
not apply to WIPP.

Each "facility" (road, pipeline, railroad, etc.) is maintained and operated in accordance with the

stipulations provided in the respective right-of-way reservation. See Section 18.3 for more
specific information.

State standards or permit, conditions imposed by the State are being met. For example, see
Section 29.3 on the air-quality permit issued to WIPP by the: NMED.

18.2.6 Requirements for Applications for Right-of-Way Reservations and
Temporary-Use Permits, 43 CFR 2802.2

Parties seeking a right-of-way reservation or temporary-use permit
involving the use of public lands shall file an application for the
reservation or permit with either the Area Manager, the District
Manager, or the State Director having jurisdi cton over the affected
public lands.

To date, several right-of-way reservations and land-use permits have been granted to the DOE.
These reservations and permits are listed below.

Right-of-way Reservation No. NM 53809 for a water pipeline was granted on
August 17, 1983, and is still active. There is no expiration date. (See Section 18.3.2.)

Right-of-way Reservation No. NM 55676 for the norib access road at WIPP was granted® ~ on August 24, 1983, and is still active. There is no expiration date. (See Section .

18.3.3.)

Right-of-way Reservation No. NM 55699 for the railroad spur at WIPP was granted on

September 27, 1983, and is still active. There is no expiration date. (See Section
18.3.4.)
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Right-of-way Reservation No. NM 63136 for dosimetry and aerosol sampling sites was
granted on July 31, 1986, and is still active. There is no expiration (See Section
18.3.5.)

Right-of-way Reservation No. NM 65801 for seven subsidence monuments was granted
on November 7, 1986, and is still active. There is no expiration date. (See Section
18.3.6.)

Right-of-way Reservation No. NM 82245 for the installation of a survey mornment was
granted on December 13, 1989, and is still active. The permit expires on
December 13, 2019. (See Section 18.3.7.)

Right-of-way Reservation No. NM 77921 for an aerosol sampling site was granted on
August 18, 1989, and is still active. The permit Will expire on August 18, 2019. (See
Section 18.3.8.)

Free-Use Caliche Permit No. NM-FU-91183 was renewed on August 18, 1993, and is
still active. The permit expires on August 18, 1994. (See Section 18.3.9.)

A right-of-way permit for a high-volume air sampler has also been issued to WTPP.Beas
this permit was issed by the New Mexico Commissioner of Public ILands, it is discusse n
more detail in Section 35.3.

18.3 Compliance Status of the Permit Conditions

Table 18-2 summarizes the conditions in the right-of-way reservations and the temporary-use
permit awarded to WIPP by the BL.M. T"he table also includes the compliance status. The text
provides more detail on the compliance statils of each reservation or permit condition.

® ~ ~TABLE 18-2. Federal Land Policy and MaaeetAct - Summary of Permit

Compliance Status

CiTAION EQUREMET ICOMPLIANCE STATUS

Common Conditlom (CC) of Rlight-of-Way Raservatioum
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TABLE 18-2 (continued)

CITATION REQUIREMENT OMAPLIANCE STATUS

cc 1 Control and jurisdiction of ACHIEVED
DOE

DOE jurisdiction and control

[Section 18.3. 11

CC 2 Right of access and use ACHIEVED

DOE and BLM and authorized
peronnel.

[Section 18.3.11

CC 3 Products or resources on lands NOT APPLICABLE
within the right-of-way

Superseded by WIPP Land
Withdrawal Act

____ ___ ___ __ ___ ___ ___ ISection 18.3. 11

CC 4 Compliance with 43 CFR Part See Sections 18.2.4 through
2800 18.2.6

[Section 18.3.11

CC 5 BLM seeding requirements for UP TO DATE
BLM Roswell District

Simss prioritized for
reclamation and reseeding

[Section 18.3.11

Right-of-Way Reservation No. NM S3809, Water Pipeline

Sec. 13; Sandad Stipulations Preconstruction and ACEIEVED
(SS) 1, 2, 5, 6, 8 construction conditions Ntf~nadcntuto

activities

[Section 18.3.2.11
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TABLE 18-2 (continued)

CITATION REQUIRMEN4T COMPLIANCE STATUS

Sec. 13E Water access for livestock ACHIEVED

Water tap on pipeline installed

____________________ ____________________[Section 18.3.2.21

S53 Road construction ACHIEVED

Only essential roads; traffic
confined to authorized right of
Way

_____________________ _____________________ [Section 18.3.2.3]

SS4 Posting of BLM number ACEIEVED

BLMA No. NM 53809 posted

____________________ ____________________[Section 18.3.2.4)

557 Gaies or cantleguards on public UP TO DATE
lands

Gatea and cattleguards on
public lands not locked

____________________ ____________________[Section 18.3.2.51

Right-of-Way Rmrvadlon No. NM 55676, Neith Access Read

SS2 Pol ychiorinated biphenyls NOT APPLICABLE
(PC~s)

All PCB-comtaining fluids and
eupntremved from

WI;no known PCB spills
at WrPP

________________________________________[Section 18.3.3. 1]

SS3-5 SS for the construction of ACHIEVED
overhead electric distriution
lines All stipulations met

_____________________ ___________________ I [Section 18.3.3.21
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TABLE 18-2 (continued)

CITATION REQUIREMENT COMPLIANCE, STATUS

SS 6 Posting of BLM serial number ACHIEVED

BLM No. NM 55676 posted

I[Section 18.3.3.31

Term/lCondition (TIC) 7 Damage or injury to private UP TO DATE
property

Per~sonal responsibility of
DO)E and DOE contractor
-employees

(Section 18.3 .3 .41

T/C 7 and 8 Actions required upon NOT APPLICABLE
abandonment, relinquishment,
or expiration of right-of-way Right-of-way reservation
reseration acsive

[&=cton 18.3.3.51

Amendment Fencing ACHIEVED
(April 22, 198-8)

Fec~ing standards met

[Section 18.3.3.61

Rigbt-of-Way Resrvationa No. NM 55699, Accew Railnoad

SS 1-4, 7,9, 11 Preconstruction and ACHIEVED,
construction requirements for
raiload spur Agreement among BLM.

DOE, and Corps of Engineers

(Section 18.3.4.11

SS 5 Reseeding upon completion of ACHIEVED

BLM seeding requirements for
Rosweil Distict

_____________________[Section 18.3.4.21
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TABLE 18-2 (continued)

CITATION REQUIRMENT COMPLIANCE STATUS

556 Abandonment of the site NOT APPLICABLE

Site not abandoned

[Section 18.3.4.31

SS 8 Responsibility for damage or See Section 18.3.3.4
injury to private property

[Section 18.3.4.41

55 10 Access to water for livestock ACHIEVED

Water taps and related
eupetprovided by DOE

(Section 18.3.4.51

SS 12 Removal of caliche and/or ACEIEVED

other mineral materialF - ice tn

effect (see Section 18.3.9)

(Section 18.3.4.61

SS 13 Application for free-use ACBIEVEI)
permits

Free-use permit application
filed; permit granted by BLM
(see also Section 18.3.9)

[Section 18.3.4.71

Amendment Notification of BLM regurding ACHIEVED
the access road parallel to the
railroad BLMd notified

(Section 18.3.4.81

Right-of-Way Ruervatlom No. NM 63136, Deuiaintry and Aerosol Samp~ing Sites
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TABLE 18-2 (continued)

CITATION REQUIREMENT COMPIANCE STATUS

Attachment A Establishment of dosimeter ACHIEVED
stations and air samplers

Aerosol samplers installed-,
operated and matntained by
WID personnel

[Section 18.3.5. 11

Amendment Air monitoring and data ACHEVED
collection site

Tndler, tower, and
instruments instaled as agreed

I(Section 18.3.5.21

Righ-of.Way Resevation No. NM 65801, Seven Subsidiece Monuments

Right-of-way reservation - No unique conditions See Section 18.3.1

[Section 18.3.6]

Right-of-Way Reservation No. NM 82245 for Two Subsidence Monuments

#1 Construction and maintenance ACEIEVED
of the monuments

Iristalled as described in
application

(Section 18.3.7. 1]

#3 Security and mainteac of UP TO DATE
the Momts

DOE responsible for security;
%W maiintains Monuments

[Section 18.3.7.21

#5 Rehabilitation of the land NOT APPLICABLE

Rtight-of-way active

ISection 18.3.7.31

18-13 October 21, 1994



U.S. Department of the Interior, c
Bureau of Land Management Federal Land Policy and Management Ac

TABLE 18-2 (continued)

CITATION REQUIREMENT ICOMPLIANCE sTATUS

Right-of-Way Reservation No. NM 77921, Aerosol Sampling Site

#1 Construction, operation, and ACHIEVED

Conistructed, operated, and
maintained as described in
application

[Section 18.3.8.11

#3 Security and operation of UP TO DATE
aerosol sampling station

DOE responsible for security;
WID operates and maintains
station

(Section 18.3.8.21

#5 Rehabilitation of the land NOT APPLICABLE
occupied by the aerosol
sampling station See Section 18.3.7.3

(Section 18.3.8.3]

Lera from El Paso Natural Use of the abandoned concrete ACHIEVED
Gas Company slab

Discussions with El Paso
Natural Gas Company

[Section 1.3.8.41

Frhe-Uae Permit No. NM-FU3-91183 for Use of Caliche

Approval of requst to mine Withdrawal of caliche UP TO DATE
35,000 cubic yards of caliche

WIPP still removing allotted
caliche

________________________________________(Section_18.3.9.11
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TAB3LE 18-2 (continued)

CTTON REQUIREMIENT ZONMLANCE STATUS

Attachment 2, Reclamation Reclamation of caliche borrow NOT APPLICABLE
pit

Withdrawal area to be
recontoured to a slope of 3:1

[Section 18.3.9.21

18.3.1 Common C onditions of the Right-of-Way Reservations

Several conditions are common to all the right-of-way reservations awarded to
WIPP by the EM. Thiese common conditions are:

(1) That the subject of the reservation be under the control and jurisdiction of
the DOE;

(2) Thzat right of access and use is reserved to DOE personnel and those
authorized by DOE and to ELM personnel and their authorized permittees,
licensees, and leasees;

(3) That any products or resources on lands within the right-of-way remain

wnder the jurisdiction of the issuing agency;

(4) Thiat all applicable regulations under, 4.3 CFR Part 2800 be followed, and

(:II) (5) That the BLM seeding requirements for the Roswell district be met.

The subjects of each of the right-of-way reservations are under the control and jurisdiction of
the DOE. Right of access and use of these structures is reserved to the DOE and the BLM and
their authorized personnel.

In October 1992, the WIPP LWA was passed. This legislation transferred WU'P lands from the
U. S. Department of the Interior to the DOE. These lands were also withdrawn from all forms
of entry, aprpiation, and disposal under the public land laws, including the mineral leasing
laws.
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The applicable portions of 43 CFR Part 2800 and the compliance status of each are described
in Sections 18.2.4 through 18.2.6. They are also summarized in Table 18-1.

Reclamation of disturbed areas is an ongoing project at W[PP and is performed as described in
the WIPP Land Management Plan (DOE, 1993c). Seeding is conducted in accordance with the
requirements for the BLM Roswell district.

18.3.2 Right-of-Way Reseration No. NM 53809, Water Pipeline

The conditions specified for the water-pipeline right-of-way reservation are described in Section
18.3.2, along with the compliance status of each condition. Since the pipeline was built
approximately 10 years ago, the conditions required for its construction are not discussed
individually.

The reservation was awarded on August 17, 1983, and extends to perpetuity.

18.3.2.1 Pre-Construction and Construction Conditions for the Water Pipeline, Section
13 and SS Nos. 1, 2,5,6, 8

Pre-construction notification and conditions for construction (e.g.,
minimization of blading and clearing of vegetation;~ protection of
scenic values; permits; livestock barriers) were specified in the
right-of-way reservation and in the Standard Stipulations for
Pipeline and Underground Cable Rights of Way in the Roswell
District, ELM.

All conditions were met when the water pipeline was constructed.

18.3.2.2 Livestock Water, Section M3E

Thse DOE has agreed to provide water access (taps) off the
waterlin for livestock in the area. The DOE will also provide
water meters and all necessary materials, equipment, and labor to
install new water troughs in the four sections specifled.

The DOE installed a water tap on the water pipeline for use by ranchers. The tap is located
0.6 mile south of the intersection of the DOE north access road (NAR) and Highway 621180.
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18.3.2.3 Road Construction, SS No. 3

Roads will not be constructed where terrain features allow vehicles
to maneuver without the aid of such construction. All vehicular
traffic and construction activities will be confined to the authorized
right-of-way.

No roads have been constructed where the terrain allows vehicles to maneuver adequately. All
traffic is confined to the authorized right-of-way.

18.3.2.4 Posting of the BLM Number Assigned to This Right-of-Way, SS No. 4

The grantee will post the ELM serial number assigned to this right-
of-way in at conspicuous place where the right-of-way intersects
existig roads or highways. If the right-of-way parallels existing

roads, the ELM number will be posted where the right-of-way first
crosses the public lands and where it leaves the public klnds.

The BLM numnber assigned to this right-of-way (i.e., NM 53809) is posted as required.

18.3.2.5 Gates or 'ategad on Public Lands, SS'No. 7

Gates or cattleguards on public lands will not be lockedor closed
to the public.

Gates and cattleguards on public lands are not locked and remain open to the public.)

18.3.3 Right-of-Way Reservation No. NM 55676, North Access RoadO ~ lt conditions specified for the NAR right-of-way resevaion are described in this section,
along with the compliance stus of each condition. Since the road was built approximately 10
years ago, the conditions required for its construction are not discussed individually.

This reservation was awarded on August 24, 1983, and exixads to perpetuity.
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18.3.3.1 Polychlorinated Biphenyls (PCBs), SS No. 2

Any PCBs shall be used in a totally enclosed manner in accordance
with the provisions of the Toxic Substances Control Act. Any
release of PC~s in excess of the reportable quantity shall be
reported as required under the Comprehensive Environmental
Response, Compensation, and Liability Act, with a copy of any
report required by the Federal or State agency being provided to
the Authorized Officer within S working days of the occurrence of
the spill or release.

As described in Chapter 9, all PCB-containing equipment and fluids have been removed from
the WIPP site and have been disposed of in accordance with the regulations. No PCBs are
allowed on site. No release or spill of PCBs or PCB-containing fluids is known to have ever
occurred at WIPP. Therefore, these conditions do not apply at WIPP.

18.3.3.2 Standard Stipulations for the Construction of Overhead Electric Distribution
Lines, SS Nos. 3-5

Upon DOE's request, ELM authorized the DOE to install an
awdxliary electrical line and 1 0- 13 poles along the right-of-way for
the NAR. This authorization was accompanied by standard
stipulations for overhead electrical distribution lines in the Roswell
District. Te standard stipulatons for the constrcton of power® lines included a prohibition of clearing or blading of the right-of-
way unles agreed to in writing by the Authorized Officer,
construction of the power lines to ensure the safery of ruptors, and
minwmtzation of damage to existing fences and other improvements
on public lands.

All stipulations for the construction of power lines were met.

18.3.3.3 Posting of BLM Serial Number, SS No. 6

7Te ELM serial number assigned to this authorization (i.e.,
NM 55676) shall be posted in a pernment, conspicuous manner
where the power line crosses roads and at all servced facilities.
Numbers must be at least 2 inches high and will be affixed to the
pole nearest the road crossing and at the facilities served.
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The BLM Serial Number (NM 55676) is posted as required.

18.3.3.4 Damage or Injury to Private Property, Term/Condition No. 7

The DOE and/or its authorized agents will be responsible for any
damage or injury to private property, including livestock, and will
financially reimburse the ailottee for any such -loss in accordance
with applicable law.

In the event that the vehicle of an employee of the DOE or a DOE contractor injures or kills
livestock near the WIPP site or causes other damage to private property, that employee is
responsible for reimbursing the owner of the livestock or property.

18.3 .3.5 Actions Required Upon AbnomnReiinquishment, or Expiration of
Right-of-Way Reservation, Terms/Conditions, Nos. 7 and 8

Upon cancellation, relinquishment, or expiration of the reservation,
the holder of the reservation will comply with those abandonment
procedures prescribed by the BLM Authorized Officer. All surface
structures (poles, lines, transformers, etc.) will be removed within
180 days of abandonent, relinquishment, or termination of use of
the reservation or of the use of the serviced jacility or facilities.
This will not apply where the power line exrends service to an

aciveadoining facility or facilities.

These conditions will. be met upon termination of the reservation or abnom t of the site by
the DOE.

18.3.3.6 Fencing, Aimen t (April 22, 1988)

The DOE requested that it be allowed to insallfencing on the east
and west sides of the WIPP NAR for a distance of 12.125 miles to
allow for a sWe travel route when entering or leaving the site via
Highway 62/180. The EKM allowed this instalation subject to the
ELM fencing standards.

The BLMA fencing stand rds were met in installing the fence along the NAR.
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18.3.4 Right-of-way Reservation No. NM 55699, Railroad

The conditions specified for the railroad right-of-way reservation are described in this section,
along with the compliance status of each condition. Since the railroad spur at WIPP was
constructed a number of years ago, the conditions pertaining to the construction of the spur are
not discussed individually.

This right-of-way reservation was awarded on September 27, 1983, and extends to perpetuity.

18.3.4.1 Preconstruction and Construction Requirements for the Railroad Spur, SS
Nos. 1-4, 7-9, and 11

The preconstruction and construction conditions for the railroad
spur were listed in the "Special Stipulation for WIPP Railroad
Access." These conditions include preconstruction notifi cation and
a prework con~ference, notification of any anticipated changes,
notification o~f grazing permittees or lessees prior to entering public
lands on grazing ailotmems, barriers and fences for livestock, road
or stock trail crossings, mitigation o~f cultural resources, and
installation o~ffences.

Agreement was reached among members of the BLM, the DOE, and the Army Corps of
Engineers with respect to the DOE's meeting all preconsruton and construction requirements.

18.3.4.2 Reseeding Upon Completion of Construction, SS No. 5

Thse right-of-way must be reseeded upon completion of railroad
construction according to ELM seeding requirements for the
Roswell District.

The right-of-way was reseeded upon completion of railroad construction in accordance with the
BLM seeding requiremets, for the Roswell District.

18.3.4.3 Aadnutof the Siete SS No. 6

If the WITPP is abandoned for any reason, the railroad bed will be
ripped and returned as much as possible to its original terrain.
The area will be reseeded as discussed in Section 18.3.4.2.
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If the site is abandoned, these actions will be conducted. Until such time, these conditions are
not applicable.

18.3.4.4 Responsibility for Damage or Injury to Private Property, SS No. 8

See Section 18.3.3.4.

18.3.4.5 Access to Water for Livestock, SS No. 10

Thse DOE will provide a water tap and a livestock watering facility
in one section, a livestock drinker and related pipeline in a second
section, and a water pipeline to tie into an existing water tub in a
third. This action is separate and apart from the railroad
reservation and will be implemented after completion of the
Cooperative Agreement among the DOE, the ELM, and the
rancher.

Water taps and related equipnmn have been provided by the DOE. See also Section 18.3.2.2.

18.3.4.6 Removal of Caliche and/or other Mlineral Material, SS No. 12

7Te grantee and its subcontractor will remove aliche and/or other
mineral material from ELM-approved sites only. 7Te DOE will
submit a pit development and rehabilitation plan to the ELM for its
approval befiore removing any caliche.

An application for a free-use caliche permit was submitted to the BLM by the DOE, The permit
was awarded by the BLM (see also Section 18.3.9).

18.3.4.7 Application for Free-Use Permits, SS No.1El

The DOE will sign applicariorts for ELM free- ue permits for the
borrowing of caliche, sand, grovel, and other constrction
materials in quantities that may be reasonabi y required for this
project. WIPP contraors will be responsPile for locating the
source; obtainiing, completing. and processig the applications;*
and complying with all ELM requirements.
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The DOE submitted an application to the BLM for a free-use permit for caliche. The permit

was granted by the BLM. (See also Section 18.3.9.)

18.3.4.8 Notification of the BLM Regarding the Access Road Parallel to the Railroad,
Amendment

An access road parallel to the railroad was deemed necessary.

Since the existing access road, constructed in conjunction with the

railroad, is located within 75 feet of the railroad centerline (i.e.,

within the railroad right-of-way), no new right-of-way was

required. However, notification to the ELM was needed.

The BLM was notified as specified.

18.3.5 Right-of-Way Reservation No. NM 63136, Dosimetry and Aerosol Sampling

Sites

The conditions specified for the right-of-way reservation for the aerosol sampling site are

described in this section, along with the complince status of each condition. The reservation

was awarded on July 31, 1986, and amended in August 1988. The reservation is to remain in

effect for 25 years (i.e., until July 31, 2011).

18.3 .5.1 Etbshetof Dosimeter Stations and Air Samplers, Attachment A

7Te reservation allowd the installation of 21 thermownanescentO dosimeters =TLs) and four aerosol sampling stations at 20 and
two locations, respecaivly. The DOE and its operating contractor

are technically and financially responsible for the installation,
maintenance, and operation of these monitoring systems.

Air samplers have been installed. WWD personnel operate and maintain the monitoring system.

The enionetal dosimetry program that used the TLDs was disoine in 1990 on the basis

of two studies performed, one intrnaly, the other by University of Michigan personnel for the

Environmental Evaluation Group (EEG). Both studies concluded that the environmental

dosimetry program could be dicniudbecause it measure gamma or x-ray radiation rather

than alpha radiation, such as that emitted by TRU material, and because it is much less sensitive

than other sampling programs used at WIPP.
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18.3.5.2 Air Monitoring and Data Collection Site, Amendment

Right-of-way reservation No. 63136 was modified to allow an air
monitoring and data collection site.

An instrumentation traier '(8 feet by 16 feet), a 10-meter-tail meteorological tower, and various
environmental monitoring instruments were installed as agreed to between the DOE and the
BLM. The installation required clearing an area of vegetation, constructing a concrete
foundation for the trailer and tower, burying instrumentation wires, and constructing an access

road. The 0.25-acre area was enclosed by a chain-link securi fence as specified in the request

to amend the right-of-way reservation.

18.3.6 Rih-f-Way Reservation for Subsidence Monuments, No. NM 65801

No unique conditions were specified for the right-of-way reservation for seven geological

subsidence monuments. Therefore, only the common conditions described in Section 18.3.1
apply and have been met.

The right-of-way reservation was awarded on November 7, 1986. It is to be held in perpetuity.

18.3.7 Right-of-Way Reservation for Two Subsidence Mouet, No. NM 82245

The conditions of the righit-of-way reservation for two subsidence monuments are described in

this section, along with the compliance staus of each condition.

The reservation was granted on December 13, 1989. It has a 30-year term and is renwable.

18.3.7.1 Construction and Mitnceof the Monuments, #1

The momnents will be constructed and maintained in accordance
with the detam specifted in the application submitted on
December 4, 1989.

Two concrete survey monuments were installed on the right-of-way. T7he monuments are

approximately 18 inches in diameter and 36 inches deep. Installation of the monumnt was

performed as described in the application.
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18.3.7.2 Security and Maintenance of the Monuments, #3

The DOE is responsible for the securzry and maintenance of the
monuments.

The DOE is responsible for the security of the momnuents. WID maintains the monuments.

18.3.7.3 Rehabilitation of the Land, #5

Upon cancellation or termination of this reservation, the DOE will
rehabilitate the land. All structures, improvements, debris,' etc.,
will be removed. All disturbed surfaces will be reseeded in
accordance with ELM specifications using Seed Mixtre 2.

Upon cancellation or termination of this right-of-way reservation, the DOE will ensure that the
land is rehabilitated as specified. ADl structures, impro Fvemnt, and debris will be removed and

all disturbed surfaces reseeded with pure live seed (Seed Mixture 2) containing no weeds as
specified in the ELM Seeding Requirements in the Roswell District. Until the reservation is
cancelled or terminated, these conditions are not applicable.

18.3.8 RIgh-of-Way Reservation for an Aerosol Sampling Site, No. NM 77921
(NM 77860)

The conditions for the right-of-way reservation for an aerosol sampling site are discussed in this
section, along with the compliance status of each condition. Right-of-way reservation No. NM
77921 was granted on August 18, 1989. (It was originally granted as No. NM 77860, but the
mnuber was subsequently changed because it had already been issued.) The reservation was
made for a 30-year term and is renewable.

1o8.3.8.ctOnW Operation, and MAintenance, #1(I) Thje facility will be constructed, operated, and maintained in
accordance with the details specified in the application submitted
on July 31, 1989.

The application (dated July 13, 1989) specified that a 6-foot metallic stand would be positioned
on an existing concrete pad, an electrical hookup would be made to an existing power line, and
a chain-link security fence would be emplaced. It also indicated that the monitoring station
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would be used throughout the life of the project and would be operated throughout each year of
the project. These conditions have been met.

18.3.8.2 Security and Operation of the Aerosol Sampling Station, #3

The DOE will be responsible for the security and day-to-day
operation of the facility.

The DOE is responsible for the security of the aerosol sampling station. WED) personnel operate
and maintain the station.

18.3.8.3 Rehabilitation of the Land Occupied by the Aerosol Sampling Station, #5

The conditions specified (and the response to the conditions) specified are identical to those
described in Section 18.3.7.3. See this section for specific information pertaining to
rehabilitation of the land upon cancellation or termination of a right-of-way reservation.

. 18.3.8.4 Use of the Abandoned Concrete Slab

A concrete slab was present at the location of the right-of-way
land. The slab had been owned by the El Paso Natural Gas
Company. WMD personnel requested the use of the slab for
radiation monitoring. El Paso Natural Gas Company personnel
staed that the slab could be used if their personnel in Jai, New
Mexico, were notified prior to initiating constructon and if the
ELM gave its consent.

Discussions were held with personnel from the El Paso Natuual Gas Company., No additional
conditions were specified, and, notifications were made as requested by El Paso Natural Gas.O ~ ~The BLM's issance of this right-of-way reservation consist of its tacit approval of use of the
concrete slab.
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18.3.9 Caliche Free-Use Permnit, NM-FU3-91183

The conditions specified under this permit are discussed in this section, along with the
compliance status of each condition. The permit was renewed on August 18, 1993, and expires
on August 18, 1994.

18.3.9.1 Withdrawal of Caliche

Under this permit, WIPP is entitled to withdraw 35,000 cubic
yards of caliche.

The WIPP has not yet finished withdrawing the allotted 35,000 cubic yards of caliche from the
borrow pit as allowed by the permit. It is anticipated that this activity will have been completed
by the time the permit expires on August 18, 1994.

18.3.9.2 R~ixainof the Caliche Borrow Pit

Upon completion of its withdrawal of caliche from the caliche
borrow pit, the DOE will perform reclamation and other closure
activiies, including reseeding, as specified wnder the permit.

WIPP and ELM personnel have agreed that the only closure activity to be performed by the
DOE is to recontour the slope of the withdrawal area to a 3:1 slope. The reason for the other
conditions being cancelled (e.g., reseeding the area) is that the pit is a community borrow pit;
several other parties are removing caliche from the pit and will contnume to do so past the
expiration date of the W1PP caliche free-use permit.
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19.0 PUBLIC RANGELANDS IMPROVEMOENT ACT

19.1 Sulmmary of the Law

Congress has recognized that vast segments of public rangelandis produce less than their potential
for livestock, wildlife habitat, recreation, forage, and water and soil conservation benefits. The
1978 Public Rangelands iprovement Act (43 Usc §§ 1901 et seq.) was enacted to address the
concerns that such rangelands could remain in such an unsatisfactory condition and that some
areas could decline further under existing levels of management.

With the passage of this art, Congress reaffirmed a national policy and commitment to:

* Inventory and identify current public rangelandl conditions and trenids;

* Manage, maintain, and improve the condition of public rangelands so that they
become as productive as is feasible; and

* Continue the policy of protecting wild free-roaming horses and burros while
facilitating the removal and disposal of excess wild free-roaming horses and
burros that pose a threat to themselves, their habitat, and other rangeland values.

This policy and commitment are echoed in other statutes that address public-land use and
management. One such act, the Federal Land Policy and Management Act (FLPMA), directs
the Secretary of the Interior to prepare and maintain an inventory of all public lands and to
develop and maintain land-use plans with public involvement regardless of whether the public
lands have been classified as withdrawn, set aside, or otherwise designated (see Chapter 18).
Another statute, the Waste Isolation Pilot Plant Land Withdrawal Act (LWA), transferred
jurisdiction over, and statutory authority and responsibility for, the management of the® withdrawn lands at W[PP from the U.S. Department of the'.nterior to the DOE. Section 4 of
the LWA, Establihment of Management Responsibilities, directs the DOE to conduct the

Im management of grazing consistent with such laws as the Public Rangelands Improvement Act
the Taylor Grazing Act (Chapter 20), and other applicable laws such as Title IV, Range
Management, of FLPMA (Chapter 18).

The implementing regulations under Subchapter D, Range Management, 43 CFR Part 4100,
Grazing Administimion - Fxtclisve of Alaska, provide uniform guidance for the administration
of grazing on public lands. The objectives of these regulations include the following: orderly
use, imrveet, and development; enhancement of productivity by prevention of overgraizing
and soil deterioration; and provision of inventory and categorization of public rangelands on the
basis of range conditions and trends. The regulations specify that grazing on administered public
lands must be managed in accordance with applicable land-use plans. These plans must set forth
program constraints and the general management practices needed to achieve the management

* objectives.
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19.2 Compliance Status of the Regulatory Requirement

Table 19-1 summarizes the applicable requirement and its compliance status under the Public
Rangelands Improvement Act. The text discusses the compliance status of tihe requirement in
more detail.

TABLE 19-1. Public Rangelands Improvement Act - Summary of Regulatory
Compliance Status

CITATION EQRMET I CONMLIANCE STATUS

43 CFR Part 4100, Grazing Admini&utin - &clawive of Ahlask

43 CFR 4100.048 Land-use plan, including gzngUP TO DATE
mauagemm 

T

Autaorind range-management
activities ongoing; %WIP? Land
Management Plan.

I I [Section 19.2. 11

19.2.1 Maaeetof Grazing Per Land-Use Plan, 43 CFR 4100.0-8

Grazing on administered public lands shall be managed under the
principle of multiple use and sustained yield and must be in
accordance with the applicable land-use plan.

As addressed in the WIPP LAnd Management Plan (DOE, 1993c), the DOE's intent is to
continue current range-management practices with. no immediate changes. Grazing will continue
on the withdrawn lands as it has since the inception of the WIPP project. Range-management
plans include (1) continued maaeetof two affected grazing alloument under multiple-use
management and sustained yield; (2) continued vegetative monitoing, which will include
collecting data on actual livestock use, wildlife use, and degree of use of key forage species; and
(3) continued monitoring studies to determine range condition and ftreds. In accordance with
the WI7PP Land Management Plan, the Bureau -of Land Maaeet(ELM will administer all
range management activities.
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20.0 TAYLOR GRAZINGr ACT

20.1 Summary of the Law

Although the United States does not and cannot hold property for private or personal purposes,
it controls public lands under constitutional grant, acting through Congress. Control over public
lands is in the hands of Congress; with this power, Congress may prohibit or fix the terms under
which public lands may be used.

The Taylor Grazing Act of 1934 (43 USC §§ 315 et seq.) was enacted by Congress for the

purpose of establishing a means for Federal management of public lands used for grazing. The
itnt of Congress was to aid the livestock industry by defining grazing rights and to protect

these rights by regulation. This act is intended to prohibit in jury to public grazing lands from
unregulated grazing and directs the orderly use of and improvement to public grazing lands by
establishing grazing districts and a grazing permit system.

The Waste Isolation Pilot Plant Land Withdrawal Act of 1992 (LWA) withdrew public lands and
transferred jurisdiction over WIPP site lands from the U.S. Department of the Interior (DOI)
to the DOE. As a result of the LWA, the DOE was given statutory authority and responsibility
for the management of the withdrawn land consistent with the Federal Land Policy and
Management Act (see Chapter 18) and other applicable laws such as the Taylor Grazing Act.
Under the LWA, the DOE may allow grazing to continue where it was established before the
enactment of the LWA, consistent with the applicable implementing regulations of the Taylor
Grazing Act such as 43 CFR Part 4100, Grazing Adminisrifon - &xclssive ofAlaska, although
the Bureau of Land Mangeen (ELM continues to administer the grazing-permit program and
collects the grazing fee. The WIPP withidrawal area affects two grazing allotments (i. e., land
designated and managed for the gazing of livestock).

The implementing regulations of 43 CFR Part 4100 provide uniform guidance for the
administration of grazing on public lands exclusive of Alaska. The objectives of these-
regulations are as follows: orderly use, improvement, and development of public grazing lands;
enhancement of grazing land productivity by the prevention of overgrazing and soil deterioration;
stabilization of the livestock industry. dependent upon the public range; and provision of
inventory and categoriato of public rangelands on the basis of range conditions and trends.
These objectives must be consistent with land-use plans, multiple use, sustained yield,
envrnem values, and other general objectives as stated by the Taylor Grazing Act.
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20.2 Compliance Status of the Regulatory Requirements

Table 20-1 summarizes the two applicable regulatory requirements and their compliance status
under the Taylor Grazing Act. The text gives more detail on the compliance status of each
requirement.

TABLE 20-1. Taylor Grazing Act - Summnary of Regulatory Compliance
Status

CiATION M EUIREMENT COMPLIANCE STATUS

43 CFR Part 4100, Grazing Adminisrain

43 CFR 4100.048 Management of grazing lands UP TO DATE
unde principles of multiple use
and sustained yield and in Bureau of Land Manageent
accordance with applicable (BLMd) authorized to nmng
land-wse plans ongoing gazing activities; WIPP

Land Mana gemter Plan

(Section 20.2. 1; see also Section
__ _ _ _ _ _ __ _ _ _ _ _ 19.2.11

43 CFR 4120.2 Preparation of allotment ACHIEVED
mangement plas

BLM authorized to manage land
use for two allotmen

(Section 20.2.21

20.2.1 Manaemet of Grazing Lands, 43 CPR 4100.0-8

Gra~ng on public I=n& shall be managed under the principles of
mulliple use and sustained yield in accordance with applicable

1934 th Feera Lad Plic an MaageentAct (FLPMA, Chapter 18), and the Public

20-2 October 21, 1994



U.S. Department of the Interior,
Bureau of L and Managenent Taylor Grazing Act

management practices with no immediate changes in current Operations. (See also
Section 19.2. 1.)

20.2.2 Allotment Management Plans, 43 CFR 4120.2

An allotment management plan shall be prepared in careful and
considered consultation, cooperation, and coordlination with ELM
personnel, the landowners involved, the disirict grazing advisory
board, and any other affected interests.

The WIPP withdrawal area affects two grazing allotments administered by the BLM: the
Livingston Ridge and Antelope Ridge. Portions of both allotmnents lie within the withdrawal
area. No formal grazing system has been implemented for the Livingston Ridge; however, a
recent review by the BLM of actual-use data indicates that there is pasture rotation, with some
pastures being rested for at least a portion of the growing season. The Antelope Ridge allotment
is leased to a livestock rancher; in consultation with the BLM, an allotment management plan
has been developed for this allotment. The plan includes a five-pasture rotation system, with
some pastures being rested for full years and others receiving growing-season rest. WIPP is. contained within an area of 300 acres within the Antelope Range allotment that is posted against
trespass and fenced to prevent grazing. This 300-acre area is the only portion of the withdrawal
area that is not currently used for livestock activity.
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21.0 BALD AND GOLDEN EAGLE PROTECTION ACT

21.1 Summary of the Law

The Bald and Golden Eagle Protection Act (16 Usc § 668-668d.) makes it unlawful to take (i.e.,

capture, kill, or destroy), possess, molest, or disturb bald eagles (Haliaeetus leucocephalus) and

golden eagles (Aquila chrysaeros), alive or dead, their nests, or their eggs anywhere in the

United States. A permit must be obtained from the U.S. Department of the Interior to relocate

any nest that interferes with resource development or recovery operations. The Bald and Golden

Eagle Protection Act is implemented by several parts under CFR Title 50, Subchapter B, Taking,

Possession, Transportation, Sale, Purchase, Barter, Exportation, and Importation of Wildlife and

Plants. These implementing regulations are found in 50 CFR Parts 13, 17, 21, and 22.

The regulations in 50 CFR Part 13, General Permit Procedures, provide uniform rules,

conditions, and procedures for the application for and the issuance, denial, suspension,

revocation, and general administration of all permits issued pursuant to 50 CFR Subchapter B.

The provisions in this part are in addition to other regulations such as the Migratory Bird Treaty

Act (Chapter 22) and the Endangered Species Act (Chapter 23) and apply to all permits issued

under these regulations, including 50 CFR Parts 17, 21, and 22.

The regulations of 50 CFR. Part 17, Endangered and Threatened Wldife and Plants, which also

implement the Endanrgered Species Act and are discussed in Chapter 23, could apply to WIPP

because of the potential for the presence of the endangered bald eagle. The regulations in this

part outlie permit requirments for activities involving endangered wildlife and identify those

species of wildlife and plants recognized as endangered ord thetened with extinction.

The purpose of the regulations in 50 CFR Part 21, Migratory Bird Permits, is to supplement the

general permit regulations of Part 13 of Subchapter B with respect to permits for the taking,

possession, transportation sale, purchase, barter, importation, exportation, and banding or

marking of migratory birds. Section 21.22 of 50 CFR Part 21 outlines the requirements andO ~ ~~rocedures for permitting the banding or marking of bald and golden eagles. The rqieet
under 50 CFR Part 21 are discussed in Chapter 22.

The purpose of the regulations in 50 CER Part 22, Eagle Permits, is to govern the taking,

possession and trasprtaio of bald and golden eagles for scientific, educational, and

depredation-control purposes and for the religious purposes of Indian tribes. The import, export,

purchase, sale, or barter of bald or golden eagles, their parts, nests, or eggs is not permitted by
any regulation of Subchapter B.
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21.2 Compliance Status of the Regulatory Requirements

Table 21-1 summarizes some of the applicable requirements and their compliance status under
the Bald and Golden Eagle Protection Act. The text provides more detail on the compliance
status of these requirements.

TABLE 21-1. Bald and Golden Eagle Protection Act - Summary of Regulatory
Compliance Status

CITATION REQUIREMENT I COMPLIANCE STATUS

50 CFR Part 13, Genentl Pengtit Precedurn

50 CFR 13. 11 Permit application procedures NOT APPLICABLE

No nesting eagles at WIPP

____ ___ ___ ___ ___ __ ___ ___ ___ ___ ___ [Section 21.2. 11

50 CFR Part 22, Eagle Pnmits

50 CFR 22.11 General permit requiremets NTAPIAL

____ ___ ____ ___ ____ __ ____ ___ ____ ___ ___ [Section 21.2.21

50 CFR 22.25 Permits to take golden eagle NOT APPLICABLE0 nestsNo nesting eagles at W!PP

[Section 21.2.3]

21.2.1 Permit Application Procedures, 50 CPR 13.11

Applicants must submit separate applications for each permit on
prescribed forms and must follow prescribed forwarding
instructions.
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At present, no bald or golden eagles are nesting on the WIPP site. WIPP personnel will file an
application for an eagle permit as required if the need for such a permit is perceived. Other
permit requirements under 50 CFR Part 13, which would become applicable were a need to arise
to disturb or relocate a bald or golden eagle, are discussed ini Chapter 22.

21.2.2 General Permit Requirements, 50 CFR 22.11

No person shall take, possess, or transport any bald or golden
eagle, living or dead, or the pants, nest, or eggs of such birds
except as authorized under terms of a valid issued permit.

WLPP personnel will apply for a permit and will comply with the permit conditions if such a
permit is ever needed.

21.2.3 Permits to Take Golden Eagle Nests, 50 CFR 22.25

Persons desiring to take golden eagle nests during a resource-
development or recovery operation musst fle, a permit application
in accordance with prescribed procedures. 77uw nests may be taken
only when they are inactive.

At present, no golden eagles are nesting on the WIPP site. If it becomes necessary to move or
remove a golden eagle nest, a permit application will be filed. All permit conditions will be
met, and the nest(s) will be moved only when inactive.
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22.0 MIGRATORY BIRD) TREATY ACT

22.1 Summary of the Law

The Migratory Bird Treaty Act (16 Usc §§ 703-7 12) is intended to protect birds that have

common migratory flyways between the United States and Canada, Mexico, Japan, and Russia.
The act stipulates that it is unlawful "at any time, by any means or in any manner, to pursue,

hunt, take, capture, kill, or attempt to take, capture, or kil... any migratory bird, any part,

nest, or eggs of any such bird" unless specifically authorized by the Secretary of the Interior by

direction or through regulations permittinig and governing these actions. Although WIPP is not

located within a major migration corridor, there is the potential for migratory birds to be present
on WTPP lands.

The regulations in 50 CER Part 13, General Permit Procedures, provide uniform rules,

conditions, and procedures for the application for and the issuance, denial, suspension,
revocation, and general administration of all permits issued pursuant to 50 CFR Subchapter B,

Taking, Possession, Transportation, Sale, Purchase, Barter, Exportation, and Importation of

Wildlife and Plants. The provisions in this part are m. addition to other regulations, including
50 CER Parts 17, 21, and 22, and apply to all permits issued under these regulations.

The regulations of 50 CER Part 17, Endangered and Threatened Wildlfe and Plants, also
implement the Migratory Bird Treaty Act and could apply to WIP because of the potential for

the presence of migratory endangered and threatened species of birds at the WIPP. These

regulations, discussed in Ch1apter 23, outline the requirements for permits for activities involving
endangered wildlife and identify those species of wildlife that are recognized as endangered or
threatened with extinction.® Under the Migratory Bird Treaty Act, the DOE is required 10 consult annually with the U. S.
Fish and Wildlife Service (FWS) with respect to impacts on migratory game birds' and crows

resulting from the hunting activities permitted on WIPP lands. Hunting privileges for the public
within the withdrawal area will continue, except for the areas that are posted against trespass.

These hunting activities, whether conducted out of or within the withdrawal area, are subject to

regulations imlmnigthe Migratory Bird Treaty Act (i.e., 50 CFR Part 20, Migratory Bird

Hunting), which regulate the harvest of migratory birds by specifying the mode of harvest,
hunting seasons, Possession limits, and so on. Furthermore, because certain migratory birds
wich have been federally recognized and listed as endangered or threatened, such as bald eagles

and peregrin falcons, could be present on WIPP lands, the Bald and Golden Eagle Protection

'Migratory gam birds are migrAtory birds that belong to the following families: Anatidae (ducks, geese, brant,
and swans); Columbidae (doves and pigeons); GrUidae (little brown cranes); Rallidat (rails, coots, and gallinules);
and Scolopacidae (woodcock and snipe).
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Act (Chapter 21) and the Endangered Species Act (Chapter 23) may also apply, along with their
implementing regulations.

The regulations in 50 CFR Part 21, Migratory Bird Permits, supplement the general permit
regulations of Part 13 of this subchapter with respect to permits for the taking, possession,
transportation, sale, purchase, barter, importation, exportation, and banding or marking of
migratory birds. The portion that is relevant to WIPP is § 21.22, which outlines the

requremntsand procedures for obtaining permits to band or mark birds. Part 21 also provides
certain exceptions to the permit requirmet for public, scientific, or educational institutions
and establishes depredation orders that provide limited exceptions to the Migratory Bird Treaty
Act.

The purpose of the regulations in 50 CFR 22, Eagle Permits, is to govern, the taking, possession,
and transportation of bald and golden eagles for scientific, educational, and depredation-control
purposes and for the religious purposes of Indian tribes. Compliance with these regulations is
discussed in Chapter 21.

22.2 Comlac Status of the Regulatory Requirements

The compliance status of each of the applicable regulatory requirements under the Migratory
Bird Treaty Act is summarized in Table 22-1. More detail is provided in the text.

TABLE 22-1. Mfigratory Bird Treaty Act - Summary of Regulatory Compliance Status

CIAInw REQUIRMENT~ COMPLIANCE SFrA2'US:

(~~~) 50 01F Part 13, General Penuvil Procedure

50 CR 13.117 Permit appicaion procedures ACHIEVED

Application submitted to the U.S.
Fish and Wildlife Service (FY15)

____ ____ ____ ____ ____ __ [Section 22.2. 11
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TABLE 22-1 (continued)

CITATION REQUIRlMM4T COMPLIANCE STATUS

50 CFR 13.12 information requirements for ACHIEVED
permit applications

Prescribed information included in
application

[Section 22.2.21

50 CFR 13.44 Display of permit ACHIEVED

Permit displayed

[Section 22.2.31

50 CFR 13.45 Filing of reports ACEOEVED

Annual report submitted to FWS

[Section 22.2.41

50 CFR 13.46 Maintenance of records UP TO DATE

Maintained for at least 5 years

[Section 22.2.51

50 CFR 13.47 Inspection requirement NOT APPLICABLE

No inspections requested to date

[Section 22.2.6]

50 CFR 13.48 Compliance with permit UP TO DATE
conditions (see also Sections
22.2. 12 and 22.3. 1) All conditions met (see also

Sections 22.2. 12 and 22.3. 1)

[Section 22.2.71

50 CFR 13.50 Acceptance of liability UP TO DATE

No action required

[Section 22.2.81
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TABLE 22-1 (continued)

CITATION REQUIREWMI7T COMPLIANCE STATUS

50 CFR Part 20, Migratory Bird Hunting

50 CFR Part 20, Subpart C Compliance with applicable UP TO DATE
hunting regulations

Hunting ailowed in some -area in
compliance with applicable
regulations

____ ___ ___ ___ ____ ___ __ ___ ____ ___ ___ ___ ___ [Section 22.2.91

50 CFR Par 21, Migratory Bird Penits

50 CFR 21.22(a) Permi for banding or marking ACHIEVED
migratory birds

Federal permit #22478 for banding
obtained

___________________ ___________________[Section 22.2. 101

30 CFR 21.22(b) Application procedures for ACEDEVED
banding or marting permits sumte

to FWS

___________________ ___________________[Section 22.2. 11]

(~~7) 50 CFR 21.22(c) Additionzal permit conditions UP TO DATE

permit conditions met

____ ___ ____ ___ ____ __ ___ ____ ___ ____ ___ ___ [Section 22.2. 121

50 CFR 21.2=d) Term of pemtUP TO DATE

Less than 3 years

____ ___ ___ ___ ____ ___ __ ___ ____ ___ ___ ___ ___ [Section 22.2. 131
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TABLE 22-1 (continued)

CU~ATION REQUIREMENT COMIPLIANCE STATUS

50 CFR 21.27 Special-purpose permits NOT APPLICABLE

No action required

[Section 22.2.141

50 CFR 21.28 Falconry permits NOT APPLICABLE

No falconry activities anticipated at
WIPP

[Section 22.2.151

50CR21.41 Depredation permits NOT APPLICABLE

No need for a depredation permit
anticipated for WIPP

r i [Section 22.2.161

22.2.1 Permit Application Procedures, 50 CFR 13.1

Applicants imst submit a separate application on the prescribed
form for each permit and must follow the prescrbed forwarding
instructions.

The prescribed information has been submitted to the FWS.

22.2.2 Inomto eurmnsfor Permit Applications, 50 CFR 13.12

Applicants must provide current information such as organizational

Iaffiliation, reason (s) for the permit application, and certfication
of famillarity with 50 CFR Parn 13.

The prescribed permit applications arnd supporting information have been submitted to the FWS.
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22.2.3 Display of Permit, 50 CF!R 13.44

Any permit issued under 50 CFR Part 13 will be displayed for
inspection upon the request of the Director, his/her agent, or any
other person that relies upon the existence of the permit.

The permits are permanently displayed on the door of the freezer in which tissue samples are
held at WIPP.

22.2.4 Filing of Reports, 50 CFR 13.45

Recipients of a permit mtay be required to file reports of the
activities conducted under the permit. Any such report must be
filed by March 31 for the preceding calendar year ending
December 31 or for any portion of the year during which the
permit was in force.

Annual reports are submitted to the FWS.

22.2.5 Mitnceof Records, 50 CFR 13.46

From the date of issance of a permit, the recipient of the permit
must maintain complete and accurate records of any taking,
possesson, trnpottin sale, purchase, barter, exportation, or
importation of plants obtained from the wid or mwfe covered
under the permit. The records must be kept current and must© include the names and addresses qf any persons involved in the
transfer of the plant or wildlif as wll as the date of the
tanaction and any other appropriate inform ati on. The records
mus be legible or reproducible and written in English and must be
maintained for 5 years from the date of expiration of the permit.

All applicable records are held for at leas 5 yeaw from the date of expiration of the permit.

22.2.6 Inspection Requiremnt, 50 CFR 13.47

Any person holding a permit under this subpart shall allow the
Director's agent to enter his/her premises at any reasonable hour
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to inspect any wildlife or plant held or to inspect, audit, or copy
any permits-, bookcs, or records required under Subpart B.

The Director's agent has, not yet requested such an inspection. Should an inspection be
requested, full cooperation will be given.

22.2.7 Compliance with Permit Conditions, 50 CFRl 13.48

Any person holding a permit under this subpart or acting under the
authority of the permittee must comply wvith all conditions of the
permit and with all applicable laws and regulations governing the
permitted activity.

Conditions described in the permit have been met. See also Sections 22.2. 12 and 22.3. 1.

22.2.8 Acceptance of Liability, 50 CFR 13.50

Any person holding a permit under Subpart B assumes all liability
and responsibility for the conduct of any activity conducted wnder
the authority of the permit.

The recipients of the permits under Subpart B at WIPP are fully aware of their liabilities and
assume responsibility for their activities.

22.2.9 Compliance with Applicable Mfigratory Bird Hunting Rgltoso5 CFR
20, Subpart C

Hunters ofI migratory game birds and crows must comply with
open-season requirements, inclu~ding the avoldane of prohibited
hunting methods.

Hunting privileges for the public will continue within the withdrawal area, except in areas posted
against trespass, in accordance with applicable huntaing regulations.
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22.2.10 Application for Banding or Marking Permit, 50 CFR 21.22(a)

Persons intending to capture migratory birds for banding or
marking must have obtained a permit acquired in accordance with
prescribed permit regulations.

A permit (#22478) for banding at WIPP has been granted by the FWS. See also Section 22.3. 1.

22.2.11 Application Procedures for Banding or Marking Permits, 50 CER 21.22(b)

Information to be provided in banding or marking permit
applications includes, but is not limited to, the State in which
authorization is desired; the species to be banded or marked; and
the name and address of the public, scientific, or educational
institution that will be recipients of salvaged specimens.

This information was included in the application for the permit.

22.2.12 Additional Permit Conditions, 50 CPR 21.22(c)

In addition to the general permit conditions described in 50 CFR
Part 13 (see Sections 22.2. 1 through 22.2.8), the following
conditions will be met:

* Only official numbered leg band~s issued by the Fish and
WildLifie Service will be used to band migratory birds.

* All traps or nets used to capture migratory birds for

banding or marking wil have a tag attached with the name(Z ) and address of the permittee and the permit number.

77Th holder of a permit may salvage birds killed or found
dead. All such dead birds salvaged wider the authority of
a banding or marking permit must be donated and
transferred to a public, scientific, or educational institution
at least every 6 months or within 60 days of the expiration
or revocation of the permit unless a special permit that
authorizes possession for a longer period of time has been
issued.
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The permttees Must keep accurate records of their
operations and must file reports as required.

The additional permit conditions are met at WIPP.

22.2.13 Term of Peri, 50 CFR 21.22(d)

The term of a banding or marking permit shall not exceed 3 years
from the daite of issuance or renewal. The expiration date is
designated on the permit unless the permit has been amended or
revoked.

Permit #22478 does not ex~ceed the 3-year term. The permit was reissued to WED personnel on
May 19, 1993, and will expire on June 30, 1995.

22.2. 14 Special-Purpose Permits, 50 CFR 21.27

Permits may be issued for special-purpose activities related to
migratory birds or their parts, nests, or eggs that are otherwise
outside the scope of the standard permits of this part.

No special-purpose permts have been needed at WIPP to date. Should such a permit be deemed
necessary, all appropriate requirements will be met as specified under this section.

22.2.15 Falconry Permits, 50 CPR 21.28

A falconry permit s required before any Person may take: possess:
transport; sell; Purchase; barter or offer to sell, purchase, or
barter raptors for falconry purposes.

No falconry activities are anticipated at WIPP. Therefore, 'this permit is not applicable.

22.2.16 Depredation Permits, 50 CFRt 21.41

A depredation permit is required before any person may take,
possess, or transport migratory birds for depredation control.
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No need for a depredation permit to control migratory birds is anticipated at WIPP. Therefore,
this permit does not apply.

22.3 Compliance Status of Permit Conditions

Table 22-2 summarizes the conditions imposed by the FWS for the permit issued. The text
provides more detail on the compliance status of the permit conditions.

TABLE 22-2. Migratory Bird Treaty Act - Summary of Permit Compliance Status

CITATION CONDITION COMPUIANCE STATUS

Permit No. 22478 Authorization to capture and band UP TO DATE
or mark birds; excluded for
waterfowl, eagles, and No waterfowl, eagles, or
endangered or threatened species, endangered species captured,

banded, or marked at WIPP

[Section 22.3. 11

22.3.1 Permit No. 22478

Permit No. 22478 authorizes the WMD employee specified to capture and band or
mark all species of birds except waterfowl, eagles, or endangered or threatened
species.® Permit No. 22478 provides authority to capture and band or mark all species of birds except

waterfowl, eagles, or endangered or threatened species. No waterfowl, eagles, or endangered
or threatened species have been captured, marked, or banded at WIPP.
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23.0 ENDANGERED SPECIES ACT

23.1 Summary of the Law

The Endangered Species Act (16 Usc H§ 1531 et seq.) was enacted in 1973 to prevent the
extinction of many species, of animals and plants. T"his act: provides strong measures to help
alleviate the loss of species and their habitats and places restrictions on a wide range of activities
involving endangered and threatened animals and plants to help ensure their continued survival.

With limited exceptions, this act prohibits activities using these protected species unless

authorized by a permit from the U.S. Fish and Wildlife Service (FWS). Under § 1536 of the

act and the implementing regulations in 50 CFR Part 402, Interagency Cooperation-Endangered
Species Act, as Amended, dhe U.S. Environmental Protection Agency (EPA) is prohibited from

authorizing activities likely to jeopardize the continued existence of any threatened or endangered

species or its critical habitat. A biological assessment and "formal consultation," followed by
the issuance of a "biological opinion" by the FWS, may be required for any species that is
determined to be in potential jeopardy.

The FWS lists five threatened or endangered species of plants and animals that could occur at

the WIPP site: the Lee pincushion cactus (Coryphantha sneedi var. leed); the gypsum wild
buckwheat (Ericgonwn gypsophilwn); the peregrine falcon (Falco peregrinis anatwn); the bald

eagle (Haliaeezss leucocephalus); and a fish, the Pecos gambusia (Gambusia nobilis). However,
the FWS has determined that WIPP activities will have no adverse impacts on these species.
In addition, no critical habitat for terrestrial endangered species has been identified at the WIPP

site. Consequently, neither formal consultation nor biological opinion processes have been
required for the WIPP project by the FWS undr J 1536.

The regulations in 50 CFR Part 13, General Permit Procedures, provide uniform rules,

conditions, and procedures for the application for and the issuance, denial, suspension,O revocation, and general administration of all permits issued pursuant to 50 CFR Subchapter B,
Taking, Possesson, Transportaton, Sale, Purhase, Barer, Exporta~tion, and Importation of

Wildlifie and Plants. Thbe provisions in this part are in addition to other regulations and apply

to all permits issued under them, including 50 CFR Parts 1L7, 21, and 22.

The regulations of 50 CFR Part 17, Endangered and Threatened Wildlifie and Plants, implement
the Endangered Species Act as well as the Bald and Golden JEagle Protection Act (see Chapter
21) and could apply to WIPP because of the potential for the presence of the endangered animnal

and plant species identified above. The regulations in this part outline the requiremets for
permits for activities involving endangered wildlife and ideify those species of wildlife and
plants recognized as endangered or threatened with extinction.

Other Federal regulations that implement the Endangered Species Act and that apply to the WIPP

0 include the implementing regulations in 50 CER Parts 21 and:22. The purpose of the regulations
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in 50 CFR Part 21, Migratory Bird Permits, is to supplement the general permit regulations of
Pari 13 of Subchapter B with respect to permits for the taking, possession, transportation, sale,
purchase, barter, importation, exportation, and banding or marking of migratory birds, including
those listed as threatened or endangered. Compliance with these regulations is discussed in

The regulations in 50 CFR Part 22, Eagle Permits, govern the taking, possession, and
transportation of the endangered bald eagle for scientific, educational, and depredation-control
purposes and for the religious purposes of Indian tribes. Requirements under these regulations
are discussed in Chapter 21.

23.2 Compliance Status of the Regulatory Requirements

Table 23-1 sumr ,e regulatory requirements and their compliance status under the
Endangered Species Act. The text gives more detail on the compliance status of each

TABLE 23-1. EnagrdSpecies Act - Summary of Regulatory Compliance
Status

CiATION REQU IR~T COMPLANCE STATUS

50 CPR Part 13, General Penuit Proedurnr

50 CFR 13.11 Permit application pocedures NOT APPLICABLE

No workt anicipated with

endangered or threatened

____ ___ ___ ___ ____ __ ___ ___ ____ ___ ___ ___ [Section 23.2.11

23-2 October 21, 1994



U.S. Department of the Interioir,
Fish and Wildlife Service Endangered Species Act

TABLE 23-1 (continued)

ClTATION REQUIREMENT I COMPLIANCE STATUS

So CFR Part 17, Endangered and Thkreatened Widfe and Plants

50 CFR 17.22, 17.32, Application for permits for NOT APPLICABLE
17.52, and 17.62 1scientific purposes or for the

enhancement of propagation or No work anticipated with
Isurvival of endangered or endangered or threatened
threatened species specie-s

[Section 23 .2.21

50 CFR Part 402, Interagency Cooperation - Endangered Species Act, as Amended

50 CFR 402.12 Biological assessment to NOT APPLICABLE
evaluate effect of proposed
actions on designated species Determination of no adverse

impacts; see Section 23.2.4

__________________[Section 23.2.31

50 CFR 402.14 Formal consultation with the ACEIEVED
FWS to determine whether any
action will affect listed species Determination of no adverse

impacts

[Section 23.2.41

23.2.1 PermitApplication Procedures, 50CMR13.11

Applicants ,must submit separate applications for each permit on

prescribed fionn and Must follow preSClibed forwarding(P instructions.
No permit is required because activities involving endangered species are not conducted at
WIPP. Other requirements related to permits under 50 CFR Part 13, which would become
applicable only if activities involving endangered species weir initiated, are summarized and. discussed in Chapter 22.
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23.2.2 Application for Endangered or Threatened Species Permit, 50 CFR
17.22 (a)(1), 17.32, 17.52, and 17.62

Applicants for permits for using endangered or threatened species
of wildlife or plants for scientific purposes, enhancement of
propagation or survival, or for incidental taking must submit an
application as prescribed.

To date, taking endangered or threatened wildlife or plants for these purposes, which would
require a permit from the FWS, has not been necessary. It is not expected that such a permit
will be needed in the future.

23.2.3 Biological Assessment of Impacts on Recognized Species, 50 CFR 402.12

A biological assessment may be required to determine whether
construction activities will jeopardize the continued existence of
endangered species or the critical habitat of any such species.

On May 29, 1980, the FWS determined that construction of the WIPP would have no adverse
impacts on recognized endangered or threatened species. In addition, no critical habitat for

terestialendangered species has been identified at the WIPP site. Consequently, no biological
assessment has been required for the WIPP.

23.2.4 Formal Consultation with the FWS Regarding Impacts on Recognized

Species 50 CFR 402.14

Formal consultation with the FWS to determine whether
construction activities will jeopardize the continued existence of
endangered species or its critical habitat is required.

On May 29, 1980, the FWS determined that construction of the WIPP would have no adverse
impacts on recognized endangered or threatened species. In addition, no critical habitat for

tersra endangered species has been identified at the WIPP site. Consequently, no formal
consultation has been required for the WIPP.
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24.0 NATIONAL HISTORIC PRESERVATION ACT

24.1 Sulmmary of the Law

The National Historic Preservation Act (NHPA; 16 Usc §§ 470 et seq.) was enacted to protect
the nation's cultural resources inconjunction with the States, local governments, Indian tribes,
and private organizations and individuals. The policy of the Federal government includes
(1) providing leadership in preserving the prehistoric and historic resources of the nation;
(2) administering federally owned, administered, or controlled prehistoric resources for the
benefit of present and future generations; (3) contributing to the preservation of nonfederally
owned prehistoric and historic resources; and (4) assisting State and local governments and the
National Trust for Historic Preservation in expanding and accelerating their historic preservation
programs and activities. The act also established the National Register of Historic Places
("National Register"). At the State level, the State Historic Preservation Officer (SHPO)
coordinates the State's participation in implementating the NHPA.

Section 106 of NHPA requires. that a Federal agency head who has jurisdiction over a Federal,
federally assisted, or federally licensed undertaking take into account the effects of the agency's
undertaking on historic properties included in or eligible for the National Register. Furthermore,
the "Section 106 process" requires that the Federal agency head. afford the Advisory Council on. Historic Preservation ("the Council") a reasonable opportunity to comment on the undertaking
prior to initiating the undertaking. Through the Section 106 process, the Council seeks to
accommodate historic preservation concerns with the needs of Federal undertakings. The
Council encourages this accommodation through consultation among the Federal agency, the
SHPO, and other interested parties during the early stages of planning.

The NHPA has been amended by two acts. The Archaeological and Historic Preservation Act
(16 USC §§ 469 et seq.) directs Federal agencies to recover and preserve historic and
archaeological data that would otherwise be lost as a result of Federal construction or program
activities. This statute applies to known cultural resources on IWPP lands or those that may be
recorded in the future.

The other act amending the NHPA is the Archaeological Resources Protection Act (16 USC §§
~) 470aa et seq.). This statute sets forth the requirements for obtaining a permit from the U.S.

LON ~Departmient of the Interior (DOI) for the excavation or removal of archaeological. resources from
public or Indian lands. Thei act's implementing regulations in 43 CFR Part 7 , Protection of
Archaeological Resources, establish uniform definitions, standards, "and procedures to be
followed by all Federal land managers in providing protection for archaeological resources
located on public lands. The statute and regulations apply to known cultural resources on WIPP
lands or those that may be recorded in the future.

Since 1976, cultural resource investigations have recorded 98 archaeological sites and numerous. isolated artifacts within the: 16-square-mile area enclosed by, tie WIPP site boundary. Thirty-
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three sites recorded within the central 4-square-mile area were determined eligible for inclusion
on the National Register as an archaeological district. Investigations since 1980 have recorded
an additional 14 individual sites outside the central 4-square-mile area that are considered eligible
for inclusion on the National Register. The NHPA's implementing regulations in 36 CFR Part
800, Protection of Historic and Cultural Propertes, contain provisions for the development of
a treatment plan by a Federal agency that identifies historic properties that are likely to be
discovered during the implementation of an undertaking and how they will be managed.

24.2 Compliance Status of the Regulatory Requirements

Table 24.-1 summarizes the regulatory requirements and their compliance status under the
National Historic Preservation Act. The text gives more detail on the compliance status of each
requirement.

TABLE 24-1. National Historic Preservation Act - Summary of Regulatory
Compliance Status

CUMATON sy 2REQUI IREME COM6PLIANCE' 9TATUS::

36 CFR Part M, P)Wectien of Buitenc and udnwul Pftperi~es

36 CFR 800.5 Assessment of effects on ACHIEVED
historic propertes

Determination of No Adverse
Effect obtained (May 1980)

[Section 24.2. 11

36 CPR 800. 11 Development of plan for ACHIEVED
treatment of historic property

WIPP Mitigation Plan submitted
to State Historic Preservation
Officer (SHPO) and to the

VA Council; SHPO determined No
dactvtes Efec Maym 1980

adtviterse Efec from 1980

____________________[Section 24.2.2]
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TABLE 24-1 (continued)

CiTATION 7 REQLUEMENT COMPLIANCE; STATUS

43 CFIR Part 7, Protection of Archaeological Rarources

43 CFR 7.5 Application for permit to NOT APPLICABLE
excavate and/or remove
archaeological resources No excavations or removal of

archaeological sites slated

[Section 24.2.31

24.2.1 Assessment of Effects on Historic Properties,, 36 CFR 800.5

In consultation with the SHPO, the Federal agency official wvith
jurisdion over an undertaing is responsible for assessing the
effect of an undertaking on affected historic pnoperties, obtaining
the SHPO 's concurrence when the effect is not considered adverse,
and notifying and submitting summary documentation to the
council.

The DOE submitted documentation to the New Mexico SHP() describing excavation activities
and the avoidance of any potential historical sites. A deterniftation of No Adverse Effect from
WIPP activities on historic properties was made by the SHPO, in May 1980. Similar
documentation was submitted to the Council.

24.2.2 Development of 0 Plan for the Treatment'of Historical Property Discovered
During a Federa Agency Undertakcing, 36 CT'R 800.11

After a determination by the Federal agency off cial presiding over
an undertaking that the potential for the discovery of historical
property exists, the agency official may devel~op a plan for the
treatment of such properties if discovered and include this plan in
any documentation prepared to comply with 36 CFR 800.5.

A mitigation plan describing excavation activities at WIPP and the avoidance of historical sites
was submitted to the New Mexico SHPO. A determination of No Adverse Effect from WIPP
activities on cultural resources was made by the SHPO in May 1980. A similar mitigation plan
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was submitted to the Council. The Council concurred that the WPP Mitigation Plan is
appropriate to protect cultural resources. The W7PP Land Management Plan (DOE, 1993c) also
outlines objectives and planned actions for the mnagement of cultural resources within the
withdrawal area.

24.2.3 Application for Permit and Inomton Collection, 43 CFR 7.5

Any person proposing to excavate and/or remove archaeological
resources from public lands and to cariy out activities associated
with such excavation and/or removal shall apply for a permit for
the proposed work and shall not begin the proposed work until a
permit has been issued.

Avoidance of known archaeological sites will remain as the primary mitigation measure. No
known archaeological sites have been slated for excavation.
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25.0 NEW MEXICO HAZARDOUS WASTE ACT

25.1 Summary of the Law

The purpose of the Hazardous Waste Act (HWA; §§ 74-4-i. through 74-4-14 NMSA 1978) is
to maintain the quality of New Mexico's environment; to confer optimal health, safety, comfort,
and economic and social well being on its inhabitants; and to protect the proper utilization of its
lands. The Hazardou Waste Act established the program for hazardous waste management and
control in the State of New Mexico. Since its initial enactment in 1977, it has been amended
substantially three times (in 1981, 1987, and 1989) to make its provisions more consistent with
the 1980 and 1984 amendments to RCRA (see Chapter 2). The major provisions of the HWA
were taken directly from Subtitles C (Hazardous Waste Mawzgement) and I (Regulation of
Underground Storage Tanks) of RCRA.

On January 11, 1985, the State of New Mexico received authorization from the EPA to
adminite the Federal hazardous waste program, effective Januiary 25, 1985. Additional
authorizations that expanded the scope of the initial authorization were granted by the EPA and
became effective on April 10, 1990; July 25, 1990; and December 4, 1992. However, New
Mexico's authorization for hazardous waste mnaigemient does not currently extend to the
regulations promulgated by the EPA pursuant to the Hazardou~s and Solid Waste.Aedet. of 1984 (HSWA).

A State may adopt Federal regulations by reference to those regulations without specifying each
of the reureet and provisions of the Federal regulations. On January 11, 1991, the State
of New Mexico adopted the entire body of 40 CFR Parts 260 through 266 and Parts 268 through
270 of the EPA's regulations implementing Subtitle C with only a few substitutions and minor
exceptions. Table 25-1 shows the correspondence between the Federal and State implementing
regulations. The Federal regulations through July 1, 1990, were adopted into the New Mexico® ~H azardous Waste MaagmetReultons (HWMR).

OnJuly 11, 1990, the EPA published its acceptance of New Mexico's revised hazardous waste
program, effective July 25, 1990. This authorization allows the State of New Mexico to regulate
the hazardous constituents of mixed waste under the revised Hazardous Waste Act except for
those changes in the regulations made by the EPA subsequent to the authorization. Therefore,
this auhrzto allows the State to regulate the hazardous constituents of the mixed waste to
be sent to the WIPP except for changes in the regulations that have been made by the EPA and
that have not yet received EPA's auhrzton in the State program.

On July 23, 1992, New Mexico submitted an application for additional program approvals. The
EPA published an immediate final rule on October 5, 1992, in which the decision was made to
grant final authorization to New Mexico for the additional program modifications unless adverse
comments were received. In the event that no such comiments were received, the final
authorization would become effective on December 4, 1992.
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TABLE 25-1. Correspondence between the Federal Regulations Implementing the
Resource Conservation and Recovery Act (RCRA) and the State Regulations

Implementing the New Mexico Hazardous Waste Act (HWA)

Jrnpimafatl HmurdauszsWasft Adoptions,
Regulatloms::nderaagna Modifications, and BECR Seed..

RtCRA: Regulations Exceftmot
(HWMRs) une

40 CFR Panr 260 Section 101 Adopts Panr 260 into
Part I by reference

Section 102 Modifies several
definitions; deletes
Sections 260. l(bX6),
260.22, and 260.30
through 260.33; provides© ~NMED 24-hou

___________ ___________ telephone number

40 CFR Part 261 Section 201 Adopts Pan 261 into
Pain U by reference

40 CFR Purt 262 Section 301 Adopts Pan 262 into Section 25.2.2
Part II by reference

40 CFR Part 263 Section 401 Adopts Part 263 into Section 25.2.3
Pant IV by reference

Section 402 Deletes Section
__________________ 263.20(e) _________

40 CFR Part 264 Section 501 Adopts Paut 264 into Not applicable
Part V by reference

section 501 Deletes Sections 264.149
and 264.150

40 CFR Part 265 Section 601 Adopts Part 265 into Section 25.2.4
Part VI by reference

Section 602 Deletes Sections 265.149
and 265.150

40 CFR Part 266 Section 701 Adopts Part 266 into Not applicable
Part VUI by reference I______I *_____
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TABLE 25-1 (continued)

Implementing Hazardous Waste Adoptions,
Rtegulations, under Management Modifications, and BECR Sections

RCRA Regulations Exceptions.
QHWMRs) under

40 CFR Part 268 section 801 Adopts Part 268 into Section 2.2.2
Part VIII by reference

40 CFR Part 270 Section 901 Adopts Part Z70 into Section 25.2.5
Part IX by referenc

Section. 902 Adds New Mexico
__________________ permitting procedures __________

-Section 1001 Requires compimce Section 25.2.1
with applicabl e Larws

Section 1002 Effectuates HWA

Section 1003 Replaces 40 CFR Part
124 with Section 902 of
the HWMRs

Section 1004 Severability

Section 1005 Effect of stay or
invalidation of Federal
regulations incorporated
by reference

Section 1006 Amendmenz of porior

Section 1007 Saving clause

The State's HWMRs are applicable to WIPP on three counts. First, WIPP is a generator' Of
hazardous waste and is thus required to comply with the RCRA eireet of 40) CFR Part
262 (Part III of the New Mexico HWMRs). As long as WIPP ships its hazardous waste off-site
to an EPA-approved TSDF within 90 days, no RCRA permit is required for this activity.
Second, when W[PP receives waste from the generator sites, WIPP Will be responsible for
subcontracting the transporter. This activity will be regulated under the transporter requirements
of 40 CFR Part 263 (Part IN of the HWM~s). Third, WIPP will be a disposal, storage, and/or. treatment facility for TRU mixed waste, which mandates that: WIPP receive a RCRA permit.
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The permit will be received from both the NMED and the EPA because the former is not yet
authorized for HSWA requirements or for other recent changes made by the EPA in the Federal
regulations.

After the State of New Mexico received authorization from the EPA to regulate mixed waste in
July 1990, the NMED informed WIPP that the RCRA Part A permit application was due on
January 22, 1991, with the Part B application due on February 28, 1991. WIPP submitted its
Part A permit application to the NMED and to Region VI of the EPA on January 22, 1991. The
Part B permit application was submitted to the NMIED on February 26, 1991, and to the EPA
Region VI office on February 27, 1991. Since then, three revisions of the permit application
have been submitted to the regulatory agencies to provide additional information required and
to inform the agencies of changes. The latest revision was completed and submitted in
January 1993.

In August 1993, the NMED and the EPA issued a draft RCRA permit for the WIPP, which
consisted of six modules. The first five were prepared by the NMED, and the sixth module,
based on requirements related to HSWA, was prepared by the EPA. The permit application was
based on conducting tets on TRU mixed wastes at WIPP during the test phase. Although DOE
decided not to test TRU waste at WIPP during the test phase, DOE has requested that the
NMED and the EPA continue the current permitting process.

The New Mexico permitting procedures from Section 902 of HWMR-7 and the miscellaneousV
provisions covered in Sections 1001 through 1007 of HWMR-7 have been added to the

requremntsin the Federal regulations. Furthermore, since the New Mexico Underground
Storage Tank Regulations (USTRs) differ from the Federal regulations specified in 40 CFR Part
280, these State regulations are also discussed in detail in this chapter (see Section 25.2.6). The
UST section includes the results of the environmental compliance assessment that was performed
for the UST program at WIPP.

25.2 Comlac Status of Regulatory Requirements

There are two regulatory requirements in the H[WA and the impleentin HWMRs that do not® have direct counterparts in the Federal regulations. Section 25.2.1 discusses one requirement
from the EWA that is unique and is not in the State impleenin regulations. It also includes
a discussion of the New Mexico USTR requirements and their compliance status at WIPP.
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25.2.1 Compliance Status of the Hazardous Waste Regulatory Requirement

The New Mexico requirement pertaining to hazardous waste management that differs from the
Federal regulations is summarized in Table 25-2, along with a stummary of the compliance status
of the requirement at WIPP. Additional information is presented in the text.

TABLE 25-2. New Mexico, Hazardous Waste Act - Summary of Regulatory
Compliance Status

CITATION REQUIREMENT COMPLIANCE STATUS

New Mexico Hazardous Waste Management ReguLations (HWMR-7)

HWMR-7, Section 1001 Compliance with other ACHIEVED
regulations

See other Chapters in this report

(Section 25.2. 1. 1]

25.2.1.1 Cmliance with other Reuations, Section 1001 of HWMR-7

Comipliance with the HWMRs does not relieve a person of the
obligation to comply with other applicable State and Federal
regulations.

Compliance with the other Federal and State regulations that apply to WIPP is discussed in the
other chapters of this BECR.

25.2.2 Compliameewith Rgatosfor Hazardous Waste Generators, 40 CFR Part
VA262 (HWMJR-7,1§301)

Table 25-3 sumrzsthe applicable regulatory requirements for hazardous waste generators
under Part M1 of HWMR-7T, which corresponds to the Federal implementing regulations of 40
CFR Part 262. Because the HWIMRs adopt the Federal implemnenting regulations by reference,
the citations given in this table are from the Federal regulations (40 CFR Part 262). The
compliance status of each requirement is included. The text provides more detail.
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TABLE 25-3. New Meico Hazardous Waste Management Regulations (HWMRs) for
Hazardous Waste Generators - Compliance Status

Citation Requirement Compliance Status

40 CER 262. 11 Hazardous waste determination ACHIEVED
(HWMR-7, § 301)

WMD procedures

____ ___ ___ ____ ___ ___ _ __ ___ ___ ____ ___ ___ ___ [Section 25.2.2. 11

40 CFR 262.12 EPA identification number ACHIEVED
(HWMR-7, § 301)

NM 4890139088

____ ___ ___ ____ ___ ___ _ __ ___ ___ ____ ___ ___ ___ [Section 25.2.2.21

40 CFR 262.20 Manifest requirements UP TO DATE
(HWMR-7. § 301)

WIID procedures; WIPP Waste
Minimization Plan

____ ___ ___ ____ ___ ___ _ __ ___ ___ ____ ___ ___ ___ [Section 25.2.2.3]

40 CFR 262.21 Acquisition of manifests UP TO DATE
(HWMR-7, § 301)

State-specific or uniform
manifest used

____ ___ ___ ____ ___ ___ _ __ ___ ___ ____ ___ ___ ___ [Section 25.2.2.41O40 CFR 262.22 Number of copes UP TO DATE
(HWR7, §301)Uniform manifest

____ ___ ____ ___ ___ ____ __ ____ ___ ___ ____ ___ __ [Section 25.2.2.51

40 CFR 262.23 Use of the manifest UP TO DATE
(HWMR-7, j 301)

WIID procedures

_____________________[Section 25.2.2.61

40 CFR 262.30 (and 49 CFR DOT packaging requirements UP TO DATE
Parts 173, 178, and 179)
(HWMR-7, § 301) WIID procedures

_____________________[Section 25.2.2.7]
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TABLE 25-3 (continued)

citation Requirement Compliance Status

40 CPR 262.31 (and 49 CFR Labeling requirements UP TO DATE
Part 172) (HWMR-7, § 301L)

WID procedures

[Section 25.2.2.81

40 CFR 262.32 (and 49 CFR Marking requirements UP TO DATE
Part 172) (HWMR-7, § 301)

WID procedures

[Section 25.2.2.91

40 CFR 262.33 (and 49 CFR Placarding requirement UP TO DATE
Part 172) (HWMR-7, § 301)

WID procedures

[Section 25.2.2. 101

40 CFR 262.34(a) 90-day or less accumulation ACHIEVED
(HWMR-7, § 301) tine

WID procedures

[Section 25.2.2. 11]

40 CFR 262.34(aXlXi) Compliance with Subpart I of UP TO DATE
(HWMR-7, § 301) 40 CER Part 265 for waste

placed in containers WED) procedures

[Section 25.2.2. 12]

40 CFR 262.34(aXlXii) Accumulation of hazardous NOT APPLICABLE
(HWMR-7, j 301) wastes in tanks

Hazardous waste not
accumulated in tanks at WIPP

[Section 25.2.2.131

40 CFR 262.34(&XlXnii) Complianc with Subpart W of NOT APPLICABLE
(HWMR-7, § 301) 40 CFR Paut 265 for wastes

placed on drip pads No drip pads at WIPP

[Section 25.2.2.141
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TABLE 25-3 (continued)

Citation Requifruane Complianice status

40 CFR 262.34(a)(2) Marking each container with UP TO DATE
(HWMR-7, § 301) the date of initial accumulation

of waste WED procedures

_____________________ _____________________ [Section 25.2.2.15]

40 CFR 262.34(a)(3) Marking each container as UP TO DATE
(HWMR-7, § 301) hazardous waste

WID procedures

____________________ ____________________ [Section 25.2.2.16]

40 CER 262.34(a)(4) Compliance with Subpart C of UP TO DATE
(HWMR-7, §301) 40 CFR 265 for preparedness

and prevention

Compliac with Subpart D of ACHIEVED
40 CFR Part 265 for
contingency plans and WIPP Contingency Plan

cugnyprocedures

Compliance with 40 CFR UP TO DATE
265.16 regarding personnel
training Formal personnel training

Compliance with 40 CFR NOT APPLICABLE
268.7(aX4) regarding a waste
analysis plan for prohibited No treatment or land disposal
waste uerthe land disposal at WIPP for WIPP-generated
restrictions (LDRs) wastes

____________________ ____________________ [Section_25.2.2.171

40 CFR 262.34(b) Extension of the 90-day storage ACHIEVED
(HWMR-7, § 301) period due to unforeseen,

temporary, an uncontrollable January 1991
c512MCeS

____________________ ____________________ [Section 25.2.2. 181
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TABLE 25-3 (continued)

Citation Requirement Compliance status

40 CFR 262.34(c)(1) Restrictions and requirements UP TO DATE
(HWMR-7, § 301) for satellite accumulation areas

(SAAs). including: WID procedures in place
governing the SAMs at WIPP

* Limit of 55 gallons of
hazardous or 1 quart
of acutely hazardous
waste [listed in 40
CPR 261.33 (e)] at or
near point of [Section 25.2.2.19]
generation ______________

40 CFR 262.34(c)(1)(i) * Compliance with 40 UP TO DATE
(HWMR-7, § 301) CFR 265.171,

Conditon of WID procedures
Containers

* Compliance with 40
CFR 265.172,
Compatibility of Waste
with Container

* Compliance with 40
CFR 265.173(a)
pertining to keeping
hazardous waste
containers closed
during storage [Section 25.2.2.201

40 CFR 262.34(cXlXu) * Labeling of containe UP TO DATE
(HWMR-7, § 301) as *hmzrdous wastem

WID procedures

_____________________ ____________________ I [Section 25.2.2.211
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TABLE 25-3 (continued)

Citation Reqnirement Compliance status

40 CFR 262.34(c)(2) * Management of waste UP TO DATE
(HWMR-7, §301) exceeding the 55-

gallon (hazardous) or WID procedures
1 -quart (acutely
hazardous) waste
limit, including
required compliance
within 3 days and
marking containers)
containing the excess
waste with the date on
which excess waste [Section 25.2.2.221

_ _ _ _ _ _ _ began accumulating ____

40 CFR 262.40 Recordkeeping requirements UP TO DATE
(HWMR-7, § 301)

WID procedures

______________________ [Section 25.2.2.231

40 CFR 262.41 Generator-biennial riepot UP TO DATE

Biennial report submitted in
March 1994

_____________________ _____________________ [Section 25.2.2.241

40 CFR 262.42 Exception reporting if copy of NOT APPULCABLE
(HWMR-7, § 301) manifest is not returnied to the

generaorwihin the specified No excetion report required
perio of time to date.

____________________ ____________________ [Section 25.2.2.25]

40 CFR 262.43 Additional reporting NOT APPLICABLE
(HWMR-7. 1 301)

No additional reports

____________________ ____________________ [Section 25.2.2.26]
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25.2.2.1 Hazardous Waste Determination, 40 CFR.262.11 (HWMR-7, § 301)

The generator of solid waste is required to determine whether the
waste is hazardous as defined under 40 CFR Art 260 and 261.

Nonradioactive hazardous waste is currently generated from maintenance, construction, and
laboratory operations at WLPP. Nonradioactive hazardoirs waste generated at WIPP is
characterized through process knowledge and/or waste sampling and analysis. Procedures to
meet these requirements have been implemented. Procedures are also in place for the
characterization of mixed waste.

25.2.2.2 EPA Identification Number, 40 CFR 262.12 (HWMR-7, § 301)

An EPA identification numnber is required for each generator of
hazardous waste.

The DOE has obtained a generator idniiainnumber for the WIPP. It is NM4890 139088.

*25.2.2.3 Manifest Requirements, 40 CPR 262.20 (HWMR-7, 301)

Compliance with the maimfest requirements is nmndatory for
shtipping hazardous waste off site. One of the, requirements is that
the generator have a waste minimization program in place.

Nonradioactive hazardous waste generated at the WIPP is manifested appropriately when it is
transported off site. Records are maintained in the operating -iles for 3 years. Procedures are
in place that address these requirements. The Westinghouse Waste Isolation Division (WID) is
responsible for implementing these procedures. A waste minkmization program is in place.

(~J) 25.2.2.4 Acquisitioun of Manifests, 40 CFR 262.21 (HWMR-7, § 301)

The generator must obtain a mtamfest from the appropriate source.

The WIPP obtains a manifest from cnimetStates which require a manifest. If the
consignment State does not require a specific manifest a uniform hazardous waste manifest is
used. The WIPP use the current revision of EPA form 87(0-22.
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25.2.2.5 Number of Copies, 40 CFR 262.22 (HWMR-7, § 301)

The manifest shall consist of sufficient copies to provide two for the
generator and one each for the transporter and owner or operator
of the facility.

The manifests used by WIPP contain at least the number of copies to fulfill this requirement.
The manifest form currently used contains six copies.

25.2.2.6 Use of the Manifest, 40 CFR 262.23 (HWMR-7, § 301)

7Te generator must sign the manifest certification by hand, obtain
the handwritten signature of the initial transporter and date. of
acceptance on the manifest, and retain one copy. Thje generator
must give the transporter the remaining copies of the manifest.O Other requirements of this regulation pertain to shipments by
water, rail, or to a desi gnated facility in an authorized State which
has not yet obtained authorization to regulate that particular waste
as hazardous.

WID procedures are in place that address compliance with applicable parts of this regulation.
Hazardous waste generated at WIPP is sent to TSDFs in States with authorized hazardous-waste
programs-

25.2.2.7 Packaging Rqie nt,40 CPR 262.30 (HWMR-7, f 301)

EPA and DOTpacaging requirements must be met before shipping
hazardous waste off site.

A WID procedure is in place that addrse these rqiements. WID is responsible for
providing oversight and technical assistance in im1lememig this procedure.

25.2.2.8 Labefigt qirmns 40 CPR 262.31 (HWMR-79 If301)

EPA and DOT labeling requirements must be met before shipping
hazardous waste off site.
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A WED procedure is in place that addresses these requirements. WID is responsible for

providing oversight and technical assistance in implementing ithis procedure.

25.2.2.9 Marking Requirements, 40 CFR 262.32 (HWMR-7, § 301)

EPA and DOT mai*ing requirements must be mtet before shipping
hazardous waste off site.

A WIDl procedure is in place that addresses these requirements. WID is responsible for
providing oversight and technical assistance in implementing ithis procedure.

25.2.2.10 Placarding Requirements, 40 CFR 262.33 (HWMR-7, § 301)

EPA and DOT placarding requirements must be met before
shipping hazardous waste off site.

A WED procedure is in place that addresse these reqireents. WI]D is responsible for
providing oversight and technical assistance in implementing this procedure.

25.2.2.11 AcuultonTme, 40 CFR 262.34(a) (HWMR-7, 1301)

Accumulation time is limited to 90-day storage of hazardous wastes
for a non-permitted facility.

Waste is accumulated in containers in satellite cuuaomareas (SAMs) and subsequently
moved to the HaZardous Waste Staging Area at WIPP. At this point, the 90-day storage
requirement comes intoL effect. WED procedures are in place that address this requirement for
hazardous wastes generated at WIPP and shipped off site to an approved TSDF. :,WID is,® responsible for providing oversight and technical assistance in implementing this procedure{.ý
Records are maimained at WIPP that document complianc with the 90-day deadline.

25.2.2.12 Campllance with Subpart I of 40 CFR Part 265, 40 CFR 262.34(a)(1)(i)
(HrWMR-7,p 1301)

Compliance with Subpart I of 40 CFR Pan' 265 is required for
waste placed in containers. Thje requirem ems of this subpart
pertain to the condition of container, compatibility of waste with
the containers, closing containers during storage, inspections, the
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location of containers holding ignitable or reactive waste, and the
segregation of incompatible wastes. Documentation that the unit
is emptied at least once every 90 days is also required.

WID procedures are in place that address compliance with Subpart I of 40 CFR Part 265 (see
also Sections 25.2.4.53 through 25.2.4.58). These procedures provide for weekly inspections
of containers and segregation of incompatible wastes. The hazardous waste storage area is
located more than 50 feet from the WIPP property line for compliance with the requirements for
ignitable or reactive waste (40 CFR 265.176). Records are maintained at WIPP that document
compliance with the 90-day deadline.

25.2.2. 13 Accumulation of Hazardous Wastes, 40 CFR 262.34 (a)(l)(li)
(HWMR-7, § 301)

Except as provided in paragraphs (d), (e), and (0) of this section,
a generator may -accumulate hazardous waste on site for 90 days
or less without a permit or without having interim status, provided
that the waste is placed in tanks, and the generator complies with
Subpart J of 40 CFR Part 265.0, except §265.197(c) and
§265.200).

Hazardous waste is not accumulated in tank system at WIPP; therefore, this regulation does not
apply.

25.2.2. 14 Copliance with Subpart W of 40 CMR Part 265, 40 CMR 262.34(a)(1)(iii)
(HWMR-7, § 301)

Complianc with Subpart W of 40 CFR Part 265 for wastes placed
on drip pads is required.

No drip pads are required at WIPP for hazardous waste accumullation. Therefore, these
requirements do not apply.

25.2.2.15 Marking with Date of Initial Accumulation, 40 CFR 262.34(a)(2)
(HWMR-7,,1 301)

Each container of hazardous wase must be clearly marked with the
date of initial acwuainof the wase, and the label must be
visible for inspection.
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Each container of hazardous waste is labeled with the date of the initial accumulation of the

waste as described in W[D procedures. Weekly container inspections confirm that this
requirement is being met.

25.2.2.16 Marking as Hazardous Waste, 40 CFR 262.34(a)(3) (HWMR-7, § 301)

Each hazardous wase container in an SAA must be labeled or
marked as hazardous waste.

Each hazardous waste container in each SAA is clearly labeled as hazardous waste as described
in WED procedures. Weekly inspections are performed to verity proper labeling of containers.

25.2.2.17 Compliance with Emnergency Response, Training, and Waste Analysis Plan
Requirements, 40 CFR 262.34(a)(4) (HWMR-'7,, § 301)

Compliance with Subparts C (Preparedness and prevention) and D
(contingency plans and emergency procedures) of* 40 CFR Part 265
and with Sections 40 CFR 265.16 (personnel training) and
268.7(a) (4) (waste anatysis plan for prohibited' waste under the
land disposal restrictions) is required.

40 CFR Part 265, Subpart C, Praene and Prevention: WIPP is maintained and
operated to minimize the possibility of fire, explosions, or any unplanned release of hazardous
waste to the environment. Inspections of waste handling areas and equipment are conducted
periodically in accordance with procedures in place. Any corrective actions needed are initiated
via Plant Work Requests (PWRs).

WID has prepared a contingem plan which provides a list of emergency equipment at WIPP,O aong with a description and stateomu of capabilities of the equipmnet and the cognizant
orgaizaionresponsible for ensuring that the equipment is available and operable.

Tefollowing niao and salarm systems are available at the WIPP site: two-way
comncio by the public address system and its intercom phones and paging channels, an
intra-plant telephone system. mine phones, local and failty-wide alarm systems, pagers and
plectrons, and portable two-way radios. Inspection prccedures are in place for the

commnicaionand alarm systems and the fire protection equiptmn and include provisions for
testing and maintenance to ensure that equipment will be operable in an emergency. Spill
control and dcnaiaonequipment are inspected weekly, and the results are recorded on
an inspection form.
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Adequate aisle space is provided in the hazardous waste storage area at WIPP to allow for
potential emergency response activities.

The DOE has established Memoranda of Understanding (MOUs) with off-site emergency
response agencies for fire fighting, medical assistance, and law enforcement. An example is the
mutual aid agreement between the City of Hobbs and the DOE, which provides for mutual
ambulance, medical, fire, rescue, and hazardous material response services. All outside
agencies with which MOUs have been made have received copies of the WIPP RCRA
Contingency Plan and the W7PP Emergency PRan.

40 CFR Part 265, Subpart D, Contingency Plan and Emergency Procedures: A contingency
plan has been developed for the WIPP site and is maintained at all controlled document
locations. The purpose of the document is to define responsibilities, provide guidance for the
coordination of activities, and minimiz hazards to human health and the environment from fires,
explosions, or any sudden or non-sudden release of hazardous waste or hazardous waste
constituents. The WI7PP RCRA Contingency Plan describes actions that must be taken in
response to fires, explosions, or any unplanned sudden or non-sudden release of hazardous waste
or hazardous waste constituents; to air, soil, or water. It describes agreements with local
authorities; lists names, addresses, and phone numbers of persons qualified to act as Emergency
Coordinators; provides a list of emergency equipment at the facility; and includes an evacuation
plan.

Copies of the WIPP RCRA Contingency Plan have been provided to all outside agencies with
which WIPP has agreements for assistance in an emergency situation. A copy of the plan is
maintained at WIPP controlled document locations. WIID has the distribution list for the plan
and is responsible for updating the controlled copies.

The plan will be reviewed and revised if necessary whenever applicable regulations are revised;
if the plan fails in an emergency; if the facility changes in a way that materially increases the
potential for fires, explosions, or releases of hazardous waste or hazardous waste constituents
or changes the response necessary in an emergency; or if the list of Emergency Coordinators® or the list of emergency equipment changes.

A RCRA Emergency Coordinator ison site at WPP24 hours aday, 7days aweek. The
coordinator is responsible for cordinating all emergency response measures. The primary
RCRA Emergency Coordinator is the Facility Operations Shift Supervisor (FOSS).

Emergency Coordinators are thoroughly familiar with the W7PP RCPA Contingency Plan. The
plan has provisions that meet the emergency procedure reurmnssuch as communication of
an emergency situation to employees, notification of the appropriate agency if assistance is
needed, identification of hazardous materials, assessment of hazards, and notification of any
incident that requrs implementation of the WIPP RCRA Contingency Plan.
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40 CFR 265.16, Personnel Training: Formal training at WIPP is conducted in accordance with
a WI]) training procedures manual. Training includes General Bmployee Training (GET), other
classroom training, and on-the-job training. Training is conducted by certified instructors.
Certification reurmnsare established in a WI]) procedure.

The GET 101 course provides detailed training in such areas as comuictons, alarm system,
and emergency response. A WIED procedure requires all personnel to attend GET 101 within
30 days of employment. WI]) employees must attend a refresher class annually. Other
classroom training is offered for personnel in certain job categories that involve the management
of hazardous waste, such as maintenance and waste operations. Annual refreshers are provided.

Mantnac personnel are trained to provide repair and replacemnent services. Inspections are
a part of job-specific training and emergency response personnel1 training.

WI]) maintains a listing of all hazardous waste management job titles, the names of employees
assigned by job title to hazardous waste management jobs, and job descriptions that identify
RCRA-related duties. Records on active and inactive personnel are kept in accordance with
WED documents.

40 CFR 268.7(l)(4). Waste Analysis for Treating Prohibited Wastes in Tanks or Containers:
This requirement for a waste analysis plan for the treatment of wastes prohibited from land. disposal in tanks or containers is not applicable to WIPP as WIPP-generated hazardous wa$1te
is neither treated nor land disposed at this facility.

25.2.2.18 Extension, of Storage Period, 40 CFR 26234(b) (HWMR-7, 1 301)

The 90-day storage period may be extended due to wiforeseen.
ternprary.. and uncontrollable cIrcwnstnces.

WM] procedure pwQ& i uctimor-o the shipmet of hazdous wast off site prior to the
90-&ay deadlie 9o4e~ onJuary U, 1991, a 30-day extension was requested of the StateO because of the unexpected need for a new profile sheet for waste nickel-cadmiumi batteries. The
approved TSDF for WIP-wast informed WID of this need 5 days before the expiration of the
90-day storage pawid for the batteris.. The extension was granted on January 15, 1991. The
hazardous ws was shipped off site within the 30-day extenson period.

25.2.2.19 Re Ietous and Rqrnnt,40 CR262.34(c)(1) (HWMR-7, 1 301)

There are a number of restrctions and requireet for satellite
accumulation areas. These include the limit of 55 gallons of
hazardous or 1 quart of acutely hazardous muzte Ilised in 40 CFR
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261.33(e)] and the requirement that the satellite accumulation area
be located at or near the point of generation of the waste.

WID procedures are mn place and weekly inspections are conducted to verify that the 55-gallon
limit per SAA is not exceeded. None of the SAAs has a capacity that exceeds 55 gallons, and
no acutely hazardous waste is generated at WIIPP. The SAMs are located at or near the points
of generation of the hazardous waste. In addition, WED) procedures define the requirements for
placing waste in an SAA. These procedures define the responsibilities of the waste generator.

25.2.2.20 Compliance with 40 CFR 265.171, 265.172, and 165.173(a),
40 CFR 262.34(c)(1)(i) (HWMR-7, § 301)

These requirements for hazardous waste generators from 40 CFR
Part 265 pertain to the condition of the containers (26S. 171),
compatibility of the waste with the container (265.172), and theO necessity to keep the containers closed when not actually adding
wase to or removing it from the containers [265.173(1)]. In

T\ addition, a container holding hazardous waste must not be opened,
handled, or stored in a manner that could rupture the container or
cause it to leak.

WI]) procedures are mn place to ensure that containers used to hold hazardous waste in SAMs
are in good condition. If a container is found to be damaged, it is repaired, or the waste is
removed and transferred to another container. If the container is repaired, the. date and nature
of the repair are included in the area log. All SAA inspection reports on file at WIPP indicate
that the requirement for containers holding hazardous waste to be kept in good condition is met.
Weekly inspections confirm that this requirement is being met. No special liners are used in the
waste containers. Procedures are in place that address waste/container compatibility and the

reqireentthat containers be closed except when waste is being added or removed. Inspections
are conducted on a regular basis to ensure compliance with these regulations for containers.

A WI]) procedure addresses the reuiemn that containers not be opened, handled, or stored
in a manr that could cause the container to rupture or leak by requiring that containers be

insecedbefore and after trnprainfrom the SAA to the staging area. [See also Sections
25.2.4.53 through 25.2.4.58.1

25.2.2.21 Labeling of Container as "Hazardous Waste," 40 CFR 262.34(c)(1)(ii)
(HWMR-7, 1 301)

Labeling of each hazardous waste container as "hazardous waste"

is required.
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WI]) procedures are in place, and inspections are conducted regularly to verify that each
container of hazardous waste is clearly labeled as hazardous waste. Weekly inspections are
performed to verify proper labeling of containers.

25.2.2.22 Maaeetof Waste, 40 CFR 262.34(c)(2) IHWMR-7, § 301)

If waste accumulates in one of the SAAs in excess of the SS-gallon
or 1-quart limit, the container(s) containing the oacess waste must
be marked with the date on which excess waste began
accumudating, and compliance with the SS-galkmn or 1-quart limit
must be restored within 3 days.

WED) procedu~res are in place that address the 55-gallon limit in the SAAs. No acutely hazardous
wastes are generated at WIPP. WID personnel verify that no SAA waste container is overflled
and that any waste generated at an SAA in excess of the 55-gallon limit is removed within
3 days in accordance with the regulations.

25.2.2.23 Recordkeeping Requireents, 40 CFR 262.40 (EWMR-7, §1301)

Manifests, test results, waste analyses, and reports must be kept on
site for at least 3 years.

WID procedures are in place that address these rqie nt.Required records are maintained
by WI]) on site for a minimum of 3 years, after which they may be retained on site until closure
or microfiched and stored indefinitely.

WI]) is responsible for recordkeeping oversight.

25.2.2.24 Generator-Bienniat Repofi 4 CFR 262.41 (HWMR-7, § 301)

Each generator of hazardous waste that ships the waste off site to
an approved 73DF must file a report to the EPA by March 1 of
every even-numbered year, including a description of the results of

WI]) procedures have been prepared to rspond tonthese Implementat ion of these
procedures with regard to bienial reporting is the responsibility of WED). T"he results of waste-
minimization activities are included in the hz oswtegenerator biennia report. T7he most
recent report -was subitted in March 1994.
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25.2.2.25 Exception Reporting, 40 CFR 262.42 (HWMR-7, § 301)

Exception reporting is required if a copy of the manifest is not
returned to the generator within 35 days of the date of acceptance
of the hazardous waste by the transporter.

A WID procedure addresses exception reporting. At this time, no exception reporting has been
required.

25.2.2.26 Additional Reporting, 40 CFR 262.43 (HWM2R-7, § 301)

The Administrator, as he/she deems necessary, may require
generators to furnish additional reports concerning the quantities
and dispositon of mwes identified or listed in 40 CFR Part 261.0.

No additional reports have been requested to date.

25.2.3 Comlac with Standards Applicable to Transporters of
Hazardous Waste, 40 CFR Part 263 (HWMR-7, § 401)

The standards and requiremnts specified under 40 CFR Part 263 are not applicable to WIPP
because of DOE's decision to eliminate testing of TRU mixed wastes at WIPP. However, the
requirements will become applicable when the generator sites begin shipping TRU mixed wastes
to WIPP because WMD will subcontract trnprainof the wastes to a trucking and/or a rail
company.

A summary of the reurmnsfor transporters of hazardous or mixed wastes and the
compliance stanis of each requirement is described in Table 25-4. Additional information is
provided in the text.
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TABLE 25-4. New Mexico Hazardous Waste Management Regulations (HWMfs) for

Transporters of Hiazardous/Mixed Waste, 40 CFR Part 263 - Compliance Status

CITATION REQUIREMENT I COMPLIANCE STATUS

40 CFR 263. 10(a) Compliance with DOT UP TO DATE
(HWMR-7, § 401) regulations amEtprs Mnget

Plan, 6/17/93

____ ____ ____ ____ ___ [Section 25.2.3. 11

40 CFR 263. 11 EPA identification number ACHIEVED
(HWMR-7, § 401)

NMD 986669604

____ ___ ___ ____ ___ __ ____ ___ ___ ____ ___ __ [Section 25.2.3.21

40 CFR 263.20-263.22 Compliance with the manifest UP TO DATE
(HWMR-7, § 401) system and recordkeeping

Daw Ensteyprises Managenmn
Plan, 6/17/93

____ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ [Section 25.2.3.31

40 CFR 263.30 Immediate action after NOT APPLICABLE
(HWMR-7,1§401) hazardous waste discharges

Dawne Enterprises Management
Plan, Section 6.0

____ ___ ___ ____ ___ ___ ____ ___ __ (Section 25.2.3.41

40 CFR 263.31 Discharge cenu NOT APPLICABLE

(HWMR-. I 401)
Dawn's subcontrc with
RAMP Industries

[Section 25.2.3.51

25.2.3.1 all"bnc with Deatetof Transpotatimn(O)Rgltos
40CFR 263.10(s) (HWMR-79 401)

Transporters of hazardous/mbWe wazste must comply with all
applicable DOT reguleations.
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Dawn Enterprises was to have transported TRU waste to WIPP from the generator sites during
the Test Phase that was originally planned for WIPP. The Dawn Enterprises Management Plan
(Revision X, date June 17, 1993) incorporates the applicable DOT regulations from the Title 49
series of the Code of Federal Regulations.

Any transporter hired to ship TRU and TRU mixed waste from the generator sites to WIPP must
comply with the DOT regulations.

25.2.3.2 EPA Identification Number, 40 CFR 263.11 (HWMR-7, § 401)

Th;e transporter must have an EPA identification number from the
EPA Administrator.

Dawn Enterprises was contracted to transport TRU and TRU mixed waste from the generator
sites to WIPP during the test phase originally planned for W[PP. Their EPA identification
number is NMD 986669604. Any transporter hired to ship TRU and TRU mixed waste to
WI1PP must have an EPA identification number.

25.2.3.3 Compliance with the Manifest System and with Recordkeeping Requirements,
40 CFR 263.20-263.22 (HWMR-71, § 401)

The transporter must comply ýwth all relevant manifest and
recordkeeping requirements.

T~he Dawn Enterprises Management Plan indicates that they will comply with requirements of
the manifest system and specifies that the following records are maintained as required: "audits,

maaement assessments, inspection reports/checklists, purchase orders, mitncereports,
NDE reports, training, and copies of Hazardous Waste Manifests." Any tanisporter hired to
ship TRU and TRU mixed waste to W1[PP must comply with these requirements.

25.2 .3.4 Immediate Action after Hazardous Waste Discharges, 40 CFR 263.30
(HWMR-79 § 401)® The transporter woill take appropriate immediate action in the event
of a discharge o~f hazardous woaste (or hazardous constituents)
during transportation.

Section 6 of the Dawn Enterprises Management Plan describes emergency response after a
hazardous materials spill. The section specifies immediate actions to be taken by the tranisporter
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to protect human health and the environment, such as notifying the local authorities, dikcing the
discharge area, and notifying the National Response Center, (by telephone) and the DOT (in
writing). Any transporter that ships TRU and TRU mixed, waste to WIPP must have these
capabilities. Due to DOE's decision not to conduct the test ph-tse at WIPP, no waste has been
shipped to WIPP to date; no mixed waste discharges have occurred.

25.2.3.5 Discharge Cleanup, 40 CFR 263.31 (HW M-7,1 § 401)

A transporter must clean up any hazardous waste discharge that
occurs during transportation or must take any action (s) required by
Federal, State, or local officials to render the discharge
nonhazardous to human health and the environment.

In the event of a hazardous waste constituent discharge during transportation, Dawn Enterprises
has a subcontract in place with RAMP Industries to handle any cleanup activities required. Any
transporter of TRU and TRU mixed waste to WIPP must be capable of ensuring adequate
cleanuip of any hazardous or mixed waste released to the environment during a transportation
incident or accident. Due to DOE's decision not to conduct the test phase at WIPP, no waste
has been shipped to WIPP to date; no mixed waste discharge-s have occurred. (See also Section. 25.2.3.4.)

25.2.4 CopineStatus of the Regulatory Requairements for Interim-Status
Treatinent/Storagef~isposal Facilities (TSDFs), 40 CFR Part .265
(HWMR-7, §§ 601 and 602)

The WIPP is an interim-status facility. All applicable requirements for a TSDF are described
in this section.

Table 25-5 summarizes each of the applicable reurmnsunder 40 CER Part 265 and providesQ ~the compliance status of each. The text that follows the table provides additional detail.

TABLE 25-5. New Mexico Hazardous Waste Maagn t Reultin (H[WMfs) for
Interim-Status TSDFs, 40 CFRt Part 265 - Compliance Status

CAflON EQIEETCOhMLNCE STATUS I
40 CFR 265. 10 Applicability [Section 25.2.4. 1;

(HWMR7, §601)see also Sections 25.2.4.2 through
601) 25.2.4.9] I
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TABLE 25-5 (continued)

CITATION REQUIREMENTTATU

40 CFR 265. 11 EPA identification number AEZE
(HWMR-7, § 601)

______________________ [Section 25.2.4.21

40 CFR 265.12 Required notices to the off-site NOT APPLICABLE
(HWMR-7, § 601) source(s)

None to daue

_________________ ______________________ [Section 25.2.4.31

40 CFR 265.13 General waste analysis UP TO DATE
(HWMR-7, § 601)

WIPP Waste Analysis Plan; Waste
Chamaerzztion Sampling and
Analysis Guidance Manual; QualitY
Asuarance Program Plan for the
EFtperimemal Waste
Characterization Program

________________ _____________________ [Section 25.2.4.41

40 CFR 265.14 Security ACEIEVED
(HWMR-7, § 601)

8-foot-high chain-link fenc, 24-
hour surveillance system, andsin
in Spanish and English posted at
50-foot intervals

_________________ ______________________ [Section 25.2.4.51

40 CFR 265.15 General inspection requirements UP TO DATE
(HWMR-7, I 601)

Inspection, procedures; inspection
lop

____ ___ ____ _______________ [Section 25.2.4.61
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TABLIE 25-5 (continued)

CrrATION REQUIRtEMENT COMPLIANCE STATUS

40 CFR 265.16 Personnel training UP TO DATE
(HWMR-7, § 601)

F'rocedures, manuals, and employer
records

_____________________ [Section 25.2.4.7]

40 CFR 265.17 General requirements for UP TO DATE
(HWMR-7, § 601) ignitable, reactive, or

incompatible wastes WIPP Waste Acceptance Criteria;
no incompatible wastes identified

_________________ ______________________ [Section 25.2.4.81

40 CFR 265. 18 Location standards NOT APPLICABLE
(HWMR-7, § 601)

Allows WIPP to be used as a TSDF

_________________ ______________________ [Section 25.2.4.91

40 CFR 265.31 Maintenance and operation of U ODT
(HWMR-7, § 601) facility

WIPP Waste Acceptance Criteria
and WLD Contingency Plan

_________________ ______________________ [Section 25.2.4. 101

40 CPR 265.32 Required eupntUP TO DATE
(HWMR-7, § 601)

WI) -rcdue
_____________________ [Section 25.2.4. 11]

40 CFR 265.33 Testing and maintenance of UP TO DATE
(HWMR-7, 1 601) equipmen

WVI] procedures

__________________ ______________________ [Section 25.2.4.12]
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TABLE 25-5 (continued)

CITATION EQ RMNTCOMPLIANCE STATUS

40 CFR 265.34 Access to cmu Icios or UP TO DATE
(HWMR-7, § 601) alarm system

Public address system, intercom,
phones, telephones, alarm systems,
pagers and plectrons, portable two-
way radios

__________________[Section 25.2.4.131

40 CFR 265.35 Required aisle space UP TO DATE
(HWMR-7, § 601)

Adequate aisle space to be
maintained

________________ _____________________ [Section 25.2.4.141

40 CFR 265.37 Arrangements with local ACEDEVED
(HWMR-7, § 601) authorities

MOUs in place with local
authorities

_______________ ___________________ [Section 25.2.4. 151

40 CFR 265.51 Purpose and imple] tto of ACHIEEVED
(HWMR-7, § 601) the contingency plan

WIlPP Contingency Plan in place to
maimn hazards

_____________________ [Section 25.2.4.1i6]

40 CER 265.52 Content of the contingency plan ACHIEVED
(HWMR-7, § 601)

WIPP Contingency Plan

_______________ ___________________ [Section 25.2.4.171

40 CFR 265.53 Copies Of contingency Plin ACHIEVED
(HWMR-7. § 601)

Copy provided to each outside
agency with an agreement to
provide emergency assistance to
WIpP

________________ ____________________ [Section 25.2.4. 181
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TABLE 25-5 (continued)

CrrATION REQUEREMENT COMPLIANCE STATUS

40 CIFR 265.54 Amendiment of contingency plan UP TO DATE
(HWMR-7, § 601)

WI7PP Contingency Plan

_________________[Section 25.2.4. 191

40 CFR 265.55 Emergency Coordinator ACHIEVED
(HWMR-7, § 601)

Facility Operations Shift Supervisor

_________________ ___________________ [Section 25.2.4.201

40 CIFR 265.56 Emergency procedures UP TO DATE
(HWMR-7, § 601)

WIPP Contingency Plan

_________________ _____________________ [Section 25.2.4.211

40 CFR 265.71 Use of manifest system NOT APPLICABLE
(HWMR-7, § 601) WID procedures; no shipments to

date

_________________(Section 25.2.4.221

40 CIFR 265.72 Manifest discrepancies NOT APPLICABLE
(HWMR-7, § 601)

WID procedures; no shipments to,
daue(~ ) [Section 25.2.4.231

40 CFR 265.73 Operating record UP TO DATE
(HWMR-7, 1 601)

WMD procedures

_________________ ______________________ [Section 25.2.4.241

40 CFR 265.74 Availability, retention, and UP TO DATE
(HWMR-7, § 601) disposition of records WDpoeue

_________________ ______________________ [Section 25.2.4251

25-27 October 21, 1994



New Mexico Environment Department New Mexico Hamardous Waste Act

TABLE 25-5 (continued)

CIATION REQUIREMENT COMPLIANCE STATUS

40 CFR 265.75 TSDF biennial report NOT APPLICABLE
(HWMR-7, § 601)

WID procedures

__________________ ______________________ [Section 25.2.4.261

40 CFR 265.76 Unmamifested waste report NOT APPLICABLE
(HWMR-7, § 601)

No waste shipments to date

_________________ __ ____ ___ ___ ____ ___ ___ [Section 25.2.4.27]

40 CFR 265.77 Additional reports NOT APPLICABLE
(HWMR-7, § 601)

No additional reporting to date

_________________ __ ____ ___ ___ ____ ___ ___ [Section 25.2.4.281

40 CFR 265.90 Applicability of the ground-water NOT APPLICABLE
(HWMR-7, j 601) monitoring system

Ground-water monitoring waiver

____ ___ ___ ___ ___ __ ____ ___ ___ ___ ___ ___ [Section 25.2.4.291

40 CFR 265.91 Ground-water monitoring system NOT APPLICABLE
(HWMR-7, ' 601)

Ground-water monitoring waiver

________________ _____________________ [Section 25.2.4.301

40 CFR 265.92 Sampiling and analysis NOT APPLICABLE
(HWMR-7. 105601)

Ground-water monitoring waiver

____ ___ ___ ____ ___ __ ____ ___ ___ ____ ___ ___ [Section 25.2.4.3 11

40 CFR 265.93 Pnparation, evaluation, and NOT APPLICABLE
(HWMR-7,1§601) responhe

Ground-water monitoring waiver

____ ___ ___ ___ ___ __ ____ ___ ___ ___ ___ ___ [Section 25.2.4.32]
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TABLE 25-5 (continued)

CrTATION REQUJIREb1ENT. COMPLIANCE STATUS

40 CFR 265.94 Recordkeepmng and reporting NOTr APPLICABLE
(HWMR-7, § 601)

Ground-water monitoring waiver

[Section 25.2.4.331

40 CFR 265. 110 Applicability of the closure/post- UP TO DATE
aHWMR-7, § 601) closure requirements

RCRA Compliance Manual

[Section 25.2.4.341

40 CFR 265.111 Closure perform ance standard UP TO DATE
(HWMR-7, § 601)

RCRA Compliance Manual

____________________ [Section 25.2.4.35]

40 CFR 265.112 Closure plan-, amendment of plan UP TO DATE
(HWMR-7, § 601)

RCRA Compliance Manual

_________________ ____________________ [Section 25.2.4.36]

40 CFR 265.113 Time allowed for closure UP TO DATE
(HWMR-7, § 601)

RCRA Compliance Manual

____________________ [Section 25.2.4.371

40 CFR 265.114 Disposal or deotmntOnf UP TO DATE(3 ) ~~(HWMR-7, § 601) equipment, structures, and soils RR opineMna

_______________________ Section 25.2.4.381

40 CFR 265.115 Certification of closure NOT APPLICABLE
(HWMR-7, § 601)

RCRA Compliance Manual

______________________ (Section 25.2.4.391
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TABLE 25-5 (continued)

CiATION REQUIREMENT COMPLANCE STATUS.

40 CFR 265.116 Survey plat NOT APPLICABLE
(HWMR-7, § 601)

Clean closure

__________________[Section 25.2.4.401

40 CFR 265.117 Postclosure care and use of NOT APPLICABLE
(HWMR-7, § 601) property

Clean closure

_________________ __ ____ ___ ___ ____ ___ ___ [Section 25.2.4.4 11

40 CFR 265.118 Postclosure plan; amedment of NOT APPLICABLE
(HWMR-7, § 601) plan

Clean closure

____ ___ ___ ___ ___ __ ____ ___ ___ ___ ___ ___ [Section 25.2.4.42]

40 CFR 265.119 Postclosure notices NOT APPLICABLE
(HWMR-7, § 601)

Clean closure

____ ___ ___ ___ ___ __ ____ ___ ___ ___ ___ ___ [Section 25.2.4.431

40 CFR 265.120 Certification of completion of NOT APPLICABLE
(HWMR-7, § 601) postelosure carm

Clean closure

____ ___ __ _ ___ ____ ___ [Section 25.2.4.44]

40 CFR 265.142 Cost estimate for claunt NOT APPLICABLE
(HWMR-7, 1 601)

Exemption as Federal facility

_________________[Section 25.2.4.45]

40 CFR 265.143 Financial assurance for closure NOT APPLICABLE
(HWMR-7, § 601)

Exemption as Federal facility

____ ___ ___ ____ ___ __ ____ ___ ___ ____ ___ ___ [Section 25.2.4.46]
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TABLE 25-5 (continued)

CrrATION REQUIREMENT COMPLIANCE STATUS

40 CFR 265.144 Cost estimate for postclosure NOT APPLICABLE
(HWMR-7, §601) care

Exemption as Federal facility

_________________________________________ [Section 25.2.4.47]

40 CFR 265.145 Financial assurance for NOT APPLICABLE
(HWMR-7, § 601) postclosure care

Exemption as Federal facility

_________________ ______________________ [Section 25.2.4.48]

40 CFR 265.146 Use of a mechanism for financial NOT APPLICABLE
(HWMR-7, § 601) assurance of both closure and

postclosure caeExemption as Federal facility

_______________________ [Section 25.2.4.49]

40 CFR 265.147 Liability requirements NOT APPLICABLE
(HWMR-7, § 601)

Exemption as Federal facility

________________ _____________________ [Section 25.2.4.501

40 CFR 265.148 Incapacity of owners or NOT APPLICABLE
(HWMR-7, § 601) operators, guarantors, or

financial institutions Exemption as Federal facility

______________________________________ [Section 25.2.4.5 11

40 CFRK 265.149 Use of State-required NOT APPLICABLE
[HWMR-5, § 602(A)J mechanisms

Omission from State regulations and
eeponas Federal facility

_________________ ______________________ [Section 25.2.4.521

40 CFR 265.150 State assumption of NOT APPLICABLE
[HWMR-S, j 602(B)] responsibflt

Omission from State regulations and
exmto as Federal facility

__________________ ______________________ [Section 25.2.4.53]
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TABLE 25-5 (continued)

CITATION REQUIREMENT COMPLIANCE STATUIS

40 CFR 265.171 Condition of containers UP TO DATE
(HWMR-7, § 601)

WMD procedures

_________________ ______________________ [Section 25.2.4.541

40 CFR 265.172 Compatibility of waste with UP TO DATE
(HWMR-7, § 601) containers

WID procedures

_________________ ______________________ [Section 25.2.4.551

40 CFR 265. 173 Management of containers UP TO DATE
(HWMR-7, § 601)

WID procedures; training

___________ _______________ [Section 25.2.4.561

40 CFR 265.174 Inspections UP TO DATE
(HWMR-7, § 601)

WID procedures

___________ _______________ [Section 25.2.4.57]

40 CFR 265.176 Special requirements for UP TO DATE
(HWMR-7, § 601) ignitable or reactive waste

Waste Acceptance Criteria for WIPP

_________________ ______________________ [Section 25.2.4.581

40 CFR 265.177 Special requirement for UP TO DATE(II)7 [S6c01o 25opail wa2.4.59prcedre

(HWMR-7[Setio 2561).noma4ilewate

40 CFR 265.190- Tank sysems; surface NOT APPLICABLE
265.445 .-- rdet; waste piles; lInd
(HWMR-7, 1 601) treatmet; incinerators: thermal None of these used at WIPP

treatment; chemical, physical,
and biological treatment;
underground injection; and drip

_______________ pads (Section 25.2.4.60]
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TABLE 25-5 (continued)

CITATION REQUREMENT COMPLIANCE STATUS

40 CFR 265.1032 Standards (air emission) for NOT APPLICABLE
(HWMR-7, §601) process vents

N~o process vents at WIPP

section 25.2.4.6 11

40 CFR 265.1052- Air emission standards for NOT APPLICABLE
265.1062 equipment leaks
(HWMR-7, § 601) ISection 25.2.4.62]

25.2.4.1 Applicability, 40 CFR 265.10 (HWMR-7, § 601)

The regulations in Subpart B apply to owners and operators of all
hazardous wase facilities, except as § 265. 1 provides otherwise.

* The portions of Subpart B applicable to the WIPP are identified in § § 265. 11 through 265.18
as discussed in Sections 25.2.4.2 through 25.2.4.9 below.

25.2.4.2 EPA Identification Number, 40 CFR 265.11 (HWMR-7, § 601)

Each TSDF muw have an EPA identification nwnber.

The EPA identification nuinber for WIPP is NM4890139088.

25.2.4.3 Required Notices, 40 CFRt 265.12 (HWMR-7,, § 601)

Notices required are notification of the Regional Administrator at
least 4 weeks in ad m ce of the date of arrivat of waste from a
foreign source and notification of a new owner or operator of the
requirements wider 40 CFR Pans 265 and 270.

Before transferring ownership or operation of the facility, the DOE and/or WI]) will notify the
new owner or operator in writing of the requirements of this part and those of Part 270.
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25.2.4.4 General Waste Analysis, 40 CFRt 265.13 (HWMR-7, § 601)

A detailed chemical and physical analysis of a representative
sample of the wastes is required before a TSDF may treat, store,
or dispose of waste. Thie owner/operator of the TSDF must inspect
and, if necessary, analyze the waste received to ensure that it
matches the identity of the waste described in the accompanying
mamfest. The owner/operator must follow a written waste analysis
plan to ensure compliance with these requirements.

General waste analysis is addressed in the WIPP Waste Analysis Plan (DOE, 1993d). Sampling
and analysis is conducted in accordance with the Waste Characterization Program Sampling and
Analysis Guidance Manual (DOE, 1992a). All activities are performed in accordance with the
Quality Assurance Program Plan for the Eaperimental Waste Characterization Program (DOE,
1991d). Characterization methods consist of process knowledge; visual examination (including
weighing of individual items); real-time radiography; and headspace gas sampling of drums, the
inner container in drums, and bins.

25.2.4.5 Security, 40 CFR 265.14 (HWMR-7, § 601)

Security measures are required to prevent the possibility of
unknowing and/or unauthorized entry by persons or livestock onto® ~the active portion of the facility. A 24-hour surveillance system or
barrier is required, and the facility must be posted.

The WIPP is enclosed within an 8-foot-high chain-link fence, and 24-hour surveillance is
conducted by guards trained to minimizeuatoie entry onto the facility. Signs with the
legend "Danger-Unauthorized Personnel Keep Out" in both Spanish and English are posted at
50-foot intervals. The perimeter fence, gates, and signs are inspected daily for evidence of
tampering or structural damage in accordance with a WIPP procedure.

25.2.4.6 Genera Inspection Requirements, 40 CPR 265.15 (HWMR-79 § 601)

The oiwer/operator must inspct the facility for malfnctions,
deterioration, operator errors, and discharges that cause actual or
potential releases of hazardous constituents to the environment or
a threat to human health. A written schedule must be developed
and followed for inspecting all monitoring, safety, and emergency
equipment,* security devices;* and operating/structural equipment i
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needed to prevent, detect, or respond to environmental or human
health hazards. The inspections must be recorded in an inspection
log or summary and kept for at least 3 years.

The WI]) implements inspection procedures for all monitoring, safety, and emergency
equipment; security devices; and operating and structural equipment. Written schedules have
been developed that indicate the frequency of routine inspections. Inspections may be conducted
more frequently than indicated but are not performed less frequently.

Each group develops procedures that outline the types of problems that will be examined during
inspections of its equipment and systems and maintains its own inspection information.

Completed inspection sheets include a signature, date, and time of inspection; observations
made; and the date and nature of any repairs or other remedial actions. All log sheets are
maintained for at least 3 year.

25.2.4.7 Personnel Training 40 CFR 265.16 (HWMR-.7, 601)

Personnel training must be provided to facility personnel within
6 months of their employment or new assignment; personnel must
not wo,* in wzsupervised positions until the training has been
completed. 7Te training program must be designed to ensure that
facility personnel can respond effectivly to an emergency. The
program matt be directed by a person trained in hazardous waste
management procedures. The job title for each position at the
facility that is related to hazardous wuse manazgement, the name
of the employee filling the position, a written description of the

training required, and records that document that the training(Z ) and/or job ceprence has been completed are also required.
These records must be kept until closure for current personnel and
for at least 3 yewr for former employees.

Formal training is conducted in accordance with a training manual. 1Te training includes both
GET for all WIFF employees, other classroom trining, and on-thejob training. Training policy
indicates that WIPP training will be condiuctd by certfied instructors. Certification
requieet are established in a WED procedure.

GET 101 provides detailed training in such areas as commuications, alarm systems, and
emergency response. A WI]) procedure requires all personnel 10 attend GET 101 within 30 days
of employment. A refrsher class must be attended annually. Other classroom training is
offered for personnel in certain job categories. Annual rfresher courses are provided.
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Maintenance personnel are trained to provide repair and replacement services.- Inspections are
a part of job-specific training and emergency response personnel training.

WIED maintains a listing of all haz7ardou waste management job titles, names of employees
assigned by job title to hazardous waste maaement jobs, and job descriptions that identify
RCRA duties. Records on active and inactive personnel are kept in accordance with WIE)
documents.

25.2.4.8 General Requirements for Ignitable, Reactive, or Incompatible Wastes,
40 CFR 265.17 (HWMR-7, § 601)

Precautions must be taken to prevent accidental ignition or
reaction of ignitable or reactive waste. Any mixture or
commingling of incompatible wastes must be conducted to avoid
the generation of extreme heat or pressure, fire or explosion,® violent reaction, uncontrolled toxic airborne materials,
uncontrolled flammable fiames or gases, damage to the structural
integrity of the device or facility, or threat to human health or the
environment.

WIPP is precluded from accepting ignitable, corrosive, or reactive waste as specified in the
Waste Acceptance Criteria. In an analysis of the compatibility of the waste categories with each
other and with waste containers, no incompatibilities were identified.

"No Smoking" signs have been placed conspicuously at the Hazardous Waste Staging Area and
at all SAAs where there could be a hazard from ignitable or reactive wastes. A WI] procedure
requires a weekly inspection to verify that legible 'No Smoking" signs are posted near the
SAM. A WMD procedure also prohibits combining inoptbewastes generated at WI1PP.

25.2.4.9 Location Standards, 40 CFR 265.18 (HWMR-7, § 601)

No hazardous wse may be emplaced in such structures as a salt-
bed formation or an underground mine except at the DOE Waste
Isotation Pilot Plant in New Mexico.

WIPP is specified in this requirement as the only facility of this type that may be used for the
placement of hazardous waste.
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25.2.4.10 Maintenance and Operation of Facility, 40 C'FR 265.31 (HWMR-7, § 601)

Facilities must be maintained and operated to minimize the
possibility of fire, explosions, or any unp&lnned release of
hazardous constituents to air, soil, or sur~face water that could
threaten human health or the environment.

Section 1 of the WMD Contingency Plan address this requirement. In addition, the Waste
Acceptance Criteria document prohibits the receipt of explosive or otherwise reactive waste,
liquids, non-radioactive pyrophoric or other ignitable wastes, or compressed gases at WIPP as
a TSDF. Inspection of waste-handling areas and equipment are conducted as described by WID
procedures. Corrective actions, are initiated via Plant Work Re.quests.

25.2.4. 11 Required Equipment, 40 CFR 265.32 (HW.MR-7, § 601)

All facilities must be equipped with an internal communications or
alarm system for immediate emergency instruction; devices to
summon external emergency assistance; fire extinguishers and fire-
control, spill-control, and decontamination equipment; and water
or foam equipment, spriniklers, or water-spray systems.

WID has prepared a contingency plan which provides a list of emergency equipment at WIPP,
along with a description and statement of capabilities of the equipment and the cognizant
organization responsible for ensuring that the equipment is available and operable. Procedures
are in place for providing guidance to WIP? personnel for testing emergency equipment.

25.2.4.12 Testing and, Maintenance of Equipment, 40 (.FR 265.33 (HWMR- 79 § 601)

AllfaciyCm~mwiicaio or alarm systems and fire-control, spill-
control, and deontamination equipment mait be tested and
mantwained ofs needed to ensure it proper opreration during an
awlecy

The WIDD maintais inspecton procedures in plac for communication and alarm systems ind
for fire protection equipment that include provisions for testing and maintenance to ensure that
the equipment will be operable in an emergency. Spill controll and decontamination equipment
are inspected weekly and the results recorded on an inspection form.
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25.2.4. 13 Access to Communications or Alarm Systems, 40 CFR 265.34
(HWMR-7, § 601)

Immediate access to a communications or internal alarm system is
required for all personnel involved when handling hazardous
waste. If just one employee is ever on the premises during
operations, he/she must have immediate access to a device (e.g.,
telephone) for summoning external emergency assistance.

The following communication and alarm systems are available at the WTPP site: two-way
communication by the public address system and its intercom phones and paging channels, an
intra-plant telephone system, mine phones, local and facility-wide alarm systems, pagers and
plectrons, and portable two-way radios. The WIPP RCRA Contingency Plan provides an
inspection schedule for this equipment and describes the location of alarms, telephones, etc., at
WIPP. All SAA inspection reports on file at WIPP indicate that this requirement is met for
hazardous wastes generated at WIPP. There is more than one employee at the site at all times.

25.2.4.14 Required Aisle Space, 40 CF R 265.35 (HWMR-7, § 601)

Aisle space must be maintained to allow the unobstructed
movement of personnel and of fire-protection, spill-control, and
decontamination equipment to any area offacility operation unless
aisle space is not needed for these purposes.

A procedure is in place to address the areas of the WIPP where mixed waste containers will be
maintained so that adequate aisle space will be provided for emergency response.

25.2.4. 15 Arrangements with Local Authorities, 40 CFR 265.37 (HWMR-7, § 601)O Arrangements with local authorites must be made for the provision
of emergency services if needed. Requirements include
familiarizing the local authorities with the layout of the facility,
properties of hazardous waste to be handled, possible evacuation
routes. and other informton needed for emergency responses.

The RCRA Contingency Plan addrse this requiremen. The DOE has established MOUs with
all appropriate off-site emergency response agencies for fire fighting, medical assistance, and
law enforcement. Examples include a MOU with the Guadalupe Medical Center Emergency
Radiological Treatment Center for the WIPP, which provides for the treatment of radiologically
contaminated personnel, and a mutual aid agreement between the City of Hobbs and the DOE,
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which provides for mutual ambulance, medical, fire, rescue, and hazardous material response

services. All outside agencies with which MOUs have been made have received copies of the

RCRA Contingency Plan and the WI7PP Emergency Plan (WID, 1992). The official MOUs are

in the process of being revised.

25.2.4. 16 Purpose and Implementation of the Contingency Plan, 40 CYR 265.51
(HIWMR-7, § 601)

Each owner/operator must have a contingency plan for his/her
TSDF. 7Te contingency plan must be designed to minimize
hazards to humtan health or the environment from fires, explosions,
or unplanned releases of hazardous constituents to the
environment, The provisions of the plan must be carried out
whenever a fire, explosion, or release of hazardous constituents
could threaten human health or the environment.

The RCRA Contingency Plan has been developed for the WIPP. It is maitained at all
controlled document locations. The purpose of the dociment is to define responsibilities;
provide guidance for coordination of activities; and minimize hazards to human health and'the

envionmnt from fires, explosions, or any unplanned release of hazardous waste or hazardous
waste constients.

25.2.4.17 Content of the Contingency Plan, 40 CFR 265.52 (HWMR-7, § 601)

The contingency plan must describe the actions to be taken by
facility personnel in response to fires, explosions, or any unplanned
releases of hazardous constituents to the environment. The plan
must describe arrangements agreed- to by local authorites and
emergency- respo nseits and must lis the current names,
addrsse, and phone nwnbers (work and homne) of all Emergency
Coordinators.; All emergency equipment must be listd, along with
the location description, and capabilities of all equipment. An
evacnation plan for facility personnel must be inchlded

Thbe RCRA Contingency Plan describe actions that must be taken in response to fires,
explosions, or any unplannd or sudden or non-sudden release of hazardous waste or hazardous
waste constituents to air, soil, or water and describes agreements with local authorities. It also
lists the names, addresses, and phone numbers of person~s qualified to act as Emergency
Coordinators, provides a list of emergency equipment, at the facility, and includes an evacuation
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plan. The project also maintains the WIPP Spill Prevention, Control, and Countermeasures
(SPCC) Plan (WED, 1993a).

The RCRA Contingency Plan also describes the agreements between W[PP and local police and
fur department, hospitals, contractors, and State and local emergency response teams. The
MOUs in place are currently being revised.

An evacuation plan for WIPP personnel is included in the RCRA Contingency Plan as required.

25.2.4.18 Copies of the Contingency Plan, 40 COR 265.53 (HWMR-7, § 601)

Copies of the contingency plan and all revisions to the plan must
be maintained at the facility and submitted to all local police and
fire departments, hospitals, and State and local emergency
response teams that may be cale upon to provide emergency
services.

Copies of the RCRA Contingency Plan are maintained at WIPP. A copy of the plan is
maintained at controlled document locations. WID maintains a distribution list for the plan and
is responsible for updating the controlled copies. Copies of the RCRA Contingency Plan have
been provided to all outside agencies with which WIPP has agreements for assistance in an
emergeny situation.

25.2.4.19 Aed ntof Contingency Plan, 40 CFRt 265.54 (HWMR-7, § 601)

77e contingency plan must be reiewd and immediately revised,Oi fnecasary, whenever applicable regulations are reviseAL- the plan
~ fails in an emergency, the facility changes in a way that increases

the potentalfor fire, explosins, or release of hauardous waste; or
the list of Emergency Coordinator or emergency equipment
changes.

As described in the RCRA Contingency Plan, the plan will be reviewed and revised if necessary
whenever applicable regulations are revised; the plan fails in an emergency; the facility changes
in a way that materially increases the potential for fires, explosions, or releases of hazardous
waste or hazardous waste constituents or changes the response necessary in an emergency; the
list of Emergency Coordinators changes; or the list of emergency equipment changes.
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25.2.4.20 Emergency Coordinator, 40 CFR 265.55 (HWMR-7, § 601)

At least one employee (on the facility premises or on call) must be
designated as the Emergency Coordinator, with the responsibility
for coordinating all emergency response measures. The Emergency
Coordinator must be familiar with the contingency plan, all
operations and activities at the facility, the location and
characteristics of waste handled, location of 42ll facility records,
and the facility layout. The Emergency Coordinator must have the
authority to commit the resources needed to carry out the
contingency plan.

A RCRA Emergency Coordinator is on site at the WIPP facility 24 hours a day, 7 days a week.
The coordinator is responsible for coordinating all emergency response measures. The primary
RCRA Emergency Coordinator is the Facility Operations Shift Supervisor (FOSS). The FOSS
is the coordinator who will be on duty at the time of any incident that requires implementation
of the RCRA Contingency Plan.

Persons qualified to act as the RCRA Emergency Coordinator are listed in the RCRA
Contingency Plan. These employees have the requisite experience and authorization power to
perform their role as Emergency Coordinator.

25.2.4.21 Emergency Procedures, 40 CFR 265.56 (HWNM-7, § 601)

In the event of an imminent or actual emergency situation, the
Emergency Coordinator or designee must notify facility personnel
via internal alarms or communications systems and must notify
State or local agencies if their help is needed. A release, fire, or
explosion mandates that the'Emergency Coordinator obtain
appropriate information, assess possible hazards, make any
notifications required, prevent the spread or reoccurrence of the
incident, monitor if necessary, recover waste, and record details
regarding the incident in the facility's operating record. The0 owner or operator must note specific informnation about any
incident that requires the contingency plan to be implemented.
This informiation must be recorded in the facility's operating
record. A written report must be submitted to the Regional EPA
office and the NMED within 15 days of the incident. Thie State
Emergency Response Commission (SERC) must be contacted rather
than the NMED in the event of any spill' incident that may
endanger human health or the environment.
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WIPP Emergency Coordinators are thoroughly familiar with the RCRA Contingency Plan. The
plan has provisions that meet the emergency procedure requirements such as commnctn
information about the emergency to employees, notifying appropriate agencies to obtain
assistance, identifying hazardous materials, assessing hazards, and making the necessary
notifications. The appropriate agencies include the Local Emergency Planning Committee
(LEPC), the Carlsbad Police Department, the Carlsbad Fire Department, and the Eddy County
Sheriff.

Each department at WIPP is responsible for the cleanup of spills in its area. Disposal of the

released material is the responsibility of WID.

All emergency equipment listed in the contingency plan is kept clean and fit for its intended use.

As described in the RCRA Contingency Plan, a daily log is maintaine in the Central Monitoring
Room (CMR) at WIPP. The FOSS signs into the log before beginning his/her duty shift. All
incidents, regardless of whether or not they activate the RCRA Contingency Plan, are recorded
in the CMR log, along with routine maintenance activities.

The RCRA Contingency Plan addresses the requirenmen that the SERC be notified in the event
of a spill that would endanger humain health or the environment. The SERC will contact the
NMED if their assistance is needed.

25.2.4.22 Use of Manifest System, 40 CIFR 265.71 (HWVMR-7, § 601)

If a facility receives hazardous constituents accompanied by a
manifest, the owner or operator or designee must sign and date
each copy of the manifest to certify receipt of the waste, note any® ~ significant discrepancies in the manifest, return at least one copy
of the manifest to the transporter, send a copy of the manifest to
the generator within 30 days, and retain a copy of the manifest for
at least 3 years.

A WID procedure provides guidance on the proper management and retention of hazardous
waste manifests. Another WID procedure provides instructions for receiving, surveying, and
inspecting TRUPACT II container at WIPP, whinch includes proper disposition of the hazardous
waste. Furthier, the Waste Acceptance Criteria for the Waste Isolation Pilot Plant requires
generator sites to provide a manifest for shipments of tranuranic mixed waste. This
requirement wil become applicable when the WIPP facility receives a waste shipment.
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25.2.4.23 Manifest Discrepancies, 40 CFR 265.72 (HWMR-7, § 601)

Manifest discrepancies are differences between the quantity or type
of hazardous waste designated in the mamfest and that actually
received. Upon discovering a significant discrepancy, the owner
or operator must try to reconcile the discrepancy with the
generator or transporter. If not resolved within 1S days, the owner
or operator must notify the Regional Administrator.

A WIE) procedure provides instruction and guidance for handling manifest discrepancies. The
generator will be notified of all discrepancies, and the discrepancy will be recorded in the
"remarks" section of the appropriate form. If the discrepancy cannot be resolved within
15 days, it will be reported in writing to the NMIED. This requirement will become applicable
when the WIPP facility receives a waste shipment.

25.2.4.24 Operating Record, 40 CF R 265.73 (HWMR-'7, § 601)

The owner/operator must keep a written operating record at the
facility. Information relating to the type and amount of hazardous
waste, its location and quantity at each location, cross references
to specific manifest documents and records and the results of
waste analyses, summary reports and details- of all incidents
requiring inq'lementation of the contingency, plan, records and
results of inspections, monitoring and analytical data and any
corrective actions taken, and closure cost estimaties-must be
included. In addition, records pertaining to an off-site treatment,
land disposal, or storage facility must be kept, in the operating
record.

A WED) procedure establishes guidelines for maintaining the written operating record. It
incorporates applicable conditions of the No-Migration Determination for the WIPP (EPA,
1990b). The information that must be recorded and maintained at the facility, such as the
location of each mixed-waste container wiithin the repository and inspection records and results,
is specified. Tse records are maintained at various locations at the facility by different
organizations according to the type of record and point of generation.
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25.2.4.25 Availability, Retention, and Disposition of Records, 40 CF`R 265.74

(HWMR-7, § 601)

All records required under this Part, including plans, must be
retained and made available for inspection by EPA designees. Thie
retention period for all records required under this part is
automatically extended during the course of any unresolved
enforcement action or as requested, by the Administrator. Records
of waste disposal locations and quantities must be submitted to the
appropriate agencies upon closure of the facility.

This requirement is addressed in a Wi]) procedure that establishes guidelines for maintaining
a written operating record. The procedure includes provisions for furnishing all records upon
request to the EPA and NMED, as well as provisions for submitting a copy of waste
emplacement locations and quantities to appropriate State and Federal regulators. In the event
of an efreetaction, records will be retained indefinitely.

25.2.4.26 TSDF Biennial Report, 40 CFR 265.75 (HWMR-7, § 601)

The owner or operator of a TSDF must submit a copy of a biennial® ~ report to the Regional Administrator by March I of each even-
numbered year using EPA Form 8700-13B.

A WED procedure establishes guidelines for the preparation and submittal of a biennial report
for a facility that operates as a generator and a TSD. Thme procedure indicates that all
information needed to meet this requirement shall be provided, including a description and the
quantity of each mixed waste received during the reporting year and the method and date of
treatment, storage, or disposal at the facility. The TSDF biennial report is not required until
after TRU mixed waste is received at WIPP.

25.2.4.27 U aneedWage Report, 40 CFR 265.76 (HWMR-7, § 601)

A report must be submitted to the Regional Administrator for any
hazardous wavte accepted for treatment, storage, or disposal that
is not accompanied by a hazardous waste manifest.

According to the Waste Acceptance Criteria for the Waste Isolation Pilot Plant, a hazardous
waste manifest shal be transmitted with, each shipmnent of TRU mixed waste to WEPP.
Therefore, no mixed waste will be accepted that is not accmpaie by a hazardous waste
manifest. No waste shipments have been received at WIPP to date.
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25.2.4.28 Additional Reports, 40 CFR 265.77 (HWMR-7, § 601)

Additional reports required of the owner or operator of a TSDF by
the Regional Administrator are reports relating to releases, fire, or
explosions; ground-water contamination and monitoring data;
facility closure; and air emissions under Subparts AA and BB of
this part.

Releases, fires, and explosions will be reported as specified in the WIPP Contingency Plan.
Whenever it becomes necessary to partially close WEPP, the DOE will notify the NMED, in
writing, at least 60 days prior to the date on which such partial or final closure will commence,
as specified by WID procedure. Subparts AA and BB do not apply at WIPP; therefore no
reporting is required at WIPP under these subparts.

25.2.4.29 Applicability of the Ground-Water Monitoring System, 40 CFR 265.90
(HWMR-7, § 601)

A ground-water monitoring system is required by the owner or
operator of a surface impoundment, landfill, or land treatment
facility used to manage hazardous waste. All or part of the
ground-water monitoring requirements may be waived if the
owner/operator can demonstrate a low potential for migration of
hazardous constituents from the facility via the uppermost aqifer
to water supply wells or to surface water. 7Te demonstration, in
writing, muat be certified by a qualified geologist or geotechnical
engineer.

A ground-water monitoring waiver was prepared and is located at WIPP. This waiver contains
the information to demonstrate that a very low potential for migration of hazardous waste or
hazardous constituents from the WIPP site via ground water exists. This information was also
provided to the EPA in the WIlPP No-Migration Variance Petition (DOE, 1990f).

25.2.4.30 Ground-Water Monitoring System, 40 CFR 265.91 (HWMR-7, § 601)'.

Th&e ground-water monitoring system required of kandfills managing
hazardous waste is described in detail.

A ground-water monitoring waiver was prepared and is located at the WIPP facility. This
waiver obviates the need for a ground-water monitoring systm at WIPP.

25-45 October 21, 1994



New Mexico Environent Departmnent New Mexico Hazarous Waste Act

25.2.4.3 1 Sampling and Analysis, 40 CFR 265.92 (HWMR-7, § 601)

Sampling and analytical requirements for the ground-water

monitoring system are described in detail.

A ground-water monitoring waiver was prepared and is located at WIPP. This waiver obviates

the need for a ground-water monitoring system at WIPP.

25.2.4.32 Preparation, Evaluation, and Response, 40 CFR 265.93 (HWMR-7, § 601)

The owner or operator must prepare an outline of a ground-water
quality assessment program, describing a more comprehensive
ground-water monitoring program than that described in previous
sections of this part.

A ground-water monitoring waiver was prepared and is located at WIPP. This waiver obviates
the need for the ground-water quality assessment program described in this section.

25.2.4.33 Recordkeeping and Reporting, 40 CFR 265.94 (HWMR-7, f 601)

Recordkeeping and reporting of the results of ground-water
monitoring is requirrL

A ground-water monitoring waiver was prepared and is located at WIPP. This waiver obviates
the need for recordkeeping and reporting the results of ground-water monitoring.

25.2.4.34 Applicabfity of the Closure/Postelosure Reuriet,40 CFR 265.110
(HCWNR-7, 1 601)Q ~C76swr and poszclosue requirements apply to the owners and

T\operators of all hazardlous and mixed-waste management facilities.

Thesrw re~t will apply to WIPP as a TSDF for mixed waste. Although closure and post-
closure are planwd after the implementation of the disposal phase at WIPP, plans for Closure
and postclosure are addressed in the RCRA Compliance Manual.

25-46 Octber 21, 1994



New Mexico Environment Department New Mexico Hazardous Waste Act

25.2.4.35 Closure Performance Standard, 40 CFR 265.111 (HWMR-7, § 601)

A closure peformance standard is required to minimize the need
for further maintenance; to control, minimize, or eliminate the
post-closure escape of hazardous constituents, leachate,
contaminated run-off, or hazardous waste decomposition products
to the environment; and to comply with the other closure
requiremnts of this subpart.

Closure will be deemed complete when all hazardous waste and hazardous waste residues have
been removed from the units, all equipment and structures associated with the operation of the
units have been decontaminated, and unit closure certification has been submitted to and
approved by the NMIED.

25.2.4.36 Closure Plan; Amendment of Plan, 40 CER 265.112 (HWMR-7, § 601)

The ownerloperator of a hazardous or mixed-iwase management
facility must have a written closure plan. Thse plan, approved by
the Regional Administrator or designee, may be amended subject
to the Regional Admninistrator's approval.

WIPP has prepared a written closure plan to satisf the RCRA closure plan requirement. The
plan includes, but is not limited to, the following:

1) A description of how each hazardous waste management unit at the facility will be closed
in accordance with, the closure performance standiard (see Section 25.2.4.34) and

2) A description of how final closure of the facility will be conducted.

Should it become necessary to amend the closure plan at the WIPP, the DOE will submit a(SI) written notification of, or request for, a permit moifiin describing any change in operation,
facility design, or storageidisposal designs that affect the closure plan. Partial and final closure
activities are outlined in WI]) procedures.

The requirements for the removal of wastes and. decontamination or dismantling of equipment
are addressed by WI] procedure.
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25.2.4.37 Time Allowed for Closure, 40 CFR 265.113 (HWMR-7, § 601)

Within 90 days after receipt of the final volume of hazardous mixed
waste at a hazardous waste management unit or facility, the Owner
or operator must treat, remove, or dispose Of all hazardous/mb~ed
wastes on sue in accordance with the approved closure Plan.
Partial or final closure activities must be Complete in accordance
with the approved closure plan within 180 days of receipt of the

final volume of waste. An extension of time may be allowed if the
owner/operator can demonstrate that the activities required Will
take longer than the allotted time period and has taken and will
continue to take all steps necessary to prevent threats to human
health and the environment from the unclosed but nonoperational
facility.

The time allowed for closure is addressed in the RCRA Compliance Manual. Milestone
schedules for final and partial closure are included on the closure plan. The WIPP has applied
for a variance from the 180-day closure requirement.

25.2.4.38 Disposal or D otaiaonof Equipment, Structures, and Soils,0
40 CFR 265.114 (HWMR-7, § 601)

During the partial and final closure periods, all contaminated
equipment, structures, and soils must be properly disposed of orO decontaminated. By removing all hazardous constituents during
closure, the owner/operator may become a mixed or hazardous
waste generator and must handle all such waste in accordance with
the requirements of 40 CFR Part 262.

The regulatory requireets for the disposal or decontaminto of equipment, structures, and
soils are addressed in WID procedures. This section is broken down into four subsections,
which include the removal of hazardous waste residuies; the dcnaitonof equipment,

strctue-s, and soils; personnel decontamrination; and sampling and quality assurance.

25.2.4.39 Certification of Clo0ure 40 CER 265.115 (HWMR?-7, § 601)

Within 60 days of the completion of closure of each landill unit
and within 60 days of completion of final closure, the
owner/operator must submit a cemrfi cation that the hazardous Or
mixed waste unit has been closed in accordance with the
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specifications in the approved closure plan. 7Te certification must
be sent to the Regional Administrator by registered mail and must
be signed by the owner/operator and by an independent registered
professional engineer.

DOE will submit the Certification of Closure to the Secretary of the NM[ED within 60 days of
completion of closure activities.

25.2.4.40 Survey Plat, 40 CFR 265.116 (HWMR-7, § 601)

The owner/operator must submit a survey plat to the Regional
Administrator and the authority with Jurisdiction over local land
use no later than the submittal of the certification of closure. The
survey plat must indicate the location and dimensions of landfill
cells or other hazardous waste disposal units with respect to
permanently surveyed benchmarks. Thie plat musr be prepared and
certified by a professional land surveyor.

A survey plat may not be required for WIPP because the fuality will be decontaminated at
closure.

25.2.4.41 Postclosure'Care and use of Property, 40 CER 265.117 (HWMR-7, §601)

Postclosure care for each hazardous/mixed-waste wnit must begin
after copletion f closure and continue for 30 years atrta

date. All postclosure care must be performed in! accordance with
the postclosure plan for the facility.

Postclosure care and use of property may not be required for WIPP because the facility will be
decontamninated at closure.

25.2.4.42 Postclomure Plan; Amendment of Pln, 40 CFR 26S.118 (HWMR-7, § 601)

7Te owner/operator of a hazardous or mixed-waste management
facility must have a written postclosure pia. The plan, approved
by the Regional Administrator or designee,, may be amended
subject to the Regional Administrator's approval.
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A postclosure plan may not be required for WIPP because the facility will be decontaminated

at closure.

25.2.4.43 Postclosure Notices, 40 CFR 265.119 (HWMR-7, § 601)

A record of the type, location, and qua ntity of hazardous/mired
wastes disposed of within each unit must be submitted to the
Regional Administrator and the authority with Jurisdiction over
local land use no later than 60 days after submittal of the
certification of closure. Within the same timeframe, the
owner/operator must also record a notation in the deed to the
facility that the faciltuy has been used to manage hazardous/mired
wastes and that the record of type, location, and quantity of waste
disposal has been flled; the owner/operator must also certify that
this notation has been recorded as required.

Postclosure notices may not be required for WIPP because the facility will be decontamainated
at closure.

25.2.4.44 Certification of Completon of Postelosure Care, 40 CFR 265.120
(HWMR-7, § 601)

Within 60 days of th oplto f postclosure of each landfill

unit and within 60 days of completion of final post-closure, theO owner/operator must submit a certification that the hazardous or
mired-waste ut has been closed in accordance with the
specifications in the approved postclosure plan. Thje certification
must be sent to the Regional Administrator by registered mail and
must be signed by the owner/operator and by an independent
registered professonal engineer.

Postclosure certification may not be requred for WIPP because the facility will be
decontamninated at closure.

25.2.4.45 Cost Estimate for Closure, 40 CPR 265.142 (HWMR-7, § 601)

The owner/operator must provide a detailed written estmate of the
cost of closing the facility.
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As a Federal facility, WlYP is exempt from the requirement to provide cost estimates for closure

actions.

25.2.4.46 Financial ALssurance for Closur, 40 CFR 265.143 (HWMR-7, § 601)

7the owner/operator of each facility must establish financial
assurance for closure of the facility.

As a Federal facility, WITIP is exempt from the requirement 1:o provide financial assurance for
closure actions.

25.2.4.47 Cost Estimate for Postclosure Care, 40 CFRt 265.144 (HWMR-7, § 601)

The owner/operator of each TSDF must provide a detailed written
cost estimate for postclosure monitoring andi maintenance of the
facility.

As a Federal facility, W[PP is exempt from the requirement to provide a cost estimate for
postclosure care.

25.2.4.48 FInancial Assurance for Postclosure Care, 40 CFR 265.145 (HWMR-7, § 601)

The owner/'operator of a hazardous or mixed waste disosal unit
must establish financial assurance for postcdosure care of the
disposal unit(s).

As a Federal facility, WIPP is'exempt from the requirement to provide financial assurance for
postclosure care.

25.2.4.49 Use of a Mechanism for FInancial Assurance of both Closure and Postclosure
Care, 40 CFR 265.146 (HWMR-7, 1 601)

7Te owner/operator may satisj the requirements for financial
assurance by using a mechanism such as a int flid, security
bond, letter of credit, etc.
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As a Federal facility, WIpP is exempt from the requirement to provide mechanisms for financial

assurance of both closure and postclosure care.

25.2.4.50 Laiability Requirements, 40 CFR 265.147 (HWVMR-7, § 601)

An owner/operator of a TSDF must demonstrate financial
responsibilizy for bodily injury and property damage from accident
occurrences arising from operations of the TSDF.

As a Federal facility, WIPP is exempt from the requirement to provide liability insurance.

25.2.4.51 Incapacity of Owners or Operators, Guarantors, or Financial Institutions,
40 CFR 265.148 (HWMR-7, § 601)

An owner/operator must notify~ the Regional Administrator by
certified mail of the commencement of a bankru~ptcy proceeding
that names him/her as a debtor within 10 days after commencement
of the proceeding. In the event of bankruptcy of the guarantors or
financial institutions, the owner/operator must establish financial
assurance of liability coverage within 60 days after the event.

As a Federal facility, WIPP is exempt from the requirement to provide financial status
information.

25.2.4.52 Use of State-required Mechanisms, 40 CFR 265.149 (HWMR-7, § 602(A)]

For a facility located in a State with financial assuranceQ requirements but where the EPA administers the requirements of
this subpart on closure and post-closure, an owner/operator may
use State-required financial mechanisms to meet these
requirements

As a Federal facility, WIPP is exempt from the requirement to provide financial status
information. Furthermore, thins Federal requirement under 40 CFR Part 265 is specifically
omitted from the State regulations under § 602(A) of HWMR-7.
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25.2.4.53 State Assumption of Responsibility, 40 CFR 265.150 [ffWMR-7, § 602(B)]

If a State assumes responsibility for an owner/operator's
compliance with the closure, post-closure, or liability requirements
of this part, the owner/operator will be in compliance if the
Regional Administrator determines that the State's assumption of
responsibility is adequate.

As a Federal facility, W]PP is exempt from the requirement to provide financial status
information. Furthermore, this Federal requirement under 40 CFR Part 265 is specifically
omitted from the State regulations under § 602(B) of HWMR-'7.

25.2.4.54 Condition of Containers, 40 CFR 265.171 (HrWAM-7, § 601)

If a container holdng hazardous or mixed waste is not in good
condition or begins to leak, the waste within it must be transferred
to a container that is in good condition, or the waste must be
managed in another way that complies with the requirements in this
part.

. Containers must be in good condition (no visible deterioration) in accordance with WMD
procedures. The date and nature of repairs performed on a container or other remnedial action
is included in the Area Log.

All SAA inspection reports on file at WIPP indicat that this requirement is met for hazardous
wastes generated at WIPP.

25.2.4.55 Cmailtyof Waste with Containers, 40 CYR 265.172 (HWMR-79 § 601)

A container made of or lined with materials that wll not react with
and are compatible with the waste to be stored within it must be
used.

No special liners are placed in waste containers to hold hazaridous wastes generated at WIPP,
but measures are taken to ensure that the containers to be used are compatible with the waste
generated. These measures are described in WMD procedures.

A chemical compatibility analysis of the waste forms to be sent to WIPP as a TSDF and the
container materials to be used was conducted. Each generator and storage site has produced a. comprehensive list of all possible chemicals present in its waste. Low carbon steel and
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polyethylene were added to evaluate chemical compatibility between the waste materials and the
container materials. Potential incompatibilities were analyzed using EPA-600/2-80-076, A
Method for Determining the compatibility of Hazardous Waste.-

25.2.4.56 Maaeetof Containers, 40 CFRt 265.173 (HWMR-7, § 601)

A container holding hazardous or mixed waste must be kept closed
during storage except when it is necessary to add or remove waste.
Containers holding hazardous or mixed waste must not be opened,
handled, or stored so as to rupture the container or cause it to
leak.

A WID procedure prohibits opening containers located in the SAAs at WIPP except to add or
sample the WIPP-generated hazardous waste.

Thie requirement that hazardous waste containers not be opened, handled, or stored in a manner
that would threate the integrity of the containers is addressed in the WID procedure that
requires that containers be inspected before and after tasoaion from the SAA to the
Hazardous Waste Staging Area.

TRU mixed waste shipped to WlPP will be contained in sealed containers. WID procedures do
not provide for accessing containers. None of the procedures directs or allows the removal of
lids from the containers.

All TRU mixed-waste-handling operators are thoroughly trained in the safe use of TRU mixed-
waste handling and transport equipment to minimiz the potential for rupwre or leak of a
container.

25.2.4.S7 Inpcin,40 CFR 265.174 (HWMR-7,, § 601)O Areas in whtich containers holding hazardous or mized wastes are
stored must be inspected at least weekly to ensure that there are no

T\leaks or other signs of deterioration caused by corrosion or other
factors.

WID procedures are in place that ensure that the regulatory reurmnsfor inspections are
met. Inspections of containers holding hazardous waste are prore weekly, as described in
WED procedures. All inspection report files are maintained by WID.
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25.2.4.58 Special Requirements for Ignitable or Reactive Waste, 40 CFR 265.176
(HWMR-7, § 601)

Containers holding ignitable or reactive waste must be located at
least 15 meters (SO feet) from the facility 's property line.

All storage containers holding hazardous waste are located more than 15 meters from the
property line at WIPP.

The Waste Acceptance Criteria for the Waste Isolation Pilot Plant (DOE, 199 lb) is designed to
ensure that ignitable or reactive waste will not be accepted at the WIPP. It states that
explosives, compressed gases, or non-radionuclide pyrophorics are not allowed. It also says that
residual liquids and radionuclides in pyrophoric form are limidted to less than 1 percent by
volume and weight, respectively.

25.2.4.59 Special Requirements for Incompatible Wastes, 40 CFR 265.177
(HWMR-7, 9 601)

Incompatible wastes must not be placed in the sam container and
must be segregated. Hazardous waste must not be placed in an
unwashed container that previously held incompatible waste or
material.

A WID procedure prohibits mixing WIPP-generated hazardous wastes with materials that may
be incompatible. The procedure includes a list of incompatible wastes that may be generated
on site.

WID procedures prohibit placing hazardous waste in any unwashed container that previously
held an incompatible materia. WID procedures also specify that a storage container holding a
hazardous waste that is incompatible with any waste or other materials stored nearby must be
separated or protected from the other materials by means of a dike, berm, wall, or other barrier
or device. WID procedures state that chemicals/materials must be compatible with any waste
materials, contaim~ materials, and TRUPACT-il materials. A chemical compatibility analysis
of the waste forms and container materials has been performed.
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25.2.4.60 Tank Systems; Surface Impoundments; Waste Piles; Land Treatment;
Landfills; Incinerators; Thermal Treatment; Chemical, Physical, and
Biological Treatment; Underground Injection; and Drip Pads,
40 CFR 265.190-265.445 (HWMR-7, § 601)

Requirements are specified for tank systems, surface impoundments;
waste piles; land treatment; incinerators; thermal treatment;
chemical, physical, and biological treatment, underground
injection; and drip pads.

None of these regulatory requirements is applicable to WIPP because none of these systems will
be used at this facility.

25.2.4.61 Air Emission Standards for Process Vents, 40 CFR 265.1032
(HWMR-7, § 601)

Air emission standards have been set for TSDFs with process vents
associated with "1disilton, fractionation, thin-film evaporation,
solvent extraction, or air or steam stripping operations managing
hazardous wastes with organic concentrations of at least 10 parts
per million by weight (ppmw).

WIPP does not have process vents associated with distillation, fractionation, thin-film
evaporation, solvent extraction, or air or steam stripping operations managing hazardous wastes
with organic concentrations of at least 10 ppmw. Therefore, the requirements in Subpart AA
of 40 CFR Part 265 (265.1032 through 265.1035) do not apply.

25.2.4.62 Air Emission Standards for Equipment Leaks, 40 CFR 265.1052-265.1062
(HWMR-7, § 601)® ~Air emission standards have been promulgated for leaksfirom TSDF

T\ equipment that contains or contacts hazardous wastes with organic
concentrations of at least 10 percent by weight.

The air emissions standards for equipment leaks do not apply at WIPP because the types of
equipment listed, such as pumps in light liquid service and compressors, are not used at WIPP.
Therefore, none of the standards and reurmnsof 40 CFR Part BB (265.1050 through
265.1064) pertains to WLPP.
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25.2.5 Compliance w~ith the Hazardous/Mixed Waste Permit Program,
40 CFR Part 270 (HWMR-7, H§ 901 and 902),

The requirements of 40 CFR Part 270 pertain to general RCRLA permitting requirements for
TSDFs and include provisions for submitting applications, standard permit conditions, and
monitoring and reporting requir-ements. The compliance status, of each applicable requirement
is summarized in Table 25-6; detailed information is provided in the text.

TABLE 25-6. The New Mexico Hazardous/Mixed Waste Permit Program,
40 CFR Part 270 - Compliance Status

CrTATION REQUIRtEMENT COMPLIANCE STATUS

40 CFR 270.1 Purpose and scope of the UP TO DATE
(HWMR-7, § 901) RCRA permit program

regulations RCPA Part B Permit
Application for the Waste
isolation Pilot Plant

____ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ [Section 25.2.5. 11

40 CFR 270. 10 General application ACHIEVED
(HWMR-7, § 901) requirements

RCR4 Part B Permit
Application for the Waste
Isolation Pilot Plant

____ ___ ___ ___ ____ _ _ ___ ___ ____ ___ ___ ___ [Section 25.2.5.21

40 CFR 270.11 Signatories to permit ACHIEVED
(HWMR-7, I 901) applications and reports

RCP.A Pant B Permit
Application for the Waste
Isolation Pilot Plant

____ ___ ____ ___ ___ ____ __ ____ ___ ___ ____ ___ __ (Section 25.2.5.31

40 CFR 270.13 Contents of Part A of the ACHIEVED
(HWMR-7, j 901) permit application

RCRA Pant B Permnit
Application for the Waste
Isolation Pilot Plant

____ ___ ____ ___ ____ __ ____ ___ ____ ___ ___[Section 25.2.5.41
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TABLE 25-6 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

40 CFR 270.14 Contents of Part B: general ACHILEVED
(HWMR-7, §§ 901 and 902) requirearments~ni

Application for the Waste
Isolation Pilot Plant

[Section 25.2.5.51

40 CFR 270.15 Specific Part B information ACEMEVED
(HWMR-7, § 901) requirements for containers

RCRA Part B Pennit
Application for the Waste
Isolation Pilot Plant, Chapters
D and F

_______________________ [Section 25.2.5.6]

40 CFR 270.23 Specific Pant B information ACEDEVED
(HWMR-7, § 901) requirements for miscellaneous

units RCRA Part B Permi
Application for the Waste
Isolation Pilot Plant, Chapter
D, Section 9

_____________________ [Section 25.2.5.7]

40 CFR 270.30 ConDditions applicable to all NOT APPLICABLE
(HWMR-71 1901) permits

Ill be applicable when a
permit is issued

_______________________ [Section 25.2.5.81

40 CFR 270.31 Reqirements for recording and NOT APPLICABLE
(HWMR-7, 1901) reporting of nmnitormng results Wilbapiclewna

permit is Wissed

______________________ [Section 25.2.5.9]
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TABLJE 25-6 (continued)

CITATION REQUIltEMENT COMPLIANCE STATUS

40 CFR 270.42 Permit modification at the NOT APPLICABLE
(HWMR-7, §§ 901 and 902) request of the permittee

Will be applicable when a
permit is issued

[Section 25 .2.5.101

40 CFR 270.71 Operation during interim status UP TO DATE
(HWMR-7, § 901)

interim status achieved by,
timely filing of Part A;j
compliance with interim-status
requirements

[Section 25.2.5. 111

40 CFR 270.72 Changes during interim status UP TO DATE
(HWMR-7, § 901)

WID procedure

[Section 25.2.5.12]

25.2.5.1 Purpose and Scope of the RCRA Permit Program Regulations, 40 CFR 270.1

(HWMR-7.p § 901)

The purpose and scope of the RCRA permnit program regulations

are define4, and the regulations are summarzed,

prior to the receipt of TRU mixed waste, WIPP must retain interim status or be permitted as a
mixed-waste facility. T1m: DOE contends (with the concurrence of the EPA) that WIPP is an
interimi-status facility. As required for an interim-status facility, the DOE submitted a RCRA
permit application to the 'EPA and to the NMED for the tesa phase. This application will be
revised, amended, or rewritten and resubmitted prior to the disposal phase at the express request
of the Secretary of the NMED. The DOE is in the process of preparing a revised permit
application but will not submit it until it has been formally, requested.
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25.2.5.2 General Application Requirements, 40 CFR 270.10 (HWMR-7, § 901)

General application requirements include the requirement that an
interim-status facility submit a RCRA4 Part A permit application
within 6 months after the date of publication of regulations
requiring its compliance with 40 CFR Part 265. Submittal of the
Part B application is required at least 6 months from the date of
request. The permit application must be considered complete
before a permit may be issued, which includes providing all
applicable information described in 40 CFR 270.13 through
2 70.29, using the appropriate application form. Records must beO kept of all data used to complete permit applications (including
.updates) for at least 3 years from the date of signature on the
application.

On July 25, 1990, the NM Environmental Improvement Division (EID; now renamed as the
New Mexico Environment Department, NMED) received the EPA's final authorization for the
State's mixed-waste program. In a letter to DOE dated August 27, 1990, the EU) required the
submittal of Parts A and B of the RCPA Permit Application for the Waste Isolation Pilot Plant
by January 22 and February 28, 1991, respectively. The DOE submitted the Part A portion of
the application to the EU) and to the Regional EPA office in Dallas, Texas, on January 22,W
1991. The Part B portion was submitted to the ElI) and the EPA Regional Office on February
26 and February 27, 1991, respectively.

The RCRA permit application for the Test Phase was prepared to meet all applicable
requirements specified in 40 CFR 270.13 through 270.29. The appropriate form was used for
Part A; no form has been generated for Part B. Three revisions of the application have been
sent to the regulatory agencies, the latest being the January 1993 revision.

A record of all data used to complete the application for the test phase is being maintained at
WIPP. It will be kept for at least 3 years from the date of the signature in the application.

25.2.5.3 Signatories to PeritApcaon and Reports, 40 CFR 270.11
(HWMR-7, 1 901)

Signatorie to permit applications shall be by a senior executive
officer with responsibility for overall operations for a Federal
agency and/or a responsiblie corporate officer for a corporation.
Reports and plans required by permits (e.g., the annual waste
minimization plan) and other information requested shall be signed
by a duly authorized representative. Any person signing one of
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these documents is required to make the cerification statement
specijfied in 40 CFR 270.11(d). (See also Sectio'n 2.2.3.3.)

The requirement calling for signatories to permit applications i; met on pages 9 and 10 in Part
A of the RCRA Part B Permit Application for the Waste Isolation Pilot Plant for the test phase.

No reports have been required yet since WLPP is not yet acting as a TSDF for mixed waste, but
the proper signatories will be provided in these documents. 1Te certification statement, which
was submitted with the RCRA Part B Permit Application for th! Waste Isolation Pilot Plant for
the test phase, will appear as required in reports requested by the appropriate regulatory agency.

25.2.5.4 Contents of Part A of the Permit Application, 40 CFR 270.13
(HWMR-7, § 901)

The contents required for Part A of the RCRA4 permit application
include the activities mandating a RCRA permit, identification of
the facility and operator, SIC codes, status of the facility, a scale
drawing and photographs of the facility, descrition of processes
to be used, a specification of the hazardous wastes/constituents and
the estimated quantity of such wastes, a listing of all permits
received or applied for and other environental permits, a
topographic map, and a brief description of the nature of the
business.

Part A of the RCRA Part B' Permit Application for the Waste Isolation Pilot Plant contains all
of the information required by 40 CFR 270.13. T-he RCRA Part B Permit Application for the
Waste Isolation Pilot Plant has been reviewed by the NMED and was determined to be
administratively complete.

25.2.5.5 Contents of Part B: General Rqie nt,40 CFRt 270.14
(HWMIR-7, II 901 and 902)

Thje general requirements for Part B of a RCRA permit application
include a facility description, chemical and physical analyses of the
hazardous waste to be handLedA a copy of relevan plans (e.g.,
waste analysis plan; contingency plan- closure plan) security
procedures and equipment, inspection schedule,
procedures/structures/equipment to minimize hazards and releases,
traffic patterns, geologic data, training program, ground-water
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mnitzoring information and data, and information regarding solid
waste management units.

The RCRA Part B Permit Application for the Waste Isolation Pilot Plant for the test phase has
been reviewed by the NMED and has been determined to be administratively complete.

25.2.5.6 Specific Part B Information Requirements for Containers, 40 CFR 270.15
(HWMR-7, § 901)

Specif ic Part B information requirements for containers include a
detailed description of the containment system; a demonstration to
show that the wastes contain no free liquids; drawings or data
showing ignitable, reactive or incompatible wastes; and procedures
used for incompatible wastes.

The requirement calling for specific container information is met in Chapters D and F of the
RCRA Part B Permit Application for the Waste Isolaton Pilot Plant for the test phase. The
RCRA Part B Permit Application for the Waste Isolation Pilot Plan was determined to be
admninistratively complete by the NMED.

25.2.5.7 Specific Part B Information Requirements for Miscellaneous Units,
40 CFR 270.23 (HWMR-7, § 901)

Specific Part B information requirements for miscellaneous units
include a detailed description of the unit; detaild hydrologic,
geologic, and meteorologic assessments and land-use maps for theO region surrounding the site; information on potential exposure
pathways to hazardous constituents and the potential magnitude
and nature of such exposures; a report on the effectiveness of any
treatment methodology proposed, and any additional information
requested for evaluating the compliance of the unit with the
enVironenta Protection standards of 40 CFR 264.601.

The requirement cailing for specific miscellaneous unit information is met in Section 9 of
Chapter D of the RCPA Part B Permit Application for the Waste Isolation Pilot Plant for the test
phase. T7he RCRA Part B Permit Application for the Waste Isolation Pilot Plant was determined
to be administratively Complete by the NMJED.
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25.2.5.8 Conditions Applicable to all Permits, 40 CFIR 270.30 (HWMR-7, § 901)

Conditions applicable to all permits are specified1 and include duty
to comply, duty to reapply, minimization of releases, proper
operation and maintenance, permit actions, property rights, duty
to provide information, inspection and entry, monitoring and
records, signatory requirements, and reporting requirements.

This requirement will become applicable when a permit is issued by the NMED and the EPA.

25.2.5.9 Requirements for Recording and Reporting of Monitoring Results,
40 CFR 270.31 (HWMR-7, § 901)

Requirements for recording and reporting monitoring results will
be specified in the RCRA4 permit.

These requirements for recording and reporting monitoring xesults are met and discussed in
Section 9e of Chapter D of the RCRA Part B Permit Applicaion for the Waste isolation Pilot
Plant for the test phase, which was determined to be administatvly complete by the NUM.. These requirements will become applicable when a permit is issued by the NMED and the EPA.

25.2.5. 10 Permit Modification at the Request of the Permittee, 40 CFR 270.42
(HWMR-7, ff 901 and 902)

After a RCRA permit has been finalized, the permittee may request
that it be modified. Three classes of modifications are identified
in Appendix I to 40 CFRt 270.42. Class 1, the leas significant of
the permit modifications, covers minor modifications such as the
correction of typographical errors; changes to conform with agency
guidelines or regulations; or procedural changes that increase the
frquemcy of monitoring, reporting, sampling, or maintenance©activities. Class 1 modifications require notification of the
Director within 7 days after the change has been made; all persons
on the facilily mailing list must be notified withut 90 calendar days
after the Director approves the request.

Class 2 modifications are more extensive and significant and apply
to changes needed to allow timely response to common variations
in the types and quantities of wastes managed, technological
advancements, and changes in the regulations (e.g., changes in
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emergency procedures or removal of equipment from the emergency
equipment list). They require that the permittee submit a
modification request to the Director, announce a 60-day comment
period, notify5 all persons on the facility mailing list, publish the
notice in a major local newspaper of general circulation, and hold
a public meeting.

Class 3 modifications are the most significant and potentially
impactive and substantially alter the facility or its operation (e.g.,
extending the closure period or a final compliance date; creating
a new landfill or other type of unit or increasing the capacity of a
pre -existing one). The notification and other requirements are
similar to those for Class 2 nwdifications.

Permit modification will not be applicable at WIPP until after a RCRA permit has been finalized
for this facility.

25.235.11 Operation During Interim Status, 40 CFR 270.71 (HWMR-7, § 901)

During interim status,, the fwaciiy shall not treat, store, or dispose
of hazardous wase or employ processes not specified or exceed the
design capabilities described in Part A of the permit application.

(:T )The faciiy will comply with all applicable standards described in
40 CFR Part 265.

T~he WI1PP has waste analysis and waste acceptance criteria in place to ensure that all waste
managed at the facility is within the bounds specified in the Part A permit application. Further,
the WIPP has programs and procedures in place that address compliance with the applicable
interim-status standards of 40 CFR Part 265. (See Section 25.2.4.)

25.2.5.12 Changes During Interim Status, 40 CFR 270.72 (HWMR-7, § 901)

Changes that may be made during interim status are treatment,
storage, or disosal of new wastes; increases in the design capacity
of processes used or changes in the processes used, changes in
ownership or operational control; changes made in accordance
with an interimt-status corrective action order; or the addlition of
newly regulated units if and only if a revised Part A permit
application is submitted and approved by the Director. Such
changes may not be made if reconstruction of the facility results

25-64 October 21, 1994



New Mexico Environent Department New Mexico Hazardous Waste Act

(i.e., the capital investment in the changes to the facility may not
exceed 50 percent of the capital cost of a comnparable, entirely
new, hazardous woste management facility).

Until a final RCRA permit is issued, WIPP will remain subject to the interim-status requirements
stipulated under 40 CFR Part 265. The WIPP has submitted the: required permit application and
has a process in place to manage and make appropriate notifications should design or operation
processes change; however, no notifications will be issued at this time, until the Secretary of the
NMED requests revisions. Any changes to the disposal facility which cannot be made under the
guidelines of interim status will be deferred until a permit is Lssued, or proposed changes will
be submitted to NMED for, review and approval as required by the interim status provisions.
Once a permit is issued, the DOE can propose modifications 'to the permit to the NMED for
approval.

25.2.6 Compliance Status of the Underground Storage Tank (UST) Regulatory
Requirements

This section of the report will examine the New Mexico UST requirements as they pertain to
the WIPP. Compliance status is summarized in Table 25-7, aml additional detail is provided in
the text that follows the table.

TABLE 25-7. New Meico Underground Storage Tank Regulations (USTRs) -

Compliance Status Summary

CfTATION EUEE O IAC r M

Part 1, Gnm PoWsns~

=SR. Sec. 103 Applicability U ODT

Two USTs at WtPP, one for
diesel fuel, the other for
unleaded fuel

____________________ [Section 25.2.6. 11

Part 11, Registaton of Tanks

USTR, Sec. 200 Existing tanks ACHIEVED

Two registered USTs

______________________ (Section 25.2.6.2]
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TABLE 25-7 (continued)

CiTATION REQUIREMEN COMPLIANCE STATUS

USTR. Sec. 201 Transfer of ownership NOT APPLICABLE

Original ownership

____ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ [Section 25.2.6.31

USTR, Sec. 202 New UST system ACHIEVED

Registration for two new

USTs: transmitted on June

USTR, Sec. 203 Substantially modified UST NTAPIAL
system

____ ___ ___ ____ ___ ___ ___ ____ ___ ___ ____ ___ ___ __ [Section 25.2.6.51

USTR, Sec. 204 Notification of spill or release NOT APPLICABLE

No releases during this period

____ ___ ____ ___ ___ ____ _ _ ____ ___ ___ ____ ___ ___ [Section 25.2.6.61

USTR, Sec. 205 Emergency repairs and tank NOT APPLICABLE
replacement

No emergencies requiring
repair or tank replacement

____ ___ ____ ___ ___ ____ _ _ ____ ___ ___ ____ ___ ___ [Section 25.2.6.7]

USTR, Sec. 206 Application forms ACHIEVED

Proper appicaton form used

____ ___ ____ ___ ___ ____ _ _ ____ ___ ___ ____ ___ ___ [Section 25.2.6.81

USTR, Sec. 207 Registration certifcate ACHIEVED

Certificate displayed

____ ___ ____ ___ ___ ____ _ _ ____ ___ ___ ____ ___ ___ [Section 25.2.6.9]
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TABLE 25-7 (continued)

CiTATION REUREETCOMIANCE STATUS

Part Ill, Annual Fee

USTR, See. 300 Payment of fee ACHIEVED

Fees paid annually by January

31

_________________ ___________________ [Section 25.2.6. 10]

USTR, Sec. 301 Amount of fee ACHIEVED

$200.00 paid per year ($100

per UST)

______________________ _____________________ [Section 25.2.6.11]

USTR, Sec. 302 Late payment penalties NOT APPLICABLE

No late payments made

_____________________ ___________________ [Section 25.2.6.121

Part IV, [1STSystems Design, Consnucuion, Installation and Cerrificarion

USTR, Sec. 400(a) Performance standards to ensure ACHIEVED
that new UST systems tanks are
Properly designed and constructd ASTM and UL standards met

by fiberglass-reinforced
plastic tanks

____________________ _____________________[Section 25.2.6. 131

USTR, See. 400(b) Piping to be property designed and ACHIEVED

constuctedFiberglass-reinforced plastic
piping

_________________ _________________[Section 25.2.6.14]

USTR, Sec. 400(cXlXi) Spill prevention equipment ACHIEVED

Spill catchment basin

_________________ _________________[Section 25.2.6.15]
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TABLE 25-7 (continued)

CiTATION REQUIREbM COMPLIANCE STATUS

USTR, Sec. 400(c)(l)(ii) Overfill prevention equipment ACHIEVED

Model 3 10 extractor vent
valve

_______________________[Section 25.2.6.16]

USTR, Sec. 4W0d) rinstallation of tanks and piping ACHIEVED

Installer's oath on NMED
tank registration form

_________________________________________ [Section 25.2.6.171

USTR, Sec. 400(e) Certificate of installation ACHIEVED

Certification of inspector;
NMED UST Bureau
representative present at
installation of new UST
system

[Section 25.2.6. 181

USTR, Sec. 40 1(a) Upgrading of existing UST NOT APPLICABLE
systems

Two new USTs installed on
February 10, 1992

[Section 25.2.6.191

USTR, Sec. 401(b) .Upgrading requirements for steel NOT APPLICABLE
tanks

Single wall fiberglass-
reinforced plastic tanks
replaced with double-wailed
plastic tanks on February 10,
199

_____________________________________________[Section 25.2.6.201
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TABLE 25-7 (continued)

CITATION REQUIlEMEN COMPLIANCE STATUS

USTR, Sec. 401(c) Upgrading requirements for metad NOT APPLICABLE
F piping

Metal piping replaced with
fiberglass-reinforced plastic
piping on February 10, 1992

____________________[Section 25.2.6.21]

USTR Sec. 40 1(d) Spill and overfill protection ACHIIEVED
equipment

Current spill and overfill
protection equipment meets
1998 deadline

___________________[Section 25.2.6.221

USTR, Sec. 402 Certification of compliance with ACEIEVED
notification requirements

All required notifications
made

_____________ ______________ [Section 25.2.6.23]

Part V, General Operating Requiremenu

USTR, Sec. 500(a) Spill and overflow control ACHIEVED

WIPP procedure

_______________________ ____________________ '[Section 25.2.6.24]

USTR, Sec. 50 1(a) Corrosion protection ACHIEVED

Rubber boots covering all

____________________ _____________________ [Section 25.2.6.251

UTSec. 501(b) Inspections of cathodic protectio NOT APPLICABLE
Systems

No cathodic protection

______________ ___________ [Section 25.2.6.26]
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TABLE 25-7 (continued)

CITATION REQUIEMENT COMIPLIANCE STATUS

USTR, Sec. 50 1(c) Inspections of impressed-current NOT APPLICABLE
cathodic protection systems

No cathodic protection
required for fiberglass-
reinforced systems

_____________________ _____________________[Section 25.2.6.27]

USTR, Sec. 50 1(d) Records of operation of the NOT APPLICABLE
cathodic protection system

No cathodic protection
required for fiberglass-plastic
systems

____________________ ____________________[Section 25.2.6.28]

USTR, Sec. 502 Compatibility ACHIEVED

Fiberglass-reinforced plastic
system compatible with both
diesel and unleaded fuel

_____________________________________________[Section 25.2.6.291

USTR, Sec. 503(a) Repairs allowed NOT APPLICABLE

No repairs performed on the
UST system

_____________________ ____________________[Section 25.2.6.301

USTR, Sec. 503(b) Repairs to fiberglass-reinforced NOT APPLICABLE
plastic tanks

No major repairs performed
on the UST system

___________________________________________ (Section 25.2.6.3 11

[USTR, Sec. 503(c) Replacemetit or repair of pieNOT APPLICABLE
sections and fittings

No repairs conducted on the
pipes or fittings.

______________________ _____________________ [Section 25.2.6.321
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TABLE 25-7 (continued)

CiTATION REQUIREMENT COMEPLIANCE STAUS

USTR, Sec. 503(d) Tightness testing after repair NOT APPLICABLE

No repairs conducted on the
tanks or piping

______________________________________[Section 25.2.6.331

USTR, Sec. 503(e) Testing of any repaired NOT APPLICABLE
cathodically protected UST system

No cathodic protection
reqired

_________________ ___________________ [Section 25.2.6.341

USTR, Sec. 503(f) Records of all repairs UP TO DATE

Records of all repairs
maintained for life of the
UST system

____________________________________________ (Section 25.2.6.351

USTR. Sec. 504(a) Reporting requirements ACHIEVED

All required reports submitted

__________________ ______________________[Section 25.2.6.36]

USTR, Sec. 504(b) Recordkeepmng requirements ACHIEVED

All reuie records

maintained

__________________________________[Section 25.2.6.371

USTR, sec. 504(c) Availability and maintenance of ACHIEVED
records

R~ecords maintained at the Site

____________________ ______________________ [Section 25.2.6.381
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TABLE 25-7 (continued)

CiTATION REQUIREMEN COMPLIANCE.STATUS

USTR, Sec. 505(a) Inspections, monitoring, and ACHIEVED
testing of USTs

NMED personnel allowed to
inspect, sample, and monitor
the UST system

[Section 25.2.6.39]

USTR, Sec. 505(c) Inspections of UST installations, ACHIEVED
repairs or modifications, or
removals or system closures NMED representative present

at installation of new UST
system

[Section 25.2.6.40]

Part VI, Releose Detecdon

USTR, Sec. 600(a) General reqturesnents of all UST ACHIEVED
systems

Interstitial monitoring system
installed

_______________________[Section 25.2.6.411

USTR, Sec. 600(b) Notification of release ACHIEVED

No releases to date

_______________________ [Section 25.2.6.421

USTR, Sec. 600(c) Schedule for required release ACHIEVED
detection

UST system designed so Do

release detection for piping is
reqired; interstitial
monitoring used for tanks

_______________________[Section 25.2.6.431
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TABLE 25-7 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

USTR, Sec. 600(d) Failure to comply with release- NOT APPLICABLE
detection requiremnents

Release-detection equipment
used

___________________ _____________________ [Section_25.2.6."]

USTR, Sec. 601(a) Requirements for tanks of ACHIEVED
petroleum UST systems

Intesttial monitoring used

______________________ ____________________ [Section 25.2.6.451

USTR, Sec. 601(b) Requirements for piping of ACHIEVED
petroleum UST systems

See Sections 25.2.6.47 and
25.2.6.48

_____________________________________________[Section 25.2.6.461

USTR, Sec. 601(bXl) Requirements for pressurized NOT APPLICABLE
piping

USTs under suction piping

_______________________ ____________________ [Section 25.2.6.47)

USTR, Sec. 601(bX2) Requirements for suction piping ACHIEVED

Engineering drawings confirm
compliance with this
requirement

___________________ ___________________ (Section 25.2.6.481

USTR, Sec. 602 Require~ments for hazardous NOT APPLICABLE

substance UST systents
No UST systems used for

_______________________ ___________________ I [Section 25.2.6.491
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TABLE 25-7 (continued)

CITATION REQUIREMENT COMPLIANCE.STATUS

USTR, Sec. 603 Methods of release detection for ACHIEVED
tanks

Interstitial monitoring used

[Section 25.2.6.50]

USTR. Sec. 603(a) Inventory control ACHIEVED

Inventory control used as

contingency method only

[Section 25.2.6.5 1]

USTR, Sec. 603(b) Manual tank gauging NOT APPLICABLE

[Section 25.2.6.521

USTR, Sec. 603(c) Tank tightness testing NOT APPLICABLE

Tank tightness testing not
necessary when interstitial
monitoring is used

[Section 25.2.6.531

USTR. Sec. 603(d) Automatic tank gauging NOT APPLICABLE

Interstitial mom~nitrng used

[Section 25.2.6.54]

USTR, Sec. 603(e) vapor monitoring NOT APPLICABLE

Interstitial monitoring used

[Section 25.2.6.551

USTR, Sec. 603(f) Ground-water monitoring NOT APPLICABLE

Ground-water variance

______________________[Section 25.2.6.561
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TABLE 25-7 (continued)

CiTATION . REQUIREMENT COMPLIANCE STATUS

USTR, Sec. 603(g) Interstitial monitoring ACHIEVED

Release from any portion of
the tank that regularly
contains product detected by
interstitial monitoring

[Section 25.2.6.57]

USTR, Sec. 603(h) Other methods of detecting NOT APPLICABLE
releases

Interstitial monitoring used

____________________ _______________________ [Section 25.2.6.581

USTR, Sec. 604 Methods of release detection for NOT APPLICABLE
piping

Release detection for piping
not required because of
design

___________________ ______________________[Section 25.2.6.591

USTR, Sec. 605 Release detection recordkeeping ACHIEVED)

Required records maintained

__________________ ____________________ [Section 25.2.6.60]

Part vII, Release Repomng, Iwnanxnit and Gonjlrrnn

USTR, Sec. 700 Reporting of suspected releases NOT APPLICABLE

No releases to date

____________________ _____________________[Section 25.2.6.61]

USTR, Sec. 701 Investigation of off-site impacts NOT APPLICABLE

Offsite-impact information not
requested by NMED

__________________ _____________________ Secio 25.2.6.621
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TABLE 25-7 (continued)

CITATION REQUIREMENT COMIPLIANCE STATUS

USTR, Sec. 702 Release investigation and NOT APPLICABLE
confirmation steps

No releases to date

_______________________[Section_25.2.6.63]

USTR. Sec. 703(a) Reporting and cleanup of large NOT APPLICABLE
spills and overfills

No large spills or overf ills

______________________ _____________________(Section 25.2.6.64]

USTR, Sec. 703(b) Reporting and cleanup of small ACHIEVED
spills and overfills

Small spills and overfills
properly controlled and
cleaned up

_______________________________________________ [Section 25.2.6.65]

Part VII, Owt-of-Servce U1ST Systems and Clsure

USTR, Sec. 800 Temporary closure NOT APPLICABLE

No temporary closure

[Section 25.2.6.661

USTR, sec. 801(a) Permanen closure and changes-in- ACHIEVED
service

NMED notified before0 ___closure of old UST system

_______________________(Section 25.2.6.671

USTR, Sec. 801(b) Permanen closure of a tank ACHIEVED

Old UST system emptied,
cleaned, and removed for
permanent closure

_______________________[Section 25.2.6.681
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TABLE 25-7 (continued)

CITATION REQUIREMENqT COMPLIANCE STATUS

USTR, Sec. 801(c) Change in service NOT APPLICABLE

No change in service for UST

systems

______________________ [Section 25.2.6.69]

USTR, Sec. 802(a) Assessing the site ACHIEVED

Site assessed prior to
permanent closure of old UST
systems

[Section 25.2.6.70]

ST.Sec. 802(b) Corrective action UP TO DATE

UST area assessed before

change in service

_______________ [Section 25.2.6.71]

USTR, Sec. 803 Applicability to previously closed NOT APPLICABLE
UST systems

No UST systems at WIPP
closed before December 22,

___________________ [Section 25.2.6.:721

USTR, Sec. 804 Closure records ACHIEVED

Tank closure; records
maintained at the WIPP site

[Section 25.2.6.731

Part IX, Fnancial Responsibility _ _ _ _ _ _ _

USTR, Sec. 900 Applicability NOT APPLICABLE

Federal and State government
entities exempt

__________________[Section 25.2.6.741
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TABLE 25-7 (continued)

CIATION I REQUIRM ENT jCOMIPLIANCE SFATUS

Part X, Administrative Review

USTR, Sec. 1000 informal review NOT APPLICABLE

Provision not invoked at
WIPP

(Section 25.2.6.75]

USTR, Sec. 1001 - 'view by Director NOT APPLICABLE

Provision not invoked at
wIPP

_______________________[Section 25.2.6.761

Part XI, Miscellaneous _________

USTR, Sec. 1100 Compliance with other regulations See Chapters 2 through 24
and 25 through 38 for
compliance with applicable
Federal and State regulations,

_____________________[Section 25.2.6.771

USTR, Sec. 1101 Construction NOT APPLICABLE

[Section 25.2.6.781

USTR, Sec. 1102 Severability NOT APPLICABLE

[Section 25.2.6.79]

Part XUI, Corrective Action for Petwroeum UST7 S~YStewn

USTR Sec. 1200(A) Ceanup requirements for releases NOT APPLICABLE

frompetoleu US sysemsNo releases during this period

_____________________[Section 25.2.6.80]
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TABLE 25-7 (continued)

CrTATION REQUIREMENT COMPLIANCE STATUS

USTR Sec. 1200(B)-1222 Additional corrective action NOT APPLICABLE
requremntsfor petroleum UST

systems No corrective actions
necessary for current UST
systemI

[Section 25.2.6.8 11

Part XII, Corrective Action for Hazardous Substance US57 Systems

USTR Secs. 1300-1320 Corrective action for hazardous NOT APPLICABLE
substance UST systems

No hazardous substance USTs
at WIPP

__________________[Section 25.2.6.82]

Part XIv, Cenification for Tank installers

USTR Secs. 1400-1417 Certification of tank installers and ACHIEVED

Required certification
information maintained

[Section 25.2.6.83]

Part XV, Ground Water Protection Act Regulations

USTR sec. 1-50.5 Priorities NOT APPLICABLE-I

_________________[Section 25.2.6.841

USTR Sec. 1508 Minhum site assessment 'NOT APPLICABLE.

[Section 25.2.6.851
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25.2.6.1 Applicability, USTR Section 103; 40 CFR 280.10

Any owner or operator of an U1ST that contains a hazardous
substance or petroleum product must meet the standards set by the
New Mexico Environmental Improvement Board (EIB) in the New
Mexico Underground Storage Tank Regulations (USTRs).

The WIPP has two 8,000-gallon USTs. One contains unleaded gasoline, and the other contains
diesel fuel.

25.2.6.2 Existing Tanks, USTR Section 200

The owner of any UST must register such tank or tanks with the
Underground Storage Tank section of the NMED within 3 months
after April 14, 1988, the effective date of this Pant II as first
adopted, except that any owner who has filed the formn of notice
entitled "Notificaton for Underground Storage Tanks, "prescri bed
by the EPA and described in 40 CF7? Pant 280, is not required to
register a tank for which a notice has been file, provied that the
informiation provided is still current.® Registration becomes effective upon receipt of the first year's
annual fee described in Sections 25.2.6.10 and 25.2.6.11.
Registration must by renewed annuially by payment of the annual
fee until the permanent closure of the tank.

Both of the USTs at WI0PP are registered with the Underground Storage Tank Bureau section
of the NivIED.

25.2.6.3 Transfer. of Ownership, USTR Section 201

If ownership of the UST system changes, the new owner must re-
register the tank with the division within 30 days of ownership
transfer, using a form provided by the division.

This section is not applicable since ownership of the tanks has not been trAnsferred.
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25.2.6.4 New UST System, USTR Section 202

Thie owner must notify the division in writing at least 30 days
before any new tank or UST system is installed and must register
any new tank or UST system with the division prior to placing it in
service.

Proper notification was provided to the NMEED prior to the February 10, 1992, installation of
the new UST system. The application for the new system was submitted on June 18, 1992, and
the USTs were placed into service shortly thereafter.

25.2.6.5 Substantially Modified UST Systems, USTR Section 203

When an existing UST system is substantially modified or replaced,
the owner must not the division in writing of such modifi cation
or replacement at least 30 days prior to the modification or
replacement. Emnergency repairs or replacements made as
describe in Section 25.2.6.7 are exempt from these notification
requirements.

* Proper notification was provided to the NMED prior to the February 10, 1992, installatio of
the new UST system. The application for the new system was submitted on June 18, 1992, and
the USTs were placed into serice shortly thereafter.

25.2.6.6 Notification of Spill or Release, USTR Section 204

Notice of any, known or suspected release from a UST system, any
spill, or any other emergency situation must be given to the NMED
by telephone within 24 hours. The owner or operator making the
report shall provide the iilformation spec#ied under Section 20.4(A).® Written notice describing the spill, release, or,=Wpected release
and any investigation or follow-up action taken or to be taken must
be mailed or delivered to the NMED within 7 dao of h niet

The written notice shall verift the prior oral notifiation as to each
of the item of information listed in subsection A and provide any
appropriate additions or corrections to the infomation contained
in the prior oral notification.
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No releases have occurred during this reporting period. However, if this should occur, WIPP

procedures discuss the requirements for the proper handling of spills and releases.

25.2.6.7 Emergency Repairs and Tank Replacement, USTR Section 205

immediate repairs or replacement of an UST' system may be made
in the event an emergency situation presents a threat to the public
health, provided notice is given go the NMED as described in
Section 25.2.6.6.

No such emergency repair or replacement of an UST system has been necessary at WIPP to
date.

25.2.6.8 Application Forms, USTR Section 206

All US~fs must be registered on application forms provided by the
NMED unless the EPA form ("Notification for Underground
Storage Tanks -) has been submitted to the NMED and all
information contained therein is stil accurate. An application
submitted by a municipal, State, or other public facility must be
signed by either a principal executive officer, ranking elected
official, or other duly authorized emplo'yee.

The New Mexico UST registration form is used to register the USTs at WIPP. It has been
submitted under the name of the DOE WIPP Project Manager, who is the principal executive
officer for DOE at WIPP.

25.2.6.9 Rsliation Certificate,9 USTR Section 207® Upon submittal of a complete registration application or the EPA
form and payment of the annual fee, the NMED shall issue a
waliatd registnaion certbltcare wich is current and valid and
nms be diplayed on the premises of the UST system at all times.
In the even tha any irnffimmton provided on the registration form
or the EPA form changes or is no longer accurate, the change must
be reported to the PJfMD on the appropriate form within 30 days.

The registration certificate from the NMED is displayed.
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25.2.6. 10 Payment of Fee, USTR Section 300

An annual per-tank fee shall be paid to the NMED no later than
January 31 Ibr each current calendar year or portion of a year that
a tank is in use. A tank shall be deemed "in use" until notice is
received by the AWED that the tank has been removed or otherwise
permanently closed in a manner acceptable to the division.

The annual fee for a new tank placed in service, after January 31
for any calendar year after 1989 shall be paid wicthin 30 days after
the tank is placed in service. The annual fees, shall be designated
to the Hazardous Waste and Underground Storage Tank Fund.

The annual fee per UST at WIP? is paid by January 31 for each calendar year. The fee for the
replacement tanks accompanied the application that was transmitted to the NMED on February
10, 1992.

25.2.6.11 Amount of Fee, USTR Section 301

7The annual fee for each UST is $100. 00 per ak

The annual fee paid for each UST at WIPP is $100, or $200 for both tanks.

25.2.6.12 Late Payment Penalties, USTR Section 302

In the event that the annual fee is not paid when due, a late fee of® $5. 00 or 5 percent of the unpaid fee, whichever is greater, and
interest charges at the rate of 1.5 percent per month shall be
imposed and shall accumulate until the annualfte and all accrued
late fees and interest charges are paid.

No late payment penalties have been incurred.

25.2.6.13 Performance Standards for Tanks in New UST Systems, USTR Section
400(a); 40 CPR 230.20(a)

Each tank must be properly designed and construcited and any
portion underground must be protected fromn corrosion by a
nationally recognized association or independent testing laboratory

25-83 October 21, 1994



New Mexico Environent Department New Mexico Hazardous Waste Act

as specified. Each tank must be constructed of fiberglass-
reinforced plastic; steel, with cathodic protection; or steel-
fiberglass-reinforced-plastic composite. The tank may be
constructed of metal without additional corrosion protection if the
conditions apply as described in Section 400(a) (4) of the US77Rs.

The tanks are designed and constructed of fiberglass-reinforced plastic in accordance with
Underwriters Laboratories Standard 1316, Standard for Glass-Fiber-Reinforced Plastic
Underground Storage Tanks for Petroleum Products, and with the American Society for Testing
and Materials (ASTM) Standard D402 1-86, Standard Specification for Glass-Fiber-Reinforced
Polyester Underground Petroleum Storage Tanks.

25-2.6.14 Design and Construction of Piping, USTR Section 400(b); 40 CFR 280.20(b)

The piping that routinely contains regulated substances and is in
contact with the ground must be properly designed, constructed,
and protectedftrm corrosion in accordance with a code ofpractice
developed by a nationally recognized association or independent
testing laboratory as specified. The piping is constructed of
fiberglass-reinforced plastic; or steel, with cathodic protection; or
metal without additional corrosion protection measures provided
that the pq~ling is installed at a non-corrosive site and records are
maintained that demonstrate the noncorrosivily of the site for theOremaining life of the piping. Thje piping construction and
corrosion protection are determined by the implementing agency to

\i \ be designed to prevent the release or threatened release of any
stored regulated substance in a manner that is no less protective of
hwnan health and the environment.

The piping is consmructed of fiberglass-reinforced plastic as designed by the Xerxes Corporation
in accordance with the aprorited standards.

25.2.6.15 Spil Prevention Equipment, USTR Section 400(c)(1)(i);
40 CMR 280.20(c)(1)(i)

Owners and operators must use spill prevention equipment that will
prevent the release ofproduct to the environment when the transfer
hose is detached fromt the fill pipe (for example, a spill catchment
bsn.

25-84 October 21, 1994



New Me-ico Environent Department New Mexico Hazrdous Waste Act

The WLPP's UST system uses a spill catchment basis.

25.2.6. 16 Overfill Prevention Equipment, USTR Section 400(c)(1)(li);
40 CFR 280.20(c)(1)(li)

Overfill-prevention equipment must be used that will automatically
shut off flow into the tank when the tank is no more than
95 percent ful; alert the transfer operator whent the tank is no
more than 90 percent full by restricting the flow into the tank or
triggering a high-level alarm- or restrict the flow.30 minutes prior
to overfilling, alert the operator with a high-level alarm 1 minute
before overfilling, or automatically shut off flow into the tank so
that none of the fittings located on top of the tank is exposed to
product due to overfilling. Owners and operators may use
alternative equipment if it is determined by the implementing
agency to be no less protective of human health and the
environment than the equipment specified above or if the UST
s~ystem is filled by transfers of no more than 25 gallons at one time.

. ~ ~The model 3 10 extractor vent valve is used to autoaicly shut off the flow into the tank when
the tank is no more than 95 percent full. This valve is a permanent part of the system.

25.2.6.17 Installation of Tanks and Piping, USTR Section 400(d); 40 CFR 280.2 .0(d)

All tanks and piping must be properly installed in accordance with

a code ofpractice developed by a nationally recognized association(3) or independent testing laboratory and in accordance with the
manufacturer's instructions.

The installer (Cline Pump Co.) certified on the NMIED application that the methods used to
install. the tankts and piping comply with the requirements. Clinie Pump has supplied the WIPP
with copies of qualified certification.

25.2.6.18 Certificate of Installation., USTR Section 400(e); 40 CFR 280.20(e)

All owners and operators must ensure that one or more of the
specified methods of certification, testing, or inspection was used
to demonstrate compliance with Section 25.2.6.17 by providing a
certification of compliance on the UST notification form required
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by USTR Part II. The allowable methods of certification for the
installer are: certification by the tank and piping manufacturers;
certification or licensing by the implementing agency; inspection
and certification of the installation by a registered professional
engineer with education and experience in UST system installation,
inspection and approval by the implementing agency, or the
presence of a representative from the UST' Bureau of the NMED at
the installation; completion of all work listed on the manufacturer's
installation checklists; or compliance with another method for
ensuring compliance with this section that is determined by the
implementing agency to be no less protective of human health and
the environment.

Cine Pump Company is certified by the NMED. The installation of the new systems was
inspected and approved by an NMED representative who was present during the installation.

25.2.6.19 Upgrading Existing UST Systems USTR Section 401(a); 40 CFR 280.21(a)

All existing UST' systems must be upgraded to meet the newO performance stdards (see Sections 25.2.6.13 through 25.2.6.18),
the requirements described in Sections 25.2.6.20 through
25.2.6.22, or the closure requrements described in Sections
25.2.6.66 through 25.2.6.73 by December 22, 1998.

The UST system formerly used at the WIPP has been replaced. The new system meets the new
performance standards (see Sections 25.2.6.13 through 25.2.6. 18); therefore, upgrading is not
appropriate at this time.

25.2.6.20 Tank Upgrading Reurmns, USTR Secton 401(b); 40 CFR 280.21(b)

&eel tanks must be upgraded to have an interior lining and/or
cathodic protection.

The new tanks are constructed of fiberglass-reinforced plastic and are not constructed of steel.
(See Section 25.2.6. 19.)
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25.2.6.21 Piping Upgrading Requirements, USTR Sectio0n 401(c); 40 CFR 280.21(c)

Metal piping that routinely contains regulated sub~stances and is in
contact with the ground must be cathodically protected.

The piping for the UST system at WIPP is made of double-walled fiberglass-reinforced plastic.
(See Section 25.2.6.19.)

25.2.6.22 Spill and Overfill Prevention Equipment, USTR Section 401(d);
40 CFR 280.21(d)

To prevent'spilling and overfilling associated with the trans~fer of
product to the UST) system, all existing US')'sysems must comply
with the newv UST) system spill and overfill prevention equipment
requirements specified in US')R Section 400(c).

Spill and overfill prevention equipment has been incorporated into the new UST system as
described in Sections 25.2. 6. 15 and 25.2.6. 16.

. 25.2.6.23 Certificate of Compliance and Notification Requirements, USTR Section 402;
40 CFR 280.22

In the registaton application required by UST)R Part I1, all
owners and operators of new US') systems must ceru)5y compliance
with the installation requirements of UST)R Section 400(e), cathodic
protection requirements for steel tanks and piping under Sections
400(a) and (b), financial responsibility under USTR Part IX, and
release detection wnder Sections 601 and 602. The owners and
operators must also ensure that the installer certifies that the
methods used to install the tanks and p~pig comply with the
requirements in Section 400(d).

Thse notification requirements pertain to the person who sells a tank
intended to be used as an US').

As outlined in the registration florm, the certification requirements were met. The cathodic
protection -_ureet are not applicable since neither the tank nor the piping is made of steel.
The financial responsibility -epreet are not applicable because WIPP is owned by the DOE.
The notification requirements apply only to the person who sold the tank to be used as an UST
and therefore do not apply to WIPP.

25-87 October 21, 1994



New Mexico Environment Department New Meico haardous Waste Act

25.2.6.24 Spill and Overflow Control, USTR Section 500; 40 CFR 280.30

Owners and operators must ensure that any releases due to spilling
or overfilling do not occur, that the volume available in the tank
is greater than the volume of product to be transferred to the tank
before the transfer is made, and that the transfer operation is
monitored constantly to prevent overfilling and spilling. Any spills
or overfills must be reported, cleaned up, and investigated in
accordance with USTR Sections 204 and 703.

The new tanks are equipped with spill and overfill protection equipment. WIPP procedures are
in place that govern the transfer of product to the tanks and that specify requirements for
reporting, cleaning up, and investigating spills or overfills.

25-2.6.25 Operation and Maintenance of Corrosion Protection, USTR Section 501(a);
40 CFR 280.31(a)

All corrosion protection systems must be operated and maintained
to continuously provide corrosion protection to the metal
components of that portion of the tank and piping that routinely
contain regulated substances and are in contact with the ground.

The corrosion protection consists of rubber boots around the metal fittings.

25.2.6.26 Inspections of Cathodic Protection System, USTR Section 501(b);
40 CPR 280.31(b)® All UST systems equipped with cathodic protection systems must be

inspected for proper operation by a qwulFed cathodic protection
tester in accordance with requirements regarding the frequency of
inspctions and specific inspection criteria.

Cathodic protection is required only for steel tanks and metal parts. The metal fittings in the
UST system are protected by rubber boots. Therefore, cathodic protection is not required.
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25.2.6.27 Inspections of Impressed-Current Cathodic Protection Systems, USTR Section
501(c); 40 CFR 280.31(c)

UST' systems with impressed-current cathodic protection systems
must be inspected every 60 days to ensure that the equipment is
running properly.

No cathodic protection systems are required for fiberglass-reinforced plastic systems.

25.2.6.28 Records of Operation of the Cathodic Protection System, USTR Section.
501(d); 40 CFR 280.31(d)

For UIST systems using cathodic protection, records of the
operation of the cathodic protection system must be maintained in
accordance with 40 CFR 280.34 to demonstrate compliance with
the performance standards in this section. These records must
provide the results of inspections.

No cathodic protection is required for fiberglass-reinforced plastic UST systems. Therefore, this
requirement does not apply.

25.2.6.29 Compatibility, USTR Section 502; 40 CFR 280.32

Owners and operators must use an UST system made of or lined
with materials that are compatible with the substance stored in the
UST system.

Fiberglass-reinforced plastic is compatible with unleaded and diesel fuel.

25.2.6.30 Repairs Allowed, USTR Section 503(a); 40 CFR 280.33(a)

Repairs to UST systems must be properly conducted in accordance
with a code of practice developed by a nationally recognized
aisociation or art independent testing laboratory.

As of March 31, 1994, no major repairs have been required.

25-89 October 21, 1994



New Mexico Environment Department New Mexico Ha-arous Waste Act

25.2.6.31 Repairs to Fiberglass-Reinforced Plastic Tanks, USTR 503(b);
40 CFR 280.33(b)

Repairs to fiberglass-reinforced plastic tanks may be made by the
manufacturer's authorized representatives or in accordance with a
code of practice developed by a nationally recognized association
or an independent testing laboratory.

As of March 31, 1994, no major repairs have been required.

25.2.6.32 Repairs of Pipe Sections and Fittings, USTR Section 503(c); 40 CFR 280.33(c)

Metal pipe sections and fittings that have released product as a
result of corrosion or other damage must be replaced. Fiberglass
pipes and fittings may be repaired in accordance with the
manufacturer's specifications.

No repairs have been conducted on the pipes or fittings.

25.2.6.33 Tightness Testing after Repairs, USTR Section 503(d); 40 CFR 280.33(d)

Repaired tanks and piping must be tightness tested in accordance
with USTR Sections 603(d) and 604(b) within 30 days after the
date of the completion of the repair except as provided in this
section.

No repairs have been conducted on the tanks or piping.

25.2.6.34 Testing of Repaired Cathodicaily Protected UST System, USTR
Section W0e); 40 CPR 280.33(e)® ~ Whin 6 momlasfollowing the repair of any cathodically protected
UST systm, the cathodic protection system must be tested in
accordance with US72R Sections 501 (b) and (c) to ensure that it is
operating properly.

The current UST system does not require cathodic protection.
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25.2 .6 .35 Records of all Repairs, USTR Section 503(f); 40 CER 280.33(f)

U1ST system owners and operators must maintain records of each
repair for the remaining operating life of the UST system to
demonstrate compliance with the requirements (Iof this section.

No repairs have been performed on the current system. However, when UST system repairs
are necessary, the records will be maintained at WIPP for the life of the UST system.

25.2.6.36 Reporting, USTR Section 504(a); 40 CFR 280.34(a)

Owners and operators must submit the following information to the
NMED. registration of all UST systems, including certification of
installation for new UIST systems (US7R, Part 1I); reports of all
releases (including suspected releases, spills, and overfills) and
confirmed releases; corrective actions planned or taken, and a
notification be~fore permanent closure or change in service.

Thie information in this requirement has been submitted to the NMED. Spill, overfill, and
* ~~release reporting reurmnsare addressed by WIPP proceduires.

25.2.6.37 Recordkeeping euie nsUSTR Section 504(b); 40 CFR 280.34(b)

Owners and operators must maintain the following information: a
corrosion expert's analysis of site corrosion potential if corrosion
protection equipment is not used, documentation of operation of
corrosion protection equipment, documentation of UST system
repairs, recent compliance with release detection requirements, and
the results of the site investigation required prior to permanent
closure.

The rubber boots are considered adequate to meet the corrosion protection requirements since
the tank and piping consist of fiberglass-reinforced plas~tic. Metal flex elbow fittings are
contained within the rubber boots, which separate them from contact with the ground.

WIPP procedures specify the retention time for record of UST system repairs.

A WIPP procedure addresses the retention of monitoring results. Correspondence WD 93:00280

contains the tank closure form as an attachment.
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25.2.6.38 Availability and Maintenance of Records, USTR Section 504(c);
40 CFR 280.34(c)

The applicable records must be kept either at the UST) site and
immediately available for inspections by the NMED or at a readily
available alternative site and be provided to the NMED upon
request.

The UST records are maintained at the WIPP site.

25.2.6.39 Inspections, Monitoring, and Testing of USTs, USTR Section 505(a)

Any owner or operator of an UST shall, upon the request of the
director or authorized NMED representatives, furnish information
relating to the UST(s), conduct monioring or testing, and allow
the WMED representative to have access to the USTs and to copy
all records relating to such tanks at all reasonable times. NMED
officers, employees, or representatives will be allowed to inspect® the U1ST system(s) and obtain samples of its contents and to
conduct monitoring or testing of the tanks and its associted
equipment or the surrounding soils, air, surface water, or ground

NMED personnel are allowed to inspect the UST system at any reasonable time. They are also
allowed to sample the contents of the USTs. Monitoring or testing of the tanks and associated
equipment and contents or the surrounding soils, air, or surface or ground water may also be
performed.

25.2.6.40 Inspections of UST IntlainRepairs or Modifications, or Removals or
System Cowures USTR Section 505(c)

Thse owner and operator must allow the Director or authorized
NMED riepresentatives to be present at and inspect all U1ST system

instalations replacments, repairs, substantial modifications,
italtons of leak detection systems, and UST system closures.

To ensure that the inspector has an opportunity to be present
during the steps in these procedures which are important to the
prevention of releases, the owner or operator must give the NED
oral notice of the dates on which critical junctures in the
installation, repair, substantial modification, or closure of the UST
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system are to take place. Oral nbtice must be given at least
24 hours in advance of the commencement of the, procedure. The
inspector may require that critical junctures be performed fr-om
Monday through Friday during regular business hours.

A representative of the NMED UST Bureau was present at Uhe installation of the new UST
systems on February 10, 1992.

25.2.6.41 General Requirements for all UST Systems, USTR Section 600(a);
40 CFR 280.40(a)

Owners and operators of new and existing UST' systems must
provide a method, or combination of methods, of release detection
that can detect a release from any portion of the tankt and the
connected underground piping that routinely c ontains product; is
installed, calibrated, operated, and maintained in accordance with
the manufacturer's instructions, including routine maintenance and
service checks for operability or running condition, meets the
performance requirements, and must be capable of detecting the
leak rate or quantity specifted for that method in the corresponding

0 ~section of the rule with a probability of detection (pd) of 0. 95 and
a probability of false alarm @pfa) of 0. 05.

The UST system uses interstitial monitoring to detect for releases. There are sensors between
the walls at the lowest end of the piping and tank. Interstitial monitoring is adequate because
it can detect a release through the inner wall in any portion of the double-walled tank and/or
piping that regularly contains product.

25.2.6.42 Notificatdo of Release, USTR Section 600(b); 40 CFR 280.40(b)

Whaen a release detection method operated in accordance with the
peibnnance sanidards in USTR Sections 603 and 604 indicates
that a release may have occurred, owners and operators must
no4i5t the NMED in accordance with USTR Section 204 and Part
Vi'.

No releases or suspected releases have occurred with the current UST system.
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25.2.6.43 Schedule for Required Release Detection, USTR Section 600(c);
40 CFR 280.40(c)

owners and operators of all US)) s-ystems must comply with the
release-detection requirements of this part by December 22 of the
year listed in a table.

New UST systems were installed on February 10, 1992. The new systems meet the release-
detection requirements of this part.

25.2.6.44 Failure to Comply with Release-Detection Requirements, USTR Section
600(d); 40 CFR 280.40(d)

Any exising UST) system that cannot apply a release-detection
method that complies with the requirements of this part must
complete the closure procedures for the system by the date
indicated in USTR Section 600(c) (Section 25.2.6.43).

The new UST system at WIPP uses a release-detection method that complies with the _

requirements of this part. Therefore, Section USTR 600(d) does not apply to the WIPP UST
systems.

25.2.6.45 Reurmnsfor Tanks of Petroleum UST Systems, USTR Section 601(a);
40 CFRt 280.41(a)

Tanks must be monitored at least every 30 days for releases using
one of the methods lised in US7IR Sections 603 (d)-(h) (see Sections
25.2.6.54 through 25.2.6.58) except that UST) systems that meetO theperformance standards and the monthly inventory control
requirement may use tank tightness testing at leas every 5 years
until December 22, 1998, or until 10 years after the tank is
instailed or zqpgnzded, whichever is later; UST) systems that do not
meet the performancer standards may use monthly inventory
controls and annual tank tightness testing until December 22,
1998, when the tank must be upgraded or permanently closeit and
tanks with a capacity of 550 gallons or less may use weekly tank
gauging.
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The interstitial monitoring system meets the release-detection requirement. Should the interstitial
system become inoperable, monthly inventory controls will be used. In this contingency
situation, tank tightness testing will be performed every 5 years.

25.2.6.46 Requirements for Piping of Petroleum UST Systems, USTR Section 601(b);
40 CFR 280.41(b)

Underground piping that routinely contains regulated substances
must be monitored for releases in a manner that meets the
requirements, for pressurized or suction piping.

See Section 25.2.6.48, which specifies the requirements for suction piping as used in the UST
systems at WIPP.

25.2.6.47 Requirements for Pressurized Piping, USTR Section 601(b)(1);
40 CFR 280.41(b)(1)

Underground piping that conveys regulated substances under
pressure must be equipped with an automatic line leak detector and
have an annual line-tightness test or have nmmhly monitoring
conducted.

This requirement is not applicable since the current UST system operates under suction piping.

25.2.6.48 Requirements for Suction Piping, USTR Section 601(b)(2);
40 CFR 280.41(b)(2)

Underground piping that conveys regulated substances under
suction must either have a line tightness test conducted at least
every 3 yearsi in accordance with US77R Section 604(b) or use a© ~ monthly monitoring method conducted in accoydance with USTR
§ 604(c). No release detection is required for suction piping that
is designed and cownsrcted to meet the folloing standards: the
below-grade, piping operates at less than atmospheric pressure; the
below-grade piping is sloped so that the contents of the pipe w7il
drain back into the storage tan if the suction is released, only one
check valve is included in each suction line; the check valve is
located directly below and as close as practical to the suction
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pump, and a method is provided that allows compliance with this
section to be readily determined.

No release detection is required on the piping since the system was designed and constructed to
meet each of the above requirements.

25.2.6.49 Requirements for Hazardous Substance UST Systems, USTR Section 602;
40 CER 280.42

A number of release-detection requirements are specified for UST
systems that contain hazardouss substances.

WIPP has no UST systems that contain hazardous substances. Therefore, these requirements
do not apply to this facility.

25.2.6.50 Methods of Release Detection for Tanks, USTR Section 603; 40 CFR 280.43

A number of requirements for the acceptable release-detection
methods are specified. Thse release-detection methods described
are: inventory control, manual tank gauging, tank-tightness
testing, automatic tank gauging, vapor monitoring, ground-water
monitoring, interstitial monitoring, and other methods.

See Sections 25.2.6.51 through 25.2.6.59.

25.2.6.51 Inventory Control, USTR Section 603(a); 40 CFR 280.43(a)O Product inventory control (or another test of equivalent
pei'fibrmance) muot be conducted monthly to detect a release of at
least 1. 0 percent of flow-through plus 130 gallons on a monthly
basis in the following manner:- inventory volume measurements for
regulated substance inputs, withdrawls, and the amount still
remaining in the tank are recorded each operating day; the
equipment used is capable of measuring the level of product over
the full range of the tank's height. to the nearest one-eighth of an
inch; the regulated substance inputs are reconciled with delivery
receipts by measurement of the tank inventory volume before and
after delivery, deliveries are made through a drop tube that extends
to within 1 foot of the tank bottom; product dispensing is metered
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and recorded within the local standards for meter calibration or an
accuracy of 6 cubic inches for every 5 gallons of Product
withdrawn; and the measurement of any water level in the bottom
of the tank is made to the nearest one-eighth of' an inch at least
once a month.

Inventory control is a "contingency" method used only if the interstitial monitoring system fails.
If this situation arises, there is a WIPP procedure addressing the requirements for using this
method. Compliance with the requirement for a drop tube extending to within 1 foot of the tank
bottom has been verified through discussions with the installing organization. The stick reading
can measure to the nearest one-eighth of an inch.

25.2.6.52 Manual Tank Gauging, USTR Section 603(b); 40 CFR 280.43(b)

Manual tank gauging must meet the following requirements: tank
liquid level measurements are taken at the beginning and ending
of a period of at leas 36 hours during which no liquid is addto
or removed from the tank, level measurements are based on an
average of two consecutive stick readings at both the beginning
and ending of the period- the equipment used is capable of
measuring the level of product over the fidl range of the tank's
height to the nearest one-eighth of an inch, a leak is suspected and
subject to the requirements of US7R Part 1'7) if the variation
between beginning and ending measurements exceeds the weekly or
monthly standards in the table provided.

This requirement is not applicable since the UST system uses interstitial monitoring as the
primary method of release. detection.

25.2.6.53 Tank Tightness Testing, USTR Section 603(c); 40 CFR 280.43(c)

Tank tightnss testing (or another test of equivalent performance)
maws be capable of detecting a 0.1-gallon-per-hour leak rate fromO any portion of the tank that routinely contains product while
accounting for the effects of thermal expansion or contraction of
the product, vapor pockets, tank deformation, evaporation or
condensation, and the location of -the water table.
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Tank tightness testing Is not required to be performed for the current UST setup. If the
interstitial monitoring method fails, tank tightness testing will be performed every 5 years as part
of the inventory control method.

25.2.6.54 Automatic Tank Gauging, USTR Section 603(d); 40 CFR 280.43(d)

Equpment for automatic tank gauging that tests for the loss of
product and conducts inventory control must meet the following
requirements: the automatic product level monitor test can detect
a 0. 2-gallon-per-hour leak rate from any portion of the tank that
routinely contains product, and inventory control (or another test
of equivalent performance) is conducted in accordance with the
requirements of USTR Section 603(a).

This method is not applicable for the current UST system. See Sections 25.2.6.51, 25.2.6.53,
and 25.2.6.57.

25.2.6.55 Vapor Monitoring, USTR Section 603(e); 40 CFR 280.43(e)

Testing or monitoring for vapors within the soil gas of the
excavation zone must meet the followinig requirements: the
materials used as backflll are sufficiently porous (e. g.. gravel, sand,
crushed rock) to readily allow difusion of vapors from releases
into the excavation area the stored regulated substance (e. g..
gasoline), or a tracer compound placed in the tank system, is
sufficiently volatile to result in a vapor level that is detectable by
the monitoring devices located in the excavation zone in the event
of a release from the tank; the measurement of vapors by theO monitoring device is not rendered inoperative by the ground water,
raii~fal, soil moisture, or other knwn interferences so that a
release could go undetected for more than 30 days, the level of
background contamination in the excavation zone wsill not interfere
with the method used to detect releases fromn the tank; the vapor
monitors are designed and operated to detect any significant
increase in concentration above background of the regulated
substance stored in the tank system a component or components
of that substance, or a tracer compound placed in the tank system;~
in the UST excavation zone, the site is assessed to establish the
number and positoning of monitoring wells that will detect releases
within the excavation zone from any portion of the tank that
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routinely contains product; and monitoring wells are clearly
marked and secured to avoid unauthorized access and tamipering.

This method is not applicable for the currnt UST system. See Sections 25.2.6.51, 25.2.6.53,
and 25.2.6.57.

25.2.6.56 Ground-Water Monitoring, USTR Section 60.3(0); 40 CFR 280.43(f)

Testing or monitoring for liquids in the ground watter must meet the
following requirements: the regulated substance stored is
immiscible in water and has a specific gravity of less than 1;
ground water is never more than 20 feet from the ground surface,
and the hydraulic conductiviy of the soil(s) between the UST
system and the monitoring wells or devices is not less than
0.01 cm/sec (e.g., the soil should consist of gravels, coarse to
medium sands, coarse silts, or other permeable materials); the
slotted portion of the monitoring well casing must be designed to
prevent the migration of natural soils or filter pack into the well
and to allow the entry of regulated substances on the water table
into the well wider both high and low ground-water conditions;
monitoring wells shall be sealed from the ground surface to the top
of the filter, pack, monitoring wells or devices intercept the
excavation zone or are as close to it as is technically feasible; the
continuous monitoring devices or manual methods used can detect
the presence of at least one-eighth of an inch of free product on
top of the ground water in the monitoring wells; within and
immediately below the UST system excavation zone, the site is.
assessed to ensure compliance with the first five requirements of'
this section and to establisht the number and positioning of the
montitoring weL~s or devices that wil detect releases from any
portion of the tank that routinely contains product; and monitoring
wells are clearly marted and secured to avoid unauthorized access
and tampering.

The WI0PP site has a varianc from ground-water ruient.See Sections 25.2.6.51,
25.2.6.53, and 25.2.6.57.
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25.2.6.57 interstitial Monitoring, USTR Section 603(g); 40 CFR 280.43(g)

Intersritial monitoring between the UST' system and a secondary
barrier immediately around or beneath it may be used, but only if
the system is designed, constructed, and installed to detect a leak
from any portion of the tank that routinely contains product and
also meets one of the following requirements: for double-walled
U1ST systems, the sampling or testing method can detect a release
through the inner wall in any portion of the tank that routinely
contains product; for UST systems with a secondary barrier within
the excavation zone, the sampling or testing method used can
detect a release between the UST system and the secondary
barrier; the secondary barrier arounid or beneath the UST system
consists of artifically constructed material that is sufficiently thick
and impermeable (at least 1(7' cm/sec for the regulated substance
stored) to direct a release to the monitoring point and permit its
detection; the barrier is compatible with the regulated substance
stored so that a release from the UST' system will not cause a
deterioration of the barrer, allowing a release to pass through
undetected;- for cathodically protected tanks, the secondary barrier
must be installed so that it does not interfere with the proper
operation of the cathodic protection system, the ground water, soil
moisure, or raifall will not render the testing or sampling method
used inoperative so that a release could go undetected for more
than 30 days; the site is assessed to ensure that the secondaryO barrer is alwazys above the ground water and is not located in a
25-y ear flood plain, unless the barrer and monitoring designs are
for use under such conditions;- monitoring wells are clearly marked
and secued to av'oid uuthorize access and tampering; and, for
tanks with an internallyfitted liner, an automated device can detect
a release between the inner wall of the tank and the liner, and the
line is compatible with the substance stored.

The iterstitial monitoring system is the primary method of release detection for the UST
system. lie as-built engineern drawings verify that this method can detect a release through
the inner wail in any portion of the tank that routinely contains product.
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25.2.6.58 Other Methods of Detecting Releases, USTR Section 603(h);
40 CFR 280.43(h)

Any other method may be used if it can detect a 0. 2-gallon-per-
hour leak rate or a release of 150 gallons within a month with a
probability ofr detection of 0. 95 and a probability offalse alarm of
0.05, and it has been approved by the NMM.

The WIPP does not use any methods of release detection otber than the ones described in
Sections 25.2.6.51 and 25.2.6.57.

25.2.6.59 Methods of Release Detection of Piping, USTR Section 604; 40 CF R 280.44

Each method' of release detection for piping tised to meet the
requirements of UYI7? Section 601 ms t be conducted in
accordance with specific requirements for automatic line leak
detectors, line tightness testing, or applicable tank methods.

Since the system meets the requirements of USTR Section 6010))(2), line leak detectors are notreurd
25.2.6.60 Release Detection Recordkeeping, USTR Section 605; 40 CF R 280.45

All USTf system owners and operators must maintain records in
accordance with US7R Section 504 that demonsrae compliance
with all applicable requirements in Part VT. All written
performance_ claims pertaining to any release detection system
used, and the manner in which these claims have, been justified or
tested by the equipment manufacturer or instaler, must be
maintained for 5 years, or for another reasonable period of time
determined by the NMED, from the date of- installation. 7The
readts of any sampling, testing, or monitoring must be maintained
for at least 1 year, orfor any reasonable period of time determined
by the NMED, except that the results of tank tightness testing
conducted in accordance with USTRZ Section 603 (c) must be
retained untithe next test is conducted. Written documentation of
all calibration, maintenance, and repair of release-detection
equipment permanently located on site must be maintained for at
least 1 year after the seivicng work has been completed or for any
reasonable time period determined by the NMEL). Any schedules
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of required calibration and maintenance provided by the release-
detection equipment manufacturer must be retained for 5 years
from the date of installation.

The WID Purchasing Department maintains the manufacturer's equipment and performance
claims records. The Records Inventory and Disposition Schedule (RIDS) discusses the
maintenance of these records. The REDS adequately addresses the record retention requirements
of this section. According to the manufacturer of the tanks, no calibration or maintenance is
required for the current configuration. However, if modifications are made, these functions will
need to be performed.

25.2.6.61 Reporting of Suspected Releases, USTR Section 700; 40 CFR 280.50

Owners and operators of U1ST system must report suspected
releases to the NMED within 24 hours and follow the procedures
in USTR Section 702 for any of the following conditions:

77Th discovery by owners and operators or others of
released regulated substances at the UST site or in the
surrounding area

* Unusual operating conditions

* Monitoring results from a release detection method that
indicate that a release may have occurred unless theO monitoring device is found to be defective and is
immediately repaired and subsequent monitoring does not
confirm the initial results or, in the case of inventory
control, a second month of data does not confirmn the initial
result.

No releases or suspected releases have occurred from the current UST system. Should a
suspected release occur, a WIPP procedure outlines the required steps above.

25.2.6.62 Luvestigatlon of Off-Shte Impacts, USTR Section 701; 40 CFR 280.51

When required by the NMED, owners and operators of UST
systems must follow the procedures in USflR Section 702 to
determine if the UIST system is the source of off-site impacts.
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NMED has not requested off-site impact information.

25.2.6.63 Release Investigation and Confirmation Steps,1 USTR Section 702;
40 CFR 280.52

Unless corrective action is initiated in accordance, with USTR? Parts
HII and XNI, owners and operators must immediately investi gate
and confirm all suspected releases of regulated substances that
require reporting under USTR? Section 700 within 7 days using a
system test and/or a site check as described in mtore detail in this
part of the regulations. If a leak in the UT' system is found to
exist, the system must be repaired, replaced, or upgraded as
needed.

WI]) procedures indicate the appropriate testing, investigating, reporting, and corrective action
to be taken if a release of regulated substances is suspected. To date, there have been no leaks
in the current UST system.

25.2.6.64 Reporting and Cleanup of Large Spills and Overfills, USTR Section 703(a);
40 CFR 280.53(a)

Owners and operators of UST systems must contain and
immediately clean up a spill or overfill and report it to the NMED
within 24 hours. Corrective action must be ininated in accordance
with US77R Section 204. If a spill or overfill of a petroleum® product results in a release to the environment that exceeds
25 gallons [or a hazardous substance spill results in a release to
the environment that equals or exceeds its reportable quantity
under CERCLA (40 CFR Part 302)], corrective action must be
initiated in accordance with US7R Part XUi or XIII

There have been no large spills or overfills with the current. UST setup. WED procedures
address the requireents with respect to petroleum UST systems; (i.e., as specified in USTR Part

WII. No hazardous substances are contained in UST systems at WIPP; therefore, USTR Part
XIII does not apply.
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25.2.6.65 Reporting and Cleanup of Small Spills and Overfills, USTR Section 703(b);
40 CFR 280.53(b)

Owners and operators of U1ST systems must contain and
immediately clean up a spill or overfill of a petroleum product that
is less than 25 gallons and a spill or overfill of a hazardous
substance that is 'ess than the reportable quantity. If cleanup
cannot be accomplished within 24 hours, owners and operators
must immediately notz)5i the implementing agency.

Small spills and overfills have been properly contained and cleaned up. WID procedures address
this requirement with respect to petroleum UST systems. No UST systems are used to contain
hazardous substances at WIPP.

25.2.6.66 Temporary Closure, USTR Section 800; 40 CFR 280.70

When an UST' system is temporarily closed, owners and operators
must continue operation and maintenance of corrosion protection
in accordance with US77R Section 501 and any release detection in
accordance with US77? Pan VI. USTR Parts VII, XUI, and XII
and Section 204 must be complied with if a release is suspected orO confirmed. However, release detection is not required as long as
the UST system is empty. When an UST system is temporarily
closed for 3 months or more, the vent lines must be left open and
functioning, and all other lines, pumps, manways, and- axillary
equipment must be capped and secured.

Documentation of the original tank closures was submitted to NMED. No temporary closure
took place.

25.2.6.67 Permanent Closure and Change in Service, USTR Section 801(a);
40 CMR 280.71(a)

At least 30 days before beginning either permnent closure or a
change in service, owners and operators must notify~ the NMED
unless such action is in response to corrective action.

The closure documentation for the old UST systems was submitted to the NMIED within the
30-day requirement for beginning permanent closure.
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25.2.6.68 Permanent Closure of a Tank, USTR Section 801(b); 40 CFR 280.71(b)

To permanently close a tank, the owners and operators must empty
and clean it 17y removing all liquids and accumulated sludges. The
tanks must be either removed from the ground or filled with an
inert solid material.

The closure documentation for the old UST system is maintained at the WIPP site. These USTs
were emptied, cleaned, and removed from the ground as required.

25.2.6.69 Change in Service, USTR Section 801(c); 40 CFR 280.71(c)

Before a change in service in which the use of a UST7 system is
continued for the storage of a nonregulated substance, owners and
operators must empty and clean the tank by removing all liquid
and cc uledsludge and conduct a site assessment in
accordance with USTR Section 802.

There was no change in service for the old UST system.

25.2.6.70 Assssing the Site, USTR Section 802(a); 40) CFR 280.72(a)

Before permanent closure or a change in service is completed,
owners and operators must measure for the presence of a release
where contamination is most likely to be present at the UST site as
required under this subsection.

The UST site was assessed prior to permanent closure of the old UST system. The closure
documentation for the old UST systems is maintained at the WIPP site.

25.2.6.71 Corectve Action, USTR Section 802(b); 40 CFR 280.72(b)

If contaminated soils, contaminated ground water, or free product
as a liquid or vapor are discovered, owners and operators must

begin corrective action in accordance with USTAI PartsUXI or XMYI

The WIPP has procedures in place wich address the requird actions to take if a release or
suspected release is identified. See 25.2.6.80 for further information.
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25.2.6.72 Applicability to Previously Closed UST Systems, USTR Section 803;
40 CFR 280.73

When directed by the NMED, the owner and operator of an UST'
system permanently closed before December 22, 1988, must assess
the excavation zone and close the UST system if releases from the
UST' may pose a current or potential threat to human health and
the environment.

No UST systems at WLPP were permanently closed before December 22, 1988.

25.2.6.73 Closure Records, USTR Section 804; 40 CFR 280.74

Owners and operators must maintain records in accordance with
USTR Section 504 that demonstrate compliance with closure
requirements under this part. 7Te results of the excavation zone
assessment required in USTR Section 802 (Section 25.2.6.70) must
be maintained for at least 3 years after completion of permanent
closure or change in service.

A tank closure for the old UST systems was submitted to NMED. The records are maintainedW
at WIPP.

25.2.6.74 Applicability of Financial Resposilt, USTR Section 900; 40 CFR 280.90

State and Federal government entities whose debts and liabilities® are the debts and liabilities of a State or the United States are
exempt from the requirements of US7'R Part IX "Fnancil
Responsibilit. "

As the owner of W[PP, the DOE is exempt from the financial responsibility requirements of this
part because DOE is a Federal government entity whose debts and liabilities are the debts and
liabilities of the United States.

25.2.6.75 Informal Review, USTR Section .1000

Any owner or operator of an UST who disagrees with a decision
made by NMED personnel pursuant to the UST74 may have the
decision reviewed by submitting a written request for informal
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review to the. NMED. The request must be postmarked within 15
darys of the date of the decision. The grounds fo~r the petitioner's
objection must be specified.

This provision has not been invoked at WLPP.

25.2.6.76 Review by the Director on Written Memoranda, USTR Section 1001

Within 20 days after the NMED has made a determination under
USTR Section 1000, the petitioner may appeal the determination
to the NTMED Director by requesting a review on written
memoranda in writing. The grounds for the objection to the
determination must be specified. The request must be accompanied
by all written information, documentation, and arguments that the
petitioner wants the Director to consider.

This provision has not been invoked at WIPP.

.25.2.6.77 Compliance with other Regulations, USTR Section 1100

Compliance with the US77Zs does not relieve a person of the
obligation to comply with other applicable State and Federal
regulations.

Compliance with the other applicable Federal and State regulations is discussed elsewhere in'this
document (see Chapters 2 through 24 and 25 through 38, respectively).

25.2.6.78 Const~ruction, USTR Section 1101

The US77?s shall be liberally construed to effec-mate the purpose of
the New Mexico Hazardous Waste Act.

The USTRs are liberally construed to effectuate the purpose of the New Mexico Hazardous
Waste Act with respect to the sections in this act that pertain to managing UST systems
containing hazardous (i.e., regulated) substances.
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25.2.6.79 Severability, USTR Section 1102

If any part, section, or application of the USTM is held invalid,
the remainder (or its application to other situations or persons)
shall not be affected.

No action is required.

25.2.6.80 Cleanup Requirements for Releases from Petroleum UST Systems, USTR
Section 120(A)

All releases must be cleaned up through soil remediation, ground-
and surface-water remediti on, and any other appropriate
procedures in a manner protective of health, public welffare, and
the environment.

No releases have occurred with the current UST system to date.

25.2.6.81 Additional Corrective Action Requirements for Petroleum UST Systems,
USTR Sections 1200(B)-1222O Additional corrective action requirements specify ty'pes of releases,
notification and reporting requirements, rypes of actions required
for remediation and reclamation involving specific releases, and
provisions for monitoring.

No releases have occurred-during this reporting period. Consequently, these requirements are
not applicable to WIPP, and no action is required. WID procedures are in place to address
them, however, should corrective actions involving petroleum USTs become necessary in the
future.

25.2.6.82 Corrective Action for Hazardous Substance UST Systms, USTR
Sections 130O.1320 (Part XIi)

Requirements for corrective actions for hazardous substance UST
systems are specified in this part of the US7Rts.
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There are no hazardous substance UST systems at WLPP. Furthermore, it is very unlikely that
such systems would be installed at this facility. Therefore, Part MEl of the USTRs (Sections
1300-1320) does not apply to WLPP.

25.2.6.83 Certification Requirements for Tank Installers and Repairers, USTR
Sections 1400-1417 (Part XIV

Certification by the NMED is required for all individuals and
companies that install or repair UST system in New Mexico.
Certification is based on field experience, training, and a written
and an on-site examinoation.

Documentation of certification of the contractor that installed the new UST systems at WIPP is
retained at the WIPP.

25.2.6.84 Priorities, USTR Section 1505

AM ED priorites for corrective action at sites contaminated by
releases of regulated substances from US7's are established in this
section.

If a release is detected from the UST systems at WIPP, the acticn to be taken by the NMED will
depend on the extent and nature of the release.

See Section 25.2.6.85 for the requirements for a minimum site assessment.

25.2.6.85 Minimum Site Assesment, USTR Section 15018

Owners and operators are strictly liable for the NMED s costs of
taking corrective action at a site unless the owner or operator has
conducted a minimum ,site assessment as required by these
regulations. To complete such an assessment, the owner and
operator must report, investigate, and confirm the release pursuant
to USTR Part WI and determine the immediate Extent, magnitude,
and impact of contamination by conducting investigations and
reporting to rhe NMED (US7R Sections 1203 -through 1206). Thie
owner or operator shall include with the report of the on-site
investigation a copy of any insurance policies which are in effect
on the date of the report and any policies in existence at the time
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the release may have occurred. The NMED shall notify the owner
or operator of any inadequacies in the report within 30 days of its
receipt of the on-site investigation report. The owner or operator
shall, within 15 days of such notice of inadequacy, modify the
report and resubmt it to the NMED for review and written
approval. If the modified report does not meet the requirements of
USTR Section 1205, the owner and operator shall be deemed not
to have conducted a minimum site assessment.

If a minimum site assessment is deemed necessary, it will be prepared and submitted to meet
the requirements specified. The tranismittal of insurance policies is not required for a Federal
facility; therefore, the report would not be accompanied by a copy of such policies.
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26.0 NEW MEXICO SOLED WASTE ACT

26.1 Summary of the Law

With the enactment of the Solid Waste Act (SWA) in 1990, the Legislature of the State of New
Mexico authorized and directed the establishment of a comprehensive and integrated solid waste
management program at both the. State and local levels. This legislation directs the planning and
regulation of the reduction, storage, collection, transportation, and disposal of solid waste and
authorizes the establishment of a system of permits for the construction, operation, and, if
applicable, closure and postclosure maintenance of solid waste facilities.

The SWA is implemented by the New Mexico Solid Waste Management Regulations (SWMiRs).
T~hese regulations are applicable to WIPP because of the presence of a construction landfill and
infectious wastes at the facility.

26.2 Compliance Status of the Regulatory Requirements

Table 26-1 sumrzsthe applicable requirements and their compliance status under the State
of New Mexico's Solid Waste Act. The text provides more detail on the compliance status of

* each requirement.

TABLE 26-1. New Mexico Solid Waste Act - Summary of Regulatory Compliance Status

C1TAT[ON REQUIREMENT CONMLIANCE SrATUS

Solid Waste Management Applicability of regulations UP TO DATE
Regulations (SWMR-3),
104 Landfill on WIPP site

___________________ ___________________ [Section 26.2. 11

SWMR-3, j 106 General requirements UP TO DATE

Landfili managed as required

____ ___ ____ ___ ____ _ _ ___ ____ ___ ____ ___ ___ [Section 26.2.21

26-1 October 21, 1994



New Mexico Envirotiment Department New Mexico Solid Waste Act

Table 26-1 (continued)

CiTATION REQuuIRmENT COMPLIANCE STATUS

SWMR-3, § 107 Prohibited acts UP TO DATE

Wastes specified that are
excluded from the landfill

____ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ (Section 26.2.3]

SWMR-3, § 109 Recordkeeping and annual UP TO DATE
reports

Documentation process in place

____ ___ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ __ (Section 26.2.4]

SWMR-3, §§ 201, 202, 209, Permit application requirements NOT APPLICABLE
210

Landfill exempt

____ ___ ____ ___ ____ _ _ ___ ____ ___ ____ ___ __ [Section 26.2.5]

SWMR-3, Part IV Solid waste facility operation UP TO DATE

Operated as required

______________ ______________ [Section 26.2.61

SWMR-3, Part V Closure and postclosure NOT APPLICABLE

andfill exempt

______________________ [Section 26.2.71

SWMR-3, Part VI Operator certification NOT APPLICABLE

L andfill exempt

____ ___ ____ ___ ____ __ ___ ____ ___ ____ ___ ___ [Section 26.2.81

SWMR-3, I 706(C) Storage and containment UP TO DATE
requremntsfor infectious

wase Storage and containment
procedures established

I___________________________ [Section 26.2.91
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Table 26-1 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

SWMR-3, § 706(D) Operational requirements for ACHI[EVED
infectious waste treatment,
storage, and disposal facilities Operational procedures

established

___________________ ______________________ [Section 26.2. 10]

SWMR-3, § 706(E) Treatment and disposal of ACHIEVED
infectious waste

Off-site incineration or steami
sterilization used

____ ___ ___ ___ ___ _ _ ____ ___ ___ ___ ___ ___ [Section 26.2.11]

SWMR-3, § 706(F) Requirements for infectious NOT APPLICABLE
waste transporters

Transport by off-site contractor

____ ___ ____ ___ ____ _ _ ___ ____ ___ ____ ___ __ [Section 26.2.12]

SWMR-3, § 711 Manifest requirements (to UP TO DATE
accompany each load of
infectious waste) Manifest provided

____ ___ ___ ____ ___ __ ____ ___ ___ ____ ___ ___ (Section 26.2.131

26.2.1 Applicability of ReuainSWMR-3, 1104

Subpart 10~4 specifies that these regulations apply to all
transporters of solid waste and to owners and operators of storage,
transfer, pivxessing, transformation, recycling, or disposal
facilities.

A construction landfill is located on the WIPP site. The landfMl is used only for nonhazardous
waste from construction activities; no hazardous wastes or mammrals are allowed.
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26.2.2 General Requirements for Processing and Disposal of Solid Waste,
SWMR-3, § 106

All solid waste must be processed or disposed of by means in
accordance with Environmental Improvement Board regulations,
including recycling, composting, transformation. or landflling.
Generators of solid waste must provide containers for the solid
waste except for construction and demolition debris, yard refuse,
and white goods.

The construction landfill is managed in accordance with applicable State and Federal
requirements. The requirements and rules of operation are described in a WIPP procedure that
provides guidelines for the operation of the construction landfill in a manner that is protective
of human health and the environument and ensures compliance with applicable local, State, and

Federal laws and regulations. Because the landfill is limited to construction debris and
nonhazardous solid waste, no containers are provided.

26.2.3 Prohibited Acts, SWMR-3, § 107

Subpart 107 specifies prohibited acts including the following:
disposal of solid waste in places other than a permitted solid wasteO facility; disposal of regulated waste such as special waste,
hazardous waste, radioactive materials, and petroleum waste;
disposal of bulk liquids; and disposal of any solid wastes that are
known to be harmful to the environment or hazardous to public
health or safety.

The following wastes are excluded from the WIPP landfill:

0 Radioactive materials
0 Hazardous or other regulated materials, including petroleum products
* Liquids, or containers that contain liquids
0 Any recyclable materials as determined by the Westinghouse Waste Isolation

Division (WID).

Construction debris that may be disposed of in the lanfil are timers, pipes, excavation soil
(if not contaminated with hazardous materials/wastes), concrete, packing materials, sheet metal,
glass, and wood.
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26.2.4 Recordkeeping and Annual Reports, SWMR-3, § 109

Operators of solid waste facilities shall make and maintain records
during the active life of the facility. Operators shall submit annual
reports to the Secretary of the New Mexico Environment
Department (NMED)) within 45 days after each anniversary date of
any permit or other approval given.

The records required are found on the WID Construction Debris Disposal Form (WP Form
1633), which requires the name, company, date, description andi estimated volume of debris, and
signatures of the landfill user and of the landfill custodian. No permit is required (see Section
26.2.5). Therefore, an annual report is not necessary.

26.2.5 Permit Application Requirements, SWMR-3, §§ 201, 202, 209, 210

Any person seeking a permit to construct, operate, or modify a
solid waste facility must file an application.

This landfill is exempted from permit application reurmnsbecause it receives construction
* debris only and because it is located at the same site where the construction debris is generated.

Therefore, a permit is not required for this landfill.

26.2.6 Solid Waste Facility Operation, SWMR-3, Part IV

A solid waste facility must be operated so that it does not cause a
public nuisance or creote a potential hazard to public health or
welfare.

The construction landfill is operated according to WED prooxdures that ensure protection of
public health and welfare.

26.2.7 Landfill Closure and Postclosure RqieetSWMR-3, Part V

Part V of the SWIMfs specifies a number of landfll closure and
postclosure requirements including the installation of a final cover,
preparing and implementing a land-use plan, a schedule for
completing all closure work, an approved postclosure care and
monitoring plan, and annual reports.
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This landfill is exempted from these requirements because it receives construction debris only
and because it is located at the same site (i.e., WIPP) where the construction debris is generated.
Therefore, closure and postclosure requirements are not applicable.

26.2.8 Operator Certification, SWMR-3, Part VI

Part VW of SWAM-3 provides requirements for operator
certification: certification of operators is required as of
January 31, 1994. Thje amount and type ofpersonnel training and
experience are specified for landflls and for other types offacifly.

This landfill is exempted from these requirements because it receives construction debris only
and because it is located at the same site (i.e., WIPP) where the construction debris is generated.
Therefore, operator certification is not required.

26.2.9 Storage and Containment of Infectious Waste, SWMR-3, § 706(C)O Subpart 706 (C) specifies infectious wmae storage and containment
requirements, including waste segregation;~ specifications for

T\ container integrity; container labeling and marking; and storage
and containment area access, integrity, and marking.

The following practices are ongoing at WIPP:

" Access to the collection and storage area is limited to trained medical personnel who are
vaccinated against hepatits.

" Special containers are easily identifiable through the use of enclosed red-lined bio-hazard
bags.

" All sharps are sealed in containers that are leak-proof, puncture-proof, and tamper-proof.
These containers are then enclosed in plastic bio-hazard bags.

" All containment bags are clearly identifiable with red lining as specified by 29 CFR
1910. 145(f)(4).

" No infectious waste containers are reused.

26-6 October 21, 1994



New Mexico Environent Department New Mexico Solid Waste Act

* Storage and containment areas are in an enclosed, clearly marked environment.

* No compaction or grinding devices are used to reduce ihe volume of infectious waste.

26.2.10 Infectious Waste Treatment, Storage, and Disposal Facilities,
SWMR-3, § 706(D)

Section 706(D) specifies operational requirements for infectious
waste treatment, storage, and disposal facilities. Included is a
requirement for the preparation and maintenance of a management
plan that identifies the type of waste generated or handled, the
segregation, packaging, labeling, collection, storage, and
transportation procedures go be implemented,~ the treatment or
disposal methods to be used; the transporter andf disposal facility
to be used; and the person responsible for the management of the
infectious waste.

The WI] Transportation Manual and the Occupational Health Manual address the operational
requirements for infectious waste as specified in this part.

26.2.11 Treatment and Disposal of Infectious Waste, SWMR-3, § 706(E)Q Several methods are specified for the treatmemt and disposal of
infectious waste. These methods include controlled incineration,
heat sterilization, discharge to a sewage treatment system, and
landflling.

The method of treatment and disposal is incineration or steam sterilization at an off-site facility.
Transportation is provided by an off-site subcontactor. Transfer is monitored by WI])
personnel.

26.2.12 Infectious Waste Transporters, SWMR-3, § 706(F)

Reqsiamment for the transportation of infectious waste are
specified in this section.

WIPP does not transport infectious waste. Transportation is accomplished by an off-site
subcontractor.
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26.2.13 Manifest Requirements, SWMR-3, § 711

A manifest must accompany each shipment of infectious waste.
E-ach manifest must include information on the waste generator,
transporter, waste treatment facility, the type of waste, and any
special instructions.

Medical waste shipments are accompanied by a shipment manifest that includes the required
information.
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27 .0 NEW MEXIO ENVIRONMENTAL IMPROVEMENT ACT

27.1 Summary of the Law

The enactment of the New Mexico Environmental Improvement Act (EIA; §§ 74-1-1 through
74-1-10 NMSA 1978) created the Environmental Improvement Board (1BE) to promulgate
regulations and standards to protect health and safety and the environment. The EIA also
created the Environmental Improvement Division, now known as the New Mexico Environment
Department (NMEED). The act directs the NMED to assume responsibility for environmental
management and protection in order to ensure an environment that confers optimal health,
safety, comfort, and economic and social well-being on its inhabitants. In carrying out its
responsibilities, the NMIEED is directed to maintain, develop, and enforce regulations and
standards in areas including water supply, liquid waste, air quality, radiation control, health and
safety, hazardous wastes, and underground storage tanks. As discussed in Chapters 25 through
31 of this report, many of these regulations and standards ar-e applicable to WIPP. These
include the Hazardous Waste Act and the imoplementing hazardous waste managemn and
underground storage tank regulations (Chapter 25), the Solid Waste Act (Chapter 26), the
Ground Water Protection Act (Chapter 28), the Air Quality Control Act (Chapter 29), the Water
Quality Act (Chapter 30) and Water Supply Regulations (Chapter 31).

. 27.2 Compliance Status of the Law

The DOE will continue to comply with all applicable New Mexico environmental regulations
and standards as demonstrated in the following chapters.
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28.0 NEW MEXICO GROUND WATER PROTECTION ACT

28.1 Summary of the Law

The Ground Water Protection Act (GWPA; § 74-6B NMSA 1978) was enacted in 1990 in
response to the threat facing public health and safety and the environment from pollution of
ground-water resources from leaking underground storage tanks (USTs). The purpose of this
act includes the provision of substantive direction that allows the State of New Mexico to take
corrective action at sites contaminated by leakage from USTs.

The GWPA is implemented by the regulations of the New Mexico Environment Department
(NMED), NMED-92- 1, Ground Water Protection Act Corrective Action Fund Regulations.
These regulations provide guidelines for the payment or reimbursal of the costs of a minimum
site assessment and corrective action and specify the requirements for owners or operators of
leaking USTs.

The GWPA is also implemented by the Ground Water Protection Act Regulations that are
provided in, the New Mexico Underground Storage Tank Regulations (USTR) as Part XV.
These regulations are discussed in Chapter 25. WIPP has instilled two new UST system that
meet the new standards and reqiremem-s for USTs. Procedures are in place for routine. ,operatons, regarding the tanks and for dealing with any spills or releases from the UST systems.
Two sections in Chapter 25 (Sections 25.2.6.84 and 25.2.6.85) deal specifically with the
applicable New Mexico Ground Water Protection, Act Regulations.

28.2 Compliance Status of the Regulatory Requirement

Table 28-1 sumr the geneal regulatory requirment and its compliance status under the
implementing regulation of the New Mexico Ground Water Protection Act. See also Sections
25.2.2.84 and 25.2.2.85 for the applicable portions of the Ground Water Protection Act
Regulations.
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TABLE 28-1. New Meico Ground Water Protection Act - Summary of Regulatory

Compliance Status

CU~ATON I REQUIREMENT COMPUANcE STATUS

New Mexico Environment Deportment 92-1, Ground Water Protection Act Corrective Action Fwnd
Regulations

NMEJ) 92-1 Reimbursement of costs from NOT APPLICABLE
corrective actions for
spills/releases from USTs No spills or leaks from new UST

systems

[Section 28.2. 11

28.2.1 Corrective Action for Spilsleeases from USTs, NMIED-92-1

Th&e owners or operators of US? s that release a regulated
substance must take appropriate corrective action. 7Te NMED will
reimburse certain costs associated with performing a minimum site
assessment and other corrective actions taken for spills or releases
from U1STs.

NMED-92-1 provides a vehici. for reimbursing the owners and operators of leaking UST
systems with some of the costs spew on corrective action and minimum site assessments
performed. As a Federal. agey, it as doubdfu that the DOE would seek to be reimbursed for
any such corre acOM tadmat WIP;
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29.0 NEW MEXICO AIR QUALITY CONTROL ACT

29.1 Summary of the, Law

The New Mexico Air Quality Control Act (§§ 74-2-1 through 74-2-22 NMSA 1978), based
primarily on the Clean Air Act (CAA; see Chapter 6), is not generally more stringent than the
CAA except in areas of air pollution prevention that have not been preempted by the CAA and
are not precluded by the limiting provisions of the Air Quality Control Act. The Air Quality
Control Act is implemented by the Air Quality Control Regulations (AQCRs).

Under 40 CER Part 70, operating permits are required for both area and major sources. The
New Mexico Environment Department (NMED) will implement the Federal requirements under
AQCR 770, and AQCR 771 will contain the fee structure for the operating permit program.
However, these AQCRs have not yet been issued. At this time., emission limits for area sources
have not been established, and major source emission thresholds are being used to determine
which facilities require operating permits for both area and major sources under 40 CFR Part 70.

29.2 Compliance Status of the Regulatory Requirements

. Table 29-1 summarizes the compliance status of the AQCR requirements that are potentially
applicable to WIPP. The text provides more detail on the compliance status of each
requirement. It should be noted that AQCRs 770 and 771 will. deal with the State operating
permit program; however, these AQCRs have not yet been issued and, therefore, are not
included in this section. Furthermore, based on major sourcea emission thresholds, emissions
from WIPP are significantly below the emission levels that require the submittal of an operating
permit application.
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TABLE 29-1. Air Quality Control Act - Summary of Regulatory

Compliance Status

CrIATON REQUnEMWM ~ COhMPLACE STATUS

New Mesico Air Quality Control Regulations (AQCRs)

Air Quality Regulations to control open burning ACHIEVED
Control
Regulation Open-burning permit (see also Section
(AQCR) 301 29.3.1)

[Section 29.2. 1]

AQCR 401 Regulations to control smoke and visible ACHIEVED
emissions

____________ _________________________[Section 29.2.21

AQCR 507 Oil-uzng equipment-paiculate matte NOT APPLICABLE

Oil-buning equipment below rated beat

_____________[Section 29.2.31

AQCR 605 Oil-burning equipmn-sulfur dioxide NOT APPLICABLE

Oil-burning equipment below rated heat

capacity of regulated equipmn

____________________________ [Section 29.2.41

AQCR 606 Oil-burning equipment-nitrogen dioxide NOT APPICABLE

Oil-burning equipment below rated beat
capacity of regulated equipment

____________ __________________________[Section 29.2.51

AQCR 700 Permit fees ACEDEVED

Fee sent with permit application (see

AQCR 702)

_________ __________________ [Section 29.2.6]
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TABLE 29-1 (continued)

CITATION REQUIREMENTS: COMIPLIANCE STATUS

AQCR 702 Permits ACHIEVED

Application for permit for generators
filed July 13, 1993; permit issued on
December 7, 1993 (see Section 29.3.2)

____________ __________________________ Section 29.2.7]

AQCR 703.1 Annual emission inventory from permitted UP TO DATE
facility or if more than I ton of lead or 10
tons Of Particulates, S02, N0 2, CO, or Requirement for the submittal of 1993
volatile organic compounds (VOCs) are emission data from diesel generators
emitted from the facility in any calendar completed by submittal of sampling
year compliance plan (see Section 29.3.2)

____________ __________________________[Section 29.2.81

AQCR 710 Stack height requirements ACHIEVED

Stack height approved by State

____________ _________________________[Section, 29.2.91

AQCR 751 NESHAPs - radionuclides (40 CFR NOT APPLICABLE
Part 61, Subpart H)

Radionuclides (Subpart H): not present
NESHAPs - other HAPs (40 CFR Part 61, EPA-regulated; see Chapter 6 '

Subpart A)
Other HAP$ (Subpart A): WMD HANs

ininitory: HAP emissions not present
or significanatly below regulatory limits

____________ _________________________[section 29.2. 101(Ahj) 72Apicatnt (TAN)srtono oxcar O PPIAL
AQCR 752 plicanto forrestrtoftxcarNTAPIAL

WID HANs inventory: emissions of
TAPs significantly below threshold
levels for registration application

___________ ________________________ [Section 29.2.11]
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TABLE 29-1 (continued)

C]TATION REQUEREEKS COMPLIANCE STATUS

AQCR 801 Excess emissions during malfunction, UP TO DATE
startup, shutdown, or scheduled
maintenance Any excess emissions that occur to be

reported in accordance with AQCR 801

____ ____ ___ _ __ ___ ____ ___ ____ ___ ____ ___ [Section 29.2. 12]

AQCR 901 Controlling emissions leaving New ACHIEVED
Mexico

Emissions do not exceed NAAQS

____ ____ ___ _ __ ___ ____ ___ ____ ___ ____ __ [Section 29.2. 13]

AC1001 Sampling equipment UP TO DATE

Addressed in AQCR 702 permit

____ ____ ____ ____ ____ ____ ___ [Section 29.2. 14]

29.2.1 egltnsto Control Open Burning, AQCR 301O Open burning is allowed for the instruction and training of fire-
fighting and -rescue personnel when a permit is obtained from the

The DOE has applied for, and received, a permit to allow open burning for fire-fighter training.
More specific information about the permit is provided in Section 29.3. 1.

29.2.2 R uatosto Control Smoke and Visible EmiLsous, AQCR 401

No person owning or operating stationary combustion equipment
shall permit, caue, or allow visible emissions from stationary
combuion equipment to equal or exceed an opacity of 20 percent.
No emissions of smoke with an opacity greater than 30 percent
shall be released into the open air for any period greater than
10 seconds from any diesel-powered vehicle operating below
80(Y feet mean sea level. Opacity emissions shall be determined
using Method 9 described in Appendix A of 40 CFR Part 60
(mmum time periodfor taking opacity readings: 10 minutes).
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Opacity measurements are not required for the backup diesel generators because no Opacity
measurements are specifically required under the permit (see Section 29.3.2). However, opacity
testing has been performed on the generators and was found to be less than the 20-percent
opacity limit.

Other diesel equipment is present on site that does not require a permit under AQCR 702
because this equipment represents such a small source of emissions. The inventory on the
equipment was submitted to the NMEED with the permit application for the backup generators.
The emissions from this diesel equipment fall well below the permit thresholds; however, the
equipment is scheduled for opacity testing. Method 9 will be used with at least 10-minute
opacity readings.

29.2.3 Oil-Burning Equipment-Particulate Matter, AQCR 507

Standards have been established for particulate-matter emissions
from oil-burning equipment with a rated heat capacity exceeding
250 million British thermal units (ETUs) per hour.

No oil-burning equipment at WIPP exceeds this rated heat capacity. The rated heat capacity of
* each of the generators is only 139.6 million BTUs per hour.

29.2.4 Oil-Burning Equipment-Sulfur Dioide, AQ4CR 605

Standards have been established for sulfu~r dioxide emissions from
oil-burning equipment vwh a rated heat capacity exceeding
1 milon milion (i.e., 1012) BTUs per hour.

No oil-burning equipm ent at W[PP exceeds this rated heat capacity. The rated heat capacity of
each of the two generators is only 139.6 million BTUs per hour (i.e., 1.4 x 10V BTUs per hour).

29.2.5 Oil-Burning Equipment-Nitrogen Dioide, AQCR 606

Standards have been established for nitrogen doieemissions
from oil-burning equipment with a rated heat cqapy of 1&2~ BTUs
per hour.

No oil-burning equipment at WIPP exceeds this rated heat capacity. The rated heat capacity of
each of the two generators is only 139.6 million BTUs per houar (i.e., 1.4 x 10' ETUs/hour).
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29.2.6 Permit Fees, AQCR 700

Permit fees must be paid with the submittal of a permit application.

The only permits required at WIPP under the AQCRs are for open burning and for the
generators (see also Sections 29.2.6, 29.3. 1, and 29.3.2). The permit fee for the diesel
generators ($10,100) was submitted with the permit application in July 1993.

29.2.7 Permits, AQCR 702

A permit is required for facilities that emit criteria pollutants or
toxic air pollutants at rates that meet or exceed the threshold levels
specified in AQCR 702.

Preliminary calculations for the backup diesel generator emissions exceed the hourly thresholds
for nitrogen dioxide that require the submittal of a permit application under AQCR 702.
Thierefore, the WIPP submitted an AQCR 702 permit application to the WMED for the diesel
generators, which was received by the State on July 13, 1993. The WIPP received notification
from the State on August 24, 1993, that modeling information was needed to complete the
application. The information was submitted within the 10-day window specified by the State.
The State has since concurred that the permit application is complete. Thie permit was issuedW
by the NMED on December 7, 1993 (see Section 29.3).

29.2.8 Annual Emission Inventory, AQCR 703.1

An annual emission inventory is required annually for any
stationary source permitted under AQCR 702 (except for those
sources thatmae permitted only for TAP emissions), Other sourcesO that are required to file an annual emission inventory are those
that must file a Notice of Intent under AQCR 703.1 or that emit in
excess of 1 ton of lead or 10 tons of total susended particulates,
particulate matter with an aerda~mic diameter of 10 u or less
(i.e., Mid., sulfur dioxide, nitrogen dioxide, carbon monoxide, or
volatile organic compounds (VOCs) in any calendar year including
and subsequent to 1990.

The requirement for the 1994 submittal of an annual emission inventory was fulfilled by the
submittal of the 1993 diesel generator emission data to the NMED in the sampling complia- -
plan. WIPP will file annual inventories if the NNWD should determine that such a2nual reporns
are required.
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29.2.9 Stack Height Requirements, AQCR 710

Stack height requirements must be met.

WIPP meets the requirement for stack height. The State has approved WIPP's calculations and

modeling.

29.2. 10 National Emission Standards for Hazardous Air Pollutants (NESHAPs),
AQCR 751

NESHAPs requirements must be met.

The State is authorized to administer the NESHAPs program except for radionuclide emissions.
Therefore, the EPA regulates these emissions under Subpart H of 40 CER Part 61 (see
Chapter 6). The State is currently performing an inventory of hazardous air pollutant MHAP)
emissions within New Mexico, particularly of the 181 HAPs that were added to the list in the
Clean Air Act Amendments of 1990. After the inventory has been completed, the State will
begin the process of promulgating regulations to control these emissions. WIPP will be required
to comply with these new regulations for any HAPs emitted ftrom a major or an area source.. In 1993, the WIPP completed a HAPs emission inventory (W[D, 1993c) The HAP inventory
included calculations of the maximal potential hourly and annual emissions of criteria pollutants,
all 189 regulated NESHAP pollutants, and the New Mexico toxic air pollutants (TAPs) specified
under New Mexico Air Quality Control Regulations (AQCR) 7,51 and Part EII of 702. Emission
estimates were used to determine if the WIPP is required to obtain any air permits under State
or Federal regulations. Based on the HAPs inventory calculations, WIPP operations are
significantly below the 10-ton per year (tpy) emission limit for any individual HAP or the 25-tpy
limit for combined HAPs emissions established in Subpart A of NESHAPs. Thus, the WIPP
does not have any NESHAP Subpart A permitting or reporting requirement at this time.
However, 40 CER 61 .09(a)(1) requires that the EPA be notified of WIPP's anticipated date of
initial startup of the source no more than 60 days or less than 30 days before that date.

29.2.11 Appklaim for elra nAQCR 752

An application for the registatin of toxc air poll=tn= (TA~s)
must be submited to the State if any are or could be emitted at
levels that meet or exceed the levels specified in Appendix A of
AQCR 752.

As indicated in Section 29.2. 10, the WIPP HAPs emission inventory that was completed in 1993
included calculations of the maximali potential hourly and annual emissions of the New Mexico
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TAP identified under AQCR 751 and Part III of 702. Emission estimates were used to
determine if the WIPP is required to obtain air permits under State or Federal regulations.
Based on HAl's inventory calculations, WIPP operations are significantly below the emission
limit specified for any TAP; therefore, WIPP is not required to register any air pollutant
emissions under AQCR 752.

29.2.12 Excess Emissions During Malfunction, Startup, Shutdown, or Scheduled
Maintenance, AQCR 801

Excess emissions during malfiution, startu, shutdown, or
scheduled maintenance must be minimized.

Special attention will be paid during startup, shutdown, scheduled maintenance, and any
malfunction of the generators to ensure that emissions are minimized. The release of excess
emnissions is unlikely, however, because a redundant system is in place, and the second backup
generator will be used to reduce potential emissions. If excess emissions occur, reporting will
be performed as required by AQCR 801.

29.2.13 Controlling Emissions Leaving New Mexico, AQCR 901

Emissions leaving New Mexico must not exceed the standards and
regulations of the receiving State.

Emissions calculations and modeling that have been completed reveal that the emissions do not
exceed the NAAQs.

29.2.14 Sampling Equipment, AQCR 1001O Sampling equipment on stackts or other openings through which
emissons are released to the atmosphere will be used as required.

The sampling equipment required for measuring emissions from the WIPP backup diesel
generators was specified by the State in § 3(b) of the permit. Sampling ports, safe sampiing
platforms, safe access to sampling platforms, and utilities for sampling and testing equipment
have been provided. A 0.25-inch stainless steel sampling line adjacent to the sampling ports
which extends down to within 4 feet above ground level has been installed as required by the
permit. This sampling line provides access for future audits by the NMED (see Section 29.3.2).
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29.3 Compliance Status of Permit Conditions

Two permits issued under the AQCRs are in place at WIPP: the open-burning permit and the
permit for the backup diesel generators, which was issued to WIPP on December 7, 1993. The
permit conditions and the compliance status of each are simarized in Table 29-2. More
detailed information is provided in the text.

TABLE 29-2. Air Quality Permits at WIPP - Summary of Regulatory
Complianice Status

CONDITON REQUIREMENTS COMPLIANCE STATUS

Open-Burniug Permit

Conditions Application and permit ACHIEVED

Permit obtained

____ ___ ____ ___ ____ _ _ ___ ____ ___ ____ ___ __ [Section 29.3. 11

Air Quality Pemit No. 310-M-2 for the Two Backup Diesel Generators

Condition 1 Constriction and operation UP TO DATE

E~quipment installed and operated

Section 29.3.2. 1]®Condition 2 'Emission rates (NO%, CO2, 502, UP TO DATE
and -atclt mawte)

Compliance tests

______________________ Section 29.3 .2.21

Conditions 3-4 Compliance test methods UP TO DATE

Completion of complianc tests ad
submittal of the final Emission
Samplng Repopt to the NMED in
March 1994

____ ___ ___ ___ ____ _ _ ___ ___ ____ ___ ___ ___ [Section 29.3.2.3]
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TABLE 29-2 (continued)

CONDITION REQUIREMENTS COMPLIANCE STATUS

Condition 5 Revisions and modifications NOT APPLICABLE

Revised permit application and

NMED inspections

(Section 29.3.2.4]

Condition 6 Notification to subsequent NOT APPLICABLE
owners

Notification to new owner/operator
and to NMED

Condition 7 Right to access property and U ODT
review records

____ ____ ___ ____ ____ ___ [Section 29.3 .2.61

Condition 8 Posting of the permit ACHIEVED

Posting of permit

______________________[Section 29.3.2.7]

Condition 9 Recordkeeping UP TO DATE

Records retained; WID procedure

______________________[Section 29.3.2.81

Condition 10 Reporting UP TO DATE

Reports and notifications to NMED

[Section 29.3 .2.91

Additional condition, P. 8 Permit cancellations NOT APPLICABLE

Submittal of new permit application

____________________[Section 29.3.2. 101

29-10 October 21, 1994



New Mexico Environment Department Air Quality Control Act

TABLE 29-2 (continued)

CONDITON REQUIREMENTS CONMIANCE STATUS

Additional condition, p. 8 Notice of intent and emission UP TO DATE
inventory

See Section 29.2.8

[Section 29.3.2.111

29.3.1 Conditions of Open-Burning Permit, Application and Permit

Open burng is allowed monthly for u~p to 1 year. Up to
500 gallons of propane, diesel, gasoline, wood products, and
standard automotive vehicles are to be burned; plywood and tires
are excluded. All burning must take place during the time period
of 3 hours gifter sunrise to 1 hour before sunsei. The direction of
the wind at the burning site must be such that the smoke is
generally carried away from public roads and areas of human
habitation. All burning must cease whenever an air stagnation
advisory is issued for the area by the U.S. Weather Service. All
material to be burned must be as dry as possible, and the amount
of dirt on the material must be minimized. No natural or synthetic
rubber or petroleum products shall be burned. All applicable
restrictions, codes, and ordinances shall be met.

All conditions specified in the application and in the permit are met. The permit is valid from
March 1, 1994, to March 1, 1995.

29.3.2 Permit for Badkup-Diese Gerierators, Permit No. 310-M-2

The conditicw specified by Air Quality Permit No. 310-M-2 for the backup diesel generators
at WIPP are desncribed in this section.

29.3.2.1 CM trInF and Operaition, Condition 1

The plant [i.e., the diesel generators] shall be constructed and
operated as described in the pernit application dated June 18&
1993, and with the air quality monitoring information that was
su bmitted on September 22, 1993, unless modifted by the
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conditions of this permit. The facility consists of two Caterpillar
diesel generators with a rated capacity of 1S500 horsepower. Only
one Caterpillar diesel engine may operate at one time, and the sum
of hours of operation for both engines shall not exceed 480 hours
per year. Changes in plans, specifications, and other
representations proidded in the application documents shall not be
made if they change the method of emissions control or in the
character of the emissions or if they would increase the discharge
of emissions. Any such proposed change must be submitted as a
proposal revision or modification of the permit -accordance with
the condition described in Section 29.3.2.4.

The equipment described in the permit application was installed and is operated in accordance
with the application and with the terms and conditions of the permit.

29.3.2.2 Emission Rates, Condition 2

Thse ANED has specified maximal emission rates for nitrogenO oxide, carbon monoxide, sulfur dioxide, and parti culate matter (see
Table 29-3). The rates specified are in terms of pounds per hour
and tons per year from each engine and from the facility (i.e., both
engines).

The amounts of emissions were based upon calculations for the equipment installed. The
equipment is operated and maintained in accordance with the manufacturer's specification.

TABLE 29-3. Allowable Emission Rates from the Diesel Generator Engines at WIPP

Allowable EmiWORa Rate

Allowable E~mi~lu Rae froms Each Total Allowable Rates from Both Diesel
Dinse Eqhie EngA&__

PollaiU Numis Per Hour Tom per Year Pounds per Hour Tons per Year

Nitrogen dioxide 46.3 5.6 46.3 11.2

LCarbon mnoxide 10.1 1.2 10.1 2.4

Sulfurdioxide 3.1 0.4 3.10.

ariutParticulate matter 3.3 0.4 3.3 0.8
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29.3.2.3 Compliance Test Methods, Conditions 3-4

initial compliance tests for all four pollutants described for
Condition 2 (Section 29.3.2) are required for one of the diesel
generators. Compliance tests may be reimposed if noncompliance
is indicated or if the tests were technically unsatisactory. The
tests shall be conducted within 60 darys after achieving the max'imal
production rote at which the generator will normally be operated.
If the maximal production rate does not occur within 120 days of
source startWq, the tests must be conducted no later than 180 days
after the initial startup of the source.

The tests shall be conducted in accordance with EPA Reference
Methods 1-4, Method 5 (oarticulate matter), Method 6 (sulfur
dioxide), Method 7(A-E) (nitrogen dioxide), and Method 10
(carbon monoxide) contained in 40 CFR Part 60, Appendix A, and
with the requirements of 40 CFR 60.8(t). The oxygen in the stack
gas shall be determined b7y using EPA Method 3.

The NMED shall be notified of the date and time of compliance
testing at least 30 day~s before the planned test date so that the
NMED may have an observer present during testing. Thkepermittee
will arrange a pretest meeting with the NAME at least 30 days
prior to the anticipated test date and shall observe the pre-testing
and testing procedures described in detail under this condition.
These requirements include submitting a written test protocol to the
NMED at least 1 week prior to the testing date for approval and
providing appropriate equipment and access to the NMED observer
for samplisng. Several parawnee (i.e., engine revolutions per
minute, uhaust static pressure exhu manifld temperatzure, fuel

conswpti an.wd horsepower as indicatd by kilowwt output] shall
be monitored and recorded d&Ping the test and the results included
with the testreport. Flow straighteners shall be installed where
necessay topreen cyclonic flow in the stack. Thke tests shall be
conducted at 90 percent of fidi load or greater and at additional
loads as specifie by NMED personnel at the test or pre -test
meeting.

Two copies of the compliance test report must be submitted to the
NMED within 30 days after completion of testing.
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Compliance with these conditions was achieved. The compliance test report (Emission Sampling
Report, Backup Diesel Generator) was submitted to the NMED Air Quality Bureau on March
6, 1994, and was approved on May 12, 1994.

29.3.2.4 Revisions and Modifications, Condition 5

Any future changes shall be preceded by the submittal of a permit
application to the NMED in accordance with AQCR 702. No
modifications shall be made prior to the issuance of the revised
permit.

There have been no revisions or modification to the equipment or its operation.

29.3.2.5 Notification to Subsequent Owners, Condition 6

If there is any change in control or ownership of the desel
generators, the permittee shall notify the succeeding owner of the
permit and its conditions and shall notift the NMED of the change
in ownership within 15 days of the change.

There has been no change in ownership or control of the permitted equipment.

29.3.2.6 Right to Access Property and Review Records, Condition 7

7Te NAMD wil be given the right to enter the facility at all
reasonable times to verify the terms and conditions of the permit.® Upon receipt of a verbal or written request from any authorized
representative of the NMFJ). the company will produce any records
or iryvrmation necessary to demonstrate that the terms and
conditions of the permit are being met.

Upon request, NMNW representaives will be allowed non-restricted entry to the site and will
be provided with appropriate records ard information.
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29.3.2.7 Posting of the Permit, Condition 8

A copy of the permit will be posted and in view of the plan site at
all times. It will be made available to NA1ED personnel for
inspection upon request.

A copy of the permit is posted in the office of the Facility Operations Shift Supervisor.

29.3 .2.8 Recordkeeping, Condition 9

DOE will maintain an operational log in which the date, time, and
hours of operation will be recorded for each engine. The records
will be maintained on siue for at least 2 years from the time of
recording and will be made available to NMD personnel upon
request.

Completion and maintenance of operational logs are carried out as prescribed by WID
procedure.

* 29.3.2.9 Reporting, Condition 10

7Te permittee will no*~ the NAM) in writing or provide the
NMED wai the following information:

7The anticipated date of the iniia stanlip of each new or
modified emission source at least 30 days prior to that date

77 Theactual date of the initial startu of each new or
modified source within 15 days after the startup date

77e date when each new or modified source reaches the
mmbal production rate at which it will operate within 15
days after that date

* Any change of operators within 15 days afer the change
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Any necessary update or correction no more than 60 days
after the operator knows or should have known of the
condition necessitating the update or correction of the
permit.

Notice of the initial startup of each source was submitted to the Air Quality Bureau in December
1993. Subsequent reports will be filed as needed.

29.3.2. 10 Permit Cancellations (Permit, p. 8)

Thje NMED will cancel the permit automatically if any source
ceases operation for at least S years or if the construction or
modification of a source is not initited within 2 years from the
date of issuance or if work on construction or modification is
suspended for a total of 1 year.

If the generator ceases operation for at least 5 years and is to be reactivated, a new permit
application will be filed. The generators will not be operated until the permit has been issued.

29.3.2.11 Notice of Intent and Emission Inventory (Permit, p. 8)

Requirements related to Notice of Intent and emission inventory are
contained in AQCR 703. 1.

See Section 29.2.8, which pertains to comnpliance with AQCR 703. 1.
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30.0 NEW MEXICO WATER QUALITY ACT

30.1 Summary of the Law

With the enactm~ent of the New Mexico Water Quality Act (WQA; 74-6&1 through 74-6-17
NMSA 1978), a mechanism was provided at the State level to establish water-quality standards
that are consistent with the Federal Clean Water Act (CWA). The State act created the Water
Quality Control Commission (WQCC) and directed the WQCC, as the State's water-pollution-
control agency for all purposes of the CWA, to adopt a comprehensive water quality
management program and water quality standards. The New, Mexico Water Quality Control
Commission Regulations include water-quality standards for ground and surface water and
regulations regarding discharges to surface-water courses and ground water. Pursuant to the
regulations of § 3-109, Director Approval, Disapproval, Modification, or Termination of
Proposed Discharge Plans, the discharge plan submitted by the DOE for the discharge of 23,000
gallons per day (gpd) of sewage effluent and up to 1,500 gpd of nonhazardous brine water from
the WIPP was approved in 199.

30.2 Compliance Status of the Regulatory Requirements

Table 30-1 summarizes the regulatory r~equirements_ and their compliance status under the New
Mexico Water Quality Act. Following the table, the text gives more detail on the compliance
status for each requirement.

TABLE 30-1. New Mexico Water Quality Act -
Summary of Regulatory CopineStatus

CITATON RQRMNTCOMPLIACE STATW

WQCC 82-1, New Meo Water Quality CoavWl Ceumma Reguiations

WQCC 82-1, 1 1-201 Notice of Intent (NO!) to ACHIEVED

NO! filed as required

I [(Seczion 30.2. 11
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TABLE 30-1 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

WQCC 82-1, § 1-202 Filing of plans and ACHIEVED
specifications-sewerage
systems Submitted to New Mexico

Environment Depatment
(NMED)

[Section 30.2.21

WQCC 82-1, § 1-203 Notificatic- if discharge- UP TO DATE
removal: requirements for
notification, corrective RCRA Contingency Plan
action, and reporting in the
event of an unauthorized
discharge of oil or other
water contaminant tha could [Section 30.2.31
have adverse effcs

WQCC 82-1, j 2-101 General dishare limitations UP TO DATE
and samipling/analytical

requirmentsSpecified in NMED Discharge
Plan Approval

[Section 30.2.4]

WQCC 82-1, 13-104 Authorization only of UP TO DATE
effluent(s)/leachates) as
specified in dischage plan Authorization granted

[Section 30.2.5]

WQCC 82-1, I 3-106 Application for discharg ACHIEVED
Plan aproval

Application sent to NMED

[Section 30.2.6]
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TABLE 30-1 (continued)

CITATION REQUIREMENT COMPLIANCE STATUS

WQCC 82-1, § 3-107 Monitoring, reporting, and UP TO DATE
other requirements

Monitoring reports filed

(Section 30.2.7]

WQCC 82-1, § 3-108 Public notice and ACEIEVED
participation

Public notice published

[Section 30.2.8]

WQCC 92-1, § 3-109 Director approval, UP TO DATE
disapproval, modification, or

temiatonof proposed Discharge Plan to be revised
discharge plans if necessary

[Section 30.2.9]

S WQCC §91-1 Water quality standards for NOT APLCABLE
-nntt and intrasut
mimin New Mexico No srasaffected by WIPP

[Section 30.2. 101
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30.2.1 Notice of Intent to Discharge, WQCC 82-1, § 1-201

Any parry intending to make a new water contaminant discharge or
to alter the character or location of an existing water contaminant
discharge, unless the discharge is being made or will be made into
a community sewer system or subject to the Liquid Waste Disposal
Regulations adopted by the New Mexico Environmental
Improvement Board, shall file a notice with the Water Pollution
Control Bureau of the New Mexico Environment Department
(MED).

Notices of Intent to discharge have been filed as required. The latest filing occurred on
January 8, 1992.

30.2.2 Filig of Plans and Speiictons - Sewerage Systems, WQCC 82-1, § 1-202

Any party proposing to construct a sewerage system or proposing
to modift any sewerage system in a manner that will change the
quanit or quality of the discharge firom the system substantially
must file plans and specifications for the construction or
modification with the Water Pollution Control Bureau of the

Sewerage system plans and specifications were included in the transmittal of the Discharge Plan
application to the NMEED.

30.2.3 Notification of Dhiscarge - Ranoval, WQCC 82-1, §11-203

Requirements for reporting, notifications, and corrective action
with respect to any discharge from any facilit of oil or other water
contaminant, -in such quantity as may with reasonable probability
uvure or be detrimental to human health, animal or plant life, or
property, or unreasonably inter~fere with the public welfare or the
use of property are specified.

In the event of an unuhrzddischarge of oil or other potentially harmful water cotminaints,
notification and reporting will be performed and corrective action taken according to WID
procedures and the RCRA Contingency Plan. The discharge will be reported to the Chief of the
Groundwater Bureau of the NMED within 24 hours. A written report will be submitted within
7 days, as required under this regulation.
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30.2.4 General Requirements, WQCC 82-1, § 2-101

General discharge limitations and sampling/analytical requirements
for the discharge of effluents to a watercourse must be met.

These limitations and requirements are specified in the NMED's Discharge Plan Approval
DP-831. The discharge limitations and the sampling/analyticai requirements are met. Reports
are submitted quarterly to the NMIED.

30.2.5 Discharge Plan Required, WQCC 82-1, § 3-104

No party shall cause or allow effluent or leachate to discharge so
that it may move directly or indirecty into ground water unless the
discharge meets the requirements of a discharge plan approved by
the Director. When a plan has been approved, discharges must be
consistent with the terms and conditions of the plan.

The discharge of 1,500 gallons per day of nonhazardous brine water at WIPP is authorized by
NMED Discharge Plan Approval DP-831.

30.2.6 Application for Discharge Plan Approval, WQCC 82-1, § 3-106

Any party who intends to begin discharging any listed water
contaminants or any toxic pollutan so that they may move directly
or indirectly into ground water must submit a discharge plan as
required.

The Discharge Plan application was submitted to the NMED on November 14, 1991. The
NMED approved the Discharge Plan on January 16, 1992; it will expire on January 16, 1997.

30.2.7 Monitoring, Reporting, and other Requirements, WQCC 82-1, § 3-107

Requirements include not ifi cation of the NMED of any facility
expanion, production increase, or process modifications that
would result in the discharge of water contaminants.

Monitoring reports are filed quarterly according to the following schedule: January 16,
April 16, July 16, and October 16.
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30.2.8 Public Notice and Participation, WQCC 82-1, § 3-108

Within 30 days of filing of a proposed discharge plan, or
modifi cation or renewal of an approved discharge plan, the NMEL)
must ensure that the public and affected governmental agencies are
notified.

The NMED published public notice of the Discharge Plan on December 15, 1991. No
comments were received from the public.

30.2.9 Director Approval, Disapproval, Modification, or Termination of Proposed
Discharge Plans, WQCC 82-1, § 3-109

If the monitoring data submitted indicate that these regulations are
being or may be violated or that the standards in WQCC 82-1,
§ 3-102, "Standards for Ground Water of 10, 000 mg1L TDS [totalQ dissolved solid] Concentration or Less, " are being or will be
exceeded in ground water at any place of withdrawal for the
present or reasonably foreseeable future due to the discharge, it
may be necessary to nwdzfy the discharge plan.

if the monitoring data submitted indicate that the Discharge Plan conditions or the standards are
being or will be exceeded, it may be necessary to revise the Discharge Plan.

Since the approval of discharge may not exceed 7 years from the date of issuance of the
Discharge Plan approval, it will be necessary to find an alternative means of disposal for the
nonhazardous brine solution currently being discharged.

30.2.10 Water Quality Standards for Interstate and Intrastate Streams in New
Mexico, WQCC 91-1

The State has set a number of water-quality standards for interstate
and intrastate streams in New Mexico.

The water-quality standards for interstate and intrastate streams in New Mexico do not apply to
WIPP because there are no streams, either intermittent or permanent, that will be affected by
WIPP.
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30.3 Compliance Status of the Permit Requiremeiits

Table 30-2 summarizes the specific and general requirements from the Discharge Plan for WIPP
and their compliance status. Additional information is provided in the text.

TABLE 30-2. New Mexico, Water Quality Act - Summary of Compliance Status of
Permit Requirements

CITATION I EQ I I COMPLIANCE STATUS

Approval DP4831, New Mexico Discharge Plan for the WIPP

DP-831 Specific Monitoring and quarterly UP TO DATE
Requirement (SR) #1 reports

Monitoring conducted and
reports submitted quarterly

_____________________ __________________[Section_30.3. 11

DP-831 SR #2 Submittal of water quality UP TO DATE
analysis with quarterly report

Analysis submitted quarterly

_________________ __________________[Section_30.3.2]

DP-831 SR #3 Quarterly sampling of each UP TO DATE
evaporation lagoon

Sampling and results
reported quarterly

_______________________ ______________________[Section 30.3.31

DP-83 1 SR #4 Maintenance of berms UP TO DATE
prtctn the lagoon system

fm precipitation rnoff and Performed quarterly
runon

_____________________ [Section 30.3.41

DP-83 1 SR #5 Completion of proposed ACHIEVED
evaporation ponds

Completed July 16, 1993

______________ _______________[Section 30.3.51
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TABLE 30-2 (continued)

CrITAT1ON REQUIREMENT COMPLIANCE STATUS

DP-831 Genieral Records to be kept and made UP TO DATE
Requirement (GR)- available to the NMED upon
Recordkeeping request Information recorded and

available

[Section 30.3.61

DP-83 1 GR - Inspection Allowing inspections, entry, UP TO DATE
and Entry sampling, and monitoring by

NMED personnel Activities allowed on site

[Section 30.3.71

DP-831 GR - Duty to Providing information UP TO DATE
Provide Information relevant to discharge

plan/records required by
Discharge Plan that has been [Section 30.3.8]
requested by NMED

DP-83 1 GR - Spills, Leaks, Reporting and remediation of UP TO DATE
and Other Unauthorized any spills, leaks, and any
Discharges other unauthorized discharges Reports to be made if

unauthorized discharges
Occur; no reporting required
to date

[Section 30.3.9]

DP-83 1 GR - Retention of Retention of all monitoring UP TO DATE
Records information, discharge plan

reports, and data used to Documentation being
complete the discharge plan retained
application for at least 5
yeaws [Section 30.3. 10]
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TABLE 30-2 (continued)

CiTATION REURMNWO~INESATUS

DP-83 1 GR - Modifications Notification of NMED of UP TO DATE
and/or Amendments any modifications or

additions to the wastewater Approval to be obtained as
disposal system; approval by required
NMED required prior to
increasing the quantity or
concentration of constituents
in waste water above those

_____________________ approved in the plan [Section 30.3.111

30.3.1 Requirements for Monitoring and Quarterly Reports, DP-831 Specific
Requirement (SR) #1

The applicant shall monitor the quantity of brine water pumped
into the evaporation ponds monthly and submit a quarterly report
to the Ground Water Section 's Office.

The monitoring required by the NMEED Discharge Plan Approval (DP-381) has been conducted
as required. The results have been submitted in the quarterly Discharge Monitoring Reports
required by the Discharge Plan, which are prepared in accordance with a Westinghouse Waste
Isolation Division (WID) procedure.

30.3.2 Requirement for Water Quality Analysis Submitted with Quarterly Report,
DP-831 SR #2

A water quality analysis shall be submitted with the quarterly
report mentioned above in SR #1.

Water quality analyses have been submitted with the quarterly reports.
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30.3.3 Requirement that the Evaporation Lagoon be Sampled and the Results
Reported, DP-831 SR #3

Each evaporation Lagoon shall be sampled quarterly for total
dissolved solids (7DS) and the results submitted in the quarterly
report.

Each evaporation lagoon has been sampled quarterly. The results have been reported in the
quarterly reports.-

30.3.4 Requirement for Berm Maintenance, DP-831 SR #4

Berms protecting the lagoon s'ystem shall be maintained to protect
it from precipitation runoff and runon.

Maintenance of the bermns is performed quarterly.

-30.3.5 Requirement for Completion of Proposed Evaporation Ponds, DP-831 SR #5

The applicant has 18 months from the date of approval to complete
construction of the proposed evaporation ponds. The applicant can
discharge brine waters into the existing salt pile evaporation pond
until the new evaporation ponds are completed.

The evaporation ponds were completed by July 16, 1993, as required.

30.3.6 General Requirement, Recordkeeping, DP-831O The discharger must maintain a written record of ground-water and
wastewater quality analyses at the facility. The information must
be recorded and made available to the NMED upon request.

Monitoring, reporting, and recordkeeping requirements are met as specified in the Discharge
Plan.
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30.3.7 General Requirement, Inspection and Entvy, DP-831

The discharger shall allow the AIMED) Secretary or her authorized
representative, upon the presentation of credentials, to enter the
discharger's facility during regular business hours or at other
reasonable times under the conditions of this discharge plan.

NMED personnel are allowed on site to conduct inspections, iampling, and monitoring during
normial business hours.

30.3.8 General R~equirement, Duty to Provide Infonnation, DP-831

-The discharger shall furnish to the NMED, within a reasonable
time frame specified by the AWED, any relevant information which
it may request to determine whether cause exists for modifying,
terminating, and/or renewing this discharge plan or to determine
compliance with this plan. The discharger shall furnish to the
NMED, upon request, copies of records required to be kept by this
discharge plan.

No requests have been received from the NMED to provide information relevant to the
Discharge Plan. Similarly, the NMED has not requested copies of the records to be maintained
under the terms of the Discharge Plan.

30.3.9 General Requirement, Spills, Leaks, and' other Unauthorized Discharges,
DP-831

Any unauthorized discharges must be reported to the NMED and
remediated as required. This requirement applies to all seeps,
spills, and/or leaks discovered from the sewerage lagoons or that
may directly or indirectly leave the boundaries of the WIPP site.

Any spills, leaks, and other unauthorized discharges will be reported to NMED and remediated
in accordance with WIPP procedures.
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30.3.10 General Requirement, Retention of Records, DP-831

The discharger shall retain records of all monitoring information,
including all calibration and maintenance records, copies of all
reports required by this discharge plan, and records of all data
used to complete the application for this discharge plan, for a
period of at least 5 years from the date of the sample collection,
measurement, report, or application.

All monitoring information, analytical results, discharge plan reports, and data used to complete
the discharge plan application will be retained for at least 5 years.

30.3.11 General Requirement, Moifications and/or Amendments, DP-831

7The discharger must notify the NMED of any modifications or
additions to the applicant's wastewater disposal system, including
any increase in wastewater flow rate and wastewater storage and
disposal management changes to the system as approved under this
discharge plan. 7Te discharger shall obtain the NMED 's
approval, as a discharge plan modification, prior to any increase
in the quantity or concentration of constituents in the wastewater
above those approved in this plan.

If any modifications or additions to the wastewater disposal system are planned for WIPP that
would increase the quantity and/or the concentration of constituents in the waste water above
those approved in the discharge plan, the NMED will be notified. No work will be initiated
until the NMED approves the modification or addition.
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31.0 NEW MEXICO WATER SUPPLY REGULATIONS

31.1 Summary of the Regulations

Like the Safe Drinking Water Act (SDWA), the New Mexico Water Supply Regulations (WSRs)
provide a regulatory strategy for protecting public water-supply systems within the State. The
WSRs identify the various categories of water-supply systems and establish operating
requirements for each system. The WSRs establish the maximum contaminant levels (MCLs)
for water-supply systems and implement monitoring and analytical requirements for each system.

31.2 Compliance Status of the Regulatory Requirements

The New Mexico Environment Department (NMED) notified the WIPP on September 9, 1992,
that the W[PP water-line system is considered a public water supply and classified the system
as a non-transient, non-community water supply for reporting and testing under the requirements
of the SDWA. The DOE has corresponded with the NMED since the original letter of
September 9, 1992, which identified the WIPP as a non-trnsient, non-community water supply
system, to obtain a determination of the specific SDWA sampling requirements for the site.. This direction was requested because the WIPP obtais raw water from the Double Eagle Water
Line, which is owned and operated by the City of Carlsbad.

On March 11, 1994, the NMED Carlsbad Field Office provided specific direction on the type
of SDWA sampling required for the WIPP water supply system. The letter references Part II,
§ 310, of the New Mexico Water Supply Regulations, which states:

When a public water system supplies water to one or more other
public water supply systems, the Department may modify the
compliance sampling requirements imposed by the regulations to
the extent that the interconnection of the systems justifies treating
them as a single system for compliance sampling purposes.

The NMIED went on to determine that "since the Carlsbad Municipal Public Water Supply
(WSS# 206-08) provides WIPP with its water and since Carlsbad already tests the various
constituents at each Double Eagle welifield source, WIPP is exempted from taking these
samples." The NMfED then determined that the WIPP is required to obtain entry-point system
samples including lead, copper, and total coliform. bacteria.

The specific requirements that are applicable tar WIPP and the compliance status of each are
summarized in Table 31-1. More detailed information is provided in the text.
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TABLE 31-1. New Meico Water Supply Regulations (WSR-3) - Summary of

Regulatory Compliance Status

CITATION "EQUIREMENT COMEPLIANCE STATUS

WSR 3, § 107(A)(1) Use of chlorinated materials as ACHIEVED
disinfectants or oxidants

Chlorination of raw water from
Carlsbad

[Section 31.2. 11

WSR 3, § 202(A) Maximum contamninant levels ACEOEVED
(MCLs) for inorganic chemicals

Preliinary sampling of
inorganics: below MCLs

[Section 3 1.2.21

WSR 3, § 205(A) MCL for total coliform bacteria UP TO DATE

Monthly sampling: below MCL

[Section 31.2.31

WSR 3, § 208(I) Cross connections UP TO DATE

Inspections, corrective actions

[Section 31.2.41

WSR 3, § 301(E) Certification of sampling ACHOEVED
personnel

Certification of personnel involved
with sampling

[Section 31.2.51

WSR 3, § 302(A) Compliance sampling of coliforins UP TO DATE

At least one sample of total
coliform bacteria collected per
month; WIPP Waler Sampling Plan
in WI]) procedure

[Section 31.2.61
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TABLE 31-1 (continued)

CrTATION REQUIREMENT COMPLIANCE STATUS

WSR 3, § 305(A)(2) Requirements for organic NOT APPLICABLJE
chemicals other than total

trhloehanes No analyses for organic
compounds required by NMED

ISection 31.2.7]

WSR 3, § 309 Laboratories ACHIEVED

Contracts with laboratories;

QjA/QC

____________________ ____________________[Section 31.2.81

WSR 3, § 310 Sampling of consecutive public ACHIEVED
water-supply systems

Modified sampling requirements

___________________ ____________________[Section 31.2.91

WSR 3, § 401(A) Reporting requirements UP TO DATE

Submittal of analytical reports

___________________(Section 31.2. 10]

WSR 3, § 403(A) Record maintenance UP TO DATE

Maintenance of analytical results as
quality records

S_____________________[Section 31.2. 111

WSR 3, § 404(B) Public notice requirements 'UP TO DATE
pertaining to lead

Results of analyses for lead to be
posted at WIPP

(Section 31.2. 121
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31.2.1 Use of Chlorinated Materials as Disinfectants or Oidants, WSR 3,
§ 107(A)(1)

The EPA Administrator has identified several options for
chlorinated materials to be used as alternate or supplemental
disinfectants or oxidants as the best technology, treatment
techniques, or other means that are generally available for
achieving compliance with the maximum contaminant level (MCL)
for total trihalomethanes.

Raw water received at WIPP from the Carlsbad water-supply systems is chlorinated with sodium
hypochiorite (NaClO).

31.2.2 Maximum Contaminant Levels (MELCs) for Inorganic Chemicals, WSR 3,
§ 202(A)

The NMED requires that the water-supply entry point at WIPP be
sampled for lead and copper. The MCLs for lead and copper are
0.05 and 1.3 mgIL, respectively.

The sampling of inorganic chemicals required at WIPP is in progress. The results of previous
analyses suggest that the concentrations of the inorganic chemicals of concern will fall below the
respective MCI-s.

31.2.3 MCL for Total Coliform Bacteria, WSR 3, § 205(A)

The MCL for total coliform bacteria is based on the presence orO absence of total coliforms in a sample rather than on coliform
density. For a system that collects fewer than 40 samples per
month, the system is in compliance with the total coliform: MCL if
no more than one sample collected during the month is total
coliform positive.

Analyses for total coliform bacteria (i.e., Escherichia colt) are being performed at WIPP on a
monthly basis. Thbe laboratory submits the results to WIPP and to the NMED. To date, the
MCL for total coliforms has been met.
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31.2.4 Cross Connections, WSR 3, § 208(1)

No physical connection between a public water supply and any
water-supply source not regulated by the NMdED is allowed unless
the public water-supply system is protected by a backflow
prevention device that has been reviewed by the NMED and is
listed by an appropriate listing agency.

WIPP personnel are working with the City of Carlsbad to prepare and implement a WIPP
Waterline Cross-Connection Plan. Inspections of the system's cross connections are under way.
Corrective actions are being implemented as needed.

31.2.5 Certification of Sampling Personnel, WSR 3, §301(E)

All persons who collect compliance samples for water-supply
samples must possess a current Sampling Cemtficate issued by the
Secretary of the NMED. Sampling Certificates are issued only to
persons who have successfully completed an approved training
course and have passed an examination that is administered
periodically by the NMED. Sampling Certificates are issued for up
to 3 years.

All WIPP personnel who are involved with water-supply sampling to ensure complianc with
the WSRs have completed the New Mexico water-sampling trning course and have received
Sampling Certificates.

31.2.6 Compliance Sampling of Coliforins, WSR 3, § 302(A)

Public water-supply systems must collect total coliform samples at
sites that are representative of water throughout the distribution
system according to their approved written sampling plan.

The minimal number of samples required per month is based on the
population served by the system. Only one sample per month is"
required by a water-supply system that serves an average daily
population of 25 to 1,0W).

Samples are collected at a site that is representative of water throughout the distribution system,
which is described in the WIPP Water Sampling Plan. This, plan is contained within a WID
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procedure and has been approved by the NMIED. It is currently being revised to incorporate the
lead and copper monitoring requirements from the Discharge Plan Approval.

Fewer than 1 ,000 people are served by the water-supply system at WIPP. Therefore at least one
sample is collected per month for total coliform bacteria analysis.

31.2.7 Requirements for Organic Chemicals other than Total Trihalomethanes,
WSR 3, § 305(A)(2)

For community water systems using only ground-water sources,
analysis for organic insecticides and herbicides shall be completed
by those systems that have been specified by the NMED.

The NMED does not require that WIPP sample for insecticides, herbicides, or any other organic
compound(s).

31.2.8 Laboratories, WSR 3, § 309

Compliance samples may be considered only if they have been
analyzed by a laboratory that is acceptable to the NMED.

WIPP has contracts in place with two off-site EPA-certified la.. oratories to complete all
microbiological and inorganic analyses required by the NMED for WIPP. Both laboratories
have undergone quality assurance/quality control (QA/QC) review -and approval. Each
laboratory has an approved Quality Assurance Project Plan (QAPjP) in place and is listed on the
WIPP Qualified Supplier List (QSL).

31.2.9 Sampling of Consecutive Public Water-Supply Systems, WSR 3, § 310O When a public water-supply system provides water to one or more
other public water-supply systems, the NMED may modify the
compliance sampling requirements imposed by these regulations.
Any modified compliance sampling shall be conducted in
accordance with the schedule specified by the NMED).

The water-supply system at WIPP receives its water from the public water-supply system of the
City of Carlsbad. Carlsbad is responsible for all well-source sampling. Therefore, the NMBD
has modified the compliance sampling requirements for WIPP and requires sampling only for
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lead, copper, and total coliform bacteria. The schedule mandated by the NMBD for sampling

is presented in Table 31-2.

TABLE 31-2. Required Sampling at WIPP for Compliance with the Safe Drinking

Water Act and the New Meico Water Supply Regulations

Cnainant Frequenc of Wateir-Supply Sampling

Lead and copper (for water systems for populations Initial sampling requires 20 sample sites for two 6-
of 501 to 3,300) month periods beginning on July 1, 1993;

requiremmut mayl be reduced when action levels are]
met for two consecutive sampling periods.

Total coliform bacei Once per month

31.2.10 Reporting Requirements, WSR 3, § 401(A)

Unless a shorter period is specified, the waier supplier shall
provide a copy of the results and data required r'o the approphriae
NMED field office within 10 days after analysvis,

Analytical reports for inorganic chemicals are submitted to the appropriate NMED field office
within 10 days of their receipt by WI0D personnel. The analytical laboratory that analyzes total
coliform bacteria sends a copy of the results and data directly to WIPP and to the appropriate
NMED field office.

31.2.11 Record Maintenance, WSR 3, § 403(A)

A water supplier shall retain the appropriate records on or near
the premises of the public water-supply sysrem. Records of
bacteriological and chemical analyses shall be kept for at least® 5 and 10 years, respectively. The information that must be
retained includes the date, place, and time of sampling; the name
of the person who collected the sample; identification of the
sample; date of analysis and name of the laboratory and person
who performed the analysis; the analytical method used, and the
results of the analysis.

31-7 October 21, 1994



New Mexico Environment Department New Mexico Water Supply Regulations

All applicable records pertaining to the sampling and analysis and the analytical results are

maintained as quality records by WID.

31.2.12 Public Notice Requirements Pertaining to Lead, WSR 3, § 404(B)

Notice pertaining to lead concentrations in drinking water shall be
given to persons served by the system. For non-transient, non-
community water systems, notice may be given by continuous
posting. If posting is used, the notice shall be posted in a
conspicuous place in the area served by the system, and the posting
shall continue for 3 months.

On March 11,'1994, the NMED provided a determination that copper and lead sampling is

required at WIPP. Sampling is expected to occur in April 1994. Upon receipt of the analytical
results pertaining to lead, the analytical results (i.e., the lead concentrations) will be posted at
WIPP. Because WIPP is the end user of the WIPP water-supply system, no other public notice
is required.
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. 32.0 NEW MEXICO HAZARDOUS CHEMICALS INFORMATION ACT

32.1 Summary of the Law

The New Mexico Hazardous Chemicals Information Act (HCLA; §§ 74-4E-1 through 74-4E-9
NMSA 1978) was enacted to ensure that current information on the nature and location of
hazardous chemicals is available to Local Emergency Planning Committees (LEPCs), emergency
responders, and the public as required by Title M1. The HCUA created the State Emergency
Response Commission (SERC) and directs facility owners or operators to notify the New Mexico
Department of Public Safety under certain conditions, including the presence of extremely
hazardous substances at or above a specified quantity at a facility and the release of any chemical
substance that has occurred at or above reportable quantities determined by the State. The HCIA
specifies reports to be submitted to the State, including toxic chemical release and hazardous
material inventory reports.

32.2 Compliance Status of the Regulatory Requirements

Table 32-1 summarizes each applicable requirement and its compliance status under the
Hazardous Chemical Information Act. The text provides more detail on the compliance status. of each requirement.

TABLE 32-1. Hazardous Chemicals IorainAct - Summary of Regulatory
Compliance Status

CIATION I REQUMRMENT COMFLANCE STATUS

Hazardous Chemicals Information Act, §§ 74-4E-1 to 7'4-4E-9 NMSA 1978

§74-4E-5(A)(1) Notification to the State that an UP TO DATE
extremely hazardous substance, at.
or above a specified quantity, is Notifications and revised listing
present at a facility submitted

____ ___ ___ ___ ___ __ ___ ___ ___ ___ ___ ___ [Section 32.2. 11

I74-4E-5(A)(2) Notice of release of chemical UP TO DATE
substance(s) when release is at or
above the reportable quantity of Notification of releases of
the substance ethylene glycol submitted

____ ___ ___ ___ ____ __ ___ ___ ____ ___ ___ ___ [Section 32.2.21
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TABLE 32-1 (continued)

CITATION REQUIREMENT COMEPLIANCE STATUS

§ 74-4E-5(A)(3) Submittal of an inventory form UP TO DATE
covering each hazardous material
on or before March 1 of each Chemical inventory submitted in
year March 1993 and 1994

[Section 32.2.3]

§ 74-4E-5(A)(4) Submittal of Toxic Chemical NOT APPLICABLE
Release Inventory (TRI) forms to
Public Safety Department for TRI reporting not currently
facilities employing at least 10 required due to certain
employees and with SIC code exemptions
between 20-39 classification

[Section 32.2.41

32.2.1 Notice of Extremely Hazardous Substance, § 74-4E-5(A)(1)O Facility owners or operators must notift the State safety department
that an extremely hazardous substance, at or above the threshold
planning quantity, is present at a facility.

The requirement to notify the SERC of the WIPP's being subject to emergency planning
requirements has been met.

The WIPP submits a list of hazardous chemicals to the SERC, the LEPC, and the local fire
department whenever additional substances are received or if significant new information is
received about an item for which a list was provided. In March and August 1993 and March
1994, a revised list of hazardous chemicals was submitted to these organizations. The listing
comprised extremely hazardous substances present in amounts equal to or greater than the
Threshold Planning Quantity (TPQ) or 500 pounds, whichever is less, and all substances
classified as hazardous under the Occupational Safety and Health Act Hazard Communication
Standard with site inventories equal to or greater than 10,000 pounds.
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32.2.2 Notice of Release of Chemical Substance(s), § 74-4E-5(A)(2)

Facility owners or operators must notify the State safety department
of the release of a chemical substance when the release is at or
above the reportable quantity of the substance.

During this reporting period, there were three ethylene glycol spills at WIPP that exceeded the
reportable quantity of 1 pound. These were reported to the SERC and the LEPC.

32.2.3 Hazar dous Material Inventory, § 74-4E-5(A)(3)

Facility owners or operators must submit to the State an inventory
form containing Tier 1I information on or before March 1 of each
year.

The WIPP submitted the Emergency and Hazardous Chemical Inventory Report (Tier I Report)
in March 1993 and 1994 to the SERC, the LEPC, and the loal fire department.

*32.2.4 Toxtic Chemical Release Inventory, § 74-4E-5,(A)(4)

Facility owners or operators employing at least 10 employees and
with a SIC code between 20 and 39 must submit a toxic chemical
release form on or before July 1 of each year so the State safety
department.

During this reporting period, the WIPP was exempt from submitting a Toxic Chemical Release
Inventory report because of th e use of toxic chemicals at WIPP and the exemptions described
in 40 CER 372.38, Exemptions.
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33.0 NEW MEXICO EMERGENCY MANAGEMENT ACT

33.1 Summary of the Law

The New Mexico Emergency Management Act (EMA; §§ 74-4B-1 through 74-4B-14 NMSA
1978) was enacted to ensure the adequacy of hazardous material emergency management
capabilities in the State to protect the health and safety of New Mexico citizens and the
environment. The act delineates those State agencies that are responsible for responding to
hazardous material accidents and providing for control and management of such accidents.
Furthermore, the act provides for the formulation of a comprehensive hazardous materials
emergency management plan.

33.2 Compliance Status of the Regulatory Requirements

Table 33-1 summarizes each applicable requirement and its compliance status under the
EMA. The text provides more detail on the compliance status of each requirement.

TABLE 33-1. New Mexico Emergency MaaeetAct - Summnary of Regulatory
Compliance Status

CITATION T REQURMENTr COMPLIANCE STATUS

Emergency Mmnagement Act, If 74-4B-1 - 74-4B-14 NMSA 1978

§ 74-4B-2 Findings and purpose NOT APPLICABLE

State responsibilities

____ ___ ___ ___ ___ __ ____ ___ ___ ___ ___ ___ [Section 33.2. 1]

I 74-4B-4 State responsibility for NOT APPLICABLE
nmnagemnt= of accidents,
immunnity from liability; State responsibilities
cooperative agreements; private

_________________ property [Section 33.2.2]

I 74-4B-5 State Police Emergency Response UP TO DATE
Officer; procedure for
notification; cooperation with WID procedures
other State agencies and local

________________ I governments [Section 33.2.31
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TABLE 33-1 (continued)

CITATION REQUIREMENT COMIPLIANCE STATUS

§ 74-4B-6 Emergency Management Task NOT APPLICABLE
Force: powers and duties

State responsibilities

____ ___ ___ ____ ___ ___ _ __ ___ ___ ____ ___ ___ ___ [Section 33.2.4]

§ 74-4B-6. 1 Creation and duties of the NOT APPLICAB LE
Hazardous Materials Emergency
Response Administrator State responsibilities

________________________[Section 33.2.51

§ 74-4B-10 Responsibility for cleanup by UP TO DATE
owner, shipper, or carrier of the
hazardous material WID procedures

[ Section 33.2.6]

33.2.1 FIndings and Purpose, § 74-4B-2

The purpose of the EWfA is to ensure that adequate hazardousO ~materials emergency management capabilities ecis in the State,
delineate the State agencies that are responsible for responding to
and controlling and managing a hazardous materials accident, and
provide for the formukztion of a comprehensive statewide hazardous
materials emergency management plan.

These are State responsibilities. No action is required at WIPP by this subsection.

33.2.2 State Responsibility for Maaeetof Accidents; Immunity from Liability;
Cooperative Agreements; Private Property, § 74-4B-4

T"he State government has the primary responsibility for managing
an accident. The EMWA does not waive or alter immunity from
liability. The State may enter into cooperative agreements with
county and municipal governments for accident management. 7The
State may enter into such agreements with the Federal government,
Indian tribes and pueblos, and bordering States for assistance in
managing accidents. When an accident has occurred or appears
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imminent, reiponsible State personnel or authorized persons are
authorized to enter any buildings or premises to determine whether
emergency management procedures should be implemented.

These are State responsibilities. No action is required at WIPP under this subsection.

33.2.3 State Police Emergency Response Officer; Procedure for Notification;
Cooperation of other State Agencies and Local Governments, § 74.4B-5

State Police Emergency Response Officers shall be designated,
trained, and available to answer an emergency, response call from
the first responder. The responsibilities of these officers and of the
State Police Emergency Response Center are described. Any driver
of a vehicle carrying hazardous materials involved in an accident
which may cause injury to persons or property or any owner,
shipper, or carrier of hazardous materials involved in an accident
who has knowledge of such accident or any owner or person in
charge of any building, premises, or facility where such an
accident occurs shall immediately notift5 the New Mexico State
Police Division of the Public Safety Department by the quickest
means of communtnication available.

Should an accident involving hazardous materials occur, the New Mexico State Police Division
of the Public Safety Department will be notified by the driver, owner, shipper, -or carrier of the
waste as outlined in a Westinghouse Waste Isolation Division iWID) procedure and the RCRA
Contingency Plan.

WIPP personnel will contact the State Emergency Response Commission (SERC) in the event
of a spill that could endanger human health or the environment. The SERC will, in turn, contact
the NMED if their assistance is needed.

33.2.4 Emergency MaaeetTask Force: Power.; and Duties, § 74-4B-6

7Te composition and responsibilities of the Emergency Management
Task Force are described.

These are State responsibilities. No action is required at W[PP under this subsection.
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33.2.5 Creation and Duties of the Hazardous Materials Emergency Response

Administrator, § 74-4B-6.1

7The creation and responsibilities of the Hazardous Materials
Emergency Response Administrator are described in this
subsection.

These are State responsibilities. No action is required at WIPP under this subsection.

33.2.6 Clean-up, § 74-4B-10

Nothing in the EUtA shall be construed to relieve hazardous
materials owners, shippers, or carriers of their responsibilities and
liability in the event of an accident. Such persons shall assist the
State as requested in responding to an accident and are responsible
for restoring the scene of the accident to the satisfaction of the
State.

An occurrence involving a TRUPACT II container that is not within the confines of the WIPP
does not fall under WID responsibility. The correct line of action for an on-site occurrence :hatW
can be cleaned up by site personnel is covered in a WID procedure. However, in the event of
an on-site occurrence that is not handled by site personnel, a clean-up contractor will be
obtained.

If an off-site occurrence takes place involving a TRUPACT-il container, the DOE will take
responsibility for cleaning up the scene of the accident to the State's satisfaction.
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34.0 NEW MEXICO PREHISTORIC AND HISTORIC SITES
PRESERVATION ACT

34.1 Summary of the Law

The provisions of the Congressional National Historic Preservation Act (NHPA) are furthered
by law in the State of New Mexico. The act currently in place is the New Mexico Prehistoric
and Historic Sites Preservation Act (§§ 18-8-1 through 18-8-8 NMSA 1978). The purpose of
this act is the acquisition, stabilization, restoration, or protection of significant prehistoric and
historic sites by the State of New Mexico and corporations. This act is administered by the State
Historic Preservation Officer (SIIPO) in consultation with the Cultural Properties Review
Committee.

The Prehistoric and Historic Sites Preservation Act is implemented by Historic Preservation
Division (HPD) Rule 89-2, which established procedures for acquiring, stabilizing, restoring,
or protecting significant prehistoric and historic sites. Rule 89-:2 also established procedures and
guidelines to evaluate alternatives to programs and projects requiring the use of land from
significant prehistoric and historic sites and to determine whether all possible planning has been
implemented to preserve and protect such sites. Detailed. requirements for a long-term
management plan for any site acquired, stabilized, restored, or protected are included under this

* rule.

34.2 Compliance Status of the Regulatory Requirements

The WIPP is not bound by the New Mexico statutes and -regulations regarding cultural properties
because of the facility's location on federally managed land. However, WIPP personnel contract
for archeological surveys and consult with the SHPO each time an action is proposed that would
impact a previously undisturbed area. Prior to the transfer of the 16 sections of WIPP from the
Department of the Interior to the DOE, the Bureau of LAnd Management was consulted on all
cultural resource issues and, through their programmatic agreement with the SHPO, arranged
clearances and work approvals.

During this reporting period, there were no projects proposed that required BLM or SHPO
concurrence, therefore, thes requirements are not addressed further in this report.
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. 35.0 NEW MEXICO STATE IMPLEMENTATION OF THE FEDERAL
LAND POLICY AND MANAGEMOENT ACT

35.1 Summary of the Law

The Federal L.and Policy and Management Act (FLPMA) was enacted to ensure that "public
lands be managed in a manner that will protect the quality, of scientific, scenic, historical,
ecological, environmental, air and atmospheric, water resource, and archeological values; that,
where appropriate, will preserve and protect certain public lands in their natural condition; that
will provide food and habitat for fish and wildlife and domestic, animals; and that will provide
for outdoor recreation and human occupancy and use." Under the FLPMA, the Secretary of the
Interior is authorized to grant, issue, or renew rights-of-way over, upon, under, or through
public lands.

The spirit and purpose of the Congressional legislation to protect and preserve the quality of
public lands is furthered by law in the State of New Mexico. In 1912, the Legislature of the
State of New Mexico created. the State Land Office (SLO) and directed that the Office's
executive officer, the Commissioner of Public L ands (the Commissioner), execute jurisdiction
over, and provide for the management, care, control and disposition of, public lands owned and
subsequently acquired by the State. The Commissioner was authorized to grant rights-of-way
and easements over, upon, or across State lands for highways, power lines, mining, or other
purposes. The Commissioner's authority related to rights-of-way and easements is currently
promulgated in New Mexico Statute 19-7-57.

The regulation of right-of-way and easement grams is addressed in the State Land Office's
Rule 10, Relating to Easements and Rights-of-Way, which outlines the requirements for applying
for and maintaining a right-of-way grant.

35.2 Compliance Status "of the Regulatory Requirements

Table 35-1 summarizes the applicable requirements under SLO Rule'10 and the compliance
status of each requirement. 'The text provides more detail on the compliance status of the
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TABLE 35-1. New Mexico Implementation of the Federal Land Policy and Management
Act - Summary of Regulatory Compliance Status

CITATION I REQUIRMENT I COMPIANCE STATUS

State Land Office Rule No. 10, Relating to Easements and Rights-of-Way

SLO Rule 10.006 Application requirements and ACHIEVED
fees

Permit issued

______________________ [Section 35.2. 11

SWA Rule 10.00 Conditions ACHIEVED

Right of way: 40 feet wide

_______________________ [Section_35.2.2]

SLO Rule 10.0 10 Damage bond NOT APPLICABLE

Requirement waived for

government agnies

_______________________ [Section_35.2.3]

SLO Rule 10.011 Survey pisr ACHIEVED

Plat included in application

_______________________ [Section_35.2.4]

SLO Rule 10.012 Construction reports for ruint, NOT APPLICABLE
artifacts, or monments found

No artifacts found on right-of-
way

[Seczion 35.2.51

SWO Rule 10.0 13 Affidavit of completion ACHIEVED

Affidavit of completion
submitted

t [Section 35.2.6]
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TABLE 35-1 (continued)

CiTATION REQUIREMENT COMPLIANCE STATUS

SLO Rule 10.017 Renewal of right-of-way NOT APPLICABLE
gramt

35-year term of permit
currently deemed adequate

____ ___ ____ ___ ____ __ (Section 35.2.71

SLO Rule 10.0 19 Reclamation and restoration NOT APPLICABLE

Right-of-way to be reclaimed

and revegetated after use

[Section 35.2.81

35.2.1 Application Requirements and Fees, SLO Rule 10.006

Writen application for right-of-way grants (resevations) shall be
made upon the proper forms. Thie application shall be made under
oath and be accompantied by the payment of appropnriaefees. The
application wil contain a legal description of'the lands to be
crossed and a plat (see Section 35.2.4).

The proper application form and the fees required were submined as required. The application
included the legal description of the lands to be crossed and a survey plat.

Permit No. RW-22789 was issued for a high-volume air sampler for the period of
October 3, 1985, through October 3, 2020.

35.2.2 C diosSLO Rule 10.009

Thke minimum width of a right-of-%wa or easement granted under
these rudes shall be 30 feet.

As described in the application and survey plat, the right-of-way covers a 40-foot-wide strip of
land.
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35.2.3 Damage Bond, SLO Rule 10.010

Th;e applicant must file a bond with the Commissioner before the
right-of-way may be issued. Te bond must compensate the State
or other appropriate party for any damage done to improvements
or other propenry. The Commissioner may waive this requirement
if the applicant is a governmental agency that is prohibited from
posting a security bond, the applicant is not immune to suit or is
otherwise required by law to pay such damages, or meets other
conditions specified.

The DOE is a governmental agency that is required by law to pay compensation for any such
damages. Therefore, the requirement for a damage bond was waived.

35.2.4 Survey Plat, SLO Rule 10.011

Specific requirements for the survey plat are described in SLO Rule
10.011

A survey plat was included in the application. The plat met all requirements specified in SLO
Rule 10.011.

35.2.5 Construction Reports, SLO Rule 10.012

The holder of a right-of-way shall notify5 the Commissioner
immediately in the event that any historic or prehistoric ruin,(J) monument, or arrdfact of historical, archeological, or scientific
value is discovered upon the right-of-way. Thse holder of the right-
of-wy shall refrain from further disturbing the area until the
Commissioner has been notified and inspection and clearance have
been performned by the proper authorities if deemed necessary by
the Commisioner.

No ruins, monuiments, or artifacts of historical, archeological, or scientific value were
discovered upon the right-of-way.
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35.2.6 Affidavit of Completion, SLO Rule 10.013

Upon the completion of construction of any right-of-wary, the
applicant shall promptly file an affidavit of com~pletion with the
Commissioner. Failure to file such an affidavit in accordance with
this section shall subject the right-of-way to cancellation in
accordance with the provisions of these rules.

The DOE submitted an Affidavit of Completion to the State Land Office certifying the
completion of construction and the location of the high-volume air sampler.

35.2.7 Renewal of Right-of-Way Reservations, SLC) Rule 10.017

An application may be submitted for a renewal of the reservation
prior to the expiration date of any right-of-way.

Permit -No. RW-22789 (see Section 35.3) was granted for a term of 35 years. If the right-of-
way will still be needed after the expiration date, an applicationk will be submitted as required.

* However, it is likely that the 35-year period will be adequate.

35.2.8 Relmton and Restoration, SWO Rule 10.019

Any person who enters upon State land to survey or construct a
right-of-way shall take all steps necessary to preserve and protect
the natural environmental conditons of the land, including
reclaiming disturbed areas by leveling or terracing and
revegetation. Revegetation shall include the establishment of
suitable grasses and forbs. Te grantee of any right-of-way shall
consult with the Commissioner's designee regarding reclamation
prior to undertaking same and shall abide by all directives of the
designee.

The DOE will ensure that all reclamation and revegetation activities requested by the
Commissioner or by his/her designee will be performed. Until these activities have been
initiated, these requirements do not apply to WIPP.
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35.3 Compliance Status of the Permit Conditions

The Commissioner granted Right-of-Way Permit No. RW-22789 to WIPP for a high-volume air
sampler. The term of the permit is 35 years (October 3, 1985, through October 3, 2020).
Table 35-2 summarizes the applicable permit conditions and the compliance status of each
condition. The text provides more detail on the compliance status of the permit conditions.

TABLE 35-2. State Land Office Right-of-Way Permit No. RW-22789 - Summary of
Permit Compliance Status

CITATION CONDITION J COMPLINCE STATUS

Right-of-Way Permit No. RW-227S for a High-Volume Air Sampler

Term/Condition #3 Disposal of brush and other ACHIEVED
debris

Appropriate disposal of brush
and other debris

____ ___ ___ ____ ___ __ ____ ___ ___ ____ ___ ___[Section 35.3. 11

Term/Condition 14 Depth of pipelines NOT APPLICABLE

No pipelines on right of way

________________________ [Section_35.3.2]

Term/Condition. 05 Prevention of destruction or UP TO DATE
injury to improveuzu or
livestock Carm taken to avoid damage to

improvents or livestock

_______________________ [Section 35.3.31

Term/Condition #6 Purpose of right-of-way UP TO DATE

Used only for high-volume air
sampler

[Section 35.3.410
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TABLE 35-2 (continued)

CITATION CONDITION COMIPLIANCE, STATUS

Term/Condition #7 Existing rights NOT APPLICABLE

No other leases or rights-of-

way known for area

_______________________ _______________________ [Section_35.3.51

Term/Condition #8 L.eases for mineral resources NOT APPLICABLE

___________________ _____________________ [Section 35.3.6]

Term/Condition #9 Compliance with all UP TO DATE
applicable regulations and
requrements See entire BECR for

compliance status

_________________ __________________ [Section 35.3.71

Term/Condition #10 Non-use of the right-of-way UP TO DATE

Right-of-way used periodically

______________________ _______________________ [Section_35 .3.81

TemCondition #13 Protection and preservation UP TO DATE
of natural environmental
conditions Protection of land; best

acceptable reclamation

r 
practices to be used

_____________________ ______________________ [Section_35.3.91

Term/Condition 114 Reclamation of all disturbed NOT APPLICABLE
areas

Seed mixes of indigenous
plants to be used for
revegetation

[Section 35.3. 101
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35.3.1 Disposal of Brush and other Debris, Term/Condition #3

In clearing the right-of-way, the grantee agrees to dispose of brush
and other debris so as not to interfiere with the movement of
livestock of State grazing lessees.

All brush and other debris were disposed of appropriately.

35.3.2 Depth of Pipelines, Term/Condition #4

All pipelines placed on the right-of-way lands under this permit
must be buried at least 20 inches deep.

This right-of-way was not obtained for a pipeline. Therefore, this condition is not applicable.

35.3.3' Prevention of Destruction or Injury to I-rveet or Livestock,
Term/Condition #5

Thke grantee agrees to carefidly avoid causing destruction or injury
to any improvements or livestock laiud4 upon the premises, toQ close all gates immeditely after passing through them, and to
make prompt payment of all reasonable and just damages for any
injwry or destrction arising from constructing or maintaining the
right-of-way.

The DOE carefuilly avoids causing desmicton or injury to any imrvmnsor livestvck that
are lawfully upon the premises. Gates are closed as soon as possible.

35.3.4 Purpose of Right-of-Way, Term/Condition #6

The right-of-way granted is for the sole purpose ofproviding egress
from and ingress to a high-volume air sampler. The right-of-way
may not be used for any other purpose and may not be re-assigned
by the grantee.

The right-of-way granted under this permit is used only for accessing the high-volume air
sampler.
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35.3.5 Existing Rights, Term/Condition #7

The rights granted under Permit RW-22 789 are subject to valid
existing rights.

No existing leases or rights-of-way of record are known.

35.3.6 Leases for Mineral Resources, Term/Condition #8

The Commissioner reserves the right to execute t'eases for oil and
gas, coal and minerals; to sell or dispose of sane; and to grant
rights-of-way' and easements related to such leasing.

The land subject to the conditions of Permit RW-22789 (i.e., T 19 S, R 27 E, Section 13) is not
part of the land that was wi~thdrawn from the U. S. Department of the Interior and transferred
to the DOE under the WIPP Land Withdrawal Act (i.e., several sections under T 225S, R 31
E). Therefore, this term re~mains applicable although no action is requiired by WIPP personnel.

35.3.7 Compliance with all Applicable Regulations and Requirements,
Term/Condition #9

7The grantee and its employees, agents, and contractors shall fully
comply with all laws, regulations, and reqvirememts of any
governmental authority or agency in all matters that affect the
premises and operations pertaiing to such issues as conservation,
sanitation, aesthetics, pollution,, cultural properties, fire, or
ecology.

This entire BECR addresses compliance with all such laws., regulations, and requirements at
WlPP.
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35.3.8 Non-Use of the Right-of-Way, Term/Condition #10

If the right-of-way granted is not used for a period that exceeds
1 year without the prior written permission of the Commissioner,
the right-of-way will be considered abandoned. Non-use for
shorter periods will require that the grantee prove that there was
no intern to abandon the right-of-way.

The right-of-way is used periodically to collect samples and to maintain the sampler.

35.3.9 Protection and Preservation of Natural Environmental Conditions,
Term/Condition #13

The grantee agrees to preserve and protect the natural
environmental conditions of the land encompassed in this permit
and to take such reclamation or corrective actions necessary to
protect the land from pollution, erosion, or other forms of
environmental degradation.

The land encompassed in this permit is being preserved and protected. In addition, a
contemporary reclamation program and a corresponding long-range plan have been implemented
at W[PP. When the right-of-way for the high-volume air sampler is to be reclaimed, WIPP
personnel will use the best acceptable reclamation practices. (See also Section 35.3. 10.)

35.3.10 Reclamation of all Disturbed Areas, Term/Condition #14

Thie grantee .agrees to reclaim all disturbed areas by grading,Q leveling, or terracing and to landscape these areas at its own
expene. Landscaping will include the planting of native grasses,
shrubs, or other vegetation so as to return disturbed areas to their
natural state and prevent erosion caused by water and/or wind.

The seed mixes to be used to revegetate the area will reflect those species that are indigenous
to the vicinity, wit priority given to those species of plants that are conducive to soil

stbiizton and to the needs of livestock and wildlife. (See also Section 35.3.9.) This section
is not applicable to WIPP during this reporting period.
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36.0 NEW M[EXICO STATE IMPLEMENTATION OF THE BALD AND
GOLDEN EAGLE PROTECTION ACT

36.1 Summnary of the Law

The Bald and Golden Eagle Protection Act makes it unlawful to take (i.e., capture, kill, or
destroy), possess, molest, or disturb living or dead bald eagles (Haliaeetus leucocephalus) or
golden eagles (Aquila c/u ysaetos), their parts, their nests, or their eggs anywhere in the United
States. A permit must be obtained from the U.S. Department of the Interior to relocate any nest
that interferes with resource development or recovery operations. In addition, a permit may be
obtained that authorizes taking, possessing, or transporting eagles or their parts, nests, or eggs.

Chapter 17 of the New Mexico statutes establishes rules and regulations to protect raptors. In
particular, § 17-2-14, Hawks, vultures and owls, taking, possessing, traping, destroying,
maiming or selling prohibited; exception by permit; penalty, authorizes the Director of the
Department of Game and Fish to issue permits to allow any person to take, possess, trap,
ensnare, or destroy any bird protected by this section. Permits may be granted for several
purposes, including scientific purposes, in accordance with the law and the State Game
Commission's regulations. In addition, §§ 17-2-37 through 17-2-46, the Wildlife Conservation
Act, also further the purpose of the Bald and Golden Eagle Protection Act with respect to the. bald eagle as an endangered species (see Chapter 37).

36.2 Compliance Status of the Regulatory Requirements

At present, no bald or golden eagles are nesting on the WIPP site. Therefore, a permit
regarding bald or golden eagles is not needed. If it becomes necessary, a permit application will
be submitted, and all applicable permit requirements will be met.
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37.0 NEW MEXICO WILDLIFE CONSERVATION ACT,
IM[PLEMENTING THE ENDANGERED, SPECIES ACT

37.1 Summary of the Law

The Endangered Species Act was enacted in 1973 to prevent the extinction of many species of
animnals and plants. The act provides strong measures to help alleviate the loss of species and
their habitats. It places restrictions on a wide range of activities involving endangered and
threatened animals and plants to help ensure their continued survival. With limited exceptions,
the act prohibits activities using these protected species unless authorized by a permit from the
U.S. Fish and Wildlife Service (FWS).

The intent of the Congressional endangered species legislation is furthered in the State of New
Mexico by the Wildlife Conservation Act, which was enacted in 1974. The current sections of
the State's act reside in §§ 17-2-37 through 17-2-46 NMSA 1978. The act directs that
endangered species of wildlife that are indigenous to New Mexico should be managed and
maintained and, to the extent possible, their numbers enhanced within the carrying capacity of
the habitat. The State is directed to assist in the management of endangered and threatened
species of wildlife, including those that are federally listed.

. Protection under the Wildlife Conservation Act extends to species, genera, and families that are
listed in § 17-2-3, Protected wildlife species and game fish defined. Thus, protection under the
Wildlife Conservation Act is extended to game birds such as all members of the family
Phasianidae (quail, partridges, and pheasants) and game fish such as all members of the family
Ictaluridae (catfish).

Section 17-2-41, Endangered Species, states that "except as otherwise provided in this act, it is
unlawful to take, possess, transport, export, process, sell or offer for sale, or ship" any species
or subspecies of wildlife that appears on the following lists: (1) wildlife indigenous to the StateO determined to be endangered within the State as set forth by regulations of the Game
Commission of the State of New Mexico ("the Commission") and (2) the Federal lists of
endangered species as set forth in the Endangered Species Act to the extent that such lists are
adopted by regulations of the Commission. In § 17-2-42, Managemtem Programs, the Director
of the State Department of Game and Fish is directed to perform the following: (1) establish
programs deemed necessary by the Commission for the mng ent of endangered species;
(2) work with Federal and State entities or with private individuals in the administration and
management of programs for the management of endangered species; (3) authorize by permit
the taking, possession, transportation, or shipment of species deemed to need management for
purposes including scientific and educational; and (4) authorize by permit the removal, capture,
and destruction of endangered species where necessary to prevent damage to property or to
protect human health.
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The intent of the congressional legislation protecting migratory game birds under the Migratory
Bird Treaty Act is also addressed in Chapter 17 of the New Mexico statutes. In particular,
§ 17-2-3, Protected wildlife species and game fish defined, specifies that all of the migratory bird
family Anatidae (waterfowl) is protected. The hunting, taking, capturing, killing, or possession
or the attempt to hunt, take, capture, or kill species of this family is regulated by the
Commission. In addition, the Wildliffe Conservation Act also implements portions of the
Migratory Bird Treaty Act with respect to migratory game birds that are recognized as
endangered species.

The Commission's Regulation No. 564, Governing the Removal, Capture or Destruction of
Endangered Species, was adopted in 1975. This regulation specifies that any person who does
not possess a permit and who removes, captures, or destroys any wildlife species classified as
endangered by Commission regulations, other than those listed in 50 CFR Part 17, Endangered
and 7Treatened Wildlife and Plants, must report any such incident to the New Mexico
Department of Game and Fish.

The Commission's Regulation. No. 682, Amending the Listing of Endangered Species and
Subspecies of New Mexico, lists endangered wildlife in the State. Amendment 1 to this
regulation adopts the Federal list of endangered species specified in 50 CFR Part 17.

The amended listing of endangered widlife of New Mexico, which was issued in November
1990, lists a mnber of endangered or threatened species that could be found at WIPP and were
specified in the WIPP FEIS (DOE, 1980) or the SEIS (DOE, 1990a). These include nine
species of fish, three species of reptiles, and five species of birds, which are listed in Table
37-1.

The Commission's Regulation No. 705, Regulaion for the Taking and Possession of ProtectedO ~Wildlife for Scientific and Educational Purposes, contains the requreents for obtaining and
using State permits and authorizations for taking and possessing wildlife for scientific and
educational purposes. Permits and auhrztosare issued to individuals rather than to parties
or organizations; however, a permittee may have qualified subpemittees. "Protected wildlife"
is defined as all wild species of mammals, birds, reptiles, amphibians, and fishes and endangered
mollusks and crustaceans taken by a non-resident of New Mexico or as pikas, marmots, and
game, furbeariuag, and endangered mammals; all birds except rock doves, European starlings,
and house sparrows; horned lizards if sacrificed, retained, and/or transported out of State;
endangered reptiles; bullfrogs and endangered amphibians; game and endangered fishes; and
endangered mollusks and crustaceans taken by a resident.
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TABLE 37-1. Endangered and Threatened Species in the State of New Mexico that

May Occur at WIPP

COMMON NAME SCMIENJT NAME

Fish

Blue sucker Oidleptu eiongants
(Rio Grande) blunmnose shiner Notropis simus simaus
Bigscale logpezch Percina nacrolepida
Gray redhorse Moxostoma congexwnt
Greenthroat darter Fiheostoma lepidum
Mexican tetra Astyanar mcdcames
Pecos gambusia (F)' Gambusia nobilis
Pecos pupfish C~prinodon pecosezsis
(Pecos) bluntuose shiner N. simus pecosewss

Reptiles

Plain-bellied water snake Nerodia eryhrgaster
Western ribbon snake Thamnophis proximat
(Dumes) sagebrush lizard Sceleroponas graciosus arencolous

Birds

Aplomado falcon Faicofemorois
Peregfrn falcon (F) Faico peregrimwa
Bald eagle (F) Haliaeesu Lnecocahalus
Baird's sparrow Ammodramus babdii

1Varied buning Passenina vmricoLor

© 37.2 Compliance Status of the Regulatory Requirements

Table 37-2 summarizes each applicable requirement and its compliance status under the State
of New Mexico's Wildlife Conservation Act. The text provides; more detail on the compliance
status of each requirement. It should be noted that a number of these requirements apply to
WIPP because of t potenial for the occurrence of recognized endangered or threatened species
on WIPP lands.

"Mhe presence of '(M)" after a common nam indicates that this species is also on the Federal list of endangered. or threatened species.
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TABLE 37-2. New Mexico Wildlife Conservation Act - Summary of Regulatory

Compliance Status

CrTATON REQUIMENTr COMPLINCE STATUs

State Game Commission Regulation No. S64, Governing the Removal Capture, or Destuction of
Endangered Species

Regulation No. 564 Report of unpermitted removal, NOT APPLICABLE
capture, or destruction of
endangered species No endangered species removed

from, captured, or destroyed at
WIPp

_____________________ _____________________[Section 37.2. 11

State Game Commission Regulation No. 682, Amending the Linig of Endangered Species and
Subspecies of New Mexico

Regulation No. 682 Recognition of State-listed ACEDEVED
endangered wildlife

Consultation with Game and Fish

T\ 
~~Deparmen

_____________________ ______________________[Section 37.2.21

State Game Commission Regulation No. 70S, Regulation for the Taking and Possession of Protected
wiM lfe for Scinatifi and Educaftonal Purpese

Regulation N.705, Capter 2 Requirements for obtaining a ACHIEVED

Two permits obtained at WIPP
(see Section 37.3)

_____________________ ______________________[Section 37.2.31

Regulation 705, Chapter 5 Year-end reports UP TO DATE

Submitted annually by March 31

[Section 37 .2.41
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37.2.1 Report of Unpermitted Removal, Capture, or Destruction of Endangered
Species, Regulation No. 564

Persons without an authorized State permit who remove, capture,
or destroy a State-listed endangered species must provide detailed
information on such incident(s) to the State Game and Fish
Department within 30 days.

No incidents requiring reports have occurred. Several permits and authorizations have been
issued for various activities involving the taking of wildlife tbat are neither endangered nor
threatened. These permits and authorizations specify that endangered wildlife shall not be taken
during these activities (see Section 37.3).

37.2.2 Recognition of State-Listed Endangered Wildlife, Regulation No. 682

The State-listed endangered species that could be present at WIPP
and/or affected by WIPP activities must be identifted.

In 1989, the DOE consulted with the New Mexico Department of Game and Fish (NMDG&F). regarding the State-listed endangered species in the vicinity of the WIPP site. At that time, the
State Game and Fish Department communicated to the DOE their opinion of which State-listed
endangered species "occur or are likely to occur at the WIPP site." The species identified were
listed in Regulation 657 dated January 9, 1988, and included the following species: Mississippi
kite, bald eagle, peregrine falcon, least tern, willow flycatcher, Bell's vireo, Baird's sparrow,O and the sagebrush lizard. The NMD)G&F subsequently concurred that proposed WIPP activities
would probably have no significant impacts on State-listed species in the area. Since 1989,
Regulation 682 was updated on November 30, 1990. with Amendment No. 1 issued on July 25,
199 1. The list in the updated version of Regulation No. 682 does not include the Mississippi
kite.f

37.2.3 Permit Application and Reuirments to Conduct Activities Authorized
Under this Regulation, Chapter 2 of Regulaton No. 705

A person must complete and submit a permit or authorization
application;~ after receipt of the permit, permittees and
szsbpermittees must comply with written permit requirements.

To date, two permits for banding birds and taking protected 'birds (with specific methods for
taking protected birds and fishes) have been issued to Westinghouse Waste Isolation Division
(WID) personnel. More detail on these permits is provided in Section 37.3.
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37.2.4 Year-End Reports, Chapter 5 of Regulation No. 705

An annual report is generally required for permits issued by the
Department of Game and Fish. The permits must be filed by
March 31.

Annual reports are submitted that describe the activities conducted under each permit issued by
the NMDG&F.

37.3 Compliance Status of the Permit Conditions

Table 37-3 summarizes the conditions imposed by the NMDG&F for each of the two permits
issued. The text provides more detail on the compliance status of each permit condition.

TABLE 37-3. New Mexico Wildlife Conservation Act - Summary of Permit Compliance
Status

CiATION CONDITON COMPIJANCE STAUS

Permit No. 1961 (1) Authorization for live ACHIEVED
capture and banding of
protected birds; exchlded Only authorized birds captured
for waterfowl, eages, and/or banded; no endangered or
resident gallinaceous threatened species salvaged;
species of gamebirds, and disposition of wildlife as required
federally endangered or under permit
threatenedspce

(2) Salvaged endangered or
threatened species
salvaged to be reported

___________________(3) Disposition of wildlife [Section 37.3. 11
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TABLE 37-3 (continued)

CrrATION CONDiTON COMPUIANCE SATUS

Permit No. 1894 Live trapping; authorization for ACHIEVED
quail. catfish, and unprotected
vertebrates; nonlethal methods for No gill nets used; no more than
catfish; report for salvaging 50 catfish taken under permit;
endangered or threatened nonlethal methods used for
vertebrates catfish; no endangered or

threatened vertebrates salvaged

Quail permit limit exceeded and
reported

-- [Section 37.3.2]

37.3.1 Permit No. 1961

Permit No. 1961 authoriZes the designated permittee and
subpermittees to live-capture, band, and release all protected
species of birds except for waterfowl, eagles, resident gallinaceoats
game birds, and endangered or threatened species. Salvage of any
dead, injured, or otherwise incpaitte members of an
endangered or threatened species must be reported to the
NMDG&F within 14 days. The ultmate disposition of all
protected widIfe that is not released is to the Carnegie Museum
of Natural History, New Mexico State University, or the University
of Arizona. -

Permit No. 1961 was issued for the period of April 2, 1993, through March 31, 1994. No
waterfowl, eagles, resident gallinaceous game birds, or endlangered or threatened species have
been live-captured, banded, or salvaged. The ultimate disposition of any protected species
allowable une this permit resides in the Carnegie Museum of Natural History, New Mexico
State University, or the University of Arizona, as specified in the permit.
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37.3.2 Permit No. 1894

Permit No. 1894 authorizes the permnutee and subpermitrees,
specified to use live traps, trotlines, and nets (except gill nets) to
obtain specimens and to salvage dead, injured, or otherwise
incapacitated vertebrates. The authorized WID personnel may take
up to 30 specimens of quail, SO channel/flathead catfish, and
unprotected vertebrates as needed in Eddy and Lea counties.
Nonlethal methods must be used to take the catfish. Any
endangered or threatened species salvaged must be reported to the
NMIDG&F within 14 days. WIPP is the ultimate disposition
location for all specimens retained under this permit.

Permit No. 1894 was issued for the period of April 1, 1993, through March 31, 1994. No gill
nets have been used to obtain specimens. The allowable number of specimens of 50
channel/flathead catfish has not been exceeded. Methods used to capture the catfish are not
lethal to these fish or to other aquatic vertebrates. No endangered or threatened species have
been salvaged.

On February 3, 1994, the WED notified the NMDG&F that the Wipp had exceeded by seven
the harvest allotment of 30 quail that is provided in Permit No. 1894. This occurred when the
additional quail died in a trap. T7he WMD immediately notified the NMDG&F, and an
investigation was initiated. Results of the investigation were reviewed by the NMDG&F
enforcement headquarters staff. On March 28, 1994, the NMI)G&F notified the WIID that no
citations would be issued and that no fur-ther action would be required.
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38.0 NEW MEXICO PESTICIDE CONTROL ACT

38.1 Summary of the Law

The Pesticide Control Act (§§ 764-1 through 76-4-30 NMSA 1978) is administered and
enforced by the New Mexico State Department of Agriculture under the direction of the Board
of Regents of New Mexico State University, Las Cruces, New Mexico. This act provides for
the registration, labeling, distribution, storage, transportation, application, use, and disposal of
pesticides and pesticide-related devices. It also provides for the licensing of pesticide dealers,
consultants, applicators, and operators of pesticide apparatus and imposes penalties to protect
the environment and the public health and welfare.

The Pesticide Control Act is implemented by two regulatory oiders of the Board of Regents of
New Mexico State University. Regulatory Order No. 4, Regulatory Orders of the Board of
Regents of New Mexico State University (dated September 16, 1978), describes State

requremntsfor the storage of pesticides and the disposal of pesticide wastes. Regulatory Order
No. 5, Definitions, Licensing, Equipment Inspection, Record Keeping of Pesticides by Regulated
Applicants (dated November 2, 1979), describes reureet for licensing and for applying
pesticides in New Mexico and applies to all activities involving the distribution and use of
pesticides in the State.

38.2 Compliance Status of the Regulatory Requirements

The complia=~ status of each of the major requieet of the implementing regulations of the
Pesticide Control Act is summarized in Table 38-1. Additional detail is provided in the text.

TABLE 3.8-1. New Mexico, Pesticide Control Act - Summary of
Regulatory CopineStatus

CiTATON I REQUJREncm - COWMPLACE STATUS

New Mourn Peiid& Coull Ad, ReguisaT Order No. 4, Roeuoiuy Order of the Boindlof Rogowt
of New Mexic Stae Ukiver%*y

Section 5 Storage of pesticides and disposal ACUOVED

ofpetii e ase General-use wasp and hornet
killer stored on site

_________________________~ [____________ Section 38.2. 1; see also 10.2.21
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TABLE 38-1 (continued)

CiTATION REQUIREMENT COMPLIANCE sTATus

New Mexico Pesticide Control Act, Regulatory Order No. 5, Definitions, Licensing, Equipmaent
Inspections, Record Keeping of Pesticides by Regulated Appliciaors

Section 6 License classifications NOT APPLICABLE

Subcontractor: categories 3A,

313,7A,713,71)

____ ___ ___ ___ ____ ___ __ ___ ___ ____ ___ ___ ___ __ [Section 38.2.21

Section 10 Protective eipetACHIEVED

Review by WID personnel

I_____________ [_____________ Section 38.2.31

Section I11 Application of pesticides UP TO DATE

Review by WID personnel

____ ___ ___ ____ ___ ___ _ __ ___ ___ ____ ___ ___ ___ (Section 38.2.41

38.2.1 Storage of Pesticides and Disposal of Pesticide Wastes, Section 5 of
Reguatdory Order No. 4O Reqsiremems for storng pesticides and for disposing of pesticide
wastes and pesticide coraainiers are described in Section S of
Reguator Onder No. 4 to the New Mexico Pesticide Control Act.

All restricted-we pesticides are brought on site by the contractor who has been hired to apply
them. Storage and disposal of restricted-use pesticides and their containers are the responsibility
of the contractors who are licemed by the State and knowledgeable of applicable requrements
(see also Section 10.2.2). One general-use pesticide, "CINCH" Wasp and Hornet Killer, is
stored at WIPP. "CINCH' is properly stored in accordance with the product label. Used,
empty aerosol cans are managed as hazardous waste.
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38.2.2 License Classification, Section 6 of Regulatory Order No. 5

Thiere are 17 cote gories of licenses granted by the State of New
Mexico. Each one represents the type and scope of the specific
certification examinations that must be taken by commercial, non-
commercial, and public applicators and by pest-management
consultants for their licenses.

The applicator who is contracted to apply pesticides at WIPP is licensed under the following
categories:

3A - Ornamental Pest Control 7A - Structural Pest Control
3B - Turf Pest Control 7B - Rodent Control

7D - Termite Control

38.2.3 Protective Equipment, Section 10 of Regulatory Order No. 5

All licensed certified applicators must make tailable properly
decontaminated protective equipment which is in proper woring
order and must advise their employees of its use ro, meet the safety
requirements of the pesticide labeling.

All pesticide application contracts are reviewed and approved b~y Westinghouse Waste Isolation
Division (WID) personnel before the contract is awarded. Provisions in the contract require that
WID personnel approve the use of all pesticides prior to application on site. In addition, the
applicator is required to submit records of the date of application, specific location, application
method, quantity applied, and weather conditions at time of application.

38.2.4 Application of Pesticides, Section 11 of Regulatory Order No. 5

A licensed certified applicator shall apply only those pesticides
registered for use in New Mexico wider his/her license application.
Any person who applies pesticides must follow the directions, rates,
and precasitions tha are stated on the approved label and labeling.
Restricted-use pesticides shall be applied only by licensed certified
applicators or persons wnder their direct supervision.

WID personnel review the application method and pesticide(s) to be used by the contractor
before the application to ensure that the method is appropriate and that no pesticides on the
EPA's restricted list will be used.. A copy of the contractor's ctirrent license is maintained by the WID.
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APPENDIX A

INDEX OF REQUIREMEINTS BY AGENCY

Citation Requirement BECR Section

U.S. Environmental Protection Agency

RCRA § 3016 Inventory of Federal hnazadous waste 2.2.1.1
facilities

CAA § 109 National Ambient Air Quality Standards 6. 1; see also
(NAAQS) Chapter 29

CAA § 1 12(r)(6)(K) Risk management planlhazard. asses iment, 6.2.3.4
if applicable________________

CAA § 118 Control of pollution from Federal facilities 6.2. 1

TSCA Title II, §§ 201 et seq. Hazards of friable asbestos-containiag 9.2.1
material

TSCA Title III, § 309 Study of radon in Federal buildings 9.2.2

CERCLA § 120(d) Assessment and evaluation 3.2.1

29 CFR Part 1910 Occupational Safety and Health 11.1
Standards____

29 CER 1910.95 Compliance with hearing protection 11.2.1
standards

40 CER Part 61 National Emission Standards for 6.1
Hazardous Air Pollutants (NESHAPs) Chapter 29

40 CF'R 61.96 NESHAPs application for radionuclides 6.2.2.1

40 CFR. 61.93(a),(b) EPA approval of any alternative methods 6.2.2.2
for monitoring/sampling for radionuclide
emissions and air flow rate that diffr from
those specified under NESHAP

40 CFR 61.93(b) and Appendix NESHAPs Quality Assurance Project Plan 6.2.2.3
B, Method 114, § 4.10 ___

40 CFR 61.09(a)(1) EPA notification under NESHAPs, pre- 6.2.2.4
_ _ _ _ _ _startup

40 CFR 61.09(a)(2) EPA notification under NESHAPs, post- 6.2.2.5
____________ ___________ startup _ _ _ _ _ _ _ _ _ _ _ _ _

40 CFR. 61.94 NESHAPs annual report _ __ 6.2.2.6
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Citation Requirement BECR Section

40 CFR Part 70 State Operating Permit Programs, if 6.1
applicable __________

40 CFR 70.3(a)(3) Operating permit application from area 6.2.3.1
sources under NESHAPs

40 CFR 70.5(c)(8) Compliance plan for 40 CFR Part 70 6.2.3.2
sources as part of operating permit
application

40 CFR 70.6(a)(3)(iii)(A) and Semiannual operating permit reports and 6.2.3.3

5(c)(8)(iv) progress reports on compliance plan___________

40 CFR Part 82 Protection of Stratospheric Ozone 6.1

40 CER 82.40 Restrictions on repairing and servicing 6.2.4.1

motor vehicle air conditioners

40 CFR 82.54(c) Prohibition of nonessential Class I ozone- 6.2.4.2

depleting substances

40 CFR 82.66 Ban on nonessential products containing 6.2.4.3

Class I substances

40 CFR 82.84 Federal procurement requirements 6.2.4.4

40 CFR 82.86 Reporting requirements 6.2.4.5

40 CFR Part 82, Subpart E Labeling of products and containers 6.2.4.6
containing Class I or Class II ODSs

40 CFR 82.102 Applicability 6.2.4.7

( > 40 CFR 82. 106 Required warning statements 6.2.4.8

40 CFR 82.108, 82.112 Placement of warning statement and 6.2.4.9
prohibition of removal of the label bearing
the warning statement

40 CFR 82.122 Certification, recordikeeping, and notice 6.2.4. 10
requirements___ _____

40 CFR 82.150 Service, maintenance, and repair of 6.2.4.11

appliances using refrigerants _______

40 CFR 82.154 Prohibitions 6.2.4.12

40 CFR 82.156 Requir-ed practices 6.2.4.13

40 CFR Part 112 Oil Pollution Prevention 7.1

40 CER 112.3 Requirements for preparation and 7.2.1
implementation of spill prevention, control,
and countermeasures (SPCC) plans________
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40 CFR 112.5 Amendment of SPCC plans by owners and 7.2.2
operators

40 CFR Part 122 National Pollutant Discharge Elimination 7.1
___________________ System_(NPDES)___

40 CFR 121.1(b)(1) NPDES permits for the discharge of 7.2.3
pollutants from any point source in,:o
waters of the United States

40 CFR 122.21(c)(2) NPDES permit assessment for sewage 7.2.4
sludge________________

40 CFR 122.26(a) Requirement for a storm water discharge 7.2.5
permit _ _ _ _ _ _ _

40 CFR 122.26(c) Application requirement for storm 'water 7.2.6
discharges associated with indlustrinl
activity ____

40 CFR Part 142 National Primary Drinking Water 8.1
Regulations Implementation

40 CFR 142.4 State program requirements 8.2.1

40 CFR Part 144 Underground Inection Control Program 8.1

40 CFR 144(c) Underground injection control 8.2.2

40 CFR Part 152 Pesticide Registration and Classification 10.2

Procedures

40 CFR. 152.15 Registration of pesticide products _ ___ 10.2.1

40 CFR Part 165 Regulations for the Acceptance of 10.2
Certain Pesticides and Recommnended
Procedures for the Disposal and Storage
of Pesticides and Pesticides Containers _______

40 CFR Part 165 Recommended procedures for disposal or 10.2.2
storage of pesticides and pesticide,
containers

40 CFR Part 191 Environmnental Radiation Protection 5.1
Standards for Management and Disposal
of Spent Nuclear Fluel, High-Le-ved, and
Transuranic Radioactive Waste

Subpart A, 40 CER 191.03- Standard annual dose equivalent
191.04 5.2.1

40 CFR Part 268 Land Disposal Restrictions 2.2.2

40 CFR 268.1 Purpose, scope, and applicability 2.2.2.1
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40 CFR 268.6(a) Submittal of petitions to allow land 2.2.2.2
disposal of a waste prohibited under
Subpart C of Part 268

40 CFR 268.6(b) Requirements of demonstration of no- 2.2.2.3
migration in petition

40 CFR 268.6(c) Contents of petition 2.2.2.4

40 CFR 268.6(d) Submittal of petition to EPA Administrator 2.2.2.5

40 CFR 268.6(e) Consistency of activities with those 2.2.2.6
described in the petition and notification of
EPA of changes in conditions at the unit
and/or in the environment

40 CFR 268.6(f) Activities required if hazardous 2.2.2.7
constituents are found to have migrated
from the repository

40 CFR 268.6(g) Certification in petition 2.2.2.8

40CR26.()Additional information requested by 2.2.2.9

40 CFR 268.6(h) Administrator _______

40 CFR 268.6(k) Terms of variance 2.2.2. 10

40 CFR 268.6(n) Non-exemption of liquid hazardous wastes 2.2.2.11

containing ;- 500 ppm PCBs

40 CFR 268.7 Waste analysis and recordiceping 2.2.2. 12

40 CFR 268.8 Landfill and surface impoundment disposal 2.2.2. 13
restrictions __________

40 CFR 268.9 Special rules regarding wastes that exhibit 2.2.2. 14
a characteristic

40 CFR 268.10-12 Identification of waste to be evaluated by 2.2.2.15
August 8, 1988; by June 8, 1989; and by
May 8, 1990

40 CFR 268.30 Waste-specific prohibitions-solvent wastes 2.2.2.16

40 CFR 268.31 Waste-specific prohibitions--dioxin- 2.2 .2.17
__________________ containing wase

40 CFR 268.32 Waste-specific prohibitions--California- 2.2.2.18
listed wastes

40 CFR 268.33 Waste prohibitions-first-thirdwaste 2.2.2. 19

40 CR268.34 Waste prohibitions-second-third wastes 2.2.2.20

40 CFR 268.35 1Waste prohibitions-third-tbird wastes 2.2.2.21

A-4 October 21, 1994



___________________________________Appendix A

0Citation Requirement BECR Section

40 CFR 268.41 Treatment standards expressed as 2.2.2.22
concentrations in waste extract

40 CFR 268.42 Treatment standards expressed as specified 2.2.2.23
____________________________ technologies____________

40 CFR 268.43 Treatment standards expressed as waste 2.2.2.24
concentrations

40 CFR 268.44 Variance from a treatment standard 2.2.2.25

40 CFR 268.50 Prohibitions on storage of restricted wastes 2.2.2.26

40 CFR Part 300 National Oil and Hazardous Substances 3.1
Pollution Contingency Plan

40 CFR 300.215(b) Emergency planning requirements 3.2.2

40 CFR 300.215(e) Material safety data sheet and inventory 3.2.3
form

40 CFR Part 302 Designation, Reportable Quantities, and 3.1
Notification

40 CER 302.4 Designation of hazardous substances 3.2.4

40 CFR 302.5 Determtination of reportable quantities 3.2.5

4.0 CFR 302.6(a) Notification requirements ____ 3.2.6

40 CFR 302.6(b)(1) Releases of mixture or solutions 3.2.7

40 CFR 302.6(b)(2) Notification of releases of radionuc lides 3.2.8

40 CFR 302.6(d) Notification of the release of heavy, metals 3.2.9

40 CFR Part 355 Emergency Planning Notificationt 4.1

40 CFR 355.30(a)-(b) Emergency planning 4.2.1

40 CFR 355.30(c) Facility Emergency Coordinator 4.2.2

40 CFR 355.30(d) Provision of information 4.2.3

40 CFR 355.40 Releases of extremely hazardous 4.2.4
substances

40 CFR Part 370 Hazardous Chemical Reporting: 4.1
_________________ Community Right-to-Know

40 CFR 370.21 Submissions of MSDS or chemical list 4.2.5

40 CFR 370.25 Submission of hazardous chemical 4.2.6
________________________ inventory form____
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40 CFR Part 372 Toxic Chemical Release Reporting: 4.1
Community Right-to-Know_________

40 CFR 372.30 Submission of the Toxic Chemical 4.2.7
Inventory Report

40 CFR Part 761 EPA Regulations for Manufacturing 9.1
Processing, Distribution in Commerce,
and Use Prohibitions for Polychlorinated
Biphenyls under the Toxic Substances
Control Act

40 CFR 761.20 Prohibition of PCBs 9.2.3

40 CFR 761.60 Disposal requirements for PCBs 9.2.4

55 FR 47700 Conditional No-igration Determination 2.3
(NMD)

Condition 1, IV. B.l1 and VI(1) Testing of long-term acceptability of WIPP 2.3.1
only _______

Condition 2, IV.B.2 and VI(2) Wastes not to exceed 8,500 drums or 2.3.2
1 percent of repository's total capacity __________

Condition 3. IV.B.3 and VI(3) Retrieval of waste if noncompliance with 2.3.3

40 CFR 268.6

Condition 4, IV.B.4 and V1(4) Readily retrievable placement of waste 2.3.4

ConditionS5, IV.B.5 and VI(5) Installation of carbon adsorption device 2.3.5

Condition 6, IV.B.6 and VT(6) Implemnentation of air monitoring plan for 2.3.6
VOCs

Condition 7(a), IV.B.7(a) and Waste analysis: flarmable mixtures of 2.3.7
VI(7)(a) gases __________

Condition 7(b), IV.B.7(b) and Waste analysis: comparison of analytical 2.3.8
VI(7)(b) results with estimated compositions_______

Condition 7(c), IV.B.7(c) and Waste analysis: maintenance of records 2.3.9
VI(7)(c)___________________ ___

Condition 8, IV.B.8 and VI(8) Annual report 2.3.10

55 FR 47700 GeneMa Conditions for Compliance with 2.3
the NMD

General condition (GC) 1, Correlation between wastes received and 2.3.11
IV. B. I those described in the No-Migration

Variance Petition
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GC 2. VI Notification of EPA of changes in 2.3.12
conditions

GC 3, VI Suspension of receipt of restricted wastes 2.3.13
and notification of EPA in the event of
migration of hazardous constituents from
the repository

GC 4, VI Term of petition approved 2.3.14

55 FR 13.68 Additional Requirements for Air 2.3
Monitoring under the Proposed Variance

Proposed Variance (PV) 1, Monitoring in the exhaust shaft 2.3.15
IV.K__________ _

PV 2, IV.K Monitoring of bin-scale experiment rooms 2.3.16

PV 3, IV.K Monitoring of alcoves 2.3.17

PV 4, IV.K. 1 Measurement of the leakage rate of sealed 2.3.18
alcoves

PV 5, IV. K. 1 Weekly collection of air samples 2.3.19

PV 6, IV.K. 1 Weekly monitoring at dhe exhaust shaft and 2.3.20
air intak locations

PV 7, IV. K. 1 Monitoring frequency for the bin discharge 2.3.21
system _______________________

PV 8, IV.K. 1 Increased monitoring frequency du~e to 2.3.22
increased variability___ __________®PV 9, IV.K.2 Routine quantification of any VOC 2.3.23

PV 10, IV.K.2 Standard operating procedures to identify' 2.3.24
certain other VOCs

PV 11, IV.K.3 Use of the average response factor for 2.3.25
each target analyte_______

PV 12, IV.K.4 Use of standard operating procedures to 2.3.26
ensure the validity of the monitoring data

PV 13, IV.K.4 Recalibration of instruments 2.3.27

PV 14, IV.K.4 Establishment and annual] evaluation of the 2.3.28
method limit of quantification for each

_________________ ~target analyte ___ ______

PV 15, IV.K.4 Separate determination of the method limit 2.3.29
of quantification for the bin, alcove, and
exhaust shaft monitoring locations _________
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PV 16, IV.K.4 Collection and analysis of recovery 2.3.30
samples ____________

PV 17, IV.K.4 Collection and analysis of duplicate 2.3.31
samples

PV 18, IV.K.4 Validation of the completeness of the data 2.3.32

PV 19, IV.K.4 Tracking and evaluation of accuracy, 2.3.33
precision, and completeness of the data

PV 20, IV.K.4 Performance of systems audits 2.3.34

PV 21, IV.K.4 Corrective action required for improper 2.3.35
conditions or practices __________

PV 22, IV.K.4 Establishment of specific quality assurance 2.3.36
__________________________ objectives for data acceptability __________

PV 23, IV.K.4 Corrective action required 2.3.37

PV 24, IV.K.5 Annual averaging of concentrations of 2.3.38
targeted constituents

PV 25, IV.K.5 Submittal of annual data summaries and 2.3.39
summaries of data accuracy, precision, and
completeness for each monitoring location

PV 26, IV.K.5 Maintenance of documentation on all 2.3.40
________________ aspects of QA/QC

57 ER 41236 Funal NPDES General Permits for Storm 7.3
Water Discharges Associated with
Industrial Activity_______Q TYA); Appendix B, [1(A) Notice of Intent to file for general permit 7.3.1

IV(A)(4); Appendix B, IV(A)(4) Notice of Termination 7.3.2

IV(B)(1); Appendix B, M1(A) Prohibition on non-storm water discharges 7.3.3

IV(B)(2); Appendix B, M1(B) Releases of reportable quantities of 7.3.4
hazardous substances and oil

IV(C); Appendix B, Part IV Storm water pollution prevention plan 7.3.5

IV(C)(1); Appendix B, IV(D)(1) Pollution prevention team 7.3.6

IV(C)(2); Appendix B, IV(D)(2) Identification of potential pollution sources 7.3.7

IV(C)(2); Appendix B, IV(D) Site assessments 7.3.8

IV(C)(3); Appendix B, IV(D)(3) Measures and controls 7.3.9

IV(C)(4); Appendix B, IV(D)(4) Comprehensive site compliance evaluations [7.3.10
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IV(D)(l); Appendix B, IV(D)(7) Requirements for storage, processing, and 7.3.11
handling areas for EPCRA § 313 "water
priority chemicals"

IV(D)(2); Appendix B, IB(D)(8) Enclosure or covering of outdoor sait piles 7.3.12

IV(D)(3); Appendix B, IV(D)(5) Notification to municipal large and 7.3.13
medium separate storm water systems ___________

IV(E); Appendix B, Part IV and Monitoring and reporting requirements 7.3.14
XI(C)(vi) ___________________

IV(G); Appendix B, IV (A)(1) Deadline for plan preparation and 7.3.15
1compliance________________

Council On Environmental Quably

40 CFR Parts 1500-1508 - Provision of environmental information 12.2
- to public officials and private citizens

U.S. Department of Energy

10 CFR Part 1021 Implementing Procedures 14.2

10 CFR Part 1021 Supplements and clarifies the requirements 14.2.1

contained in 40 CFR Parts 1500-1L508

U,.S. Nuclear Regulatory Commission-

10 CFR Part 71 Packaging and Transportation of 15.1

Radioactive Material___

10 CFR 71.12 General license: NRC-approved package 15.2.1

Note: The NRC issued the DOE a
certificate of compliance for the
TRUPACT-Il instead of a license.

10 CER 71.31-71.39 Contents of application and package 15.2.2
______________________ description,_evaluation, andQA ___ ________

10 CFR 71.41 Demonstration of compliance ____ 15.2.3

10 CFR 71.43 and 71.45 Requirements for all packages ____ 15.2.4

10 CFR 71.47 External radiation standards for all 15.2.5
_________________ packages__________
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10 CFR 71.51 Additional requirerrr for Type B 15.2.6
packages____________

10 CFR 71.55-71.61 Requirements for all fissile material 15.2.7
packages____________

10 CFR 71.63 Special requirements for plutonium 15.2.8
shipments in excess of 20 Ci/shipment ___________

10 CFR 71.71 Tests under normal conditions of transport 15.2.9

10 CFR 71.73 Tests under hypothetical accident 15.2.10
conditions

10 CFR 71.81 Compliance with general requirements 15.2.11
(71 .00-6a), operating controls and
procedures (71.81-71.99), and quality
assurance requirements (71.101-71.137)

10 CFR 71.83 Assumptions as to unknown properties: 15.2.12
assume credible values that will cause the
maximum nuclear reactivity__________

10 CFR 71.85 Preliminary determinations of integrity of 15.2.13
______________________ packaging,_pressure testing,_and marking

10 CFR 71.87 Routine determinations prior to each 15.2. 14
shipment __________

10 CFR 71.89 Any special opening instructions for the 15.2.15
consignee

10 CFR 71.91 Records to be kept at least 3 years after 15.2.16
shipment___________

10 CFR 71.93 Inspections and tests to be performed or 15.2. 17
allowed to be performed by the NRC

10 CFR 71.95 Reports regarding (1) any decreased 15.2.18
effectiveness of an authorized packaging
during use and (2) details of any defects
with safety significance_______

10 CFR 71.97 Advance notification of shipment of 15.2. 19
nuclear waste as described

10 CFR 71.101-71.137 NRC quality assurance requirements 15.2.20

C of C Description of TRUPACT-11 15.3

C of C, p. 1, 5(2), pana. 1 Overall specifications for the TRUPACT-Il 15.3.1

Cof C, p. 1, 5(2), para. 1 Weighit specifications 15.3.2
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C of C, p. 1, 5(2), para. 2 Outer containment assembly specifications 15.3.3

C of C, p. 1, 5(2), para. 3, Inner containment vessel specifications 15.3.4
'Cv

C of C Packaging - Drawings ____ 15.3

C of C, p. 2, 5(a)(3), Packaging construction 15.3.5
para. I

C of C, p. 2, 5(a)(3), Positioning of contents within packaging 15.3.6
para. 2

15.3 Contents - Type and Form of Material 15.3

C of C, p. 2, 5(b)(1) Allowable materials 15.3.7

C of C, p. 2, 5(b)(1) Explosives, corrosives, nonradioact~ive 15.3.8
pyrophorics, and pressurized contam.ers

______________________ prohibited

C of C, p. 2, 5(b)(1) Radioactive pyrophorics not to exceed 1 15.3.9
percent by weight within a drum., standard
waste box (SWE), or bin _____________

C of C, p. 2, 5(b)(1) Free liquids not to exceed 1 percent by 15.3.10
volume within a drum, SWB, or bin

C of C, p. 2, 5(b)(1) Flammable organics limited to 500 ppmn in 15.3.11
headspace of any drum, SWB, cit bin

C of C Contents - Maximal Quantity of 15.3
_________________________ Material perPackage ____ __________

S C of C, p. 2, 5(b)(2), Maximum allowable weight 15.3.12
para._1 _________

C of C, p. 2, 5(b)(2), Maximal number of payload containers per 15.3.13
para. 2 package and authorized packaging

configurations_______________

C of C, p. 2, 5(bX2), Amount of allowable fissile materild 15.3.14

C of C, p. 2, 5(bX2), Allowable decay heat 15.3.15

C of C Fissilelass 15.3

C of C, p. 2, 5(c) FissileClass 1 15.3.16

C of C, p. 3, 6 Restrictions of form, properties, and other 15.3.17
______________________ 1 parameters _________

C of C, p. 3, 7 Shipping category desigain 15.3.18
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C of C, p. 3. 8 Labeling requirements 15.3.19

C of C,.p. 3, 9 Pre-shipping venting or aspirating 15.3.20
requirements

C of C, p. 3, 10 Requirements of Subpart G of 10 CFR 15.3.21
Part 71

C of C, p. 3, 10(a) Preparation of packages for shipment and 15.3.22
operations

C of C. p. 3, 10(b) Testing and maintenance of packaging 15.3.23

C of C, p. 3, 11 Contents of each package 15.3.24

C of C, p. 3,' 12 Leak testing 15.3.25

C of C, p. 3. 13 Removal of free-standing water 15.3.26

C of C, p. 3, 14 Approval of TRUPACT-Il 15.3.27

C of C, p. 3. 15 Expiration date: August 31, 1994 15.3.28

U.S. Department of Transportation

49 CFR Part 171 General Information, Regulations, and 16.2.3.1
Definitions

49 CFR Part 172 LAbein, marking, and placarding 16.2.2.8(~i2S2> requirements 16.2.2.9
16.2.2.10
16.2.3.1

49 CFR Part 173 DOT packaging requirements 16.2.2.7
16.2.3.1

49 CFR Part 175 Carriage by Aircraft 16.4

49 CFR 175 Transportation of hazardous material by 16.2.18
aircrft

49 CFR Part 177 Carriage by Public HIghway 16.2.3.1

49 CFR Part 178 DOT packaging requirements 16.2.2.7

16.2.3.1

U.S. Department of Interior

43 CFR 3601.1-3 )Protection of environment: disposal of J17.2
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43 CF R 1600 Planning, Programming, Budgeting 18.2

43 CFR 1610.1 Resource management planning guidance 18.2.1

43 CFR 1610.2 Public participation _____ 18.2.2

43 CFR 1610.3-2 Consistency of management plan wvith 18.2.3
________________________ applicable laws________________

43 CFR Part 2800 Rights-of-Way, Principles and 18.2
Procedures

43 CFR 2801.2(a) Common terms and conditions of -ight-of- 18.2.4
way reservations and temporary-use
permits:

* Compliance with regulations
* Non-discrimination
* Repair of roads, fences, trails
* Fire prevention and suppression

43 CFR 2801.2(b) Mandatory conditions for right-of-way 18.2.5
reservations and temporary-use permits:

* Restoration
* Air- and water-quality standards
e Senvironmentual, value(III * Senvicncuntral, vande

* Local inhabitants
* State standards that are more

stringent than the Federal ones

43 CFR 2802.2 Application requirements for a right-of- 18.2.6
______________________ way reservation or temporary-use permit _________

cc 1 Common Conditions (CC) of Right-of- 18.3
_____________________ Way Reservations_____ _________

cc 1 Control and jurisdiction of DOE 18.3.1

CC 2 Right of accessand use _ __ 18.3.1

CC 3 Products or resources on lands wiihin the 18.3.1
_____________________ right-of-way ________

CC 4 Compliance with 43 CFR Part 28CO 18.3.1

CC 5 BLM seeding req uirements for BLM 18.3.1
______________ Roswell District

Sec. 13; Standard Stipulations Right-of-Way Reseration No. NM 18.3
_____________________ S3809, WaterPipeline_________
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Sec. 13; Standard Stipulations Preconstruction and construction conditions 18.3.2.1
(SS) 1, 2, 5, 6, 8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sec. 13E Water access for livestock 18.3.2.2

SS 3 Road construction 18.3.2.3

55 4 Posting of BLM number 18.3.2.4

55 7 Gates or cattleguards on public lands 18.3.2.5

Sec. 13; Standard Stipulations Right-of-Way Reservation No. NM 18.3

55676, North Access Road

55 2 Polychlorinated biphenyls (PCBs) 18.3.3.1

SS 3-5 SS for the construction of overhead electric 18.3.3.2

distribution lines

55 6 Posting of BLM serial number 18.3.3.3

Term/Condition (TIC) 7 Damage or injury to private property 18.3.3.4

TIC 7 and 8 Actions required upon abandonment, 18.3.3.5
relinquishment, or expiration of right-of-
way reservation

Amendment Fencing 18.3.3.6
(April 22, 1988) ___________________

Sec. 13; Standard Stipulations Right-of-Way Reservation No. NM 18.3
55699, Access Railroad

55 1-4, 7, 9, 11 Preconstruction and construction 18.3.4.1

requirements for railroad spur _______

SS 5 Reseeding upon completion of construction 18.3 .4.2

55 6 Abandonment of the site 18.3 .4.3

55 8 \,' / Responsibility for damage or injury to 18.3 .4.4
private property _______

55 10 Access to water for livestock 18.3.4.5

55 12 Removal of caliche and/or other mineral 18.3 .4.6
material

S5 13 Application for free-use permits 18.3.4.7

Amendment Notification of BLM regarding the access 18.3 .4.8

road parallel to the railroad _________
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Sec. 13; Standard Stipulations Right-of-Way Reservation No. NNM 18.3
63136, Dosimetry and Aerosol Sampling
Sites

Attachment A Establishment of dosimeter stations and air 18.3.5.1
samplers_________________

Amendment Air monitoring and data collection site 18.3.5.2

Sec. 13; Standard Stipulations Right-of-Way Reservation No. NM 18.3
65801, Seven Subsidence Monumtnts

Right-of-way reservation No unique conditions 18.3.6

Sec. 13; Standard Stipulations Right-of-Way Reservation No. NM 18.3
82245 for Two Subsidence Monuments

#1 Construction and maintenance of the: 18.3.7.1
monuments

#3 Security and maintenance of the 18.3 .7.2
monuments

#5 Rehabilitation of the land 18.3.7.3

Sec. 13; Standard Stipulations Right-of-Way Reservation No. MI 18.3
_____________________ 77921, AerosolSamplingSite ___

#1 Construction, operation, and maintetiance 18.3.8.1

#3 Security and operation of aerosol samnpling 18.3.8.2
station

#5 Rehabilitation of the land occupied by the 18.3.8.3
aerosol sampling station

Letter from E Paso Natural Gas Use of the abandoned concrete slab 18.3.8.4
Company_________ ___

Sec. 13; Standard Stiplatoans Free-Use Permit No. NM-FU3-91183 for 18.3
Use of Catiche

Approval of request to mine Withdrawal of caliche 18.3.9.1
35,000 cubic yards of caliche

Attachmen 2, Reclamation Reclamation of caliche borrow pit 18.3.9.2

43 CFR Part 4100 Grazing Administration - Exclusive of 19.2
Alaska

43 CFR 4100.0-8 Land-use plan, including grazing 19.2.1
_ _ _ _ _2" maement _ _ _

43 CFR Part 4100 Grazing Administration 20.2
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43 CFR 4 100.0-8 Management of grazing lands under 20.2. 1; see also
principles of multiple use and sustained 19.2.1
yield and in accordance with applicable

land-use plans __________

43 CFR 4120.2 Preparation of allotment management plan 20.2.2

50 CFR Part 13 General Permit Procedures 21.2

50 CFR 13.11 Perinit application procedures 21.2.1

50 CFR Part 22 Eagle Permits 21.2

50 CFR 22.11 General permit requirements 21.2.2

50 CFR 22.25 Permits to take golden eagle nests 21.2.3

50 CFR Part 13 General Permit Procedures 22.2

50 CFR 13.11 Permit application procedures 22.2.1

50 CFR 13.12 Information requirements for permit 22.2.2

applications

50 CFR 13.44 Display of permit 22.2.3

50 CFR 13.45 Filing of reports 22.2.4

50 CFR 13.46 Maintenance of records 22.2.5

50 CFR 13.47 Inspection requirement 22.2.6

50 CFR 13.48 Compliance with permit conditions (see 22.2.7
\AVW also Sections 22.2.12 and 22.3. 1)

50 CFR 13.50 Acceptance of liability 22.2.8

50 CFR Part 20 Migratory Bird Hunting 22.2

50 CFR Part 20, Subpart C Compliance with applicable hunting 22.2.9
regulations __________

50 CFR Part 21 Migratory Bird Permits 22.2

50 CFR 21 .22(a) Permit for banding or marking migratory 22.2.10
birds

50 CFR 21.22(b) Application procedures for banding or 22.2.11
marking permits_______

50 CFR 21.22(c) Additional permit conditions 22.2.12

50 CFR 21 .22(d) Term of permit 22.2.13

50CR2.7Special-purpose permits 22.2.14_
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50 CFR 21.28 Falconry permits _ ___ 22.2.15

50 CFR 21.41 Depredation permits _ ___ 22.2.16

Permit No. 22478 Authorization to capture and baud or 22.3
mark birds____

50 CFR Part 13 General Permit Procedures 23.2

50 CFR 13.11 Permit application procedures 23.2.1

50 CFR Part 17 Endangered and Threatened Wildlife 23.2
and Plants

50 CFR 17.22, 17.32, 17.52, Application for permits for scientific 23.2.2
and 17.62 purposes or for the enhancement of

propagation or survival of endangered or
threatened species

50 CFR Part 402 Interagency Cooperation - Endanigered 23.2
__________________ SpeciesAct, as Amended ___ ______

50 CFR 402.12 Biological assessment to evaluate effects of 23.2.3
proposed actions on designated species _________

50 CFR 402.14 Formal consultation with the FWS to 23.2.4
determine whether any action will affect
listed species________________

Advisory Council. on Historic Preservation®36 CFR Part 800 Protection of Historic and Cultial 24.2
_______________ Properties

36 CFR 800.5 Assessment of effects on historic properties 24.2.1

36 CFR 800.11 Development of plan for treatmen. of 24.2.2
historic property____ _______

43 CFR Part 7 Protection of Archaeological Resources 24.2

43 CFR 7.5 Application for permit to excavate and/or r 24.2.3

remove archaeological resources

New -Mexco Environment Departmtmtt

40 CFR Part 262 (HWMR-7,, Standards applicable to generators of 2S.2.2
§ 301) hazardous waste ____

W 40 CER 262.11 Hazardous waste determination ____J 25.2.2.1
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40 CFR 262.12 EPA identification number 25.2.2.2

40 CFR 262.20 Manifest requirements 25.2.2.3

40 CFR 262.21 Acquisition of manifests 25.2.2.4

40 CFR 262.22 Number of copies 25.2.2.5

40 CFR 262.23 Use of the manifest 25.2.2.6

40 CFR 262.30 DOT packaging requirements 25.2.2.7

40 CER 262.31 Labeling requirements 25.2.2.8

40 CFR 262.32 Marking requirements 25.2.2.9

40 CFR 262.33 Placarding requirements 25.2.2.10

40 CFR 262.34(a) 90-day or less accumulation time 25.2.2.11

40 CFR 262.34(a)(1)(i) Compliance with Subpart I of 40 CFR Part 25.2.2.12
265 for waste placed in containers

40 CER 262.34(a)(1)(ii) Accumulation of hazardous wastes in tanks 25.2.2.13

40 CFR 262.24(a)(l)(iii) Compliance with Subpart W of 40 CFR 25.2.2.14
Part 265 for wastes placed on drip pads

40 CFR 262.34(a)(2) Marking each container with the date of 25.2.2.15
initial accumulation of waste

40 CER 262.34(a)(3) Marking each container as hazardous waste 25.2.2.16

40 CFR 262.34(a)(4) Compliance with Subparts C and D of 40 25.2.2.17
CFR 265, 40 CFR 265.16, and 40 CFR
268.7(a)(4) for preparedness/prevention,
contingency plans/emergency procedures.
training, and waste analysis plans_______

40 CFR 262.34(b) Extension of the 90-day storage period due 25.2.2.18
to unforeseen, temporary, and
uncontrollable circumstances

40 CFR 262.34(c)(1)(i) Restrictions and requirements for satellite 25.2.2.19,

accumulation areas 25.2.2.20

40 CFR 262.34(c)(1)(ii) Labeling of container as "hazardous waste" 25.2.2.21

40 CFR 262.34(c)(2) Management of waste exceeding the 55- 25.2.2.22
_______________________ gallon or 1-quart limit

40 CFR 262.40 Recordkeeping requirements 25.2.2.23

40 CFR 262.41 Generator--biennial report 25.2.2.24
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40 CFR 262.42 Exception reporting if copy of manifest is 25.2.2.25
not returned to generator within th~e

_________________________ specified time period __________

40 CFR 262.43 Additional reporting _____ 25.2.2.26

40 CFR Part 263 (HWMR-7, Standards Applicable to Transporters of 25.2.3
§ 401) Hazardous Waste ____

40 CFR 263. 10(a) Compliance with DOT regulations 25.2.3.1

40 CFR 263.11 EPA identification number 25 .2.3.2

40 CFR 263.20 - 263.22 Compliance with the manifest system and 25.2.3.3
recordkeeping __________

40 CFR 263.30 Immediate action after hazardous waste 25.2.3.4
________________________ discharges ________________

40 CFR 263.31 Discharge cleanup 25.2.3.5

40 CFR Part 265 (HWMR-7, Interim Status Standards for Owners 25.2.4
§ 601) and Operators of Hazardous Waste

Treatment, Storage, and Disposal
Facilities

40 CFR 265. 10 Applicability _ ___ 25.2.4.1

40 CFR 265.11 EPA identification number 25.2.4.2

40 CFR 265.12 Required notices to the off-site soures) 25.2.4.3

40 CFR 265.13 General waste analysis 25.2.4.4

40 CFR 265.14 Security ____ 25.2.4.5

40 CFR 265.15 General inspection requirements 25.2.4.6

40 CER 265.16 Personnel traning 25.2.4.7

40 CFR 265.17 General requirements for ignitable:, 25.2.4.8
_________________ reactive, or incompatible wastes

40 CFR 265.18 L.ocation standards 25.2.4.9

40 CPR 265.31 Maintenance and operation of facility 25.2.4.10

40 CFR 265.32 Required equipment 25.2.4.11

40 CFR 265.33 Testing and maintenanc of equipment 25.2.4.12

40 CFR 265.34 Access to communications or alanm system 25.2.4. 13

40 CFR 265.35 Required aisle space ____ 25.2.4. 14
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40 CFR 265.37 Arrangements with local authorities 25.2.4. 15

40 CFR 265.51 Purpose and implementation of the 25.2.4.16
contingency plan___________

40 CFR 265.52 Content of the contingency plan 25.2.4.17

40 CFR 265.53 Copies of contingency plan 25.2.4.18

40 CFR 265.54 Amendment of contingency plan 25.2.4.19

40 CFR 265.55 Emergency Coordinator 25.2.4.20

40 CFR 265.56 Emergency procedures 25.2.4.21

40 CFR 265.71 Use of manifest system 25.2.4.22

40 CFR 265.72 Manifest discrepancies 25.2.4.23

40 CFR 265.73 Operating record 25.2.4.24

40 CFR 265.74 Availability, retention, and disposition of 25 .2.4.25

records

40 CFR 265.75 TSDF biennial report 25.2.4.26

40 CFR 265.76 Unmanifested waste report 25.2.4.27

40 CFR 265.77 Additional reports 25.2.4.28

40 CFR 265.90 Applicability of the ground-water 25.2.4.29

monitoring system

40 CFR 265.91 Ground-water monitoring system 25.2.4.30

40 CFR 265.92 Sampling and analysis 25.2.4.31

40 CFR 265.93 Preparation, evaluation, and response 25.2.4.32

40 CFR 265.94 Recordkeeping and reporting 25.2.4.33

40 CFR 265.110 Applicability of the closure/post-closure 25.2.4.34
_____________________ requirements ________

40 CFR 265.111 Closure performance standard 25.2.4.35

40 CFR 265.112 Closure plan, amiendment of plan 25.2.4.36

40 CFR 265.113 Time allowed for closure 25.2.4.37

40 CF'R 265.114 Disposal or decontamnination of equipment, 25.2.4.38
structures, and soils

40 CFR 265.115 Certification of closure 25.2.4.39

40 CFR 265.116 Survey plat 25.2.4.40
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40 CFR 265.117 Postclosure care and use of property 25.2.4.41

40 CFR 265.118 Postclosure plan; amendment of i lan 25.2.4.42

40 CFR 265.119 Postclosure notices 25.2.4.43

40 CFR 265.120 Certification of completion of postclosure 25.2.4.44

care

40 CFR 265.142 Cost estimate for closure 25.2.4.45

40 CFR 265.143 Financial assurance for closure 25.2.4.46

40 CFR 265.144 Cost estimate for postclosure care 25.2.4.47

40 CFR 265.145 Financial assurance for postclosure care 25.2.4.48

40 CFR 265.146 Use of a mechanism for financial 25.2.4.49
assurance of both closure and postclosure
care

40 CFR 265.147 Lability requirements 25.2.4.50

40 CFR 265.148 Incapacity of owners or operators, 25.2.4.51
guarantors, or financial institutiorns

40 CER 265.149 [HWMR-7. Use of State-required mechanisms; 25.2.4.52
§ 602(A)] ______________ ____

40 CFR 265.150 [HWMR-7, State assumption of responsibility 25.2.4.53
§ 602(B)]_________________________

40 CFR 265.171 Condition of containers 25.2.4.54

40 CER 265.172 Compatibility of waste with containers 25.2.4.55

40 CFR 265.173 Management of containers- 25.2.4.56

40 CFR 265.174 Inspections 25.2.4.57

40 CFR 265.176 Special requirements for ignitable or 25.2.4.58
reactive waste

40 CFR 265.177 Special requirements for incompatible 25 .2.4.59
wastes

40 CFR 265.190-.445 Tank systems; surface impoundments; 25.2.4.60
waste piles; land treatment; incinerators;
thermal treatment; chemical, physical, and
biological treatment; underground

_______________________ injection; and drip pads_____________

40 CFR 265.1032 Standards (air emission) for process vents 25.2.4.61

40 CFR 265.1052-. 1062 Air emission standards for equipment leaks 25 .2.4.62
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40 CFR .'art 270 (HIN{R-7, EPA Administered Permit Programs: 25.2.5
§ 901) the Hazardous Waste Permit Program __________

40 CFR 270.1 Purpose and scope of the RCRA permit 25.2.5.1
program regulations

40 CFR 270. 10 General application requirements 25.2.5.2

40 CFR 270.11 Signatories to permit applications and 25.2.5.3
reports _____________

40 CFR 270.13 Contents of Part A of the permit 25.2.5.4
application

40 CFR 270.14 (HWMR-7, Contents of Part B: general requirements 25.2.5.5

§H 901 and 902) __________________ _________

40 CFR 270.15 Specific Part B information requirements 25.2.5.6
for containers

40 CFR 270.23 Specific Part B requirements for 25.2.5.7
miscellaneous units

40 CFR 270.30 Conditions applicable to all permits 25.2.5.8

40 CFR 270.31 Requirements for recording and reporting 25.2.5.9
of monitoring results

40 CFR 270.42 (HWMR-7, Permit modification at the request of the 25.2.5.10

§§ 901 and 902) perinittee_________

40 CFR 270.71 (HWMR-7, Operation during interim status 25.2.5.11
§§ 901 and 902) _________________ ________

40 CFR 270.72 Changes during interim status 25.2.5.12

§§ 74-1-1 through 74-1-10 New Mexco Environmental 27.1; see Chapters
Improvement Act 2S, 26, and 28-31

New Mexico Environment New Mexico, Environment Department 28.1

Department (NMIED) 92-1 Ground Water Protection Act Corrective
Action Fund Regulations

NMED 92-1 Reimbursement of costs from corrective 28.2.1
actions for spills/releases from
underground storage tanks

AQCRs New Mexico, Air Quality Control 29.1
_____________________ Regulations ________

AQCR 301 Regulations to control open burning 29.2.1

AQR401 Regulations to control smoke and visible 29.2.2

emissions
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AQCR 507 Oil-burning equipment -- particulate matter 29.2.3

AQCR 605 Oil-burning equipment -- sulfur dioxide 29.2.4

AQCR 606 Oil-burning equipment -- nitrogen dioxide 29.2.5

AQCR 700 Permit fees 29.2.6

AQCR 702 Permits ____ 29.2.7; 29.3

AQCR 703.1 Annual emission inventory ____ 29.2.8

AQCR 710 Stack height requirements ____ 29.2.9

AQCR 751 NESHAPs - radionuclides 29.2. 10
NESHAPs - other HAPs

AQCR 752 Application for registration of toxic air 29.2.11
____________________ pollutants___________

AQCR 801 Excess emissions during malfunction, 29.2.12
startup, shutdown, or scheduled
maintenance__ __ _____

AQCR 901 Controlling emissions leaving New M~exico 29.2.13

AQCR 1001 Sampling equipment 29.2.14

Open-burning permit, Application and permit 29.3.1
Conditions

Air Quality Permit No. 3 10-M"- Construction and operation 29.3.2.1
2, Condition 1 _________

Condition 2 E-mission rates 29.3.2.2

Condition 3-4 CompIiince tea medhods 29.3.2.3

Condition 5 Revisions and modifications 29.3.2.4

Condition 6 Notification to subsequent owners 29.3.2.5

Condition 7 Right to access property and review 29.3 .2.6
records _ _ _ _ _ _

Condition 8 Posting of the permit 29.3.2.7

Condition 9 Recordkeeping 29.3.2.8

Condition 10 Reporting ____ 29.3.2.9

Additional Condition, p. 8 Permit cancellations 29.3.2. 10

Additional Condition, p. 8 Notice of intent and emission inventory 29.3.2.11
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Approval DP-831 New Mexico Discharge Plan for the 30.3
WrPP

DP-831 Specific Requirement Monitoring and quarterly reports 30.3.1
(SR) #1

DP-831 SR #2 Submittal of water quality analysis 30.3.2

DP-831 SR #3 Quarterly sampling of each evaporation 30.3.3
lagoon

DP-831 SR #4 Maintenance of bermns 30.3.4

DP-831 SR #5 Completion of proposed evaporation ponds 30.3.5

DP-83 1 General Requirement Records to be kept and made available to 30.3.6

(GR)--Recordkeeping the NMED upon request

DP-831I GR--Inspection and Allowing inspections, entry, sampling, and 30.3.7

Entry monitoring by NMED personnel

DP-83 1 GR--Duty to Provide Providing information relevant to discharge 30.3.8

Information plan/records required by Discharge Plan
that has been requested by NMED

DP-831 GR-Spills, Leaks, and Reporting and remediation of any spills, 30.3.9
Other Unauthorized Discharges leaks, and other unauthorized discharges

DP-83 1 GR-Retention of Retention of all monitoring information, 30.3.10
Records discharge plan reports, and data needed for

discharge plan application_________

DP-831 GR-Modifications Notification of NMED of any 30.3.11
and/or Amendments modifications or additions to the

wastewater disposal system; approval by
NMED required prior to increasing the
quantity or concentration of constituents in
waste water above those approved in the
plan

HWMRt-7 New Mexico Hazardous Waste 25.2.1

Management Regulations_______

HWMR-7, § 1001 Compliance with other regulations 25.2.1.1

USTR New Mexico Underground Storage Tank 25-2.6
Regulations___ _____

USTR Sec. 103 Applicability 25.2.6.1

USTR Sec. 200 Existing tanks 25.2.6.2

USTR Sec. 201 Transfer of ownership 25.2.6.3

A-24 October 21, 1994



Appendix A

Citation Requirement BECR Section

USTR Sec. 202 New UST system 25.2.6.4

USTR Sec. 20 3 Substantially modified UST systems 25.2.6.5

USTR Sec. 204 Notification of spill or release 25.2.6.6

USTR Sec. 205 Emergency repairs and tank replacement 25.2.6.7

USTR Sec. 206 Application forms 25.2.6.8

USTR Sec. 207 Registration certificate 25.2.6.9

USTR Sec. 300 Payment of fee 25.2.6.10

USTR Sec. 301 Amount of fee 25.2.6.11

USTR Sec. 302 Late payment penalties _ ___ 25.2.6.12

USTR Sec. 400(a) Performance standards to ensure that new 25.2.6.13
UST systems tanks are properly designed
and constructed

USTR Sec. 400(b) Piping to be properly designed anct 25.2.6.14
constructed

USTR Sec. 400(c)(1)(i) Spill prevention equipment ____ 25.2.6.15

USTR Sec. 400(c)(1)(ii) Overfill prevention equipment ____ 25.2.6.16

USTR Sec. 400(d) Installation of tanks and piping ____ 25.2.6. 17

USTR Sec. 400(e) Certificate of installation 25.2.6.18

USTR Sec. 401(a) Upgrading of existing UST systems 25.2.6.19

USTR Sec. 401(b) Upgrading requirements for steel Links 25.2.6.20

USTR Sec. 401(c) Upgrading requirements for metal piping 25.2.6.21

USTR Sec. 401(d) Spill and overfill protection equipment 25.2.6.22

USTR Sec. 402 (by reference to Certification of compliance and not ification 25.2.6.23

40 CFR, 280.22) rqieet __________

USTR Sec. 500(a) Spill and overflow control 25.2.6.24

USTR Sec. 501(a) Corrosion protection 25.2.6.25

USTR Sec. 501(b) Inspections of cathodic protection systems 25.2.6.26

USTR Sec. 501(c) Inspections of impressed-current cathodic 25.2.6.27
protection systems _____________

USTR Sec. 501(d) Records of operation of the cathodic 25.2.6.28
______________________ protection system
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USTR Sec. 502 Compatibility 25.2.6.29

USTR Sec. 503(a) Repairs allowed 25.2.6.30

USTR Sec. 503(b) Repairs to fiberglass-reinforced plastic 25.2.6.3 1

USTR Sec. 503(c) Replacement or repair of pipe sections and 25.2.6.32
fittings__________

USTR Sec. 503(d) Tightness testing after repairs 25.2.6.33

USTR Sec. 503(e) Testing of any repaired cathodically 25.2.6.34
protected UST system__________

USTR Sec. 503(f) Records of all repairs 25.2.6.35

USTR Sec. 504(a) Reporting requirements 25.2.6.36

USTR Sec. 504(b) Recordkeeping requirements 25 .2.6.37

USTR Sec. 504(c) Availability and maintenance of records 25.2.6.38

USTR Sec. 505(a) Inspections, monitoring, and testing of 25 .2.6.39
USTs

USTR Sec. 505(c) Inspections of UST installations, repairs or 25.2.6.40
modifications, or removals or system
closures

USTR Sec. 600(a) General requirements of all UST systems 25.2.6.41

USTR Sec. 600(b) Notification of releses 25.2.6.42

USTR Sec. 600(c) Schedule for required release detection 25.2.6.43

USTR Sec. 600(d) Failure to comply with release-detection 25.2.6.44
___________________ requirements

USTR Sec. 601(a) Requirements for tanks of petroleum UST 25.2.2.45
__________________ systems ______

USTR Sec. 601(b) Requirements for piping of petroleum UST 25.2.6.46
systems ______________

USTR Sec. 601(b)(1) Reqiremnt for pressurized piping 25.2.6.47

USTR Sec. 601(b)(2) Requirements for suction piping 25.2.6.48

USTR Sec. 602 Requirements for hazardous substance UST 25.2.6.49
_ _ _ _ _ _ _ systems __

UST Sec. 603 Methods of release detection for tanks 25.2.6.50

USTR Sec. 603(a) inventory control 25.2.6.51
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USTR Sec. 603(b) Manual tank gauging ____ 25 .2.6.52

USTR Sec. 603(c) Tank tightness testing 25.2.6.53

USTR Sec. 603(d) Automatic tank gauging 25.2.6.54

USTR Sec. 603(e) Vapor monitoring 25 .2.6.55

USTR Sec. 603(f) Ground-water monitoring 25 .2.6.56

USTR Sec. 603(g) Interstitial monitoring 25.2.6.57

USTR Sec. 603(h) Other methods of detecting releases 25.2.6.58

USTR Sec. 604 Methods of release detection for piping 25.2.6.59

USTR Sec. 605 Release detection recordkeeping ____ 25.2.6.60

USTR Sec. 700 Reporting of suspected releases 25 .2.6.61

USTR Sec. 701 Investigation of off-site impacts 25.2.6.62

USTR Sec. 702 Release investigation and confirmation 25.2.6.63
steps _ _ _ _

USTR Sec. 703(a) Reporting and cleanup of large spills and 25.2.6.64
overfills

USTR Sec. 703(b) Reporting and cleanup of small spills and 25.2.6.65
overfills

USTR Sec. 800 Temporary closure 25.2.6.66

USTR Sec. 801(a) Permanent closure and changes in-service 25 .2.6.67

S USTR Sec. 801(b) Permanent closure of a tank 25.2.6.68

USTR Sec. 801(c) Change in service 25.2.6.69

USTR Sec. 802(a) Assessing the site 25.2.6.70

USTR See. 802(b) Corrective action 25.2.6.7 1

USTR Sec. 803 Applicability to previously closed LIST 25.2.6.72
systems

USTR Sec. 804 Closure records 25.2.6.73

USTR Sec. 900 Applicability 25.2.6.74

USTR Sec. 1000 Informal review 25.2.6.75

USTR Sec. 1001 Review by Director 25.2.6.76

USTR Sec. 1100 Compliance with other regulations ____ 25.2.6.77
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USTR Sec. 1101 Construction 25.2.6.78

USTR Sec. 1102 Severability 25.2.6.79

USTR Sec. 1200(A) Cleanup requirements for releases from 25.2.6.80
petroleum UST systems

USTR Sec. 1200(B)-1222 Additional corrective action requirements 25.2.6.81
for petroleum UST systems

USTR Sec. 1300-1320 Corrective action for hazardous substance 25.2.6.82
UST systems__________

USTR Sec. 1400-1417 Certification of tank inst~allers and 25.2.6.83
repairers ___________

US -R Sec. 1505 Priorities 25.2.6.84

USTR Sec. 1508 Minimum site assessment 25.2.6.85

SWMRt-3 Solid Waste Management Regulations 26.1

SWMR-3, § 104 Applicability of regulations 26.2.1

SWMR-3, § 106 General requirements 26.2.2

SWMR-3, § 107 Prohibited acts 26.2.3

SWMR-3, § 109 Recordkeeping and annual reports 26.2.4

SWMR-3, § 201, 202. 209, 210 Permit application requirements 26.2.5

SWMR-3, Part IV Solid waste facility operation requirements 26.2.6

SWMR-3, Part V Closure and postclosure requirements 26.2.7

SWMR-3, Part VI Operator certification 26.2.8

SWMR-3, § 706(C) Storage and containment requirements for 26.2.9
infectious waste

SWMR-3, § 706(D) Operational requirements for infectious 26.2.10
waste treatmient, storage, and disposal
facilities

SWMR-3, § 706(E) Treatment and disposal of infectious waste 26.2.11

SWMR-3, § 706(F) Requirements for infectious waste 26.2. 12
transporters

SW"MR-3, § 711 Manifest requirements (to accompany each 26.2.13
load of infectious waste)_______

WQCC 82-1 New Mexico Water Quality Control 30.1
Commission Regulations _______
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WQCC 82-1, 1-201 Notice of Intent to discharge 30.2.1

WQCC 82-1,' 1-202 Filing of plans and specifications- 30.2.2
sewerage systems _______________

WQCC 82-1, 1-203 Notification of discharge ____ 30.2.3

WQCC 82-1, 2-101 General discharge limitations and 30.2.4
sampling/analytical requirements

WQCC 82-1, 3-104 Authorization only of effluent(s)/ 30.2.5
leachate(s) as specified in discharge p~lan

WQCC 82-1, 3-106 Application for discharge plan approval 30.2.6

WQCC 82-1, 3-107 Monitoring, reporting, and other 30.2.7
requirements ___________

WQCC 82-1, 3-108 Public notice and participation ____ 30.2.8

WQCC 82-1, 3-109 Director approval, disapproval, 30.2.9
modification, or termination of proposed
discharge plans____

WQCC 91-1 Water quality standards for interstate and 30.2. 10
intrastate streams in New Mexico

WSR 3 New Mexico Water Supply Regulations 31.1

WSR 3, § 107(A)(1) Use of chlorinated materials as 31.2.1
disinfectants or oxidants

WSR 3, § 202(A) Maximum contaminan levels (MCLs) for 31.2.2
____ ____ ____ ___ inorganic chemicals

WSR 3, § 205(A) MCL for total coliform. bacteria 3 1.2.3

S WSR 3, § 208(l) Cross connections 3 1.2.4

WSR 3, § 301(E) Certification of sampling personnel 31.2.5

WSR 3, § 302(A) Compliance: sampling of coliforms 31.2.6

WSR 3, § 305(AX2) Requirements for organic chemicals, other 3 1.2.7
than total trihialomethanes

WSR 3, § 309 Laboratories 31.2.8

WSR 3, § 310 Sampling of consecutive public water- 31.2.9
_________________ supply systems__________

WSR 3, § 401 (A) Reporting requirements - - 31.2. 10

FWSR 3, §403(A) Record maintenance _ __ 31.2.11
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WSR 3, § 404(B) {Public notice requirements pertaining to 31.2.12
__________________________ j lead___________

New Mexico Department of Public Safety

HCIA § 74-4E Hazardous Chemicals Information Act 32.1

HCIA § 74-4E-5(A)(l) Notification to the State that an extremely 32.2.1
hazardous substance is present at a facility ____________

HCIA § 74-4E-5(A)(2) Notice of release of chemical substance(s) 32.2.2
when release is at or above the reportable
quantity of the substance

HCIA § 74-4E-5(A)(3) Submittal of an inventory form covering 32.2.3
each hazardous material

HCIA § 74-4E-5(A)(4) Submittal of Toxic Chemical Release 32.2.4
Inventory forms

§ 74-4B-1 - 74-4B-14, NMSA Emergency Management Act 33.1
1978

§ 74-4B-2 Findings and purpose 33.2.1

§ 74-4B-4 State responsibility for management of 33.2.2
accidents; immunity from liability;

_____________________ cooperative agreements;_private property _______

§ 74-4B-5 State Police Emergency Response Officer; 33.2.3
~\ procedure for notification; cooperation

with other State agencies and local
governments

§ 74-4B-6 Emergency Management Task Force: 33.2.4
powers and duties

§ 74-4B-6.1 Creation and duties of the Hazardous 33.2.5
Materials Emergency Response
Administraor

§ 74-4B-10 Responsibility for clean-up by owner, 33.2.2.6
shipper, or carrier of the hazardous
material

New Memco Commissioner of Public Lands

State L and Office (SLO) Rule Relating to easements and Rights-of- 3.
NO. 10 way __________
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SLO Rule 10.006 Application requirements and fees 35.2.1

SLO Rule 10.009 Conditions 35.2.2

SLO Rule 10.010 Damage bond 35.2.3

SLO Rule 10.011 Survey plat _ ___ 35.2.4

SLO Rule 10.012 Construction reports for ruins, artifacts, or 35.2.5
monuments found

SLO Rule 10.0 13 Affidavit of completion _____ 35.2.6

SLO Rule 10.017 Renewal of right-of-way grants 35.2.7

SLO Rule 10.019 Reclamation and restoration 35.2.8

Right-of-Way Permit (RW) Permit No. RW-22789 for a High- 35.3
22789 Volume Air Sample _____________

Term/Condition (TC) #3 Disposal of brush and other debris 35.3.1

TC #4 Depth of pipelines ____ 35.3.2

TC #5 Prevention of destruction or injury to 35.3.3
improvements or livestock

TC #6 Purpose of right-of-way 35.3.4

TC #7 Existing rights _ __ 35.3.5

TC #8 L ease for mineral resources 35.3.6

TC #9 Compliance with all applicable regulations 35.3.7
and requirements _______

TC #10 Non-use of the right-of-way 35.3.8

TC #13 Protection and preservation of natural 35.3.9
environmental conditions____

TC #14 Reclamation of all disturbed areas 35.3.10

New Meaim Department of Game: and Fish

50 CFR 13 General Permit Procedures 37.1

50 CFR 13.48 Compliance with permit conditions 37.3

50 CFR 21 Migratory Bird Permits 37.1

50 CFR 21 .22(a) Permit for banding or marking migratory 37.3

birdsI
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50 CFR 21.22(b) Application procedures for banding or 37.3
marking permits __________

50 CFR 21.22(c) Additional permit conditions 37.3

50 CFR 21.22(d) Term of permit 37.3

§ 17-2-14 Hawks, vultures and owls, taking, 36.1
possessing, trapping, destroying,
maiming or selling prohibited; exception
by permit; penalty

§§ 17-2-37 through 17-2-46 Wildlife Conservation Act 36.1; 37.1

State Game Commission Governing the Removal, Capture, or 37.2

Regulation No. 564 Destruction of Endangered Species_________

Regulation No. 564 Report of unpermitted removal, capture, or 37.2.1
destruction of endangered species___________

State Game Commission Amending the Listing of Endangered 37.2
Regulation No. 682 Species and Subspecies of New Mexico

Regulation No. 682 Recognition of State-listed endangered 37.2.2

State Game Commission Regulation for the Taking and 37.2
Regulation No. 705 Possession of Protected Wildlife for

Scientific and Educational Purposes _______

Regulation No. 705, Chapter 2 Requirements for obtaining a permit 37.2.3
37.3

Regulation No. 705, Chapter 5 Year-end reports 37.2.4

Permit No. 1961 (1) Authorization for live capture and 37.3.1
banding of protected birds

(2) Salvaged endangered or threatened
species to be reported

_____________________ (3) Disposition of wildlife

Permit No. 1894 Live trapping; authorization for quail, 37.3.2
catfish, and unprotected vertebrates;
nonlethal methods for catfish; report for
salvaging endangered or threatened
vertebrates

New ýMexico Department of Agriculture

Regulatory Order No. 4 JRegulatory Order of the Board of 138.10
__________________j Regents of New Mexico State University ~______
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Section 5 Storage of pesticides and disposal of 38.2.1
pesticide wastes

Regulatory Order No. 5 Definitions, Licensing, Equipment 38.1
Inspections, Record Keeping of'
Pesticides by Regulated Applicators _________

Section 6 License classifications 38.2.2

Section 10 Protective equipment 38.2.3

Section 11 Application of pesticides 38.2.4

New Mexico State Historic Preservation Officer

§§ 18-8-1 through 18-8-8 New Mexico Prehistoric and Hlisitoric Sites 34.3
Preservation Act
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INDEX OF REQUIREMENTS BY TECHNICAL SUBJECT AREAS

CITATION REQUIREMIENT BECR SECTION

Air Quality Legislation

CAA § 109 National Ambient Air Quality 6. 1; see also Chapter 29
Standard (NAAQS) permit __________

CAA, § 1 12(r)(6)(K) Risk management plan/hazard 6.2.3.4
assessment, if applicable

CAA, § 118 Control of pollution from Federal 6.21; Chapters 6 and 29
facilities

40 CFR Part 61 National Emission Standards for 6.1
Hazardous Air Pollutants

_ _ _ _ _ _ (NESHAPs) ___

40 CFR Part 61, Subpart A General NESHAPs requirements for See Chapter 29
nonradioactive emissions

40 CF R Part 61, Subpart H National Emission Standards for 6.1
Emissions of Radionuclides Other
Than Radon from DOE Facilities

40 CFR 61.96 NESHAPs application for 6.2.2.1
________________________radionuclides(Iii) 40 CER 61.93(a),(b) EPA approval of any alternative 6.2.2.2

methods for monitoringlsampling
for radionuchde emissions and air
flow rate that differ from those

_______________ =specife under NESHAPs

40 CER 61.93(b) and Appendix NESHAPs Quality Assurance 6.2.2.3
B, Method 114, § 4. 10 Project Plan

40 CFR 61.09(&Xl) EPA notification under NESHAPs, 6.2.2.4
__________________ pre-startup _________

40 CFR. 61 .09(aX2) EPA notification under NESHAPs, 6.2.2.5
_______________________post-startup ___________

40 CFR. 61.94 NESHAPs annual report 6.2.2.6

40 CFR Part 70 State Operating Permit Programs, 6.1
_______________________ it applicable ____________
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40 CFR 70.3(a)(3) Operating permit application from 6.2.3.1
area sources under NESHAPs

40 CFR 70.5(c)(8) Compliance plan for 40 CFR Part 6.2.3.2
70 sources as part of operating
permit application______________

40 CER 70.6(a)(3)(iii)(A) and Semiannual operating permit reports 6.2.3.3
5(c)(8)(iv) and progress reports on compliance

plan

40 CFR Part 82 Protection of Stratospheric Ozone 6.1

40 CFR 82.40 Restrictions on repairing and 6.2.4.1
servicing motor vehicle air
conditioners

40 CFR 82.54(c) Prohibition of nonessential Class 1 6.2.4.2
ozone-depleting substances

40 CFR 82.66 Ban on nonessential products 6.2.4.3
containing Class I substances

40 CFR 82.84 Federal procurement requirements 6.2.4.4

40 CFR 82.86 Reporting requirements 6.2.4.5

40 CFR Part 82, Subpart E Labeling of products and containers 6.2.4.6
_________________containing Class I or Class HI ODSs;

40 CFR 82.102 Applicability 6.2.4.7

40 CFR 82.106 Required warning statements 6.2.4.8

40 CFR 82.108, 82.112 Placement of warning statement and 6.2.4.9
prohibition of removal of the label

______________________bearin the warning statement_____________

40 CER 82.122 Certification, recordkeeping, and 6.2.4.10
notice requirements

40 CFR 82.150 Service, maintenance, and repair of 6.2.4.11
appliances using refrigerants _____________

40 CFR 82.154 Prohibitions 6.2.4. 12

40 CFR 82.156 Required practices 6.2.4.13

AQCR New Meuico Air Quality Control 29.1
__________________Regulations._ ________

AQCR 301 Regulations to control open burning 29.2.1
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AQCR 401 Regulations to control smoke and 29.2.2
visible emissions

AQCR 507 Oil-burning equipment -- particulate 29.2.3
matter

AQCR 605 Oil-burning equipment -- sulfur 29.2.4
dioxide

AQCR 606 Oil-burning equipment -- nitrogen 29.2.5
dioxide

AQCR 700 Permit fees 29.2.6

AQCR 702 Permits 29.2.7; 6.3

AQCR 703.1 Annual emission inventory 29.2.8

AQCR 710 Stack height requirements 29.2.9

AQCR 751 NESHAPs - radionuclides 29.2.10
NESHAPs - other HAPs

AQCR 752 Application for registration of toxic 29.2.11
air pollutants____ ______

AQCR 801 Excess emissions during 29.2. 12
malfunction, startup, shutdown, or
scheduled maintenance

AQCR 901 Controlling emissions leaving New 29.2.13
Mexico

AQCR 1001 Sampling equipment 29.2.14

Open-burning Permit, Conditions Application and permit 29.3.1

S Air Quality Permit No. 3 10-M-2, Construction and operation 29.3.2.1
Condition 1

Condition 2 Emission rates 29.3.2.2

Conditions 3-4 Compliance test methods 2...

Condition 5 Revisions and modifications 29.3.2.4

Condition 6 Notification to subsequent owners 29.3.2.5

Condition 7 Right to access property and review 29.3.2.6
records

Condition 8 Posting of the permit 29.3.2.7

Condition 9 Recordkeeping 29.3.2.8
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Condition 10 Reporting 29.3.2.9

Additional Condition. p. 8 Permit cancellations 29.3.2. 10

Additional Condition, p. 8 Notice of intent and emission 29.3.2.11
inventory_______________

Environmental Protection Legislation

CERCLA § 120(d) Assessment and evaluation 3.2.1

§§ 74-1-1 through 74-1-10 New Mexico Environmental 27.1
Improvement Act

29 CFR Part 1910 occupational Safety and Health 11.1
Standards

29 CFR 1910.95 Compliance with hearing protectionl 11.2.1
standards

40 CFR Part 142 National Primary Drinkin Water 8.1
Regulations Implementation_________

40 CFR 142.4 State program requirements 8.2. 1; Chapter 31

40 CF!R Part 144 Underground INection Control 8.1
Program __

40 CFR 144(c) Underground injection control 8.2.2

40 CFR Part 300 National Oil and Hmzrdouu 3.1

Substances Pollution Contingency

40 CFR 300.215(b) Emnergency planning requirements 3.2.2

40 CFR 300.215(e) Material safety data sheet and 3.2.3
inventory form

40 CFRt Parn 302 Designation, Reportable 3.1
Qnantliae, and Notification

40 CFR 302.4 Designation of hazardous substances 3.2.4

40 CFR 302.5 Determination of reportable 3.2.5
_______________quantities

40 CFR 302.6(a) Notification requirements 3.2.6

40 CFR 302.6(b)(1) Releases of mixture or solutions 3.2.7
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40 CFR 302.6(b)(2) Notification of releases of 3.2.8
radionuclides

40 CFR 302.6(d) Notification of the release of heavy 3.2.9
metals

40 CFR Part 355 Emergency Planning Notification 4.1

40 CER 355.30(a)-(b) Emergency planning 4.2. 1

40 CFR 355.30(c) Facility Emergency Coordinator 4.2.2

40 CFR 355.30(d) Provision of information 4.2.3

40 CFR 355.40 Releases of extremely hazardous 4.2.4
substances

40 CFR Part 370 Hazardous Chemical Reporting: 4.1
Community Right-to-Know___________

40 CFR 370.21 Submssion of MSDS or chemical 4.2.5
list

40 CFR. 370.25 Submission of hazardous chemical 4.2.6
inventory form

40 CFR Part 372 Toxic Chemical Release 4.1
Reporting: Community Right-to-.
Know

40 CFR. 372.30 Submission of the Toxic Chemical 4.2.7
____________________Inventory Report __________

§ 74-4B-1 - 74-4B-14, NMSA New Mexico, Emergency 33.1

1978 Management Act

§ 74-4B-2 Findings and purpose 33.2.1

§74-4B-4 State responsibility for management 33.2.2
of accidents; immunity from
liability; cooperative agreements;
private property____ _______

§ 74-4B-5 State Police Emergency Response 33.2.3
Officer; procedure for notification;
cooperation with other State
agencies and local governments ____________

§ 74-4B-6 Emergency Management Task 33.2.4
Force: powers and duties .
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§ 74-4B-6.1I Creation and duties of the 33.2.5
Hazardous Materials Emergency
Response Administrator

§ 74-4B-10 Responsibility for clean-up by 33.2.6
owner, shipper, or carrier of the
hazardous material

Hazardous Substance Legislation

TSCA, Title 11 A sbestos Hazard Emergency 9.1
_________________Response Act (AHERA) _________

TSCA Title II, §§ 201 et seq. Hazards of friable asbestos- 9.2.1
containing material

TSCA, Title III Indoor Radon Abatement 9.1

TSCA Title III, § 309 Study of radon in Federal buildings 9.2.2

40 CFR Part 152 Pesticide Registration and 10.2
_________________Ciassifcatien Procedures

40 CER 152.15 Registration of pesticide products 10.2.1

40 CFR Part 165 Regulations for the Acceptance of 10.1
Certain Pesticides and
Recommended Procedures for the
Disposal and Storage of Pesicides
and Pesticides Containers

40 CFR. 165.8-. 11 Recommended procedures for 10.2.2
_____________________disposal or storage of pesticides

40 CF!R Part 761 EPA Regulations for 9.1
Manufacturing Processing,
Distribution in Commnerce, and

~~ Use Prohibitionis for
Polycbhioinated Bipbeiiyls under
the Toxic Substances Control Act

40 CFR. 761.20 Prohibition of PCBs 9.2.3

40 CFR 761.60 Disposal requirements for PCBs 9.2.4

§ 74-4E New Mexico Hazardous Chemicals 32.1

__________________Information Act (HCIA)_________
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HCIA § 74-4E-5(A)(1) Notification to the State that an 32.2.1
extremely hazardous substance is
present at a facility

HCIA § 74-4E-5(A)(2) Notice of release of chemical 32.2.2
substance(s) when release is at or
above the reportable quantity of the
substance

HCIA § 74-4E-5(A)(3) Submittal of an inventory form 32.2.3
covering each hazardous material

HCIA § 74-4E-5(A)(4) Submittal of Toxic Chemical 32.2.4
Release Inventory forms

Regulatory Order No. 4 New Mexico Pesticide Control 38.1
Act: Regulatory Order of the
Board of Regents of New Mexico
State University _________

Section 5 Storage of pesticides and disposal of 10.2.2
___________________pesticide wastes 38.2.1

Regulatory Order No. 5 New Mexico, Pesticide Control 38.1
Act: Definitions, Licensin,
Equipment Inspections, Record
Keeping of Pesticides by

__________________ Regulated Applicators _________

Section 6 License classifications 38.2.2

Section 10 Protective equipment 38.2.3

Section I11 Application of pesticides 38.2.4

Historic Presato Legisladon

36 CFR Part 800 Protection of Historic and 24.2
Culturl Properties _ _ _ _ _ _ _ _

36 CFR 800.5 Assessment of effects on historic 24.2.1
_____________________properties___________

36 CFR 800. 11 Development of plan. for treatment 24.2.2
of historic property

43 CFR Part 7 Protection of Archaeological 24.2
Resources______ ____
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43 CFR 7.5 Application for permit to excavate 24.2.3
and/or remove archaeological
resources

§§ 18-8-1 through 18-8-8 New Mexco Prehistoric and 34.1
Historic Sites Preservation Act

Land Management Legislation

43 CFR Part 3600 Mineral Materials Disposal: 17.2
General

43 CFR 3601.1-3 Protection of environment: disposal 17.2.1
of salt tailings______________

43 CFR 1600 Planning, Programming, 1.
____________________Budgeting

43 CFR 1610.1 Resource management planig 18.2.1
guidance______ ___

43 CFR 1610.2 Public participation 18.2.2

43 CFR 1610.3-2 Consistency of management plan 18.2.3
with applicable laws

43 CFR Part 280 Rights-of-Way, Principles and 18.2
Procedures

43 CFR 2801.2(a) Common terms and conditions of 18.2.4
right-of-way reservations and
temporary-use permits:

0 Compliance with
regulations

* Non-discrimination
* Repair of roads, fences,

trails
* Fire prevention and

___________________________suppression______________
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43 CFR 2801.2(b) Mandatory conditions for night-of- 18.2.5
way reservations and temporary-use
permits:

" Restoration
" Air- and water-quality

standards
* Scenic, cultural, and

environmental values
* Local inhabitants
" State standards that are

more stringent than the
Federal ones

43 CFR 2802.2 Application requirements for a 18.2.6
right-of-way reservation or

_________________________temporary-use permit______________

cc 1 Common Conditions (CC) of 18.3
_____________________ Right-of-Way Reservations ____________

cc 1 Control and jurisdiction of DOE 18.3.1

CC 2 Right of access and use 18.3.1

CC 3 Products or resources on lands 18.3.1
within the right-of-way__________

CC 4 Compliance with 43 CFR Part 2800 18.3.1

cc 5 BLM seeding requirements for 18.3.1
BLM Roswell District

Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3
NM 5380, Water Pipeline ____________

Sec. 13; Standard Stipulations Preconstruction and construction 18.3.2.1
(S5) 1, 2, 5, 6, 8 conditions

Sec. 13E Water access for livestock 18.3.2.2

SS 3 Road construction 18.3.2.3

SS 4 Posting of BLM number 18.3 .2.4

55 7 Gates or cattleguards on public 18.3.2.5
____ ____ ____ ___lands
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Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3
NM 55676, North Access Road

SS 2 Polychlorinated biphenyls (1PCBs) 18.3.3.1

SS 3-5 SS for the construction of overhead 18.3.3.2
electric distribution lines

55 6 Posting of BLM serial number 18.3.3.3

Term/Condition (TIC) 7 Damage or injury to private 18.3.3.4
property

TIC 7 and 8 Actions required upon 18.3.3.5
abandonment, relinquishment, or
expiration of right-of-way
reservation

Amendment Fencing 18.3.3.6
(April 22, 1988) ____________________________

Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3
NM 55699, Access Railroad

SS 1-4, 7, 9, 11 Preconstruction and construction 18.3.4.1
_____________________ requirements for railroad spur__________

SS 5 Reseeding upon completion of 18.3 .4.2
construction

5S 6 Abandonment of the site 18.3 .4.3

SS 8 Responsibility for damage or injury 18.3.4.4
to private property____ _________

SS 10 Access to water for livestock 18.3.4.5

SS 12 Removal of calickie and/or other 18.3.4.6
ierlmaterial

55 13 Application for free-use permits 18.3 .4.7

Amendment Notification of BL.M regarding the 18.3 .4.8
access road parallel to the railroad

Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3
NM 63136, Dosimetry and

____________________Aerosol Sampling Sites__________
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Attachment A Establishment of dosimeter stations 18.3.5.1
and air samplers______________

Amendment Air monitoring and data collection 18.3.5.2
site

Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3
NM 65801, Seven Subsidence
Monuments

Right-of-way reservation No unique conditions 18.3.6

Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3
NM 82245 for Two Subsidence
Monuments

#1 Construction and maintenance of the 18.3.7.1
monuments

#3 Security and maintenance of the 18.3.7.2
monuments

#5 Rehabilitation of the land 18.3.7.3

Sec. 13; Standard Stipulations Right-of-Way Reservation No. 18.3

NM 77921, Aerosol Sampftn Site

#1 Construction, operation, and 18.3.8.1
iteac

#3 Security and operation of aerosol 18.3.8.2
_____________________ sampling station

#5 Rehabilitation of the land occpied 18.3.8.3
_____________________by the aerosol sampling station

Letter from E Paso Natural Gas Use of the abandoned concrete slab 18.3.8.4
Company ____________

Sec. 13; Standard Stipulatlon. Free-Use Permit No. NM-FU3- 18.3
91183 for Use of Caliche

Approval of request to mine Withdrawal of caliche 18.3.9.1
35,000 cubic yards of caliche

Attachment 2, Reclamation Reclamation of caliche borrow pit 18.3.9.2

43 CFR Par 4100 Grazing Administration - 19.2
________________ Exclusive of Alaska
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43 CFR 4100.0-8 Land-use plan, including grazing 19.2. 1
management

43 CFR Part 4100 Grazing Administration 20.2

43 CFR 4100.0-8 Management of grazing lands under 20.2.1; see also 19.2.1
principles of multiple-use and
sustained yield and in accordance
with applicable land-use plans_______________

43 CFR 4120.2 Preparation of allotment 20.2.2
management plan______________

New Mexico State Land Office Relating to Easements and Rights- 35.1
(SLO) Rule No. 10 of-Way_____________

SLO Rule 10.006 Application requirements and fees 35.2.1

SLO Rule 10.009 Conditions 35.2.2

SLO Rule 10.010 Damage bond 35.2.3

SLO Rule 10.011 Survey plot 35.2.4

SLO Rule 10.0 12 Construction reports for rumns, 35.2.5
artifacts, and monuments

SLO Rule 10.013 Affidavit of completion 35.2.6

SORule 10.0 17 Renewal of right-of-way grants 35.2.7

SL ue 009Reclamation and restoration 35.2.8

RW 2279\ .. Permit No. RW-22789 for a high- 35.3.1
volume air sampler_____________

Term/condition (TC) #3 Disposal of brush and other debris 35.3.1

TC #4 Depth of pipelines 35.3.2

TC #5 Prevention of destruction or injury 35.3.3
to improvements or livestock

TC #6 Purpose of right-of-way 35.3.4

TC #7 Existing rights 35.3.5

TC #8 Leases for mineral resources 35.3.6

TC #9 Compliance with all applicable 35.3.7
_______________________regulations and requirements ____________

TC #10 Non-use of the right-of-way 35.3.8
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TC #13 Protection and preservation of 35.3.9
natural environmental conditions

TC #14 Reclamation of all disturbed areas 35.3.10

Radiation Protection Legislation

10 CFR Part 71 Packaging and Transportation of 15.1
Radioactive Material

10 CFR 71.12 General license: NRC-approved 15.2.1
package

Note: The NRC issued the DOE a
certificate of compliance for the
TRUPACT-H instead of a license.

10 CFR 71.3 1-71.39 Contents of application and package 15.2.2
______________________ description, evaluation, and QA ____________

10 CFR 71.41 Demonstration of compliance 15.2.3

10 CFR 71.43 and 71.45 Requirements for all packages 15.2.4

10 CFR 71.47 External radiation standards for all 15.2.5
________________________packages______________

10 CFR 71.51 Additional requirements for Type B 15.2.6
________________________packages______________

10 CFR 71.55-71.61 Requirements for all fissile material 15.2.7
________________________packages ______________

10 CFR 71.63 Special requirements for plutonium 15.2.8
shipments in excess of 20
Ci/shipment______ _____

10 CFR 71.71 Tests under normal conditions of 15.2. 9
_____________________ transport___________

10 CFR 71.73 Tests under hypothetical accident 15 .2. 10
conditions

10 CFR 71.81 Compliance with general 15.2.11
requirements (71.00-~6a), operating
controls and procedures (71.81-
71.99), and qualityasunc

_____________________ requirements (71.1,071-71.7e) _ __________
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10 CFR 71.83 Assumptions as to unknown 15.2.12
properties: assume credible values
that will cause the maximum
nuclear reactivity

10 CFR 71.85 Preliminary determinations of 15.2.13
integrity of packaging, pressure
testing, and marking______________

10 CFR 71.87 Routine determinations prior to each 15.2.14
_________________________shipment _______________

10 CFR 71.89 Any special opening instructions for 15.2.15
the consignee______________

10 CFR 71.91 Records to be kept at least 3 years 15.2.16
after shipment

10 CFR 71.93 Inspections and tests to be 15.2.17
performed or allowed to be

_________________performed by the NRC

10 CFR 71.95 Reports regarding (1) any decreased 15.2.18
effectiveness of an authorized
packaging during use and (2) details
of any defects with safety

__________________ significance _ _ _ _ _ _ _ _

10 CFR. 71.97 Advance notification of ship ment of 15.2.19
nuclear waste as described

10 CFR 71.101-71.137 NRC quality assurance requirements 15.2.20

40 CFR Part 191 Environmental Radiation 5.1
Protection Standards for
Maonagement and Disposal of(ii) Spent Nuclear Fuel, High-Level,
and Transuranic Radioactive
Waste

Subpart A, 40 CFR 191.03- Standard annual1 dose equivalent 5.2.1
191.041

Plant and Animal Preservation Legislation

50 CFR Part 13 fGeneral Permit Procedures 21.2

50CR13. 11 Permit application procedures 121.2.1
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50 CFR Part 22 Eagle Permits 21.2

50 CFR 22.11 General permit requirements 21.2.2

50 CFR 22.25 Permits to take golden eagle nests 21.2.3

50 CFR Part 13 General Permit Procedures 22.2

50 CFR 13.11 Permit application procedures 2..

50 CFR 13.12 Information requirements for permit 22.2.2
applications________________

50 CFR 13.44 D isplay of permit 22.2.3

50 CFR 13.45 Filing of reports 22.2.4

50 CFR 13.46 Maintenance of records 22.2.5

50 CFR 13.47 Inspection requirement 22.2.6

50 CFR 13.4 Compliance with permit conditions 22.2.7
(see also Sections 22.2.12 and
22.3.1)_____________

50 CFR 13.50 Acceptance of liability 22.2.8

50 CFR Part 20 Migratory Bird Hunt 22.2

50 CFR Part 20, Subpart C Compliance with applicable hunting 22.2.9
___________________ regulations _________

50 CFR Parn 21 Migratory Bird Permits 22.2

50 CFR 21.22(a) Permit for banding or marking 22.2. 10
_____________________migratory birds

50 CFR 21.22(b) Application procedures for banding 22.2.11
or marking permits__ ________

50 CFR 21.22(c) Additional permit conditions 22.2. 12

50 CFR 21.22(d) Term of permit 22.2.13

50 CER 21.27 Special-purpose permits 22.2. 14

50 CFR 21.28 Falconry permits 22.2. 15

50 CFR 21.41 1Depredation permits 22.2.16
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Permit No. 22478 Authorization to capture and 22.3
band or mark birds

50 CFR Part 13 General Permit Procedures 23.2

50 CFR 13. 11 Permit application procedures 23.2.1

50 CFR Part 17 Endangered and Threatened 23.2
Wildlife and Plants

50 CFR 17.22, 17.32, 17.52, and Application for permits for scientific 23.2.2
17.62 purposes or for the enhancement of

propagation or survival of
endangered or threatened species ______________

50 CFR Part 402 Interagency Cooperation - 23.2
Endangered Specis Act, as
Amended

50 CFR 402.12 Biological assessment to evaluate 23.2.3
effects of proposed actions on

_______________________designated species

50 CFR 402.14 Formal consultation with the FWS 23.2.4
to determine whether any action wil
affect listed species_ _ _ _ _ _ _ _

50 CFR 13 General Fsh & Wildlife Permit 36.1, 37.1
Procedures

50 CR 1.48Compliance with permit conditions 37.3

50 CFR 17 Endangered and thetnd36.1, 37.1
wildlife and plants;

§ 17-2-14; §1 17-2-37 through New Mexico State implementation 36.1
17-2-46 of the Bald and Golden Eagle

Protection Act

§§ 17-2-37 through 17-2-46 New Mexico Wildlife Counservation 37.1
Act implementing the Endangered

_______________ Spei. Act

Regulation No. 564 State Game Commission 37.2
Regulation, Governing the
RemevaLd, Captwue, or Destruction

___________________ I of Endangered Species __________
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Regulation No. 564 Report of unpermnitted removal, 37.2. 1
capture, or destruction of
endangered species

Regulation No. 682 State Game Commission 37.2
Regulation No. 682, Amending the
Listing of Endangered Species and
Subspecies of New Mexico

Regulation No. 682 Recognition of State-listed 37.2.2
_______________________endangered wildlife

Regulation No. 705 State Game Commission 37.2
Regulation, Regulation for the
Taking and Possession Of Protected
Wildife for Scientific and
Educational Purposes

Regulation No. 705, Chapter 2 Requirements for obtaining a permit 37.2.3
37.3

Regulation No. 705, Chapter 5 Year-end reports 37.2.4

NMD)G&F permifts New Mexico Department of Game 37.3
and Fish Permits

Permit No. 1961 Authorization for live capture and 37.3.1
banding of protected birds,
reporting of salvaged endangered or
threatened wildlife, and disposition
of wildlife

Permit No. 1894 Live trapping; authorization for 37.3.2
quail, catfish, and unprotected 11
species; nonlethal methods for
catfish; report for salvaging

____________________ endangered or threatened vertebrates

Waste Management Legislation

RCRA § 3016 Inventory of Federal hazardous 2.2.1.1
waste facilities

HWMR-7, § 1001 New Mexico Hazardous Waste 25.2.1.1
_________________Management Regulations, HWMR-7

40 CFR Part 262 (HWMR-7, Standards applicable to generators 25.2.2
§ 301) of hazardous waste ____________
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40 CFR 262.11 Hazardous waste determination 25.2.2.1

40 CFR 262.12 EPA identification number 25.2.2.2

40 CFR 262.20 Manifest requirements 25.2.2.3

40 CFR 262.21 Acquisition of manifests 25.2.2.4

40 CFR 262.22 Number of copies 25.2.2.5

40 CFR 262.23 Use of the manifest 25.2.2.6

40 CFR 262.30 DOT packaging requirements 25.2.2.7

40 CFR 262.31 Labeling requirements 25.2.2.8

40 CFR 262.32 Marking requirements 25.2.2.9

40 CFR 262.33 Placarding requirements 25.2.2. 10

40 CFR 262.34(a) 90-day or less accumulation time 25.2.2.11

40 CFR 262.34(a)(1)(i) Compliance with Subpart I of 40 25.2.2.12
CFR Part 265 for waste placed in
containers

40 CFR 262.34(a)(1)(ii) Accumulation of hazardous wastes 25.2.2. 13
in tanks

40 CFR 262.34(a)(1)(iii) Compliance with Subpart W of 40 25.2.2. 14
CFR Part 265 for wastes placed on

_____________________dnip pads

40 CFR 262.34(a)(2) Marking each container with the 25.2.2.15
date of initial accumulation of waste

40 CFR 262.34(a)(3) Marking each container as 25.2.2.16
hazardous waste

40 CFR 262.34(a)(4) Compliance with Subparts C and D 25.2.2.17
of 40 CFR 265 and with 40 CFR
265.26 and 268.7

40 CFR 262.34(b) Extension of the 90-day storage 25.2.2. 18
period due to unforeseen,
temporary, and uncontrollable

____________ circumstances_ _ _ _ _ _

40 CFR 262.34(c)(1)(i) Restrictions and requirements for 25.2.2.19
____________________salite accumulation areas 25.2.2.20

40 CFR 262.34(c)(l)(ii) Labeling of container as "hazardous 25.2.2.21
waste.
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40 CFR 262.34(c)(2) Management of waste exceeding the 25.2.2.22
________________________55-gallon or 1-quart limit

40 CFR 262.40 Recordkeeping requirements 25.2.2.23

40 CFR 262.41 Generator--biennial report 25.2.2.24

40 CFR 262.42 Exception reporting if copy of 25.2.2.25
manifest is not returned to generator
within the specified time period _____________

40 CFR 262.43 Additional reporting 25.2.2.26

40 CFR Part 263 (HWMR-7, Standards Applicable to 25.2.3
§ 401) Transporters of Hazardous Waste

40 CFR 263. 10(a) Compliance with DOT regulations 25.2.3.1

40 CFR 263. 11 EPA identification number 25.2.3.2

40 CFR 263.20 - 263.22 Compliance with the manifest 25.2.3.3
system and recordkeeping_____________

40 CFR 263.30 Immediate action after hazardous 25.2.3.4
waste discharges___ _______

40 CFR 263.31 Discharge cleanup 25.2.3.5

40 CFR Part 265 (HWMR-7, Interim Status Standards for 25.2.4
§ 601) Owners and Operators of

Hazardous Waste Treatment,
________________Storage, and Disposal Facilities

40 CFR 265. 10 Applicability 25.2.4.1

40 CFR 265. 11 EPA identification number 25.2.4.2

\ ~ 40 CFR 265.12 Required notices to the off-site 25.2.4.3
__________________ source(s) _ _ _ _ _ _ _ _

40 CER 265.13 General waste analysis 25.2.4.4

40 CFR 265.14 Security 25.2.4.5

40 CFR 265.15 General inspection requirements 25.2.4.6

40 CFR 265.16 Persnnel rinn 25.2.4.7

40 CFR 265.17 General requirements for ignitable, 25.2.4.8
_________________reactive, or incompatible wastes

40 CFR 265.18 Location standards 25.2.4.9
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40 CFR 265.31 Maintenance and operation of 25.2.4.10
facility ________________

40 CFR 265.32 Required equipment 25.2.4.11

40 CFR 265.33 Testing and maintenance of 25.2.4.12
equipment_______________

40 CFR 265.34 Access to communications or alarm 25.2.4.13
system ________________

40 CFR 265.35 Required aisle space 25.2.4.14

40 CFR 265.37 Arrangements with local authorities 25.2.4.15

40 CFR 265.51 Purpose and implementation of the 25.2.4.16
_______________________contingency plan

40 CFR 265.52 Content of the contingency plan 25.2.4.17

4.0 CFR 265.53 Copies of contingency plan 25.2.4.18

40 CFR 265.54 Amendment of contingency plan 25.2.4.19

40 CFR 265.55 Emergency Coordinator 25.2.4.20

40 CFR 265.56 Emergency procedures 25.2.4.21

40 CFR 265.71 Use of manifest system 25.2.4.22

40 CFR 265.72 Manifest discrepancies 25.2.4.23

40 CFR 265.73 Operating record 25.2.4.24

40 CFR 265.74 Availability, retention, and 25.2.4.25
_____________________disposition of records

40 CFR 265.75 TSDF biennial report 25.2.4.26______

40 CFR 265.76 Unmanifested waste report 25.2.4.27

40 CFR 265.77 Additional reports 25.2.4.28______

40 CFR 265.90 Applicability of the ground-water 25.2.4.29
____________________monitoring system __________

40 CFR 265.91 Ground-water monitoring system 25.2.4.30

40 CFR 265.92 Sampling and analysis 25.2.4.3 1

40 CFR 265.93 Preparation, evaluation, and 25.2.4.32
_______________ ~response _ _ _ _ _ _ _

40 CFR 265.94 Recordkeeping and reporting 25.2.4.33
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40 CFR 265. 110 Applicability of the closure/post- 25.2.4.34
closure requirements _________________

40 CFR 265.111 Closure performance standard 25.2.4.35

40 CFR 265.112 Closure plan; amendment of plan 25.2.4.36

40 CFR 265.113 Time allowed for closure 25.2.4 .37

40 CFR 265.114 Disposal or decontamination of 25.2.4.38
equipment, structures, and soils

40 CFR 265.115 Certification of closure 25.2.4.39

40 CFR 265.116 Survey plat 25.2.4.40

40 CFR 265.117 Postclosure care and use of property 25.2.4.41

40 CFR 265.118 Postclosure plan; amendment of 25.2.4.42
plan

40 CFR 265.119 Postclosure notices 25.2.4.43

40 CFR 265.120 Certification of completion of post- 25.2.4.44
closure care

40 CFR 265.142 Cost estimate for closure 25.2.4.45

40 CFR 265.143 Financial assurance for closure 25.2.4.46

40 CFR 265.144 Cost estimate for postclosure care 25.2.4.47

40 CFR 265.145 Financial assurance for postclosure 25.2.4.48
care

40 CFR 265.146 Use of amechanism for financial 25.2.4.4§
assurance of both closure and post-
closure care

40 CFR 265.147 Liabilityrequirements 25.2.4.50

40 CFR 265.148 Incapacity of owners or operators, 25.2.4.51
guarantors, or financial institutions

40 CF 65.149 [HWMR-7, Use of State-required mechanisms 25.2.4.52
§ 602(A)J ______________

40 CER 265.150 [HWMR-7, State assumption of responsibility 25.2.4.53
§ 602(B)] ________________ _ _ _ _ _ _ _ _ _ _ _ _ _

40 CER 265.171 Condition of containers 25.2.4.54

40 CFR 265.172 Compatibility of waste with 25.2.4.55
_____________________containers
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40 CFR 265.173 Management of containers 25.2.4.56

40 CFR 265.174 Inspections 25.2.4.57

40 CFR 265.176 Special requirements for ignitable or 25.2.4.58
reactive waste

40 CFR 265.177 Special requirements for 25.2.4.59
incompatible wastes

40 CFR 265.190-.445 Tank systems; surface 25.2.4.60
impoundments; waste piles; landQ treatment, incinerators, thermal
treatment; chemical, physical, and
biological treatment; underground

________________________injection; and drip pads_____________

40 CFR 265.1032 Standards (air emission) for process 25.2.4.61
vents

40 CFR 265.1052-.1062 Air emission standards for 25.2.4.62
_______________________equipment leaks

40 CFR Part 268 Land Disposal Restrictions 2.2.2

40 CFR 268.1 Purpose, scope, and applicability 2.2.2.1

40 CFR 268.6(a) Submittal of petitions to allow land 2.2.2.2
disposal of a waste prohibited under

_______________________Subpart C of Part 268 ____________

40 CFR 268.6(b) Requirements of demonsation of 2.2.2.3
no-migration in petition ___________

40 CFR 268.6(c) Contents of petition 2.2.2.4

40 CFR 268.6(d) Submittal of petition to EPA 2.2.2.5
Administrator

40 CFR 268.6(e) Consistenc of activities with those 2.2.2.6
described in the petition and
notification of EPA of changes in
conditions at the unit and/or in the
environment

40 CFR 268.6(f) Activities required if hazardous 2.2.2.7
constituents are found to have

______________________migrated from the repository

40 CFR 268.6(g) Certification in petition 2.-2.2.8
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40 CFR 268.6(h) Additional information requested by 2.2.2.9
Administrator

40 CFR 268.6(k) Terms of variance 2.2.2.10

40 CFR 268.6(n) Non-exemption of liquid hazardous 2.2.2.11
wastes containing a: 500 ppm PCBs

40 CFR 268.7 Waste analysis and recordkeeping 2.2.2.12

40 CFR 268.8 Landfill and surface impoundment 2.2.2. 13
_______________________disposal restrictions

40 CER 268.9 Special rules regarding wastes that 2.2.2.14
exhibit a characteristic

40 CFR 268. 10-12 Identification of waste to be 2.2.2.15
evaluated by August 8, 1988; by
June 8, 1989; and by May 8, 1990

40 CFR 268.30 Waste-specific prohibitions-solvent 2.2.2.16
wastes

40 CFR 268.31 Waste-specific prohibitions--dioxin.- 2.2.2.17
containing wastes

40 CER 268.32 Waste-specific prohibitions- 2.2.2.18
California listed wastes__________

40 CFR 268.33 Waste prohibitions-first-third 2.2.2.19
wastes

40 CFR 268.34 'Waste prohibitions-second-third 2.2.2.20
wastes

40 CFR 268.35 Waste prohibitions-third-third 2.2.2.21
wastes

40 CFR 268.41 Treatment standards expressed as 2.2.2.22
concentrations in waste extract

40 CFR 268.42 Treatment standards expressed as 2.2.2.23
___________________ specified technologies_________

40 CFR 268.43 Treatment standards expressed as 2.2.2.24
waste concentrations

40CR268." Variance from a treatment standard 2.2.2.25

40 CPR 268.50 Prohibitions on storage of restricted 2.2.2.26
___________________wastes _________
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40 CFR Part 270 (HWMR-7, EPA Administered Permit 25.2.5
§ 901) Programs: the Hazardous Waste

Permit Program ___________

40 CFR 270.1 Purpose and scope of the RCRA 25.2.5.1
permit program regulations_______________

40 CFR 270. 10 General application requirements 25.2.5.2

40 CFR 270. 11 Signatories to permit applications 25.2.5.3
and reports

40 CER 270.13 Contents of Part A of the permit 25.2.5.4
application________________

40 CFR 270.14 (HWMR-7, Contents of Part B: general 25.2.5.5
§§ 901 and 902) requirements______________

40 CFR 270.15 Specific Part B information 25.2.5.6
requirements for containers

40 CER 270.23 Specific Part B requirements for 25.2.5.7

miscellaneous units

40 CFR 270.30 Conditions applicable to all permits 25 .2.5.8

40 CER 270.31 Requirements for recording and 25.2.5.9
_________________reporting of monitoring results

40 CFR 270.42 (HWMR-7, Permit modification at the request 25.2.5.10
§§ 901 and 902) of the permittee __________

40 CFR 270.71 Operation during interim status 25.2.5.11

40 CER 270.72 Changes during interim status 25.2.5.12

55 FR 47700 Conditional No-M~gration 2.3
D~etermnation (NMD) __________

Condition 1, IV.B.1 and VI(I) Testing of long-term acceptability of 2.3.1
WEPP only_____ ____

Condition 2, IV.B3.2 and VI(2) Wastes not to exceed 8,500 drums 2.3.2
or 1 percent of repository's total

____________________capacity__________

Condition 3, IV.B.3 and VI(3) Retrieval of waste if noncompliance 2.3.3
with 40 CFR 268.6.

Condition 4, IV. BA and VI(4) Readily retrievable placemet of 2.3.4
waste
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Condition 5, IV.B.5 and VI(5) Installation of carbon adsorption 2.3.5
device

Condition 6. IV.B3.6 and VI(6) Implementation of air monitoring 2.3.6
plan for VOCs

Condition 7(a), IV.B.7(a) and Waste analysis: flammable 2.3.7
VI(7)(a) mixtures of gases _______________

Condition 7(b), IV.B.7(b) and Waste analysis: comparison of 2.3.8
VI(7)(b) analytical results with estimated

compositions _______________

Condition 7(c), IV.B.7(c) and Waste analysis: maintenance of 2.3.9
VI(7)(c) records ________________

Condition 8, IV.B.8 and VI(8) Annual report 2.3.10

55 FR 47700 General Conditions for 2.3
Compliance with the NM

General condition (GC) 1, IV. B. 1 Correlation between wastes received 2.3.11
and those described in the No-
Migration Vari ance Petition

GC 2, VI Notification of EPA of changes in 2.3.12

conditions

GC 3, VI Suspension of receipt of restricted 2.3.13
wastes and notification of EPA in
the event of migration of hazardous
constituents from the repository _____________

\ ~ GC 4, VI Term of petition approved 2.3.14

55 FR 13068 Additional Requirements for Air 2.3
Monitoring under the Proposed
Varianc

Proposed Variance (PV) 1, IV.K Monitoring in the exhaust shaft 2.3.15

PV 2, IV.K Monitoring of bin-scale experiment 2.3.16
rooms

PV 3, IV.K Monitoring of alcoves 2.3.17

PV 4. IV. K. 1 Measurement of theleakage rate of 2.3.18
seAled alcoves

PV 5, IV. K.1I Weekly collection of air spls 2.3.19
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PV 6. IV.K.1 Weekly monitoring at the exhaust 2.3.20
shaft and air intake locations

PV 7, IV. K.1I Monitoring frequency for the bin 2.3.2 1
discharge system

PV 8, IV. K.1I Increased monitoring frequency due 2.3.22
to increased variability

PV 9, IV.K.2 Routine quantification of any VOC 2.3.23

PV 10, IV.K.2 Standard operating procedures to 2.3.24

identify certain other VOCs

PV 11, IV. K. 3 Use of the average response factor 2.3.25
for each target analyte ______________

PV 12, IV.K.4 Use of standard operating 2.3.26
procedures to ensure the validity of
the monitoring data

PV 13, IV.K.4 Recalibration of instruments 2.3.27

PV 14, IV.K.4 Establishment and annual evaluation 2.3.28
of the method limit of quantification
for each target analyte______________

PV 15, IV.K.4 Separate determination of the 2.3.29
method limit of quantification for\\~ the bin, alcove, and exhaust shaft

____________________monitoring locations

PV 16, IV.K.4 Collection and analysis of recovery 2.3.30
___________________samples _________

PV 17, IV.K.4 Collection and analysis of duplicate 2.3.31
samples______ ___

PV 18, IV.K.4 Validation of the completeness of 2.3.32
the data

PV 19, IV.K.4 Tracking and evaluation of 2.3.33
accuracy, precision, and
completeness of the data

PV 20, IV.K.4 Performance of systems audits 2.3.34

PV 21, IV.K.4 Corrective action required for 2.3.35

_______________________improper conditions or practices ____________
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PV 22, IV.K.4 Establishment of specific quality 2.3.36
assurance objectives for data
acceptability ________________

PV 23. IV.K.4 Corrective action required 2.3.37

PV 24, IV.K.5 Annual averaging of concentrations 2.3.38
of targeted constituents

PV 25, IV.K.5 Submittal of annual data summaries 2.3.39
and summaries of data accuracy,
precision, and completeness for
each monitoring location

PV 26, IV.K.5 Maintenance of documentation on 2.3.40

all aspects of QA/QC

SWMR-3 Solid Waste Management 26.1
_________________Regulations

SWMR-3, § 104 Applicability of regulations 26.2.1

SWMR-3, § 106 General requirements 26.2.2

SWMR-3, § 107 Prohibited acts 26.2.3

SWMR-3, § 109 Recordkeeping and annual reports 26.2.4

SWMR-3, § 201, 202, 209, 210 Permit application requirements 26.2.5

SWMR-3, Part IV Solid waste facility operation 26.2.6
requirements______________

SWMR-3, Part V Closure and postclosure 26.12.7
requirements________ _____

\I\SWMR-3, Part VI Operator certification 26.2.8

SWMR-3, § 706(C) Storage and containment 26.2.9

requirements for infectious waste

SWMR-3, § 706(D) operational requirements for 26.2.10
infectious waste treatment, Storage,
and disposal facilities

SWMR-3, § 706(E) Treatment and disposal of infectious 26.2.11
waste

SW'MR-3. § 706(F) Requirements for infectious waste 26.2.12
______________________ transporters____________
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SWNMR-3, § 711 Manifest requirements (to 26.2.13
accompany each load of infectious
waste)

Underground Storage Tanks

USTR New Mexico Underground Storage 25.2.6
Tank Regulations______________

USTR Sec. 103 Applicability 25.2.6.1

USTR Sec. 200 .Existing tanks 25.2.6.2

USTR Sec. 201 Transfer of ownership 25.2.6.3

USTR Sec. 202 New UST system 25.2.6.4

USTR Sec. 203 Substantially modified UST systems 25.2.6.5

USTR Sec. 204 Notification of spill or release 25.2.6.6

USTR Sec. 205 Emergency repairs and tank 25.2.6.7
replacement _________________

USTR Sec. 206 Application forms 25.2.6.8

USTR Sec. 207 Registration certificate 25.2.6.9

USTR Sec. 300 Payment of fee 25.2.6.10

USTR Sec. 301 Amount of fee 25.2.6.11

USTR Sec. 302 Late payment penalties 25.2.6.12

USTR Sec. 400(a) Performance standards to ensure 25.2.6.13
that new UST systemstanks are

______________________properly designed and constructed

USTR Sec. 400(b) Piping to be properly designed and 25.2.6.14
constructed

USTR Sec. 400(c)(l)(i) Spill prevention equipment 25.2.6.15

USTR Sec. 400(c)( 1)(ii) Overfill prevention equipment 25.2.6.16

USTR Sec. 400(d) Installation of tanks and piping 25.2.6.17

USTR Sec. 400(e) Certificate of installation 25.2.6.18

rUSTR Sec. 401(a) Upgrading of existing UST systems 25.2.6.19
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USTR Sec. 401(b) Upgrading requirements for steel 25.2.6.20
tanks

USTR Sec. 401(c) Upgrading requirements for metal 25.2.6.21
piping

USTR Sec. 401(d) Spill and overfill protection 25.2.6.22
equipment________________

USTR Sec. 402 (by reference to Certification of compliance and 25.2.6.23
40 CFR 280.22) notification requirements_______________

USTR Sec. 500(a) Spill and overflow control 25.2.6.24

USTR Sec. 501(a) Corrosion protection 25.2.6.25

USTR Sec. 501(b) Inspections of cathodic protection 25.2.6.26
systemfs _________________

USTR Sec. 501(c) Inspections of impressed-current 25.2.6.27
cathodic protection systems

USTR Sec. 501(d) Records of operation of the cathodic: 25.2.6.28
______________________ protection system ____________

USTR Sec. 502 Compatibility 25 .2.6.29

USTR Sec. 503(a) Repairs allowed 25.2.6.30

USTR Sec. 503(b) Repairs to fiberglass-reinforced 25.2.6.3 1
___________________ plastic tanks

USTR Sec. 503(c) Replacement or repair of pipe 25.2.6.32
sections and fittings___________

S USTR Sec. 503(d) Tighmess testing after repairs 25.2.6.33

USTR Sec. 503(e) Testing of any repaired cathodically 25.2.6.34
___________________ protected UST system__________

USTR Sec. 503(f) Records of all repairs 25.2.6.35

USTR Sec. 504(a) Reporting requirements 25.2.6.36

USTR Sec. 504(b) Recordkeepmng requirements 25.2.6.37

USTR Sec. 504(c) Availability and maintenance of 25.2.6.38
records

USTR Sec. 505(a) Inspections, monitoring, and testing 25.2.6.39
_____________________ of USTs
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USTR Sec. 505(c) Inspections of UST installations, 25.2.6.40
repairs or modifications, or
removals or system closures

USTR Sec. 600(a) General requirements of all UST 25.2.6.4 1
systems _________________

USTR Sec. 600(b) Notification of releases 25.2.6.42

USTR Sec. 600(c) Schedule for required release 25.2.6.43
detection

USTR Sec. 600(d) Failure to comply with release- 25.2.6.44
detection requirements_______________

USTR Sec. 601(a) Requirements for tanks of petroleum 25.2.6.45
UST systems

USTR Sec. 601(b) Requirements for piping of 25.2.6.46
petroleum UST systems______________

tUSTR Sec. 601(b)(1) Requirements for pressurized piping 25.2.6.47

USTR Sec. 601(b)(2) Requirements for suction piping 25 .2.6.48

USTR Sec. 602 Requirements for hazardous 25.2.6.49
substance UST systems ____________

USTR Sec. 603 Methods of release detection for 25.2.6.50
tanks

USRSc 0()Inventory control 25.2.6.51

USRSc 0()Manual tank gauging 25.2.6.52

USTR Sec. 603(c) Tank tightness testing 25.2.6.53

USTR Sec. 603(d) Automatic tank gauging 25.2.6.54

USTR Sec. 603(e) Vapor monitoring 25.2.6.55

USTR Sec. 603(f) Ground-water monitoring 25.2.6.56

USTR Sec. 603(g) Interstitial monitoring 25.2.6.57

USTR Sec. 603(h) Other methods of detecting releases 25.2.6.58

USTR Sec. 604 Methods of release detection for 25 .2.6.59
_________________________piping_______________

USTR Sec. 605 Release detection recordkeeping 25.2.6.60

USTR Sec. 700 Reporting of suspected releae 25.2.6.61
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USTR Sec. 701 Investigations of off-site impacts 25.2.6.62

USTR Sec. 702 Release investigation and 25.2.6.63
confirmation steps

USTR Sec. 703(a) Reporting and cleanup of large 25.2.6.64
spills and overfills

USTR Sec. 703(b) Reporting and cleanup of small 25.2.6.65
_________________________spills and overfills

USTR Sec. 800 Temporary closure 25.2.6.66

USTR Sec. 801(a) Permanent closure and changes in- 25.2.6.67
service

USTR Sec. 801(b) Permanent closure of a tank 25.2.6.68

USTR Sec. 801(c) Change in service 25.2.6.69

USTR Sec. 802(a) Assessing the site 25.2.6.70

USTR Sec. 802(b) Corrective action 25.2.6.71

USTR Sec. 803 Applicability to previously closed 25.2.6.72
UST systems ___________

USTR Sec. 804 Closure records 25.2.6.73

USTR Sec. 900 Applicability 25.2.6.74

USTR Sec. 1000 Informal review 25.2.6.75

USTR Sec. 1001 Review by Director 25.2.6.76

S USTR Sec. 1100 Complianc with other regulations 25.2.6.77

USTR Sec. 1101 Construction, 25.2.6.78

USTR Sec. 1102 Severability 25.2.6.79

USTR Sec. 1200(A) Cleanup requirements for releases 25.2.6.80
from petroleum UST systems

USTR Sec. 1200(D)-122 Additional corrective action 25.2.6.81
requirements for petroleum UST

_____________________ systems ____________

USTR Sec. Part XII Corrective action for hazardous 25.2.6.82
substance UIST system _________

USTR Secs. 1400-1417 Certification of tank installers and 25.2.6.83
_____________________repairers__________
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USTR Sec. 1505 Priorities 25.2.6.84

USTR Sec. 1508 Minimum site assessment j25.2.6.85

Waste Transportation Legislation

49 CFR Part 171 General Information, Regulations, 16.1
and Definitions

49 CFR 171.2 General requirements 16.2.1

49 CFR 171.3 Transport of hazardous material 16.2.2
requiring manifests, labeling, and
shipper/generator and transporter
identification

49 CFR 171.14 Materials poisonous by inhalation; 16.2.3
segregation requirements_____________

49 CFR 171.15/ 16 Notice and report of hazardous 16.2.4
material incidents

49 CFR Part 172 Hazardous Materials Table, 16.2
Special Provisions, Hazardous
Materials Communication

~ Requirements and Emergency
Response Information

__________________Requirements__________

49 CFR 172. 101 Hazardous materials table 16.2.5

Subpart C, 49 CFR 172.200- Shiipping paper requirements 16.2.6
172.205

Subpart D, 49 CFR 172.300- Marking of hazardous 16.2.7
172.338 materials/substances for transport _____________

Subpart E, 49CFR 172.400- Labeling of hazardous 16.2.8
172.450 materials/substances for transport _____________

Subpart F, 49 CFR 172.500- Placarding of hazardous 16.2.9
172.560 materials/substances for transport _____________

Subpart G, 49 CFR 172.600 Emergency response 16.2.10

Subpart H, 49 CFR 172.700. Training requirements for the 16.2.11
172.704 transportation of hazardous

_____________________materials__________
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CITATION REQUIREMENT BECR SECTION

49 CFR Part 173 Shippers - General Requirements 16.3
ror Shipments and Packagings

Subpart A, 49 CFR 173.12 General requirements for shipments 16.2.12
and packagings _______________

Subpart B, 49 CFR 173.21- Preparation of hazardous materials 1623
173.40 for transport

Subpart C, 49 CFR 173.50- Definitions, classification, and 16.2.14
173.63 packaging of Class 1 materials

Subpart D, 49 CFR 173.115- Classification, packing group 16.2. 15
173.156 assignments, and exceptions for

hazardous materials other than
Classes 1 and 7

Subpart E, 49 CFR 173.158- Non-bulk packaging of hazardous 16.2.16
173 .230 materials other than Classes 1 ad7

Subpart 1, 49 CFR 173.401- Transportation of radioactive i16.2.17

173.478 materials (including empty
________________packaging)

49 CFR Part 17S Carriage by Aircraft 16.4

49 CFR 175 Transportation of hazardous 16.2.18
material by aircraft

49 CFR Part 177 Carriage by Public Highway 16.5

S 49 CFR 177.800, 177.816, and Training responsibilities and 16.2.19
177.825 reqirmet for Class 7 material

49 CFRt Part 178 SpedFlctli for Packgw 16.6

49 CFR 178 Packginp and camawies used for 16.2.20
tuprtmuaOf hardaua

matrals_ _

Water Qualit Lqlulatimu

40 CFRt Part 112 oil Pollution PreventIou 7.1

40 CFR 112.3 Requirements for pmparation and 7.2.1
implementation of spil prevention,
control, and counemaue

________________(SPCC) plansJ
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CITATION REQUIREMNENT BECR SECION

40 CFR I112.5 Amendment of SPCC plans by 7.2.2
owners and operators_______________

40 CFR Part 122 EPA-Administered Permit 7.1
Programs: the National Pollutant
Discharge Elimination System
(NPDES)_______ ___

40 CFR 122.1(b)(1) NPDES permits for the discharge of 7.2.3
pollutants from any point source
into waters of the United States

40 CFR 122.2 1(c)(2) NMDES permit assessment for 7.2.4
sewage sludge

40 CFR 122.26(a) Requirement for a storm water 7.2.5
discharge permit______ _______

40 CFR 122.26(c) Application requirements for storm 7.2.6
water discharges associated with
industrial activity

57 FR 41236 Final NPDES General Permits for 7.3
Storm Water Discharges

Associated with Industrial Activity _________

IV(A); Appendix B, 11(A) Notice of Intent to file for general 7.3.1
pemt ___

IV(A)(4) Notice of Termination 7.3.2

IV(B)(1); Appendix B, M1(A) Prohibition on non-storm water 7.3.3
_________________________ discharges_______________

IV(B)(2); Appendix B, M1(B) Releases of reportable quantities of 7.3.4
hazardous substances and oil

IV(C); Appendix B, Part IV Storm water pollution prevention 7.3.5
plan______________

Iv(C)(l); Appendix B, IV(D)(l) Pollution prevention team 7.3.6

IV(C)(2)Appendix B, IV(DX2) Identification of potential pollution 7.3.7
sources

IV(C)(2); Appendix B, IV(D) Site assessments 7.3.8

I(CX)(3) Appendix B, IV(D)(3) Measures and controls 7.3.9

IV(C)(4); Appendix B, IV(D)(4) Comprehensive site compliance 7.3.10

evaluations
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IV(D)(1); Appendix B, IV(D)(7) Requirements for storage, 7.3.11
processing, and handling areas for
EPCRA § 313 "water priority
chemicals"______________

IV(D)(2); Appendix B, IV (D)(8) Enclosure or covering of outdoor 7.3.12
salt piles _______________

IV(D)(3); Appendix B, IV(D)(5) Notification to municipal large and 7.3.13
mnediumn separate storm water
systems

IV(E); Appendix B, Part IV and Monitoring and reporting 7.3.14
XI(C)(vi) requirements

IV(G); Appendix B, IV(A)(1) Deadline for plan preparation and 7.3.15
compliance

NMED 92-1 New Mexico Environment 28.1
Department 92-1, Ground Wate
Protection Act Corrective Action
Fund Regulations___ _______

NMED 92-1 Reimbursement of costs from 28.2.1
corrective actions for spills/releases
from USTs______ ____

DP-831 New Mexico Discharge Plan for 30.3
the WIP?, DP431 _________

DP-83 1 Specific Requirement Monitoring and quarterly reports 30.3.1
(SR) #1 ______________ ____________

DP-831 SR. #2 Subminalof wauxquality analy~if 30.3.2

DP-831 SR #3 Quarterly-samplin of each 30.3.3

DP-831 SR #4 Maintmnancof betn 30.3.4

DP-831 SR #15 Completion of proposed evaporation 30.3.5

DP-831 General Requiremen Records to be kept and made 30.3.6
(GR)-Recordkeeping available to the NMEI) upon

request __

DP-831 GR-Inspection and Entry Allowing inspections, entry, 30.3.7
sampling, and monitoring by
NMED personnel____ ______
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CITATION REQUIREMENT BECR SECTION

DP-83 1 GR-. Duty. to Provide Providing information relevant to 30.3.8
Information discharge plan/records_______________

DP-831I GR--Spills, Leaks, and Reporting and remediation of any 30.3.9
Other Unauthorized Discharges spills, leaks, and any other

unauthorized discharges _____________

DP-831 GR--Retention of "Retention of all monitoring 30.3.10
Records information, discharge plan reports,

and data used to complete the
discharge plan application______________

DP-83 1 GR--Modiflcation and/or Notification of NMED of any 30.3.11
Amendments modifications or additions to the

wastewater disposal system;
approval by NMED required prior
to increasing the quantity or
concentration of constituents in
waste waster above those approved
in the plan _____________

WQCC 82-1 New Mexco Water Quality 30.1
Control Commission Regniations __________

WQCC 82-1, 1-201 Notice of Intent to discharge 30.2. 1

WQCC 82-1, 1-202 Filing of plans and specifications- 30.2.2
sewerage systems

WQCC 82-1, 1-203 Notification of discharge 30.2.3 _________

WQCC 82-1, 2-101 General discharge limitations and 30.2.4
sainplnglanalytical requftemns _ _ _ _ _ _

WQCC 82-1, 3-104 Authorization only of effluent(s)/ 30.2.5
leachate(s) as specified in dischage

________________________plan______________

WQCC 82-1, 3-106 Application for discharge plan 30.2.6
____________________approval __________

WQCC 82-1, 3-107 Monitoring, reporting, and other 30.2.7
__________________ requirements

WQCC 82-1, 3-108 Public notice and participation 30.2.8

WQCC 82-1, 3-109 Director approval, disapproval, 30.2.9
modification, or termination of

_______________________proposed discharge plans_____________
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CITATION REQUIREMENT - BECR SECTION

WQCC 91-1 Water quality standards for ;30.2.10
interstate and intrastate streams in
New Mexico

WSR 3 New Mexico Water Supply 3.1.1
Regulations (WSR)

WSR 3, § 107(A)(1) Use of chlorinated materials",as 31.2.1'
disinfectants or oxidants ....

WSR 3, § 202(A) Maximum contaminant, 1ovolsi 3 1.2.2
(MCLs) for inorganic chemicals

WSR 3, § 205(A) MCL for total coliform-bacteria- -- 31.2,3-

WSR 3, § 208(I) Cross connections L. T . 3 1.2.4

WSR 3, § 301(E) Certification of, sampling personnel 31.2.5

WSR 3, § 302(A) Compliance sampling of qo~iforms 3 1.2.6

WSR 3, § 305(A)(2) Requirements for organic, chemicals 31.2.7
other than toral-trihaiomethmes

WSR 3. § 309 Laboratories 731.2.8

WSR 3, § 310 Sampling of consecutive pobic312.
water-supply systems.

S WSR 3, §401(A) Reporting requireibents . 31.2. 10

WSR 3, § 403(A) Recordmainteinance- - -- 31.2.11

WSR 3, § 404(B) Public notice reqieflts 31.2.12
pertaining to lead
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APPENDIX BH





DOEIWPP-95-2092

SUBSURFACE EXPLORATION BOREHIOLE DATA BASE

BOREHOLE: B-308
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: Railroad

ELEVATION: Not Recorded
TOTAL DEPTH: 39.9'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02/01/7 Date Completed: 02/01/7

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-308 Caliche 0-10.5
Gatuna 10.5-19.5
Dewey Lake 19.5-39.9



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-307
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: Railroad

ELEVATION: Not Recorded
TOTAL DEPTH. 40'
TYPE OF WELL: Shallow Exploratory Drilling

DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02/01/7 Date Completed: 02101/7

CASING RECORD: Drilling Equipment
Truck-mounted CMOE-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eilher air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMMARY: Attached



DOE/VIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-307 Galiche 0-5.6
Sand 5.6-11.1
Gatuna 11.1-17.1
Dewey Lake 17.1-40



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-306
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: North Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 38'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02/02/79 Date Completed: 02/02179

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed -using NX size core bits with either
diamond or carbide cutting faces and eitl1ier air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMMARY: Attached



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-306 Sand 0-7.3
Caliche 7.3-18
Santa Rosa 18-38



DOE/IWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-305
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: North Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 41'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02A)6179 Date Completed: 02/06/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. Thbe spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMMARY: Attached



DOEAVIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-305 Sand 0-14.5
Caliche 14.5-19.5
Sand 19.5-25.5
Caliche 25.5-33
Sand 33-41



DOEIWPP-95-2092

SUBSURFACE EXPLORATION BORJ-,IOLE DATA BASE

BOREHOLE: B-304
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: North Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 41.5'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02/06/79 Date Completed: 02/06/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Thte 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through sail or softer rock was performed with 6 1/2 inch O.D., 3
1/14 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled, with native drilled
material

STRATIGRAPHIC SUMM1ARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHTC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-304 Sand 0-20.6

Caliche 20.6-33

Sand 33-41.5



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-303
OPERATOR: Sergent, Hauskins, & Beckwith
PER.MIT NO.: Unknown

LOCATION: North Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 39.1'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02179g Date Completed: 02/07/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed lasing NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-303 Sand 0-15.5
Caliche 15.5-18
Dewey Lake 18-39.1



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-302
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: North Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 39'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins; & Beckwith

DRILLING RECORD: Date Started: 02/07/79 Date Completed: 02/07/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs power'ed with 6 cylinder Ford industrial engines
were used in advancing test borings. Thue 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic ramns capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMM[ARY: Attached



DOE/WIPP-95-2092

STRATIGRAPILIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-302 Sand 0-10.4
Caliche 10.4-23
Dewey Lake 23-39.0



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREH'IOLE DATA BASE

BOREHOLE: B-301
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIUT NO.: Unknown

LOCATION: North Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 39.7
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02/08/79 Date Completed: 02/08/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500. foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch 1.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eitter air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHIC SUMMWARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-301 Sand 0-1

Caliche 1-24
Dewey Lake 24-39.7



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-54
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499386.52, E66665 1.92

ELEVATION: 3408.60'
TOTAL DEPTH: 210'
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 02/14/79
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02/13/79 Date Completed: 02/14/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs poweied with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide. insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMM4ARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-54 Sand 0-6
Caliche 6-12
Gatuna 12-25
Santa Rosa 25-30
Dewey Lake 30-2 10



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-53
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N496651.28, E665463.05

ELEVATION: 3386.65'
TOTAL DEPTH: 30.2'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/30/79 Date Completed: 01130/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powe red with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer roc~k was performed with 6 1/2 inch O.D., 3
1/4 inch 1.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Girouted with cement.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPFHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-53 Sand 0-8.5
Caliche 8.5-15.7
Gatuna 15.7-23.7
Dewey Lake 23.7-30.2



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-52
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N496981.21, E665461.91

ELEVATION: 3385.48'
TOTAL DEPTH: 30.0'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01126/79 Date Completed: 01126/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable, of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch L.D. hollow stem auger. Carbide- insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-52 Sand 0-3.1
Caliche 3.1-8.5
Gatuna 8.5-19
Dewey Lake 19-30



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-51
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498337.48, E667341.75

ELEVATION: 3404.74'
TOTAL DEPTH: 15.2'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01125179 Date Completed: 01125179

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch L.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement-

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPILIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-51 Sand 0-7.5
Cailiche 7.5-14.5
Gatuna 14.5-15.2



DOFJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-50
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498487.09, E667236.23

ELEVATION: 3405.65'
TOTAL DEPTH: 23.7'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01126/79 Date Completed: 01126/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Tte 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
114 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-50 Sand 0-9.5
Caliche 9.5-15
Gatuna 15-23.7



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-49
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498937.22, E667294.71

ELEVATION: 3409.07
TOTAL DEPTH: 19.2'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01t24179 Date Completed: 01t24f79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torq~ue to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer ro.-k was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and, either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOE/ITPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-49 Sand 0-8.5

Caliche 8.5-10.5

Silty Sand 10.5-15
Gatuna 15-19.2



DOEIWIPP-95-2092

is ~SUBSURFACE EXPLORATION -BOREH1OLE DATA BASE

BOREHOLE: B-48
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498839.26, E667854.93

ELEVATION: 3412. 12'
TOTAL DEPTH: 15.7'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01124179 Date Completed: 01t24/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Th3e 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch Q.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-48 Sand 0-9

Caliche 9-15.7



DOEJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-47
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499206.77, E667193.82

ELEVATION: 3409.49'
TOTAL DEPTH: 17.5'
TYPE OF WELL: Shallow Exploratoy Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01125/79 Date Completed: 01125/79

CASING RECORD: Drilling Equipment~
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams caipable of exerting 12,000 pounds downward
force. Drilling through soil or softer roc~k was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEJWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-47 Sand 0-8.9
Caliche 8.9-15
Gatuna 15-17.5



DOFJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-46
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIHT NO.: Unknown

LOCATION: N498205.54, E666777.36

ELEVA17ION: 3401.98'
TOTAL DEPTH: 100'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/08/7 Date Completed: 01/8/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Tbe 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic ram capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-46 Sand 0-8
Caliche 8-13
Gatuna. 13-41
Santa Rosa 41-48
Dewey Lake 48-100



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-45
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498205.44, E666747.36

ELEVATION: 3401.51'
TOTAL DEPTH: 100'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/10/79 Date Completed: 01/17/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Tle 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
114 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY': Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-45 Sand 0-7.5
Caliche 7.5-15.3
Gatuna 15.3-31.3
Dewey Lake 31.3-44.2
Sandstone 44.2-44.7
Siltstone 44.7-100



DOEFWIPP-95-2092

SUBSURFACE E XPLORATION BOREHIO0LE DATA BASE

BOREHOLE: B-44
OPERATOR: Sergent, Hauskins, & Beckwith
PERNM NO.: Unknown

LOCATION: N499 172.96, E667523.82

ELEVATION: 3411.48'
TOTAL DEPTH: 100'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/08/79 Date Completed: 01/08/7

CASING RECORD: . Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. T1he 6 cylinder engines are capable of

delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward

force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMAARY: Attached



DQEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-4Sand 0-16
Caliche 16-21
Gatuna 2 1-38
Santa Rosa 38-52
Dewey Lake 52-100



DOFJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-43
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499202.96, E667523.70

ELEVATION: 341l0.75'
TOTAL DEPTH. 100,
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 011A)6/7 Date Completed: 01/06/79

CASING RECORD: Drilling Equipment
Truck-mounted CMB-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Tle 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch L.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMAARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-43 Sand 0-12
Caliche 12-20
Gatuna. 20-43
Santa Rosa 43-53
Dewey Lake 53-100



DOFJWIPP-95-2092

is ~SUBSURFACE EXPLORATION BOREH1OLE DATA BASE

BOREHOLE: B-42
OPERATOR: Sergent, Hauskins, & Beckwith
PERNMI NO.: Unknown

LOCATION: N499335.57, E666873.35

ELEVA17ION: 3408.99'
TOTAL DEPTH: 100,
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/06179 Date Completed: 01/06179

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide. insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eitber air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMIARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-42 Sand 0-6
Caliche 6-14
Gatu~na 14-42
Santa Rosa 42-48
Dewey Lake 48-100



DOEIWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-41
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499335.51, E666858.36

ELEVATION: 3407.86
TOTAL DEPTH: 100'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/05/79 Date Completed: 01/05/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbid.- insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-41 Sand 0-6
Caliche 6-15
Gatuna 15-42
Santa Rosa 42-48
Dewey Lake 48-100



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-40
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499023.04, E670353.77

ELEVATION: 3438.48'
TOTAL DEPTH: 27.9'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/10/7 Date Completed: 01/10/7

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide, insert teeth were used on the auger bits.
Core drilling in bedrock was performedl using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-40 Sand 0-7.6
Caliche 7.6-13
Gatuna 13-19
Sandstone 19-27.9



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-39
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499018.3 1, E669019.04

ELEVATION: 3422.08'
TOTAL DEPTH: 27.6'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/06/79 Date Completed: 01/07/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 dril rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Driling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMM4ARY: Attached



DOE/WIPP-95-2092

STRATIGRAPMIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-39 Sand 0-7
Caliche 7-13
Gatuna 13-27.6



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-38
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499 155.65, E669683.42

ELEVATION: 3429.88'
TOTAL DEPTH: 50'
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 1t23/79
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/1117 Date Completed: 01t23/79

CASING RECORD: Drilling Equipment:
Truck-mounted CM[E-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Ther 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-38 Sand 0-5.5
Caliche 5.5-14
Gatuna 14-20.5
Sandstone 20.5-40.2
Santa Rosa 40.2-43.7
Dewey Lake 43.7-50



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-37A
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499260.53, E669370.39

ELEVATION: 3426.68'
TOTAL DEPTH: 22.4'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01108/79 Date Completed: 01/08/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic ramns capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-37A Sand 0-5.5
Caliche 5.5-13.5
Gatuna 13.5-22.4



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-37
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499297.91, E670352.77

ELEVATION: 3438.91'
TOTAL DEPTH: 27.5'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: olA)9/79 Date Completed: 01/09/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch L.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPFHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-37 Sand 0-5.5
Caliche 5.5-12.5
Gatuna 12.5-20
Siltstone 20-20.3
Sandstone 20.3-27.5



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-36
OPERATOR: Sergent, Hauskins, & Beckwith
PERNM NO.: Unknown

LOCATION: N499293.25, E669018.07

ELEVATION: 3422.03'
TOTAL DEPTH: 27.8'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/07/79 Date Completed: 01/07/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch Q.D., 3
1/4 inch I.D. hollow stem auger. Carbide- insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eithier air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHI1C SUMMIARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-36 Sand 0-5.9
Caiiche 5.9-13.2
Gatuna 13.2-25
Siltstone 25-27.8



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-35
OPERATOR: Sergent, Hauskins, & Beckwith
PERMT NO.: Unknown

LOCATION: N498326.97, E667 196.82

ELEVATION: 3402.55'
TOTAL DEPTH: 32'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/05/7 Date Completed: 01/05/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-35 Sand 0-7
Calicbe 7-12
Gatuna. 12-23
Sandstone 23-32



DOEfWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-34
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498205.49, E666762.36

ELEVATION: 3401.97
TOTAL DEPTH: 100'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins; & Beckwith

DRILLING RECORD: Date Started: 01/09179 Date Completed: 01/09179

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torqae to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-34 Sand 0-9.1
Caliche 9.1-14.8
Gatuna 14.8-Q0
Siltstone & Claystone 40-100



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-33
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498874.29, E666470.03

ELEVATION: 3404.05'
TOTAL DEPTH: 30.7
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/29n78 Date Completed: 12f29/78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Tle 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic ramis capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide curring faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMLARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-33 Sand 0-6.7
Caliche 6.7-15.8
Gatuna 15.8-19
Sandstone 19-24
Intercalated Siltstone & Mudstone 24-29.8

Sandstone 29.8-30.7



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-32
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499187.96, E667523.76

ELEVATION: 3410.89'
TOTAL DEPTH: 100,
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01107/79 Date Completed: 01/07/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powe~red with 6 cylinder Ford industrial engines
were used in advancing test borings. Thie 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMWARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-32 Sand 0-12.5
Caliche 12.5-19.5
Gatuna. 19.5-26.5
Siltstone & Claystone 26.5-43
Santa Rosa 43-53
Dewey Lake 53-100



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-31
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499206.60, E667 143.76

ELEVATION: 3410.27
TOTAL DEPTH: 30.5'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/29018 Date Completed: 12t29178

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Th3e 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic ramis capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1,(4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOE[WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-31 Sand 0-7.8
Caliche 7.8-13.4
Gatuna 13.4-30.5



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREH1OLE DATA BASE

BOREHOLE: B-30
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499 185.8 1, E666933.86

ELEVATION: 3408.75'
TOTAL DEPTH: 27.8'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beck-with

DRILLING RECORD: Date Started: 12/28n78 Date Completed: 12/28n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide. insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMAARY: Attached



DOEMWPP-95-2092

STRATIGRAPIHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-30 Sand 0-7.5
Caliche 7.5-11.5
Gatuna 11.5-17.6
Sandstone 17.6-27.8



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-29
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499397.21, E667253.07

ELEVATION: 3410.87'
TOTAL DEPTH: 28.7
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: l1230/78 Date Completed: l1230/78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable, of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide: insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eitter air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-29 Sand 0-13

Gatuna 13-28.7



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-28
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499295.02, E6667 18.53

ELEVATION: 3408. 17
TOTAL DEPTH: 27'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/4/7 Date Completed: 01/04/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-28 Sand 0-6

Caliche 6-12
Gatuna 12-2 1

Sandstone 21-27



DOEVWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-27
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIUT NO.: Unknown

LOCATION: N498982.08, E665854.70

ELEVATION: 3400.20'
TOTAL DEPTH: 25.8'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/11/7 Date Completed: 01/1117

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs pawe~red with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMIARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-27 Sand 0-4

Caliche 4-11
Gatuna 11-22

Sandstone 22-22.5
Claystone 22.5-23
Sandstone 23-24
Intercalated Sandstone 24-25.8



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-26
OPERATOR: Sergent, Hauskins, & Beckwith
PERMITNO.: Unknown

LOCATION: N499600.58, E666892.43

ELEVATION: 3410.19'
TOTAL DEPTH: 27.5'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins; & Beekwith

DRILLING RECORD: Date Started: 01/03/79 Date Completed: 01/03/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUNMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-26 Sand 0-5
Caliche 5-11
Gatuna 11-23
Siltstone 23-27.5



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-25
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499414.91, E666693.1 1

ELEVATION: 3408.19'
TOTAL DEPTH: 901.8'
TYPE OF WELL: Deep Exploratory Drilling
DRILLER: Gil's Drilling Co.

DRILLING RECORD: Date Started: 12A117 Date Completed: 01/18/79

CASING RECORD: Drilling Equipment
GD-2000 drill.

PLUGGING SCHEDULE: From: 909'
To: 750.4'
Interval: 158.6'
Material: Salt Grout

From: 750.4'
To: 466'
Interval: 284.4'
Material: Freshwater Grout

From: 466'
To: 20'
Interval: 446'
Material: Sand

From: 20'
To: Surface
Interval: 20'
Material: Cement

STRATIGRAPHIC SUMM4ARY: Attached



DOEJWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-25 Sand 0-10
Caliche 10-14
Gatuna. 14-34.7
Santa Rosa 34.7-44.8
Dewey Lake 44.8-533
Rustler Formation 533-842.9

Magenta Member 592.7-617
Culebra Member 704.1-728

Salado Formation 842.9-901.8



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-24
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIfT NO.: Unknown

LOCATION: N498342.84, E668846.53

ELEVATION: 3417.87
TOTAL DEPTH: 29.3
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12A)/7 Date Completed: 12/07/78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. 'The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capile of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGL4PHIC SUMMARY: Attached



DOE/WIPP-95-2092
STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH iTERVAL IN FEET

B-24 Sand 0-5.5
Caliche 5.5-12
Gatuna 12-29.3



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-23
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498341.06, E668346.63

ELEVATION: 3412.07'
TOTAL DEPTH: 40.5'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12106n78 Date Completed: 12/06/78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer roc~k was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eilther air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-23 Sand 0-6
Caliche 6-14.3
Gatuna 14.3-40.5



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-22
OPERATOR: Sergent Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCAT7ION: N498339.28, E667846.73

ELEVATION: 3406.85'
TOTAL DEPTH: 27.8'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/11/7 Date Completed: 12/11/7

CASING RECORD: Drilling Equipment:
Truck-mounted CMB-55 drill rigs power:ed with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch 1.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed tasing NX size core bits with either
diamond or carbide cutting faces and eitier air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-22 Sand 0-7.5
Caliche 7.5-13
Gatuna 13-27.8



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-21
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498337.50, E667346.75

ELEVATION: 3404.55'
TOTAL DEPTH: 40.4'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 11/17/78 Date Completed: 11/17n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch L.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eithber air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-21 Sand 0-9.5
Caliche 9.5-20
Gatuna 20-32.5
Sandstone 32.5-40.4



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-20A
OPERATOR: Sergent, Hauskins, & Beckwith
PERNMI NO.: Unknown

LOCATION: N49834 1.34, E666847. 10

ELEVATION: 3403.53'
TOTAL DEPTH: 34.2'
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 12/16/78
DRILLER: Sergent, Hauskins & Beck-with

DRILLING RECORD: Date Started: 12/12/78 Date Completed: 12/16n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
114 inch L.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performedu'sing NX size core bits with either
diamond or carbide cutting faces and eiter air or water for drilling.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-20A Sand 0-13.9
Caliche 13.9-19
Gatuna 19-34.2



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-20
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498335.72, E666846.91

ELEVATION: 3403.53'
TOTAL DEPTH: 14'
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 12/16n78
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/12/78 Date Completed: 12116n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs poweted with 6 cylinder Ford industrial engines
were used in advancing test borings. The6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-20 Sand 0-10

Galiche 10-14



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREH[OLE DATA BASE

BOREHOLE: B-19
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498333.94, E666347.03

ELEVATION: 3399.84'
TOTAL DEPTH: 38.8'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: l130/78 Date Completed: l130/78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Th,- 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rockc was performed with 6 1/2 inch Q.D., 3
1/4 inch L.D. hollow stem auger. Carbid.- insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-19 Sand 0-8.5
Caliche 8.5-18.5
Gatuna 18.5-21.1
Sandstone 21.1-38.8



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B.-18
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498842.75, E668844.75

ELEVATION: 3419.32'
TOTAL DEPTH: 33.3
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 12/15/78
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/14n78 Date Completed: 12/15/78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide- insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH VqTERVAL IN FEET

B-18 Sand 0-7.1
Caliche 7.1-15
Gatuna 15-33.3



DOEVWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-17
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498840.97, E668343.86

ELEVATION: 341 3.26'
TOTAL DEPTH: 25.8'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12113n78 Date Completed: 12113n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMM4ARY: Attached



DOEfWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-17 Silty Sand 0-5.1
Caliche 5.1-10.5
Gatuna 10.5-25.8



DOE-/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-16
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498839. 19. E667844.94

ELEVATION: 3411.21'
TOTAL DEPTH: 31'
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 12115n78
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/14n78 Date Completed: 12/15n78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/ inch O.D.. 3
1/4 inch I.D. hollow stem auger. Carbid.- insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-16 Sand 0-7
Caliche 7-15
Gatuna 15-31



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-15
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498837.40, E667345.06

ELEVATION: 3408.64!
TOTAL DEPTH: 56.8'
TYPE OF WVELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 11/16/78 Date Completed: 11/17n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Th3e 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPILIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-15 Sand 0-9
Caliche 9-13

Silty Sand 13-26
Gatuna 26-51.5
Santa Rosa 5 1.5-55
Shale 54.5-56.8



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHIOLE DATA BASE

BOREHOLE: B-14
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498835.60, E666845. 14

ELEVATION: 3406.57'
TOTAL DEPTH: 24.5'
TYPE OF WELL: Shallow Exploratory Drilling

DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/13/78 Date Completed: 12/13/78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. 'he 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide. insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eitder air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMWARY: Attached



DOEIWPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-14 Sand 0-4.8
Caliche 4.8-9.9
Gatuna 9.9-14
Claystone 14-24.5



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION -BOREHOLE DATA BASE

BOREHOLE: B-13
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N498833.82, E666345.25

ELEVATION: 3403.91'
TOTAL DEPTH: 28.3'
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 12/16/78

DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/12/78 Date Completed: 12/16/78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and eiti~er air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMIARY: Attached



DOEI/WIPP-95-2092

STRATIGRAPIHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH DiTERVAL IN FEET

B-13 Sand 0-7
Caliche 7-12.5
Gaua 12.5-26
Claystone 26-28.3



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-12
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499342.61, E668842.93

ELEVATION: 342 1.77
TOTAL DEPTH: 41.5'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRELLING RECORD: Date Started: 12A)1f78 Date Completed: 12/01/78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines

* were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil. or softer roc~k was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPILIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-12 Sand 0-6
Caliche 6-13
Gatuna. 13-20
Sandstone 20-26
Claystone 26-27
Sandstone 27-31.5
Claystone 31.5-33.5
Sandstone 33.5-38.5
Intercalated Sandstone 38.5-41.5



DOFIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-11
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499340.83, E668343.05

ELEVATION: 34 14.30'
TOTAL DEPTH: 30'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/15/78 Date Completed: 12/15n78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable, of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch Q.D., 3
1/4 inch 1.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUNMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-11 Sand 1.24.1

Caliche 4.1-13.5

Gatuna 13.5-30



DOEJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-10
OPERATOR: Sergent, Hauskins, & Beckwith
PERMT NO.: Unknown

LOCATION: N499339.05, E6678434.1 1

ELEVATION: 3413'
TOTAL DEPTH: 32'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12119/7 Date Completed: 12/19/7

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement

STRATIGRAPHIC SUMMARY: Attached



DOEfWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-10 Sand 0-10.2
Caliche 10.2- 17
Gatuna 17-26.5
Siltstone 26.3-27
Sandstone 27-32



DOEIWIPP-95-2092

SUBSURFACE EXPLORATION BOREHO1LE DATA BASE

BOREHOLE: B-9
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499337.27, E667343.26

ELEVATION: 3410.4T
TOTAL DEPTH: 38.3
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hau skins & Beckwith

DRILLING RECORD: Date Started: 12119/78 Date Completed: 12/19/78

CASING RECORD: Drilling Equipment:
Truck-mounted CMB-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test corings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
114 inch L.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-9 Sand 0-8.1
Caliche 8.1-18
Gatuna 18-32.1
Siltstone 32.1-36
Sandstone 36-38.3



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-8
OPERATOR: Sergent, Hauskins, & Beckwith
PERMI1T NO.: Unknown

LOCATION: N499335.46, E666843.36

ELEVATION: 3408.55'
TOTAL DEPTH: 100'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 01/03/79 Date Completed: 01/03/79

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. T'he 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer r.k was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEULE CGrouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPMIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-8 Sand 0-7
Caliche 7-12
Gatuna. 12-35.7
Santa Rosa 35.7-40
Dewey Lake 40-100



DOFJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-7
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499333.68, E666343.48

ELEVATION: 3404.19'
TOTAL DEPTH: 34.9'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins, & Beckwith

DRILLING RECORD: Date Started: 11121/7 Date Completed: 1 112117

CASING RECORD: Drilling Equipment:
Truck-mounted CM-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. 'The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Driling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbid-e insert teeth were used on the auger bits.
Core driling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMIARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-7 Sand 0-5.5
Caliche 5.5-20
Gatuna 20-25

Sandstone 25-27.5
Santa Rosa 27.5-34.9



DOFJWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-6
OPERATOR: Sergent, Hauskins, & Beckwith
PERMT NO.: Unknown

LOCATION: N499842.47, E668841.15

ELEVATION: 3422.01'
TOTAL DEPTH: 26.3'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/17/78 Date Completed: 12/17n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powe red with 6 cylinder Ford industrial engines
were used in advancing test borings. Thie 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-6 Silty Sand 0-3.5
Caliche 3.5-10.1
Gatuna 10.1-26.3



DOEIWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-5
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499840.69, E668341.29

ELEVATION: 3417.43'
TOTAL DEPTH: 32.3
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins; & Beckwith

DRILLING RECORD: Date Started: 12/17/78 Date Completed: 12/17nl8

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Thi. 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbid-, insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPILIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-5 Silty Sand 0-8.2
Caliche 8.2-17
Gatuna 17-22.4
Sandsone 22.4-26.9
Intercalated Siltstone 26.9-32.3



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-4A
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499837.97, E667829.9 1

ELEVATION: 3417.08'
TOTAL DEPTH: 13.6
TYPE OF WELL: Shallow Exploratory Drilling Converted to Observation Well 12/19178
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/19178 Date Completed: 1211918

CASING RECORD: Driling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Tle 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torqae to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds of
downward force. Drilling through soil or softer rock was performed with 6 1/2
inch O.D., 3 1/4 inch I.D. hollow stern auger. Carbide insert teeth were used on the
auger bits. Core driling in bedrock was, performed using NX size core bits with
either diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-4A Silty Sand 0-11.5
Caliche 11.5-13.6



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-4
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499838.91, E667841.39

ELEVATION: 3417.08'
TOTAL DEPTH: 38.8'
TYPE OF WELL: Shallow Exploratory Drilling Converted, to Observation Well 12/18/78
DRILLER: Sergent, Hauskins; & Beckwith

DRILLING RECORD: Date Started: 12/17n78 Date Completed: 12/18n78

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. Ile 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torqtue to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbidie insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and wither air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-4 Silty Sand 0-8.5
Caliche 8.5-19
Gatuna 19-37
Claystone 37-38.8



DOEMWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-3
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499837.13, E667341.49

ELEVATION: 3415.33'
TOTAL DEPTH: 29'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/18178 Date Completed: 12/18n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock: was performed wtih 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide- insert teeth were used on the auger bits.
Core drilling in bedrock was performed ussing NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-3 Sand 0-7.8
Caliche 7.8-14
Gatuna 14-24.2
Siltstone 24.2-25
Sandstone 25-28
Siltstone 28-29



DOEIWPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-2
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499835.35, E666841.60

ELEVATION: 3411l.62'
TOTAL DEPTH: 33.9'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 11/22f78 Date Completed: 11i/29178

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer roc k was performed with 6 1/2 inch 0.1), 3
1/4 inch I.D. hollow stem auger. Carbid-. insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Grouted with cement.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIIIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-2 Sand 0-6.5
Caliche 6.5-15.5
Gatuna 15.5-23
Siltstone 23-30.6
Intercalated Sandstone and Sail 30.6-33.9



DOE/WIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-lA
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499833.20, E666356.32

ELEVATION: 341 2.48'
TOTAL DEPTH: 12.9'
TYPE OF WELL: Shallow Exploratory Drilling Converted. to Observation Well 12/29/78
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/29178 Date Completed: 12/29/78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D, 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHLC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-LA Sand 0-11.2

Caliche 11.2-12.9



DOE/WPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-1
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIT NO.: Unknown

LOCATION: N499833.57, E666341.70

ELEVATION: 3412.48'
TOTAL DEPTH: 58.2'
TYPE OF WELL: Shallow Exploratory Drilling Converted -to Observation Well 12/29/78
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 12/27/78 Date Completed: 12/29n78

CASING RECORD: Drilling Equipment:
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The: 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

* PLUGGING SCHEDULE:

STRATIGRAPHIC SUMMWARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-i Silty Sand, Sand 0-9.5
Caliche 9.5-14.5

Gatuna 14.5-38
(Santa Rosa) Sandstone 38-58.2



DOEIWIPP-95-2092
COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: D-207. OPERATOR: Duval Sulphur & Potash Company
PERMIT NO.: Potassium Prospecting Permit NM-08285

LOCATION: 1480" North and 1330' East of Southwest
Corner of Section 19, SW 1/4 Section 19
Township 22 South, Range 31 East. NMPM

ELEVATION: 3406'
TOTAL DEPTH: 1613'
TYPE OF WELL: Potash Core Test
DRILLER: Joy Drilling Company

DRILLING RECORD: Date Started: 06/16/58 Date Completed: 07/03/58
Rotary Drill
6-1/4" Rockbit: 0-8 11'
3-13/16" Corebit: 811-1613'

CASING RECORD: 4" Casing: 811I'
Recovered: 811'

PLUGGING SCHEDULE: All casing was pulled and the following cement plugs were run:
1) 661 sacks of cement mixed with 3% CaC1A2 and brine at bottom of hole.
2) 25 sacks of cement mixed with fresh water bottomed at 560'.

The remainder of the hole was filled with cuttings; and soil, a four-foot marker post set,

STRAIGRAHICand the location left in good order.

STRAIGRAHICSUMMARY: Rustler Formation: 330'
Top of Salt: 811'
Top of USGS 124 Bed: 1519'

-40A



DOE/WIPP-95-2092
COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: D-235
OPERATOR: Duval Sulphur & Potash Company
PERMIT NO.: Potassium Prospecting Permit LC-062 188

LOCATION: 2878' from South Line and 789' from West
Line of Section 25, NWI1/ Section 25,
Township 22 South, Range 30 East. NMPM

ELEVATION: 3336'
TOTAL DEPTH: 1506'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company

DRILLINJG RECORD: Date Started: 10/11/7 Date Completed: 11/037
Rotary Drill
6-1/4" Rockbit: 0-689'
3-7/8" Corebit: 689-1506'
Encountering an air blow at 860'

CASING RECORD: 4" Casing: 689'
Recovered: 400'

PLUGGING SCHEDULE: 400' of 4" casing was pulled. Pennsylvania Drilling Company then cemented the hole
with 110 sacks of neat cement making a continuous plug from T.D. to surface. A
four-foot marker post was then set and drill location was left in good order.

STRATIGRAPHIC SUMMARY: Rustler Formation: Unknown
Top of Salt: 670'
Top of USGS 124 Bed: 1390'



DOEJWIPP-95-2092

COMMERCIALLY 1)RILLED POTASH BORJEHOLE DATA BASE

BOREHOLE: D-123
OPERATOR: Duval, Sulphur & Potash Company

W PERMIT NO.: Potassium Prospecting Permit LC-066 112

LOCATION: 2614' North and 277' West of Southeast
Corner of Section 34, NEI1/ Section 34,
Township 22 South, Range 31 East. NMPM

ELEVATION: 3432'
TOTAL DEPTH: 1880'
TYPE OF WELL: Potash Core Test
DRILLER: Weaver Driling Company

DRILLING RECORD: Date Started: 07/19/53 Date Completed: 08/07/53
Rotary Drill
6-1/4" Rockbit 0-934'
Corebit 934-1880'

CASING RECORD: 4" Casing: 934'
Recovered: 692'

PLUGGING SCHEDULE: Shot casing at 910' and 850'. Pulled 692' leaving 242' in hole. The following cement

plugs were run:
1) 73 sacks of cement mixed with 3% CaClA2 and brine at bottom of hole.

2) 45 sacks of cement mixed with fresh water bottomed at 880'.

- The remainder of the hole was filled with cuttings, a four-foot marker post set, and the

hole abandoned.

STRATIGRAPHIC SUMMARY: Rustler Formation: 670'
Top of Salt: 988'
Top of USGS 124 Bed: 1779'



DOE/WIPP-95-2092
COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: D-160
OPERATOR: Duval Sulphur & Potash Company
PERMIT NO.: Potassium Prospecting Permit M-26189

LOCATION: 2464' from South Line and 1117' from West
Line of Section 36, SW 1/4 Section 36,
Township 22 South, Range 30 East. NMPM

ELEVATION: 3305'
TOTAL DEPTH: 1354'
TYPE OF WELL: Potash Core Test
DRILLER: Weaver Drilling Company

DRILLING RECORD: Date Started: 07/21/54 Date Completed: 07/31/54
Rotary Drill
6-1/4" Rockbit: 0-596'
Corebit: 596-1354'
Encountering an air blow at 860'
causing seat to leak.

CASING RECORD: 4" Casing: 596'
Recovered: 596'

PLUGGING SCHEDULE: All casing was pulled and the following plugs run:
1) 58 sacks of cement mixed with brine and 3% CaClA2 and brine at bottom of hole.
2) 37 sacks of cement mixed with fresh water bottomed at 445'.

The remainder of the hole was filled with cuttings, a four-foot marker post set, and the
hole abandoned.W

STRATIGRAPHIC SUMMARY: Rustler Formation: 240'
Top of Salt: 543'
Top of USGS 124 Bed: 130 1'



DOEIWIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: D-104. OPERATOR: Duval Sulphur & Potash Company
PERMIT NO.: Potassium Prospecting Permit PPP-058761

LOCATION: 2585' fromn North Line and 1394' from East
Line of Section 24, NE 1/4 Section 24,
Township 22 South, Range 30 East. NMPM

ELEVATION: 3388'
TOTAL DEPTH: 1597'
TYPE OF WELL: Potash Core Test
DRILLER: Weaver Drilling Company

DRILLING RECORD: Date Started: 09t25/52 Date Completed: 10/07/52
Rotary Drill
6-1/4" Rockbit 0-759'
Corebit: 759-1597'
Lost Circulation: 730-747'

CASING RECORD: 4" Casing: Unknown
Recovered: All

PLUGGING SCHEDULE: All casing was pulled and the following plugs run:
1) 62 sacks mixed with brine and 3% CaClA2 at bottom of hole.
2) 3C) sacks mixed with fresh water bottomed at 660'.

The remainder of the hole was filled with cuttings;, a four-foot marker post set, and the
hole abandoned.

STR;ATIGRAPHIC SUMMWARY: Rustler Formation: 520'
Top oif Salt: 759'
Top of USGS 124 Bed: 1504'



DOE[WIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: D-120
OPERATOR: Duval Sulphur & Potash Company
PERMIT NO.: Potassium Prospecting Permit'PPP-058761 1

LOCATION: 1562' South and 1565' East of NW Comner
Section 13, NW 1/4 Section 13, Township 22
South, Range 30 East. NMPM

ELEVATION: 3338'
TOTAL DEPTH: 1500'
TYPE OF WELL: Potash Core Test
DRILLER: Weaver Drilling Company

DRILLING RECORD: Date Started: 02/14/53 Date Completed: 02/27/53
Rotary Drill
6-1/4" Rockbit: 0-704'
3-13/16" Corebit: 704-1500'

CASING RECORD: 4" Casing: 704'
Recovered: 704'

PLUGGING SCHEDULE: All casing was pulled and the following plugs run:
1) 62 sacks of cement mixed with brine and 3% CaClA2 and brine at bottom of hole.
2) 30 sacks of cement mixed with fresh water bottomed at 590'.

The remainder of the hole was filled with cuttings, a four-foot marker post set, and the
hole abandoned.

STRATIGRAPHIC SUMMARY: Rustler Formation: 330'
Top of Salt: 684'
Top of USGS 124 Bed: 1407'



DOE/WIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: FC-91. OPERATOR: Farm Chemiceal Resources Development Corporation
PERMdIT NO.: Potassium Prospecting Permit NM-075014

LOCATION: 200' from South Line and 200 from West
Line of Section 10, SW 1/4, Township 22
South, Range 31 East. NMPM

ELEVATION: 3460'
TOTAL DEPTH: 1788"
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 04/07/62 Date Completed: 04/17/62
Rotary Drill
Rockbit: 0-1070'
Corebit: 1070-1788'

CASING RECORD: 4-1/4" Casing: 1070'
Recovered: 1070'

PLUGGING SCHEDULE: From: 1788'
To: 1060'
hIt: 728'
Material: Cement

From: 1060
To: 840'
Int: 220'
Material: Cuttings & Brine

From: 840'
To: 800'
hIt: 4U'
Material: Cement

From: 800'
To: 10'
Int: 790'
Material: Cuttings & Brine

Fromi: 10'
To: CI'
Int 10'
Material: Cement

STRATIGRAPHIC SUMMWARY: Rustler Formation: 630'
Top of Salt: 1070'
Base of USGS 124 Bed:~ Unknown



DOEIWIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: FC-92
OPERATOR: Farm Chemical Resources Development Corporation

PERMIT NO.: Potassium Prospecting Permit NM-094314

LOCATION: 200' from South Line and 200' from East
Line of Section 8, SE 1/4, Township 22
South, Range 31 East. NMPM

ELEVATION: 3420'
TOTAL DEPTH: 1818'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 04/21/62 Date Completed: 05/03/62
Rockbit: 0-1058'
Corebit: 1058-18 18'

CASING RECORD: 4-1t2" Casing: 1058'
Recovered: 1058'

PLUGGING SCHEDULE: From: 1818'
To: 945'
Int 873'
Material: Cement

From: 945'
To: 850'
Int: 95'
Material: Cuttings & Brine

From: 850'
To: 8 10'
Int: 40'
Material: Cement

From: 8 10'
To: 10'
Int: 800
Material: Cuttings & Brine

From: 10'
To: 0'
Int: 10'
Material: Cement

STRATIGRAPHIC SUMMARY: Rustler Formation: Unknown
Top of Salt: 950'
Base of USGS 124 Bed: Unknown



DOFJWIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: FC-70. OPERATOR: Farm Chemical Resources Development Corporition
PERMIT NO.: Potassium Prospecting Permit LC-065506

LOCATION: 177' from South Line and 177' from West
Line of Section 7, NB 1/4 Section 7,
Township 22 South, Range 31 East. NMPM

ELEVATION: 3388'
TOTAL DEPTH: 16031'
TYPE OF WELL: Potash Core Test
DRILLER: Joy Mfg. Company, Drilling Division

DRILLING RECORD: Date Started: 09/26/56 Date Completed: 10/09/56
Rotary Drill
6-1/4" Rockbit: 0-902'
Corebit: 902-1603'

CASING RECORD: 4-1/2" Casing: 902'
Recovered: 902'

PLUGGING SCHEDULE: From: 1603'
To: 1370'
Int: 233'
Material: Brine & Salt

From: 1370'
To: 902'
nt: 468'

Material: Cement

From: 902'
To: 10'
nt: 892'

Material: Mud

From: 10'
To: 0
it 10'

Material: Cement

STRATIGRAPHIC SUMMARY: Rustler Formation: 541'
Top of Salt: 898'
USGS 124 Bed.~ 1515'



DOEIWIPP-95-2092

COMMIERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: FC-82
OPERATOR: Farm Chemical Resources Development Corporation

PERMIT NO.: Potassium Prospecting Permit NM-057290

LOCATION: 154' from South Line and 37' from West
Line of Section 8, Township 22 South,
Range 31 East. NMPM

ELEVATION: 3382'
TOTAL DEPTH: 1684'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/21/61 Date Completed: 10/03/61
6-1/4" Rockbit: 0-922'
Corebit: 922-1684'

CASING RECORD: 5-1/2" Casing: 922'
Recovered: 922'

PLUGGING SCHEDULE: From: 1684'
To: 922'
Int: 762'
Material: Cement

From: 922'
To: 7 10'
Int: 212'
Material: Brine & Salt

From: 710'
To: 510'
hIt: 200'
Material: Cement

From 510'
To: 10'
nt 500'

Material: Mud

From: 10'
To: 0'
mnt 10'
Material: Cement

STRATIGRAPHIC SUMIMARY: Rustler Formation: 538'
Top of Salt: 9 10'
USGS 124 Bed: 1593'



DOEJWIPP-95-2092

COMMERCIALLY DRILLED, POTASH BOREHOLE DATA BASE

BOREHOLE: 1-459. OPERATOR: International Minerals & Chemical Corp.
PERMIT NO.: Potassium Prospecting Permit NM-0384584

LOCATION: 2500' from North Line and 2000' from East
Line Of Section 3, NE 1/4 Section 3,
Township 23 South, Range 31 East. NMPM

ELEVATION: 3385'
TOTAL DEPTH: 1855'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 08/11/76 Date Completed: 08/24n76
Rotary Drill
6-1/4" Rockbit: 0-900'
3-7/8' Rockbit: 900-1330'
3-7/8' Corebit: 1330-1855'

CASING RECORD: 4" Casing: Unknown
Recovered: All

PLUGGING SCHEDULE: From: 1855'
To: 0i'
Int: 1885'
Material: Cement

__STRATIGRAPHIC SUMMARY: Rustler Formation: 580'
- Top of Salt: 940'

Top of USGS 124 Bed: 1739'



DOE/WIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: N9FU-1
OPERATOR: Farmers Educational and Cooperative Union of America
PERMIT NO.: Potassium Prospecting Permit NM-065503

LOCATION: 100' fromn North Line and 100' from West
Line of Section 9, NW1/4 Section 9,
Township 22 South, Range 31 East. NMPM

ELEVATION: 3422'
TOTAL DEPTH: 1747'
TYPE OF WELL: Potash Core Test
DRILLER: Weaver Drilling Company

DRILLING RECORD: Date Started: 12/19/50 Date Completed: 01/21/51
Rotary Drill
6-1/4" Rockbit: 0-944'

CASING RECORD: 4" Casing: 940'
Recovered: 675'

PLUGGING SCHEDULE: 4 sacks cement at 1640'
7 sacks cement at 955'
7 sacks cement at 840'
8 sacks cement at 740'

Could not pull 4" casing, but broke circulation around it before pumping in 7 sacks at
955'. Shot casing at 900', 700', and 675'. Recovered 675' of 940'. Filled hole with
mud and placed 4" pipe marker.

STRATIGRAPHIC SUMMARY: Rustler Formation: 635'
Top of Salt: 935'
Base of USGS 124 Bed: 164 1'



DOE/WIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: 1-457. OPERATOR: international Minerals & Chemical Corp.
PERMIT NO.: Potassium Prospecting Permit NM-0384584

LOCATION: 200' from South Line and 1200' from West
Line of Section 27, SW 1/4 Section 27
Township 22 South, Range 31 East. NMPM

ELEVATION: 3460'
TOTAL DEPTH: 1885'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 07/08/76 Date Completed: 07/22t76
Rotary Drill
6-1/4" Rockbit: 0-940'
3-7/8" Rockbit: 940-1480'
3-7/8" Corebit: 1480-1885'

CASING RECORD: 4" Casing: 0-980'
Recovered: 0-980'

PLUGGING SCHEDULE: From.: 1885'
To: 0'
Int: 1885'
Material: Cement.STRATIGRAPHI1C SUMMARY: Rustler Formation: 660
Top of Salt: 980'
Top of USGS 124 Bed: 1777'



DOEIWIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: 1-458
OPERATOR: International Minerals & Chemical Corp.
PERMIT NO.: Potassium Prospecting Permit NM-0384584

LOCATION: 2500' from North Line and 400' from East
Line of Section 4, NE 1/4 Section 4,
Township 23 South, Range 31 East. NMPM

ELEVATION: 3410'
TOTAL DEPTH: 1750'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRJILLING RECORD: Date Started: 07/23/76 Date Completed: 08/09/76
Rotary Drill
6-1/4" Rockbit: 0-960'
3-7/8" Rockbit: 960-1385'
3-7/8" Corebit: 1385-1750'

CASING RECORD: 4" Casing: Unknown
Recovered: All

PLUGGING SCHEDULE From: 1750'
To: 0'
Int: 1750'
Material: Cement

STRATIGRAPHIC SUMMARY: Rustler Formation: 580'
Top of Salt: 970'
Top of USGS 124 Bed: 1623'



DOE/WIPP-95-2092
COMMERCIALLY DRILLED POTASH BOREHMOLE DATA BASE

BOREHOLE: 1-383. OPERATOR: International Minerals & Chemical Corp.
PERMIT NO.: Potassium Prospecting Permit NM-0359 160

LOCATION: 287' South 52 degrees East from W1/4
Corner of Section 1, SW1/4 Section 1,
Township 23 South, Range 30 East. NMPM

ELEVATION: 3272'
TOTAL DEPTH: 1307'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 07/19/65 Date Completed: 08/26/65
Rotary Drift
6-1/4'" Rockbit: 0-48 1'
3-7/8" Rockbit: 481-1000'
3-7/8" Corebit: 1000-1307'

CASING RECORD: 4" Casing: 0-481'
Recovered: 0-105'

PLUGGING SCHEDULE: From: 1307'
To: 4.81'
Int 826'
Material: Cement

4 From: 48 1'
To: 320'

Material: Cement

From: 320'
To: 2 10'
Tnt: 110'
Material: Mud

From: 210'
To: 1,50'
Tnt: 6T'
Material: Cement

From; 150'
To: IT5
Int 1:35'
Material: Mud

From: 15'
To: 0'
Int: 15'
Material: Cement

STRATIGRAPHIC SUMM4ARY: Rustler Formation: 160'
W Top of'Salt: 475'

Top of- USGS 124 Bed: 1211'



DOE/WIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: 1-456
OPERATOR: International Minerals & Chemical Corp.
PERMIT NO.: Potassium Prospecting Permit NM-0384584

LOCATION: 300' from South Line and 2650' from East
Line of Section 22, SW 1/4 Section 22,
Township 22 South, Range 31 East. NMPM

ELEVATION: 3520'
TOTAL DEPTH: 1975'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 06/22176 Date Completed: 07/07/76
Rotary Drill
6-1/4" Rockbit: 0-940'
3-7/8" Rockbit: 940-1580'
3-7/8" Corebit: 1580-1975'

CASING RECORD: 4" Casing: Unknown
Recovered: All

PLUGGING SCHEDULE: From: 1975'
To: 0'
hIt: 1975'
Material: Cement

STRATIGRAPHIC SUMMARY: Rustler Formation: 790' A

Top of Salt: 1080'
Top of USGS 124 Bed: 1853'



DOE/WIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHMOLE DATA BASE

Top of Salt: 840'
Top of USGS 124 Bed: 1581'



DOEIWPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: 1-377
OPERATOR: international Minerals & Chemical Corp.

PERMIT NO.: Potassium Prospecting Permit NM-0384584

LOCATION: 105' South 48 degrees East from Northwest

Comner of Section 22, NW 1/4 Section 22,

Township 22 South, Range 31 East. NMPM

ELEVATION: 3490'

TOTAL DEPTH: 1876'

TYPE OF WELL: Potash Core Test

DRILLER: Boyles Bros. Drilling Co.

DRILLING RECORD: Date Started: 06/26/65 Date Completed: 07/16/65
Rotary Drill
6-1/4" Rockbit: 0-996'
3-7/8" Rockbit: 996-1530'

CASING RECORD: 4" Casing: 0-996'
Recovered: 0-996'

PLUGGING SCHEDULE: From: 1876'
To: 996'
Int: 880'
Material: Cement

From: 996'
To: 925'
Int: 7 1'
Material: Mud

From: 925'
IT 40'
IT 88'
Material: Cement

From: 885'
To: 730'
Int 155'
Material: Mud

From: 730'
To: 700'
hIt 30'
Material: Cement

From: 700'
To: 10'
hIt: 690'
Material: Mud

From: 10'
To: 0'
hIt 10'
Material: Cement

STRATIGRAPHIC SUMMARY: Rustler Formation: 700'
Top of Salt 10 14'
Top of USGS 124 Bed: 1770'



DOE/WIPP-95-2092
COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: 1-375. OPERATOR: International Minerals & Chemical Corp.
PERIT NO.: Potassium Prospecting Permit NM-0359161

LOCATION: 144' South 24 degrees East from Northwest
Corner of Section 33, NWI4 Section 33,
Township 22 South, Range 31 East. NMPM

ELEVATION: 3390'
TOTAL DEPTH: 1746'
TYPE OF WELL: potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 04/28/65 Date Completed: 05113165
Rotary Drill
6-1/4" Rockbit: 0-520'
3-7/8" Rockbit: 520-1300'
3-7/8 " Corebit: 1300-1746'

CASING RECORD: 4" Casing: 0-817'
Recovered: 0- 129'

PLUGGING SCHEDULE: From: 1746'
To: 817'
Int: 929'
Material: Cement

From: 817'
To: 5 10'
Tnt: 307'
Material: Cement

From: 510'
To: 20'
Int 490'
Material: Mud

From: 20'
To: 0'
Int 20'
Material: Cement

STRATIGRAPHIC SUNMARY: Rustler Formation: 470'
Top of Salt: 790'
Top of USGS 124 Bed: 1602'



DOEIWIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE

BOREHOLE: 1-376
OPERATOR: International Minerals & Chemical Corp.
PERMAIT NO.: Potassium Prospecting Permit NM-0384583

LOCATION: 400' South 75 degrees East from Northwest
Corner of Section 20, NW 1/4 Section 20,
Township 22 South, Range 31 East. NMPM

ELEVATION: 3410'
TOTAL DEPTH: 1702'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 06/15/65 Date Completed: 06/23/65
Rotary Drill
6-1/4" Rockbit: 0-840'
3-7/8" Rockbit: 840-1328'
3-7/8" Corebit: 1328-1702'

CASING RECORD: 4" Casing: 0-840'
Recovered: 0-840'

PLUGGING SCHEDUL E: Fromn: 1702'
To: 800
Int: 902'
Material: Cement

From: 800'
To: 720'
Int: 80'
Material: Mud

From: 720'
To: 660'
Int: 60'
Material: Cement

From: 660'
To: 540'
Tnt: 120'
Material: Mud

From: 540'
To: 480'
Int: 60'
Material: Cement

From: 480'
To: 30'
Tnt: 450'
Material: Mud

From: 30'
To: 0'
Tnt: 30'
Material: Cement

STRATIGRAPHIC SUMMARY: Rustler Formation: 500'



DOEWIPP-95-2092

COMMERCIALLY DRILLED POTASH BOREHOLE DATA BASE. BOREHOLE: 1-374
OPERATOR: International Minerals & Chemical Corp.
PERMIT NO.: Potassium Prospecting Permit NM-0359163

LOCATION: 424' North 45 degrees West from S1/4
Corner of Section 30, SW 111 Section 30,
Township 22 South, Range 31 East NMPM

ELEVATION: 3340'
TOTAL DEPTH: 1538'
TYPE OF WELL: Potash Core Test
DRELLER: Boyles Bros. Drilling Company

DRILLING RECORD: Date Started: 04/15/65 Date Co~mpleted: 04/27/65
Rotary Drill
6-1/4" Rockbit: 0-714'
3-7/3" Rockbit: 714-1149'
3-7/3" Corebit: 1149-1538'

CASING RECORD: 4" Casing: 0-7 14'
Recovered: 0-437'

PLUGGING SCHEULE: From: 1538'
To: 714'
Tnt: 824'
Material: Cement

From: 714'
To: 470'
nt: 244'

Material: Cement

From: 470'
To: 20'
Int: 450'
Material: Mud

Froni: 20'
To: 0'
Tnt: 20'
Material: Cement

STRATIGRAPHIC SUMMARY: Rustier Formation: 360
Top of Salt: 690'
Top of USGS 124 Bed: 1399'





DOF/WIPP-95-2092

POTASH BOREHOLE DATA BASE

. BOREHOLE: P-21
OPERATOR: U.S. Deparment of Energy
PERMIT NO.: Unknown

LOCATION: 852' FNL, 150' FEL of Sec. 15, NE 1/4
Sec. 15, T22 S, R31 E

ELEVATION: 35L10'
TOTAL DEPTH: 1915'
TYPE OF WELL: Potash Core Test
DRILLER: Boy les Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 10/15n76 Date Completed: 10126/n6

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: Driller reported water between 525-595'.
RUSTLER FORMATION: 734-1043'
TOP OF SALADO: 1043'.MARKER BED 124: 1796-1805'

PLUGGING SCHEUE From: 1915'
To: 0'
Imt 1915'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEMWPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-21 Holocene Deposits 0-8W
Triassic Rocks

Santa Rosa Sandstone 8-225
Permnian Rocks

Dewey Lake Red Beds 225-734
Rustler Formation 734-1043

Magenta Dolomite Member 788-812
Culebra Dolomite Member 899-924

Salado Formation 1043-1918
Upper Member 1043-1526
McNutt Potash Zone 1526-1887

Vaca, Triste Sandstone Member 1526-1533
11Ith Ore Zone 1579-1583

MB 117 1591-1593
MB 118 1615-1616
MB 119 1637-1638

10th Ore Zone 1647-1653
MB 120 1659-1660

9th Ore Zone 1665-1669
MB 121 1676-1678
MB 122 1685-1686
8th Ore Zone 1690-1699

Union Anhydrite 1707-17 14

7th Ore Zone 1727-1732

6th Ore Zone 1740-1744
5th Ore Zone 1748-1757

MOB 123 1781-1789

MB 124 1796-1805
4th Ore Zone 1811-1817

3d Ore Zone 1824-1837

2d Ore Zone 1841-1845
1st Ore Zone 1859-1873

MB 126 1886-1887
Lower Member 1887-1918

MB 127 1912-1913



DOE0WIPP-95-2092

POTASH BOREHOLE DATA BASE

.BOREHOLE: P-20
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 794 FSL, 103' FEL of Sec. 14, SE1/4
Sec. 14, T22S, R31 E

ELEVATION: 3552.9'
TOTAL DEPTH: 1995'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 10/06n76 Date Completed: 10/14/76

Remarks: Very weak air flow noted during logging operation on October 14, 1976. Air
pocket escaped detection throughout coring operation.

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2- 1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1f2" Casing: Unknown
Rec-overed: All

*WATER HORIZONS:
RUSTLER FORMATION:
TOP OF SALADO:
MARKER BED 124:

PLUGGING SCHEDULE From: 1995'
To: 0'
nt: 1995'

Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-20 Holocene Deposits 0-6W

Triassic Rocks
Santa Rosa Sandstone 6-26 1

Permian Rocks
Dewey Lake Red Beds 261-780
Rustler Formation 780-1103

Magenta Dolomite Member 839-866
Culebra Dolomite Member 953-979

Salado Formation 1103-1996
Upper Member 1103-1604
McNutt Potash Zone 1604-1977

Vaca Triste Sandstone Member 1604-1612
1lIth Ore Zone 1658-1662

MB 117 1671-1673
MB 118 1696-1697
MB 119 1720-1721

10th Ore Zone 1728-1735
MB 120 1742-1743

9th Ore Zone 1747-1750
MB 121 1756-1758
MB 122 1764-1765

8th Ore Zone 1771-1779
Union Anhydrite 1789-1795

7th Ore Zone 1807-1811

6th Ore Zone 1821-1823 Ik
5th Ore Zone 1828-1839

MB 123 1866-1873
MB 124 1880-1891

4th Ore Zone 1893-1904
3d Ore Zone 1911-1924
2d Ore Zone 1928-1932
1 st Ore Zone 1947-1961

MB 126 1975-1977
Lower Member 1977-1996



DOE/WIPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-19
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 1652' FSL, 2330' FWL of Sec. 23, SWL/4
Sec. 23, T 22 S, R 31 E

ELEVATION: 3546.3'
TOTAL DEPTH: 2000'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 10119n76 Date Completed: 11104n76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2- 114" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS:
RUSTLER FORMATION:
TOP OF SALADO:

0 MARKER BED 124:

PLUGGING SCHEDULE: From: 2000'
To: 0'
hIt: 2000
Material: Cement

STRA17IGRAPMIC SUMMiARY: Attached



DOEIrWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-19 Holocene Deposits 0-8

Triassic Rocks
Santa Rosa Sandstone 8-232

Permian Rocks
Dewey Lake Red Beds 232-758
Rustler Formation 758-1117

Magenta Dolomite Member 814-839
Culebra Dolomite Member 967-997

Salado Formation 1117-2002
Upper Member 1117-1621
McNutt Potash Zone 1621-2011

Vaca Triste Sandstone Member 1621-1628
11 th Ore Zone 1677-1681

MB 117 1688-1690
MB 118 1711-1713
MB 119 1735-1737

10th Ore Zone 1745-1753
MB3 120 1760-1761

9th Ore Zone 1767-1771
MB 121 1776-1778
MB3 122 1785-1786

8th Ore Zone 1792-1801
Union Anhydite 18 12-1822

7th Ore Zone 1835-1840
6th Ore Zone 1850-1854
5th Ore Zone 1858-1872

MB 123 1892-1901
MB 124 1909-1917

4th Ore Zone 1923-1933
3d Ore Zone 1944-1955
2d Ore Zone 1962-1967
1 st Ore Zone 1983-1994



DOEIWIPP-95-2092

POTASH BOREHOLE DATA BASE

. BOREHOLE: P-1L8
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 138.5' FSL, 732.7FEL of Sec. 26, SE1/4
Sec. 26, T 22 S, R 31 E

ELEVATION: 3479'
TOTAL DEPTH: 1998'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD): Date Started: 10/19/76 Date Completed: 1110)5n6

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores,, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: Unknown

WATER HORIZONS: Unknown
RUSTLER FORMATION: 626-1088'
TOP OF SALADO: 10881'

SMARKER BED 124: 1880-1889'

PLUGGING SCHEDULE: From: 1998'
To: 1125'
nt: 873'

Material: Cement

From: 1125'
To: 0'
mt: 1125'
Material: Well

Note: Hole plugged from 1998-1125' with cement, and converted to

hydrologic observation well in Rustler Formation.

STRATIGRAPHIC SUMMARY: Attached



STRATIGRAPHI[C SUMMARY D~WP-529

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET __

P-18 Holocene Deposits 0-9
Triassic Rocks

Santa Rosa Sandstone 9-87
Permian Rocks

Dewey Lake Red Beds 87-626
Rustler Formation 626-1088

Magenta Dolomite Member 704-730
Culebra Dolomite Member 909-938

Salado Formation 1088-2000
Upper Member 1088-1604
McNutt Potash Zone 1604-1987

Vaca Triste Sandstone Member 1604-1614
11 th Ore Zone 1658-1662

ME 117 1670-1672
MB 118 1692-1694
M:B 119 1716-1718

10th Ore Zone 1726-1734
M[B 120 1741-1742

9th Ore Zone 1749-1752
MB 121 1756-1758
MB 122 1765-1766

8th Ore Zone 1772-1783
Union Anhydrite 1793-1808

7th Ore Zone 1812-1817
6th Ore Zone 1828-1830
5th Ore Zone 1835-1844

MB 123 1868-1875
MB 124 1880-1889

4th Ore Zone 1897-1910
3d Ore Zone 1919-1933
2d Ore Zone 1938-1942
1 st Ore Zone 1961-1972

MB 126 1986-1987



DOE/WIPP-95-2092

POTASH BOREHOLE DATA BASE

is BOREHOLE: P-1 7
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 1372.2' FSL, 401.9' FWL of Sec. 4, SWI1/
Sec. 4, T 23 S, R 31 E

ELEVATION: 3340'
TOTAL DEPTH: 1660'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 10118n76 Date Completed: 10126n76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-114" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-112" Casing: Unknown
Recovered: Unknown

WATER HORIZONS: Hit water at 265' and at 600.
RUSTLER FORMATION: 382-715'
TOP OF SALADO: 715'

MAKRBED 124: 1527-1535'

PLUGGING SCHEDULE: From: 1660'
To: 73 1'
hIt: 929'
Material: Cement

From: 73 1'

hIt: 731l'Material: 
Well

Note: Hole plugged from 1660'-731 with cement and converted to hydrologic
observation well in Rustler Formation.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092
STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET*
P-17 Holocene Deposits 0-14W

Pleistocene Rocks
Gatuna Formation 14-46

Pernian Rocks
Dewey Lake Red Beds 46-382
Rustler Formation 382-715

Magenta Dolomite Member 438-463
Culebra Dolomite Member 558-583

Salado Formation 715-1662
Upper Member 715-1234
McNutt Potash Zone 1234-1648

Vaca Triste Sandstone Member 1234-1242
11ith Ore Zone 1294-1299

MB 117 1306-1308
MB 118 1330-1334
MB 119 1358-1359

10th Ore Zone 1368-1376
MB 120 1387-1388

9th Ore Zone 1391-1396
MB 121 1402-1404
MB 122 1410-1411

8th Ore Zone 1418-1428
Union Anhydrite 1438-1453

7th Ore Zone 1456-1461
6th Ore Zone 1471-1474
5th Ore Zone 1478-1487

M[B 123 1513-1521
MB3 124 1527-1535

4th Ore Zone 1544-1563
3d Ore Zone 1573-1587
2d Ore Zone 1594-1599
ist Ore Zone 1619-1630

MB 126 1647-1648



DOEMWPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-16
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 951' FSL,, 1629' EL of Sec. 5, SW114
Sec. 5, T23S, R 3IE

ELEVATION: 3323'
TOTAL DEPTH: 1585'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09/27n16 Date Completed: 10105n16

Conventional Rotary Drilling procedures were used to bore to the top of the potash
bearing section, and consecutive cores, 2-1/4" in. diameter, were taken through the full
thicknmess of the potash-bearing section.

CASING RECORD: 4-1)2" Casing: Unknown
Recovered: All

WAT7ER HORIZONS: Unknown
RUSTLER FORMATION: 316-646'
TOP OF SALADO: 646'.MARKER BED 124: 1460-1470"

PLUGGING SCHEDULE: From: 1585'
To: 0'
Int: 1585'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEAVIPP-95-2092

STRATIGRAPHIC SUMMNARY

BOREHOLE ROCK UNIT DEPTH INJTERVAL IN FEET

P-16 Holocene Deposits 0-14W
Pleistocene Rocks

Gatuna Formation 14-32
Permian Rocks

Dewey Lake Red Beds 32-3 16
Rustler Formation 316-646

Magenta Dolomite Member 376-401
Culebra Dolomite Member 500-523

Salado Formation 646-1587
Upper Member 646-1174
McNutt Potash Zone 1174-1585

Vaca Triste Sandstone Member 1174-1182
11ith Ore Zone 1235-1237

MB 117 1245-1247
MB 118 1269-1273
MIB 119 1293-1295

10th Ore Zone 1307-1313
MB 120 1323-1324

9th Ore Zone 1328-1331
MB 121 1336-1338
MB 122 1345-1346

8th Ore Zone 1352-1365
Union Anhydrite, 1373-1390

7th Ore Zone 1396-1400
6th Ore Zone 1411-1412
5th Ore Zone 1417-1425

MB 123 1450-1456
MB 124 1460-1470

4th Ore Zone 1480-1501
3d Ore Zone 1510-1526
2d Ore Zone 1533-1536
I st Ore Zone 1556-1568

ME 126 1583-1585



D)OEIWPP-95-2092

POTASH BOREHOLE DATA BASE

. BOREHOLE: P-15
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 410.8' FSL, 192.32' FWL of Sec. 21, SW1/4
Sec. 31, T22S, R31 E

ELEVATION: 3309.7
TOTAL DEPTH: 14655'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLINJG RECORD: Date Started: 10/04n76 Date C ompleted: 10/14/76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2": Casing Unknown
Recovered: 210' of casing left
in hole between 530-740' below
land surface.

WATER HORIZONS:
RUSTLER FORMATION:

*TOP OF SALADO:
MARKER BED 124:

PLUGGING SCHEDULE: From: 1465'
To: 620'
Int 845'
Material: Cement

From: 620'
To: 0'
hIt 620'

O\V\ Material: Well

Note: Hole plugged from 1465'-620' with cement, and converted to

hydrologic observation well in Rustler Formation.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET *
P-15 Holocene Deposits 0-11W

Pleistocene Rocks
Gatuna. Formation 11-32

Permian Rocks
Dewey Lake Red Beds 32-23 1
Rustler Formation 231-542

Magenta Dolomite Member 294-321
Culebra Dolomite Member 413-435

Salado Formation 542-1465
Upper Member 542-1057
McNutt Potash Zone 1057-1453

Vaca Triste Sandstone Member 1057-1065
11ith Ore Zone 1116-1119

MB 117 1128-1130
MB 118 1149-1152
MB 119 1176-1178

10th Ore Zone 1187-1195
MIB 120 1203-1204

9th Ore Zone 1208-1212
MB 121 1216-1218
MB 122 1225-1226

8th Ore Zone 1234- 1244
Union Anhydrite 125 1-1263

7th Ore Zone 1271-1275
6th Ore Zone 1284-1288
5th Ore Zone 1292-1301

M[B 123 1326-1333
M[B 124 1343-1353

4th Ore Zone 1361-1376

3d Ore Zone 1384-1397
2d Ore Zone 1404-1408

1 st Ore Zone 1426-1436
MB 126 1452-1453



DOE/WPP-95-2092

POTASH BOREHOLE DATA, BASE

. BOREHOLE: P-13
OPERATOR: U.S. Departmient of Energy
PERMIT NO.: Unknown

LOCATION: 125'FNL, 116' FWL of Sec. 18, NWlI4
Sec. 18, T22 S, R 31E

ELEVATION: 334.5'
TOTAL DEPTH: 1576
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 091176 Date Completed: 09123n76

Conventional Rotary Drilling procedures were tsed to bore to the top of the
potash-bearing section, and consecutive cores, 2.-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1,C" Casing: Unknown
Recovered: All

WATER HORIZONS: Hit water at 630'.
RUSTLER FORMATION: 427-72 1'
TOP OF SALADO: 721'. MARKER BED 124: 1462-147 1'

PLUGGING SCHEDULE: From: 1576'
To: 0'
nt 1576

Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMWARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-13 Holocene Deposits 0-12V
Pleistocene Rocks

Gatuna Formation 12-38
Permian Rocks

Dewey Lake Red Beds 38-427
Rustler Formation 427-721

Magenta Dolomite Member 490-5 14
Culebra Dolomite Member 604-627

Salado Formation 721-1573
Upper Member 721-1201
McNutt Potash Zone 120 1-1547

Vaca Triste Sandstone Member 1201-1208
11ith Ore Zone 1252-1255

MB 117 1264-1265
MB 118 1287-1289
MB 119 1309-1311

10th Ore Zone 1317-1323
MB 120 1330-1331

9th Ore Zone 1336-1340
MIB 121 1344-1346
MB 122 1355-1356

8th Ore Zone 1359-1368
Union Anhydrite 1377-1382

7th Ore Zone 1395-1400
6th Ore Zone 1407-1410
5th Ore Zone 1413-1423

MB 123 1447-1453
M33124 1462-1471

4th. Ore Zone 1474-1483
3d Ore Zone 1491-1501
2d Ore Zone 1506-1510
1st Ore Zone 1525-1533

MB 126 1547-1548
Lower Member 1548-1573

MB 127 1572-1573



DOEIWTPP-95-2092

POTASH BOREHOLE DATA BASE

OPERTORI: USDeatntof Energy

PERMIT NO.: Unknown

LOCATION: 307 FSL, 615.8' FWL of Sec. 24, SW1/4
Sec. 24, T 22 S, R 30 E

ELEVATION: 3358'
TOTAL DEPTH: 1545'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09124n76 Date Completed: 10/03/76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: Hit water at 589'.
RUSTLER FORMATION: 387-687
TOP OF SALADO: 687'

* MARKER BED 124: 1410-1419'

PLUGGING SCHEDULE: From: 1545'
To: 775'
mt: 770'
Material.: Cement

From: 775'
To: 0'
nt: 775'

Material: Well

Note: Hole plugged from 154:Y-775' with ce-ment and converted to
hydrologic observation well in Rustler Formation.

STRATIGRAPHIC SUMM4ARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMWARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-14 Holocene Deposits 0-10

Pleistocene Rocks
Gatuna Formation 10-42

Permian Rocks
Dewey Lake Red Beds 42-387
Rustler Formation 387-687

Magenta Dolomite Member 453-475
Culebra Dolomite Member 573-595

Salado Formation 687-1540
Upper Member 687-1133
McNutt Potash Zone 1133-15 10

Vaca Triste Sandstone Member 1133-1141
11ith Ore Zone 1186-1190

MB 117 1199-1200
MB 118 1225-1228
MB 119 1251-1253

10th Ore Zone 1257-1263
MEB 120 1273-1274

9th Ore Zone 1277-1282
MB 121 1287-1289
MB 122 1297-1298

8th Ore Zone 1302-1310
Union Anhydrite 1319-1328

7th Ore Zone 1342-1345
6th Ore Zone 1352-1355
5th Ore Zone 1361-1370

MB 123 1394-1400
MB 124 1410-1419

4th Ore Zone 1423-1435
3d Ore Zone 1443-1455
2d Ore Zone 1461-1465
1st Ore Zone 1482-1492

MEB 126 1509-1510
Lower Member 1510-1540
MIB 127 1534-1536



DOFJWIPP-95-2092

-STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-12 Holocene Deposits 0-8

Permian Rocks
Dewey Lake Red Beds 8-461

Rustler Formation 461-749
Magenta Dolomite Member 519-543
Culebra Dolomite Member 633-656

Salado Formation 749-1598
Upper Member 749-1226
McNutt Potash Zone 1226-1597

Vaca Triste Sandstone Member 1226-1233
11 th Ore Zone 1280-1284

MB 117 1290-1292
MB 118 1314-1317
MB3 119 1338-1340

10th Ore Zone 1346-1353
MB 120 1361-1362

9th Ore Zone 1367-1370
MIB 121 1376-1378
MB 122 1384-1385

8th Ore Zone 1390-1398
Union Anhydrite 1407-1417

7th Ore Zone 1432-1436
6th Ore Zone 1442-144540 5th Ore Zone 1450-1459

MB 123 1486-1492
MB 124 1494-1509

4th Ore Zone 1514-1523
3d Ore Zone 1533-1546
2d Ore Zone 1550-1555
1 st Ore Zone 1572-1582

M[B 126 1596-1597



DOFJWIPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-12
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 167' FNL, 195' FEL of Sec. 24, NEI1/
Sec. 24, T 22 S, R 30 E

ELEVATION: 3376'
TOTAL DEPTH: 1598'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09/1176 Date Completed: 10120176

Remarks: Lost circulation at 742' and 813' below land.

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: Unknown
RUSTLER FORMATION: 461-749'
TOP OF SALADO: 749'
MARKER BED 124: 1494-1509'

PLUGGING SCHEDULE: Fromr 1598'
To: 0'
Int 1598'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-11
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 175' FNL and 177' FWL of Sec. 23, NW1/4
Sec. 23, T 22 S, R 31 E

ELEVATION: 3506
TOTAL DEPTH: 1940'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09/24n76 Date Comupleted: 10/16n76

Conventional Rotary Drilling procedures were us;ed to bore to the top of the
potash-bearing section, and consecutive cores., 2- 1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-112" Casing: Unknown
Recovered: All

WATER HORIZONS: Unknown
RUSTLER FORMATION: 74541058'
TOP OF SALADO: 1058'.MARKER BED 124: 1824-1833'

PLUGGING SCHEDULE: Fromn: 1940'
To: 0'
nt 1940'

Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEVWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-11 Holocene Deposits 0-9W

Triassic Rocks
Santa Rosa Sandstone 9-224

Permian Rocks
Dewey Lake Red Beds 224-745
Rustler Formation 745-1058

Magenta Dolomite Member 798-823
Culebra Dolomite Member 912-938

Salado Formation 1058-1942
Upper Member 1058-1550
McNutt Potash Zone 1550-19 17

Vaca Triste Sandstone Member 1550-1557
11Ith Ore Zone 1604-1608

MB 117 1616-1618
MB 118 1640-1642
MB 119 1664-1666

10th Ore Zone 1674-1682
MB 120 1687-1688

9th Ore Zone 1693-1698
M[B 121 1702-1704
MB 122 1711-1712

8th Ore Zone 1717-1724
Union Anhydrite 1735- 1740

7th Ore Zone 1754-1759
6th Ore Zone 1767-1770
5th Ore Zone 1775-1785

MB 123 1811-1818
MAB 124 1824-1833

4th Ore Zone 1837-1846
3d Ore Zone 1853-1866
2d Ore Zone 1871-1874
1st Ore Zone 1890-1901

MB 126 1916-1917
Lower Member 19 17-1942
MB 127 1940-1941



DOEIPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-10
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 2:315 FNL, 339' FWL of Sec. 26, NW 1/4
Six. 26, T 22 S, R 31 E

ELEVATION: 3508'
TOTAL DEPTH: 2009'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09124n76 Date Completed: 10/5/7

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 44/t2" Casing: Unknown
Recovered: All

WATER HORIZONS: Unknown
RUSTLER FORMATION: 686-1086'
TOP OF SALADO: 1086'.4 MARKER BED 124: 1880-1888'

PLUGGING SCHEDULE: From 2009'
To: 0'
lUnt 2009'
Material: Cement

STRATIGRAPHIC SUMM4ARY: Attached



DOFIWIPP-95-2092

STRATIGRAPEHC SUMMARY

BOREHOLE ROCK UNIT DEPTH ITERVAL IN FEET
P-10 Holocene Deposits 0-8W

Triassic Rocks
Santa Rosa Sandstone 8-151

Permian Rocks
Dewey Lake Red Beds 151-686
Rustler Formation 686-1086

Magenta Dolomite Member 757-781
Culebra Dolomite Member 93 1-957

Salado Formation 1086-2009
Upper Member 1086-1594
McNutt Potash Zone 1594-1983

Vaca. Triste Sandstone Member 1594-1603
11 th Ore Zone 1652-1655

MB 117 1662-1664
MB 118 1686-1688
MB 119 1710-1712

10th Ore Zone 17 17-1725
MB 120 1733-1734

9th Ore Zone 1740-1744
MB 121 1751-1753
MB 122 1759-1760

8th Ore Zone 1765-1775
Union Anhydrite 1784-1798

7th Ore Zone 1807-1811
6th Ore Zone 1822-1825
5th Ore Zone 1831-1841

MIB 123 1868-1875
MB 124 1880-1888

4th Ore Zone 1892-1905
3d Ore Zone 1913-1929
2d Ore Zone 1934-1938
I st Ore Zone 1961-1969

MB 126 1982-1983
Lower Member 1983-2009

MB 127 2005-2008



DOEMWPP-95-2092

POTASH BOREHOLE DATA BASE

OPERTOR:U.S.Department of Energy

PERMIT NO.: Unknown

LOCATION: 1493' FSL, 143' FEL of Sec. 33, SEl/4
Sec. 33, T 22 S, R 31 E

ELEVATION: 3409'
TOTAL DEPTH: 1796'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09/16n76 Date Completed: 09/25n76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores,.1-1I4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: Driller reported water at 220' below land surface, making about 25 gpm.
RUSTLER FORMATION: 562-881'
TOP OF SALADO: 88:1'. MARKER BED 124: 16W61695'

PLUGGING SCH3EDULE: From: 1796'
To: 0'
Int: 1796'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092
STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-9 Holocene Deposit 0-11V
Triassic Rocks

Santa Rosa Sandstone 11-66
Permian Rocks

Dewey Lake Red Beds 66-562
Rustler Formation 562-88 1

Magenta Dolomite Member 617-644
Culebra Dolomite Member 734-757

Salado Formation 881-1796
Upper Member 881-1401
McNutt Potash Zone 1401-1796
Vaca Triste Sandstone Member 1401-1410

11 th Ore Zone 1458-1462
MB 117 1471-1473
MB 118 1496-1499
MB 119 1519-1521

10th Ore Zone 1530-1538
MB 120 1546-1547

9th Ore Zone 1552-1555
MB 121 1561-1563
MB 122 1569-1570

8th Ore Zone 1577-1585
Union Anhydrite 1597-1608

7th Ore Zone 1613-1618
6th Ore Zone 1626-1629
5th Ore Zone 1634-1643

MB 123 1668-1676
MB 124 1686-1695

4th Ore Zone 1699-1714
3d Ore Zone 1723-1738
2d Ore Zone 1744-1748
1 st Ore Zone 1769-1778

MB 126 1795-1796



DOE/WIPP-95-2092

POTASH BOREHOLE DATA BASE

. BOREHOLE: P-8
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 642' FNL, 96' FWL of Sec. 4, NWI/4
Sec. 4, T 23 S, R 31 E

ELEVATION: 3336'
TOTAL DEPTH: 1660'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09108n76 Date Completed: 09115n76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: No water reported by driller.
RUSTLER FORMATION: 391-715'
TOP OF SALADO: 715'. MARKER BED 124: 1537-1545'

PLUGGING SCHEDULE: From: 1660'
To: 0'
Int. 1660'
Material: Cement

STRATIGRAPHIC SUMM3ARY: Attached



DOEMWPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-8 Holocene Deposits 0-9V
Pleistocene Rocks

Gatuna Formation 9-39
Permian Rocks

Dewey Lake Red Beds 39-39 1
Rustler Formation 39 1-715

Magenta Dolomite Member 450-474
Culebra Dolomite Member 563-585

Salado Formation 715-1660
Upper Member 7 15-1237
McNutt Potash Zone 1237-1652
Vaca Triste Sandstone Member 1237-1245

11ith Ore Zone 1297-1301
MB 117 1308-1310
MB 118 1333-1337

MB 119 1360-1362
10th Ore Zone 1373-1380

MB 120 1389-1390
9th Ore Zone 1395-1399

MB 121 1405-1407

MB 122 1413-1414
8th Ore Zone 1421-1430

Union Anhydrite 1440-1455

7th Ore Zone 1461-1465

6th Ore Zone 1472-1475
5th Ore Zone 1481-1492

M[B 123 1517-1524
MB 124 1537-1545

4th Ore Zone 1554-1567
3d Ore Zone 1577-1596
2d Ore Zone 1601-1604
1 st Ore Zone 1624-1633

MB 126 1661-1662



DOEVWIPP-95-2092

POTASH BOREHOLE DATA BASE

. BOREHOLE: P-17
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 513' FNL, 396' FWL of Sec. 5, NW 1/4
Sec. 5, T 23 S, R 31 E

ELEVATION: 333ý2'
TOTAL DEPTH: 1574'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09/04n76 Date Completed: 09t2i1/6

Remarks: Encountered air pocket at 980' below [and surface, and lost casing seat.
Encountered several air pockets between 980-12,64'. Lost mud at 1234'.

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing. section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-142" Casing: Unknown
Recovered: 2 10' of casing left
in hole between 530-740' below
land1 surf ace.

WATER HORIZONS: Unknown
RUSTLER FORMATION: 312-630'
TOP OF SALADO: 630'
MARKER BED 124: 1448-1459'

PLUGGING SCHDEDULE: From: 1830'
To: 0'
Int: 1830'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-7 Holocene Deposits 0-11W
Pleistocene Rocks

Gatuna, Formation 11-45
Permilan Rocks

Dewey Lake Red Beds 45-3 12
Rustler Formation 312-630

Magenta Dolomite Member 373-398
Culebra Dolomite Member 496-522

Salado Formation 630-1574
Upper Member 630-1155
McNutt Potash Zone 1155-1566

Vaca Triste Sandstone Member 1155-1162
11 th Ore Zone 1215-1220

MB 117 1228-1230
MIB 118 1252-1256
MB 119 1277-1279

10th Ore Zone 1291-1296
MB3120 1307-1308

9th Ore Zone 1312-1316
MB 121 1326-1328
MB 122 1330-1331

8th Ore Zone 1335-1346
Union Anhydrite, 1358-1372

7th Ore Zone 1377-1382
6th Ore Zone 1391-1393
5th Ore Zone 1398-1407

MB 123 1433-1441
MB 124 1448-1459

4th Ore Zone 1467-1484
3d Ore Zone 1492-1507
2d Ore Zone 1513-1518
1 st Ore Zone 1537-1547

MB 126 1565-1566



DOE/WIPP-95-2092

P OTASH BOREHOLE DATA BASE

BOREHOLE: P4S
OPERATOR: U.S. Deparment of Energy
PERMIT NO.: Unknown

LOCATION: 2767'FSL, 199' FWL of Sec. 30, NW 1/4
Sec.. 30, T 22 S, R 31 E

ELEVATION: 3354'
TOTAL DEPTH: 15 73'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09103n76 Date Completed: 09/1676

Conventional Rotary Driling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: Unknuown
RUSTLER FORMATION: 35 7-659'
TOP OF SALADO: 659'. MARKER BED 124: 1453-1462'

PLUGGING SCHEDULE: From: 1573'
To: 0'
Int 1573'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-6 Holocene Deposits 0-8W

Pleistocene Rocks
Gatuna Formation 8-18

Permian Rocks
Dewey Lake Red Beds 18-357
Rustler Formation 357-659

Magenta Dolomite Member 417-443
Culebra Dolomite Member 537-560

Salado Formation 659-1573
Upper Member 659-1162
McNutt Potash Zone 1162-1560

Vaca Triste Sandstone Member 1162-1170
11ith Ore Zone 1218-1221

MB 117 1231-1233
MB 118 1252-1256
MB 119 1279-1281

10th Ore Zone 129 1-1296
MB 120. 1307-1308

9th Ore Zone 1313-1317
MB 121 1324-1326

MB 122 1332-1333
8th Ore Zone 1338-1348

Union Anhydrite 1357-1365
7th Ore Zone 1378-1382
6th Ore Zone 1394-1396
5th Ore Zone 1400-1410

MB 123 1436-1443
MB 124 1453-1462

4th Ore Zone 1468-1481
3d Ore Zone 1489-1502

2d Ore Zone 1509-1513
1 st Ore Zone 1533-1543

MB 126 1559-1560



DOEIWPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-5
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 202' FSL. 165' FEL of Sec. 17, SEI/4
Sec:. 17, T22S, R31 E

ELEVATION: 3472'
TOTAL DEPTH: 1830'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 09110176 Date Completed: 09/21/76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-112" Casing: Unknown
Recovered: 568' of casing left
in hole between 435-1003'
below land surface.

WATER HORIZONS: Unknown
* RUSTLER FORMATION: 623-947'

TOP OF SALADO: 947'
MARKER BED 124: 169,5-1705'

PLUGGING SCHEDULE: Fromn 1830'
To: 0'
Int 1830'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMWARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-5 Holocene deposits 0-13

Triassic Rocks
Santa Rosa Sandstone 13- 146

Penman Rocks
Dewey Lake Red Beds 146-623
Rustler Formation 623-947

Magenta Dolomite Member 686-711
Culebra Dolomite Member 804-827

Salado Formation 947-1830
Upper Member 947-1429
McNutt Potash Zone 1429-1785

Vaca Triste Sandstone Member 1429-1436
11 th Ore Zone 1482-1486

MIB 117 1492-1494
M:B 118 1514-1517
MIB 119 1541-1543

10th Ore Zone 1550-1556
M:B 120 1560-1561

9th Ore Zone 1567-1571
MB 121 1573-1575
MB 122 1580-1582

8th Ore Zone 1589-1595
Union Anhydrite 1604-1611

7th Ore Zone 1623-1628
6th Ore Zone 1635-1638
5th Ore Zone 1643-1659

MB3 123 1680-1687
MIB 124 1695-1705

4th Ore Zone 1709-1717
3d Ore Zone 1725-1737
1 st Ore Zone 1742-1746

MIB 126 1784-1785
Lower Member 1785-1830

MB 127 1810-1811
MIB 128 1821-1822



DOE/WIPP-95-2092

POTASH BOREHOLE DATA BASE

. BOREHOLE: P-4
OPERATOR: U.S. Departient of Energy
PERMIT NO.: Unknown

LOCATION: 145' FSL, 1487' FEL of Sec. 28, SE 1/4
Sec. 28, T 22 S, R 31 E

ELEVATION: 3441'
TOTAL DEPTH: 1857'
TYPE OF WELL: Potash Core Test
DRILLER: Boyles Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD): Date Stwrted: 08/28n76 Date C ompleted: 09104n76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-112" Casing: Unknown
Recovered: All

WATER HORIZONS: Driller reported water at 850'.
RUSTLER FORMATION: 609-930'
TOP OF SALADO: 930'.MARKER BED 124: 1742-1752'

PLUGGING SCHEDULE: From: 1857'
To: 0'
Int: 1857'
Material: Cement

STRATIGRAPH[C SUMMARY: Attached



DOE,'WIPP-95-2092

STRATIGRAPHIC SUMMNIARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-4 Holocene Deposits 0-8W
Triassic Rocks

Santa Rosa Sandstone 8-99
Permnian Rocks

Dewey Lake Red Beds 99-609
Rustler Formation 609-930

Magenta Dolomite Member 662-686
Culebra Dolomite Member 775-802

Salado Formation 930-1857
Upper Member 930-1446
McNutt Potash Zone 1446-1853

Vaca Triste Sandstone Member 1446-1452
11 th Ore Zone 1506-1509

M[B 117 1519-1521
M[B 118 1544-1547
MEB 119 1570-1572

10th Ore Zone 158 1-1589
MB 120 1596-1597

9th Ore Zone 1603-1607
MB3 121 1610-1612
MIB 122 1620-1621

8th Ore Zone 1628-1637
Union Anhydrite 1646-1659

7th Ore Zone 1667-1671
6th Ore Zone 1683-1686
5th Ore Zone 1690-1700

MB 123 1728-1735
MB 124 1742-1752

4th Ore Zone 1756-1768
3d Ore Zone 1777-1792
2d Ore Zone 1798-1803
1 st Ore Zone 1824-1835

MB 126 1852-1853



DOE/WIPP-95-2092

POTASH BOREHOLE DATA BASE

*BOREHOLE: P-3
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 103' FSL, 3122' FEL of Sec. 20, SW 1/4
Sec. 20, T 22 S, R 31 E

ELEVATION: 3382'
TOTAL DEPTH: 1676'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date: Started: 08126n76 Date Co~mpleted: 09/07n76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1t/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: 336' of casing left
in hole between 490-826' below
land surface.

WATER HORIZONS: Unknown
SRUSTLER FORMAT7ION: 468-786'

U TOP OF SALADO: 786'
MARKER BED 124: 1571-1579'

PLUGGING SCHEDULE: Fromn: 1676'
To: 0'
Int.. 1676'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMWARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-3 Holocene Deposits 0-10

Pleistocene rocks
Gatuna Formation 10-41

Permian Rocks
Dewey Lake Red Beds 41-468
Rustler Formation 468-786

Magenta Dolomite Member 529-553
Culebra Dolomite Member 642-665

Salado Formation 786-1668
Upper Member 786-1287
McNutt Potash Zone 1287-1668
Vaca Triste Sandstone Member 1287-1295

11 th Ore Zone 1346-1349
MB 117 1357-1358
MB 118 1375-1378
MB 119 1405-1407

10th Ore Zone 1415- 1420
MB 120 1428-1429

9th Ore Zone 1434-1438
MB 121 1443-1445
MB 122 1452-1453

8th Ore Zone 1458-1467
Union Anhydrite 1473-148 1

7th Ore Zone 1494-1499
6th Ore Zone 1509-1511
5th Ore Zone 1515-1525

MB3 123 1555-1563
MB 124 1571-1579

4th Ore Zone 1585-1595
3d Ore Zone 1599-1617
2d Ore Zone 1623-1627
1 st Ore Zone 1645-1656

MIB 126 1667-1668



DOE/WPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-2
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCA17ION: 125'FNL, 172' FEL of Sec. 28, NE 1/4
Sec. 28, T 22 S, R 31 E

ELEVATION: 3478'
TOTAL DEPTH: 1895'
TYPE OF WELL: Potash Core Test
DRILLER: Boy les Bros. Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 08125n76 Date Completed: 09/02/76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2 -1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: All

WATER HORIZONS: Unknown
RUSTLER FORMATION: 69041008'
TOP OF SALADO: 1008'.MARKER BED 124: 1787-1795'

PLUGGING SCHEDULE: From: 1895'
To: 0'
Int 1895'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

P-2 Holocene Deposits 0-18W
Pleistocene Rocks

Gatuna Formation 18-38
Triassic Rocks

Santa Rosa Sandstone 38-164
Permian Rocks

Dewey Lake Red Beds 164-690
Rustler Formation 690-1008

Magenta Dolomite Member 748-773
Culebra Dolomite Member 857-883

Salado Formation 1008-1895
Upper Member 1008-1506
McNutt Potash Zone 1506-1883

Vaca riste Sandstone Member 1506-1512
11ith Ore Zone 1562-1565

MB 117 1574-1576
MB 118 1599-1601
MB 119 1622-1626

10th Ore Zone 1632-1639
MB 120 1646-1647

9th Ore Zone 1652-1656
MB 121 1662-1663
MB 122 1670-1671

8th Ore Zone 1678-1687
Union Anhydrite 1695-1705

7th Ore Zone 1712-1719
6th Ore Zone 1731-1733
5th Ore Zone 1738-1745

MB 123 1774-1781
MB 124 1787-1795

4th Ore Zone 1799-18093d Or Zn 1113
3d Ore Zone 1818-1832

1 st Ore Zone 1859-1870
MB 126 1882-1883

Lower Member 1883-1894



DOEJWIPP-95-2092

POTASH BOREHOLE DATA BASE

BOREHOLE: P-1
OPERATOR: U.S. Department of Energy
PERMIT NO.: Unknown

LOCATION: 327' FSL, 551' FWL of Sec. 29, SW 1/4
Sec. 29, T 22 S, R 31 E

ELEVA17ION: 334.5'
TOTAL DEPTH: 1591'
TYPE OF WELL: Potash Core Test
DRILLER: Pennsylvania Drilling Company (for Sandia Laboratories)

DRILLING RECORD: Date Started: 08123n76 Date: crieted: 09/02/76

Conventional Rotary Drilling procedures were used to bore to the top of the
potash-bearing section, and consecutive cores, 2-1/4" in diameter, were taken through the
full thickness of the potash-bearing section.

CASING RECORD: 4-1/2" Casing: Unknown
Recovered: 203' of casing left
in hole between 59 1-794! below
land surface.

WATER HORIZONS: Unknown
* RUSTLER FORMATION: 358-677

TOP OF SALADO: 677'
MARKER BED 124: 1477-1486'

PLUGGING SCHEULE: From: 159 1'
To: 0'
Inc. 159 1'
Material: Cement

STRATIGRAPHIC SUMMARY: Attached



DOEMWPP-95-2092
STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET
P-1 Holocene Deposits 0-10W

Pleistocene Rocks
Gatuna Formation 10-40

Permian Rocks
Dewey Lake Red Beds 40-358
Rustler Formation 358-677

Magenta Dolomite Member 423-448
Culebra Dolomite Member 538-565

Salado Formation 677-1591
Upper Member 677-1191
McNutt Potash Zone 1191-1583

Vaca Triste Sandstone Member 1191-1201
11ith Ore Zone 1246-1250

M[B 117 1259-1262
MB 118 1282-1285
MB 119 1307-1309
10th Ore Zone 13 19-1324

MIB 120 1334-1335
9th Ore Zone 1338-1343

M[B 121 1347-1349
MB 122 1356-1357
8th Ore Zone 1361-1370

Union Anhydrite 138 1-1393
7th Ore Zone 1400-1404
6th Ore Zone 1414-1416
5th Ore Zone 1419-1432

MB 123 1462-1469
MB 124 1477-1486
4th Ore Zone 1490-1503
3d Ore Zone 1511-1526
2d Ore Zone 1533-1538
1 st Ore Zone 1554-1562
MB 126 1582-1583

Lower Member 1583-1587



DOEJWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE. BOREHOLE: [1-18
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1473 (State Engineer's Office)

LOCATION: 964.8' FNL, 445.6- FWL, Sec.
210, T 22 S, R 31 E

ELEVATION: 3,414.21' (Top of Casing)
TOTAL DEPTH: 8,40'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/29/87 Date Completed: 11/16/87

CASING RECORD: Diameter 10 3/4
Grade: H-40
Wt/Ft 40.5
From: 0
To: 39

Diameter: 7
Grade: J-55
W~t/Ft: 23
From: 0
To: 673

Note: 6 1/8" inch open hole from 673' to the plugged back depth of 766'.

PLUGGING SCHEDULE: The borehole was plugged back with cement grout to a total depth of 766' on
11/19/87.

STRATIGRAPH[C SUMM4ARY: Attached



DOEiWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE RO .CK UNIT DEPTH INTERVAL IN FEET

H-18 Quaternary Deposits
Holocene

Drill Pad Material & Unconsolidated Sand 0-5
Pleistocene

Mescalero Caliche 5-8
Upper Triassic

Dockum Group 8-20
Upper Permian

Dewey Lake Red Beds 20-506.1
Rustler Formation 506.1-820.9

Forty-Niner Member 506.1-571.2
Magenta Dolomite 571.2-594.2
Tamarisk Member 594.2-688.6
Culebra Dolomite Member 688.6-712.8
Unnamed Lower Member 712.8-820.9

Salado Formation 820.9-830.5+



DOE-/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE. BOREHOLE: H-17
OPERATOR: Sandia National Labs
PERAvfT NO.: 0.08.1477 (State Engineers Office)

LOCATION: 1465.5' FSL, 994.1' FWL, Sec.
3, T 23 S, R 31 E

ELEVA17ION: 33,85.3 1'(Top of Casing)
TOTAL DEPTH: 880
TYPE OF WELL: Hydrologic Test Hole
DRILLER:1 Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/2 1/87 Date Completed: 11/04/87

CASING RECORD: Diameter: 10 3/4
Grade: H-40
WI/Pt: 40.5
From: 0
To: 38

Diameter: 7
Grade: J-55
Wt/Ft: 23
From: 0
To: 692

Note: 6 1/8" inch open hole from 693' to the plugged back depth of 773'.

PLUGGING SCHEDULE: The borehole was plugged back with cement grout to a total depth of 773' on

11106/87.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMVARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-17 Quaternary Deposits
Holocene 0-15

Pleistocene
Mescalero Caliche 15-2 1.5

Upper Triassic
Dockum. Group 2 1.5-55

Upper Permian
Dewey Lake Red Beds 55-509
Rustler Formation 509-855.7

Forty-Niner Member 509-564
Magenta Dolomite Member 564-590.8
Tamarisk Member 590.8-705.8
Culebra Dolomite Member 705.8-731.4
Unnamed Lower Member 731.4-855.7

Salado Formation 855.7-870.3+



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMWARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-15 SurficiaJ Deposits 0-8
Gatuna Formation 4-42
Dockum Group 42-168
Dewey Lake Red Beds 168-692
Rustler Formation 692-T.D.

Magenta Dolomite Member 748-773
'Culebra Dolomite Member 86 1-883

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 900



DOEMWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-16
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1471 (State Engineer's Office)

LOCATION: 1112.6 FSL, 1241.3 FEL, Sec.
20, T 22 S, R 31 E

ELEVATION: 3406.77' (Top of Casing)
TOTAL DEPTH: 850.9'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07/13/87 Date Completed: 08/18/87

CASING RECORD: Diameter: 10 3/4
Grade:
Wt/Ft 40.5
From: 0
To: 36.5

Diameter: 7
Grade:
Wt/Ft: 23
From: 0
To: 469

Note: 6 1/8" inch open hole from 469' to total depth of 850.9'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY:

(N



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-14 Surficial Deposits 0-13

Gatuna Formation 13-40
Dockumn Group NP
Dewvey Lake Red Beds 40-360
Rustler Formation 360-T.D.

Magenta Dolomite Member 424-448
Culebra Dolomite Member 545-572

Salado Formation
Upper Member
McNutt, Member
Lower Member

Total Depth 589



DOEMWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-15
OPERATOR: Sandia National Labs
PERMIUT NO.: 0.08.1470 (State Engineer's Office)

LOCATION: 88.7' FNL, 174.3' EL, Sec.
28, T 22 S, R 31 E

ELEVATION: 3481.63' (Top of Casing)
TOTAL DEPTH: 900,
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 11/86 Date Completed: 11/86

CASING RECORD: Diameter: 8.625
Grade:
WtIFt: 28
From: 0
To: 39

Diameter: 5.5
Grade:
Wt/Ft: 15.5
From: + 1.4
To: 853

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMAARY: Attached

7\



DOE/WIPP-95-2092

sTrRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-12 Quaternary Deposits 0-10+
Dockum Group 10+-70
Dewey Lake Red Beds 70-622
Rustler Formation 622-976

]Forty-Niner Member 622-678
Magenta Dolomite Member 678-703
Tamnarisk Member 703-823
Culebra Dolomite Member 823-850
Unnamed Lower Member 850-976
Salado Formation 976-T.D.
Unnamed Upper Member 976-T.D.

Total Depth 1001



DOEIWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-14
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1469 (State Engineer's Office)

LOCATION: 372.2' FSL, 562.4' FWL, Sec.
29, T22S, R31 E

ELEVATION: 3347.11P (Top of Casing)
TOTAL DEPTH: 589'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 10/86 Date Completed: 10/86

CASING RECORD: Diameter: 8.625
Grade:
Wt/Ft: 28
From: +1.6
To: 39
Cement:

Diameter: 5.5
Grade:
Wt/Ft: 15.5
From 0
To: 532
Cement:

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOFJWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

. BORIEHOLE: H-11b4
OPERATOR: Sanidia National Labs
PERMIT NO.: 0.08.1474 (State Engineer's Office)

LOCATION: 1514.7' FSL, 320.2' FEL, Sec.
33, T 22 S, R 31 E

ELEVATION: 3410.89' (Top of Casing)
TOTAL DEPTH: 765'
TYPE OF WVELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 02/23/88 Date Completed: 03/17/88

CASING RECORD: Diameter: 8 5/8
Grade: H-40
Wit/Ft 28
From: 0
To: 27
Cement:

Diameter: 5 112
Grade: J-55
WtIFt: 15.5
From: 0
To: 714
Cement.

Note: 4 3/4 " open hole from 715' to total depth of 765'.,

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMAARY:



DOE/WTPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-12
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1463 (State Engineer's Office)

LOCATION: 23.1' FNL, 91.9' FEL,
Sec. 15, T23 S, R31 E

ELEVATION: 3427.19' (Top of Casing)
TOTAL DEPTH: 1001'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 10/03/83 Date Completed: 10/18/83

CASING RECORD: Diameter: 9 5/8
Grade: H-40
Wt/Ft: 36
From 0
To: 37
Cement: 63 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
WtIFt: 15.5
From: +1.45
To: 820
Cement:

Note: 4 3/4 " open hole from 820' to plugged back depth of 890'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

HYDROLOGIC TEST BOREHOLE IDATA BASE

BOREHOLE: H-11b3
OPERATOR: Sandia National Labs
PERMT NO.: 0.018.1462 (State Engineer's Office)

LOCATION: 1501.7' FSL, 105.2' FEL, Sec.
33, T22S, R 31E

ELEVATION: 34:12.42' (Top of Casing)
TOTAL DEPTH: 788.7' (Below Kelly Bushing)
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 12/01/83 Date Completed: 0 1/84

CASING RECORD: Diameter: 9 5/8
Grade: H-30
Wt/Ft: 40
From: 0
To: 34
Cement

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 55
From: 0)
To: 733
Cement

Note: 4 3/4" open hole from 733' to the total depth of 788.7'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEJWIPP-95-2092

STRATIGRAPILIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-11b3 Surficial Deposits
Gatuna. Formation
Dockum Group
Dewey Lake Red Beds
Rustler Formation

Magenta Dolomite Member 616-644
Culebra Dolomite Member 734-759

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 788.7



DOEIWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE. BOREHOLE: H-11b2
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1462 (State Engineer's Office)

LOCATION: 1436.3' FSL, 168.7' FEL, Sec.
33, T 22 S, R 31 E

ELEVATION: 3411.64' (Top of Casing)
TOTAL DEPTH: 776'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Datte Started: 10/83 Date Completed: 11/28/83

CASING RECORD: Diameter: 9 5/8
(3rnde: H-40
WtIFt: 40
From: 0
To: 37
Cement:

Diameter: 5 1/2
Grade: J-55
WtIFt: 15.5
From 0
To: 733.39
Cement: Cemented

Note: 4 3/4" open hole from 733.39' to the total depth of 776'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE[WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-11b2 Magenta Dolomite Member 618-644

Culebra Dolomite Member 733-757
Total Depth 776



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE D)ATA BASE

O BOREHOLE: H-10c
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1282 (State Engineer'sOffice)

LOCATION: 384.5' FSL. 1981.8 EEL, See.
20, T 23 S, R 32 E

ELEVATION: 3687'
TOTAL DEPTH: 1550'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/11/79 Date Completed: 08/20/79

CASING RECORD: Diameter: 13 3/8
Grade: K-55
Wt/Ft: 48
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 7
Grade:
Wt/Ft 20
From: 0
To: 1483
Cement: 627 Cu. Ft.

Note: Hole in standby condition for testing.

PLUGGING SCHEEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOFIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-10c Holocene
Unconsolidated Alluvium and Eolian Sand 0-5

Pleistocene
Mescalero Caliche 5-9
Gatuna, Formation 9-90

Triassic
Dockum Group

Chinle Formation 90-482
Santa Rosa Sandstone 482-658

Permian
Dewey Lake Red Beds 658-1204
Rustler Formation 1204-1501

Magenta Dolomite Member 1256-1280
Culebra Dolomite Member 1360-1387

Salado Formation 1501
Top of Salt Interval 1501

Total Depth 1538



DOEMWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

. BOREHOLE: H-10a
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1280 (State Engineer's Office)

LOCATION: 433.0' FSL, 2068.9' FEL, Sec.
20, T 23 S, R 32 E

ELEVATION: 3688.67' (Top of Casing)
TOTAL DEPTH: 13.18'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 0812i117 Date Completed: 08/26n79

CASING RECORD: Diameter: 13 3/8
Grade: K-55
Wt/Ft 48
From: 0
To: 3 8
Cement:. 72 Cu. Ft.

Diameter: 7
Grade: J-55
l/Ft: 23

From: 0
To: 1243
Cement: 519 Cu. Ft.

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY:



DOE-/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-l0b
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1281 (State Engineer's Office)

LOCATION: 484.5' FSL, 1981.8' FEL, Sec.
20, T 23 S, R 32 E

ELEVATION: 3689.47' (Top of Casing)
TOTAL DEPTH: 1398'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 10/07179 Date Completed: 10/13179

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 7
Grade: J-55
Wt/Ft: 23
From: 0
To: 1346
Cement: 480 Cu. Ft.

Note: Hole in standby condition for possible future tests.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY:



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-9b, Surficial Deposits 0-5

Gatuna Formation 5-25
Dockum Group NP
Dewey Lake Red Beds 24-455
Rustler Formation 455-T.D.

Magenta Dolomite Member 523-554
Culebra Dolomite Member 647-677

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 708



DOEIWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-9c
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1279 (State Engineer's Office)

LOCATION: 2479.06' FNL, 188.02' FWL,
Sec. 4, T 24 S, R 31 E

ELEVATION: 3407.30' (Top of Casing)
TOTAL DEPTH: 816'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/01/79 Date Completed: 09/24n79

CASING RECORD: Diameter: 13 3/8
Grade: K-55
Wt/Ft 48
From: 0
To: 3 8
Cement: 72 Cu. Ft.

Diameter: 7
Grade: J-55
Wt/Ft: 20
From: 0
To: 783
Cement: 320 Cu. Ft.

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY:



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-9a Holocene
Surficial Deposits 0-5

Pleistocene
Gatuna Formation 5-25

Ocboan
D~ewey Lake Red Beds 25-455
Rustler Formation 455-T.D.

Forty-Niner Member 455-523
Magenta Dolomite Member 523-554
Tamarisk Member 554-647
Culebra Dolomite Member 647-677

Unnamed Part 677-T.D.
Total Depthi 692



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-9b
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1278 (State Engineer's Office)

LOCATION: 239 1.04' FNL, 238.63' FWL,
Sec. 4, T 24 S, R 31 E

ELEVATION: 3406.86' (Top of Casing)
TOTAL DEPTH: 708'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/14179 Date Completed: 08t28179

CASING RECORD: Diameter: 13 3/8
Grade: K-55
WtIFt: 48
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 7
Grade: J-55
WtIFt: 23
From: 0
To: 638
Cement 295 Cu. Ft

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-8c: Holocene
Unconsolidated Alluvium and Eolian Sand 0-4

Pleistocene Rocks
Mescalero Caliche 4-10
Gratuna Formation 10-153

Permian
Dewey Lake Red Beds 153-399
Rustler Formation 399-733

Magenta Dolomite Member 466-488
Culebra Dolomite Member 588-614

Salado Formation 733-
Dissolution Residue 733-774
MB 103 774-786
Top of Salt Interval 798

Total Depth 808



DOFIWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-9a
OPERATOR: Sandia National Lab
PERMIT NO.: 0.08.1277 (State Engineer's Office)

LOCATION: 2392.14' FNL, 138.92' FWL,
Sec. 4, T24S, R31 E

ELEVATION: 3406.68' (Top of Casing)
TOTAL DEPTH: 692'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07/09/79 Date Completed: 08/23/83

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 7
Grade: J-55
Wt/Ft: 20
From: 0
To: 570
Cement: 266 Cu. Ft.

K Diameter: 4.5" O.D.
( ~ ~ Grade: J-55

WtIFt: 9.5
Fron; 0
To: 643
Cement

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMAY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-8b Surficial Deposits 0-10
Gatuna Formation 10-153
Dockum Group NP
Dewey Lake Red Beds 153-399
Rustler Formation 399-T.D.

Magenta Dolomite Member 466-490
Culebra Dolomite Member 586-613

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 624



DOEIWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-8c
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1276 (State Engineer's Office)

LOCATION: 2059.36' FNL, 1470.14' FEL,
Sec. 23, T 24 S, R 30 E

ELEVATION: 3432.90' (Top of Casing)
TOTAL DEPTH: 808'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07t27/79 Date Completed: 08/06/79

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From: 0
To: 38
Cement: 108 Cu. Ft.

Diameter: 7
Grade:
Wt/Ft: 20
From: 0
To: 734
Cement: 314 Cu. Ft.

Note: Hole is standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRA1TIGRAPMIC SUNMMARY: Attached

4



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE D)ATA BASE

. BOREHOLE: H..8a
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1274 (State Engineer's Office)

LOCATION: 1962.61' FNL, 1486.59' FEL,
Sec. 23, T 245S, R 30 E

ELEVATION: 3432.99' (Top of Casing)
TOTAL DEPTH: 505'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/07n79 Date Completed: 09/18/79

CASING RECORD: Diameter: 13 3/8
Grade:
Wit/Et: 48
From: 0
To: 38
Cement: 108 Cu. Ft.

Diameter: 7
Grade:
Wit/Ft: 23
Fnwmn 0
To: 452
Cement.: 393

Note: Hole in standby condition for testing

PLUGGING SCHEDULE: No plugging data.

STR1ATIGRAPHMC SUMM4ARY:



DOEIWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-8b
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1275 (State Engineer's Office)

LOCATION: 1994.76' FNL, 1405.4 1 -FEL,
Sec. 23, T 24 S, R 30 E

ELEVATION: 3433.64' (Top of Casing)
TOTAL DEPTH: 624'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/06/79 Date Completed: 08/12n79

CASING RECORD: Diameter: 13 3/8
'Grade:
Wt/Ft: 48
From: 0
To: 38
Cement: 108 Cu. Ft.

Diameter: 7
Grade:
Wt/Ft: 20
From: 0
To: 574
Cement: 378 Cu. Ft.

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DO0FWIPP-95-2092

HYDROLOGIC TEST BOREHOLE IDATA BASE

* BOREHOLE: H-7c
OPERATOR: Sandia National Labs
PERMIT NO.:

LOCATION: 259)1.93' FNL, 2467.51' FWL,
Sec. 14, T 23 S, R 30 E

ELEVATION: 3 164.13 (Top of Casing)
TOTAL DEPTH: 420'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/06n79 Date Completed: 11/02/79

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From: 0
To: 38
Cement: 68 Cu. Ft.

Diameter: 7
Grade: J-55
WtIFt: 23
From: 0
To: 356
Cement: 706 Cu. Ft.

Note: Hole in standby condition for testing. S1 otted, liner installed from 347' to 420'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-7c Holocene
Unconsolidated Alluvium and Dune Sand 0-5

Pleistocene
Gatuna Formation 5-57

Permian
Dewey Lake Red Beds 57-87
Rustler Formation 87-283

Magenta Dolomite Member 117-140
Culebra Dolomite Member 237-273.5

Salado Formation 283-420
Dissolution Residue 283-405
Top of Salt Interval 405

Total Depth 420



DO0EMWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

. BOREHOLE: H-7b2
OPERATOR: Sandia National Labs
PERMIT NO.: -- (State Engineer's Office)

LOCATION: 2662.16' FNL, 2537.98'FEVL,
Sec. 14, T23S, R 30E

ELEVATION: 3164.40' (Top of Casing)
TOTAL DEPTH: 295'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/27/83 Date Completed: 09/02/83

CASING RECORD: Diameter: 9 7/8
Grade:
MWt/Ft
From: 0
To: 20
Cement: Casing set in cement

Diameter: 7
Grade: J-55
Mrt/Et: 20
From: 0
To: 230.19
Cement: Cemented in place

PLUGGING SCHEDULE: Hole was back filled with peu gravel from 295' to 268' and left open for testing.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-7b2 Surficial Deposits
Gatuna Formation 57
Dockum Group NP
Dewey Lake Red Beds 57-87
Rustler Formation 87-T.D.

Magenta Dolomite Member 117-140
Culebra Dolomite Member 232-280

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 295

I Nl



DOFJWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE. BOREHOLE: H--7b1
OPERATOR: Sandia National Lab
PERMIT NO.: 0.08-1272 (State Engineer's Office)

LOCATION: 2565.80' FNL, 2563.45' FWL,
Sec. 14, T23 S, R 30E

ELEVATION: 3164.17'(['op of Casing)
TOTAL DEPTH: 286'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/13/79 Date Completed: 09/18/79

CASING RECORD: Diameter: 13 3/8
Grade:
Wfft 4.8
From: 0
To: 38
Cement: 54 Cu. Ft.

Diameter: 7
Grade:
Wt/Ft: 23
From: 0)
To: 230
Cement: 270 Cu. Ft.

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOEJ/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-7b1 Holocene
Surficial Deposits 0-5

Pleistocene
Gatuna, Formation 12-38

Dockum Group NP
Dewey Lake Red Beds 57-87
Rustler Formation 87-T.D.

Magenta Dolomite Member 117-140
Culebra Dolomite Member 237-28 3
Salado Formation

Upper Member
Lower Member

Castile Formation
Total Depth 286



DOFJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-6c Swificial Deposits 0-12
Gatuna Formation 12-38
Dockum. Group NP
Dewey Lake Red Beds 38-427
Rustler Formation 427-721

Magenta Dolomite Member 490-514
,Culebra Dolomite Member 604-627

Salao Formation 721-T.D.
Upper Member
McNutt Member
Lower Member

Total Depth 741



DOEI/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-7a
OPERATOR: Sandia National Labs
PERMT NO.: 0.08-1271 (State Engineer's Office)

LOCATION: 2495.04' FNL, 2492.35' FWL,
Sec. 14, T23S, R30 E

ELEVATION: 3164'
TOTAL DEPTH: 154'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09/18/79 Date Completed: 10/18/79

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From.0
To: 38
Cement: 81 Cu. Ft.

Diameter: 7
Grade:
Wt/Ft: 23
From: 0
To: 109
Cement: 265 Cu. Ft.

Note: Hole in standby condition for testing.

PLUGGING SCHEDULE: No plugging data

STRATIGRAPHIC SUMMARY:



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-61b Surficial Deposits 0-12
Gatuna Formation 12-3 8
Dockum Group NP
Dewvey Lake Red Beds 38-427
Rustler Formation 427-T.D.

Magenta, Dolomite Member 492-511
Culebra Dolomite Member 604-627

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 640



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-6c
OPERATOR: Sandia National Labs
PERNUT NO.: 0.08.1164 (State Engineer's Office)

LOCATION: 281.06' FNL, 374.47' FWL,
Sec. 18, T22S, R31 E

ELEVATION: 3348.52' (Top of Casing)
TOTAL DEPTH: 741'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 06/19/78 Date Completed: 06/26n78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
WtIFt 36
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: +1.29
To: 699
Cement: 335 Cu. Ft.

Note: Bridge plug set at 64 1'. Perforated from 604' to 631' with 108 holes spaced at 4
holes per foot.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

. BOREHOLE: H-6a
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1162 (State Engineer's Office)

LOCATION: 283.30'FNL, 274.34'FWL,
Sec. 18, T22 S, R31 E

ELEVATION: 3347.83' (Top of Casing)
TOTAL DEPTH: 525'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date started: 07/06/78 Date Completed: 07/11/78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
W't/Ft 15.5
From 0
To: 475
Cement 155 Cu. Ft.

Note: Hole in standby condition for hydro tracer tests. 4 1/2" packer set at 594' on 1 1/2"
galvanized pipe. 1 3/8" pump cylinder at 608' in the Culebra Dolomite. The hole is
dual-completion across the Magenta and Cule bra Dolomites.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMKARY:



DOEI/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-61b
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1163 (State Engineer's Office)

LOCATION: 196.34' FNL, 332.96' FWL,
Sec 18, T22 S, R 31E

ELEVATION: 3348.25' (Top of Casing)
TOTAL DEPTH: 640'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 06/19/78 Date Completed: 07/05n78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft 36
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 590
Cement: 2 10 Cu. Ft.

Note: Hole in standby condition for hydro traer tests.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE,/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE. BOREHOLE: H-5c
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1161 (State Engineer'sOffice)

LOCATION: 1005.55 FNL, 134.95 FEL,
Sec. 15, T22S, R 31E

ELEVATION: 3506.04' (Top of Casing)
TOTAL DEPTH: 1076'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 05/22n78 Date Completed: 06/03/78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
WLIFt: 36
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 1024
Cement.: 416 Cu. Ft.

Note: Bridge plug set at 935'. Perforated f-rm 895' to 925' with 120 holes spaced at 4
holes per foot. Hole in standby condition for hydro tracer tests.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-5c Surficial Deposits 0-8
Gatuna Formation NP
Dockum Group 8-225
Dewey Lake Red Beds 225-732
Rustler Formation 732-1041

Magenta Dolomite Member 788-812
Culebra Dolomite Member 899-924

Salado Formation 104 1-T.D.
Upper Member
McNutt Member
Lower Member

Total Depth 1076



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE. BOREHOLE: H-Sb
OPERATOR: Sandia National Lab
PERMIT NO.: 0.ý08.1160 (State Engineer's Office)

LOCATION: 1008.30' FNL, 236.22' FEL,
Sec. 15, T22 S, R31 E

ELEVATION: 3506.04' Crop of Casing)
TOTAL DEPTH: 9,25'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 05/221n8 Date Completed: 06/13/78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
W't/Ft 36
From: 0
To: 38
Cement 72 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft 15.5
From: 0
To: 881
Cement: 336 Cu. Ft.

Note: Hole is in standby condition for hydro rxacer tests.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-Sb Surficial Deposits 0-8
Gatuna Formation NP
Dockum Group 8-225
Dewey Lake Red Beds 225-732
Rustler Formation 732-T.D.

Magenta Dolomite Member 785-805
Culebra Dolomite Member 897-920

Salado Formation
Upper Member
McNutt Member
Lower Member

Castile Formation



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-4c Surficial Deposits 0-13
Gatuna Formation 13-29
Dockum. Group NP
Dewvey Lake Red Beds 29-315
Rustler Formation 315-626

Magenta Dolomite Member 377-403
Culebra Dolomite Member 490-516

Salado Formation 626-661



DOEIWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-5a
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1159 (State Engineer's Office)

LOCATION: 1091.98 FNL, 185.03 FEL,
Sec. 15, T22S, R 31E

ELEVATION: 3506.19 (Top of Casing)
TOTAL DEPTH: 824'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 05/22/78 Date Completed: 06120/78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 0
To: 38
Cement: 72 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
WtfFt-: 15.5
From: 0
To: 774
Cement: 192 Cu. Ft.

Note: Hole in standby condition for hydro tracer tests. 4 1/2" inflatable packer set at 895'
on 1 1/2" galvanized pipe. 1 3/8" pump cylinder set at 905' in the Culebra Dolomite. The
hole is dual-completion across the Magenta and Culebra Dolomites.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY:



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMdARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-4b Surficial Deposits 0-13
Gatuna Formation 13-29
Dockum Group NP
Dewey Lake Red Beds 29-3 15
Rustler Formation 3 15-T.D.

Magenta Dolomite Member 377-402
Culebra Dolomite Member 498-522

Salao Formation
Upper Member
McNutt Member
Lower Member

Total Depth 529



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-4c
OPERATOR: Sandia National Labs
PERNUT NO.: 0.08.1152 (State Engineer's Office)

LOCATION: 446.36 FNL, 717.89 FWL,
Sec. 5, T23 S, R31 E

ELEVATION: 3334.04' (Top of Casing)
TOTAL DEPTH: 661'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 04/30/78 Date Completed: 05/09n78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 0
To: 33
Cement 63 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 610
Cement: 270 Cu. Ft.

Note: Bridge plug at 530'. Perforated from 494' to 520' with 104 holes spaced at 4 holes

per foot. Hole in standby condition for hydro tracer tests.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMM4ARY: Attached / N



DOE/WIPP-95-2092

sTrRATIGRAPHIC SUMMSARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-4a Holocene
Surficial Deposits 0-13

Pleistocene
Gatuna Formation 13-29

Ociioan
Dewey Lake Red Beds 29-3 15
Rustler Formation 315

Magenta Dolomite Member 375-400
Total Depth 415



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-41b
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1154 (State Engineer's Office)

LOCATION: 498.47' FNL, 632.54' FWL,
Sec. 5, T 23 S, R 31 E

ELEVATION: 3333.35 (Top of Casing)
TOTAL DEPTH: 529'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 04/30/78 Date Completed: 05/15n78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 0
To: 33
Cement: 63 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 476
Cement: 269 Cu. Ft.

Note: Hole is in standby condition for hydro tracer tests.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

S TRATIGRAPHIC SUMMWARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-3d Sw-ficial Deposits
Gatuna Formation
Dockum Group
Dewey Lake Red Beds 420
Rustler Formation

Forty-Niner Member 508-537
Forty-Niner Claystone Member 537-547

Salado Formation
Upper Member
,McNutt Member
Lower Member

Castile Formation



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-4a
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1153 (State Engineer's Office)

LOCATION: 545.89' FNL, 720.00' FWL,
Sec. 5, T23 S, R31 E

ELEVATION: 3333.29' (Top of Casing)
TOTAL DEPTH: 415'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 04/30/78 Date Completed: 05123n78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 0
To: 32
Cement 63 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft 15.5

N From: 0
To: 364
Cement: 173 Cu. Ft.

Note: Hole in standby condition for hydro tracer tests. 4 1/2" inflatable packer set at 485'
on 1 1/2" galvanized pipe. 1 3/8" pump cylinder set at 499' in the Culebra Dolomite. The
hole is dual completion across the Magenta and Culebra Dolomites.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMUARY: Attached



DOEIWPP-95-2092

STRATIGRAPHIC SUMMAIRY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-3b3 Surficial Deposits
Gatuna Formation
Dockum Group
Dewey Lake Red Beds
Rustler Formation

Magenta Dolomite Member 563-586
Culebra Dolomite Member 673-696

Sal ado Formation
Upper Member
McNutt Member
Lower Member

Castile Formation



DOEIWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-3d (H1-3b4)
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.991 (State Engineer's Office)

LOCATION: 2067.3' FSL, 164.3FEL, Sec.
29, T22S, R 31E

ELEVATION: 3390.01' (Top of Casing)
TOTAL DEPTH: 554'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: Date Completed:

CASING RECORD: Diameter: 8 5/8
Grade:
Wt/Ft:
From: 0
To: 39
Cement:

Note: 7 7/8" uncased borehole 33-559'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMWARY: Attached



DOFJWIPP-95-2092

STRATIGRAPHIC SUMMARY(

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-3b2 Surficial Deposits 0-11
Gatuna Formation
Docikumn Group 11-65
Dewey Lake Red Beds 65-565.7
Rustler Formation 565.7-788.7

Magenta Dolomite Member 564-590
Culebra Dolomite Member 676-700

Salado Formation
Upper Member
McNutt Member
Lower Member

Total Depth 725



DOE/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-3b3
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.991 (State Engineer's Office)

LOCATION: 2022.35' FSL, 217.30' FEL,
Sec. 29, T 22 S, R 31 E

ELEVATION: 3388.67' (Top of Casing)
TOTAL DEPTH: 730'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: Date Completed: 0 1/30/84

CASING RECORD: Diameter: 5.5
Grade: J-55
Wt/Ft: 15.5
From: .50
To: 670.5
Cement: Casing cemented in place

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-3bl Hollocene
Surficial Deposits 0-4

Quaternary
Gatuna Formation 4-22

Permian
Dewey Lake Red Beds 22-502
Rustler Formation 502-82 1

Magenta Dolomite Member 559-584
Culebra Dolomite Member 672-694
Top of Rustler Salt Not Given

Salado Formation 821- T.D.
Maximum Depth 902



DOE,/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-3b2
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.991 (State Engineer's Office)

LOCATION: 2122.15' FSL, 231.29 FEL,
Sec. 29, T 22 S, R 31 E

ELEVATION: 3390.03 (Top of Casing)
TOTAL DEPTH: 725'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: Date Completed:

CASING RECORD: Diameter: 5 1/2 O.D.
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 672.7
Cement:

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-2c Holocene

Surficial Deposits 0-34
Quaternary

(3atuna, Formation 0-34
Permijan

Dewey Lake Red Beds 34-457
Rustler Formation

Magenta Dolomite Member 515-540
Culebra Dolomite Member 624-642
Top of Rustler Salt 642
Salado Formation 764-795 (T.D.)

Maximum Depth 795



DOEI/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-3bl
OPERATOR: Sandia National Lab
PERMT NO.: 0.08.99 1 (State Engineer's Office)

LOCATION: 2085.31' FSL. 138.10' FEL,
Sec. 29, T 22 S, R 31 E

ELEVATION: 3390.64' (Top of Casing)
TOTAL DEPTH: 902'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07125nl6 Date Completed: 08/12/76

CASING RECORD: Diameter: 10 3/4
Grade:
Wt/Ft: 40.5
From: 0
To: 38
Cement: 54 Cu. Ft.

Diameter: 6 5/8
Grade: J-55

NWtIFt: 24
From: 0

\, 'K\To: 891
Cement: 625 Sacks

Note: Perforated from 813 to 837 with 72 holes, 683 to 703 with 3 holes per ft, 675 to 683
with 3 holes per ft, 562 to 590 with 3 holes per ft.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

STCRATIGRAPHIC SUMMARY

BOREHOLE ROCK UJNIT DEPTH INTERVAL IN FEET

H-2b2 Holocene
Surficial Deposits 0-14

Quaternary
Gatuna Formation 14-38

Permiian
Dewey Lake Red Beds 38-457
FR ustler Formation 457-660 (T.D.)

Forty-Niner Member 457-5 15
Magenta Dolomite Member 5 15-543
Tamnarisk Member 543-623
Culebra Dolomite Member 623-645
Unnamed Part 645-660 (T.D.)



DOFJWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-2c
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.990 (State Engineer's Office)

LOCATION: 637.15' FNL, 1708.62' FWL,
Sec. 29, T 22 S, R 31 E

ELEVATION: 3378.41' (Top of Casing)
TOTAL DEPTH: 795'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 01/28n77 Date Completed: 02/05/7

CASING RECORD: Diameter: 10 3/4
Grade:
Wt/Ft
From: 0
To: 33
Cement: 54 Cu. Ft

Diameter: 6 5/8
Grade: J-55
Wt/Ft 24
From: 0
To: 742
Cement: 339 Cu. Ft.

Note: Perforated from 6 18-655 with 3 holes per foot.

PLUGGING SCHEDULE: No plugging data

STRATIGRAPHIC SUMMAARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-2b1 Holiocene
Surficial Deposit 0-14

Pleistocene
Gatuna. Formation 14-38

Ochoan
IDewey Lake Red Beds 38-457
Rustler Formation 457-661

Forty-Niner Member 457-515
Magenta Dolomite Member 515-543
Tamarisk Member 543-623
Culebra Dolomite Member 623-645
Unnamed Part 645-661

Total Depth 661



DOE/fWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-2h2
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.990 (State Engineer's Office)

LOCATION: 700.6' FNL, 1690.8' FWL, Sec.
29, T 22 S, R 31 E

ELEVATION: 3378.3 1' (Top of Casing)
TOTAL DEPTH: 660'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07/16/83 Date Completed: 05/03/84

CASING RECORD: Diameter: 9.625 0.D.
Grade: J-55
Wt/Ft: 36
From: 0
To: 20
Cement

Diameter: 5.5 O.D.
Grade: J-55
Wt/Ft 15.5
From: 0
To: 620
Cement

Note: Open 613-650'.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

S'TRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH ENTERVAL IN FEET

H-2a Holocene
Surficial. Deposit 0-14

Pleistocene
Gatuna, Formation 14-38

Ochoan
Dewey Lake Red Beds 38-457
Rustler Formation 457-672 (T.D.)

Forty-Niner Member 457-515
Magenta Dolomite Member 5 15-543
Tamarisk Member 543-623
Culebra Dolomite Member 623-645
Unnamed Part 645-672 (E.D.)

Total Depth 672



DOE-/WIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-2b1
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.990 (State Engineer's Office)

LOCATION: 695.57' FNL, 1660.57' FWL,
Sec. 29, T 22 S, R 31 E

ELEVATION: 3378.46 (Top of Casing)
TOTAL DEPTH: 661'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 02/07n77 Date Completed: 02/14n77

CASING RECORD: Diameter: 10 3/4
Grade:
Wt/Ft
From: 0
To: 33
Cement 54 Cu. Ft.

Diameter: 6 5/8
Grade: J-55
Wt/Ft 24
From: 0
To: 609
Cement: 282 Cu. Ft.

Note: Perforated from 510'-538 with 3 holes per foot.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMIARY: Attached

tf



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMvA RY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

H-1 Holocene
Surficial Deposits 0-15

Pleistocene
Gatuna Formation 15-35

Ochoan
Dewey Lake Red Beds 35-502
Rustler Formation 502-824

Magenta Dolomite Member 563-589
Culebra Dolomite Member 676-699
Top of Salado 824

Total Depth 856



DOEMWPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-2a
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.990 (State Engineer's Office)

LOCATION: 726.96' FNL, 1697.64', FWL
Sec. 29, T 22 S, R 31 E

ELEVATION: 3378.09' (Top of Casing)
TOTAL DEPTH: 672'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 02/14/77 Date Completed: 02/21M7

CASING RECORD: Diameter: 10 3/4
Grade:
Wt/Ft:
From: 0
To: 33
Cement: 54 Cu. Ft.

Diameter: 6 5/8
Grade: J-55
Wt/Ft 24
From: 0
To: 511
Cement: 260 Cu. Ft.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPITIC SUMMIARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-34 Quaternary Deposits 0-11
Triassic Rocks

Santa Rosa Sandstone 1 1-154
Permian Rocks

Dewey Lake Red Beds 154-657

Rustler ]Formation 657-973
Magenta Dolomite Member 716-741
Culebra Dolomite Member 834-86 1

Salado Formation 973-1820+i
Upper Unit 973-1437

MB 101 1092
MIB 102 1122
MiB 103 1148
MIB 104 1158
MB 105 1173
MIB 106 1191
MB 107 1228
MB 108 1237
MIB 109 1280
MIB 110 1317
MB 111 1326
MIB 112 1344
MB 113 1366
MB 114 1396
MB 115 1420
MB 116 1430

McNutt Potash Unit 1437- 175 1

Vaca Triste Sandstone Member 
1437-1442

ME 118 1520

MB 119 14
NIB 120 1560
MB 121 1573
MB 122 1580

Union Anhydrite 1599-1607
MB 123 1676
MIB 124 1690
MB 125
MB 126 1751

Lower Unit 175 1-1820+
MB 127 1768
MB 128 1775
NIB 129 1785



DOEJWIPP-95-2092

HYDROLOGIC TEST BOREHOLE DATA BASE

BOREHOLE: H-1
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.979 (State Engineer's Office)

LOCATION: 623.2' FNL, 1083.1I' FWL Sec.
29, T22S,R 31 E

ELEVATION: 3399.53' (Top of Casing)
TOTAL DEPTH: 856'
TYPE OF WELL: Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 05120/76 Date Completed: 06/10/76

CASING RECORD: Diameter: 10 1/8
Grade:
Wt/Ft: 40.5
From: 0
To: 48
Cement: 51 Cu. Ft.

Diameter: 7
Grade: K-55
Wt/Ft 26
From: 0
To: 848
Cement 192 Cu. Ft.

Note: Perforated from 803 to 827 with 72 holes, 703 to 683 with 3 holes per foot, 683 to
675 with 3 holes per foot, 562 to 590 with 3 holes per foot. All depths are measured from
Kelly Bushing 8' above ground level except DSTs which are measured from ground level.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOFJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-33 Quaternary Deposits
Triassic Rocks

Santa Rosa Sandstone
Permian Rocks

Dewey Lake Red Beds
Rustler ]Formation

Dissolution Residue
Magenta Dolomite Member
Dissolution Residue
Culebra Dolomite Member
Dissolution Residue
Top of Hfighest Salt in Section

Salado Formation
Upper Member

MB 101
MB 102
MB 103



DOEIWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-34
OPERATOR: Sandia National Laboratories
PERMIT NO.: 08.08.1291 (State Engineer's Office) 08.08.1195 (reentry)

LOCATION: 201.78' FSL, 1999.73' FWL
Sec. 9, T22 S,R 31 E

ELEVATION: 3433' (Top of Casing)
TOTAL DEPTH: 1820'
TYPE OF WELL: Geologic Exploration
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/16n79 Date Completed: 09104n79

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From: 0
To: 38
Cement

Note: Hole filled with brine based mud.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMAARY: Attached



DOEMWPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-32 Quaternary Deposits
Triassic Rocks

Santa Rosa Sandstone
Permian Rocks

Dewey Lake Red Beds
Rustler Formation

Dissolution Residue
Magenta Dolomite Member
Dissolution Residue
Culebra Dolomite Member
Dissolution Residue
TOP of Highest Salt in Section

Salado Formation
Upper Member

MB 101
MAB 102
MB 103



DOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIIPP-33
OPERATOR: Sandia National Laboratories
PERMIfT NO.: SEO: 04125t79

LOCATION: 1762.48' FSL, 2426.65' FWL
Sec. 13, T22S, R 30E

ELEVATION: 3323.23' (Top of Casing)
TOTAL DEPTH: 840'
TYPE OF WELL: Geologic Exploration
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07/13/79 Date Completed: 07/26n79

CASING RECORD: Diameter: 9 5/8
Grade: J-55
WtIFt: 36
From: 0
To: 38
Cement 192 Cu. Ft.

Note: Hole filled with brine based mud. Fluid level at 27ft.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIAW-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-31 Quaternary Deposits
Triassic Rocks

Santa Rosa Sandstone
Permian Rocks

Dewey Lake Red Beds
Rustler Formation

Dissolution Residue
Magenta Dolomite Member
Dissolution Residue
Culebra Dolomite Member
Dissolution Residue
Top, of Hfighest Salt in Section

Salado Formation
Uipper Member

MB 101
MB 102
MvB 103



DOFJWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIEPP-32
OPERATOR: Sandia National Laboratories
PERMIT NO.: SEO: 04t25179; USGS: 10/15/79

LOCATION: 1673.22' FSL, 29.14' FEL
Sec. 33, T 22 S, R 29 E

ELEVATION: 3023.26' (Top of Casing)
TOTAL DEPTH: 390'
TYPE OF WELL: Geologic Exploration
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/07n79 Date Completed: 08/23/79

CASING RECORD: No casing used.

PLUGGING SCHEDULE: Note: Hole plugged to surface with 500 Cu. Ft.
cement.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-30 Permian Rocks
Dewey Lake Red Beds 0-449
Rustler Formation 449-748

Magenta Dolomite Member 5 13-537
Culebra Dolomite Member 631-653

Salado Formation 748-912 (T.D.)
Upper Member 748-912
Salt Interval 748-912

MB 101 862
MB 102 894
MB 103 In Bed at Total Depth

Maximum Depth Recorded 908



DOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: W[IPP-31
OPERATOR: Sandia National Laboratories

PERMIT NO.: Unknown

LOCATION: 422.54' FSL, 1762.24' FWL
Sec. 35, T 20 S, R 30 E

ELEVATION: 3401.43' (Top of Casing)

TOTAL DEPTH: 1981.7'
TYPE OF WELL: Geologic Exploration
DRILLER: Chortes Drilling Company

DRILLING RECORD: Date Started: 07/18/80 Date Completed: 09/29/80 (Recompletion)

CASING RECORD: Diameter:
Grade: 6'x 6' EL
Wt/Ft:
From: 0
To: 5
Cement: Dirt

Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 3
To: 37
Cement: 81 Cu. Ft.

~- Diameter: 7 5/8
Grade: J-55

S Wt/Ft 26.4
From: 2.5
To: 808
Cement: 414 Cu. Ft.

Note: Hole loaded with brine based mud pending further testing and/or plugging.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMIIARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-29 Holocene Deposits 0-12
Permian Rocks

Rustler Formation 12-143
Culebra Dolomite Member 12-42

Salado Formation 143-377 (T.D.)
Upper Member 143-248
Dissolution Residue 143-248

M[B 101 175
MB 102 181
MB 103 199
MB 109 228

McNutt Potash Zone 248-377 (T.D.)

Dissolution Residue 248-251
Vaca Triste Sandstone Member 248-251

Salt Interval 251-377
MB 117 319
MB 118 346

Maximum Depth Recorded 358



DOEIWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-30
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1177 (State Engineer's Office)

LOCATION: 667.5' FNL, 177.41' FWL
Sec. 33, T 21 S, R 30 E

ELEVATION: 3429.05' (Top of Casing)
TOTAL DEPTH: 913'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 09108n78 Date Completed: 10/02f78

CASING RECORD: Diameter: 7
Grade: J-55
Wt/Ft 23
From: 0
To: 246
Cement:

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 912

/Cement: 463 Cu. FL

Note: 7" casing pulled. Culebra perforated from 631-654 with 92 holes spaced at 4 holes per
foot. Magenta perforated from 510-540 with 120 holes spaced at 4 holes per foot. Rustler
perforated from 73 1-753 with 88 holes spaced at 4 holes per foot. Top of Pip Packers set at
70 1.1 and 585.4.

PLUGGING SCHEDULE: No plugging data

STRATIGRAPHI1C SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMIMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-28 Holocene Deposits 0-12
Permian Rocks

Dewey Lake Red Beds 12-215
Rustler Formation 215-53 1

Magenta Dolomite Member 285-3 10
Culebra Dolomite Member 420-446

Salado Formation 531-801 (T.D)
Upper Member 53 1-801
Dissolution Residue 531-589

MB 101 567
MIB 103 585

Salt Interval 589-80 1
MB 105 598
MB 106 612
MB 107 656
MB 108 664
MB 109 694
MB 111 731
MB 112 743
MB 113 769
MB 114 791

Maximum Depth Recorded 802



DOF/WIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-29
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1176 (State Engineer's Office)

LOCATION: 406.62' FSL, 1827.54' FEL
Sec. 34, T 22 S, R 29 E

ELEVATION: 2978.26' (Top of Casing)
TOTAL DEPTH: 377'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 10/03/78 Date Completed: 10/10/7

CASING RECORD: Diameter: 5 1/2
Grade: J-55
Wt/Ft 15.5
From: 0
To: 376
Cement: 135 Cu. Ft.

Note: Top joint of 5.5 casing is 14 lb. Culebra perforated from 10-45 with 140 holes spaced at
4 boles per foot Rustler perforated from 216-250 with 136 holes spaced at 4 holes per foot.
Top of Pip Packers set at 203.7.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DQEIWIPP-95-2092

STRATIGRAPHIC SUMIVALRY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-27 Quaternary Deposits
Holocene Deposits 0-74

Mescalero Caliche 74-79
Permnian Racks

Dewey Lake Red Beds 79-152
Rustler Formation 152-421

Dissolution Residue 152-193
Magenta Dolomite Member 175-193
Dissolution Residue 270-281

Culebra D~olomite Member 292-318
Dissolution Residue 321-421

Salado Formation 421-592

Upper Member 42 1-592
Dissolution Residue 421-509

M4B 101 442-447

MIB 102 449-451
MIB 103 456-468
MB 107-108 481-484

M~B 109 487-494

Salt Interval 509-592
MB 113 548-550

Maximum Depth Recorded 592



DOE/WIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WEPP-28
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1175 (State Engineer's Office)

LOCATION: 98.72' FNL, 2400.99' FEL
Sec. 18, T21 S, R31 E

ELEVATION: 3349.21' (Top of Casing)
TOTAL DEPTH: 801'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08107n8 Date Completed: 08/28/78

CASING RECORD: Diameter: 9 5/8
Grade: J-55
Wt/Ft: 36
From: 0
To: 21
Cement Ready Mix

Diameter: 7
Grade: J-55
Wt/Ft 23
From: 0
To: 223
Cement:

Diameter: 5 1/2
/ Grade: J-55

Wt/Ft: 15.5
'. ~ From 0

To: 800
Cement 314 Cu. Ft

Note: 7" casing pulled. Culebra perforated from 420-446 with 104 holes spaced at 4 holes per
foot. Magenta perforated from 285-3 10 with 100 holes spaced at 4 holes per foot. Rustler
perforated from 549-589 with 160 holes spaced at 4 holes per foot. Top of Pip Packers set at
526.7 and 365. 1.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMM0ARY: Attached



DOE/WIPP-95-2092

STRATIGRAPIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-26 Holocene Deposits 0-10

Permian Rocks
Rustler Formation 10-309

Dissolution Residue 34-50
Magenta Dolomite Member 70-99
Dissolution Residue 152-174
Culebra Dolomite Member 186-209
Dissolution Residue 2 13-234

Salado Formation 309-503
Upper Member 309-503
Dissolution Residue 309-320
Salt I[nterval 320-503

MEB 101 387
MEB 102 423
MEB 103 460

NIB 104 469

MEB I15 481
MB 106 495

Maximum Depth Recorded 503



DOFIWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WEPP-27
OPERATOR: Sandia National Laboratories
PERM'.IT NO.: 0.08.1174 (State Engineer's Office)

LOCATION: 89.79' FNL, 1485.03' FWL
Sec. 21, T21 S, R30OE

ELEVATION: 3178.98' (Top of Casing)
TOTAL DEPTH: 592'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Boyles Brothers Driling

DRILLING RECORD: Date Started: 09/12/78 Date Completed: 10/09n78

CASING RECORD: Diameter: 5 1/2
Grade: J-55
Wt/Ft 15.5
From: 0
To: 588
Cement: 440 Cu. Ft.

Note: Culebra perforated from 290-320 with 120 holes spaced at 4 holes per foot. Magenta
perforated from 175-195 with 80 holes spaced at 4 holes per foot. Rustler perforated from
425-460 with 135 holes and from 483-5 13 with 120 holes spaced at 4 holes per foot. Top of Pip
Packers set at 399.4 and 267.4.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMM4ARY: Attached



DOEMWPP-95-2092

STRATIGRAPHEIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIEPP-25 Pleistocene Deposits 0-17

Permian Rocks
Dewey Lake Red Beds 17-232
Rustler Formation 232-565

Dissolution Residue 270-287
Magenta D~olomite Member 302-328
Dissolution Residue 415-424
Culebra Dolomite Member 447-472
Dissolution Residue 475-5 12

Salado Formation 565-655 (T.D.)
Upper Member 565-600
Dissolution Residue 565-600

ME 101 589
MB 102 599

Salt Interval 600-655
MB 103 615
MB 104 628
MB 105 640

Maximum Depth Recorded on Geophysical Logs 651



DOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WI0PP-26
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1173 (State Engineer's Office)

LOCATION: 2232.27' FNL, 12.20' EEL
Sec. 29, T 22 S, R 30 E

ELEVATION: 3153.20' (Top of Casing)
TOTAL DEPTH: 503'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 08/28n78 Date Completed: 09/11/7

CASING RECORD: Diameter: 7
Grade: J-55
Wt/Ft: 23
From: 0
To: 268
Cement

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5

/ From: 0
Cen: Cu.Ft
Ton: 50 510CuFt

Note: 7" casing pulled. Culebra perforated from 185-2 10 with 100 holes spaced at 4 holes per
foot. Magenta perforated from 70- 100 wih 120 holes spaced at 4 holes per foot, and from 50-70
with 80 holes spaced at 4 holes per foot. Rustler perforated from 288-329 with 164 holes
spaced at 4 holes per foot. Top of Pip Packers set at 269 and 139. 1.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UN4IT DEPTH INTERVAL IN FEET

WIEPP-22 Quaternaiy Deposits
Holocene Deposits 0-6
Mescalero Caliche 6-13

Triassic Rocks
Santa Rosa Sandstone 13-81

Permian
Dewey Lake Red Beds 8 1-574
Rustler Formation 574-885

Dissolution Residue 603-614
Magenta Dolomite Member 630-654
Dissolution Residue 7 17-728
Culebra Dolomite Member 742-764
Dissolution Residue 767-773
Salt Interval 777-885

Salado Formation 885-1450
Upper Member 883-1363

MB 101 1000-1003
MB 102 1036-1037
MB 103 1049-1063
MB 104 1071-1072
MB 105 1086-1087
MB 106 1102-1103
MB 107 1142-1143
MB 108 1150-1151
MB 109 1172-1196
MB 111 1242-1243
MB 112 1259-1261
MB 113 1285-1286
MB 114 1307-1308
MB 115 1342-1344
MB 116 1353-1355

McNutt Potash Unit 1363-1450
Vaca. Triste Sandstone Member 1363-1367

MB 117 1426-1427
Maximum Depth Recorded 1448



IDOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WLIPP-25
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1172 (State Engineer's Office)

LOCATION: 1852.77' FSL, 2838.10' FEL
Sec. 15, T22 S, R 30E

ELEVATION: 3214.39' (Top of Casing)
TOTAL DEPTH: 650'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Boyles Brothers Drilling

DRILLING RECORD: Date Started: 08/28/78 Date Completed: 09/12n18

CASING RECORD: Diameter: 7
Grade: J-55
Wt/Ft 23
From: 0
To: 21
Cement:

Diameter: 5 1/2
Grade: K-55
Wt/Ft: 15.5
From: 0
To: 649
Cement: 269 Cu. Ft.

Note: 7" casing pulled. Culebra perforated from 445-475 with 120 holes spaced at 4 holes per
foot. Magenta perforated from 300-330 with 120 holes spaced at 4 holes per foot. Rustler
perforated from 579-608 with 116 holes spaced at 4 holes per foot. Top of Pip Packers set at
572.7 and 365. 1.

PLUGGING SCHEDULE: No plugging data.-.-

STRATIGRAPHIC SUMMLARY: Attached



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-21 Quaternary Deposits
Holocente Deposits 0-6

Mescalero Caliche 6-12
Gatuna Formation 12-39

Triassic Rocks
Santa Rosa Sandstone 39-73

Permian Rocks
Dewey Lake Red Beds 73-560
Rustler Formation 560-868

Dissolution Residue 588-601
Magenta Dolomite Member 618-642
Dissolution Residue 706-715
Culebra Dolomite Member 729-753
Dissolution Residue 755-759
Salt-bearing Interval 770-868

Salado Formation 868-1046
Upper Member 868-1046

MB 101 986-989
MVB 102 1025-1026

MVB 103 1039
Maximum Depth Recorded 1046



DOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-22
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1127 (State Engineer's Office)

LOCATION: 2544.9' FSL, 10.82' FEL
Sec. 20, T 22 S, R 31 E

ELEVATION: 3428.12' (Top of Casing)
TOTAL DEPTH: 1450'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Boyles Brother Drilling

DRILLING RECORD: Date Started: 05108n78 Date Completed: 05/24n78

CASING RECORD: Diameter: 7
Grade: Used
Wt/Ft: 20
From: 0
To: 20
Cement:

Note: Hole loaded with mud pending further testing and/or plugging.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHI1C SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WTIPP-19 Quaternary Deposits
Holocene Deposits 0-7
Mescalero Caliche 7-14

Triassic Rocks
Santa Rosa Sandstone 14-96

Permian Rocks
Dewey, Lake Red Beds 96-590
Rustler Formation 590-895

Dissolution Residue 619-629
Magenta, Dolomite Member 647-672
Dissolution Residue 730-756
Culebra Dolomite Member 756-779
Dissolution Residue 781-795
Salt-bearing Interval 795-895

Salado Formation 895-1038.2
Upper Member 895-1038.2

MB 101 1010-1012
Maximumn Depth Recorded 1034



DOFJWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-21
OPERATOR: Sandia National Laboratories
PERAIT NO.: 0.08.1126 (State Engineer's Office)

LOCATION: 1450.6' FSL, 11.7FEL
Sec. 20, T 22 S, R 31 E

ELEVATION: 3418.96' (Top of Casing)
TOTAL DEPTH: 1045'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Boyles Brothers Drilling

DRILLING RECORD: Date Started: 05124n78 Date Completed: 05/26n78

CASING RECORD: Diameter: 7
Grade: J-55
Wt/Ft: 23
From: 0
To: 20
Cement

Note: Hole loaded with brine mud pending further testing and/or plugging.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-18 Quaternary Deposits
Holocene Deposits 0-5
Mescalero Caliche 5-9

Triassic Rocks
Santa Rosa Sandstone 9-138

Permian Rocks
Dewey, Lake Red Beds 138-613
Rustler Formation 6 13-928

Dissolution Residue 643-655
Magenta Dolomite Member 672-696
Dissolution Residue 757-769
Culebra Dolomite Member 787-808
Dissolution Residue 812-822
Salt-bearing Interval 822-928

Salado Formation 928-1060
Upper Member 928-1060

M[B 101 1049
Maximum Depth Recorded 106



DOFJWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WEPP-19
OPERATOR: Sandia National Laboratories
PER1AtfT NO.: 0.08.1124 (State Engineer's Office)

LOCATION: 2286.5' FNL, 12.7- FEL
Sec. 20, T 22 S, R 31 E

ELEVATION: 3435.14' (Top of Casing)
TOTAL DEPTH: 1038'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Boyles Brothers Drilling

DRILLING RECORD: Date Started: 04/06/78 Date Completed: 05/08n78

CASING RECORD: Diameter: 7
Grade: Used
Wt/Ft: 20
From: 0
To: 8
Cement

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WrIPP-16
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1290 (State Engineer's Office) 0.08.11132 (reentry)

LOCATION: 2356.6' FSL, 138.8' FWL
Sec. 5, T21 S, R 30E

ELEVATION: 3383.40Y (Top of Casing)
TOTAL DEPTH: 1200'
TYPE OF WELL: Geologic Exploration
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 01/11/80 Date Completed: 02/08/80

CASING RECORD: Diameter: 13 3/8
Grade: H-40
Wt/Ft 48
From: 0
To: 38
Cement:

Diameter: 4 1/2
Grade: J-55
W't/Ft: 10.5
From: 0
To: 459
Cement:

Note: Hole filled with brine based mud and temporarily abandoned.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY:



DOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-18
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1123 (State Engineer's Office)

LOCATION: 983.58' FNL, 11.85' FEL
Sec. 20, T22 S, R31 E

ELEVATION: 3458.7 (Top of Casing)
TOTAL DEPTH: 106(Y
TYPE OF WELL: Geologic ExplorationfHydrologic Test Hole
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 03114n78 Date Completed: 04/03n78

CASING RECORD: Diameter: 7
Grade: Used
Wt/Ft 20
From: 0
To: 16
Cement:

Note: Hole loaded with mud pending further testing and/or plugging.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMIARY: Attached



DOEMWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-15
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0. 13.00 (State Engineer's Office)

LOCATION: 2426' FNL, 1973' FWL
Sec. 18, T23S, R35 E

ELEVATION: 3269.34'(G.L.1)
TOTAL DEPTH: 8 10'
TYPE OF WELL: Geologic Exploration
DRILLER: Boyles Brothers Drilling

DRILLING RECORD: Date Started: 03108n78 Date Completed: 04/04/78

CASING RECORD: Diameter: 7
Grade: J-55
Wt/Ft 20
From: 0
To: 13
Cement

Diameter: 6 1/8
Grade: HW
WL/Ft: 11.3
From: 13
To: 592
Cement

Diameter: 4
Grade: Core
Wt/Ft:
From: 592
To: 8 10
Cement

Diameter. 4 1/2
Grade: HW
Wi/Ft 11.3
From: 0
To: 555
Cement

Note: Hole loaded with mud and temporarily capped pending further testing and/or plugging.

Hole was relinquished to land owner for use as water well to relieve liability for plugging.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-15 Quaternary Deposits
Clay 0-34
Marl 34-99
Sand 99-153.3

Clay 153.3-226
Sand 226-547.2

Triassic Rocks
Chinle 547.2-790.5
Santa Rosa Sandstone 790.5-812



DOEIWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE:WEP1
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.08.1458 (State Engineer's Office)

LOCATION: 98.57' FSL, 2112.08' FEL
Sec. 9, T22 S,R 31 E

ELEVATION: 3429' (G.L.)
TOTAL DEPTH: 1000'
TYPE OF WELL: Geologic Exploration
DRILLER: Boyles Brothers Drilling

DRILLING RECORD: Date Started: 05/02/81 Date C ompleted: 06/08/81

CASING RECORD: Diameter: 7
Grade: J-55
Wt/Ft 23
From: 0
To: I1I
Cement

Note: Hole loaded with brine based mud and temporarily abandoned pending further tests

and/or plugging.

* PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WI]PP-14 Quaternary Rocks

Sand (Holocene-eolian) 0-15.4
Triassic Rocks

Santa Rosa Sandstone 15.4-141.0
Permian Rocks

Dewey Lake Red Beds 141.0-638.7
Rustler Formation 638.7-951

Magenta Dolomite Member 706.5-730.0
Culebra Dolomite Member 817.2-836.2

Salado Formation (Upper Member) 951.6



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-13 Quaternary Deposits 0-13
Triassic Rocks

Santa Rosa Sandstone 13-66
Permian Rocks

Dewey Lake Red Beds 66-517
Rustler Formation 5 17-846

Dissolution Residue 543-550
Magenta Dolomite Member 565-583
Dissolution Residue 679-686
Culebra D~olomite Member 703-726
Dissolution Residue 730-735
Top of Highest Salt in Section 745

Salado Formation 846-1025
Upper Member 84.6-1025

MB 101 967
MB 102 1003
MB 103 1018

DEEPENED PORTION OF WIPP- 13 (Distance below KB.)
Permian Rocks

Salado Formation 858.0-2971.6
Upper Member 858.0-1356.7

M~B 103 1030.0-1042.3
MB 104 1069.8
MB 105 1091.0
MB 106 1111.0
MB 107 1128.0
MB 108 1136.1
MB 109 1161.0-1185.0
MB 111 1232.8

(MB 112 1250.0
MvB 113 1277.9
MB 114 1300.9
M4B 115 1338.3
MB 116 1350.0

McNutt Member 1356.7-1730.4
Vaca. Triste Sandstone Member 1356.7-1359.0

MB 117 1426.5
M4B 118 1451.5
M4B 119 1478.2
M4B 1:20 1497.0
MB 121 1513.8
MB 122 1522.0

Union Anhydrite 1542.0-1550.0
MB 123 1628.0
MOB 124 1644.7
MB 126 1730.4

Lower Member 1730.4-2971.6



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WI1PP-13 MB 127 1757.8
M[B 128 1770.0
MB 129 1794.0
MB3 130 1804.5
MB 131 1873.6
MIB 132 1902.0
MB3 133 1924.0
MB 134 1968.9-1980.6
MB 135 1996.8
M[B 136 2033.0-2048.0
MB 137 2063.0
MB 138 2110.2
MEB 139 2168.3
MEB 140 2221.0-2232.9
MB3 141 2294.6
MIB 142 2341.5-2355.0
MIB 143 2409.0-2417.0
MB 144 2460.4

Cowden Anhydrite, 2493.9-2521.6
Castile Formation 2971.6-3861.6+ (T.D.)

Anhydrite 111 2971.6-3518.7
Halite 11 3518.7-3638.0
Anhydrite HI 3638.0-3727.5
Halite 1 3727.5-3821.0
Anhydrite 1 382 1.0-3861.6+ (T.D.)



DOFJWIPP-95-2092

STRATIGRAPHIC SUMMALRY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIPP-12 MB 1:33 1976.0
MB 134 2015.0-2025.0
MB 135 2040.0
MB 1:36 2071.6-2083.1
MB3 1:38 2135.1
MB 139 2184.9
MB 140 2226.1-2238.1
MB 141 2290.0-2296.0
MB 142 2332.0-2344.0
MB 143 2381.5-2387.6
MB 144 2413.5-2423.9

Cowden Anihydrite 2445.5-2471.0
Castile Formation 2337.5-T.D.

DEEPENED PORflON OF WIPP-12
Castile Formation 2776.0-T.D.

Anhydrite III Member 2776.0-3053.9
Halite II Member 3053.9-3281.8
Anhydrite HI Member 328 1.8-3391.0
Halite I Member 339 1.0-3901.6
Anhydrite I Member 390 1.6-T.D.



DOEIWIqPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WIPP-13
OPERATOR: Sandia National Laboratories
PERMIT NO.: 0.09.1182 (State Engineer's Office)

LOCATION: 2565.68' FSL, 1730.59' FW"L
Sec. 17, T22S, R 31E

ELEVATION: 2565.68' (Top of Casing)
TOTAL DEPTH: 3856'
TYPE OF WELL: Geologic Exploration
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 07/26n78 Date Completed: 10/05/7 (Reconipletion)

CASING RECORD: Diameter: 13 3/8
Grade:
Wt/Ft: 48
From: 0
To: 35.5
Cement: 108 Cu. Ft.

Diameter: 9 5/8
Grade:
Wt/Ft 36
From: 0
To: 1023
Cement: 665 Cu. Ft.

Note: Hole loaded with brine based mud pending further test and/or plugging. All depths are
measured from Kelly Bushing 12.2 ft. above ground except cores between 570 and 878 ft. and
Schlumberger logs which were measured from ground level.

PLUGGING SCHEDUlE No plugging data.

STRATIGRAPHIC SUMM[ARY: Attached

L



DOF/WIPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

. BOREHOLE: WEPP-12
OPERATOR: Westinghouse
PERMIT NO.: Unknown

LOCATION: 149.4' FSL, 80.4' EEL
Sec. 17, T22S, R31 E

ELEVATION: 34:72.06 (Top of Casing)
TOTAL DEPTH: 3927.5'
TYPE OF WELL: Geologic Exploration
DRILLER: Pennsylvania Drilling Company

DRILLING RECORD: Date Started: 11/17/81 Date Completed: 12/07n78

CASING RECORD: Diameter: 9 5/8
Grade: H-40
Wt/Ft 32.3
From: 39
To: 1001.8
Cement 475 Cu. Ft.

Diameter: 9 5/8
Grade: J-55
Wt/Ft 36
From; 0
To: 39
Cement: 475 Cu. Ft.

Diameter: 9 5/8
Grade: H-40
WtIFt: 32

7' From: 39
To: 10 13
Cement 475 Cu. Ft.

Note: Hole loaded with brine based mud p-encling further tests. All depths are measured from

Kelly Bushing 12.2 ft. above ground level.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOFIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIIPP-12 Quaternary Deposits
Sand (Holocene-eolian) 0-16.2

Mescalero Caliche 16.2-19.2
Gatuna Formation 19.2-28.8

Triassic Rocks
Santa Rosa Sandstone 28.8-167.0

Permian Rocks
Dewey Lake Red Beds 167.0-640.0
Rustler Formation 640.0-966.0

Magenta Dolomite Member 703.9-727.0
Culebra Dolomite Member 822 .0-846.8

Salado Formation 966.0-2737.5
Upper Member 966.0-1444.0

MB 101 1084.5
MB 102 1116.0
MB 103 1130.0-1141.0
MB 104 1150.0
MB 105 1167.6
MB 106 1183.5
MB 107 1223.5
MB 108 1232.5
MB 109 1254.0-1278.0
MB 111 1324.0
MB 112 )1338.0-1342.0
MOB 113 \ /1367.0
MB 114 1389.0
MB 115 1424.5
MB 116 1436.0

McNutt Member 1444.0-1798.0
Vaca, Tniste Sandstone Member 1444.0-1447.0

MB 117 1507.5
MB 118 1531.0
MB 119 1552.0-1556.5
MB 120 1575.0
MB 121 1588.0
MB 122 1596.0

Union Anhydrite 1617.0-1625.0
MEB 123 1695.0-1700.8
MB 124 1708.0-1715.4
MB 126 1798.0

Lower Member 1798.0-2737.5
MB 127 1825.0
MB 128 1834.0
MB 129 1856.0
MB 130 1867.0
MB 131 1928.0
MB 132 1957.5



DOEIWPP-95-2092

GEOLOGIC EXPLORATION BOREHOLE DATA BASE

BOREHOLE: WLIPP-11
OPERATOR: Sandia National Laboratories
PERI'vfT NO.: 0.08.994 (State Engineer's Office)

LOCATION: 7 1. 1.80' FNL, 294.08' FWL
Sec. 9, T 22 S, R 31 E

ELEVATION: 3426.07'
TOTAL DEPTH: 3580'
TYPE OF WELL: Geologic Exploration
DRILLER: Verna Drilling Compa

DRILLING RECORD: Date Started: 02106/78 Date Completed: 03/14n78

CASING RECORD: Diameter: 13 3/8
Grade: .H-40
Wt/Ft: 48
From: 0
To: 40
Cement: 81 Cu. FL.

Diameter: 9 5/8
Grade: J-55
Wft/F 36
From: 0
To: 985
Cement: 656 Cu. Ft.

Note: Hole loaded with brine based mud, hole temporarily capped pending further testing
and/or plugging, all depths are measured f-rm Kelly Bushing 13 ft. above ground level.

PLUGGING SCHEDULE: No plugging data.

STRATIGRAPHIC SUNMMARY: Attached



DOEIWIPP-95-2092

STRATIGRAPIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

WIEPP-11 M[B 136-T 1978.5
MB3 136-B 1978.5-1986.0
MB3 138-T 1986-2025.0
MB 138-B 2025-2027

Anhydrite A Not Encountered
Anhydrite B Not Encountered

M33 139-T 2061.0
MB3 139-B 2061-2064
MEB 140-T 2064-2092
MB3 140-B 2092-2105



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

DOE-2 Quaternary
Holocene-Dune Sand 0-8
Pleistocene-Mescalero Caliche 8-13

Triassic
Santa Rosa Sandstone 13-133.3

Permian
Dewey Lake Red Beds 133.3-639.1
Rustler Formation 639. 1-698.6

Forty-Niner Member 698.6-722.4
Magenta Dolomite Member 722.4-823.7
Tamarisk Member 823.7-846.0
Culebra Dolomite Member 846.0-960.9
Unnamed Lower'Member

Salado Formation 960.9-3082.8
Upper Member 960.9-1448.7

M[B 101 1080.3-1084.2
MB 102 1116.6-1117.7
MB 103 1130.4-1 143.5
MB 104 1154.7-1155.1
MB 105 1170.8-1171.8
MB 106 Not Present
MIB 107 1228.0-1228.4
MB3 108 1237.5-1238.1
MIB 109 1260.0- 1283.5
MB 110 Not Present
MB3 111 1330.8-1331.0
MB 112 1347.0-1349.2
MB 113 1372.4-1372.9
MB 114 1394.3-1394.8
MB 115 1427.7-1430.6

ioMB 116 1439.3-1441.4
McNutt Potash Zone 187-1827.4

Vaca Triste Sandstone 1448.7-15.K~i\)MB 117 1510.0-1511.9
MB 118 1533.6-1534.7
MB 119 1556.8-1557.9

10th Ore Zone 1574.0-1580.0
MEB 120 1581.4-1581.8

9th Ore Zone 1580- 1584(EST.)
MB 121 1598.5-1599.8
MB 122 1606.6-1607.5

8th Ore Zone 1611.1-1619.3
Union Anhydrite 1630. 1-1637.9

ME 123 1716.5-1721.9
MB 124 1728.8-1738.4

4th Ore Zone 1746.0-1748.5
3rd Ore Zone 1766- 1774(EST.)
2nd Ore Zone 1780- 1782.5(EST.)

MB 125 Not Present
MB 126 1825.9-1827.4



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

DOE-2 Lower Member 1827.4-3082.8
MB 127 1852.7-1853.8
MEB 128 1864.5-1865.5
MB 129 1889.9-1891.9
MB 130 1901.8-1902.0
MB3 131 1971.2-1971.7
MEB 132 1999.7-2001.2
MB 133 2018.8-2021.7
MB 134 2069.3-208 1.0
M[B 135 2099.8-2100.5
MB 136 2144.9-2157.3
MB 137 Not Present
MEB 138 2203.1
MB 139 2303.3-2306.3
MB 140 2372. 1-2388.0
MEB 141 2450.1-2454.5
MIB 142 2503.6-2517.9
MIB 143 2566.4-2571.6
MB 144 2603.6-2615.7

Cowden Anhydrite 2644.5-2669.5
Castile Formation 3082.8-4071.4

Anhydrite 11 3082.8-3801.1
Halite H Not Present
AnhydritelHl
Halite 1 3801.1-3809.2
Anhydrite 1 3809.2-4071.4

Delaware Mountain Group
Bell Canyon Formation 4071.4-4325+

Lamar Limestone Member 4071.4-4103.4
Ramsey Sand 4103.4-4174.0
Ford Shale 4174.0-4182.8
Olds Sand 4182.8-4218.2(?)
Hays Sand 4218.2(?)-4248+



DOEIWIPP-95-2092

STRATIGRAPILC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

DOE-i MIB 138 2264.0
MEB 139 2323.7
MEB 140 2374.5-2389.0
MB 141 2457.0

MB 142 2497.0-2512.0
MB 143 2563.5-2570.5
IM 144 2606.0-2621.5

Cowden Anhydrite 2647.8-2677.0
Castile Formation 2936.5 (T.D.)

Anhydrite 111 2936.5-3374.8
Halite 11 3374.8-3600.0
Anhydrite II 3600.0-3708.3
Halite I 3708.3-4032.3
Anhydrite I 4032.3-{F.D.)



DOEMWPP-95-2092

ENERGY DEPARTMENT WELLS DATA BASE

BOREHOLE: DOE-2
OPERATOR: U.S. Department of Energy
PERMIT NO.: 0.08. 1467(State Engineer's Office)

LOCATION: 704.07' FSL, 128.19' FEL
Sec. 8, T22 S, R31 E

ELEVATION: 3419.09' (Top of Casing)
TOTAL DEPTH: 4325'
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Urilown

DRILLING RECORD: Date Started: 09/08/84 Date Completed: 09/18/84

CASING RECORD:
Diameter: 9.625
Grade: J-55
Wt/Ft: 36
From: 0
To: 1009
Cement:

Diameter: 13 3/8 O.D.
Grade: H-40
Wt/Ft: 48#
From: 0
To: 39
Cement: Cemented with 81 Cu. Ft.

PLUGGING SCHEDULE:
No plugging data.

STRATIGRAPHIC SUMMARY: Attached



DOE/WIPP-95-2092

ENERGY DEPARTMENT WELLS DATA BASE

. BORIEHOLE: DOE-i
OPERATOR: Westinghouse
PERMIT NO.: Unknown

LOCATION: 182.4' FSL, 607.8' FEL
Sec. 218, T 225S, R 31 E

ELEVATION: 3465.22' CTop of Casing)
TOTAL DEPTH: 4057.3
TYPE OF WELL: Geologic Exploration/Hydrologic Test Hole
DRILLER: Salazar Bros. Drilling Co.

DRILLING RECORD: Date Started: 07/14/82 Date Completed: 07t28/82

CASING RECORD:
Diameter: 10 3/4 O.D.

-Grade:

WtIFt:
From: 0
To: 41
Cement: Set and cemented

Diameter: 10 3/4 Q.D..Grade: J-55
WtIFt: 40.5
From: 49
To: 1126.2
Cement:

Diameter: 7 7/8
Grade:
WtIFt:
From: 1126.2 (\~
To: 4057
Cement: Uncased

PLUGGING SCHEDULE:
No plugging data.

STRATIGRAPHIC SUMMIARY: Attached



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

DOE-i Quaternary
Eolian Sand Not Described
Gatuna Formation Not Described

Triassic
Santa Rosa Sandstone 46.0-133.0

Permian
Dewey Lake Red Beds 133.0-667.5
Rustler Formation 667.5-976.5

Magenta Dolomite Member 722.0-745.0
Culebra Dolomite Member 828.6-850.5

Salado Formation 976.5-2936.5
Upper Member 976.5-1486.0

MB 101 1102.0
MB 102 1138.5
MB 103 1159.0-1169.0
MB 105 1199.0
MB 106 1216.0
M13 107 1254.0
MB 108 1263.0
MB 109 1286.0-1309.5
MB 111 1361.3
MB 112 1379.8
MB 113 1406.9
MB 114 1429.3
MB 115 1465.8
MIB 116 1477.6

McNutt Potash Zone 1486.0- 1880.3
Vaca Triste Sandstone 1486.0- 1489.8

MEB 117 1557.2
M:B 118 1582.6
MEB 119 1608.0
MEB 120 1632.0
MB 121 1646.5
MB 122 1656.0

Union Anhydrite 1681.4-1694.0
MB 123 1762.0-1769.9
MB 124 1773.0-1783.8
MB 126 1880.3

Lower Member 1880.3-2936.5
MB 127 1907.4
MEB 128 1919.7
MB 129 1944.3
MB 130 1956.7
M[B 131 2025.8
MB 132 2056.6
MEB 133 2076.0
MB 134 2117.0-2130.0
MB3 135 2149.4
MB 136 2192. 1-2197.1
MB 137 2209.2



DOEMWPP-95-2092

ENERGY DEPARTMENT WELLS DATA BASE

. BOREHOLE: D-268
OPERATOR: U.S. Department of Energy
PERMI1T NO.: Unkown

LOCATION: 720.4. FSL, 762.7 FEL, Sec.
35, T 22 S, R 30 E

ELEVATION: 3280.70 (Top of Casing)
TOTAL DEPTH: 1411'
TYPE OF WELL: Old Potash Drillhole
DRILLER: Pennsylvania Drilling Co.

DRILLING RECORD: Date Started: 11/15/89 Date Completed:

CASING RECORD:
Diameter. 4 1/2
Grade:
Wt/Ft:
From: 0
To: 528'
Cement: Cement in place

PLUGGING SCHEDULE:. From: 1411'
To: 528'
nt

Material: Concrete Plug

STRATIGRAPHIC SUMMIARY: Attached



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

D-268 Quaternary
Holocene-Eolian Sand 0-15.0
Mescalero Caliche

Triassic
Santa Rosa Sandstone 15.0-30.0

Permnian
Dewey Lake Red Beds 30.0-187.0
Rustler Formation 187.0-494.0

Megenta Dolomite Member 255.0-275.0
Culebra Dolomite Member 369.0-392.0
Salado Formation 469.0
Upper Member

MB 101
MB3 102
MB 103
MB 104
MB 105
MB 106
MB3 107
MB 108
MB 109
MB3 111
MB 112
MB 114
MB 116

McNutt Potash Zone
Vaca Triste Sandstone

MB 117
MB 118
MIB 119
MB 121
MEB 122

Union Anhydrite
MB 123
MB 124
MB3 126

Lower Member
M[B 128
MEB 129
MB3 131
MB 132 1411.0



DOEIWIPP-95-2092

STIRATIGRAPHIC SUMMARY*

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

BABY-i Quaternary 15.5
Triassic

Santa Rosa Sandstone 15.5-142.8
Permian

Dewey Lake Red Beds 142.8-362.9
Rustier Formation 362.9-653.0

Magenta Dolomite Member 375.0-414.1
Culebra Dolomite Member 469.0-487.2

Salado Formation 653.0-2703.5
Upper Member 781.3

MB 101 818.0
MB 102 845.0-851.0
MB 103 884.2
MB 105 922.1
MB 106 946.8
MB 107 962.1
MB 108 977.0-993.9
MB 109 1036.9
MB 111 1065.8
MB 112 1097.0
MB 113 1117.1
MB 114 1157.1
MB 115 1169.8
MB 116 1182.0-1585.1

McNutt Potash Zone 1251.0
MB 117 1277.6
MB 118 1299.9
MB 119 1328.9
MB 120 1346.1
MB 121 1353.2
MB 122 1381.8-1395.2

Union Anhydrite 1454.5-1463.1
MB 123 1470.0- 1481.0
MB 124 1585.1
MB 126 1585. 1-2703.5

Lower Member 1610.2
MB 127 1621.8
MB 128 1650.1
MB 129 1663.2
MB 130 1732.9
MB 131 1763.7
MB 132 1784.2
MB 133 1837.7-1848.9
MB 134 1871.9
MB 135 1871.9
MB 136 1905.2-1912.0
MB 137 1930.5
MB 138 1990.4
MB 139 2040.7
MB 140 2104.0-2110.6



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

BABY-i MB3 141 2188.8-2196.9
M[B 142 2239.8-2259.0
MB 143 2314.1-2321.0
MEB 144 2356.0-2370.0

Cowden Anhydrite 2407.7-2434.7
Castile Formation 2703.5-4045.0

Anhydrite Ill 2703.5-3154.8
Halite HI 3 154.8-3373.1
Anhydrite HI 3373.1-3480.0
Halite 1 3480.0-38 10.0
Anhydritel1 3810.0-4045.0

Bell Canyon Formation 4045.O-T.D.
Lamar Limestone 4045.0-4086.0
Ramsey Sandstone 4086.0-4-132.0
Ford Shale 4132.0-4140.0
Olds Sandstone 4140.0-4171.0
Hays Sandstone 4171.0-4298.6



DOEIWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

ERDA-10 MB 139 1993.0
MB 140 2053.0-2062.5
MB3 141 2150.9-2155.4
MB 142 2220.6-2237.4
MM 143 2302.6-2313.6

Castile Formation 2350.0-3842.9
Anhydrite IV 2350.0-2398.2

Cowden Anhydrite 2398.2-2424.0
Anhydrite III 2424.0-3097.2
Halite H 3097.2-3283.7
AnhydritelU 3283.7-3377.4
Halite 1 3377.4-3616.4
Anhydrite I 3616.4-3842.9

Bell Canyon Formation 3842.9-4430.0 (T.D.)
Lamar Limestone 3842.9-3870.0
Ramsey Sandstone 3870.0-39 18.0
Ford Shale 39 18.0-3928.0
Old Sandstone 3928.0-3956.0



DOE/WIPP-95-2092

ENERGY DEPARTMENT WELLS DATA BASE

BOREHOLE: BABY-i
OPERATOR: U.S. Department of Energy
PERMIUT NO.:

LOCATION: 1989.5' FNL, 2017. 1' -EL
Sec 5, T23 S, R31 E

ELEVATION: 3328.38' (Top of Casing)
TOTAL DEPTH: 4298.6'
TYPE OF WELL: Oil and Gas Well (Exploratory)
DRILLER: Michel P. Grace - 1974 and Salazar Bros.- 1983

DRILLING RECORD: Date Started: 08/12/83 Date Completed: 02/08/75

Deepened to 4298.6'
Date Started: 17/18/83
Date Completed: 08/19/83

CASING RECORD:
13 3/8" O.D. casing set in cement to surface 650'
9 7/8" O.D. 650 -4159'
7 27/32" O.D. 4159 - 4298.6'

PLUGGING SCHEDULE:
Ran 20 joints of 13 3/8 71# casing set at 650'. Cemented with 275 sacks of Tri. Lt. Wt. and 125 sacks Cl. C. and 300# CaCI and
69# celloflake.

STRATIGRAPHIC SUMMVARY: Attached



DOEIWIPP-95-2092

ENERGY DEPARTMENT WELLS D)ATA BASE

BOREHOLE: ERDA-1O
OPERATOR: Sandia. National Labs
PERMIT NO.: Unkown

LOCATION: 200' FNL, 2327' EEL
Sec. 34, T 23 S, R 30 E

ELEVATION: 3371.2' (Top of Casing)
TOTAL DEPTH: 4418.5'
TYPE OF WELL: Geologic Exploration
DRILLER: Corel Drilling Company

DRILLING RECORD: Date Started: 08/18n77 Date Completed: 10/147

CASING RECORD:
Diameter. 13 3/8
Grade: H-40
Wt/Ft: 48
From: 0
To: 50
Cement: 8 1 Cu. Ft.

Diameter. 9 5/8
Grade: J-55

*Wt/Ft: 36
From: 0\\y ,
To: 805
Cement: 554 Cu. Ft.

Note: Hole plugged to surface.
All depths are measured from Kelly Bushing 13' above ground level.

PLUGGING SCHEDULE:
10/0117 - Made trip with 7 7/8" bit and conditioned hole. Ran 2 3/8" O.D. tubing in the hole and plugged back hole using Dowell

with 10 barrels of water ahead of 48 barrels of mud wash followed by 414 cu. ft. of class "C" cement with 2% calcuimn chloride.

Displace cement with 12.5 barrels of water. Cement in place at 1300 hours. Pulled tubing and waited on cement.

10/03n77 - Made trip with 7 7/8- bit and tagged cement at 3556, conditioned hole. Made up 7 13/16" core bit and cut core #32

from 3556' to 3595', recovered 10' of cement. Cut core #33 from 3595' to 3623', recovered 20' of cement. Cut core #34 from 3623'

to 3630'.

10/04M7 - Completed core #34 from 3630' to 3673', recovered 27 of cement. Ran 2 7/8~" O.D. tubing in the hole to 3673'.

Cemented plug #2 using Dowell with 10 barrels of water ahead of 84 barrels of mud fluish followed by 10 barrels of water ahead of

1040 cu. ft. of 70%6 class "C" cement and 30% Litepoz. Cement in place at 1140 hours, Pulled tubing to 2300' and curculated hole.

Waited on cement. Laid down drill pipe.

10/05n77 - Waited on cement to 0900 hours. Tagged top of plug #2 at 2335' with tubing. Cemented plug #3 with 10 barrels of

water, 60 barrels of mud flush and 10 barrels of water, ahead of 1039 cu. ft. of cement slurry. Cement in place at 1420 hours.

Pulled tubing to 803' and circulated out mud flush and cement. Waited on cement.

@ 10/06M7 - Tagged top of plug #3 at 827'. Cemented plug #4 to surface with 10 barrels of water, 1000 gallons of mud flush and 10

barrels of water ahead of 417 cu. ft. of cemrent slurry. Cement in place at 0050 hours. Rigged down government furnished
equipment and released rig at 1600 hours.

10114n77 - Cement had dropped to 11.5' inside the 9 5/8" O.D. casing. Cemented to suiface with 6 sacks of cement. Hole plugged



DOE/WIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

ERDA-10 Quaternary
Holocene-Eolian Sand
Mescalero Galiche 13.0-17.0

Triassic
Gatuna Formation 17.0-164.0

Permian
Dewey Lake Red Beds 164.0-378.0
Rustler Formation 378.0-640.0

Magenta Dolomite Member 378.0-379.0
Culebra Dolomite Member 489.0-517.0

Salado Formation 640.0-2350.0
Upper Member 640.0-1078.0

MB 101 696.0
MB3 102 743.0
MB 103 775.0-783.5
MB 104 794.5
MB 105 807.0
MB 106 817.0
MB 107 829.0
MB 108 852.5
MB 109 879.5-904.5
M3 llI 960.0
MB 112 978.0
MB 113 1018.0
MB 114 1035.0
M]3115 1068.0
MB3 116 1076.0

McNutt Postash Zone 1087.0- 1521.5
Vaca Triste Sands 1087.0-1092.5

MB 117 1162.0
MB 118 1189.0
MB3 119 1225.0
MB 121 1264.0
MB 122 1279.5

Union Anhydrite 13 10.0-1330.0
MIB 123 1380.5-1387.0
MB 124 1399.5-1407.5
MB 125 1482.5
MB 126 1521.5

Lower Member 152 1.5-2350.0
MB 128 1556.0
MB 129 1590.0
MB 130 1604.0
MB 131 1674.5
MB 132 1704.5
MB 133 1722.0
MB 134 1771.5-1781.0
MB 135 1807.0
MB 136 1855.0-1864.5
MB 138 1930.0



DOEiWIPP-95-2092

STRATIGRAPHI1C SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

ERDA-9 Kelly Bushing (KB) to Land Surface (LS) 0-12.0

Holocene Deposits 12.0-22.0
Pleistocene Rocks

Mescalero Caliche 22.0-27.0
Gatuna Formation 27 .0-54.0

Triassic
Santa Rosa Sandstone 54.0-63.0

Permiian
Dewey Lake Red Beds 63.0-550.0
Ruslter Formation 550.0-860.0

Dissolution Residue 580.0-592.0
Magenta Dolomite Member 608.0-632.0
Dissolution Residue 691.0-710.0
Culebra Dolomite Member 716.0-739.0
Dissolution Residue 742.0-748.0

Salado Formation 860.0-2836.0
Upper Member 860.0-1362.0

MB 100 939.0
MB 101 984.0
MB 102 1026.0
MB 103 1040.0-1050.0
MB 104 1061.0
MB 105 1075.0
MB 106 1093.0-1094.0
MB 107 1132.0
MB 108 1142.0
MB 109 1165.0-1188.0
MB 110 NP
MB 111 1238.0

~ 1MB 112 1256.0-1258.0
MB 113 1282.0-1284.0

MB 114 1306.0

MB 115 1340.0-1344.0
MB9 116 1354.0-1356.0

McNutt Potash Zone 1362.0-1742.0
Vaca riste Sands 1365.0-1367.0
11Ith Ore Zone 1420.0- 1422.0
MB 117 1431.0-1433.0
M[B 118 1455.0-1463.0
MB 119 1482.0

10th Ore Zone 1487.0-1493.0
MB 120 1501.0-1502.0

9th Ore Zone 1507.0- 15 12.0
MB 121 1515.0-1517.0
MB 122 1524.0

8th Ore Zone 1531.0-1542.0
Union Anhydrite 1549.0-1557.0
7th Ore Zone 1572.0- 1576.0
6th Ore Zone 1590.0-1593.0
5th Ore Zone 1597.0-1603.0



DOEIWIPP-95-2092

STRATIGRAPIHC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

ERDA-9 MB 123 1630.0-1637.0
MB3 124 1645.0-1653.0

4th Ore Zone 1659.0-1669.0
3rd Ore Zone 1676.0-1688.0
2nd Ore Zone 1696.0-1698.0

MB3 125 NP
Ist Ore Zone 1712.0-1723.0

MB3 126 1742.0
Lower Member 1742.0-2836.0

MB 127 1768.0-1770.0
MB 128 1778.0-1781.0
MB 129 1803.0-1805.0
MB 130 1815.0
MB 131 1884.0
MB 132 1914.0-1915.0
MB 133 1933.0-1935.0

*MB 134 1976.0-1989.0
MB 135 2006.0
MB 136 2043.0-2058.0
MB 137 2075.0
MB 138 2120.0-2121.0
MB 139 2177.0-2180.0
MB 140 2241.0-2251.0
MB 141 2320.0-2330.0
MB 142 2377.0-2391.0
MB3 143 2450.0-2456.0
MB 144 2493.0-2506.0

Cowden Anhydrite 2540.0-2653.0
Castile Formation 2836.0-2889.0
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STRATIGRAPMC SUMMdARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

ERDA-6 MB 124 1529.4-1537.5
4th Ore Zone 1541.9-1549.1

1549.7-1553.0
3rd Ore Zone 1555.5-1567.2
2nd Ore Zone 1571.0-1574.3

MB 125 NP
1 st Ore Zone 1587.0-1603.3

MB 126 NP
Lower Member 16 12.9-2396.5

MB 127 1635.0-1635.7
MB3 128 1647.7-1648.5
MB3 129 1670.0-1671.5
MB 130 NP
MB 131 1743.0-1743.7
MIB 132 1770.6-1771.4
MB 133 1785.6-1789.2
MB 134 1833.2-1843.4
MB 135 1860.4-1861.5
M[B 136 1900.5-1910.5
MB3 137 NP
MB 138 1967.5-1967.7
MB 139 20 19.5-2022.4
MB 140 2060.4-2075.6
MB3 141 2124.5-2126.6
MEB 142 2163.8-2169.5
MB 143 2212.7-22 15.6
MB3 144 2237.0-2237.7

Cowden Anhydrite 2269.5-2291.0
Castile Formation 2400.5-2775.0

Halite I1 2400.5-2555.1
Anhydrite UI 2555.1-2732.5 (Fault or Rupture Zone)
Halite 1 2732.5-2775.0
Cowden Anhydrite 2540.0-2653.0

Castile Formation 2836.0-2889.0
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ENERGY DEPARTMENT WELLS DATA BASE

BOREHOLE: ERDA-9
OPERATOR: Sandia National Labs
PERMIT NO.: Unknown

LOCATION: 267.17' FSL, 176.74' FEL
Sec. 20, T 22 S, R 31 E

ELEVATION: 3410.10' (Top of Casing)
TOTAL DEPTH: 2886'
TYPE OF WELL: Geologic Exploration
DRILLER: Sonora Drilling Company

DRILLING RECORD: Date Started: 04128n76 Date Completed: 06/26n76

CASING RECORD:
Diameter: 16
Grade:
Wt/Ft:
From 0
To: 40
Cement: 95 Cu. Ft.

Diameter- 10 3/4
Grade: J-55
WtIFt: 40.5
From: 0
To: 1045
Cement: 1159 Cu. Ft.

Diameter: 7
Grade: J-55
Wt/Ft: 23
From: 0
To: 2883
Cement: Mud Pack

Note: Ran Dresser Atlas caliper log. Ran 79 joints (2889.66') of 7" O.D. 23# casing with a Dowell swirl type shoe on bottom and
a Dowell orifice fill collar on top of the bottom joint. Set casing at 2882.66 with centralizers at 2868', 2520', and 1030'. Rigged
up Dowell and pumped in 140 barrels of Baroid casing pack mud. Cemented annulus with 10 barrels of water, 12 barrels of
chemical wash, 12 barrels of oil base slurry ahead of 122 cu. ft. (115 sacks) of Class "H" cement + 3% calcium chloride. Seated
plug with 1000 psi, plug holding. Cement in place at 1445 hours.

All depths are measured from Kelly Bushing 11.5' above ground level.

PLUGGING SCHEDULE:
See Casing Record.

STRATIGRAPHIC SUMMWARY: Attached



DOEMWPP-95-2092

ENERGY DEPARTMENT WELLS' DATA BASE

.s BOREHOLE: ERDA-6
OPERATOR: Sandia National Labs
PERMIT NO.: Unkown

LOCATION: 2152- FSL, 9 10- FEL
Sec. 35, T 21 S, R 31 E

ELEVATION: 3540.2' (Top of Casing)
TOTAL DEPTH: 2775'
TYPE OF WELL: Geologic Exploration
DRILLER: Boyles Bros. Drilling Company: 06/11/75 to 08/15n75- Pan AM E

DRILLING RECORD: Date Started: 06/13n75 Date Completed: 09123n75

CASING RECORD:
Diameter: 13 3/8
Grade:
Wt/Ft: 54.5
From: 0
To: 30
Cement: Ready Mix

Diameter. 8 5/8. Grade: K-55
Wt/Ft: 24
From: 0
To: 880
Cement: 575 SX.

Note: Plugged back 2773' to 2560' with 225 cement. Hole filled with brine.

PLUGGING SCHEDULE:
See Casing Record.

STRATIGRAPHIC SUMMARY: Attached
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STRATIGRAPMLC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

ERDA-6 Quaternary
Holocene-Eolian Sand 0-9
Mescalero Caliche 9-17

Triassic
Santa Rosa Sandstone 17-72

Permian
Dewey Lake Red Beds 72-538
Rustler Formation 538-811

Dissolution Residue 570-581
Magenta Dolomite Member 598-623
Dissolution Residue 696-707
Culebra Dolomite Member 713-739
Dissolution Residue 742-762

Salado Formation 811-2396.5
Upper Unit 811-1276.6

MB 100 NR
MEB 101 923.5-929.9
MIB 102 956.8-958.2
M[B 103 970.3-984.3
MEB 104 992. 1-992.4
MJB 105 NR
M13106 NR
M[B 107 1060.0-1060.9
MEB 108 1069.1-1069.9
MB 109 1090.9-1113.5
MIB 110 NP
MEB 111 1161.5-1161.8
MB 112 1178.9-1180.2
MEB 113 NP
MEB 114 1224.9-1226.9
MEB 115 1256. 1-1257.2
MB 116 1268.7-1271.4

McNutt Potash Zone 1276.6-1612.9
Vaca Triste Sandstone 1276.6-1287.3
11 th Ore Zone 1324.7-1329.8

M[B 117 1340.7-1342.7
1346-1349.0

MIB 118 1359.0-1366.2
MB119 1378.4-1379.4

10th Ore Zone 1386. 1-1395.5
MB 120 1401.0-1402.3

9th Ore Zone 1403.2-1410.3
MIB 121 1413.3-1415.5
MB 122 1422.3-1424.3

8th Ore Zone 1424.9-1437.0
Union Anhydrite 1444.6-1453.8
7th Ore Zone 1464.0-1468.5
6th Ore Zone 1479.7-1482.2
5th Ore Zone 1487.8- 1494.9

MB3 123 1517.7-1524.9



DOEJWIPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

AEC-8 Quaternary: Holocene-Eolian Sand 9.0-29.0
Mescalero, Caliche 29.0-35.0

Triassic
Santa Rosa Sandstone 35.0-177.4

Perm*an
Dewey Lake Red Beds 177.4-668.0
Rustler Formation 668 .0-990.0

Magenta Dolomite Mem 727.3-749.5
Culebra Dolomite Mem. 848.3-873.3

Salado Formation 990.0-2979.6
Upper Member 990.0-1469.3

MIB 101 1101.0-1116.5
MB 102 1146.7
MB 103 1157.7-1173.7
ME 104 1184.4
MB 105 1197.6
MB 106 1215.3
MB 107 1240.5
MB 108 1261.3
M[B 109 1286.1-1304.7
MB 111 1351.9
MB 112 1370.4
MB 113 1398.7
MB 114 1418.2
MB 115 1451.3
MB 116 1462.5

McNutt Potash Zone 1469.3-1826.5
Vaca Triste Sands 1469.3-1484.1

MB 117 1535.4
MIB 118 1557.0(1K)MB 119 1580.5
MB 120 1603.2
M[B 121 1622.0
MB 122 1628.6

Union Anhydrite 1648.0-1657.9
MB 123 1733.5
MB 124 1746.8
MB 126 1826.5

Lower Member 1826.5-2979.6
MB 127 1849.5
MB 128 1861.5
MB3 129 1885.3
M[B 130 1894.7
MB 131 1959.6
MB 132 1989.0
MB 133 2005.5
MIB 134 2047.9-2060.5
M33 135 2076.0
MB 136 2114.0-2128.3
MB 137 2138.5



DOE/WIPP-95-2092

STRATIGRAPHIT SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

AIEC-8 MB 138 2187.4
MEB 139 2247.8

MB 140 2309.1-2316.5
MB 141 2369.1
MB 142 2411.8-2419.6

MB 143 2465.2-2472.7
MIB 144 2498.8-25 10.9

Cowden Anhydrite 2539.5-2561.6
Castile Formation 2979.6-4315.0

Anhydrite 111 2979.6-3290.0
Halite II 3290.0-3555.0
Anhydrite 11 3555.0-3695.5
Halite I 3695.5-4038.0
Anhydrite 1 4038.0-4315.0

Bell Canyon Formation 4315.0-4918.0 (T.D.)
Lamar Limestone 4344.5-4374.0

Ramsey Sand 4374.0-4436.0

Ford Shale 4436.0-?



DOE/WIPP-95-2092

ENERGY DEPARTMENT WELLS DATA BASE

. BOREHOLE: AEC-.7
OPERATOR: Sandia National Labs
PERMIT NO.: 0.08.1323

LOCATION: 2036.97' FNL, 2033.23' FEL
Sec. 31, T 21 S, R 32 E

ELEVATION: 3657.'25' (Top of Casing)
TOTAL DEPTH: 4734'
TYPE OF WELL: Geological Exploration
DRILLER: Verna Drilling Company

DRILLING RECORD: Date Started: 03120174 Date Completed: 04/19/80

CASING RECORD:
Diameter: 13 3/8
Grade: H-40
WtIFt: 48
From: 0
To: 40
Cement:

Diameter: 8 5/8.Grade: H-40
WtIFt: 28
From: 0
To: 10 16
Cement:

PLUGGING SCHEDULE:
No plugging data.

STRATIGRAPHIC SUMMARY: Attached
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STRATIGRAPIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

AEC-7 Quaternary
Holocene-Eolian Sand 16.2-20.2
Mescalero Caliche 20.2-24.2

Triassic
Santa Rosa Sandstone 24.2-133.0

Permian
Dewey Lake Red Beds 133.0-675.0
Rustler Formation 675.0-1000.6

Magenta Dolomite Member 733.5-767.0
Culebra Dolomite Member 872.2-900.5

Salado Formation 1000.6-3014.7
Upper Member 1000.6-1505.1

MIB 101 1125.8
MB3 102 1158.5
MIB 103 1171.4-1186.5
MB3 104 1197.0
ME 105 1211.5
MIB 106 1230.5
MB 107 1269.0
MB3 108 1278.0
MB 109 1303.8-1324.5
MB3 111 1378.0
MB3 112 1397.5
MB3 114 1450.5
MB 116 1498.4

McNutt Potash Zone 1505.1-1881.0
Vaca Triste Sandstone 1505.1-1514.1

MB3 117 1578.9
MB3 118 1595.6

MB 119 1619.8
MB 121 1661.5
MB3 122 1668.5

Union Anhydrite 1696.2-1705.0
MB 123 1774.8-1781.2
MB3 124 1785.5-1795.5
MB 126 1881.0

Lower Member 1881.0-3 104.7
MB 128 1918.0
MB 129 1943.9
MB 131 2013.5
MB 132 2039.0
MB 133 2057.5
MB 134 2097.0-2 109.0
MB 136 2161.0-2168.0
MIB 139 2267.5
MIB 140 2302.8-23 14.2
MB3 141 2364.5
MIB 142 2400.2-2406.5
MB 143 2453.0-2455.6

Cowden Anhydrite 2520.0-2539.0



DOEMWPP-95-2092

STRATIGRAPHIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

AEC-7 Castile Formation 3014.7-4535.3
Anhydrite 111 3014.7-3113.0
Halite 11 3113.0-3310.0
Anhydritei1[ 3310.0-3506.9
Halite 11 3506.9-3588.2
Anhydritei11 3588.2-4055.0
Halite 1 4055.0-4182.3
Anhydrite I 4182.3-4535.5

Bell Canyon Formation 4535.5-4731.9 (T.D.)
Reef Talus 4535.5-4584.7
L anar Limestone 4584.7-4633.3
Ramsey Sandstone 4633.3-4678.5
Ford Shale 4678.5-4714.9
Olds Sandstone 4714.9-4731.9



DOEIWPP-95-2092

ENERGY DEPARTMENT WELLS DATA BASE

BOREHOLE: AEC-8
OPERATOR: Sandia National Labs
PERNM NO.: Unkown

LOCATION: 935' FNL, 1979' FWL
Sec. 11, T22S, R 31E

ELEVATION: 3532' (Top of Casing)
TOTAL DEPTH: 4922'
TYPE OF WELL: Geological Exploration
DRILLER: Sonora Drilling Company

DRILLING RECORD: Date Started: 06128/76 Date Completed: 08/05/76

CASING RECORD:
Diameter 13 3/8
Grade:
Wt/Ft: 54.5
From: 0
To: 42
Cement:

Diameter: 8 5/8
Grade:
Wt/Ft: 28
From: 0
To: 885
Cement: 660 Cu. Ft.

Diameter: 5 1/2
Grade: J-55
Wt/Ft: 15.5
From: 0
To: 4919
Cement: 2481 Cu. FL.

Note: Completed logging. Ran 7 7/8" bit in the hole and conditioned mud to run casing. Corrected total depth to 4922'. Laid
down drill pipe. Ran 123 joints (4933.72') of 5 1/2" O.D., 15.50#, J-55, range 3, ST&C casing in the hole and landed at 4918.77'
(4907.22' GL). A Halliburton guide shoe was on bottom with a float shoe at 4859.52' GL. Centralizers were placed at 4905' GL,
4827' GL, 800' GL and 50'GL. 38 joints (1533.25') of casing were sand blasted for better bond from 2374' to 4907' KB.

Completed running casing. Cemented annulus using Halliburton with 1500 sacks (2085 cu ft) of 50-50 Pozmix "C" with 9.7 #/sk
of salt and 2% bentonite followed by 300 sacks (396 cu ft) of Class "C" cement. Displaced cement with 117 barrels of water.
Casing was reciprocated during displacement. After displacing 90 barrels approximately 2 barrels of cement circulated to the
surface, circulation was lost at this point. Bumped plug with 2000 psi and held. Cement in place at 0220 hours. Ran Dresser Atlas
temperature log, top of cement at 880'. Ran Sperry-Sun gyroscopic multishot survey in the hole on 25' stations and 100' stations
out of the hole.

All depths are measured from Kelly Bushing 11.5' above ground level.

PLUGGING SCHEDULE:
See Casing Record.

STRATIGRAPHIC SUMMARY: Attached
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ST'RATIGRAPHEIC SUMMARY

BOREHOLE ROCK UNIT DEPTH INTERVAL IN FEET

B-309 Sand 0-5.6
Caliche 5.6-14
Gatuna 14-19.8
Santa Rosa 19.8-22
Dewey Lake 22-39.4



DOEVWIPP-95-2092

SUBSURFACE EXPLORATION BOREHOLE DATA BASE

BOREHOLE: B-309
OPERATOR: Sergent, Hauskins, & Beckwith
PERMIfT NO.: Unknown

LOCATION: South Access Road

ELEVATION: Not Recorded
TOTAL DEPTH: 39.4'
TYPE OF WELL: Shallow Exploratory Drilling
DRILLER: Sergent, Hauskins & Beckwith

DRILLING RECORD: Date Started: 02102/79 Date Completed: 02/02/79

CASING RECORD: Drilling Equipment
Truck-mounted CME-55 drill rigs powered with 6 cylinder Ford industrial engines
were used in advancing test borings. The 6 cylinder engines are capable of
delivering about 6,500 foot/pounds torque to the drill spindle. The spindle is
advanced with twin hydraulic rams capable of exerting 12,000 pounds downward
force. Drilling through soil or softer rock was performed with 6 1/2 inch O.D., 3
1/4 inch I.D. hollow stem auger. Carbide insert teeth were used on the auger bits.
Core drilling in bedrock was performed using NX size core bits with either
diamond or carbide cutting faces and either air or water for drilling fluid.

PLUGGING SCHEDULE: Backfilled with native drilled
material

STRATIGRAPHI1C SUMMARY: Attached
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.1 INTRODUCTION
2

3 The following text describing the theory and implementation of the BRAGFLO (Brine
4 and Gas Flow) code is taken verbatim from Chapter 4 of the: BRAGFLO Users' Manual
5 (Sandia National Laboratories, 1996). The complete text of the Users' Manual is
6 available in the Sandia WIPP Central Files in Albuquerque, as part of a quality assurance
7 (QA) package that documents the use of the code in evaluations of regulatory compliance.
8 The text provided here is unchanged from the QA documentation, except for page
9 numbering and section numbering. Details concerning qualification of the BRAGFLO

10 code can be found in Chapter 7 of the NMVP.
11

12 1.0 Description of the Models and Methods
13
14 Quantification of gas and brine flow requires use of a two-phase flow code. For
15 performance assessment, the DOE uses the two-phase flow code BRAGELO to simulate
16 gas and brine flow as well as to incorporate the effects of disposal room consolidation
17 and closure, gas generation, and interbed fracture in respoinse to gas pressure. This
18 section develops the governing equations for BRAGFLO, its initial and boundary
19 conditions, and the submodels incorporated in BRAGFL() that were developed
20 specifically for performance assessment of the WJPP.
21

22 1.1 One-Dimensional Fluid Flow in Porous Media. 23
24 Historically, BRAGELO was developed as a two phase flow model for petroleum
25 production applications. For this reason, BRAGELO uses terminology common to the
26 petroleum industry. Further details of the concepts necessary for the finite difference
27 solution of reservoir simulation problems are available in Peaceman (1977), Aziz and
28 Settari (1979), and Thomas (1982).
29
30 We consider now the material balance equation governing the flow of a fluid in a one
31 dimensional porous media. Figure 1 shows a one-dimensional reservoir with area-
32 normal-to-flow as a function of x; Area = A(x). The flow streamlines will actually flare
33 in or out due to the variable area. However, we make the assumption that density and
34 velocity are representative of average properties over the area normal to flow. From the
35 reservoir, select an element of volume of incremental length Ax.
36
37

38

40

41
42 A

NMVP-6342-20"-
43.44 Figure 1. One dimensional reservoir with area-normal-to-flow as a function of x.
45
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1 Let
2
3 Q = volume flow rate [13/t]

4 p = fluid density [rn/i 3]
5 q = mass flow rate [rn/ti
6 v = flow velocity [l/t]
7 4) = porosity [pore volume/bulk volume]
8 A = normal cross-section area [12]

9
10

11 Qini.
12

13
14

15

17
18

19 x x+Ax
20 NMVP-6342-202-0

21

22 Figure 2. Element of volume of length Ax.
23

24 The mass rate and volume rate of flow are related by q = pQ.

25
26 The sign convention on Qij is

287 0 njcin
27 ij>0 netot

29 Qij < 0, production.
30

31 Also, Qin = volume rate/injected volume, which implies fluid injection is uniformly
32 distributed over control volume AAx.
33

34 Mass balance requires that
35 qi - q0 ut + qin AAx = change in fluid mass/time
36 where
37 qin = mass injection rate/unit volume.
38
39 Now
40 qi = (vAp).
41

42 q~u = (vAp).
43 and

44 rate of change of fluid mass =- (4)AAxp).
a~t
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1 The mass balance is then

(vAp),, - (vAp)X+AX +qn AAx = a ('4AAxp).

at

2 Express the area as A = a(x), then dividing by Ax yields

(avp),, - (avF4"+ +Aq a
Ax a

3 In the limit as Ax - 0, we get the material balance equation for one-dimensional single
4 phase flow

a-(avp) + aqn -(wj4p)
at at

5 1.2 Darcy's Law
6
7 For the viscous flow of a fluid through a porous media the flow velocity is related to the
8 fluid potential by Darcy's Law. Henry Darcy (1856) at Dijon, France, developed a
9 mathematical model from empirical data gathered in experiments using the device

10 illustrated in Figure 3.
11
12 In Figure 3, Q is volume flow rate [13/t] and positive distance is measured from L2 to L,.

13 Potential is measured as

ID= p + pgh

14 where depth, h, is measured positive upward from a reference datum and gravity acts
15 downward. For example, a fluid in gravity equilibrium, 4 = constant, exhibits a pressure
16 increase with decrease in depth.
17
18 Darcy observed that

Q >0, if 41)2 > (Di

Q<O0, if 02 < (D

19 XQ =0, if 42 =40.

DOE/CAO-962160 BRAGFLO-3 June 14, 1996
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Manometer

filled tube 2P

Li P1

d a t u m ( h = O )N 
M V P -6 3 4 2 -2 0 3 - 0

2 Figure 3. Experiment for illustration of Darcy's Law.
3
4 The implication is that flow is in the direction of decreasing potential. Next, Darcy
5 observed that if 4I) 2 - 4) is doubled, Q is doubled. Thus
6

7 Q z(2- (I~ (z is read proportional to)
8
9 Also, if L is doubled, Q is halved. Thus

10

Q D2 01

L

11 If cross-sectional area is doubled, Q is doubled. Thus

Q L

12 If the fluid is changed (different viscosity), then

June 14, 1996 BRAGFLO-4 DOE/CAO-96-2160
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1iL

I Finally,

Q t

2 where the constant of proportion, k, is called the absolute permeability of the media. The
3 differential form of Dar'cy's Law is obtained when L -~ 0,

=-kA d(
V dx

4 The negative sign in Darcy's Law indicates flow is in the direction of decreasing
5 potential. The units used in BRAGFLO are
6
7 Q = m3/S. 8 A = M2

9 V = Pa-s
d(D_ Pa

10 - -

dx mn
11
12 The units for permeability are

k in [P~ra. s4] [ = I 2

13 Velocity is given by

v Q kD~
A p dx

14 where v is called the Darcy velocity or superficial flow velocity. The quantity

=Q =v- bulk volume,~
A4 4 normal area

15 is called the interstitial or average linear velocity, where ( is the formation porosity.. 16

DOEICAO-96-2160 BRAGFLO-5 June 14, 1996
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1 The distinction between the Darcy velocity and the intersticial velocity is demonstrated in
2 Figure 4. Assume fluid in the unit bulk volume at the left end of the reservoir is
3 displaced by a piston over unit time into a media with porosity 4 = 0.20. The cubic meter
4 of fluid will occupy 5 M3 of the porous material and the fluid will advance to a position 5
5 meters from the interface. The velocity of the fluid in the bulk volume is QIA or the
6 Darcy velocity, while the fluid velocity in the porous material is Q/A/4ý or the intersticial
7 velocity. For example, if a tracer element were introduced into the porous material it
8 would travel at the intersticial velocity. The Darcy velocity is the rate at which the bulk
9 volume is transported.

... crosses 1 in2
06

1 m3 of water.. . into a rock
with 20% porosity

.. moving forward 5m
NMVP-6342-204-0

10 Figure 4. Bulk volume vs. Porous Media Displacement.

12 1.3 Permeability Tensor, Darcy's Law, and Material Balance in Higher
13 Dimension
14

15 The permeability of a geological formation can be direction dependent (anisotropic). For
16 example, a sedimentary formation may consist of uniform sand or lime laminae of high
17 permeability alternating with thin, uniform layers of silty, shaley laminae of low
18 permeability. The large scale permeability characteristics can be approximated as
19 uniformly anisotropic. That is, the layered system is replaced by a hom~ogeneous system
20 having permeabilities k, parallel to the plane of the laminae and k2 normal to this plane.
21 Further, the direction of the laminae may not be parallel or normal to the formation
22 boundary as evident in a cross-bedded structure.
23
24 Figure 5 shows two cartesian coordinate systems (ý,iq) and (x,y). Suppose the principal
25 permeabilities are given with respect to (ýTj system with k, the permeability in the
26

June 14, 1996 BRAGFLO-6 DOEICAO-96-2160
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. 1 y
2

3 1
4

5 
k6 k

7
8

9 NMVP-6342-205-O
10

11 Figure 5. Permeability with anisotropic values k, and k2 in direction and 1i
12

13 direction and k2 the permeability in the il direction. Further, assume the reservoir
14 geometry is aligned with respect to the (x,y) system, which implies that the fluid flow
15 equations are to be formulated with respect to the x,y axes.
16
17 The coordinate transformation from the ( ,i) system to the (x,y) system is
18
19 x = cos 60- i sin 0.
20 y = sin 0+ 11cos 0
21
22 if and j~represent the unit vectors in the ,'i directions, respectively, then the Darcy

W 23 velocity vector is

V = - -- I~ ----- 1.

24 The coordinate transformation maps the unit vectors into
25
26 E~ -cos 4) x + sincl(y

27

28 and
29

30 1, -sin 0 x + cos (D Y
31
32 The chain rule gives

_o cos 2 D + sinO &
a ax ay

33 and

DOE/CAO-96-2160 BRAGFLO-7 June 14, 1996
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ao = -sine -q + cose O

1 Then the Darcy velocity is
2

Cos(~ 2.Cs0 + sin OfD

k2~ ~ _( (sine f +cosO f)
i(sin 0 a +Cos 

_DI

3 The vector components of the Darcy velocity are

P( ax ayI

-k2 csn2 0 - +D sin0cosO0-D
P x ay)

k) 20A
.v~ = Isin 6cos 0a, + sin -

p ~ ax ay)

-k2 s n o ( + Cos 2 e
R - x ay)

4 The dependence of the Darcy velocity components on pressure gradients in both x and y
5 direction will add significantly to the complexity of the material balance equation in 2-
6 dimensions. A similar analysis with more complexity could be performed in 3-
7 dimensions.
8
9 A significant simplification occurs if the directions of the permeability tensor are aligned

10 with the reservoir coordinate axis; that is, 0 = 0. If 0 = 0, then

V= _-kiM and v. -k =

p P x p i ay

11 BRAGFLO makes this assumption. Thus, in three dimensions with anisotropic
12 permeability, the components of the Darcy velocity are

June 14, 1996 BRAGFLO-8 DOEICAO-96-2160
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-ka(D-k a(D_,a

1 where k, ky, k. are input permeabilities in the direction of the corresponding coordinate
2 axes. To generalize the flow equation to higher dimension, we replace the flux term with
3 (Peacemnan 1977)

v ap[kiv~ a,,~2 a, a, . (apk. a(D oafky a, + apk, aI

a( apkx +( 4, apky aD a ap a(D
x P a ay ita a pk acz

4 where
5
6 [k] = permeability tensor,
7
8 a = area normal to flow direction in one dimension ()
9

10 =thickness normnal to flow plane in two-dimensions (x,y),
11
12 = 1 in three-dimension (x,y,z).
13
14 The three-dimensional flow of a single fluid incorporating D~arcy's law is

aj xk +o aq~ y(,xP)
a( ax~ akv ay~ _z a z at

15 1.4 Equation of State
16
17 From the previous section the three dimensional flow Of a s'ingle phase fluid is governed
18 by the equation

a~a~kxa~ + aqn =___ ___

19 This equation has two dependent variables, pressure, p, and density, p. Independent
* 20 variables are space (x, yand z) and time (t). We must relate p and p and hence eliminate

21 one of the dependent variables. This problem is generally treated over three fluid
22 regimes:

DOE/CAO-96-2160 BRAGFLO-9 June 14, 1996
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1 * incompressible fluid (p = constant)
2 a slightly compressible fluid (water, oil)
3 0 highly compressible fluid (gas)
4

5 The incompressible fluid assumption is not valid for most applications and will not be
6 considered.
7

8 Slightly compressible fluid assumes:

dp = cp,
dp

9 where c is fluid compressibility.
10

11 For ideal fluid c = constant. Then the differential equation can be solved as

p = p0 exp(c(p - PO))

12 where p. is density at reference pressure p.. This is the equation BRAGELO uses to
13 evaluate brine density.
14

15 Recall ~

e, +x+
2! 3!

16 and if x is close to zero

17 Therefore, if c(p-p.) is relatively small, then

P 0(l + c(p - O)

18

19 This linearization is sometimes used as an approximation to the exponential density
20 function.
21

22 A highly compressible fluid such as gas requires a real gas equation 'of state

p = p(p,T)

23 which, for isothermal flow, gives density as a function of pressure. BRAGFLO uses the

24 Redlich-Kwong-Soave equation of state to relate gas density to pressure.

June 14, 1996 BRAGFLO-10 DOEICAO-96-2160
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1 The formation rock behaves as a sightly compressible material which yields an expression
2 for porosity analogous to the expression for brine density. In BRAGFLO the formation
3 porosity is evaluated as,

(ý= (% exp(c,(p - PO))

4 where 4ý. is the porosity at reference pressure p0 and c, denotes rock compressibility.
5
6 With the equation of state the material balance equation is formulated and solved in terms
7 of a single dependent variable, namely pressure. Note that i1he partial differential
8 equation (PDE) is nonlinear. Nonlinearity occurs from several sources:
9

10 * nonlinear dependence of density on pressure
11 * product of density and pressure gradient
12 * product of porosity and density in accumulation term. since porosity is pressure
13 dependent due to rock compressibility
14 0 viscosity could be pressure dependent for gases, however, BRAGELO treats
15 viscosity constant for both water and gas.
16
17 For the one-dimensional case of the equation presented al. the end of Section 4.3,

a ( apk a( a
+ -(cxp

18 the material balance equation (PDE) requires:
19
20 initial conditions:
21

p(x,O) =f(x), O•*ýx:•L

22 and
23
24 boundary conditions: D
25

PAO~t = gj 0(t p(L,t) =gL(t), t;-> 0

26 or

Sa(oAt) = g0 (t), ap~(L,t) = gL(t) t Ž0.ax ax

.27 The first type of boundary condition in which the solution is specified at the boundary is
28 called a Dirchlet boundary condition. The condition in which the pressure gradient is

DOEICAO-96-2160 BRAGFLO-1 1 June 14, 1996
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1 specified is called a Neumann boundary condition. Generally, most reservoir simulations

2 assume OP=0 on the boundary (no flow boundary condition). The boundary condition
ax

3 may be of mixed type. BRAGFLO assumes a no flow Neumann type boundary condition
4 at all exterior grid boundaries.
5

6 BRAGFLO has the capability of maintaining (Dirichiet condition) pressure and/or

7 saturation at specified grid blocks. This allows the maintenance of initial conditions at far
8 field locations in the upper formations such as the Culebra.
9

10 1.5 Finite Difference and Discretization of Material Balance Equation
11

12 Recall Taylor's formula with remainder for a function f expanded about x.

f(x) = f(x0 ) + f'/(x0 )(x - x,) + )(
2!

(x - x )n + ____ - x)~

n! (n +1)

13 where is the interval between x and xO. Thus
14

15 f(x) = p(x) + Rn(x,xo)
16
17 or
18 f(x) - p(x) + Rn(x,xo).
19

20 if f("l) is continuous on some interval [a,b] containing, x,x., then fn+l) is bounded,

If(nlkx Xl: M,

21 and

f(x) - PX15 -x0r+1.

22 Therefore, as x - x., the error goes to zero like (x-x0 )n~'. Consider the following

23 derivative approximations. First order forward difference requires the Taylor formula:
24

25 f(x) = f(x0) + f(x.)(x - x.) + R2(x,xo)
26
27 Let x =x. + h, then

f(xO + h) - f(x0 ) -f/( _ 2 (x'x0) Ch 2  Chh -f~~~x0 ) - hh =h

28

June 14, 1996 BRAGFLO-12 DOE/CAO-96-2160
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1 The difference approximation

fIx f(xO + h) - f(x,,)

2 is said to be first order in h. This type of approximation is used for the time derivative.
3 Second order central approximation:

f(xO + h1) = f(x0) + f 1(x0)h + f(X ) h 2 + R 3(XoXo + h)
2 !

f(xO - 11) = f(x0) - f'I(xO)h + f()X0) h 2 + R 3(xoXo - h)
0 2!

4 where subtraction yields
5
6 f(xO + h) - f(x0, - h) =2hf (x,,) + R 3(xo,x0 + h) - R 3(xo,x. - h).
7
8 This is rearranged to give:

f(xO + h) - f(xO - h) fIx R3 (xox 0 4- 1.) - R3 (xoxo - h)

2h f(x)=2h

9 which produces the estimate

fOO+ h) - f(xO - h) -f( 0 .~ Ch 3 
=C

2

2h f ~ -h -=C

10 Therefore, the difference approximation t~ 0 +h ~ 0 - h)is a second order
h

11I approximation to f'(x0).,
12
13 Consider discretization of the one-dimensional material balance equation:

a (akp p) + aq..j = a
ax Paxa

14 where we assume the gradient of the depth is zero.
15

*16 Space discretization requires the partition of the interval [O, L] into IM subintervals with
17 length Axi, 1=1,2,..., IM.
18

DOE/CAO-96-2160 BRAGFLO-13 June 14, 1996
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3
4

6 AX1

7

8 AXIM

9 NMVP-6342-206-0
10
11
12

13
14

15 Figure 6. Partition interval [0,L] into IM subintervals.
16
17

18 Consider an arbitrary grid block i and its neighbors i-i1, i+lI as shown in Figure 7.
19
20
21

22
23
24
25
26 x-
27 AX.
28 /XI- 1/2  AX.+

29 (iX1+112
30

31 NMVP-6342-207-0

32

33 Figure 7. Depiction of arbitrary grid block.
34
35

36 We reference the location of the grid block interfaces as
37

38 Xi1 /2  location of interface between i- 1 and i,
39
40 =i1/ location of interface between i and i+1.
41

42 For example,
43

44 Xi-1 /2 = Xi 1 + Axi-1/2 .
45

June 14, 1996 BRAGFLO-14 DOEICAO-96-2160



Final No-Migration Variance Petition

* 1 On the ih"grid block the partial derivative in the flux term is approximated by the 2 n,

2 order correct finite difference
3

aEkp ap ) i -1 k ,a ) i /

ax P ax Ax1

4 The partials are approximated at the interface by the 2 nd order correct finite difference

(akp ap) - ( akp) Pi - Pi- 1

.( p ax)- 1 /2  1 p i-1/2 Xi - xi-l

5 A similar expression exists at i + 1/. If the gridding is nonuniform then the above
6 approximations are no longer 2nd order correct.
7

8 Time discretization is as shown below.
9

* At

tn tn+1

10 Assume the solution is known at time tn, and we wish to compute a solution at time tn,,
11 with time step size At =: tn+ - tn The time discretization of the accumulation term in the
12 ith grid block uses the first order correct finite difference
13
14

a( ) -(,d~)nfl 
-+I ýP

at At

15 where the superscript references the time index. The fully discretized system of equations
16 can be written as

,(aýP)n~ - (,aýp)n 1 P ck) '+ i((dc))~~

At AXL P 1 i-i-1/2 Xi+1 Xi i A.i i- 1/2 Xi X- x 1

17
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1 In this equation, the time level is not indicated on the pressure and pressure dependent
2 variables in the flux and injection terms.
3

4 If all the pressures and pressure dependent variables in the flux and source/sink terms are

5 evaluated at the beginning of the time step, t-t., then the formulation is called explicit. If

6 these quantities are evaluated at the end of the time step, t=t,,1 the formulation is called

7 implicit.
8

9 The numerical solution of the material balance equation starts at initial time with

10 specified initial pressures. The evaluation of the pressure solution in time requires at

I I each time step the solution of a system of nonlinear equations for the grid block

12 pressures. The error introduced by the discretization of the continuum equation is called

13 truncation error. Errors will also be introduced in the nonlinear equation solver since it

14 will not solve the system exactly (see Subsection 4.6, Newton-Raphson Method).

15 Another source of error involves the choice of discretization. A numerical artifact of the

16 solution of evolution equations is that small errors introduced at early time can be either

17 damped with time (stable) or grow with ' time (unstable). The errors in an unstable

18 solution will usually grow large enough to dominate the solution with numerical noise.

19 The numerical stability of a discretization can sometimes depend on the size of the space

20 discretization (Ax) relative to the time discretization (At). In this case, the method is said

21 to be conditionally stable.
22

23 In the above formulations (explicit, implicit) we observe that
24

25 Formulation Advantages:
26
27 Explicit is simplistic computationally.
28

29 Implicit is unconditionally stable.
30
31 Formulation Disadvantages:
32 v >

33 Implicit is complex comnputationally.
34

35 Explicit is conditionally stable.
36

37 The stability question dictates that the BRAGFLO formulation be fully implicit. The

38 evaluation of the interblock flux coefficients at i± 2will be discussed in Subsection 4.8,

39 on Two Phase Flow. -

40
41
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* 1 1.6 Newton-Raphson Method for Solution of Nonlinear Algebraic Equations
2

3 Consider a real valued function of a real variable (scalar case). A root of f is a value x =a

4 such that f(a) = 0. Let x k be an approximation to the root of f (k' iterate approximation).
5 Expand f(x) in a Taylor series about xk:

f(X) = f(X k) + fI(x k)(X _ X k) + f2!( )

6 Replace the nonlinear root problem with the linear approximation:
7

8 f(xk) + fl(xk)(x _ xk) =0
9

10 with solution x =xk+l. Define
11
12 bXk x xk+l - x k

13
14 Then

6k f(x k)

f'(x k)'

15 and
16 

kI k+ 8 k17 ---- ~X 1 =xk ~
18
19 The Newton-Raphson iteration requires an initial guess to the root. In Figure 8 it appears
20 from the geometry that the iteration would proceed to the root of f. If the initial guess
21 was not close to the solution, such as to the right of the maximum in Figure 8, then the
22 iteration may not converge or it could converge to another solution. When solving the
23 system of nonlinear material balance equations over a time step, the solution at the
24 beginning of the time step is used as an initial guess for the Newton-Raphson iteration.
25
26 In general consider a system of n nonlinear equations (NL.S') in n unknowns:
27
28
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1 f(x)
2
3
4
5
6 (k (k

7
8
9

10
11

12 X

13 "

14 NMVP-6342-208-0

15

16 Figure 8. Newton-Raphson method.
17

fixiI .. IXn)= 0

f2(il.. In)= 0

(NLS)

fnX 1 .. I~)= 0

18 In vector notation, the system is written

=(I .. =n 0,

19 and further, if i=(x ,.), then, F(i) =0 is equivalent to (NLS).

20

21 Consider Newton-Raphson for n = 2. Let (Xi k, 42) be an approximation to the root of

f1(X1,X2) =0

f2(XI, X2) ' 0.

22
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The Taylor series through linear terms expanded about xi, = kare

kk kk k at, k k k
fI(x 1,X2) = 1(xl ,x2 ) + -(XI ,x2 (Xi - XIk + -- (XI ,x2 )(X2 -X 2 )

f2(x1,x2) = x2  -(x 1 Ix 2 (xi - xIk + --- ,x2 I k2)(X 2 -X 2k)

2 Replace the system of nonlinear equations

f 1(XIX 2) = 0

f2(XI1,X2) = 0

3 by the linear system

af ~I k)(X k+I _ xk\ af, k)(k+ I Xk)= fj( k)

ax., I ax2  2;2

ai _jx )(x ik + 1 _ x i k ) + a f 2  ( X k +I 2 = f (j k )

4 Define the change in iterate values

k-sI k
8 = xi - xi

2 x2  x2

5 Then the above linear system is written

af I j)X af (kb
Ix ax 2 1 k

1x 2af2 (jk)8I + af2jk62 f2R)

ax1  a2(kx

6 The coefficient matrix
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a(i I 1(j)

1 is called the Jacobian matrix for the nonlinear system.
2

3 Then the (k+1)h iterative step of the Newton-Raphson method is

j(Rk)8R = F(jk)

4 or

8R = J-1(Rk)F(Rk)

5 and

Rk±1 = k +8R

6 For a system of n equations in n unknowns the Jacobian matrix generalizes to

af I af ()
-(i). 1()

7 or

axi

8
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1 The computation procedure in Newton-Raphson method computes the Jacobian matrix,
2 (kand the function vector, F1k). The matrix inversion is equivalent to the solution of

3 a system of linear equations which returns the change in iterate values. The iterates are
4 then updated.
5

6 When analytical derivatives are not tractable, Newton-Raphson uses difference
7 approximation for partials

=fi f1(x1,...,xj + Ax1, ... ,xn) - f1(x1, ... ,xn)

ax. Ax.

8 The major computational effort involves the function evaluations. The above numerical
9 approach to the Jacobian requires the evaluation of the function f n 2 +n times.

10
I1I If the Jacobian is evaluated by an analytic derivative then any change in the formulation
12 of properties would require significant code changes. Also, some properties, see
13 Characteristic Curves (,Subsection 4. 10), use different mode.L descriptions with user input
14 control. In this case it would be difficult to implement the analytic derivative treatment.
15 For these reasons BRAGELO uses the difference approximation for the Jacobian
16 evaluation.. 17
18 The modified Newton-Raphson algorithm is

J(V)i = I'-kk),k = 1,2,...,

19 that is, the Jacobian is not updated each iteration. In BRAG FLO the user can specify
20 from input directives the iteration frequency for the Jacobian evaluation.
21
22 Consider now the solution of the nonlinear flow equation. The i' equation represents
23 material balance in ih grid block. Newton-Raphson iteration requires solution of the
24 linear system

111 12- lIM 8p, F1

21 1 22 - ~ 2 M 6P2  F F2

4mi1 42-* i M4 PIM F]M -

25 and p, (k~l) = i k + bpi, where Jacobian and right hand side are evaluated at k' iteration.26 pressures. If the Newton-Raphson iteration converges then
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urn p (k) in-Ii

k- oo

1From the flow equations we note the Jacobian matrix has a tridiagonal structure

Jill'120 ........................ 0 8p, F1

j21J2 J2 8P2 F2

o.... J 1i-JdJ+...***....*o 8p1  F1

0... MIRAlIMM bpmj [Fl

2 For both storage and computational considerations the linear equation solver should take

3 advantage of the banded structure. This is true for all the BRAGFLO solvers.
4

5 1.7 Discretization in Two-Dimensions
6
7 Consider the two dimensional flow equation

a _ a-k rp + kPa aq..j = a(,P

8 Discretized equation in 2-dimensions with implicit treatment of the well and flux terms is

n-i-i -~ (aXp). i k" n-iI n--I n+I

____________ + _____ I pi+ij - j

At X ) i+if2j Xi- Xi

/n-Ii n-Ii n-Ii 1 -- n+I n-Ii
/ f kp P - T-ij + I akp -~ ij+

i t i- 1/2j Xi - i Ay. P 1 --I Y.

(n-Ii n-Ii n+i

Skp Pij Pj- I + ajqinj)j 0.
Ay 1 \ Pi ij-i1/2 Y -Yj- 1 2

i

9 A typical two dimensional grid is shown in Figure 9.
10
11
12
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3
4

5
6
7 J M

9
10

121
13

14 _ _ - _ _ _ _ _ x

15 12 IM
16
17 NNMVF-6342-209-O

18

19 Figure 9. 2-dimensional grid.
20

21 A computational molecule or stencil is shown in Figure 10 and the stencil shows the.22 indices of the pressures which appear in the material balance equation for the (ij) grid
23 block.
24

25
26
27 i, j+1
28

29 i-1, j . i+1,j

31
32
33 i,jH

34

35 NMVP-6342-21 0-0
36

37 Figure 10. Computational molecule (or stencil).
38
39

40 With IM=5 and JM=3 in Figure 9, the number of equations i's NEQ = IM *JM =5 x 3
41 15. Suppose the equations or grid blocks are sequentially indexed as in Figure 11.
42
43 Then the Jacobian matrix has the structure shown in Figure 12 where * entries are the.44 only nonzero values.
45
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3
4
5
6
7 11 12 13 14 15
8 ____ ____

9
10 6 7 8 9 10
11 1_____ ____________ ____

12
13 1 2 3 4 5
14 -*x

15
16 NMVP-6342-21 1-0

17
18
19 Figure 11. Sequential indexing of equations.
20
21 1 23 45 6789109101112 1314 15
22 1 ***

23 2 ** **

24
25 3 * * **

26 4* * **

27 5* **

28 1 -2

29 x.7 ** * *

30 8** * **

31 9 * * **

32 10 **

33 11** *

34 12*

13 13
36 14** *

3715***

38

39 NMVP-6342-21 2-0-
40
41 Figure 12. Jacobian matrix.
42
43
44
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2 the example, IBW=1 1).
3

4 Suppose the grid is indexed as in Figure 13.
5
6
7
8

9
10

12 3 6 9 12 15
13

14 2 5 8 11 14
15

16

17 1 4 7 10 13
18

19 ----- * X
20

21 NMVID-6342-21 3-0

*222

24 Figure 13. A different sequential indexing.
25
26 Then TBW = 2 * JM + 1. (for the example, IBW=7).
27

28 Therefore, to minimize the bandwidth, BRAGFLO orders the grid blocks so that
29 sequential indexing proceeds first in the shortest grid direction, then in the longest grid
30 direction. In this case
31
32 IBW= 2 *min(IM, JM) +1.
33
34 Storage requirements are as follows:
35
36 Full matrix storage = (INM *jM) 2 words of memory
37 Band matrix storage = IMI JM * IBW words of memory
38
39 If IM JM then-

Band storage -(21M + 1) *IM *JM1 2LM4 + 1 2
Full matrix storage (IM4 * jM)2  IM * IM JM

.40 For various values of JM storage ratios are given by:
41
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I JM Storage ratio

2 5 0.4 (40%)

3 10 0.2 (20%)

4 50 0.04 (4%)

5 100 0.02 (2%)

6

7 To determine the required computational effort assume the major effort is the
8 multiplications/divisions.
9

10 Banded structure:
11

12 multiplication/division NEQ * LB * B where IB is the half bandwidth,
13
14 IB =min (I,M).
15

16 Full matrix:
17

18 multiplication/division 1/3 NEQ3

19
20 A typical performance assessment grid is
21

22 IM = 70
23 JM = 15
24 NEQ = 15(70) = 1050
25 IBW = 2(15) +1=31
26 1B = 15
27
28 Computational effort
29

30 banded matrix structure = 1050 (15 *15) =236,250

31 full matrix structure = 1/3 (1050)3 _ 3.86 E8.
32

33 The disparity in storage and computation between a band matrix solver and a full matrix

34 solver is greater in two-dimensions than in one dimension. Of course, when solving 3-

35 dimensional problems this disparity becomes even greater.
36
37 Although the equation solver is a major part of the time step calculation, other

38 calculations involve evaluation of pressure dependent functions, coefficient generation,
39 reporting and other overhead. However, the equation solver is a good indication of the

40 computational effort for the time step solution. If the multiplication/division count of

41 NEQ*IB*IB is used as a measure of equation solver speed, then a grid refinement for

42 which the number of grid blocks is doubled in both the x and y direction (2-dimensional)

43 would result in an increase in the number of equations by a factor of 4 and an increase in
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I the half bandwidth by a factor of 2. Therefore, the computational effort would increase
2 by a factor of 16. This estimate should warn the user that when attempting a grid

3 refinement the computation (and also storage) does not depend linearly on the grid size.
4

5 1.8 Two Phase Flow
6
7 BRAGFLO assumes a water/gas system.
8
9 For miscible flow, the fluids will diffuse within each other and there is not a defined

10 interface between the fluids. Specifically, there is no capillary pressure effect.
11

12 Immiscible fluids are not capable of mixing and have interfaces across which pressure

13 discontinuities exist. This interfacial tension effect produces a capillary pressure between

14 phase. In BRAGELO fluids are assumed to be immiscible.
15

16 Phase saturation is the fraction of the pore space occupied by the fluids in a given phase.
17 The notation is
18
19 S,, = water saturation
20 Sg = gas saturation
21

* 22 For example, the volumne occupied by water within a bulk volume V with porosity 4) is
23 VI)S'V.
24

25 The saturation constraint for fully saturated media is
26

S" + Sg 1.

27 Capillary pressure is defined by
28

NPc Pg - A = p'(S")

29 For a water wetting phase, p. t 0.
30

31 The ability of a fluid to flow is affected by the presence of another fluid. The relative

32 permeability is the ratio of the effective permeability of a givenl fluid phase to the

33 permeability at 100% saturation. This is written as

ki
kri k

@34
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I where k is the formation or absolute permeability, k, is the effective permeability of phase
2 1, and k,, is the relative permeability of phase 1. We observe that 0 •! kj 1: and kd will be
3 dependent on the phase saturation.
4

5 Typical relative permeability curves are shown in Figure 14, where Swr is the residual
6 water saturation. For water saturation at or below S wr water will not flow.
7
81

10

12r

13
14

15
16 SWr 1 Sw
17 NMVP-6342-21 4-0

18

19 Figure 14. Typical relative permeability curve.
20

21 Darcy's Law extended to multiphase flow replaces absolute permeability with an
22 effective permeabilityA 

kI

23 The following system of two mass balance equations and two constraint equations is the
24 BRAGFLO description of the two phase flow within a repository site:
25
26 Gas Mass Balance:
27

aPjk V(p + pgh)]+oq cr a a(ýp~gsg)

28 Brine Mass Balance:

29

apk ,V\pW + paI)J + ixw+ aq, a a0(P.S.)

30
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2

Sg w+ S = 1

3 Capillary Pressure Constraint:
4

Pc = P9 - Pw.

5 Additional terms include
6
7 qg= rate of gas pr~oduction (or consumption, if negative) due to chemical reaction.
8 q,= rate of water production (or consumption, if negative) due to chemical reaction.
9

10 The above system of four equations describes the time and space behavior of the four
11 variables Sg, Sw, pg, pw. The finite difference method requires the introduction of a grid in
12 either one, two or three dimensions and then a discretization. of the gas and brine mass
13 ba lance equation with respect to this grid and with respect to time. The resulting system
14 of nonlinear algebraic equations is solved over a time step by the Newton-Raphson.15 method.
16
17 The discretization of the gas mass balance equation in two) dimensions (x,y) is given by
18

L 1I[cL-kk(onf ,( 1  jn _ - .n1) 1 [apgkxkrgn+1 (n+1 4DI
[Pg X+ X 1 Ji+ 1/2j 9ig gJ. X i- ,V 12j (9j g+

( \ k l n+1 n1 [C~yr n+1- nn+1 [agn.t

Ayj j+I j V I ij +1/2 ? +Y -'kL -I 1ij -1/2

nc+q~1  naq +1 (a"~gSgrij+' - (a4Pgsgri =-0+ a qg + aj qg~jAt

19 A similar equation for the brine mass balance is obtained by replacing the gas subscript
20 with the brine subscript. The superscript n refers to the timne'level tn at which the solution
21 is known and the superscript n+ 1 refers to the time level t,,+ at which the solution is to be
22 computed. Note that the flux and rate terms are evaluated al. time level n+1. Therefore,
23 the formulation is fully implicit.. 24
25 For each grid block there are two material balance equations. The saturation constraint is
26 used to eliminate brine saturation and the capillary pressure equation is used to eliminate
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I the gas pressure. The remaining unknowns for each grid block are gas saturation, Sg and
2 brine pressure, Pb* Consequently, at each time step it is necessary to solve 2(NX)(NY)
3 equations, where NX, NY are the number of grid blocks in the x,y direction, respectively,
4 for 2(NX)(NY) unknowns.
5

6 In order to investigate the Jacobian matrix structure, assume for sake of argument that
7 NY<NX. In this case the grid indexing moves most rapid in the y-direction and then in

8 the x-direction. If the number of grid blocks is denoted NGB, then NGB = NX(NY). In
9 BRAGELO the equation indexing is first with respect to the gas equation, then the brine

10 equation and outer most indexing with respect to the gird block. For example, the
I1I equation ordering is as follows:
12

13 equation equation
14 index
15 1 gas equation in grid block 1
16 2 brine equation in gride block 1
17 3 gas equat ion in grid block 2
18 4 brine equation in grid block 2
19
20

21

22 2NGB-1 gas equation in grid block NGB
23 2NGB brine equation in grid block NGB
24

25 The unknowns are gas saturation and brine pressure. The unknowns are ordered by gas

26 saturation, then brine pressure and then with respect to grid block. The unknown
27 indexing
28 is:
29

30 unknown equation
31 index
32 1 gas saturation in grid block 1
33 2 brine pressure in grid blockl1
34 3 gas saturation in grid block 2
35 4 brine pressure in grid block 2
36

370

38

39 2NGB-1 gas saturation in grid block NGB
40 2NGB brine pressure in grid block NGB
41

42 Information at the i~j grid block and its neighboring grid blocks will use the compass
43 notation

45 P corresponds to information with respect to grid block i~j

June 14, 1996 BRAGFLO-30 DOE/CAO-96-2160



Final No-Migration Variance Petition

* 1 E corresponds to information with respect to grid block i+ 1,j
2 W corresponds to information with respect to grid block i-lIj
3 N corresponds to information with respect to grid block ij+ 1
4 S corresponds to information with respect to grid block i~j- 1.
5

6 Assume that the i~j grid block has sequential index 1t Then the Jacobian matrix has a 2x
7 block penta diagonal structure and the resulting linear system in the Newton-Raphson.
8 iteration step can be represented as follows
9

PI NI l81G

S2  P2 N2  E28 2G2

NGB S Pe N, Ge

wG SNGB VAGB 8NGB NB

10 The 2x block matrices in the Jacobian are defined by
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aF1 (01j) 8F1 (i~j),

PC aS9(U~) aPb (ij)

aF2 ("j) eF2 i"j)

asg9(i"j) ePb (1j)

aF1 (01j) aF1 (01j) aF1 (i~j) aF1 (01j)

EC ag (i +lij) aPb(i+l"j) W asgi -j1,j) aPb(1-lj)

aF2 (ij) aF 2(i"j) aF 2(i"j) aF2(i"j)

N a= Sg(i~j + 1) aPb (1, + 1) 6 Sg(ij~ - 1) aPb("i - 1)

NC aF2(i1j) 6F2 (ij) =e aF2 (i~j) aF2 (ij)

aSg(iji + 1) aPb(i"i + 1), s(I - 1) aPb(,j -1

2 The block veciv-rs in the unknown solution vector are

3

4 The block vectors in the equation vector are
5

G (F,(i~j))
F F2 (ij))

6 In the above, F, denotes the left hand side of the gas mass balance equation, and F2

7 denotes the left hand side of the brine mass balance equation.
8
9 An inspection of the above discretized gas mass balance equation shows that the flux

10 between neighboring grid blocks involves interbiock flow terms evaluated at grid block
11 interfaces, such as i+112, i-1/2, j+1/2 and j-1/2. It is necessary to discuss how BRAGFLO
12 evaluates these interbiock flow terms.
13
14 Consider the following term in the brine equation for flow in the x-direction between grid
15 blocks iand i+1:
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-li+ X ) ( 1',,~ 1+1/2 ~V,+

1 Since pressure and saturation are determined at grid block centers xi and xi+,, the question
2 remains as to how to evaluate the interface term at xj+12.
3
4 First, we define the harmonic average, H, of a,, a2, as
5

6 or

H 2aja2
al + a2

.7 Further, the weighted harmonic average of aj,a2 is
8

1 Wi W2

H al a2

9 or
10

H- aja2

~V N)w 2a1 + wa2

11 where the weights satisfy w, + W2 = 1. Now introduce the shorthand notation
12

13 At the i+1/2 interface, assume the mass flux is continuous. 14
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qi,12 f d 1 /2 = qj +1/2

1 where
2

3 4i + 1/2 is average flow between xi and xi,

4 qI 1/2is flow to the left of interface,

5 qj +1/2 is flow to the right of interface.

6
7 From Darcy's Law, neglecting gravity potential
8

q + 1/2  T+ Pii2
P

xi+1

9 or
10

~i~l2  ~ilf2 /2(Axi + Ax1+1)

n1 This yields 2
12

qj+1/ (Ax. + Ai+1

p i i P i T i + 2 1 / 2+

13 Similarly, +1/

14

%+12+ -C (Pi+ 1/2 - P)
1!Axi
21

15
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+ + p+ - pi+ 1/2)

I Ai+1

1 Pressure drop is then witten as
2

pi1- Pi = Pi+1 - Pi1 /2 + (pj+ 112  i- 

3 Then

-(Axi + Ax.±+1) -Axi -IAx.
2 _______ + 2 q' 2

4 Solving for ti+ 112 yields

Ax x1  x+ Axi

7 interface.
8

9 One further modification is made in the interbiock term
10

( ' ~ i+1/2 = 1W~k li+112 =iV (w~ +p1/j

11 The harmonic averaging is used to evaluate
12

13 However, the interbiock relative permeability is evaluated by upstream weighting:
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(krw4+/ ýrw 1,,'pwi P pi+,
= krw ,otherwise.

I This treatment of the interbiock flow termn is justified by the following process typical in
2 performnance assessment analysis. Assume gas is generated and is displacing water from
3 the left to the right as in Figure 15. At the gas front, the gas potential is highest in the i'
4 grid block. Therefore, gas wants to flow from i to i+1 grid block. Although the gas is
5 mobile (krg > 0) in the i' block, it is immobile (krg = 0) in the i+ 1 ' block. If the relative
6 permeability is included in the interblock harmonic averaging, then tUi+ 11 2 is zero and no
7 gas is transported. By upstream weighting the gas relative permeability we allow the
8 mobile gas to flow from i to i+1 block.

S9> S 91 S< 5S9

10

i Xi+1

11 i+ 1/2
12

13 Figure 15. Gas Displacement Front
14

15 Another treatment of relative permeability is to split it out of the harmonic average and
16 evaluate it as an arithmetic average of the two adjacent relative permeabilities.
17

(k, ,1+12 = 1iw IW i~kw+

18 where the weights sum to 1. The arithmetic average of interblock relative permeability
19 does not correctly treat the following case. Suppose water is displaced from left to right
20 in Figure 16
21

22 _______ ______

SW< S W SW > S
23

24

25 Figure 16. Displacement of Immobile Water
26
27
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ID I with potential satisfying Ctwi > 0 .i- The potential tries to move water from i to i+1

2 block. Since kr~ = 0 and krw~ > 0 ,the interbiock relative permeability by

3 arithmetic averaging is greater than zero and the immobile wvater would be transported
4 from the ithblock. Upstream weighting would yield interbicick relative permeability of
5 zero with no water transported. Thus the upstream weighting prevents immobile fluid
6 from being transported. The upstream weighting of relative permeability is controlled by
7 input parameters.
8

9 1.9 Characteristic Curves
10
I I Relative permeability and capillary pressure are computed from several different
12 empirical relations (Brooks 1964; van Genuchten 1978; W1PP PA 1992). Choice of the
13 characteristic curves is controlled by input directives.
14

15 The van Genuchten-Parker model determines
16
17 Capillary Pressure
18

PC= P(-Im - 1)1rn

19 where P0 is a constant determined by equating the van Genuchten-Parker capillary
20 pressure with the Brooks-Corey capillary pressure (discussed below) at S, 0.5.
21
22 Relative Permeabilities
23

krW= S1/21 - (i Sel/m)rnr

krg= 1 S)1/2 ( e

24 where the effective saturation is
25

S S W ~ wr

gr Wr

26
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I In the original van Genuchten-Parker model the residual gas saturation S. was zero.
2 BRAGELO has the capability of using a nonzero residual gas saturation in the S,
3 calculation.
4

5 The parameter m is related to the input parameter by
6

M

7 Typical characteristic curves using the van Genuchten-Parker model are shown in Figure
8 17 with parameters
9

X 0.7 (m = 0.41)
SW= 0.2.

10 The original Brooks-Corey model determines

12 Capillary Pressure
13

PC P/S 1~

1.0 109 1 I

0.9

0.8 108

-. 0. r

U0.6 - 107

E 0.5 0 rWU
oL IL 10

*0.4

U 0.3 -

0.2 0 0

0.1

0.0 104I

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

SW -SW

NMVP-6342-217-O(A) NMVP-6342-217-O(B)

14

15 Figure 17. Relative Permeabilities for van Genuchten-Parker Model (left plot) and
16 Capillary Pressure for van Genuchten-Parker Model (right plot)
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2

(2 + 31)/IX

= (1 _ Se) i

3 where Se = (Sw - Swr)I(l - Swr), P, is threshold pressure and A is pore size distribution
4 parameter. Note that if this option is used with P, = 0, then P, is identically zero.
5
6 Typical characteristic curves using the original Brooks-Corey model are shown in Figure
7 18 with parameters
8

X. = 0.7
S;V = 0.2

Pt= 1.E6.

1.0 109 -

0.9

0.8 108r

~0.7
I~(U

70.6 167j

> 0

0 7

S0.5
0.0 04

00 02 04 06 08 10000.2 0. 0. 08 .

SwV SW

NMVP-6342-21 8-0(A) NMVP-6342-218-0(B)

9 Figure 18. Relative Permeabilities for Original Brooks.-Corey Model (left plot) and
10 Capillary Pressure for Original Brooks-Corey Model (right plot)
11
12 Two modifications of the Brooks-Corey model are available which differ in the treatment
13 of the effective saturation, Se.

14.15 The first modified Brooks-Corey model computes both phase relative permeabilities
16 using an effective saturation
17
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Se SW- wr

1 -Sgr - wr

I where Sg is residual gas saturation.
2

3 Characteristic curves for this option are shown in Figure 19 with input parameters
4

X = 0.7
W .S = 0.2

Pt = 1.E6.

5 Note that for S,;- Ž1 -Sg, gas is immobile and water has 100% mobility. Also, note that
6 the capillary pressure curve assumes the threshold capillary pressure at Sw = 1 - Sgr
7

8 The second modified Brooks-Corey model uses residual gas saturation to calculate
9 effective saturation only for the gas phase. This treatment results in the characteristic

10 curves shown in Figure 20.

1.0 10 1

0.9

0.8 108 r.

~0.7

E 0.5.

a) 0.6 - >' 10

0.20

~0.1 , U

0.41 1 1 1104

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

SW SW

NMVP-6342-21 9-0(A) NMVP-6342-21 9-0(B)

12 Figure 19. Relative Permeabilities for Modified Brooks-Corey Model (left plot)
13 and Capillary Pressure for Modified Brooks-Corey Model (right plot)
14
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1 Figure 20. Relative ]Permeabilities for Second Modified Brooks-Corey Model (left
2 plot) and Capillary Pressure for Second Modified Brooks-Corey Model
3 (right plot). 4
5 Finally, a linear model is available with relative permeability and capillary pressure
6 shown in Figure 21. The only input parameters honored are S~r = 0.2 and Pc = P,.
7

8 For both the van Genuchten-Parker and the Brooks-Corey model, the capillary pressure
9 function is unbounded from the right (S, = Swr'). An option is available which truncates

10 the capillary pressure function at the PCMAX value. The capillary pressure curve with
I I this option and PCMAX = 1 E8 is shown in Figure 22 (left plot) for the van
12 Genuchten-Parker model and in Figure 22 (right plot) for thie original Brooks-Corey

S13 model.
14

15 The dependence of the characteristic curves for both van G-enuchten-Parker and
16 Brooks-Corey on the pore size distribution parameter Xis shown in Figure 23 and Figure
17 24.
18
19
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1 Figure 21. Relative Permeabilities for Linear Model (left plot) and Capillary
2 Pressure for Linear Model (right plot)

109  I I I 109

10 - 108

10i7  10i7

S104 104

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Sw Sw
NMVP-6342-222-0(A) NMVP-6342-=2-0(B)

3
4 Figure 22. Capillary Pressure for van Genuchten-Parker Model PCmax=1.OE+08
5 (left plot) and Capillary Pressure for Original Brooks-Corey Model
6 PCmax=1.OE+08(right plot)
7
8
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2 Figure 23. Relative Permeabilities for van Genuchten-Parker Model, effect of
3 parameter m (left plot) and Capillary Pressure for van.4 Genuchten-Parker Model, effect of parameter m (right plot)
5
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7 Figure 24. Relative Permeabilities for Brooks-Corey Model effect of pore size.8 distribution parameter (left plot) and Capillary Pressure for
9 Brooks-Corey Model effect of pore size distribution parameter (right

10 plot)
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2 1.10 Pressure-Induced Fracture Treatment
3

4 Most fluid flow models for porous media, such as BRAGELO, allow for coupling to the

5 mechanical system (rock matrix) through the introduction of rock compressibility, which

6 is defined as the relative rate of change of porosity with respect to pressure
7

4dp

8 where
9

10 C = rock compressibility,
11 4) = porosity,
12 p = pore pressure.
13

14 For constant compressibility, porosity can be expressed as a function of pressure
15

16 whre=4)o exp(CMp - P-))

17
18 4),, porosity at reference pressure p0.
19

20 The fracture treatment in BRAGFLO (Key 1994) allows for pressure induced alterations
21 to the porosity by introducing a pressure-dependent porosity. Figure 25 shows the

22 piecewise linear rock compressibility function. Below an initiating pressure, pi,
23 compressibility is a constant intact value, C1. For pressures above p, the compressibility
24 increases linearly to a fully altered compressibility, ýCa, at the fully altered pressure, Pa-

25 For pressures above Pa no further alteration occurs, which implies that C =0.
26

27 The porosity can now be computed from the compressibility definition giving for p •pi
28

4)=4). exp(C1 (p - PO)) (A)

29 for pi <p :ýp.
30

4) ex p . (Ca - C 1) (p-- p1)2 (B)
C) Aj~k o (Pa - P~) 2 J

31 forp '!Pa
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2 Zone zone Zone
3

4 C a a
5a

6I
7

8II
9

10 E I

11 0 I

12
13
14
15 -C

16
17 Pi Pa

18
19 Pore Pressure

20 NMVP-6342-225-0

21.22 Figure 25. Pressure dependent compressibility.
23

4) 4a (C)

24 BRAGFLO input requires the pressures pi and pa, and the porosity at the fully altered
25 conditions, k'. From this information, the fully altered compressibility, Ca, is determined
26 from equation (B) as
27

c a = C. 1I- 2(P 0  + -- In a

28 The BRAGFLO fracture treatment further allows for change in the fracture material
29 permeability. The often used parallel plate analogy for flow in fractured rock suggests the
30 form
31
32
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1 where
2

3 k = permeability of altered material,
4 =i permeability of intact material,
5 4) = porosity of altered material,
6 4), porosity of intact material,
7 n = an empirical parameter.
8
9 The altered permeability model requires as input n. Also, the anisotropic nature of

10 permeability is specified for the fracture materials.
11
12 A geometric realization of the pressure-dependent porosity and permeability within a
13 fracture material is shown in Figure 26.
14
15 Intact Alteration Fully Altered

16 Zone I Zone I Zone

17 k,
18 k

19
20
21

22 '

23 k 4
24 4)1
25
26
27 O

28 O

29
30
31 1

32I

33 P. Pa
34a

35 Pore Pressure
36

37 NMVP-6342-226-0

38
39 Figure 26. Pressure dependent porosity and permeability.
40
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1 In a system where gas is displacing water, the fracture treatment can influence the gas
2 migration distance. At elevated pressure, the increased porosity will produce more
3 storage with corresponding shorter gas migration distance, while the increase in
4 permeability will enhance the fluid mobility with resulting longer gas migration. The net
5 effect will depend on the relative magnitudes of the storage and permeability effects.
6

7 1.11 Creep Closure
8
9 The excavation of the WVIPP will result in the plastic deformation of the salt material

10 (creep) and resultant closure (creep closure) of excavated armas. The principal effect of
I1I this closure for performance assessment is its effect on repository pressure due to the
12 reduction in void volume accompanying creep closure. Accordingly, creep closure is
13 represented in BRAGFLO by changing the porosity of the waste disposal area in a
14 manner consistent with expectations developed from detailed modeling studies. Detailed
15 modeling studies used the code SANCHO (Butcher et al. 1995), and more recently,
16 SANTOS (Butcher et al. 1995), to develop time- and pressure-dependent predictions of
17 waste disposal area void volume. Pressure variation was consistent with variation in the
18 gas generation rates possible in the waste disposal areas. The results were used to
19 develop a look-up table of porosity as a function of time and waste disposal area pressure
20 that is used in BRAGFLO0 to vary waste disposal area porosity. Essential features of the
21 look-up table (porosity surface) are shown in Figure 27.

0.7

5 0.6
2
0
CL f =1.0
E 0.5
0
0

Ft 0.4

000

Time Yeas -NMVP6342-227-0

22 Figure 27. Pressure driven porosity function generated. from SANCHO structural
23 mechanics code.
24
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I The surface is generated by a family of five f factors which is representative of the level
2 of gas generation. The value of f = 1.0 corresponds to 2 moles of gas per drum per year
3 for 550 years, 1 mole per drum per year from 550 to 1050 years, and zero gas generation
4 after 1050 years. For each f-factor the above rates are scaled by f. BRAGFLO uses a
5 volumetric average pressure over the waste and time to interpolate the surface in Figure
6 11 -1 for the average waste porosity.
7

8 1.12 Kllnkenberg Effect
9

10 For gases in a tight porous material at low pressures the boundary condition of zero gas
11 velocity at the solid surface is not satisfied (Klinkenberg 1941; Corey 1990; WJPP PA

12 1992). This phenomenon has been called gas slippage and results in a larger gas velocity.
13 This slipping of the gas flow contributes to an apparent pressure-dependent increase in
14 permeability, which was originally observed by Klinkenberg. A correction to the
15 formation permeability to the gas phase is related to pressure by
16

kg = k,,(1 + bk;'/p)

17 where
18
19 kg formation permeability to gas [M2],

20 kw formation permeability to water [in2 ],

21 a,b = formation dependent constants,
22 p = pressure [Pa].
23

24 The constants a,b are input. The recommended values found in the BRAGFLO user's
25 manual are from a tight gas/sand correlation. Figure 28 shows the gas phase permeability
26 as a function of pressure for a family of kw~ with a = 0.33 and b = 0.98.
27
28 1.13 Gas Generation Model
29

30 Within BRAGFLO there are chemical reactions with the effect of consuming brine and
31 generating gas. One reaction represents the corrosion of the waste containers. A second
32 reaction models the microbial consumption of cellulose material.
33

34 Two possible anoxic reactions are used to describe the corrosion when waste drums are
35 exposed to brine:-
36
37 Fe + 2H 20 - H2 + Fe(OH) 2  (1)

38

39 3Fe +4H 20 -4H 2 +Fe 3O04  (2)
40

41 If the equations are normalized to unit mole of iron, then equation (2) is written
42
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1 10 DO I I 1 1777 --- II

2

3
4

5 0

6 0 0
7 A\

8 0 \\

10 K 0

12
13
14
15
16
17
18

19 1 -li

21 0.1 1 10 30.22 Pressure (MPa)
23 NNIPV-6342-228-0

24

25

26 Figure 28. Increase in gas phase permeability due to Klinkenberg effect.
27
28

y~ ) 29 Fe +4/3 H 20 -4/3 H 2 +1/3 Fe3 0 4. (3)
30
31 In the performance assessment of the WIEPP site, a weighted average of the above two
32 reactions is assumed
33

34 xFe + 2x H 20 + (I -x) Fe + (I1-x) 4/3 H120 -~ xH2 + (Il-x) 4/3 H2 + Inerts
35
36 where weighting factor x satisfies 0 x ! 1. This is written for a unit mole of iron as
37
38

39 Fe + (2x-+i 4)/3 H20 - (4-x)/3 H2 + Inerts.
40

41 From input (line 9.8), the corrosion stoichiometry is described by
42

43 S (1,2) H20 +S (1,3) Fe - S (1, 1) H2 + Inerts.. 44
45
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1 The PA calculations sample x from a uniform distribution on the interval [0, 1] and
2 compute stoichiometric coefficients
3

4 S(1,1) =(4-x)/3 [moleH21
5 S(1,2) = (2x+4)/3 [mole H2 0]

6 S(1,3)= 1.0 [mole Fe]
7

8 In order to account for the material balance of brine and gas, the rate of reaction must be
9 specified. BRAGFLO assumes all reaction rates are zero order (constant). However,

10 BRAGFLO recognizes a different reaction rate if the steel is in contact with liquid brine
I1I (inundated condition) or if the steel reacts with brine in the gas phase (humid condition).
12 The input directives describing the two reaction rates are
13
14 RK( 1) = brine inundated corrosion reaction rate [mol Fe/rn3Is],
15 HF( 1) = factor multiplying RK( 1) to get humid corrosion reaction rate.
16
17 We introduce the notation
18

19 K = RK(l), inundated reaction rate,
20 KH = HF(1) * RK(l), humid reaction rate.
21

22 The portion of steel in contact with brine is assumed to react at the inundated rate, while
23 the portion of steel in contact with gas reacts at the humid rate as long as some liquid
24 phase brine is present to be in equilibrium with the brine in the gas phase. The fraction of

25 steel in contact with brine in a grid block is assumed equal to the volume fraction of brine
26 in the pore space, Sw. Similarly, the fraction of steel in contact with gas is equal to the
27 volume fraction of gas, S9 Thus the effective corrosion reaction rate becomes
28
29 c= Kc, SW + Kc 5 g*

30

31 The rate of H2 production by corrosion per unit volume of panel is
32

q CH2 = KCXcH 2MH2

33 where
34

35 X H = corrosion stoichiometry factor, S( 1,1),

36 M H2= molecular weight of H2 [kg/mol].

37
38 The rate of brine consumption by corrosion per unit volume of panel is
39
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q C H 2 = C X H 2 0 M H 2 0

1 where
2

3 XC2 = corrosion stoichiometry factor, S( 1,2),

4 MHO = molecular weight of H20 [kg/mol].

5

6 In BRAGFLO the biodegradation reaction assumes microbial consumption of cellulose
7 (CH2O) with hydrogen gas as a product
8

9 C1120 + microbes -~ X H2 + unknowns,
10
I I where
12

13 X = stoichiometry coefficient, [mol H2 /mol CH2 O]
14

15 BRAGFLO PA samples on X as uniform distribution on the interval [0, 5/3]. The.16 stoichiometry coefficients for the biodegradation reaction are read on input as
17
18 S(2,1) = moles H 2,
19 S(2,2) = moles H2 0 = 0.0
20 S(2,3) = moles CH2 O = 1.0.
21

22 Reaction rates for biodegradation are analogous to the corrosion reaction rates; that is,
23 rates are specified for both inundated and humid conditions. The input directives
24 describing the two reaction rates are
25

26 RK(2) = brine inundated biodegradation rate [mol CH2 O/m3/s]

27 HF(2) = factor multiplying RK(2) to get humid biodegradation rate.
28
29 and are used to determine the overall biodegradation rate in the same way RK(1) and
30 HF( 1) are used to determnine the overall corrosion rate.
31

32 1.14 Linear Equation Solver
33

34 Each iteration step in the Newton-Raphson method requires the solution of a system of
35 linear equations. Linear equation solvers fall into two general categories: direct or
36 elimination type solvers and iterative solvers. Algorithms for direct solvers involve a
37 finite number of arithmetic steps to produce the solution. Solution error in a direct solver.38 occurs from roundoff error in the arithmetic operations which is a result of the finite word
39 length representation of any number on a computer. BRAGFLO is written with double
40 precision word length which produces floating point number representation of 64 bit or

DOE/CAO-96-2160 BRAGFLO-51 June 14, 1996



Final No-Migration Variance Petition

I approximately 15 significant digits on a single word length machine such as the DEC
2 ALPHA. BRAGFLO has available two direct solvers, LU-decomposition and the
3 LINPACK solver which also uses an LU-decomposition.
4
5 For large scale problems accumulation of roundoff error in a direct solver can swamp the
6 true solution. Also storage and computation time may become prohibitive for direct
7 solvers. Iterative solvers are generally advantageous over direct solvers when the
8 problem size becomes large. There are many iterative solvers found in the numerical
9 literature. BRAGFLO includes a successive over relaxation (SOR) solver. Iterative
10 solvers have the disadvantage that the solution depends on the convergence of an iterative
I1I procedure. For this reason direct solvers are more simplistic in concept and application.
12
13 For performance assessment work the original LU-decomposition method has been used
14 exclusively and is strongly recommended. It has been found from experience that the
15 iterative solvers are not robust enough to successfully solve many of the performance
16 assessment problems.
17
18 A description of the LU-decomposition algorithm will be presented. The method will be
19 demonstrated with a small (4x4 matrix) example. The objective is to write the coefficient
20 matrix (Jacobian matrix) as a product of two matrices,
21

22 LU=A
23

24 where L is lower triangular (has non-zero elements only on the diagonal and below) and
25 U is upper triangular (has non-zero elements only on the diagonal and above). It is
26 further possible to require the diagonals of L to be equal to one. If A = (ai~), L =(ai) and
27 U = P~.then for the case of a 4x4 matrix the decomposition would look like
28

1 0 0 0' P11 P12 P13 P14  a,, a,2 a13 a14

a21  1 0 0P22 P23 P24 a~ a~22a 23 a2 4

a31 a32  1 0 0 0 P33 p34  a31 a32 a33 a34

aX41 aC42 aX43 1. 0 0 0 P44 a4l a4 2 a44 3 a44

29 For example, it can be checked by matrix multiplication that the following is an
30 LU-decomposition of the given 4x4 matrix:
31

1 00 0 11 11 1 11 1

-21 00 0 33 3 -2 11 1

0 1 10 0 0-2-2 0 31 1

11I11 0 00 4-14 2 6

32
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40 1 If the LU-decomposition of the matrix A is known then the solution of the system of
2 equations
3 Ax =b can be written as
4

5 Ax = (LU)x = L(Ux) = b
6
7 The solution is obtained by solving for the vector y such that
8
9 Ly = b

10
I I and then solving
12

13 Ux = y
14

15 The advantage of decomnposing one linear set of equations into two successive sets of
16 equations is that the solution of a triangular set of equations is an easy substitution
17 calculation. Recall for the Modified Newton-Raphson method the Jacobian matrix is not
18 updated every iteration while the right-hand side of the system of equations is
19 recalculated each iteration. Once the LU-decomposition of the Jacobian matrix is
20 obtained, the Newton-Raphson iteration step is accomplished by solving the system Ly=
21 b with updated right-hand side vector b by applying the forward substitution algorithm.22 

b
all

y= - [bi - Ej Yjyj i = 2,3,...,N

23 and then solving the system Ux = y with the back substitution algorithm
24

YN
XN 

pNN_

xi=~[~iN ixj N -N-, N -2,..., 1

25 Given the coefficient matrix A, how are the decomposition matrices L and U computed?
26 The (ij)th entry in matrix A will be the inner product of the ith row of L with the j th
27 column of U. If the triangular structure of L and U are considered, then the resulting.28 product is described by the two cases,
29
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LI aikPkj = aij l.. (Al)
k=1

1 Crout's algorithm (Maron 1982) solves the equations for the a's and P's by arranging the

2 equations in a certain order. The algorithm is sequential over columns from 1 to N. For
3 the jth column the P jto Pjare computed from equation (Al1) by
4

1j= aii ai Pkaj~k for i =l.,j(A2)

5 followed by the solution of a1'+1j to aNj from equation (B 1) by
61

=i -- (a i aikPkjJ for i = j +l,.N. (B2)

7 The example will demonstrate that the a's and P's that occur on the right-hand side of(. j\'

8 equations (A2) and (B2) are already determined by the time they are needed. /

9
10 Within BRAGELO the LU-decomposition is done within the band structure of the
11 Jacobian matrix. This is crucial for efficient computation. Therefore, the above

12 algorithms must be modified to work only within the bandwidth of the Jacobian matrix.

13 Further, only the band structure is stored in the BRAGFLO treatment. This allows

14 considerable saving in the storage requirement. Finally, BRAGFLO implements a partial

15 pivoting (row interchanges) which reduces the roundoff errors in the arithmetic and is

16 essential for the numerical stability of Crout' s method.
17
18 Now consider the example with -

19

-21 11

-2 1 1 1

20 1426
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1 Starting with the first column we solve for =1 from equation (A2) where the sum is
2 taken to mean zero. Equation (B2) is then used to solve sequentially for (X21 = -2, a31 = 0,
3 and a41 = 1.- We now proceed to the second column and from equation (A2) compute
4 sequentiallyP 12 = 1, 1P 22 = 3. Now from equation (B2) we compute a32 = 1 and a42 = 1.
5 This procedure is continued for the 3rd and 4th columns wvith the resulting L and U given
6 by the example stated earlier in this Subsection.
7

8 Now suppose the solution of the system Ax = b is required given right-hand side vector b
9 =(4, 1, 5, 1 3 )T. We first solve the system Ly = b by the forward substitution algorithm.

10 The system is

-21 00 Y2  1

01 10 y3  5
1 1 1 1 13

12

13 Forward substitution from the first equation to the fourth equation yields y =(4, 9, -4, 4)T..14 We then solve the system Ux = y. The system is
15

1 1 1 1 Xi

0 33 3 x 2  9

0 0 -2 -2 x 3  -4

0 00 4 44

16 Back substitution from the fourth equation to the first equation yields x =(1, 1, 1, 1 )T.

17
18 1.15 Model Geometry
19

20 The mesh used in the BRAGFLO simulations attempts to incorporate radial flow
21 phenomena at large distances from the repository and to include the full accessible
22 volume available for multiphase flow. Time and cost constraints currently preclude a full
23 three-dimensional representation-of the repository and surrounding strata, so a
24 two-dimensional approximation to the actual geometry is mdde, as described in WIPP PA
25 Department (1992, Volume 5).
26
27
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*0 1.0 Introduction

This report presents water-quality data collected during the preoperational period at the Waste

Isolation Pilot Plant (WIPP). The Water Quality Sampling Program (WQSP) has collected

groundwater quality dama from numerous wells in the vicinity of the WIPP for more than six

years to establish the background for the area prior to wasrie receipt at the WIPP. This report

has been prepared to establish the background for numerous water quality parameters

including general chemistry, trace metals, and volatile and semi-volatile organic compounds.

1.1 Waste Isolation Pilot Plant
The WIPP, located in southeastern New Mexico, is a research and development facility with

the mission to demonstrate the safe and environmentally-sound disposal of radioactive and

mixed wastes resulting from defense activities and researcha programs of the United States

government (Figure 1-1). The facility was authorized by the U.S. Department of Energy

(DOE) National Security and Military Applications of Nuc~lear Energy Authorization Act of

1980 (Public Law 96-164).

The WIPP is designed to receive, handle, and emplace defense-generated transuranic: (MRU)

waste. This waste, generated at other DOE facilities, will be shipped to the WIPP. Waste

will be stored 2150 feet underground at the WIPP in the bedded salt deposits of the Salado

Formation.

1.2 Water Quality Sampling Program
The WQSP has been responsible for the collection of groundwater samples from wells drilled

and completed specifically for WIPP studies, as well as from privately owned water-supply

wells located in the WIPP area. The program has been operational since January 1985.

Groundwater quolity data developed by the WQSP was used to establish the WIPP water

quality background characterization.

1.3 Report Organization
Chapter 2.0 discusses the WQSP; monitoring well locations are presented, along with well

construction and groundwater sampling procedures. The list of WQSP analytes is also

presented in Chapter 2.0. Chapter 3.0 presents the geologic and hydrologic setting of the

WIPP Site. Chapter 4.0 provides the methodology used to evaluate the WQSP data this

includes the methods employed to evaluate trends and outliers. Statistical procedures, as well
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as, factors that influence data usability are also discussed in Chapter 4.0. Chapter 5.0

presents the results of the WQSP background evaluation, including tabulated background

groundwater chemnistry data for 28 monitoring wells. Chapter 6.0 is a comparison of WQSP

groundwater chemistry to appropriate water quality standards. Finally, Chapter 7.0 provides a

summary of findings and conclusions. A compilation of WQSP outlier data and a tabulation

of all WQSP data used in, this report are included as appendices.
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* 2. Water Quality Sampling Program

The WQSP was initiated in January 1985. The objectives of the program. have been to collect

representative and reproducible groundwater samples from water-bearing zones in the area of

thle WIPP Site. A program plan initially developed by Colton and, Morse (1985) defined the

basic structure and operational activities for the programn. The monitoring plan was revised in

1987, and the "Waste Isolation Pilot Plant Water Quality Sampling Manual," WP 7-2,

Revision 1 (Westinghouse, 1987) became the governing document. for the program in 1988.

This document was subsequently revised (Westinghouse, 1991la). This manual describes the

specific monitoring techniques used, lists the specific WQSP monitoring wells to be sampled.

and identifies the types of analyses required for the program. Specific procedures detailing

sample collection techniques and methods for field analyses have also been prepared and were

followed during all groundwater sampling activities. These procedures can be found in the

"Waste Isolation Pilot Plant Groundwater Monitoring Program Plan and Procedures Manual,"

WP 02-1 (Westinghouse, 1991ib).

2.1 Programs Supported by the Water Quality Sampling Program

W The water-quality analytical data generated by the WQSP have directly supported five major

programs at the WIPP. These programs include site chaatriain, performance assessment

(compliance with 40 CFR 191), the Radiological Baseline Program Operational

Environmental Monitoring Programand the Ecological Monitoring Program Additionally,

the Environmental Evaluation Group has been provided with water samples from each

sampling site for independent anialysis. Thbe WIPP WQSP was not designed as a Resource

Conseration and Recovery Act (RCRA) groundwater monitoring program in accordance with

40 CER 264 or 265. A brief description of each of the supported yorograms is given below to

illustrate the role of the WQSP at WIPP.

Site Characterization. The geologic and hydrogeologic characterstics of the WIPP area

have been studied by Sandia National Laboratories (SNL) for several years. One of the main

goals of these studies has been to better understand the flow of groundwater within water-

bearing units of the Rustler Formation. The WQSP pvovided samples to SNL for use in

evaluating the flow regimes in the Culebra and Magenta Dolomite Members of the Rustler

Formation. These rock units are considered to be the most feasible pathways for radionuclide.

transport in hypothetical repository breach scenarios. Data from the WQSP were used in

4 A*.9Zf%:WU1P.R-2154 
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evaluating present groundwater flow directions and the hydrologic evolution of the Rustler

Formation in the northern Delaware Basin.W

Performance Assessment. The WIPP is required to comply with the U.S. Environmental

Protection Agency's (EPA) Environmental Standards for the management and disposal of

spent nuclear fuel, high level, and TRU wastes (40 CER 191). The WQSP supported this

effort by providing water chemistry data for use in predictive modeling of the potential

solubility and transport of radionuclides and mixed waste components along potential flow

pathways.

Radiological Baseline Program The Radiological Baseline Program was established in

1985 to measure key radiological parameters in a variety of environmental media in and

around the WIPP Site during the preoperationial period. The WQSP provided groundwater

samples to the Westinghouse Advanced Energy Systems Division (WAESD) for the analysis

of a suite of radionuclides as part of the Radiological Baseline Program The results from

these analyses were published yearly in the WIPP Annual Site Environmental Report,

Reith et al. (1986), Banz et al. (1987), Flynn et al. (1988, 1989). In 1989, the Radiological

Baseline Program was superceded by the Operational Environmental Monitoring Program,

which continues the monitoring of groundwater for both radiological and nonradiological

parameters.

K .~, Ecological Monitoring Program. The Ecological Monitoring Program was established in

1984 to monitor the nonradiological impacts of WIPP construction activities on the

surrounding ecosystem. The WQSP provided water-quality data on key environmental

parameters for groundwater near the WIPP. Samples were routinely analyzed for

general-chemical parameters, metals, and EPA-listed hazardous organic substances. In 1989,

the Ecological Monitoring Program was superceded by the Operational Environmental

Monitoring Program

22 Water QlJity Monitoring Locations
The WQSP has sampled 28 separate WIPP monitoring wells since the program began in

1985. Of these 28 wells, 24 were identified frrepeated sampling to establish the

preoperational baseline at the WIPP. The additional wells have been sampled occasionally

upon the request of various WIPP programs. At the time of completion of this report,

24 wells had been sampled a minimum of three separate times. Eleven of the wells have

A1J6-91*%P:WIR-2154 2-2



* been sampled three times, six wells sampled four times, and seven wells sampled five times.

WTable 2-1 lists the WIPP monitoring wells sampled by the WQSP, the formation in which

each well is located., and the number of times each well has been sampled. In addition to the

WIEPP monitoring wells, the WQSP has sampled 11 privately owned wells in the general

vicinity of the WIP?. Ten of these wells provide water for livestock;, 1 well provides water

for human consumption. The same information for these wells is also presented in Table 2-1.

The WIPP monitoring wells and the private wells were selected for sampling because of their

areal coverage of the WIPP Site (Figure 2-1). The type of well completion and well-

prod uction flow rates were also considered. Together, these factors increase the likelihood of

obtaining representative water samples from the formations of interest.

Groundwater quality data from the WQSP have been published in annual data reports and in

the "Annual Site Environmental Monitoring Report for Calendar, Year 1989 and 1990." The

data from previous samplings can be found in several publications including: Uhland and

Randall (1986), Uhland et al. (1987), Randall et al. (1988), Lyon (1989), and the "Annual Site

Environmental Monitoring Reports for Calendar Years 1989 and 1990" (DOE, 1990a, and

DOE, 199 1).

WIPP monitoring wells are completed in two main water-bearing units, at the site, the Culebra

and Magenta, Dolomite Members of the Rustler Formation. Of the 24 wells sampled as part

of the baseline program, 20 of these wells produce water from the Culebra Dolomite and 4

from the Magenta Dolomite.

The privately owned wells are completed in three main water-beaiing units. The

water-bearing units include the Permian Dewey Lake Redbeds, the Permian Culebra

Dolomite, and the Triassic Dockumn Group, Undivided. Of the 11 privately owned wells

sampled, 4 are completed in the Culebra Dolomite, 5 are completed in the Dewey Lake

Redbeds, and 2 in the Dockumn Group.

23 Monitoring W0ll Construction
Many of the WIPP monitoring wells were drilled and completed prior to 1980. As the WIPP

Project advanced, additional monitoring wells were completed in tht vicintity of the site.

Drilling of WIPP monitoring wells began in 1976 and continued into 1988. Table 2-2 details

the dates of drilling and completion of all WIPP monitoring wells included in the WQSP.

Detailed information on monitoring well drilling and completion can be found in Winstanley

W and Carrasco (1986).
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Table 2-1

Wells Sampled by the Water Quality Sampling Program

Well Formato Sampteo

DOE-i _ Culebra 3

DOE-2 Culebra 3

DOE-2 Beg Canyon I

H-02a Culebra 3

H-02c Culebra. 1

H-03b1 Magenta 5

H-03b3 Culebra 5

H-04b Culebra 5

H-O.4c Magenta 5

I--5_b Culebra 5

H-5c Magenta 5

H-06b Culebra 5

H-06c: Magenta 5

H-07bl Culebra 5

H-M8 Culebra 3

H-9bCulebra 4

14-11 b3 Culebra 5

H4-12 Culebra 3

H-14 Culebra 3

H-15 Culebra 3

H-17 Culebra I

H-IS Culebra 3

P-14 Culebra 3

P.17Culebra 3/

WP13Culebra I

WIPP-19 Culebra 5

WIPP-25 Culebra 4

WIPP-26 CuAAIbr 3

WIPP-9 CAbrIa 2

rivat Wel Sarnpled _ _ _ _ _ _ _ _ _

BrWelDewey Lake 4_________________

AtoWelDoclwm 
2___________

CmnhWelDoclwm 
2____________

Engle WellCulebra3
Tii~w~lDewey Lake2
& O-YwoqCulebra2

Poker Trap Culebra 2___________

Ranch Wall Dewey Lake 5

Twin Wells - Pasture Well Dewey Lake 4

Ungar -Well Dewey Lake J2

USWGS-i Culebra 2
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Table 2-2

Monitor Well Drilling and Completion Dates

Well jFormation f opetion Type DateF Completed

-DOE-i ulbr Perforated 07/82

DUE-2 Culebra Perforated 09/84

H-02a Culebra Screened 02f77
----- Culebra Perforated 02/77

H-03b1 Magenta Perforated 08/76

H-03b3' -Culebra open Hole 01/84

H-04b Culebra Open Hole 05/78

H-04c Magenta Perforated 05178

H-05b Culebra Open Hole 06/78

H-05c Magenta Pefrated 06f78

H-06b* Culebra Open Hole 07178

H-06c Magenta Perforated 0_____78 _

H-07b1 Culebra Open Hole 09f79

H-08b Culebra Open Hoe087

H-09b Culebra -Wii5 iF Hl 08f79

H-1l1b3' Culebra OeHoe01/84

H-12 Culebra Open Hole 10/83

H-14 Culebra _________Hole 10186

H-1i6 Culebra Open Hole 11/86

H-17 Culebra 11Hoe/87

H-18* Culebra Open Hole 11/87

P-14 Culebra Perforated107

P-i 7 Culebra Perforated 10/76

WIPP-13* Culebra Perforated 08
WIP1 -uer Proae 57

/ ~ WIPP-19* Culebra Perforated 05/78
J\;Clebr Peforated ' 09178

7 WIPP-26 Cu ebra Proae 97

*Sampled using an electric submersible pump.
Source: Winstanley and Carrasco (1986). Beauheim (1987), and Lyon (1989).
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* In general, all WIPP monitoring wells were drilled as part of the geologic site characterization

and resource evaluation programs. Most WIPP monitoring wells were drilled and completed

using oil field techniques. Monitoring wells at the site have been completed, generally, in

two styles. One type of installation includes drilling the well to some depth below the base

of the Culebra Dolomite and then casing the well to the bottom of the hole. The interval of

the Culebra or the Magenta Dolomite is then perforated to allow access to the formation for

testing or sampling purposes. T1he second type of completion consists of drilling the hole to a

depth just above the top of the Culebra Dolomite, installing well casing to the bottom of the

drilled hole, and then coring or drilling through the Culebra Dolomite interval, leaving the

interval open to the well. The two types of well completion are shown in Figure 2-2.

These types of well completions presented problems in collecting undisturbed and

representative samples from the water-bearing units. The open-hole completions have, in

some cases, resulted in sediments below the Culebra Dolomite beiLng exposed in the sampling

interval. In some cases, these sediments are rich in halite or other evaporite minerals, causing

the water chemistry in the well bore. and in the water-bearing unit surrounding the well to be

altered. Often, during drilling and completion of monitoring wells, fluids containing fresh

* water, saturated brines, or other drilling fluids have been introduce:d into the holes. In some

cases, these fluids were left standing in the well bore for extended periods of time resulting in

contamination of the surrounding formation (Crawley, 1988).

Well drilling and completion techniques such as those described above are usually not used

for installation of monitoring wells employed in RCRA or other groundwater sampling

programs, due to the likelihood of aquifer contamination. These practices required that the

WQSP utilize extensive groundwater pumping in order to obtain uncontaminated water

Ssamples.

/Standard oil-field steel well casing was used during completion of the WIPP monitoring

wells. This type of casing is easily corroded by the brackish to brine water found in the

WIPP area. Based on serial sampling results, it appears that the products of well-casing

corrosion migrate from the well bore into the formation, resulting in- a halo or plume of

groundwater with altered chemistry surrounding the n~ionitoring wells. Obtaining a

representative sample has required that the monitoring wells be pumped for long periods of

time to remove the contamination.

ALA-9ZAVP:WP'-R-2154 2-7
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The difficulty in obtaining representative groundwater samples, due- to the design of the wells

used by the WQSP, necessitated use of a serial sampling technique. Serial sampling and the

associated equipment are discussed below.

2.4 Sampling Program Description

The WQSP has employed two types of sampling procedures at WIPP: serial sampling and

final sampling.

2.4.1 Serial Sampling

Serial sampling is the collection. of sequential samples for the purpose of determining when

the water chemistry stabilizes or reaches steady state. Ideally. when the water chemistry

stabilizes, it is assumed that the chemistry is representative of the native formation fluid, and

a final sample is collected. However, in reality, serial sampling leads to the collection of

water samples with reproducible chemistries which may or may not be representative of

undisturbed groundwater. The -water samples may still be impacted by well construction

practices and effects from the installation of downhole pumping and sampling equipment

The WQSP generally monitored serial sampling parameters on a daiy frequency in a mobile

field laboratory that was located at the well site during pumping operations.

The field analytical parameters found to be the most useful in identifying a steady-state

condition of the water chemistry include chloride, divalent cations (hardness), and alkmlinity,

which are analyzed by classic wet chemistry bench methods (titraions). Total and ferrous

iron have also been found to be- useful indicators and are analyzed using spectrophotometric

methods. Other serial sampling parameters analyzed in the field include measurement of pH,

Eh, temperature, specific conductance, and specific gravity. The field seral sampling

parameters and the frequency at which they ame analyzed are as follows:

Field Parameter Agm-ximate Freguencv

Temperature Daily

pH Daily

I AEh 
Daily

\ X Iron (total and ferrous) Daily

Divalent Cations Daily

Chloride Daily

Alkalinity Daily

Specific Conductance First and Final Serial Sample

Specific Gravity First and Final Serial Sample

AL1M-W1-R-2154 2-9



The three field parameters temperature, Eh, and pH were generally determined using an inline

technique that employed a self-contained flow cell. The flow cell was used to isolate the

sample from the atmosphere and to maintain sample pressure. The iron, divalent cations,

chloride, alkalinity, specific conductance, and specific gravity samples were collected from a

nylon sample line running from the pumping equipment at atmospheric pressure. Additional

detail on the serial sampling technique is given in the "WIPP Water Quality Sampling

Manual," WP 07-2 (Westinghouse, 1991la).

Serial sampling data will not be presented in the WQSP baseline report. However, all of the

serial sampling data collected prior to January 1989 are presented in the Annual Water

Quality Dama Reports: tUhland and Randall (1986), Uhiand et al. (1987), Randall et al.

(1988), and Lyon (1989).

2.4.2 Collection of Final Samples

Final groundwater samples were collected once evidence from serial sampling indicated that

the pumped groundwater had reached a chemical steady state. Final samples were forwarded

to a contract analytical laboratory for analysis of a long list of parameters (Section 2.6). Final

samples were collected in the appropriate type of container for the specific analysis to be

perormd.For each parameter analyzed, a sufficient volume of sample was collected to

satisfy the volume requirements of the analytical laboratory. This included an additional

volume of sample water necessary for maintaining quality control standards. All final

samples were treated, handled, and preserved as required for the specific type of analysis to

be performed. Details on the sample preservation methods and sample volumes required for

individual type of analyses art given in the "WIPP Water Quality Sampling Manual."

WP 07-2 (Westinghouse, 1991la).

2.s Groundwnter Pumping and Sampling Equipment

The water-bearing units at the WIPP are highly variable in their ability to yield water to

monitoring wells. The Culebra Dolomite, which is the most transnmissive hydrologic unit in

the WIPP area, exhibits transmissivities that range many orders of magnitude across the site

area (Section 3.2) and has been the primary focus of the WQSP. The Magenta, Dolomite,

which has a lower transmissivity, yields very smAll quantities of water to wells. Because the

water-yielding characteristics of the hydrologic units at the WIPP are variable, different typesý

of pumping equipment were required during the WQSP.

AL6.PA:WIPRR2154 2-10



The groundwater pumping and sampling systems at each site were designed to provide

continuous and adequate production of water so that a repeatable sample could be obtained.

The wells listed in Table 2-1 vary in flow rate, production interval, depth, and pumping lift

These factors affected the duration of pumping and the equipment required at each well.

2-5. 1 High- and Medium-Flow Rate Wells

The groundwater pumping and sampling system for high- and medium-flow rate wells

(greater than 1 gallon per minute (gprnD generally utilized a submersible pump, downhole

packer, a main water discharge line, and a separate sample collection line. Submersible

pumps generally produced much more water than was required for sampling. The surplus

water was stored in portable oil field storage tanks for off-site disposal by oil field service

companies. The high-flow wells are -restricted to the Culebra Dolomaite and include H-03b0,

H-06b, H-07b1, H-11b3, H-18, DOE-I, DOE-2, WIPP-13, WLPP-25, and WIPP-29

(Table 2-2).

The submersible pump was set in the production zone and was then isolated from the stagnant

water in the well casing above or below (or both) using a packer, straddle packer, and/or

bridge plug combination. The general procedure was to install the -pump, packer, and

sampling assembly in the well and then inflat the packer(s). A general diagram of the

submersible pump and sampling assembly is shown in Figure 2-3.

N\During pumping, the pressure above and below the packer were continuously monitored using

pressure transducers and dataloggers. The pressure below the packer was monitored to

determine the fluid level in the well during pumping in order to prevent dewatering of the

well or adverse effects on the surrounding formation. The pressure above the packer was

measured to monitor packer performance. The pressure above the packer remained constant if

the packer was properly seated and did not leak.

2-5.2 Low-Flow Rate Wells

Thbe low-flow rate wells produced less than 1 gpm. These wells are completed in both the

Culebra and the Magenta Dolomites (Table 2-2). The low-volume wells required the use of a

gas-driven piston pump capable of varying the flow rate from 0.1 to 1.0 gpm. The gas-driven

pump was constructed of inert, noncontaninating materials and was operated using an air

compressor. Figure 2-4 shows a schematic of the gas-driven piston pump sampling

W assembly.

02Jp:P.R.21
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_____________Discharge to Line

Pond or Tank

Regulating Valve

Flow Meter

Sample line

Pressure Monitoring line

Feedthrough Pressur 
0icag n

Source: Westinghouse, 1987

FIGURE 2-3 DOWNHOLE PUMP, PACKER, AND SAMPUNG SYSTEM



Air Compressor
*15c&,a,,50Opsi b
Continuous Cable Reel Assembly

.3 Phase, 240 Volt

8ectic ~Cable Bundle
*3/16 inch Wire Cable
*Water Discharge Tube

Flated Taile Air Exh~aust Tube
*Air Inlet Tube
E* Eetic Cable

-Well Casino or

3/16 inch Wire Cable- Borehole Sides

Electric Cable Gas Piston Pump

Water Discharge Tube

Air Inlet Tube ..

Air Exhaust Tube

Water Level -Pump Head, Stainless Steel
Indicator Probe AAi Motor Section, Stainless Steel

Automnatic Reciprocating
}.P~mType

Double Acting

1Pump Section, Stainless, Steel
- Double Acting
* ePiston Type

]Water Intake
-Sainles Steel, 100 Mesh

Souw=e Westinghouse, 1987

C ubic fee per nints
Pounds pe squae inch

FIGURE 2-4 SCHEMATIC OF GAS-DRIVEN PISTON PUMP (Bennett Model 1800)
WITH EXPLODED VIEW OF CABLE BUNDLE



The pump intake was set at a predetermined depth near or in the production interval. The

low-volume wells were purged, as needed, prior to installation of the low-volume sampling

system. The pumping rate and pump intake were routinely adjusted to maintain the water

level in the well above the pump intake.

For the low-flow rate wells, the total amount of water produced from the pump was directed

through the portable field laboratory for sample collection and operation of the constant

temperature bath. An inflatable packer was generally used to isolate the production interval

from overlying stagnant water in the well bore. When a packer was used, pressures above

and below the packer were continuously monitored to determine the water level in the well

and the performance of the packer, as discussed in Section 2.5.1. Note that the packer

assembly is not shown in Figure 2-4. Excess water not used for sampling was routed from

the field laboratory and disposed of in either a lined pit or storage tank.

2-6 Water Quality Analytic-El Parameters

Groundwater samples collected as final samples were shipped to contract laboratories for

analysis at the conclusion of the serial sampling episode, The laboratories responsible for

sample analyses included if Analytical Services (iTAS), which analyzed the largest list of

parameters; Bendix Field Engineering Services (Bendix); United Nuclear Corporation (UNC);

and WAESD for radionuclides. Bendix was purchased by UNC during the second sampling

round, and these two organizations actually represent the same laboratory. The complete

analytical suite consists of six separate parameter groups. These include:

* General chemistry
* Metals
" Hazardous organic compounds

*Dissolved gases
* Redx couples
* Radionuclides.

Radionuclide analyses are performed in support of the Radiological Baseline Program and

operational Environmental Monitoring Program at the WIPP and are not reported as part of

the WQSP. Radionuclides, dissolved gases, and redox couples are not considered in this

baseline report. Radionuclide analyses are reported in WIPP Annual Site Environmental

Reports: Reith et al. (1986), Banz et al. (1987), Flynn et al. (1988, 1989), DOE (1990a), and

DOE (1991). Dissolved gases and redox couple data are presented in the WIPP Annual

Water Quality Data Reports: Uhland and Randall (1986), Uhland et aL (1987), Randall et a.

AL-2WNOIR-2154 
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(1988), and Lyon (1989). Redox couple data are also presented in Seigel et al. (1991).

* Table 2-3 lists the analytical parameters analyzed by the contract laboratories for the majority

of the samples collected by the WQSP. Table 2-4 details the specific hazardous organic

parameters included in the "Organics" category of Table 2-3. However, analysis of all the

parameters listed in Tables 2-3 and 2-4 were not performed continuously for all sampling

rounds.

Initially, the list of metals analysis for many Round 1 and several. Round 2 samples did not

include the nrace metals antimony, cadmium, lithium, silver, or thalium. In addition, the

major cations calcium, magnesi~um, potassium, and sodium were not included in the initial

metals parameter Ulit The complete list of metals as shown in Table 2-3 was not adopted

until late 1986, when these parameters were added to the list.

For the first eight wells sampled during Round 1 of the WQSP, the major cations and anions

were analyzed by Bendix for S NL. Beginning with Well H-12, major cations and anions

were analyzed by both Bendix and ITAS for a short period of time. For the firs eight wells

sampled, the baseline data set includes only the preliminary data from the Bendix analyses.

For all subsequent samples, the data set for the major cations and. anions is from analyses by. ITAS.

During the early part of the 1989 sampling year, the analyses by UNC for redox couples and

dissolved gases were dropped from the analytical schedule. Therefore, only three rounds of

analyses for these parameters are available for most wells. In addition, analyses for the

hazardous organic parameters were omitted from the program beginning in the middle of the

1990 sampling year. However, all wells included in the background data collection program

( have at least three rounds of organic analyses.

2.7 Problem wth Laboratory Analyses
As reported in Randall et aL (1988), evaluation of laboratory analytical results have shown

that reported concentrations of trace metals exhibit a high degree of uncertainty. In a

groundwater sample collected in a given sampling round, several trace metals would be

reported at concentrations that exceed the expected values for these -metals in natural waters

(Hem, 1985). However, in samples from the same well collected during previous or

subsequent rounds, concentrations of the same trace metals would be below the detection

* limit, suggesting that the reported high concentrations were not accurate.

ALA-9Z2P.PWBI-1-2154 2-15
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Table 2-4

List of organic Analytical Parameter's

Volatile Hazardous Substances Semnivlatfle Hazardous Substances
Parameter Paramet~er

Acetone Acenaphthene 2.6- Dinitrotoluene
Benzene Acenaphthylene Di-N-octyl phthalate
2-Butanone Anthracene Flucranthene
Bromnotorm Benzo(A)anthracene Fluorene
Carbon disutfide Benzo(A)pyrene Hexachlorobenzene
Carbon tetrachloride 3.4-Benzoftuoranthene Hexachiorobutadiene
Chlorobenzene Benzo(GH.l)perylene Hexachlorocyclopefftadiene
Chlorodibromomethane -Benzoic acid Hexachioroethane
Chioromethane Benzo(K)fluoranthene lnd4.no(1 ,23-CO)pyrene
2-Chloroethylvinyl ether Benzyl alcohol Isophorone
Chloroform Bis(2-chloroethoxy)methafle 2-Methyl naphthalene
ais-i .3-Dichioropropene Bis(2-chloroethyl)ether 2-Methyiphenol
Dichlorobromomethane, Bis(2-chloroisopropyl)ether 4-Methylphenol
1,1 -Dichloroethane Bis(2-ethylhexyl)phthalate Naphthalene
1 .2-Dichloroethane 4-Bromophenyl phenyl ether 2-Nitroaniline
1.1 -Dichloroethylene Butyl benzyl phthalate 3-Ni~troaniline
1 .2-Dichloropropane .4-Chioroaniline 4-Niitroaniline
Ethylbenzene 2-Chloronaphthalene Nitr~obnzene
2-Hexanone 2-Chiorophenol 2-Nftrophenol
Methyl bromide 4-Chiorophenyl phenyl ether 4-Niftophenol
Methyl chloride Chrysene N-Nitrosodi-N-propylamine

* 4-Methyl-2-pentanone Dibenzo(A.H)anthracene N-Nkirosodiphenylamine
Methylene chloride Dibenzaturan P-Chloro-M-creowl
Styrene 1.,2-Dirhiorobenzene Pentachiorophenol
11 .i.U-Tetrachloroethane 1 ,3-Dichlorobanzene Phenanthroen
Tetrachloroethylene 1.4-Dichiorobenzene Phenol
Toluene 3.3-Dichlorobenzidine Pyrene
trans-i .2-Dichloroethylene 2.4-Dichlorophenol 1 .24-Trichlorobenzene
trans-i .3-Dichloroprpoene Diethyl phthalate 2.4,5-Trichlorophenol
1, 1.1 -Trichloroethane 2.4-Dimethylphenol 2.4.6-Trichlorophenol

1,1.2-riciorethne4.6-Dinitro-o-cresol Polyrchlorinaledl biphenyls
Trichloroethylene 2.4-Dinitrophenol
Vinyl Acetate Dimethylphthalate
Vinyl Chloride Di-n-butyl phthalate
Total Xylenes 2.4-Dinitrotoluene

Source: Lyon. 1989
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The high concentrations of dissolved solids in many of the WQSP wells at the WIPP Site,,

coupled with the relatively low concentration of trace elements, appear to have resulted in

analytical error due to enhancements or interferences. In many cases reported trace element

concentrations are probably much higher than actual concentrations.

Detection limits for trace elements were affected by the high total dissolved solids (TDS) load

of many samples due to the need for multiple dilutions of samples prior to analysis.

Equipment limitations have required that many samples be diluted up to 1000 to 1, raising the

lower limit of detection for trace elements into the milligram-per-liter (mg/9) range.

Unfortunately, the high detection limits and erroneous concentrations reported for trace metals

are not useful in establishing a baseline for these parameters.

As reported in Lyon (1989), an alternative method for analysis of trace metals was attempted

by the WQSP and the ITAS laboratory. This method adapted an ion-exchange technique that

separates and concentrates transition-metal elements from alkali and alkaline-earth elements in

seawater (Kingston et al., 1978). Fifteen trace metals from the WQSP parameter list were

selected for study. Preliminary testing and method development began in the spring of 1988

using water from Well H-05b as the test matrix. After the preliminary testing was completed,

samples from three wells (H-05b [round three], H-08b (round three], and WIPP-19 (round

three]) were analyzed for the 15 trace metals using the separation technique. These thre

wells were selected to test the separation technique' on the range of groundwater types found

in the Culebra Dolomite across the WIPP area. The detailed procedure for conducting this

trace-metal analysis is described in Appendix A.

*' In general, the ITAS results for hazardous organic compounds have shown no detectable

concentrations in the majority of samples analyzed. As described in Randall et al. (1988),

some organic. compounds were occasionally reported for a few wells. The compounds were

chiefly acetone, methylene chloride, and phthalate compounds. In the majority of cases, the

compounds were not detected in either previous or subsequent samples, suggesting that the

reported detection was due to contamination. Acetone, methylene chloride, and phthalates are

common laboratory contaminants due to their abundance in the typical laboratory

environmnent. The detections of hazardous organic compounds are discussed in Chapter 5.0.
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* 3.0 Geologic and Hydrologic Setting of the WIPP Site

The geology and hydrology of the WIPP area have been extensively characterized since 1975.

Site characterization and performance assessment studies have developed a large data base of

hydrogeologic information for the WLPP Site region of the Delaware Basin in southeastern

New Mexico. A general overview of site geology and hydrology as well as the major guiding

factors used to characterize the background water quality are pn.-sented below.

3.1 Local Geology
The WLPP Site is located in the northern portion of the Delaware Basin of southeastern

New Mexico (Figure 1-1). The Delaware Basin is the westernmost basin of the sedimentary

basins collectively known as the Permian Basin.

The northern Delaware Basin is surrounded by the Capitan Reef complex of Permian Age,

which is the only major source of potable groundwater in the Delaware Basin. Within the

basin, and in the WIPP vicinity, a thick sequence of Permian sedimentary rocks were

deposited. These rock units are shown in the stratigraphic columrn presented in Figure 3-1.

These eight rock units are important to the hydrogeology at the WIPP. A generalized

geologic cross section is shown in Figure 3-2.

3. 1.1 Delaware Mountain Group
The Delaware Mountain Group is part of the Guadalupian Series deposited during the

Permnian Period and consists of fine-grained clastic rocks with occasional limestones and shale

A beds (Mercer, 1983). The group is divided in ascending order into the Brushy Canyon,

Cherry Canyon, and the Bell Canyon Formations. The Delaware Mountain Group is overlain
by the Ochoan Series of Permnian Age. The Bell Canyon Formation is the ffirst water-bearing

formation beneath the Ochoan evaporite sequence in which the WIPP is located. The WQSP

sampled water from the Bell Canyon Formation one time, at Well DOE-2. The results of this

sampling are not considered in the WQSP baseline report.

3.1.2 Ochoan Series
The Ochoan Series generally consists of evaporites with increasing quantities of siltstones and

mudstones in the younger rocks. The Ochoan Series is represented in ascending order by the

* Castile, Salado, the Rustler Formations, and the Dewey Lake Redbeds. Each of these units is

discussed below.
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FIGURE 3-1 GENERALIZED STRATIGRAPHIC COLUMN OF THE DELAWARE MOUNTAIN GROUP

AND YOUNGER SEDIMENTARY ROCKS AT AND NEAR THE WIPP SITE
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Castle Formation. The Castile Formation consists mainly of anhydrite, calcite-banded

anhydrite, and halite with some limestone and sandstone (Mercer, 1983). The Castile

Formation is considered a hydrologic barrier and regional aquiclude between the overlying

Salado Formation and the underlying and water-bearing Bell Canyon Formation. The WQSP
has not attempted to collect water samples from the Castile Formation, and thus, this

formation is not considered in the water-quality baseline.

Salado Formation. The Salado Formation is the host unit for the WIPP facility repository.

The formation is approximately 2,000 feet thick in the vicinity of the WIPP. The Salado

Formation is an evaporite unit consisting predominantly of halite with minor amounts of

anhydrite, polyhalite, and other potash or potassium-bearing minerals. Due to a slight

eastward tilting of the Delaware Basin, the Salado Formation has been exposed and

erosionally removed from the west and south sides of the basin, leaving a horseshoe-shaped

rim of brecciated insoluble material. The Salado Formation does not contain circulating

groundwater and is considered a major regional confining unit in the Delaware Basin. Small

brine seeps have been observed in the WIPP underground and have been characterized by the

WIPP Brine Sampling and Evaluation Program (BSEP). The WQSP has not sampled Salado

Formation brines, and the water chemistry of the Salado is not considered in this baseline

report. Results from BSEP sampling and analyses can be found in the annual BSEP reports

(Deal and Case, 1987; Deal et al., 1987; Deal et al., 1989; Deal et al., 1991; Deal et al.,

1992).

Rustler Formation. The Rustler Formation is the youngest of the Ochoan evaporite-bearing

formations in the Delaware Basin and directly overlies the Salado Formation. The Rustler

Formation is significant to the WIPP because it contains the most significant water-bearing

zones in the WIPP area (Figures 3-1 and 3-2). The Rustler Formation in the WIPP area

consists of a variable lithologic mixture of interbedded sulfates, carbonates, clastics, and

halite. The Rustler was divided by Vine (1963) into five main subdivisions: (1) at the base,

an unnamed unit of clayey siltstone and very fine-grained sandstone with thin interbeds of

anhydrite and halite in its upper part; (2) the Culebra Dolomite Member, a unit of

thin-bedded, finely crystalline dolomite; (3) the Tamarisk Member, chiefly anhydrite; (4) the

Magenta Dolomite Member, a unit of thinly cross-laminfated, fine-grained dolomite; and (5)

the Forty-Niner Member, anhydrite with a single thin interbed of siltstone. The two dolomite

members are hydrologically important to the WIPP area and also serve as distinctive

subsurface marker beds across the Delaware Basin (Adams, 1944).
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. The Culebra and Magenta Dolomite Members are the principal water-bearing units at the
WIPP and have been studied extensively during site characterization and performance

assessment investgations. The WQSP has focused primarily on sampling the Culebra

Dolomite. The WQSP baseline at WIPP is generally limited to the Culebra and Magenta
Dolomite Members of the Rustler Formation.

Dewey Lake Redbeds. The Dewey Lake Redbeds are the uppermost of the four Ochoan
formations and represents the close of the Paleozoic Era in the Delaware Basin. The Dewey

Lake Redbeds are important to WIPP hydrogeology because they act as.a barrier to
downward infiltration of groundwater into the evaporite section overlying the WIPP facility

repository. The Dewey Lake conformably overlies the Rustles, Formation and unconformably
underlies the Triassic Dockum Group and younger sediments. The Dewey Lake Redbeds

consists almost entirely of mudstone, claystone, slltstone, and interbedded sandstone. Much

of the Dewey Lake Redbeds is chaacerze by gypsum-filled fracire that are the result of

unloading (Holt and Powers, 1988) and indict that for the general WJPP are no fresh
groundwater has moved through the Dewey Lake Redbeds: since they were formed. However,

* to the south of the WIPP there is an area where local recharge may be occurring and the

upper part of the formation is saturated. The WQSP has sampled groundwater from the

Dewey Lake Redbeds through the private well sampling effort. Some of these data are

included in this report.

3.1.3 Post-Permian Deposits
In the WIPP area, the only Triassic unit present is the Santa Rosa Sandstone, part of the
Dockum Group. The Santa Rosa Sandstone is present to the cast of the WIPP, having been

removed by erosion west of the site. It consists of sandstone and conglomerate with interbeds

of siltstone and mudstone. The WQSP has collected samples from private wells believed to

be completed in the Santa Rosa Sandstone; however, the data are insufficient to establish

background water quality.

Tertiary and Quaternary deposits in the WIPP facility area include the Ogallala Formation of

Miocene age; the Garuna Formation of Pleistocene age; and sands, playa deposits, caliche,

and alluvium of Holocene age. These deposits cover, most of ie region and lie
unconformably on older rocks. In the WIPP area, these Tertiary and Quaternary deposits are

* not water-bearing, and no attempt has been made to collect groundwater-quality samples from

them.
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3.2 Groundwater Hydrology
At the WIPP, the Culebra and Magenta Dolomite Members of the Rustler Formation are the

most significant water-bearing units. Sampling and analysis of groundwater by the WQSP

have focused on these two rock units, and the water-quality background will generally be

established only for the Culebra and Magenta Dolomite Members. The WQSP has also

sampled a few wells completed in the Dewey Lake Redbeds, and the results from wells that

have been sampled three or more times will be reported Therefore, the following discussion

of site groundwater hydrology is limited to the Rustler Formation, with a brief summary for

the Dewey Lake Redbeds.

The groundwater hydrology at the WIPP has been characterized in great detail and has been

reported in several publications. The reader is referred to the following publications:

(1) "Geological Characterization Report for the Waste Isolation Pilot Plant (WIPP) Site,

Southeastern New Mexico" (Powers et al., 1978); (2) "Geohydrology of the Proposed Waste

-Isolation Pilot Plant Site, Los Medanos Area, Southeastern New Mexico" (Mercer, 1983);

(3) "Summary of Site-Characterization Studies Conducted from 1983 Through 1987 at the

Waste Isolation Pilot Plant (WIPP) Site, Southeastern New Mexico" (Lappin, 1988); (4)

"Final Safety Analysis Report, Waste Isolation Pilot Plant" (DOE, 1990b); (5) "Waste

Isolation Pilot Plant No-Migration Variance Petition" (DOE, 1990c); and (6) "Conceptual

Hydrogeologic Model of the Rustler Formation in the Vicinity of the Waste Isolation Pilot

Plant Site, Southeastern New Mexico" (Holt et al., 1992).

3.2.1 Dewey Lake Redbeds
The Dewey Lake Redbeds comprise the youngest rocks in the Ochoan sequence at the WIPP

Site and mark an abrupt change in the depositional environment (Figure 3-1). In general, the

Dewey Lake Redbeds consist almost entirely of mudstone, claystone, siltstone, and some

lenticular interbeds of fine-grained sandstone. Nearly all of the siltstone and mudstone are

veined with selenite gypsum as seen in core. Because of its characteristically minimal

permeability, it does not contain significant quantities of groundwater (Mercer, 1983).

Holt and Powers (1990) report that the upper portion of the Dewey Lake Redbeds are

cemented with carbonate. Based on observations made ýn the WIPP air intake shaft, the

researchers report that this carbonate-cemented upper portion is moist. Hiolt and Powers also

report that an abrupt change in cement type, from carbonate to a much harder, unidentified

material, occurs in the section of Dewey Lake Redbeds studied in the shaft. Below the
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change in cement type, fractures were filled with gypsum, and the formation was no longer

moist.

Drilling during hydrogeologic evaluation did not reveal a continuous zone of saturation within

the Dewey Lake Redbeds; however, localized permeable zones were detected. Detailed data

collected during drilling of test holes with air identified minor zones of saturation, particularly
in several of the thin lenticular sands in the upper part of the Dewey Lake Redbeds at test

holes H-01, H-02, and H-03 (Mercer and Orr, 1979). Geologic data from the wells at the

WIPP Site indicate that the sands pinch out laterally. Where water is present, it probably is

perched or semniperched and its occurrence is localized, depending to a great extent on locally

favorable conditions for recharge.

Four intervals of the Dewey Lake Redbeds were tested in foundation boreholes at the WIPP

facility. Although saturated conditions were not detected, ten of these boreholes were

completed as observation wells. Water levels were measured monthly over an 18-month

period to determine if a transient zone of saturation might develop. Water levels mneasured in

these wells were always below the level of the deepest perforations, indicating that any water

encountered was from well completion.

In the immediate WIPP area, the Dewey Lake Redbeds are not saturated and do not yield

water to wells. However, to the south of the WIPP Site several private wells completed in

the Dewey Lake Redbeds supply water for domestic and livestock use. These wells include

two wells at the Mills Ranch (Ranch Well and Barn Well), Fairview Windmill, Unger

Windmill, and Twin Wells-Pasture Well. The two wells at the Mills Ranch may be

completed in one of the lenticular sands. Geologic data indicate that the wells are completed

in the upper part of the Dewey Lake Redbeds (Mercer, 1983). These wells have either saline

water or small yields. In the vicinity of these two wells is an extensive area of thick, active

sand dunes, which could be an area of recharge for the upper Dewey Lake Redbeds in this

area.

Recharge of sand units in the Dewey Lake Redbeds is probably an unusual and localized

phenomenon dependent on local geological conditions, such as those at the Mills Ranch.

Recharge may also occur by downward percolation of water through fractures or along

bedding planes in mudstone and siltstone. Discharge towards deeper zones through existing

fractures or through dissolution of gypsum veinlets is minor. Generally, in the WIPP Site
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area the Dewey Lake Redbeds act as an unsaturated confining layer over the Rustler

Formation (Mercer, 1983).

The WQSP collected groundwater samples from the Dewey Lake Redbeds using the private

Wells discussed above. The private wells that are completed in the Dewey Lake Redbeds and

have been sampled three or more times (see Table 2-1) include Barn Well, Ranch Well, and

Twin Wells-Pasture Well. The results from these three wells are included in the water-quality

background characterization for the WIPP.

3.2.2 Rustler Formation
The Rustler Formation contains the most transmissive water-bearing units in the WIPP area.

The Culebra Dolomite Member of the Rustler Formation is the first continuous water-bearing

zone above the Salado Formation (waste repository horizon) and is the most transmissive

hydrologic unit in the WIEPP area (Figure 3-2). Water in the Culebra Dolomite is usually

present in fractures and is confined by the overlying gypsum or anhydrite and underlying clay

and anhydrite beds of the other Rustler members. The Magenta Dolomite Member, also a

confined water-bearing unit in the WIPP area, is a distinctive clastic carbonate bed with thin

interbeds of anhydrite. The Magenta Dolomite is the uppermost water-producing zone in the

Rustler Formation (Figure 3-2). Where the Magenta Dolomite is saturated, water usually

occurs in the thin silt beds or silty dolomite but also has been found along bedding planes and

in fractures.

Water chemistry and hydrogeologic characteristics of the Culebra and Magenta Dolomites are

~>. highly variable across the site area. Results of site characterization studies have shown that

water-quality variability in the Culebra Dolomite may be a function of the local variability in

hydrogeologic conditions. The groundwater hydrology and water-quality characteristics of the

Culebra and Magenta Dolomite Members of the Rustler Formation are discussed in detail

below.

3.2.2.1 Culebra Dolomite Mlember at the Rustler Formation

Hydraulic properties of the Culebra Dolomite vary considerably from place to place across the

site (LaVenue et al., 1988). In general, transmissivity appears to be a function of the size and

number of fractures and openings. The transmissivity of the Culebra Dolomite across the

WIPP region varies by six orders of magnitude (Figure 3-3). The higher transmissivity values

have been mecasured in Nash Draw, a highly fractured area caused by dissolution of Rustler

and Salado Formation evaporites. The. highest value of transmissivity reported for the
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Culebra is 1.25 x 103 square feet per day (ft2/day) or 1.34 x 103square meters per second

(m2/s) at Well WEPP-26 within Nash Draw. The transmissivity of the Culebra Dolomite

generally decreases from west to east across the site area (Figure 3-3). The lowest

transmissivity reported is < 0.004 ft2/day (2.15 x 10- m2/s) at Well P-18 east of the WIPP

Site. As shown in the contour map in Figure 3-3, Culebra Dolomite transmissivities are

relatively high in a wide region south of the WIPP Site and east of Nash Draw. A narrow

linear zone of high transmissivity extends north into the WV1PP area from the southern high

transmissivity region. A zone of higher transmissivity occurs north of, but does not penetrate,

the WIPP Site area.

Groundwater flow in the Culebra Dolomite exhibits considerable variability in both direction

and gradient across the WIPP Site area. This variability may be the result of lateral variation

in Culebra Dolomite permeability and differnces in fracture orientation as discussed by

Mercer (1983). Culebra Dolomite water levels in the WIEPP Site vicinity have been impacted

by continuous drainage into one or more of the WIPP shafts since construction of the original

exploratory shaft and by large-scale pumping during numerous aquifer tests and WQSP

sampling. LaVenue et al. (1988) reviewed Culebra Dolomite water-level data, borehole-fluid

density data, and WIPP-related hydraulic stresses and derived estimates of the undisturbed

freshwater equivalent heads at 31 wells (Figure 3-4). The contours on Figure 3-4 show that

the estimated flow direction in the Culebra Dolomite prior to WIPP-related effects was

generally to the south and southwest. Flow directions presented by Crawley (1988) and ''

Lappin (1988) also indicate a general southerly flow direction across the WIPP Site area

(Figure 3-4). The flow directions shown by the arrows on Figure 3-4 were developed

considering the variability of formation- fluid density and the local geologic structure of the

Culebra Dolomite. Davies (1989) and Crawley (1988) suggest that flow directions south of

the WIP? Site may have a larger easterly, down-dip component than is predicted considering

only freshwater heads.

Figure 3-5 shows the recent (post-WIPP-related stresses) potentiometric surface of the Culebra

Dolomite based on the results of the Pressure-Density Survey Program (Crawley, 1988).

Figure 3-5 indicates that there is considerable variability in gradient and flow direction within

the WLPP Site area. The hydraulic gradient in the immediate WIPP Site vicinity is

approximately 20 feet per mile, while the gradient south and southwest of the site is much

flatter. The gradient between Wells H-07b and H-09b is less than 5 feet per mile, while the

gradient between Wells H-07b and H-08b is less than 1 foot per mile (Crawley, 1988). The

broad area south of the WIPP, where the gradient appears to be extremely flat, may represent
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the transition from an area of fractured dolomite to that of a fractured and disrupted unit

created by the extensive dissolution in Nash Draw area.

Culebra Groundwater Chemistry The groundwater chemistry of the Culebra Dolomrite

across the WIPP Site area is extremely variable. The TDS wit]hin the Culebra Dolomite

ranges from less than 5,000 mg/1 southwest of the WIPP to greater than 200,000 mg/I east of

the site (Figure 3-6) (Crawley, 1988; Holt et al., 1992; Siegel et al., 1991). Culebra Dolomite

water chemistry also varies from a slightly brackish calcium sulfate type southwest of the site

to a predominantly sodium chloride water east of the WIPP.

The great variability in water quality in the WIPP vicinity can be characterized on the basis

of TDS, major element concentrations, and major element ratios. The water quality of the

Culebra Dolomite has been divided into "type areas" based on these chemical characteristics.

Siegel et al. (1991) and Holt et al. (1992) show four coinciding type areas of Culebra

Dolomite water quality (Figure 3-7). These types of areas are similar to those described by

Ramecy (1985) and are briefly summarized below.

* The easternmost type area (Type Area 1) is characterized by a highly saline sodium-chloride

brine with TDS greater than 100,000 mg/I and high concentrations of magnesium, calcium

and potassium. Type Area 2, located southwest of the WIPP Site, contains water which is

relatively fresh with calcium and sulfate as the dojnnant solute species. Type Area 3 is an

intermediate zone of variable composition dominated by sodium chloride, with TDS

increasing to the east. This type area may represent a mixing zone between the sodium-

chloride brine of Type Area. 1 and the fresher calcium-sulfate water of Type Area 2

>(Holt et al., 1992). In all Culebra Dolomite hydrochemnical type areas, groundwater is at or

-;near saturation with respect to gypsumn (CaSO4-2H2O). The distinction between Type Areas

1, 2, and 3 is pnmarily due to the amount of sodium and chloride in the groundwater.

Located in the western half of Nash Draw, anomalously high salinities and potassium contents

characterize the groundwater of Type Area 4 (Siegel et al., 1991; Holt et al., 1992). The

water in Type Area 4 appears to be contaminated by effluent from potash mining operations

in the area (Siegel et al., 1991; Holt et al., 1992).

The division of the Culebra Dolomite in the WIPP area into hydrochemnical type areas shows

that there are distinct populations of water chemistry. Area-wide background values for the

water-chemistry parameters cannot be established due to their highly variable nature.
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Concentrations of the major cations and anions often differ by more than an order of

magnitude in wells separated by less than 2 miles (such as between H-02 and H-15) in the

immediate WIPP area. Considering this great variability, the background must be established

on an individual well-by-well basis and not characterized on an area-wide relationship. The

background mean concentration or range of concentrations for given analytical parameters

must be defined at each well in order to be useful for future comparisons in determining

changes in local water quality.

Ramey (1985) was first to note that modem groundwater flow directions within the Culebra

Dolomite do not appear consistent with the modem solute distribution. When compared with

groundwater flow directions, the distribution of TDS within the Culebra Dolomite generally
decreases down gradient in the direction of flow which is an unusual relationship. As

summarized in Lappin (1988) and Holt et al. (1992), isotopic evidence (Lambert and Harvey,

1987), as well as modem Culebra Dolomite transmissivity and head distribution, preclude

modem vertical recharge to the Culebra Dolomite . Modem vertical recharge cannot account

for the modem flow/salinity distribution relationship. One possible mechanism that may

account for the modem relationship between flow direction and solute distribution involves

paleo fluid flow to the northeast during past periods-of higher recharge followed by a reversal

in flow direction to that seen today (Lambert and Harvey, 1987; Holt et al., 1992). This

relationship is consistent with the interpretation of Lambert and Harvey (1987) that suggests a

transient, rather than steady state, hydrologic setting, and no present active recharge to the

Culebra Dolomite in the immediate WIPP area.

Mercer (1983) noted an increase in TDS in the Culebra Dolomite from west to east and

defined a line to the east, where the sum of the potassium plus magnesium concentrations

exceed 100 miuiequivalents per liter. Mercer indicates that this line approximates the

dividing line between regions of higher transmissivity to the west and lower transmissivity to

the east, possibly indicating a stagnant flow system east of the site.

Chapman (1988) indicates that there is a clear linear correlation between TDS and chloride,

and the almost one-to-one molar correlation between sodium and chloride is strong evidence

that the salinity increase is due to halite dissolution. 'Chapman also proposes that the increase

in magnesium and potassium concentrations eastward across the site is the result of

dissolution of other evaporite minerals associated with the halite and that there is no obvious

reason to relate the high potassium and magnesium concentrations to low aquifer

transmissivity and long residence times as described by Mercer (1983).
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Holt et al. (1992) present the argument that there is a clear correlation between Culebra

Dolomite transtuissivity and water chemistry. The presence of high-TD)S groundwater with

high concentrations of magnesium and potassium in the eastern WIPP area may reflect the

record of a past flow system where the Culebra Dolomite received recharge from the west or

southwest with groundwater flow to the east, which supports the: nonsteady state hypothesis of

Lambert and Harvey (1987). The present very low transmissiviry found in the Culebra

Dolomite in the eastern section of the project area may have restricted the redistribution of
solute back toward the southwestern part of the project area.

The magnesium/calcium, molar ratio (Holt et al., 1992) increases from southwest to northeast

from 0.3 at Well H-09 and the Poker Trap Windmill to 3.1 at Well H-15. The high

magnesium concentrations to the east may be the result of long-term dissolution of evaporite

minerals with little, if any, input of fresh water. This fluid may result from very long

residence times in a stagnant flow system as suggested by Mercer (1983) and Holt et al.

(1992). The existence of low TD)S water with a fundamentally distinct chemical composition

and relatively high transmissivity in the southwestern region may indicate that this area acts

as a separate and active flow system within the Culebra Dolomite. These data suggest that

the southwestern area may have a limited hydrologic connection to the Culebra Dolomite in

the eastern and northeastern sections of the project area.

Chapman (1988) notes that as groundwater moves from north to south, TDS decreases by an

order of magnitude and the overall water chemistry changes from sodium-chloride-dominant

to calcium- sulfate-dominant. Chapman proposes that the only, plausible mechanism for this

change is the input of a large quantity of low IDS water, or recharge. The possibility of

recharge in the southern area is enhanced by the presence of solution and fill features such as

gypsum caves in the Forty-Niner Member of the Rustier Formation near the Gnome Site.

Chapman (1988) indicates that these features could act as conduits, supplying fresh water to

deeper Rustler Formation units.

The observations of many investigators support the concept that the Cule bra Dolomite may

have experienced changes in groundwater flow directions and that it has received recharge at

different periods of time in the past and may be receiving recharge locally in the western and

southwestern parts of the WIPP area today. All of these conditions have influenced the water

chemistry of the Culebra Dolomite as seen today.
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3.2.22 Magenta Dolomite Member of the Rustler Formation
The Magenta Dolomite Member of the Rustler Formation is the uppermost of two regionally

persistent dolomite units within the Rustler Formation (Figure 3-2). The Magenta Dolomite is

typically a fine-grained, gypsiferous, arenaceous dolomite (Holt and Powers, 1988).

The Magenta Dolomite was tested hydrologically at 16 locations in the vicinity of the WIPP
Site (Mercer, 1983; Beauheim, 1986, 1987). The measured transmissivity values from these
tests are shown on Figure 3-8. Most of these values are less than or equal to 0. 1 ft2/day

(1.1 x 10,7 M2/s). Higher values of transmissivity have been measured at some wells
including H-06a and H-09a (0.3 and 1.0 ft2/day [3.2 x 10-7 and 1.0 x 10-6 m2/sI,
respectively). The transmissivity of the Magenta Dolomite has been enhanced in Nash Draw,
where dissolution of the Salado and Rustler Formations has produced significant fracturing of

the unit. "The two highest transmissivities measured in the Magenta Dolomite, 375 ft2/day

(4.0 x 10-4 m2/s) and 53 ft2 day (5.7 x 10-5 m2/s). wurrp fni-ni in Nash Draw at Wells
WIPP-25 and WIPP-27, respectively.

Water levels have been measured in the Magenta Dolomite since 1979. Figure 3-9 shows the

elevations of these water levels along with equivalent freshwater-head elevations calculated
using borehole-fluid density data presented in Mercer et al. (1981), Dennehy and Mercer
(1982), Mercer (1983), Lambert and Robinson (1984), and Richey (1986, 1987). The
contours on Figure 3-9 indicate a general westerly flow across the WIPP Site area toward
Nash Draw, where groundwater probably flows through fractures and drains into lower units.
In the northeast end of Nash Draw, the water flow is generally to the southwest, probably

moving down through fractures into lower units in the central part of the draw.

The potentiornetric surface map in Figure 3-9 suggests some variability in permeability across

the WIPP Site area. The hydrologic gradient across the site varies from 16 to 20 feet per
mile on the eastern side, steepening to about 32 feet per mile along the western side near
Nash Draw. This steepening may reflect drainage of groundwater from the Magenta
Dolomite into lower units through fractures associated with dissolution or may only reflect a

decrease in permeability.

If modern recharge to the Magenta Dolomite is occurring, it probably takes place outside of
the WLPP area, in areas such as Bear Grass Draw or possibly Clayton Basin (Holt et al.,

1992, and Hunter, 1985). The potentiometric contour map seems to indicate that recharge

may be occurring to the east of the WIPP Site. However, it is believed that the apparent
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recharge is either from the effect of corrections made for variable water quality (density

corrections) or the locally steep gradients that result from decrased permeability to the east.

The TDS in Magenta Dolomite groundwater range in concentration from 5,460 mg/I in Well

H-09a to 270,000 mg/I in Well H-l0a (see Figure 3-9 for the location of Well H-l0a). The

water is considered saline to briny. The Magenta Dolomite has not been sampled with the

same density as the Culebra Dolomite, due to the fewer number of wells completed in the

Magenta Dolomite and the fact that much more emphasis was :placed on characterizing the

Culebra Dolomite in past investigations. The WQSP has routinely sampled only four wells

completed in this unlit. Groundwater-quality data were collected from Wells H-03b1, H-04c

H-05c, and H-06c.

In general, the chemistry of Magenta Dolomite water is variable. Groundwater types range

from a predominantly sodium-chloride type at Well H-04c to a calcium-magnesium-sodium-

sulfate type at Well H-06c. Water-quality data do not indicate a clear trend or definitive

groupings of water chemistry in the Magenta Dolomite. Groundwater at Well H-04c appears

to be anomalously high in TDS concentration (23,500 mg;/I) and sodium (7,100 mg/1). The

*TDS concentration for the other three wells sampled by the WQSP are in the ra nge of 4,800

to 8,100 mg/I and sodium concentrations from 650 to 1,500 mg/I. The water chemistry at

Well H-04c may indicate a general overall increase in TDS coricenurations to the south and

southwest, away from the WLPP Site, and a potential change to a predominantly sodium-

chloride type water in that area.

In the WIPP area, the general water quality of the Magenta Dolomite is better than that of the

Culebra Dolomite. However, water from the Magenta Dolomite is not used anywhere in the

vicinity of the WIPP.
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4.0 Background Groundwater Quality - Methodology

Thle main objective in characterizing background water-quality for the area around a waste

management facility is to develop a tool that can be used to assess future changes in water

quality as related to activities conducted at that facility. The characterization of the WIPP

water-quality represents a best estimate of the naturally occurring background water chemistry

in the area of the WIPP. The background water chemistry will be used as the standard to

which future analyses will be compared to determine if changes in wat~er quality have

occurred.

As discussed in Section 3.2, the water quality of the Culebra and Magenta Dolomite

Members of the Rustler Formation is highly variable between individual wells across the

WLPP Site area; therefore, background water-quality values could not be defined for the WIPP

area as a whole. The variable nature of water quality required that background concentration

values for the individual chemical parameters be defined at each individual well.

WIPP water-quality data for each well included in the background characterization program

were evaluated for general data quality, accuracy, precision, and repeatability to develop a

*useful and reliable data set. The data were then evaluated for apparent trends, such as general

increases or decreases in parameter concentration with time. Finally, the data were tested for

outliers, and where possible, background mean coticentrations, concentration ranges, and

confidence intervals were established. These concentrations and ranges represent the

batkground values for the chemical parameters evaluated at the individual well sites. The

results of this evaluation are presented in Chapter 5.0.

The following sections describe in more detail the methodology employed to determine

background groundwater quality.

4.1 Prelminry Data Evaluation
For the purpose of establishing background water quality, analytical parameters were divided

into the following groups:

Major Cation and Anions - The major canons and aions include calcium
sodium, magnesium, potassium, chloride, sulfate, and bicarbonate. Together
these are the bulk (greater than 99 percent) of the dissolved constituents in WLPP
area groundwaters. The concentrations of these parameters were generally well
above the method detection limit (MDL). A background concentration range
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was established for each of these parameters at each well using standard

statistical methods.

Minor Cations, Anions, and indicator Parameters - T7hese include, for

example, trace metals, phosphorus, and total organic carbon (TOC). In general,

concentrations of these parameters were very close to or below the MDL A

background concentration range based on statistical methods could not be

established for these parameters, as discussed in Section 4.5. However, a

background range, based on detections and MDLs, was establishied for the minor

constituents at each well.

organic Compounds - These parameters include selected volatile and semi-

volatile organic compounds (VOCs and Seini-VOCs, respectively), pesticides,
and polychloiinated biphenyls (PCBs). Very few of these compounds were

detected in WQSP groundwater samples. Because of the extrem ely small

number of detections, each detection is listed in the appropriate table for each

well. in Chapter 5.0.

4.2 Evaluatdon of Trends
An important objective of gonwtrqaiymonitoring is to detect changes or trends in

parameter over time. In a hydrologic system such as the Rnstler Formation at

the WrpP, which presently exhibits great areal variability in water chemistry and appears to

be in a transient state, natural water-quality changes may occur over long periods of time.

Lapg-scale pumping of gonwtrduring testing and sampling. activities may act to

enhance water-quality changes by promoting migation of water with different chemistries

toward pumping centers. in addition, wate quality at a particular well may change with

pmigdue to the removal of cotmnnsintroduced during wellcosrti.

If trends in chemical parameternetrtin exist, reprsenttiv background values may be

difficult to establish.Ftr parameter conce,"atos at individual well sites may differ from

the estimae 1 background --- due to natural changes, which could make evaluation

of the impact from the WIFF facility difficult.

water-quality d=r for sepaate parameters from inidividual wells were plotted on

concentration versus time graphs as described by Gilber (1987). The graphs were visually

examined for apparent temporal trends in cocnrtn over time. In generl, temporal trends

in grounwate chemistry for most parameters at most wells wera not observed (or were

relativey weak). Apparent trends were further evaluated using the Mann-Kendall

Nonparametric Test for Trends (Gilbert, 1987). In all cases the test results indicated that the
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probability of an actual trend was very low, at least based on the small data set available for

* analysis. Long-term temporal trends may exist but could not be identified with the small

number of data points available for evaluation (3 to 5) and the variability of the data.

The main conclusion from the trend evaluation is that no significant temporal trends can be

identified from the available dama Based on this conclusion, the statistical methods selected

for data analysis are appropriate. Statistically-determined background concentration mean

values and associated confidence intervals can be determined and are probably not influenced

by trending data. Detail on potential trends at individual wells is provided in Chapter 5.0 and

summarized in Chapter 7.0.

4.3 Evaluation of Outliers
Prior to the statistical analysis and the construction of confidence intervals, the WQSP data

were evaluated to identify potential outliers. Outliers are values that do not fall within an

expected range or whose deviation from a mean is greater than expected (Kennedy and

Neville, 1986). The procedure employed to identify outliers included the following:

0Potential outliers were visually identified on the concentration versus time plots.

0 Each of these potential outliers was tested using the Q Test (Fritz and Schenk,

1966). The Q Test is applicable when the number of observations is small. The

test was conducted at a confidence level of 90 percent, indicating that a

questionable value may be rejected 41th 90 percent confidence that it is

significantly different from the other results in the sample. The Q Test involves

dividing the difference between the value of the potential outlier and the nearest

neighboring value by the range to obtain a quotient, Q. The range includes the

potential outlier. If the calculated Q is greater thani a rejection quotient, Q0_90

the questionable value is labeled as an outlier.

K~ ,' *An.addtional test was performed on the values labeled as outliers by the Q Test

to ensure that the outliers were not due to a routine and acceptable level of

analytical error. It was assumed-that an acceptable relative accuracy for WQSP

data was ± 20 percent. For each Q Test outlier and, its nearest neighbor, the ±

20 percent interval was calculated. if the intervals overlapped, the difference

between the two values was ascribed to acceptable analytical error, and the

questionable value was considered to be valid. Conversely, if the intervals did

not overlap, the questionable value was considered to be a true outlier.

Concentration values determined to be outliers by the above procedure were removed from

the data set used to construct background confidence intervals for the major cations and

AL*,9P.fnWGJt215
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anions. Outliers identified by this procedure were also removed from the minor constituent

data sets before preparing background concentration ranges. Appendix B presents a list of all

of the outliers that were removed from the WQSP data set prior to the background

determination. These outliers amount to approximately two percent of the WQSP cations,

anions, and indicator analytes data.

4.4 Statisticl Methods
Background concentration ranges, represented by 95 percent confidence intervals, were

established for major cations and anions. The major cations and anions-are listed in

Section 4.1. Confidence intervals were constructed for each parameter at each well using the

Student's t distribution following standard methodology presented in.Khazanie (1986). The

t distributiont was selected because the number of samples available from each well was

small, ie., 3to 5. The construction of confidence intervals based on the t distribution

assumes that the data are normally distributed. As discussed in Section 4.2, temporal trends

in godwerchemistry were not generally observed (or were relatively weak). The lack of

teprltends indicated that the use of the Student's t distribution was appropriate Tis,

combined with the observation that I sof major constituents were generally well

above detection limits, indicates that the assumption of normality is warranted.

The 95 percent confidence level was selected because the 99 percent level produced

unretclywd bcgon ocetainrn~ when only three samples were available.

The 90 percent confidenice level was not selected because it produced very narrow ranges

when five samples were available- The 95 percent confidence level implies that there is 0.95

probability that a "true mean background iis within the computed cneuto

rang represented by the 95 percent confidence intra.7 N

Table 4-1 lisi the number of observatiofm used to construct confidenc intervals for the major

cations and anions. It is apparent from, Table 4-1 that the number of observations at a giveni

well varies. Tis variation was due to changes in the analytical program from one sampling

rudto the next and was also due to the removal of outliers. Table 4-1 explains why

confiderice intrvals wene not computed for some major cations and anions at certain wells.

Confide=c interval construction for a specific parameter at a given well requires the

following:
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*At least three observations.

*At least 50 percent of the observations must be greater than the MDL

The t statistic varies inversely as a function of the number of observations. This means that

confidence interval widths are related to the number of observations, as well as, the sample

standard deviation. Thus, at a given well, the relative variability in width of confidence

intervals is due to both the sample standard deviation and the number of observations used to

construct the confidence intervals.

4.5 Factors influencing Data Usability

As described in Section 2.7, the TDS content (filterable residue) of groundwater samples from

Smany WQSP wells was relatively high. High IDS samples required dilution prior to analysis,

*~Y and the dilution factors apparently varied during the WQSP. The variable dilution factors

resulted in MDLs tha were not consistent fromn sampling round to round. Variable MDLs

affected the use of the minor constituent data in establishing backgound a. For

example, the MDLs for many of the trace metal analyses were relatively high (often from 1.0

to 10 mg/I), preventing qunIiato of trace metal 'I arge dilutions and the

resulting high MDLs, in effect, reduced the sensitivity of the analysis of samples for minor

constituents. The numerous nondetections at high MDLs made establishing bacground

concentrations, difficult for many trace metals.

Large sample dilution probably magnified spurious, near-MDL detections. For example, if

the MDL for chromium is 0.010 mg/f, detections of 0.011 and 0.012 mg/I are typically

observed. However, if samples ate diluted 100 to 1, the MDL becomes 1.0 mg/I, and the

same low-level detection become 1.1 and 1.2 111J/, respectivey In this mnn,spurious

detections can appear to be very significant. Considering the reasons discussed above,

confidence iniervals were not calculated for minor catiorm, anions and indicator analytes.
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* 5.0 Background Groundwater Quality - Results

This chapter presents the results of the analysis of WIPP WQSP background groundwater

chemistry. For each well, background groundwater chemistry is listed in a summary table

and major cation and anion concentrations are plotted as a function of time. Also, temporal

trends in groundwater chemistry are discussed. The results presented below do not include

outliers. The procedure used to identify outliers is given in Section 4.3, and the resulting

outliers are tabulated in Appendix B. Appendix C contains the WIPP WQSP groundwater

quality data set used to produce this report. Chapter 5.0 is divided into sections that

correspond to individual wells.

5.1 Barn Well
Samples of groundwater from the Dewey Lake Redbeds were collected at the Barn Well. The

Barn Well was sampled four times; the first groundwater sample was collected in November

1987, and the most recent was collected in June 1990. Samples collected in April 1988 were

analyzed for an abbreviated suite of metal and general chemiucal parameters. Volatile organic

compounds, semi-VOCs, and total PCBs were analytes in the November 1987 sampling event.

Pesticides and a limited suite of VOCs were analytes in the April 1988 sampling.

Consequently, groundwater from the Barn Well was tested only once for most hazardous

organic compounds.

Background concentrations for constituents in Barn Well groundwater are listed in Table 5-1.

Table 5-1 gives the mean concentration, standard deviation, and 95 percent confidence

interval for major groundwater constituents. Also shown in Table 5-1 are the concentration

ranges of minor constituents. Hazardous organic constituents were not detected in

-- groundwater samples from the Barn Well.

Sodium is the dominant cation in Barn Well groundwater, followed by calcium and

mgnesium; bicarbonate and sulfate are the dominant anions (Table 5-1). Groundwater

collected from Barn Well is classified as fresh, because the TDS concentration is less than

1000 mg/I (Freeze and Cherry, 1979).

Figure 5-1 shows the temporal variation in the concentration of six major constituents of Barn

Well groundwater. Though concentrations fluctuate, no temporal trends are observed in these

or any other constituents of Barn Well groundwater.
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Table 5-1
Background Groundwater Chemistry

Barn Well

Major Constituentsa
Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 0.36 0.03 0.28 -0.44

Calcium 66 8 47 -85

Iron NCb NC Ol

Lithium 0.05 0.01 0.03 -0.06

Magnesium 34 3 26 -41

Manganese NC NC <0.015c
Potassium NC NC <5c

Sodium 108 14 74-142

Strontium 0.9 0.1 0.6 -1.2

General Chemistry
Alkalinity (as HC0 3') 277 6 262 -291

Bromide NC NC <2e

Chloride 41 5 32 -49

Fluoride 2.6 0.1 2.5 -2.7

pH (s.u.)d 727 0.57 6.37 -8.17

Sulfate 206 25 167 -246

Total Dissolved Solids 668 39 606 -729

See footnotes at end of table.-
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Table 5-1 (Continued)
Background Groundwater Chemistry

Barn Well

Minor Constituentsa
Concentration Range

Metals
Aluminum <2
Antimony <0.06
Arsenic <0.05
Barium <0.92
Beryllium <0.005
Cadmium <0.005
Cesium <0.2
Chromium :50.0:2
Cobalt 40.05
Copper :50.0:3
Lead <0.05
Mercury <0.00D2
Molybdenum <0.0:2
Nickel <0.04
Selenium <0.05
Silica 24 - 54
Silver <0.01
Thallium <0O.05
Titanium <0.0:3
Vanadium 0.06
Zinc :50.113

General Chemistry
Cyanide <0.0;2
Iodide 42
Nitrate (as N) 7.1 - 9.6
Phenolics <0.008
Phosphate (as P) 0O.04
Total Organic Carbon51
Total Organic Halogen :50.1.5

See footnotes at end of table.
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Table 5-1 (Continued)
Background Groundwater Chemistry

Barn Well

Hazardous Organic Constituents

None Detected

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds.u. =standard pH units.
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5.2 Well DOE-i
Groundwater samples from the Culebra Dolomite were collected at Well DOE-i. Well

DOE-i was sampled three times; the first sampling occurred in April 1985, and the most

recent sampling took place in July 1987. Groundwater collected during each sampling event

was analyzed for VOCs, semi-VOCs, metals, and general chemical parameters. Samples

collected during the July 1986 and July 1987 rounds were also analyzed for total PCBs.

Analytical results for major constituents from the April 1985 sampling event were provided

by Bendix (Uhiand and Randall, 1986). All other results were provided by ITAS.

Background concentrations for constituents in groundwater from Well DOE-i are listed in

Table 5-2. Table 5-2 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-2 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well DOE-i.

Sodium is the dominant cation in groundwater at Well DOE-i, followed by calcium

magnesium, and potassium; chloride is the dominant anion, followed by sulfate (Table 5-2).

Groundwater in Well DOE-i is classified as brine (Freeze and Cherry, 1979), because TDS

exceed 100,000 mg/I. Well DOE-i lies within hydrochemical Type Area 1 of the Culebra

Dolomite (Holt et al., 1992), as shown in Figure 3-7. Groundwater in Type Area 1 contains

TDS greater than 100,000 mg/I, and sodium and chloride are the dominant dissolved

constituents. Several trace metals were detected in groundwater samples from Well DOE-i.

Cesium, chromium cobalt, copper, lead, and titanium were repeatedly detected at

concentrations generally less than I mg/I (Table 5-2). However, as discussed in Section 4.5,

the validity of trace constituent data is uncertain, due to the problems associated with the

analysis of high-TDS solutions.

Several hazardous organic constituents were detected in samples of groundwater fromu Well

DOE-i (Table 5-2). The majority of the detections occurred in the April 1985 sample, and

the only compound repeatedly detected was acetone (Table 5-2). According to an EPA risk

assessment guidance document (EPA, 1989), all of the organic compounds detected, with the

exception of n-nitroso-di-mothylamiiie, could be attributed to laboratory conaiain

Figure 5-2 shows the temporal variation in the concentration of the six major constituents of

Well DOE-i groundwater. The calcium concentration appears to decrease with time, while
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Table 5-2
Background Groundwater Chemistry

Well DOE-i

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron NCb NC 34 - 35c

Calcium 1,567 153 1,187 - 1,946

Iron 1.1 0.4 0.2-2.1
Lithium NC NC 3.2c
Magnesium 1,533 116 1,247 - 1,820
Manganese 0.27 0.10 0.02 -0.53

Potassium 1,000 100 752 -1,248

Sodium 46,000 0 46,000

Strontium 18.1 13.5 0 -51.5

General Chemistry
Alkalinity (as HCC03) NC NC 44- 5

Bromide 61 3 55 -68

Chloride 77,333 3512 68,609 - 86,058
Fluoride 1.0 0.1 0.6 -1.3

pH (S.U.)d 6.84 0.32 6.06 -7.62

Sulfate 6,883 454 5,756 - 8,010
Total Dissolved Solids 131,667 2,887 124,495 - 138,838

See footnotes at end of table.
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Table 5-2 (Continued)
Background Groundwater Chemistry

Well DOE-i

Minor Constituentsa
Concentration Range

Metals
Aluminum :51.4
Antimony 1.3
Arsenic <0.5
Barium :50.07
Beryllium 50.24
Cadmium 0.07
Cesium 0.4 -0.48

Chromium 0.38 -0.4

Cobalt 0.1 - 0.30
Copper 0.1 - 0.18
Lead 0.6- 1.3
Mercury 0.0008
Molybdenum <0.05
Nicel <0.3
Selenium <0.5
Silica 11-21
Silver 0.1
Thallium <0.5
Titanium 50.69
Vanadium 0.2
Znc <0.1

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) :50.1
Phenolics 0.012
Phosphate. (as P) :50.01
Total Otgenic: Carbon 51
Total Organic Halogen 0.84 -9.7

See footnotes at end of table.
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Table 5-2 (Continued)
Background Groundwater Chemistry

Well DOE-i

Hazardous Organic Constituentse

Sample Concentration
Date

2-Butanonef 25-Apr-85 97
Acetonef 25-Apr-85 29
Acetonef 28-Jul-87 44
Bis(2-ethylhexyl)phthalatef 28-Jul-87 33
Butyl Benzyl Phthalatef 25-Apr-85 1.9
Di-n-butyl Phthalatef 25-Apr-85 2.6
Methylene Chlonidet  03-Jul-86 10
N-nitroso-di-methylamine 25-Apr-85 2.4
Toluenef 25-Apr-85 2.1

a All concentrations in milligrams per liter, exceptWhere noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

d reported.
s.u. = standard pH units.
All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

fSuspected laboratory contaminant.
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chloride and strontium (not shown on Figure 5-2) concentrations appear to increase. Based

on charge balance cosdrio, the calcium and chloride concntration trends do not appear

to be real. Thus, it is likely that the observed trends are duie to sampling and analytical

variability, rather than actual changes in Well DOE-i groundwater chemistry.

5.3 Well DOE-2
Groundwater samples from both the Culebra Dolomite and the Bell Canyon Formation were

collected at Well DOE-2. The following discussion pertains only to samples collected from

the Culebra Dolomite. Well DOE-2 was sampled three times; the first sampling occurred in
March 1985, and the most recent sampling took place in May 1988. Groundwater samples

were analyzed for me~as and general chemical parameters; however, only August 1986 and

May 1988 samples wen: analyzed for VOCs, semi-VOCs,;and total PCBs. Analytical results

for major constituents from the March 1985 sampling event were provided by Bendix (Uhiand

and Randall, 1986). All other results were provided by ITAS.

Background conetrtons for constituents in gonwerfrom Well DOE-2 are presented in

Table 5-3. Table 5-3 gives the mean cocnrain standard deviation, and 95 percent

confidence interval for major groundwater coinstituents. Also shown in Table 5-3 are the

concentration ranges of minor constituents. Hazardous organic constituents were not detected

in groundwater samples; from Well DOE-2.

Sodium is the dominant cation in groundwater at Well DOE-2, followed by calcium,

magnesium, and potassium; chloride is the dominant anion, followed by sulfate (Table 5-3).

Groundwater collected from Well DOE-2 is cLassified as saline, because the TDS are

N approximaey 50,000 mg/f (Freeze and Chervy, 1979). 'Well DOE.2 lies within
/ ~ / hydrochemca Type Area 3 of the Culebra Dolomite (Hell. et al, 199), as shown in

Figure 3-7. Gudwtrin Type Area 3 contains TDS ranging from 10,000 to

100,000 mg/f. The MD)Ls for trac metals in Well DOE-2 gondae were relatively high,

due to the requirement that high-TDS samples must be diluted prior to analysis.

Figure 5-3 shows the temporal variation in the concntrtio of the six major dissolved

constituents of Well DOE-2. Calcium and chlqride concentrations and pH (not shown on

Figure 5-3) appear to have decreased during the WQSP, while *he potassium concentrat-o

appears to have increased. Based on charge balance cosideaions i- , the large decrease in

chloride coceta is not likely. Although the calcium .aalso appears to have

decreased, the change is not great enough to counter the decrease in the chloride
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Table 5-3
Background Groundwater Chemistry

Well DOE-2

Major Constituentsa

Mean Std. 0ev. 95 % Confidence Interval

Metals
Boron 18 6 4-31

Calcium 1,867 153 1,487 - 2,246

Iron NCb NC 0.35 - 04

Uthiumn NC NC 0.51c

Magnesium 1,052 84 844 - 1,260

Manganese 0.49 0.12 0.20 -0.77

Potassium 430 27 364 -496

Sodium 17,500 500 16.258 - 18,742

Strontium 28 6 13 -43

General Chemistry
Alkalinity (as HC0 3') NC NC 130 - 160c

Bromide 41 a 21 -61

Chloride > 32,233 2,909 25,006 - 39,461

Fluoride / 1.3 0.1 1.0-.

pH (s.U.)d 6.74 0.31 5.98 -7.51

Sulfate 4,067 404 3,063 - 5,071

Total Dissolved Solids 56,500 2,179 51,086 - 61,915

See footnotes at end of table.
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Table 5-3 (Continued)
Background Groundwater Chemistry

Well DOE-2

Minor Constituentsa
Concentration Range

Metals
Aluminum C.10
Antimony 0.6
Arsenic <0.05
Barium <0.5
Beryllium <0.5
Cadmium <0.05
Cesium 0.03- 1.7
Chromium <1
Cobalt <1
Copper <1,
Lead <5
Mercury :50.001 7
Molybdenum 0.03 -0.09

Nickel <311
Selenium <0.5
Silica 6.5- 24
Silver <0.1
Thallium <0.05
Titanium <13
Vanadium 0.1
Zinc <1

General Chemistry
Cyanide :0.02
Iodide --2
Nitrate (as N) <0.1
Phenolics q0 01

/ -Phosphate (as P) 50.01
K>Total Organic Carbon 5

Total Organic Halogen 0.61-2

See footnotes at end of table.
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Table 5-3 (Continued)
Background Groundwater Chemistry

Well DOE-2

Hazardous Organic Constituents

None Detected

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds.u. =standard pH units.
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shown in Figure 5-3. Seigel et al. (1991) report that the alkalinity concentration observed at

Well DOE-2 increased from the March 1985 to the August 1986 sampling event. They

attribute this increase to acidification of the well in 1985.

5.4 Engle Well
Samples of groundwater from the Culebra Dolomite were collected from the Engle Well. The

Engle Well was sampled three times-March 1985, December 1987, and January 1990. During

all three rounds, samples were analyzed for metals and general chemical parameters.

Groundwater samples collected in March 1985 and January 1990 were -analyzed for VOCs

and semi-VOCs. An abbreviated suite of VOCs were analytes in the December 1987

sampling event. Pesticides were analytes in the December 1987 and January 1990 sampling

events. Analytical results for major constituents from the March 1985 sampling event were

provided by Bendix (Uhiand and Randall, 1986). All other results were provided by ITAS.

Background concentrations for constituents in Engle Well groundwater are listed in Table 5-4.

Table 5-4 gives the mean concentration, standard deviation, and 95 percent confidence

interval for major groundwater constituents. Also shown in Table 5-4 are the concentration

ranges of minor constituents and a list of hazardous organic constituents that were detected in

groundwater samples from the Engle Well.

Calcium is the dominant cation in Engle Well groundwater, followed by sodium and

magnesium;, sulfate is the dominant anion, followed by chloride and bicarbonate (Table 5-4)_.

Engle Well groundwater is classified as brackish, because the IDS are approximately

3,500 mg/I (Freeze and Cherry, 1979). Engle Well lies within hydrochemical Type Area 2 of

the Culebra Dolomite (Holt et al., 1992), as shown in Figure 3-7. Groundwater in Type

Area 2 contains TDS less than 10,000 mg/f, and calcium and sulfate are the dominant

dissolved constituents.

Several detections of hazardous organic constituents were observed in samples of Engle Well

groundwater (Table 5-4). None of the compounds were repeatedly detected, and according to

an EPA risk assessment guidance document (EPA, 1989), acetone -and diethyl phithalate are

common laboratory contaminants.

Figure 5-4 shows the temporal variation in the concentration of the six major constituents of

Engle Well groundwater. While concentrations fluctuate, no temporal trends are observed in

these or any other dissolved constituents of Engle Well groundwater. Both sodium and
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Table 5-4
Background Groundwater Chemistry

Engle Well

Major Constituents a

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 1.49 0.87 0 -3.64

Calcium 590 20 540 -640

Iron 1.31 1.99 0-6.25
Lithium NCb NC 0.16 - 0.2c

Magnesium 153 6 139-168
Manganese 0.055 0.058 0 -0.200

Potassium 8 2 2-13
Sodium 285 130 0-609
Strontium 7.8 0.7 6.1 - 9.4

General Chemistry
Alkalinity (as HCOO3  NC NC 74- 110c

Bromide NC Ne 2

Chloride 290 140 0 -638

Fluoride 2.5 0.5 1.4 -3.7

pH (S.u.)d 6.65 0.41 5.64 -7.65

N*Sulfate 1,983 29 1,912 - 2,055
','Total Dissolved Solids 3.685 282 2,984 - 4,386

See footnotes at end of table.
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Table 5-4 (Continued)
Background Groundwater Chemistry

Engle Well

Minor Constituentsa
Concentration Range

Metals
Aluminum :50.2
Antimony 0.11 -0.17
Arsenic <0.005
Barum <0.05
Beryllium <0.005
Cadmium 0.0 12 - 0.013
Cesium <0.2
Chromium :50.08
Cobalt 0.02
Copper <0.1
Lead :50.14
Mercury <0.0002
Molybdenum 0.032 -0.08

Nickel S0.04
Selenium <0.2
Silica 12-25
Silver 90.03
Thallium <0.5
Titanium :0.22
Vanadium 0.04
Zinc 0.2 -2.2

General Chemistry<02
Cyanide<02
Iodide <2
Nitrate (as N) 0.5
Phenolics 0.006
Phosphate (as P) 50.16
Total Organic Carbon S3
Total Organic Halogen <0.1

See footnotes at end of table.
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Table 5-4 (Continued)
Background Groundwater Chemistry

Engle Well

Hazardous Organic Constituentse

Sample Concentration
Date

2-Nitroaniline 31 -Jan-90 50

Acetone' 04-Mar-85 31

Diethyl Phthalatef 04-Mar-85 3.9

N-nitroso-di-phenylaminie 04-Mar-85 5.9

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

d reported.S.u. - standard pH units.
0All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
SSuspected laboratory contaminant.
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chloride concentrations were elevated in December 1987, relative to other sampling rounds

(Figure 5-4).

5.5 Well 11-02
Groundwater samples from the Culebra Dolomite were collected at Well H-02a. Well H-02a

was sampled three times; the first gonwtrsample was collected in April 1986, and the

most recent was collected in January 1989. During all three rounds, samples were analyzed

for VOCs, semi-VOCs, metals and general chemical parameters. A sample collected in

August 1987 was analyzed for total PCBs.

Background conetrtos for constituents in groundwater from Well H-02a are presented in

Table 5-5. Table 5-5 gives the mean cocnrtostandard deviation, and 95 percent

confidence interval for major groundwater cosituents. Also shown in Table 5-5 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in gr ound'water samples from Well H-02a.

Sodium is the dominant cation in groundwater fromn Well H-02a, followed by calcium,

magnesium, and potassium; chloride is the dominant -anion, followed by sulfate (Fable 5-5).

Well H-02a groundwater is classified as borderline brackish to saline, becaus the TDS are

approximately 11,000 mg/I (Freeze and Cherry, 1979). 'Well H-02a lies within

hydrochemical. Type Area 3 of the Culebra Dolomite (Holt et al., 1992), as shown in

Figure 3-7. Groundwater in Type Area 3 contains TDS ranging from 10,000 to 100,000 mg/I

and may be a mixture of Type Area 1 and 2 groundwater. Several trace metals were detected

in Well H-02a girondwater at rsbelow 1 mg/I (Fable 5-5). However, with the

exception of molybdemn, the detections are one-time ocurene, not repeatd in other

K sampling rounds.

Several detections of hazardous organic compounds were observed in samples of groundwater

from Well H.02& (Table 5-5). All of the detection could be due to laboratory contamninain

according to a tabulation of common laboratory coninants listed in an EPA risk

assessnent guidance document (EPA, 1989). Only acetone was detected during moan than

one sampling round (Fable 5-5). The poor agreement between the acetoneI

detected in the January 1989 sample and its laboratory duplicate, iLe., 27 versus

1200 micrograms per liter (pg/f) (Fable 5-5), combined with the detection of acetone in a

sample blank, questions the validity of the acetone detection. SimilsAry, methylene chloride

was detected in the January 1989 sample blank.
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Table 5-5
Background Groundwater Chemistry

Welt H-02a

Major Coflstituefltsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 10 1 9-12
Calcium 715 51 589-841
Iron 0.30.45 0-1.9
Lithium NC* NC 0.26 - 0.72c
Magnesium 167 6 152 -181

Manganese 0.06 0.03 0 -0.13

Potassium 103 7 86- 119
Sodium 2,533 1,102 0 -5,270

Strontium 8.4 1.5 4.7 -12

General Chemistry
Alkalinity (as HC0 3') 56 2 52 -60

Bromide 2 1 0-5
Chloride 4,567 374 2,396 - 6,737
Fluoride NC NC 2.1 - 2.2c
pH (s.u.)d 7.71 0.13 7.38 -8.04

Sulfate 2,933 351 2,061 - 3,806
Total Dissolved Solids 11,650 1,626 7,612 - 15,689

See footnotes at end of table.
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Table 5-5 (Continued)
Background Groundwater Chemistry

Well H-02a

Minor Constituentsa
Concentration Range

Metals
Aluminum <1
Antimony <0.5
Arsenic :50.014
Barium <0.05
Beryllium <0.05
Cadmium 50.08
Cesium501
Chromium :50.4
Cobalt <0.1
Copper <0.11I
Lead :50.5
Mercury <0.0002
Molybdenum :90.07
Nickel <0.3
Selenium <0.015
Silica 6.1 - 14
Silver :502
Thallium <0.5
Titanium <0.3
Vanadium S0.1
Znc <0.1

General Chemistry
Cyanide <0.04
Iodide 1 -9
Nitrate (as N) 0.3
Phenolics !50.097

2Phosphate (as P) 50.03
TotalOrganic Carbon 5-7
Total Organic Halogen 0.14

see footnotes at end of table.
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Table 5-5 (Continued)
Background Groundwater Chemistry

Well 11-02a

Hazardous Organic Constituentsa

Sample Concentration
Date

Acetone' 12-Aug-87 1400
Acetonef 1 9-Jan-89 27 (12 0 0 )1;

Bis(2-ethylhexyl)phthalatef 19-Jan-89 20

Methylene Chloridef 1 9-Jan-89 16 (45)g

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds.u. = standard pH units.

All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

fSuspected laboratory contaminant.
gDuplicate analysis in parentheses.
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Figure 5-5 shows the temporal variation in the concentration of the six major constituents of

Well H-02a groundwater. Sodium, chloride, and sulfate concentrations appear to have

decreased with time, while the potassium concentration may have increased. Based on charge

balance considerations, the observed concentration decreases are possible, with the loss of

sodium cations being countered by the decrease in chloride and sulfate anions. The potassu

concentration trend is relatively minor and may be due to sampling and analytical variability.

Siegel et al. (1991) reported that sodium and chloride concentrations are changing with tn

at Well H-02a. They questioned the representativeness of all samples from the well.

5.6 Well H-03b1
Groundwater samples from the Magenta Dolomite were collected at Well H-03b I. Well

H-03b1 was sampled five tintes; the first sampling occurred in July 1985, and the most recent

sampling took place in August 1990. Groundwater collected during each sampling event was

analyzed for metals and general chemical parameters. Samples were analyzed for VOCs and

semi-VOCs during four of the five sampling rounds; the August 1990 samples were not

analyzed for hazardous organic constituents. Total PCB analyses were performed on samples

collected in September 1986 and September 1987; and individual PCBs (e.g., Aroclor 1242)

were analytes in the March 1989 sampling event. Analytical results for major constituents

from the July 1985 sampling event were provided by Bendix (Uhland and Randall, 1986).

All other results were provided by ITAS.

Background concentrations for dissolved constituents in groundwater from Well H-03b1 are "

listed in Table 5-6. Table 5-6 gives the mean concentration, standard deviation, and 95

percent confidence interval for major groundwater constituents. Also shown in Table 5-6 are

the concentration ranges of n minor constituents and a list of hazardous organic constituents that

were detected in: groundwater samples from Well H-03b 1.

Sodium, is the dominant cation in groundwater at Well H-03b 1, followed by calcium,

magnesium and potassium. Chloride is the dominant anion, followed by sulfate and

bicarbonate (Table 5-6). Groundwater in Well H-03b1 is classified as brackish, because the

TDS are apriately 8,500 mgti (Freeze and Cherry, 1979).

Several hazardous organic constituents were detce in samples of groundwater from

Well H-03b1 (Table 5-6). Only toluene was detected during more than. one sampling roundl.

With the exception of benzo(a)pyrene and n-niwroso-di-phentylamine, the organic compounds
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Table 5-6
Background Groundwater Chemistry

Well H-03b1

major constituents'

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 3.6 0.5 3.0 -4.2

Calcium 1,005 62 928 -1,082

Iron NCb NC

Lithium NC NC 0.3 -0.3

Magnesium 296 22 269 -323

Manganese NC NC <0.050

Potassium 34 2 31 -37

Sodium 1,525 126 1,325 - 1,725

Strontium 16 2 14-18

General Chemistry
Alkalinity (as HC0 3') 43 8 30 -56

Bromide 6 0 6

Chloride 3,360 IDB 3,225 - 3,495

Fluoride 1.9 02 1.7 -2.2

pH (S.u.)d 6.97 0.41 6.45 -7.48

Sulfate 2,130 234 1,840 - 2,420

Total Dissolved Solids 8,690 513 8,053 - 9,327

See footnotes at end of table.
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Table 5-6 (Continued)
Background Groundwater Chemistry

Well 1--031

Minor Constituentsa
Concentration Range

Metals
Aluminum <1
Antimony <0.5%
Arsenic <0.05
Barium <0.2
Beryllium <0.05
Cadmium <0.05
Cesium :50.2
Chromium 50.2
Cobalt <0.1
Copper <0.1
Lead <0.5
Mercury <0.0004
Molybdenum <0.1
Nickel <0.3
Selenium :50.09
Silica 4.5 -12

Silver <0.1
Thallium <1
Titanium :50.3
Vanadium N,<0.1

Zinc <0.1

General Chemistry
Cyanide <0.02
Iodide !
Nitrate (as N) <0.1
Phenolics 50.053
Phosphate- (as P) :50.03
Total Organic Carbon!;
Total Organic Halogen :50.85

See footnotes at end of table.
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Table 5-6 (Continued)
Background Groundwater Chemistry

Well H-03b1

Hazardous Organic Constituentse

Sample Concentration
Date

Benzo(a)pyrene 01-Jul-85 6.5

Bis(2-ethylhexyl)phthalatBl 1 6-Mar-89 11

Methylene Chloridef 1 6-Sep-86 14

N-nitroso-di-phenylamifle 1 6-Sep-86 24

Toluenef 01-Jul-85 2

Toluenef 1 6-Sep-86 32

a All concentrations in milligrams per liter, except where not~ed.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds.u. = standard pH units.

All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

fSuspected laboratory contaminant.
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detected in Well H-03b 1 samples are common laboratory contaminants, according to an EPA

risk assessment guidance document (EPA, 1989). .

Figure 5-6 shows the temporal variation in the concentration of the six major constituents of

Well H-03b1 groundwater. Chloride concentrations exhibit a weak decrease with time;

however, the concentration change is no greater than the analytical uncertainty. Though

concentrations fluctuate, no temporal trends are observed in the constituents shown in

Figure 5-6 or any other dissolved constituent of Well H-03b1 groundwater.

5.7 Well H-03b3
Groundwater samples from the Culebra Dolomite were coilected from Well H-03b3. The

sampling history of this well is very similar to that of Well H-03b 1. Well F{-03b3 was

sampled five times; the first sample was collected in Febniary 1985, and the most recent was

collected in August 1990. Groundwater collected during each sampling event was analyzed

for metals and general chemical parameters. Samples were analyzed for VOCs and semi-

VOCs during four of the five sampling rounds; the August 1990 samples were not analyzed

for hazardous organic constituents. Total PCB analyses were performed on samples collected

in May 1986 and August 1987; and individual PCBs (e.g., Aroclor 1242) were analytes in the

March 1989 sampling event. Analytical results for major constituents from the February 1985

sampling event were provided by Bendix (Uhland and RandaIl 1986). All other results were

provided by ITAS.

Background concentrations for constituents in groundwater from Well H-03b0 are presented

in Table 5-7. Table 5-7 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-7 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well H-03b0.

Sodium is the dominant cation in groundwater from Well H-0303, followed by calcium,

magnesium and potassium; chloride is the dominant anion, followed by sulfate (Table 5-7).

Well H-0303 groundwater is classified as saline, because the -TDS concentration is

approximately 54,000 mg/f (Freeze and Cherry, 1979). Well H-0303 lies within

hydrochemical Type Area 3 of the Culebra Dolomite (Holt et al, 1992), as shown in

Figure 3-7. Groundwater in Type Area 3 contains IDS ringing from 10,000 to 100,000 mg/I

and may be a mixture of Type Area 1 and 2 groundwater. Low concentrations, ie., less tha

1 mg/1, of several trace metals were detected in samples from Well H-0303 (Table 5-7).
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Table 5-7
Background Groundwater Chemistry

Well H-03b3

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 25 5 19-32
Calcium 1,360 134 1,193 - 1,527
Iron 0.30 0.13 0.14 -0.47

Uthium 0.48 0.14 0.15 -0.82

Magnesium 768 46 710-826
Manganese 0.13 0.04 0.08 -0.18

Potassium 453 65 372 - 534
Sodium 17,020 709 16,140 - 17,900
Strontium 25 4 21 -30

General Chemistry
Alkalinity (as HCO 3 ) 50 3 46- 54
Bromide 24 14 7-41
Chloride 28,790 14649 26,742 - 30,838
Fluoride 1.5 0.1 1.5- 1.6
pH (s.u.)b 7.26 0.33 6.85 -7.66

Sulfate 4,680 115 4537 - 4823
Total Dissolved Solids 54,150 822 53,130 - 55,170

See footnotes at end of table.
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Table 5-7 (Continued)
Background Groundwater Chemistry

Well H-03b3

Minor Constituentsa

Concentration Range
Metals

Aluminum <2
Antimony :50.8
Arsenic <0.1
Barium :50.06
Beryllium :50.115
Cadmium 0.07
Cesium <0.2
Chromium 0.007-0.4
Cobalt <0.5
Copper <50.'26
Lead sl0.5
Mercury S0.001
Molybdenum 0.2
Nickcel :50.44
Selenium <0.5
Silica 4.5 -13

Silver <50.1
Thalliumn <10)
Titanium 50.8
Vanadium <0.5
Zinc <50.2

General Chemistry
Cyanide 50. 11
Iodide <2
Nitrate (as N) <0.2
Phenolics 0.0:33
Phosphatp (as P) 50.06

-, Total Organic Carbon : 2
Total Organic Halogen 0.14 -0.42

See footnotes at end of table.
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Table 5-7 (Continued)
Background Groundwater Chemistry

Well H-03b3

Hazardous Organic Constituentsc

Sample Concentration
Date

Acetoned 05-May-86 11
Benzoic Acid 04-Feb-85 17
Bis(2-ethylhexyl)phthalated 04-Feb-85 20
N-nitroso-di-phenylamine 04-Feb-85 6.5
Pentachiorophenol 04-Feb-85 5.6

a All concentrations in milligrams per liter, except where noted.
b s.u. = standard pH units.
c All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
d Suspected laboratory contaminant.
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However, only chromium, copper, molybdenum, and zinc were repeatedly detected above

respective MDLs.

Several detections of hazardous organic compounds were observed in samples of groundwater

from Well H-0303 (Table 5-7). Four of the five detections occurred in the February 1985

sample. The detection of acetone and bis(2-ethylhexyl)phthalate could be due to laboratory

contamination, based on a tabulation of common laboratory contaminants listed in an EPA

risk assessment guidance document (EPA, 1989).

Figure 5-7 shows the temporal variation in the concentration of the six major constituents of

Well H-03b0 groundwater. Magnesium, chloride, and sulfate concentrations appear to have

decreased during the WQSP (Figure 5-7). However, the trends are relatively weak; the

concentration decreases are of the same magnitude as the analytical uncertainty. Also, a

corresponding weak decrease in the TDS is not observed. Thus, the composition of

groundwater at Well H-03b3 has probably remained relatively constant throughout the WQSP.

5.8 Well H-04b
Groundwater samples from the Culebra Dolomite were collected at Well H-04b. Well H-04b

was sampled five times; the first sampling occurred in July 1985, and the most recent

sampling took place in September 1990. Groundwater collected during each sampling event

was analyzed for metals and general chemical parameters. Samples were analyzed for VOCS!

and semi-VOCs during four of the five sampling rounds; the September 1990 samples Were

not analyzed for hazardous organic constituents. Total PCB analyses were performed on

samples collected in November 1986 and September 1987; and individual PCBs

(e.g., Aroclor 1242) were analytes in the April 1989 sampling event. Analytical results for

major constituents from the July 1985 sampling event were provided by Bendix (Ubland and

Randall, 1986). All other results were provided by ITAS.

Background concentrations for constituents in Well H-04b groundwater are presented in

Table 5-8. Table 5-8 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-8 are the

concentration ranges of minor constituents and a list of the hazardous organic constituents that

were detected in groundwater samples from Well H-04b.

Sodium is the dominant cation in groundwater from Well H-04b, followed by calcium,*

magnesium, and potassium. Chloride is the dominant anion, followed by sulfate (Table 5-8).
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Table 5-8
Background Groundwater Chemistry

Well tl-04b

Major Constituents'

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 18 3 14-21

Calcium 673 43 604 -741

Iron - 0.48 0.06 0.40 -0.55

Lithium 0.42 0.10 0.25 -0.58

Magnesium 426 33 385 -468

Manganese 0.13 0.03 0.09 -0.17

Potassium 220 33 179 -261

Sodium 5,940 254 5,625 - 6,255

Strontium 14 1 13 -16

. General Chemistry
Alkalinity (as HC0 3 ) 61 7 51 -72

Bromide .57 21 31-83

Chloride 7,033 4R980 1,968 - 12,099

Fluoride 1.9 0.2 1.7-2.2

pH (s.u.)b 7.06 0.61 6.30 -7.82

Sulfate 5,480 832 4,447 - 6,513

Total Dissolved Solids 20,030 2,433 17.010 - 23,050

See footnotes at end of table.
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Table 5-8 (Continued)
Background Groundwater Chemistry

Well H-04b

Minor Constituentsa

MetalsConcentration 
Range

Aluminum <
Antimony <0.6
Arsenic <0.1
Barium <0.1
Beryllium <0.05
Cadmium <0. 05
Cesium :50.2
Chromium :50.3
Cobalt <0.5
Copper <0.25
Lead <0.5
Mercury :50.001 7
Molybdenum :50.2
Nickel <0.4
Selenium <0.05
Silica 5.6- 14
Silver N<0.1

Vanadium <.
Zinc :50.4

General Chemistry
Cyanide <0.02
Iodide 2
Nitrate (as N) <0.1
Phenolics :50.026
Phosphate (as P) a0.03
Total Orgaic Carbon 3-5
Total Organic Halogen 0.06 -0.64

See footnotes at end of table.
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Table 5-8 (Continued)
Background Groundwater Chemistry

Well H-04b

Hazardous Organic Constituentsr

Sample Concentration
Date

Benzo(a)pyrefle 20-Jul-85 6.5

a All concentrations in milligrams per liter, except where noted.
b s.u. = standard pH units.
c All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
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Well H-04b groundwater is classified as saline, because the TDS air approximately 20,000

SmgfI (Freeze and Cherry, 1979). Well H-04b lies within hydrochemical Type Area 3 of the

Culebra Dolomite (Holt et al., 1992), as shown in Figure 3-7. Groundwater in Type Area 3

contains TDS ranging from 10,000 to 100,000 mg/e and may be a mixture of Type Area 1

and 2 groundwater. Several trace metals were repeatedly detected in groundwater samples

from Well H-04b. Cesium, chromium mercury, molybdenum, titanium, and zinc were

detected in concentrations below, 1 mg/I (Table 5-8).

Benzo(a)pyrene was detected during the July 1985 sampling of Well H-04b. This one-tm

detection was the only occurrence of a hazardous organic compound in groundwater from the

well.

Figure 5-8 shows the temporal variation in the concentration of the: six major constituents of

Well H-04b groundwater. Concentrations fluctuate, however, no temporal trends are observed

in the constituents shown in Figure 5-8 or any other constituent of Well H-04b groundwater.

The chloride concentration was highly variable; this may reflect sampling or analytical

problems.

5.9 Well H-0 4Cl r h aet ooiewr olce tWl -4.Wl -4

Groundwater smlsfo h aet ooiewr olce tWl -4.Wl -4

was sampled five times; the first'sampling occurred in November 1986, and the most recent

sampling took place in October 1990. Groundwater collected during each sampling event was

analyzed for metals and general chemical parameters. Samples were analyzed for PCBs,

VOCs, and semi-VOCs during four of the five sampling rounds; tie October 1990 samples

were not analyzed for hazardous organic constituents. Total PCB analyses were performed on

samples collected during t first tee rounds; and individual PCBs (e.g., Aroclor 1242) were

analytes in the April 1989 sampling event.

Background concentrations for constituents in groundwater from Well H-04c are listed in

Table 5-9. Table 5-9 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-9 are the

concentration ranges of minor constituents and a list of the hazardous organic constituents that

were detected in groundwater samples from Well H-04c.

Sodium is the dominant cation in groundwater from Well H-04c, followed by calcium,

magnesium. and potassium. Chloride is the dominant anion, followed closely by sulfate



Table 5-9
Background Groundwater Chemistry

Well H-04c

Major Constituentsa

Mean Std. 0ev. 95 % Confidence Interval

Metals
Boron 11.8 0.5 11.2- 12.4

Calcium 646 36 588 -704

Iron 0.6 0.4 0.1 -1.1

Lithium 0.41 0.02 0.39 -0.43

Magnesium 445 40 396 -494

Manganese 0.20 0.16 0.00 -0.39

Potassium 102 23 73-130

Sodium 7.250 178 6,967 - 7,533

Strontium 13 1 11 -14

General Chemistry
Alkalinity (as HC0 3') 71 17 50- 93

Bromide 7 1 6-8

Chloride 8,890 1 276 7,306 - 10,474

Fluoride 2.6 0.2 2.3 -2.8

pH (S.u.)b 7.68 0.22 7.34-8.03
Sulfate 7,330 860 6,262 -8,398

Total Dissolved Solids 23.690 830 22,660 - 24,720

See footnotes at end of table.
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Table 5-9 (Continued)
Background Groundwater Chemistry

Well H-04c

Minor Constituefltsa
Concentration Range

Metals
Aluminum <2
Antimony !90.6
Arsenic <0.1
Barium <0.2
Beryllium <0.05
Cadmium <0.05
Cesium 50.1
Chromium :50.2
Cobalt <0.5
Copper :50.3
Lead <0.5
Mercury 50.0008
Molybdenum <0.2
Nickel <0.4
Selenium <0.05
Silica 3.9 -12

0Silver 0.1
Thailiumn <5
Titanium S0.5
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide <0.02
Iodide :54
Nitrate (as N) <0.1
Phenolics 50.038
Phosphate (as P) 90.06
Total Orggic Carb~on 53
Total Organic Halogen 50.53

See footnotes at end of table.
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Table 5-9 (Continued)
Background Groundwater Chemistry

Well H-04c

Hazardous Organic Constituentsc

Sample Concentration
Date

1 ,3-Dichlorobenzene 1 9-Jul-88 15
Bis(2-ethyihexyl)phthalate d 19-Jul-88 110

a All concentrations in milligrams per liter. except where noted.
b s.u. = standard pH units.
c All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
d Suspected laboratory contaminant

AL*2P-~~Wp"~-2134 5-44
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(Table 5-9). Well H-04c groundwater is classified as saline, because TDS are approximately

23,500 mg/a (Freeze and Cherry, 1979). Cesium, chromium, copper, mercury, and titanium

were detected in Well H-04c groundwater during more than one sampling round. However,

concentrations were considerably less than 1 mg/a (Table 5-9).

Bis(2-ethylhexy1)phthalate and l,3-dichlorobenzene were detected during the July 1988

sampling of groundwater at Well H-04c (Table 5-9). These are the only detections of

hazardous organic compounds in samples from Well H-04c. Bis(2-ethylhexyl)phthalate is a

common laboratory contaminant, according to an EPA risk assessment guidance document

(EPA, 1989).

Figure 5-9 shows the temporal variation in the concentration of the six major constituents of

groundwater from Well H-04c. The general downward trend in magnesium9 potassium,~ and

sodium concentrations is not supported by a corresponding decrease in TDS. Total dissolved

solids actually increased during the WQSP (not shown in Figure 5-9). The concentration of

chloride and several other constituents not shown in Figure 5-9 decreased significantly from

the first (November 1986) to the second (October 1987) sampling round. This may be

indicative of a "cleaning-up" effect, i.e., the first round sample may have been contaminated

by drilling activities.

5. 10 Well H-05b

Groundwater samples from the Culebra Dolomite were collected at Well H-O5b. Well H-05b

was sampled five times; the first sampling occurred in August 1985, and the most recent

sampling took place in May 1990. Groundwater collected during each sampling event was

analyzed for metals and general chemical parameters. Samples were analyzed for VOCs

during four of the five sampling rounds; the August 1989 samples were not analyzed for

VOCs. Samplestwere analyzed for semi-VOCs during three of the five sampling rounds;

August 1989 .and May 1990 samples were not analyzed for semi-VOCs. Total PCB analyses

were performed on samples collected in May 1986 and February 1988.

Background concentrations for constituents in groundwater ftrom Well H-05b are presented in

Table 5-10. Table 5-10 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-10 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well H-05b.

AL-9~2tWMP:WPA-215
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Table 5-10
Background Groundwater Chemistry

Well H-05b

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 31 3 28-35

Calcium 1,540 270 1,205 - 1,875

Iron 2.5 0.6 1.8- 3.2

Lithiumn 0.9 0.1 0.6-1.3

Magnesium 1,840 204 1,586 - 2,094

Manganese 0.32 0.13 0.16 - 0.48

Potassium 1,188 140 1,014 - 1,362

Sodium 50,240 4,603 4,526 - 55,955

strontium 27 7 18-36

. General Chemistry
Alkalinity (as HC0 3') 43, 3 39-47

Bromide 61 30 24- 99

Chloride 87,960 3,421 84,085 - 91,835

Fluoride 1.0 0.2 0.7-1.2

pH (S.U.)b 7.00 0.07 6.88 -7.11

Sulfate 6,780 698 5,914 - 7,646

Total Dissolved Solids 153,300 8,693 142,508 -164,093

See footnotes at end of table.
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Table 5-10 (Continued)
Background Groundwater Chemistry

Well. H-05b

Minor Constituentsa
Concentration Range

Metals
Aluminum <2
Antimony 0.6 -0.77

Arsenic <0.1
Barium <0.5
Beryllium <0.05
Cadmium :50.11
Cesium <1.1
Chromium :50.3
Cobalt 53.0
Copper <1
Lead :51
Mercury 50.0005
Molybdenum 0.03 -0.3

Nickel <3
Selenium !7.3
Silica <21
Silver :50.1
Thalliumn <0.1
Titanium 50.1
Vanadium <0.5
Zinc 0.03 -2.5

General Chemistrv
Cyanide <0.02
Iodide <2
Nitrate (as N) :90.4
Phenoic f.0.05 1
Phosphate (as P) <0.19
Total Organic Carbon S4
Total Organic Halogen 57.6

See footnotes at end of table.
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Table 5-10 (Continued)
Background Groundwater Chemistry

Well H-05b

Hazardous organic Constituefltsc

Sample Concentration
Date -

Methylene Chionided 02-May-90 6

a All concentrations in milligrams per liter, except where noted.
b s.u. =standard pH units.
c All concentrations in microgram per liter, only detected hazardous organic compounds are

listed.
d Suspected laboratory contaminant.

.'X
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* Sodium is the dominant canion in groundwater at Well H-05b, followed by magnesium,

Wcalcium, and potassium; chloride is the dominant anion in groundwater, followed by sulfate

(Table 5-10). Groundwater at Well H-05b is classified as brine, becuse the TDS exceed

100,000 mgfe (Freeze and Cherry, 1979). Well H-05b lies within hydrochemical Type

Area 1 of the Culebra Dolomite: (Holt et al, 1992), as shown in Figure 3-7. Groundwater in

Type Area 1 is a sodium chloride brine. Antimony, molybdenum, silver, and zinc were

repeatedly detected in groundwater samples from Well H-05b. Several other trace metals

were detected at concentrations that exceed 1 mng/I (e.g., selenium) (Table 5-10), although

these detections were usually one-time occurrences. As discussed in Section 4.5, relatively-

high MDLs and trace metal concentrations are probably due to sample dilution prior to

analysis. Thus, for brines, the analytical uncertainty associated with tace metal data is

relatively lag.

Methylene chloride was detected al: 6 pgtt in a May 1990 groundwater sample. This is the

only detection of a hazardous organic compound in samples from Well H.05b. Methylene

chloride is a common laboatoty contaminant (EPA, 1989). and 10 pg/f was also detected in

the trip blank.

Figure 5-10 shows the temporal variation in the concienatinof the six major constituents of

Well H-05b groundwater. Though concntrtios fluctuate, no temporal treds are observed

in these or amy other constituents. Much of the fludmatkio may be due to difficulties related

to the analysis of bigh-TDS samples.

5.11 Well H-Ok
Samples of groundwater from the Magenta Dolomile were collected at Well H-O5c. This well

was sampled fiv tues ft first sumple was collected in October 1986, and the most recent

was colctn .1dy 1990. Groundwater collected durin each round was analyzed for

metals and genual chemical parameters. Samples collected during the first thre rounds were

analyZed for VOCs, seMi-VOCS, and total PCBs.

Background concentaton for COUSIMCMnt in groundwater from Well H-05c are presented in

Table 5-11. Table 5-11 gives the mean co ancnato, standard deviation, and 95 percent

confidence interval for major grondVjwater cnttes.Also show in Table 5-11 are the

concentration range of minor constituents and a list of hazardous organic constitents that

wer detected in groundwater samples from Well H-05c.
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Table 5-11
Background Groundwater Chemistry

Well H-05c

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 11 1 10-12

Calcium 621 100 496 -746

Iron 0.7 0.4 0.2-1.2

Lithium 0.21 0.01 0.19 -0.22

Magnesium 186 9 175-197

Manganese NCb NC <0.1 5c

Potassium 40 7 32-48

Sodium 1,30 203 1,052 -1,556

Strontium 10 1 9-11

General Chemistry
Alkalinity (as HC0 3) 56 8 46-66

Bromide 2 1 1-4

Chloride 949 95 846 -1,052

Fluoride 2.8 0.2 2.5 -3.1

pH (S.u.)d 7.68 0.41 7.17 -8.19

Sulfate 3,520 476 2,929 - 4,112

Total DiSSOIved Solids 7,050 158 6,854 - 7,246

See footnotes at end of table.
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Table 5-11 (Continued)
Background Groundwater Chemnistry

Well H-05c

Minor Constituentsa

Concentration Range

Metals
Aluminum <2
Antimony <1
Arsenic <0.1
Baium <0.05
Beryllium <0.05
Cadmium <0.05
Cesium 50.2
Chromium :50.2
Cobalt <0.5
Copper <0.25
Lead 0.6
Mercury 50.0005
Molybdenum <0.2
Nickel <0.4
Selenium 4.012
Silica 4.-1
Silver 5.
Thafliumn<
Titanium -<0.4
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide <0.02
Iodide <2

> Nitat~as N) <0.1
*Phenalles 0.016

PhospaW (a P) 0.04
Total Organic Carbon :53
Total Organic Halogen <0.06

See footnotes at end of table.
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Table 5-11 (Continued)
Background Groundwater Chemistry

Well H-05c

Hazardous Organic Constitueltse

Sample Concentration
Date

Bis(2-ethylhexyl)phthalate 03-Mar-88 10

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds*u. = standard pH units.

All concentrations in micrograms per liter. only detected hazardous organic compounds are
lised

f Suspected laboratory contaminant.
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sodium is the dominant cation in Well H-05c groundwater, followed by calcium magnesium,

and potassium; sulfate is the dominant anion, followed by chloride and bicarbonateV

(Table 5-1 1). Well H-05c groundwater is classified as brackish, because TDS are

approximately 7,000 mg/9. Several trace metals were detected at concentrations less than 1

mg/I in groundwater from Well H-05c (Table 5-1 1).

Bis(2-ethylhexyl)phthalate was detected during the March 1988 sampling of Well H-05c.

This is the only detection of a hazardous organic compound in samples from the well.

Bis(2-ethylhexyl)phthalate is a common laboratory contaminant, according to an EPA risk

assessment guidance document (EPA, 1989).

Figure 5-11 shows the temporal variation in the concentration of the six major constituents of

Well H-05c groundwater. In general, concentrations appear to decrease with time; however, a

corresponding decrease in TDS (not shown in Figure 5-11) is not observed. Based on charge-

balance considerations, the decrease in the sodium concentration could be balanced by the

corresponding decrease in chloride and sulfate concentrations.

The concentration of calcium sulfate, and to a lesser extent potassium and sodium decreased

significantly from the first (October 1986) to the second (March 1988) sampling round. The

pattern is also observed in some constituents that are not shown in Figure 5-11

(e.g., alkalinity). This trend may be due to a "cleaning-up" effect, ie., the first round sample

may have been contaminated by drilling activities to a greater extent than subsequent samples._

5.12 Well H-06b
Groundwater samples from the Culebra Dolomite were collected from Well H-06b.

Well H-06b was sampled five times; the first groundwater sample was collected in September

1985, and the-igost recent was collected in February 1990. During all five rounds, samples

were analyzed for metals and general chemical parameters. Samples were analyzed for VOCs

during all but the July 1989 sampling round, and samples were analyzed for senii-VOCs

during only the first three rounds, i.e., September 1985, July 1986, and November 1987.

Total PCB analyses were performed on samples collected during July 1986 and

November 1987.

Background concentrations for constituents in groundwater from Well H-06b are presented in

Table 5-12. Table 5-12 gives the mean concentration, standard deviation, and 95 percent*

confidence interval for major groundwater constituents. Also shown in Table 5-12 are theW

AJ6.9ZiWIVP-R-215
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Table 5-12
Background Groundwater Chemistry

Well H-06b

Major Constituefltsa

Mean Std. Dev. 95 % Confidence Interval

Metals

Boron 9.2 1.2 7.7-10.7

Calcium 1,920 175 1,702 - 2,138

Iron 0.4 0.1 0.2 -0.6

Lithium 0.5 0.1 0.3 -0.7

Magnesium 938 118 791 -1,085

Manganese 0.22 0.05 0.15 -0.28

Potassium 443 91 330 -556

Sodium 15,970 1,402 14,230 - 17,710

Strontium 29 4 24-34

General Chemistry
Alkalinity (as HCO.J 96 4 91 -101

Bromide 37 20 -12-62

Chloride 31,640 21274 28,816 - 34,464

Fluoride 1.4 0.1 1.2-1.5

pH (S.U.)b 6.77 0.48 6.18 -7.37

Sulfate 3,310 175 3,093 - 3,527

Total Dissolved Solids 60,700 3117 56,831 - 64,569

See footnotes at end of table.
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Table 5-12 (Continued)
Background Groundwater Chemistry

Well H-08b

Minor Constituentsa

Concentration Range

Metals
Aluminum <2
Antimony :50.8
Arsenic <0.5
Baium <0.1
Beryllium <0.05
Cadmium <0.05
Cesium :50.3
Chromium 0.22 -0.45

Cobalt :50.94
Copper <0.25
Lead -0.83
Mercury :50.0012
Molybdenum :50.5
Nickel :50.56
Selenium :51.3
Silica 8.3-25
Silver :50.1
Thalliumn <10
Titanium :50.6
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide <0.04
Iodide <2
Nitrate (as N) :50.2
Phenolics 0.004 - 0.016
Phosphate (as P) -<0.02
Total Organic Carbon s7
Total Organic Halogen 0.16 -3

See footnotes at end of table.
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Table 5-12 (Continued)
Background Groundwater Chemistry

Well H-06b

Hazardous Organic Constituents

None Detected

a All concentrations in mg/I.. except where noted.
b s.u. standard pH- units.

AL*.9iWP-WIP-Jt-21:$4 5-59
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concentration ranges of minor constituents. Hazardous organic constitents were not detected

Win groundwater samples from Well H-06b.

Sodium is the dominant cation in groundwater at Well H-06b, followed by calciuma,

magnesium, and potassium; chloride is the dominant anion, followed by sulfate (Table 5-12).

Groundwater at Well H-06b is classified as saline, because the TDS are approximately

61,000 mg/f (Freeze and Cherry, 1979). Well H-06b lies within hydrochemical Type Area 3

of the Culebra Dolomite (Holt et aL, 1992), as shown in Figure 3-7. Several trace metals

were detected at concentrations below 1 mg/I (Table 5-12). Only chromnium and

molybdenum were repeatedly detected in groundwater samples from Well H-06b.

Figure 5-12 shows the temporal 'variationl in the concentration of the six major dissolved

constituents of Well H-06b groundwater. Although concentrations fluctuate, no temporal

trends are observed in these or any other dissolved constituent of groundwater from

Well H-06b.

5.13 Well H-06c

* Groundwater samples from the Magenta Dolomite were collected from Well H-06c. Well

WH-06c was sampled five times; the first groundwater sample was collected in October 1986,

and the most recent was collected in March 1990. Samples were analyzed for metals and

general chemistry during all five rounds. Samples -were analyzed far VOCs in four rounds;

sa mples collected in August 1989 were not analyzed for VOCs. Also, groundwater samples

were analyzed for total PCBs and semi-VOCs during the first three rounds, i.e., October 1986,

November 1987, and July 1988.

Background concentrations for constituents in groundwater from Well H-06c are presented in

Table 5-13. Table 5-13 gives the mean concentration, standard diationad9 percen

confidence interval for major groundwater constituents. Also shown in Table 5-13 are the

concentration ranges of minor constituents. Hazardous organic constituents were not detected

in groundwater samples from Well H-06c.

Sodium and calcium are the domninant cations in groundwater at Well H-06c, followed by

magnesium sulfate is the dominant anion, followed by chloride and bicarbonate (Table 5-13).

Well H-06c groundwater is classified as brackish, because the TDS are approximately

5,000 mg/I (Freeze and Cherry,, 1979). Trace metal concentrations~ are below MDLs with the

exception of one-time detections of cesium and mercury (Table 5-13).

ALj-92P:NWPR2154 
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Table 5-13
Background Groundwater Chemistry

Well H-06c

Major Corstituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 2.3 0.1 2.2- 2.5
Calcium 567 45 512-623
Iron 0.4 0.1 0.2'- 0.5
Lithium 021 0.01 0.20 -0.23

Magnesium 166 9 155 -177

Manganese NCb NC <0.1l5c
Potassium 18 7 10-26
Sodium 614 34 560 -668

Strontium 9.0 1.2 7.5 -10.4

General Chemistry
Alkalinity (as HCO3) 52 1 51 -53
Bromide NC NC <20
Chloride 418 00 381 -455

Fluoride 1.9 0.1 1.8 -2.1

pH (S.u.)d 6.92 0.54 6.25 -7.60.

Sulfate 2.494 90 2.382 - 2.606
Total Dissolved Solids 4,760 89 4,649 - 4,871

See footnotes at end of table.
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Table 5-13 (Continued)
Background Groundwater Chemistry

Well H-06c

Minor Constituentsa

Concentration Range

Metals
Aluminum <2
Antimony <0.6
Arsenic <0.01
Barium 40.05
Beryllium <0.05
Cadmium <0.05
Cesium i50.3
Chromium <0.1
Cobalt <0.5
Copper <0.30
Lead <0.5
Mercury <.0.0005
Molybdenum <0.2
Nickel <0.4
Selenium <0.5. Silica 5.1 -13

0Silver <0.1
Thallium <0.5
Titanium <0.3
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide <0.06
Iodide <2
Nitrate (as N) <0.1
Phenolics 0.014
Phosphate (as P) !50.02

j Total Organic Carbon :51
~' Total Organic Halogen <0.06

See footnotes at end of table.
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Table 5-13 (Continued)
Background Groundwater Chemistry

Well H-06c

Hazardous Organic Constituents

None Detected

a All concentrations in milligrams per. liter, except where noted.
b NC = not calculated.
cThe 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds.u. =standard pH units.
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Figure 5-13 shows the temporal variation in the concentration of die six major constituents of

Well H-06c groundwater. Sodium concentrations appear to have decreased slightly with time;

however, the total concentration change is within sampling and analytical variability. In

general, concentrations of dissolved constituents in Well H-06c groundwater fluctuate but do

not exhibit any significant temporal trends.

5.14 Well H-07b1
Groundwater samples from the Culebra Dolomite were collected at Well H-07b1. Well

H-07b1 was sampled five times; the first sampling occurred in March 1986, and the most

recent took place in November 1990. During all five rounds, groundwater samples were

analyzed for metals and general chemical parameters. Samples collected during the first three

rounds were also analyzed for VOCs and semi-VOCs, and samples collected during February

1987 and April 1988 were also analyzed for total PCBs.

Background concentrations for constituents in groundwater from Well H-07b1 are presented

in Table 5-14. Table 5-14 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-14 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well H-07b1.

Calcium is the dominant cation in Well H-07b1 groundwater, followed by sodium and

magnesium; sulfate is the dominant anion, followed by chloride and bicarbonate (Table 5-14).

Well H-07b1 groundwater is classified as brackish, because the TDS are approximately

3,500 mg/f. Well H-07b1 lies within hydrochemical Type Area 2 of the Culebra Dolomite

(Holt et at., 1992), as shown in Figure 3-7. The'TDS of Type Area 2 groundwater is less

than 10,000 mg/t, and calcium and sulfate are the dominant dissolved constituents.

Chromium is the only trace metal detected in groundwater samples from Well H-07b1

(Table 5-14).

Methylene chloride was detected during the March 1986 sampling of Well H-07b1. This is

the only detection of a hazardous organic compound in samples from the well. Methylene

chloride is a common laboratory contaminant, according to an EPA risk assessment guidance

document (EPA, 1989).
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Table 5-14
Background Groundwater Chemistry

Well H-07b1

Major Constituentsa

Mean Std. Dev. 95 0%~ Confidence Interval

Metals

Boron 0.8 0.1 0.7 -0.9

Calcium 604 54 -538-671

Iron Nrb NC e.0 .3 c

Uthium .0.10 
0.03 0.05 -0.15

Magnesium 132 6 125-139

Manganese 0.06 0.02 0.03 -0.08

Potassium 8 1 7-9

Sodium 178 47 120-236

Strontium 7.9 1.2 6.4-9.4

General Chemistry

Alkalinity (as HCO 3D) 116 16. 97- 136

Bromide NC INC :,3c

Chloride 283 25 243 -322

Fluoride 1.4 0.1 1.3 -1.6

pH (s.u.)d 7.19 0.24 6.90 - 7.49

Sulfate 1,960 261 1,636 - 2,284

Total Dissolved Solids 3,450 100 3,326 - 3,574

See footnotes at end of table.
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Table 5-14 (Continued)
Background Groundwater Chemistry

Well H-07b1

Minor Constituentsa

Concentration Range

Metals
Aluminum <2
Antimony <0.6
Arsenic <0.01
Barium <0.05
Beryllium <0.05
Cadmium <0.05
Cesium <0.2
Chromium :50.3
Cobalt <0.5
Copper <0.25
Lead <0.5
Mercury <0.002
Molybdenum <0.2
Nickel <0.4
Selenium <0.05
Silica 20-46
Silver <0.1
Thallium <0.5
Titanium <0.3
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate. (w N) 0.7 -0.9

Phenolics <0.05
Phosphate (as P) 50.08
Total Organic Carbon <1
Total Organic Halogen <-0.21

see footnotes at end of table.
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Table 5-14 (Continued)
Background Groundwater Chemistry

Well H-07bl

Hazardous Organic Constituentso

Sample Concentration
Date

Methylene Chloridef 27-Mar-86 1

aAll concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 950/ confidence interval was not calculated. The observed concentration range is

dreotds.u. = standard pH units.
All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
SSuspected laboratory contaminant.
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__Figure 5-14 shows the temporal variation in the concentration of the six major constituents of

WWell H-07b1 groundwater. The calcium concentration appears to have increased', while,

sodium and bicarbonate (not shown in Figure 5-14) concentrations appear to have decreased.

Based on charge balance considerations, the decrease in sodium could be offset by the

increase in calcium concentration.

5.15 Well H-08b
Groundwater samples from the Culebra Dolomite were collected from Well H-08b. Well

H-08b was sampled three times; the first sample was collected in January 1986, and the most

recent was collected in June 1988. During all three rounds, samples were analyzed for VOCs,

semi-VOCs, metals, and general chemical parameters. Samples collected during the first two

rounds (i.e., January 1986 and February 1987) were also analyzed for total PCBs.

Background concentrations for constituents in groundwater from Well H-08b are presented in

Table 5-15. Table 5-15 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-15 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that.were detected in groundwater samples from Well H-08b.

Calcium is the dominant cation in groundwater from Well H-08b, followed by mansium

and sodium; sulfate is the dominant anion, followed by bicarbonate and chloride (Table 5-15).

Well H-08b groundwater is classified as brackish, because the TDS concentration is

approximately 3,000 mg/9 (Freeze and Cherry, 1979). Well H-08b lies within hydrochemical

Type Area 2 of the Culebra Dolomite (Holt et al., 1992), as shown in Figure 3-7. The TDS

of Type Area 2 groundwater is less than 10,000 mg/1, and calcium and sulfate are the

Ndominant dissolved constituents. Several trace metals are detected in groundwater samples

from Well H-OWb; however, detections are sporadic, and concentrations are well below 1 mng/t

(Table 5-15).

Bis(2-ethylhexyl)phthalflle and 1,2-dichloroethane were detected in the January 1986

groundwater sample from Well 11-08b. (Table 5-15). The detection of

bis(2-ethylhexyl)phthalate could be due to laboratory contamination, as the compound has

been identified by the EPA as a common laboratory contaminant (EPA, 1989).

Figure 5-15 shows the temporal variation in the concentration of the six major constituents of

Well EI-08b groundwater. Calcium and sulfate concentrations appear to have increased with
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Table 5-15
Background Groundwater Chemistry

Well H-08b

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 0.4 0.3 0 -1.1

Calcium 568 33 486 -651

Iron 0.05 0 0.05

Uthium N~b NC0.2
Magnesium 165 5 153 -177

Manganese NC NC Ol

Potassium 4.1 0.4 3.1 -5.0

Sodium 54 2 48 -59

Strontium 5.8 1.6 1.8-9.9

General ChemistrY
Alkalinity (as HCO3) 95 2. 91 -99

Bromide NC <2c

Chloride 34 2 30 -38

Fluoride NC NC 2.4 - 2.5c

PH (s.u.)d 7.50 0.38 6.56 -8.44

Sulfate 1,750 132 1,421 - 2,079

Total Dissolved Solids 3,050 132 2,721 - 3,379

See footnotes at end of table.
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Table 5-15 (Continued)
Background Groundwater Chemistry

Well H-08b

Minor Constituentsa

Concentration Range
Metals

Aluminum <1
Antimony <0o.5#
Arsenic <0.02
Barium <0.1
Beryllium <0.05
Cadmium <0.05
Cesium <0.24
Chromium <0.1
Cobalt <0.1
Copper 50.11
Lead <0.5
Mercury 0.0002?
Molybdenum :90.02
Nickel <0.3

*Selenium <.
Silica 1 7
Silver <0.1
Thalliumn <0.05
Titanium <0.3
Vanadium 0.04
Zinc !50.24

General Chemistry
Cyanide :50.1
Iodide <2
Nitrate (as N) 0.9- 1.4
Phenofics 0.051
Phosphate (as P) 50.02
Total Organic Carbon <1
Total Organic Halogen <0.05

See footnotes at end of table.
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Table 5-15 (Continued)
Background Groundwater Chemistry

Well H-08b

Hazardous organic Constituentse

Sample Concentration
Date

1 ,2-Dichloroethane 22-Jan-86 2.5
Bis(2-ethylhexyl)phthalatOf 22-Jan-86 1.1

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

d rportd
s.u. = standard pH units.
All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.
Suspected laboratory contaminant.
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time. This could be due to the dissolution of gypsum, if the groudae at Well H-08b is

not saturated with respect to the mineral. However, the observed increas in sulfate is greater
thani would be expected from the congruent dissolution of gypsum. Also, TDS (not shown in

Figure 5-15) appear to be decreasing with time at Well H-08b. Thus, the observed
concenr~ation trends are not conclusive; more data would be required to further evaluate

uweds at Well H-08b.

5.16 Well H-.09b
Groundwater samples from the Culebra Dolomite were collected at Well H-09b. Well H-09
was sampled four times; the first sample was collected in November 1985, and the most
recent was collected in January 1990. During all four rounds, groundwater samples were

analyzed for VOCs, semi-VOCs, metals, and general chemical paramneters. Samples collected

during the January 1987 and June 1988 rounds were analyzed for total PCBs, and the January
1990 sample was analyzed for individual PCBs (e.g., Aroclor 1016).

Background concentr-ations for constituents in groundwater from Well H-09b are presented in
Table 5-16. Table 5-16 gives the mean cocnrtion, standard deviation, and 95 percent
confidence interval for major groundwater constituents. Also shown in Table 5-16 are the
concentration range of minor constituents and a list of hazardous organic constituents that:
were detected in groundwater samples from Well H-09b.

Calcium is the dominant cation in Well H-09b grudater, followed by magnesium and
sodium; sulfate is the dominant anion, followed by chloride and bicarbonate (Table 5-16).
Well H-09b goudae is classified as brackish, because the TDS are approximately

3,250 mg/I (Freeze and Cherry, 1979). Well H-09b lies within hydrochemnical Type Area 2

of the Culebra Dolomite (Halt et al., 199), as shown in Figure 3-7. The TDS of Type
Area 2 groundwater is less than 10,000 mg/I, and calcium and sulfate are the dominant

dissolved constituents. Trace concentrations of cesium, cobalt, and mercury were detected in
grondwterfrom Well H-09b (Table 5-16). Detected concent rations were well below

1 mg/I, and detections were sporadic (ie., not detected consistently from one round to the

next). Molybdemn was consistently detected in Well H-09 groudae (Table 5-16).

The compounds 1,3-dichlorobenzene and 2-butanione (metyl ethyl ketone) were detected in

groundwater samples from Well H-09b (Table 5-16). The 1,3-dichlorobenzene was detected
at 20 pg/I in a groundwater sample and was also detected at 13 pg/I in a method blank. The

detection of 2-butanone could be due to laboratory conta into, as this compound was
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Table 5-16
Background Groundwater Chemistry

Well H-09b

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 0.7 0.1 0.5 -0.9

Calcium 613 37 554 -672

Iron NCb NC .. 1

Lithium 0.19 0.02 0.15 -0.23

Magnesium 141 9 128-155

Manganese 0.06 0.05 0 -0.13

Potassium 7.7 0.6 6.8 -8.6

Sodium 129 27 96 -163

Strontium 7.3 0.5 6.5 -8.1

General Chemistry
Alkalinity (as HC0 3') 120 0 120

Bromide 0.9 . 013 0.5 -1.3

Chloride 183 17 155 -210

Fluoride 3.1 0.4 2.5 -3.7

pH (s.u.)d 7.40 0.26 6.99 -7.81

Sulfate 1,650 168 1,382 - 1,918

Total Dissolved Solids 3,250 100 3,091 - 3,409

See footnotes at end of table.
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Table 5-16 (Continued)
Background Groundwater Chemistry

Well H-09b

Minor Constituentsa

Concentration Range
Metals

Aluminum <1
Antimony <0.5
Arsenic <0.01
Barium <0.2
Beryllium <0.05
Cadmium <0.05
Cesium 50.2
Chromium <0.1
Cobalt !50.12
Copper <0.1
Lead <0.5
Mercury 50.0041
Molybdenum 0.01 - 0.05
Nickel <0.3
Selenium <0.5
Silica 12 -30
Silver <0.1
Thallium <0.5
Titanium <0.3
Vanadium <0.05
Zinc <0.1

General Chemistry
Cyanide :50.24
Iodide <
Nitrate (as N) 0.11 -0.5
Phenolics. <0.05
Phosphate (as P) :50.03
Total Organic Carbon :53
Total Organic Halogen •50.22

See footnotes at end of table.
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Table 5-16 (Continued)
Background Groundwater Chemistry

Well H-09b

Hazardous Organic Constituentse

Sample Concentration
Date

1 ,3-Dichlorobenzene 19-Jan-90 20
2-Butanonet  14-Nov-85 46

a All concentrations in milligrams per liter, except where noted.,
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
ds.u. = standard pH units.

All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.
Suspected laboratory contaminant.
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identified as a common laboratory contaminant in an EPA risk assessment guidance document

(EPA, 1989).

Figure 5-16 shows the temporal variation in the concentration of the six major constituents of

Well H-09b groundwater. Sodiuim and chloride concentrations appear to have decreased

slightly with time, while the- sulfate concentration appears to have increased. Based on charge

balance considerations, an actual increase in sulfate is not likely. Also, IDS (not shown in

Figure 5-16) have remained relatively constant throughout the sampling of Well H-09b.

5.17 Well H-11b3
Groundwater samples from the Culebra Dolomite were collected from Well H-i1b0. Well

H- 11bW was sampled five times; the first sample was collected in June 1985, and the most

recent was taken in October 1990. Samples from all five rounds were analyzed for metals

and general chemical parameters. Groundwater samples from the first three rounds were also

analyzed for VOCs and semi-VOCs. Samples collected during the June 1986 and September

1987 rounds were analyzed for total PCBs. Analytical results for major constituents fromn the. June 1985 sampling event were provided by Bendix (Uhiand and Randall, 1986). All other

results were provided by ITAS.

Background concentrations for constituents in groundwater from Well H-i lb3 are presented

in Table 5-17. Table 5-17 gives the mean concerfration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-17 are the

concentration ranges of minor constituents and a list of hazardo3us organic constituents that

were detected in groundwater samples from Well H- 11 b3.

Sodium is the dominant cation in Well H- 11b3 groundwater., followed by calcium,

magnesium, and potassium; chloride is the dominant anion, followed by sulfate. Groundwater

at well H- 11 b3 is classified as brine, because the TDS are greater than 100,000 mg/Q (Freeze

and Cherry, 1979). Well H- 1 b3 lies within hydrochemical Type Area 1 of the Culebra

Dolomite (Holt et al., 1992), as, shown in Figure 3-7. Groundwater in Type Area 1 contains

TDS in excess of 100,000 mg/l, and sodium and chloride are the dominant dissolved

constituents. Several trace metals were detected in groundwater samples from Well H- 1bM.

Cadmium, cesium, chromium, copper, lead, molybdenum, silver, and titanium were repeatedly

detected at Well H- 11bW. Concentrations of these metals were, all less than 1 mg/I

9 (Table-5-17). The MDLs for most of the trace metals were relatively high because of sample

dilution during analysis.
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Table 5-17
Background Groundwater Chemistry

Well HAM1b

Major Constituents"

Mean Std. Dev. 95 % Confidence interval

Metals
Boron 30 1 29 -31

Calcium 1,492 132 1,329 - 1,655
Iron NCb NC i

Lithium NC NC 0.5 - 0.6c
Magnesium 1,155 94 1,038 - 1,272
Manganese 0.26 0.07 0.17 -0.35

Potassium 822 136 654 -990
Sodium 39,300 3,328 35,169 - 43,432
Strontium 23 6 15 -30

General Chemistry
Alkalinity (as HC0 3') 51 5 4-58
Bromide 54 ?918-90
Chloride 64,780 6,216 57,063 - 72,497
Fluoride 1.1 0.1 1.0 -1.2

pH (S.U.)d 7.08 0.11 6.95 -7.22

Sulfate 6,620 626 5,843 - 7,397
Total Dissolved Solids 118,400 3,782 113,705 - 123,095

See footnotes at end of table.
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Table 5-17 (Continued)
Background Groundwater Chemistry

Well 1-1-1:3

Minor Constituentsa

Concentration Range

Metals
Aluminum <
Antimony :50.9
Arsenic 50.15
Barium <0.1
Beryllium <0.05,
Cadmium 0.06 -0,.09

Cesium :50.55
Chromium 0.32 - 0.4
Cobalt <0.5
Copper :50.26
Lead :50.6
Mercury <0.0004
Molybdenum 0.032 -10.3

Nickel 40.4
Selenium <0.5
Silica 4.1-15
Silver 0.1 - 0.2
Thallium <10
Titanium :50.69
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide 50.154
Iodide <
Nitrate (as N) <0.3
Phenolics 50.02
Phosphate (as P) 50.04.
Total Organic Carbon :53
Total Organic Halogen 51.5

See footnotes at end of table.
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Table 5-17 (Continued)
Background Groundwater Chemistry

Well 1-1-1b13

Hazardous Organic Constituentse

Sample Concentration
Date

Acetone' 1 5-Sep-87 16
Bis(2-ethylhexyl)phthalatef 04-Jun-86 97
Bis(2-ethylhexyl)phthalatef 1 5-Sep-87 12
Methylene Chloridef 15-Sep-87 8

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
s.u. = standard pH units.

*All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.
Suspected laboratory contaminant.
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Several detections of hazardous organic compounds were observed in samples of groundwater
from Well H-15b3 (Table 5-17). All of the detections could be due to laboratory
conaiain according to a list of common laboratory contaminants presented in an EPA
risk assessnent guidance document (EPA, 1989). Bis(2-ethyhexyl)phthalate was detected
twice (Table 5-17); the other compounds were detected only once. Acetone was detected at
16 pg/I in the September 1987 sampling. However, 19 pg/I of acetone was also detected in
a trip blank during the same sampling round.

Figure 5-17 shows the temporal variation in the cneraonof the six major constituents of
Well H-l1b3 grudae. While concenr mtratitons fluctuate, no temporal trends are observed
in these costun. The TDS of Well H-i 1b3 groundwater (not shown on Figur 5-17)
appear to have decreased with time; however, this decrease is not supported by the major

consituntsshown in Figure 5-17.

5. 18 Well H1-12
Samples of groundwater from the Culebra Dolomite were collected at Well H-12. Well H1-12
was sampled three times; the first sample was collected in August 1985, and the most recent
was collected in December 1988. Groundwater samples collected during all three rounds
were analyzed for VOCs, semi-VOCs, metals, and general chemical parameters. Samples
collected during the January 1987 and December IM8 rounds were also analyzed for total
PCBs.

Background conetain for constituents in groundwater from Well H-12 are presented in
Table 5-18. Table 5-18 gives the mean cocetato, standard deviation, and 95 percent
confidence interval for major gonwtrconstituents. Also shown in Table 5-18 are the
concentration ranges of minor constituents and a list of hazardous organic constituents that
were detected in groundwater samples from Well H-12.

Sodium is the dominant cation in groundwater from Wel H-12, followed by calcium,,
magnesium, and potassium; chloride is the dominant anion, followed by sulfate. Grun~dwate

at Well H-12 is classified as brine, because the TDS are greater than 100,000 mgtt (Freeze
and Cherry, 1979). Well H-12 lies within hydrochemical Type Area 1 of the Culebra
Dolomite (Holt et al., 199), as shown in Figure 3-7. Groundwater in Type Area 1 is a
sodium-chloride brine. Several trace metals were repeatedly detected in groundwater samples
from Well H-12. The MDLs for most of the trace metals were relatively high because of
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Table 5-18
Background Groundwater Chemistry

Well H-12

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 38 3 31-46
Calcium 1,700 150 1,327 - 2,073
Iron 1.7 1.0 0-4.2
Lithium N~b NC0.3-I1
Magnesium 1,700 300 955 - 2,445
Manganese 0.28 0.32 0 -1.1

Potassium 1,480 131 1,154 - 1,806
Sodium 46,750 4,116 36,526 - 56,974
Strontium 30 11 4-57

General Chemistry
Alkalinity (as HC0 3') 56 9 33 - 79
Bromide 103 p12-194
Chloride 78,967 896 76,740 - 81,193
Fluoride 1.13 0.03 1.06- 1.21

pH(..d 7.06 0.24 6.45 -7.66

Sulfate 7,200 1,179 4,271 - 10,129
Total Dissolved Solids 136,500 8,322 115,826 - 157,174

See footnotes at end of table.
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Table 5-18 (Continued)
Background Groundwater Chemistry

Well H-12

Minor Constituentsa

Concentration Range
Metals

Aluminum <1
Antimony 1 -2
Arsenic :50.17

Barium <0.05
Beryllium <0.05
Cadmium 0.05- 0.15
Cesium <10
Chromium :50.8
Cobalt :50.2

Copper 50.45

Lead :51.2
Mercury :50.001
Molybdenum 0.32 -0.35

Nickel •50.84
Selenium 50.6
Silica 2.7 -45

Silver !50.2

Thallium <2.5
Titanium <0.3
Vanadium 0.3
Zinc 0.3

General Chemistry
Cyanide <0.04
Iodide <2

Nitrate (as N) •50.9
Phenolics •0.011
Phosphate (as P) •50.09
Total Organic Carbon •515
Total Organic Halogen 0.18 -1.4

See footnotes at end of table.
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Table 5-18 (Continued)
Background Groundwater Chemistry

Well H-12

Hazardous Organic Constituentse

Sample Concentration
Date

Blis(2-Ethylhexyl)phthalatet  1 6-Jan-87 38
Bis(2-Ethylhexyl)phthalate' 1 4-Dec-88 16
Methylene Chloridef 14-Dec-88 5.6 (5.3)9

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

d rportd
s.u. = standard pH units.

oAll concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

fSuspected laboratory contaminant.
g Duplicate analysis in parentheses.
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sample dilution during analysis. Some of the relatively high concentrations (e.g., lead at

1.2 mg/I) could be due- to problems associated with the analysis of high-TDS solutions.

Bis(2-ethylhexyl)phthalate and methylene chloride were detected. in groundwater samples from

Well H-12 (Table 5-18). The phthalate compound was detected twice, in successive rounds.

The presence of both compounds could be due to laboratory contamination, as the compounds

have been identified by the EPA as common laboratory contaminants (EPA, 1989).

Figure 5-18 shows the temporal variation in the concentration of the six major constituents of

groundwater from Well H-12. Though concentrations fluctuate, no temporal trends are

observed in these or any other constituent of Well H-12 groundwater. The IDS (not shown

on Figure 5-18) appear to have decreased by approximately 15,000O mg/I from the first to the

last sampling round. However, this decrease is not supported by concentration decreases in

the major dissolved constituents.

5.19 Well H-14
Groundwater samples from the Culebra Dolomite were collected from. Well H-14. Well H1-14

was sampled three times; the first sampling occurred in May 1987, and the most recent took

place in April 1989. During all three rounds, groundwater samples were analyzed for VOCs,

semi-VOCs, metals, and general chemical parameters. In addition, samples collected during

the first two rounds were analyzed for total PCBsre-nd a sample collected during the most

recent round was analyzed for individual PCB compounds.

Background concentrations for constituents in groundwater from Well H-14 are presented in

Table 5-19. Table 5-19 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-19 are the

S concentration ranges of minor constituents. Hazardous organic constituents were not detected

in groundwater samples from Well H- 14.

Sodium is the dominant cation in groundwater at Well H- 14, followed by calcium,

magnesium, and potassium; chloride is the dominant anion, followed by sulfate (Table 5-19).

Groundwater at Well H-14 is classified as saline (Freeze and Cherry, 1979), because the TDS

are approximately 17,000 nmg/t. Well H-14 lies within hydrochemical Type Area 3 of the

Culebra Dolomite (Holt et al., 1992), as shown in Figure 3-7. Groundwater in Type Area 3

contains IDS ranging from 10,000 to 100,000 mg/I and may bie a mixture of Type Area 1

and 2 groundwater. Several tace metals were detected in groundwater samples from
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Table 5-19
Background Groundwater Chemistry

Well H-14

major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 11 0 11
Calcium 1,817 126 1,504 - 2,129
Iron 0.4 0.2 0.1 - 0.8
Lithium 0.47 0.04 0.39 -0.56

Magnesium 532 33 451 - 613
Manganese 0.08 0.05 0 -0.21

Potassium 245 5 233 -257
Sodium 3,467 289 2,750 - 4,184
Strontium 32 1 30 -35

General Chemistry
Alkalinity (as HC0 3') 39 2 35 -43

Bromide 13 t2 9-18
Chloride 8,367 569 6,954 - 9,779
Fluoride 1.4 0.5 0.1 - 2.6
pH (s.u.)b 7.20 0.52 5.89 -8.50

Sulfate 1,750 218 1,209 -2.291
Total Dissolved Solids 16,967 1,168 14,066 - 19,867

See footnotes at end of table.
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Table 5.19 (Continued)
Background Groundwater Chemistry

Well H-14

Minor ConstituentSa

Concentration Range

Metals
Aluminum 5
Antimony 0.5 -0.6

Arsenic <0.05
Barium <0.05
Beryllium <0.05
Cadmium 50.06
Cesium <0.6
Chromium 0.2- 01.4
Cobalt <0.1
Copper S0.1
Lead S.
Mercury sO.0004
Molybdenum 0.06 - D
Nickel 40.3
Selenium <0.05
Silica 5.5 -14

Silver S0. 1
Thallium <5
Titanium%
Vanadium 0.1 - 0.2
Zinc <0.1

General Chemistry
Cyanide <0.04
Iodide <2
Nitrate (as N) SO.4

NPhenolics: 0.068 -0.14

Popate (as P) 05
__ Total Organic Carbon !

Total Organic Halogen 0.08 - 1.1

See footnotes at end of table.
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Table 5-19 (Continued)
Background Groundwater -Chemistry

Well H-14

Harous Organic Constituents

None Detected

a All concentrations in milligrams per liter, except where noted.
b s.u. =standard pH units.
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Well H- 14. Antimony, chromium copper, molybdenum, titanium, and vanaidium were

repeatedly detected. Concentrations were below 1 mg/a (Table 5-19).

Figure 5-19 shows the temporal variation in the concentration of the six major constituents of

groundwater at Well H-14. Although concentrations vary, no trends are observed in these

constituents. The TDS of groundwater at Well H-14 (not shown in Figure 5-19) appear to

have decreased with time throughout the WQSP, however, this trend is not supported by a

decrease in the concentration of the major constituents.

5.20 Well H-I5
Groundwater samples from the Culebra Dolomite were collected from Well H-15. Well H-15

was sampled three times; the first sampling occurred in May 1987, and the most recent took

place in November 1988. During all three rounds, groundwater samples were analyzed for

VOCs, semi-VOCs, total PCBs, metals, and general chemical parameters.

Background concentrations for constituents in groundwater from Well H-15 are presented in

Table 5-20. Table 5-20 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-20 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well H-15.

Sodium is the dominant cation in Well H-15 groundwater, followed by magnesium,

potassium, and calcium; chloride is the dominant anion, followed by sulfate (Table 5-20).

Groundwater at Well H-15 is a brine (Freeze and Cherry, 1979), as the TDS concentration

greatly exceeds 100,000 mg/a. Well H-15 lies within hydrochemical Type Area 1 of the

Culebra Dolomite (Holt et al, 1992), as shown in Figure 3-7. Groundwater in Type Area 1 is

a sodium-chloride brine. The MDLs for trace metals are relatively-high, due to dilutionpro

to the analysis of the high-TDS samples from Well H-15. Also, several trace metals were

detected at relatively-high concentrations, i.e., chromium and lead (Table 5-20). T'he validity

of the trace metal data in uncertain, due to sample dilution and the problems associated with

the analysis of high-TDS solutions.

Bis(2-ethylhexyl)phthalate was detected in Well H-15 groundwater samples from all three

rounds (Table 5-20). This compound may have been present due to laboratory contamination;

bis(2-ethylhexyl)phthalate is listed as a common laboratory contaminant in an EPA risk

assessment guidance document (EPA, 1989). However, the repeated detection of the
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Table 5-20
Background Groundwater Chemistry

Well H-15

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 47 3 40 -55

Calcium 1,667 306 908 -2,426

Iron NCb NC 3

Lithium 0.8 0.1 0.6 -1.1

Magnesium 2,533 208 2,016 - 3,051

Manganese NC NC :06

Potassium 1,817 29 1,745 - 1,888

Sodium 77,967 6,550 61,694 - 94,239

Strontium 31 1 29-32

General Chemistry
Alkalinity (as HC0 3 -) 35 3 28 -43

Bromide 99 94-103

Chloride 136,333 3,215 128,347 - 144,319

Fluoride 0.7 0.1 0.5 -0.8

pH (s.U.)d 6.66 0.13 6.34-6.97
Sulfate 6,467 961 4,080 - 8,854

Total Dissolved Solids 235,333 8,387 214,498 - 256,168

See footnotes at end of table.
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Table 5-20 (Continued)
Background Groundwater Chemistry

Well H-15

Minor Constituentsa

Concentration Range

metals
Aluminum <10
Antimony 7
Arsenic <1
Barium <0.5
Beryllium <0.5
Cadmium ~0.7
Cesium <1
Chromium 5
Cobalt 5
Copper !
Lead 7
Mercury 40.002
Molybdenum 0.2 -0.52

Nickel <3
Selenium <5
Silica <21
Silver 5
Thallium <5
Titanium <3
Vanadium 1
Zinc 1

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) !M.5
Phenolics: !50.039
Phosphate (as P) :50.01
Total Organic Carbon 2
Total Organic Halogen 1.2-7.4

See footnotes at end of table.
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Table 5-20 (Continued)
Background Groundwater Chemistry

Well H-15

Hazardous Organic Constituents'

Sample Concentration
Date

Bis(2-ethylhexyl)phthalatef 11 -May-57 64
Bis(2-ethylhexyl)phthalatef 13-Jan-88 22
Bis(2-ethylhexyl)phthalatef 07-Nov-88 44

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95 % confidence interval was not calculated. The observed concentration range is

d reported.
s.u. = standard pH units.

oAll concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

fSuspected laboratory contaminant.
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:-r",nvnd could indicate actual cnaia or the introduction of the compound during the

samping procedure.

Figure 5-20 shows the temporal variation in the con centration of the six major constituents of

Well H-15 groundwater. The sodium cnetainappears Wo have decreased, while the

magnesium concentration and TDS (not shown on Figure 5-20) appear to have increased.

Based on charge balance cosdrto, the sodium decrease could not be entirely offset by

the magnesium increase. Also, the TDS increase is not supported by an increase in the

concentration of the major constituents. Thus, it is likely that the observed trends in

Well H-15 groundwater chemistry are not significant.

5.21 Well H-18
Groundwater samples from the Culebra Dolomite were collected from Well H-18. Well H-18
was sampled three times, in November 1987, April 1988, and, April 1990. During all three

rounds, samples were analyzed for VOCs, metals, and general chemica parameters. The

November 1987 and April 1988 samples w ere also analyzed flor semi-VOCs and total PCBs.

Background concentrations for constituents in gronwae fn=m Well H-18 are presented in

Table 5-21. Table 5-21 gives the mean conetain standard deviation, and 95 percent

confidence interval for majior groundwater constituents. Also shown in Table 5-21 are the

concentration ranges of minor constiuents and a li$of hazardous organic cosiunsthat

were detce in groundwater samples from Well H-18.

Sodium is the dominant caition in Well H-18 groundwater, followed by calcium, magesum,

and potassium; chloride is the dominant anion, followed by sulfate (Table 5-21). The

groundwater at Well H-18 is classified as saline (Freeze and Cherry, 1979), because TDS are

approximately. 27,600 mg'It Well H-18 lies within hydrochemical Type Area 3 of the

Culebra Dolomite (Holt et al., 1992), as shown in Figure 3-7. Groundwater in Type Area 3

contains TDS ranging from 10,000 to 100,000 mg/I and may be a mixture of Type Area 1

and 2 groundater. Cesium, chromium, and titanium were detected in samples from

well H-18 at concentrations of less than 1 mg/I (Table 5-21). Only cesium was repeatedly

detected.

The occurrence of 5.5 pg/9 of methylene chloride in the April 1988 sample is the only

detection of a hazardous organic compound observed in Well H-18 grondater (Table 5-21).

This probably is due to laboratory conamnaio, since 5.7 pg/I of methylene chloride was
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Table 5-21
Background Groundwater Chemistry

Well H-18

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 16 1 14-18
Calcium 1,093 110 820 -1,367

Iron 0.4 0.2 0 -0.7

Lithium 0.24 0.08 0.04 -0.44

Magnesium 503 21 452 -555

Manganese 0.18 0.03 0.09 -0.26

Potassium 238 13 207 - 270
Sodium 7,617 664 5,967 - 9,266
Strontium 15 1 14-17

General Chemistry -2

Alkalinity (as HC0 3-) 53 3 46-61
Bromide 15 4 11-19
Chloride 12,500 500 11,258 - 13,742
Fluoride 1.7 0.2 1.4-2.1
pH (s.u.)b 6.92 0.83 4.87 -8.98

Sulfate 4,233 839 2,150 - 6,317
Total Dissolved Solids 27,633 3,508 18,919 - 36,347

See footnotes at end of table.
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Table 5-21 (Continued)
Background Groundwater Chemitstry

Well H-18

Minor Constituentsa

Concentration Flange

Metals
Aluminum <2
Antimony <0.6
Arsenic <0.5
Barium -<0.05

Beryllium <0.05
Cadmium <0.05
Cesium :50.8
Chromium :50.2
Cobalt <0.5
Copper <0.25,
Lead <0.5
Mercury <0.0002
Molybdenum <2
Nickel <0.4
Selenium <0.5
Silica 5.1 -13

Silver <0.1
Thallium <5
Titanium :50.6
Vanadium <0.5
Zinc <0. -2

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) <.
Phenoft&s: 50.12

-. I, hosphate (as P) -1-0.03
- ~ Total Organic Carbon :5

Total Organic Halogen 50.42

See footnotes at end of table.
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Table 5-21 (Continued)
Background Groundwater Chemistry

Well H-18

Hazardous Organic Constituentsc

Sample Concentration
Date

Methylene Chionided 07-Apr-88 5.5

a All concentrations in milligrams per liter, except where noted.
b s*u. = standard pH units.
c All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
d Suspected laboratory contaminant
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also detected in a sample blank. The compound is considered a common laboratory

contaminant by the EPA (EPA, 1989).

Figure 5-21 shows the temporal variation in the concentration of the six major constituents of

Well H-18 groundwater. Calcium, chloride, sulfate and TDS (not show in Figure 5-21)

concentrations appear to have increased with time at Well H-18. However, the TDS increase

of approximately 7,000 tug/f is much greater than would be expected, based on the increase

in calcium chloride, and sulfate. Also, the addition of positive charge due to the increase in

calcium is not enough to balance the negative charge addition due to the increase in chloride

and sulfate. Thus, although the data indicate that the Well H- 18 groundwater chemistry is

changing, the poor correlation between TDS and major-constituent concentrations and the lack

of charge balance indicate that the trend is uncertain. Results from additional sampling are

required for fuirther trend evaluation.

5.22 Well P-14
Groundwater samples from the Culebra Dolomite were collected from Well P-14. Well P-14

was sampled three times; the first sample was collected in February 1986, and the most recent

was collected in March 1988. During all three rounds, groundwater samples were analyzed

for VOCs, serni-VOCs, metals, and general chemical parameters. Samples from the two most

recent rounds (June 1987 and March 1988) were also analyzed for total PCBs.

Background concentrations for constituents in groundwater f-rm Well P-14 ame presented in

Table 5-22. Table 5-22 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-22 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well P-14.

Sodium is the dominant cation in Well P-14 groundwater, followed by calcium and

magnesium; chloride is the dominant anion, followed by sulfate (Table 5-22). Well P-14

groundwater is classified as saline (Freeze and Cherry, 1979), because TDS are approximately

28,000 mg/E. Well P-14 lies within hydrochemical Type Area 3 of the Culebra Dolomite

(Holt et al, 1992), as shown in Figure 3-7. The TDS concentration of groundwater in Type

Area 3 ranges from 10,000 to 100,000 mg/l. This groundwater may be a mixturre of Type

Area 1 and 2 groundwater. Several trace metals were detected in groundwater samples from

Well P-14; concentrations were generally below I mg/I (Table 5-22). Chromium, copper,

lead, molybdenum, titanium, and zinc were detected during more than one sampling round.
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Table 5-22
Background Groundwater Chemistry

Well P-14

Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 0.7 0.1 0.5 -0.9

Calcium 3,600 265 2,943 - 4,257

Iron 1.82 0.21 1.30 -2M3

Uthium NCb NC 0.51 - 27

Magnesium 845 75 660 -1,031

Manganese 0.28 0.04 0.17 -0.38

Potassium 48 3 41 -54

Sodium 4,150 427 3,089 -5.211

Strontium 50 4 39 -61

. General Chemistry
Alkalinity (as HCO31 100 0 100

Bromide 19 48-30

Chloride 14,433 513 13,159 - 15,708

Fluoride 1.3 0.1 1.0 - 1.6

pH (s.u.)d 6.833 0.16 6.43 -723

Sulfate 1,533 116 1247-1,820

Total Dissolved Solids 28,033 1,762 23,657 - 32,410

See footnotes at end of table.
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Table 5-22 (Continued)
Background Groundwater Chemistry

Well P-14

Minor Constitueflte

Concentration Range

Metals
Aluminum <1
Antimony :50.89
Arsenic <0.1
Barium <0.1
Beryllium <0.05
Cadmium ~0.062
Cesium <0.02
Chromi .um :50.41
Cobalt :50.63
Copper :90.12
Lead :50.67
Mercury <0.0002
Molybdenum 0.05 -0.12

Nickel :50.31
Selenium 14-33
Silica 14-33
Silver :02
Thallium <5
Titanium :50.68
Vanadium :50.24
Zinc 2

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) 0.03 -0.6

Phenolics <0.019
Phosphiate .(as P) :50.02
Total Organic Carbon 2
Total Organic Halogen 0.33-2

See footnotes at end of table.
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Table 5-22 (Continued)
Background Groundwater Chemistry

Well P-14

Hazardous Organic Constituents'

Sample Concentration
Date

2-Butanone' 27-Feb-86 10

Acetone' 1 8-un-87 27

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

d rportd
* s.u. = standard pH units.

All concentrations in micrograrms per liter, only detected hazardous organic compound are-
listed.

fSuspected laboratory contaminant.
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Acetn and 2-butanone (methyl ethyl ketone) were detected in groundwater samples from

Well P-14 (Table 5-22). Both of these compounds have been identifited in an EPA risk

assessment guidance document (EPA, 1989) as common laboratory contaminants. Acetone

was detected at 27 pg/t in the June 1987 sample and was also detected in the sample blank at

46 pg/1.

Figure 5-22 shows the temporal vaniation in the concentration of the six major cniuents of

Well P-14 groundwater. The calcium cnetainappears to have decreased; while, the

sodium concentration appears to have increased. Based on charge-balance considertos

these changes are possible. Additional rounds of data could confirm the potential trends in

Well P-14 groundwater.

5.23 Well P-17

Groundwater samples from the Culebra Dolomite were collected from Well P-17. Well P-17

was sampled three times: March 1986, December 1986, and October 1987. During all three

rounds, samples were analyzed for VOCs, semii-VOCs, metals, and general chemical

parameters. During the two most recent rounds, samples were also analyzed for total PCBs.

Background conenrtin for constituents in groundwater from Well P-17 are presented in

Table 5-23. Table 5-23 gives the mean cneraptstandard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-23 are the

concentration ranges of minor constituents. Hazardous organic constituents were not detected

in groundwater samples from Well P-17.

Sodium is the dominant cation in gronndwater at Well P-17, followed by calcium,
magesimaW.ptsim;clrd is the dominan anion, followed by sulfate. Well P-17

groundwater is classified as salin (Freeze and Chxerry, 1979), because the TDS are

approximately 87,000 mg/l. Well P-17 lies within hydrochemical Type Area 3 of the

Culebra Dolomite (Holt et al, 1992), as shown in Firre 3-7. The TDS cocn raton Of

groundwater in Type Area 3 ranges from 10,000 to 100,000 mg/l. Several trace metals were

detected in groundwater samples from Well P-17 (Table 5-23), and most of these are

repeatedly detected. As discussed above, the quantification of trace metals in high-TDS

samples is somewhat uncertain due to analytical limitations.
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Table 5-23
Background Groundwater Chemistry

Well P-17

Major Constituefltsa

Mean Std. Dev. 95 % Confidence Interval

Metals

Boron 35 2 29-40

Calcium 1,883 448 770 -2,997

Iron 3.3 0.5 2.0 -4.6

Uthium NCb NC 0.66 - 0.9c

Magnesium 1,650 132 1,321 - 1,979

Manganese 1.0 0.2 0.5 -1.5

Potassium 972 207 457 -1,487

Sodium 28,667 577 27,232 - 30,101-

Strontium 33 5 2-4

General Chemistry
Alkalinity (as HC0 3 ) 54 1 -52-55

Bromide 84 A5 47 -121

Chloride 52,667 6,658 36,12-5 - 69.208

Fluoride 1.2 0.2 0.9- 1.6

pH (s.U.)d NC NC 7.01 - 7.020

Sulfate .6.367 851 4,254 - 8,480

Total Dissolved Solids 87,333 3,055 79,744 - 94,923

See footnotes at end of table.
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Table 5-23 (Continued)
Background Groundwater Chemistry

Well P-17

Minor Constituentsa

Concentration Range

Metals
Aluminum <2

Antimony 1.4 -1.5

Arsenic k0.31

Barium 0.06 -0.11

Beryllium <0.05

Cadmium 0.1 - 0.12

Cesium :50.6

Chromium 0.39 -0.6

Cobalt 0.12-0.2
Copper 0.13 -0.5

Lead 1.1
Mercury <0.0002

Molybdenum :50.21

Nickel <0.3
Selenium <0.05
Silica 13

Silver 0.2 -0.3

Thalliumn <0.05
Titanium 0.4 - 1

Vanadium 0.3
Zinc <0.1

General Chemistry
Cyanide <0.04

7'Iodide 
S7.3

Nitrate (as N) 50.3

Phenolics. <0.005

Phosphate (as P) :50.02

Total Organic Carbon 52

Total Organic Halogen 0.23 -2.5

See footnotes at end of table.
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Table 5-23 (Continued)
Background Groundwater Chemistry

Well P-17

Hazardous Organic Constituents

None Detected

a All concentrations in milligrams per liter, except where noted.
b NC - not calculated.
c The 95% confidence interval was not calculated. The observed concentraton range is

dreported.
ds.u. =standard pH units.
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Figure 5-23 shows the temporal variation in the concentration of the six major constituents of

Well P-17 groundwater. The magnesium concentration appears to have increased with time.W

However, this increase is not supported by a similar increase in TDS or by charge-balance

considerations. Data from the- December 1986 sampling event is suspect, based on similar

trends in calcium, potassium, sulfate, chloride and other constituents that are not shown in

Figure 5-23. Concentrations from this sampling round appear to be too high, relative to those

observed in other rounds. Although a longer observation period is required, it appears that

the groundwater chemistry at Well P- 17 is not changing with time.

5.24 Ranch Well
Groundwater samples from the Dewey Lake Redbeds were collected at the Ranch Well. The

Ranch Well was sampled five times; the first sample was collected in June 1986, and the

most recent was collected in June 1990. During all five rounds, samples were analyzed for

metals and general chemical parameters. The list of metal and general chemical parameter

analytes changed from round to round. For example, calcium and magnesium were analytes

in four of the five rounds, and cyanide was an analyte in only three rounds. Samples

collected during the first three rounds were analyzed for VOCs; samples collected during the

June 1986 round were analyzed for a more extensive list of VOCs, relative to subsequent

rounds. Semi-VOCs and total PCBs were analytes only in the June 1986 sampling event.

Also, several pesticides were analytes in the December 1987 and April 1988 rounds.

Background concentrations for constituents in Ranch Well groundwater are presented in

Table 5-24. Table 5-24 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-24 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from the Ranch Well.

Calcium is the dominant cation in Ranch Well groundwater, followed by sodium and

magnesium:, sulfate is the dominant anion, follow~ed by chloride and bicarbonate (Table 5-24).

Ranch Well groundwater is classified as brackish (Freeze and Cherry, 1979), because the TDS

are approximately 3,000 ing/1. Several trace metals were detected in groundwater from the

Ranch Well at concentrations that were below 1 mg/f (Table 5-24). All the detected trace

metals listed in Table 5-24, with the exception of mercury, were detected during more than

one sampling round- The nitrate concentration of Ranch Well groundwater is relatively high,

possibly due to contamination by livestock grazing in the vicinity of the well.

AL*.92f#P:WU'R-2154 
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Table 5-24
Background Groundwater Chemnistry

Ranch Well

Major Constituents'

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 023 0.07 0.12 -0.33

Calcium 340 23 283 -397

Iron N C N C Ol

Uthium NC NC O1

Magnesium 188 33 135-240

Manganese NC NC <0.015c

Potassium 3.4 1.2 1.5-5.4

Sodium 193 49 115-270

Strontium 4.1 1.1 2.3 -5.9

. General Chemistry
Alkalinity (as HCO.J 235 13. 215 -256

Bromide 2 60-3
Chloride 394 61 318-470

Fluoride 1.1 0.3 0.7 -1.5

pH (S.u.)d 7.16 0.33 6.75 -7.58

Sulfate 999 241 700 -1,299

Total Dissolved Solids 3,060 195 2,818 - 3,302

See footnotes at end of table.
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Table 5-24 (Continued)
Background Groundwater Chemistry

Ranch Well

Minor Constituentsa

Concentration Range
Metals

Aluminum <2
Antimony 0.1 -0.16

Arsenic <0.01
Barium <02
Beryllium <0.1005
Cadmium •50.0 1
Cesium <0.2
Chromium :50.07
Cobalt <0.05
Copper <0.025
Lead :90.08
Mercury •50.0008
Molybdenum :•0.04
Nickel <0.04
Selenium :50.079
Silica 20-49
Silver •90.02
Thallium <1
Titanium •0.27
Vanadium 0.05 -0.07

Zinc 0.02 -0.16

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) 110- 120
Phenolics •50.022
Phosphate (as P) 50.05
Total Organic Carbon 3 -4
Total Organic Halogen •50.4

See footnotes at end of table.
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Table 5-24 (Continued)
Background Groundwater Chemistry

Ranch Well

Hazardous Organic Constituentso

Sample Concentration
Date

Chloroform 20-Dec-87 1.5

Di-n-butyl Phthaiatet  18-Jun-86 11

Diethyl Phthalate' 1 8-Jun-86 24

aAll concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

dreported.
* s.u. = standard pH units.

All concentrations in micrgralT's per liter, only detected hazardous organic compounds are
listed.

f Suspected laboratory contaminant.
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Chloroform, di-n-butyl phithalate, and diethyl phthalate were detected in Ranch Well

Wgroundwater. Chloroform was not detected in the other two rounds in which it was an

analyte. Repeated detection of the phthalates could not be confirmed, as they were analytes

in only one sampling round. Di-n-butyl and diethyl phthalate are listed as common Laboratory

contaminants in an EPA risk assessment guidance documnent (EPA, 1989).

Figure 5-24 shows the temporal variation in the concentration of the six major constituents of

Ranch Well groundwater. Calcium concentrations appear to have dcr.eased slightly;

however, the concentration change is within the expected range of analytical variability.

Overall, though conc entrations fluctuate, no significant temporal trends are observed in

chemistry of groundwater at the Ranch Well.

5.25 Twin Wells - Pasture Well
Groundwater samples from the Dewey Lake Redbeds were collected at the Twin Wells -

Pasture Well (Pasture Well). The Pasture Well was sampled four times; the first sample was

collected in January 1986, and the most recent was collected in May 1990. During all four

rounds, samples were analyzed for metals and general chemical parameters. The list of metal

and general chemical parameter analytes changed frm round to round. For example, calcium

and magnesium were analytes in tbree of the four rounds. Samples collected during the firs

two rounds were analyzed for VOCs; samples collected during the Jmuuary 1986 round were

analyzed for a more extensive list of VOCs, relatir'to the subsequent round. Serm-VOCs

were analytes only in the June 1986 sampling event, and several pesticides were analytes; in

the August 1988 round.

Background concentrations for constituents in groundwater from the Pasor Well are

presented in Table 5-25. Table 5-25 gives the mean concentration, standard deviation, and 95

percent confide= C interval for major groundwater constituents. Also shown in Table 5-25 are

the concentration ranges of minor constituents. Hazardous organic constituents were not

detected in groundwater samples from the Pasture Well.

Calcium is the dominant cation in Pasture Well groundwater, followed by magnesium and

sodium; -bicarbonate is the dominant anion, followed by sulfate and chloride (Table 5-25).

Groundwater from the Pasture Well is classified as fresh water, because the TDS are less than
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Table 5-25
Background Groundwater Chemistry

Twin Wells - Pasture Well

Major Constituents a

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 0.15 0.02 0.11 -0.19

Calcium 79 2 7'4 -84

Iron N~b NC :03 ,e

Lithium NC NC <O.lc

Magnesium 24 0.3 23 -25

Manganese NC NC .cO.05C
Potassium NC NC <5C

Sodium 19 9 0-42

Strontium 0.9 02 0.3 -1.5

General Chemistry
Alkalinity (as HC0 31 220 5 208 -232

Bromide 4 4- 0-13
Chloride 40 32 -48

Fluoride 0.65 0.06 0.56 -0.74

pH (S.u.)d 7.61 0.27 7.18 -8.05

Sulfate 55 5 44-66

Total Dissolved Solids 401 9 388 -415

See footnotes at end of table.
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Table 5-25 (Continued)
Background Groundwater Chemistry

Twin Wells - Pasture Well

Minor Constituentsa

Concentration Range

Metals
Aluminum <0.2

Antimony <0.06
Arsenic <0.01

Bariumn <0.2

Beryllium <0.005
Cadmium <0.005
Cesium <0.2

Chromium :50.03

Cobalt -e0.05

Copper :50.048

Lead <0.05
Mercury :50.0004

Molybdenum :50M0

Nickel <0.04

Selenium <0.1

Silica 18-43

Silver :50.01

Thalliumn <0.1
Titanium <0.1
Vanadium <0.05
Zinc :50.52

General Chemistry
Cyanide <0.02

Iodide <2

Nitrate (as N) 6.2-9.2
Phenolics. 0.02

Phosphate (as P) !0.02

Total Organic Carbon -<4

Total Organic Halogen : 0.05

See footnotes at end of table.
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Table 5-25 (Continued)
Background Groundwater Chemistry

Twin Wells - Pasture Well

Hazardous Organic Constituents

None Detected

a All concentrations in milligram per liter, except where noted.
b NC = not calculated.
c The 950/ confidence interval was not calculated. The observed concentration range is

dreotds.u. =standard pH units.
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1,000 mg/I (Freeze and Cherry, 1979). Several trace metals were detected in groundwater

from the Pasture Well, at concentrations below 1 mg/I (Table 5-25). Chromium, mercury,

and zinc were detected during more than one sampling round.

Figure 5-25 shows the temporal variation in the concentration of six major constituents of

Pasture Well groundwater. No temporal trends are observed in these constituents. The

chloride concentration (not shown in Figure 5-25) appears to have decreased, however,

charge-balance considerations and the TDS concen'tration do not support the apparent decrease

of chloride in Pasture Well groundwater.

5.26 Well WIPP-19
Groundwater samples from the Culebra Dolomite were collected at Well W[EPP-19. Well

WIPP-19 was sampled five times; the first sample was collected in July 1987, and the most

recent was collected in June 1990. Groundwater collected during each sampling event was

analyzed for metals and general chemical parameters. During the first three rounds, i.e.,

July 1987, February 1988, and August 1988, samples were also analyzed for VOCs,

semi-VOCs, and total PCBs.

Background concentrations for constituents in groundwater from Well WIPP-19 are presented

in Table 5-26. Table 5-26 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constitrpnts. Also shown in Table 5-26 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well WIPP-19.

Sodium is the dominant cation in Well WIPP-19 groundwater, followed by calcium,

magnesium, and potassium; chloride is the dominant anion, followed by sulfate (Table 5-26).

Groundwater at Well WIPP-19 is classified as saline (Freeze and Cherry, 1979), because the

TDS concentration is approximately 86,000 mg/I. Well WIPP-19 lies within hydrochemical

Type Area 3 of the Culebra Dolomite (Holt et a!., 1992), as shown in Figure 3-7.

Groundwater in Type Area 3 contains TDS ranging from 10,000 to 100,000 mg/t and may be

a mixture of Type Area 1 and 2 groundwater. Chromium, vanadium, and zinc were detected

in Well WIPP-19 groundwater (Table 5-26). The MDLs of most trace metals were relatively

high, due to the required dilution prior to the analysis of high-TDS samples.
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Table 5-26
Background Groundwater'Chemistry

Well WIPP-1 9

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 31 3 27-34

Calcium 1,680 192 1,441 - 1,919

Iron N~b NC ,2

Uthium 0.7 0.2 0.3 -1.1

Magnesium 1,600 515 961 -2,239

Manganese 2.3 1.3 0.7 -4.0

Potassium 739 140 565 -913

Sodium 28,310 3.503 23,962 - 32,658

Strontium 32 9 21 -42

General ChemistrY
Alkalinity (as HC0 3) 60 8 51 -70

Bromide 74 id22-126

Chloride 43,860 8,586 33,201 - 54,520

Fluoride 1.0 0.1 0.8 -1.1

pH (S.u.)d 7.04 0.23 6.75 -7.33

Sulfate 5,430 268 5,097 - 5,763

Total Dissolved Solids 85,770 14,001 68,389 - 103,151

See footnotes at end of table.
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Table 5-26 (Continued)
Background Groundwater Chemistry

Well WIPP-19

Minor Constituentsa

Concentration Range

Metals
Aluminum <20
Antimony <6
Arsenic <0.5r,

Barium <0.5
Beryllium <0.5
Cadmium <0.5
Cesium <0.5
Chromium :52

Cobalt <1
Copper <2.5
Lead <5
Mercury <0.002
Molybdenum <0.2

Nickel <4
Selenium <0.5
Silica :54.4

Silver <1
Thallium <10
Titanium <3
Vanadium :51
Zinc !2

GenealChemistr
Cyanide <0.04
Iodide <2
Nitrate (as N) •50.12
Phenolics - •90.019
Phosphath (as P) •0.03

Total Organic Carbon 2 -7
Total Organic Halogen 0.57 -3.2

See footnotes at end of table.
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Table 5-26 (Continued)
Background Groundwater ChemlstrI

Well WIPP-19

Hazardous Organic Constitueltse

Sample Concentration
Date

Acetone' 14-Jul-87 71

Acetone' 12-Feb-88 18

Acetone' 29-Aug-88 45 (33)g

a All concentrations in milligrams per liter, except where noted.
b NC - not-calculated.
c The 95%/ confidence interval was not calculated. The observed concentration range is

dreported.
s.u. = standard pH units.

V All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

fSuspected laboratory contaminant
g Duplicate analysis in parentheses.
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Acetone was detected in all three rounds in which it was an analyte (Table 5-26). Although

acetone is a very common laboratory contaminant (EPA, 1989), its repeated presence may

indicate contamination.

Figure 5-26 shows the temporal variation in the concentration of the six major constituents of

well WIPP-19 groundwater. The concentration of magnesium and chloride and to a lesser

extent calcium and potassium appears to have trended downward. Based on the concentration

versus time plots for chloride, TDS (not shown in Figure 5-26), and several minor

constituents, it appears that data collected during the first and possibly second sampling

roundsn are not representative of the groundwater chemistry at well WVIPP-19. This could be

due to incomplete well development or some other perturbation of the groundwater system in

the vicinity of well WIPP-19.

5.27 Well WIPP-25
Groundwater samples from the Culebra Dolomite were collected from Well WIPP-25. Well

WIPP-25 was sampled four times; the first sample was collected in February 1986, and the

most recent was collected in June 1989. During all four rounds, samples were analyzed for

metals and general chemical parameters. Samples from the first thre~e rounds were also

analyzed for VOCs and semi-VOCs. Groundwater samples collected in the April 1987 and

March 1988 rounds were analyzed for total PCBs.

Background concentrations for constituents in groundwater from Well WIPP-25 are presented

in Table 5-27. Table 5-27 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-27 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

"~were detected in.groundwater samples from Well WIPP-25.

Sodium is the dominat cation in groundwater from Well WIPP-25, followed by calcium

magnesium, and potassium; chloride is the dominant anion, followed by sulfate and

bicarbonate (Table 5-27). Well W[PP-25 groundwater is classified as saline (Freeze and

Cherry, 1979), because the TDS are approximately 14,300 mg/I. Well WIPP-25 lies within

hydrochemical Type Area 3 of the Culebra Dolomite (Holt et al, 1992), as shown in

Figure 3-7. Groundwater in Type Area 3 contains TDS ranging from 10,000 to 100,000 mg/I

and may be a mixture of Type Area 1 and 2 groundwater. Arsenic, silver, and titanium were

detected in groundwater from Well WIPP-25 (Table 5-27). Only titanium was detected in

AL4o-2r.42P:WR-
2 154 5-131



Table 5-27
Background Groundwater Chemistry

Well WIPP-25

Major Constituefltsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 1.7 0.1 1.5-1.9
Calcium 1,163 95 1,012 - 1,313
Iron 0.6 0.4 0.0-1.2
Lithium 0.24 0.02 0.21 -0.28

Magnesium 339 9 325 -352

Manganese 0.11 0.02 0.07 -0.14

Potassium 134 26 93-175
Sodium 3,463 229 3,099 - 3,826
Strontium 10 10 0-26

General Chemistry
Alkalinity (as HC0 3') 118 13. 98-138
Bromide 4.4 0.7 3.3 -5.6

Chloride 6,425 150 6,186 - 6,664
Fluoride 1.5 0.1 14 - 1.6
PH (S.u.)b 727 0.31 6.78 -7.77

Sulfate 2,325 202 1,892 -42758

Total Dissolved Solids 14,325 395 13,697 - 14,953

See footnotes at end of table.
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Table 5-27 (Continued)
Background Groundwater Chemistry

Well WIPP-25

Minor Constituentsa

Concentration Range
Metals

Aluminum <2
Antimony <0.5
Arsenic :50.27
Barium <0.05
Beryllium <0.05
Cadmium <0.05
Cesium <0.1
Chromium <0.3
Cobalt <0.3
Copper <0.25
Lead <0.5
Mercury <0.0002
Molybdenum <0.2
Nickel <0.4
Selenium <0.5
Silica 13-32
Silver S0.1
Thailiumn <10
Titanium 0.8
Vanadium <0.5
Zinc <0.2

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) 1.8 -3.6

Phenolics 50.013
Phosphate (as P) :90.03
Total Organic Carbon -<4
Total Organic Halogen :50.38

See footnotes at end of table.
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Table 5-27 (Continued)
Background Groundwater Chemistry

Well VVIPP-25

Hazardous Organic Constituefltsc

Sample Concentration
Date

Acetoned 12-Feb-86 21

Bis(2-ethylhexyl)phthatated 1 2-Feb-86 280

Di-n-butyl Phthalated 1 2-Feb-86 3.5

Di-n-octyl Phthalated 1 2-Feb-86 33

a All concentrations in milligrams per liter, except where noted.
b s.u. = standard pH units.
c All concentrations in micrograms per liter, only detected hazardous organic compounds are

listed.
dSuspected laboratory contaminant.
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more than one sampling round. Although the IDS concentration is not extremely high, the

MDL~s for many of the trace metals are relatively-high (Table 5-27).

Several hazardous organic compounds were detected in the February 1986 groundwater

sample from Well WIPP-25 (Table 5-27). The detections may be due to laboratory

contamination; an EPA risk assessment guidance document reports that acetone and phthalates

are common laboratory contaminants (EPA, 1989). The observation that all detections

occurred duning one sampling round further supports the contention that the detections are

related to laboratory contamination. The organic compounds were not detected in samples

from subsequent rounds.

Figure 5-27 shows the temporal variation in the concentration of the six major constituents of

Well WIPP-25 groundwater. The concentration of potassium appears to have increased

somewhat during the WQSP (Figure.5-27). This increase is not supported by charge-balance

considerations or a corresponding increase in TDS. Siegel et al. (1991) repor that between

August 1980 and February 1986 the concentration of calcium and chloride, and to a lesser

extent sodium and magnesium, increased significantly. Also, alkalinity decreased during the

same period. Siegel et al. claimed that the concentration changes were not understood at the

time. The changes reported by Siegel et al. were not observed during the WQSPU

(Figure 5-27).

5.28 well WIPP-26

Groundwater samples from the Culebra Dolomite were collected from Well WIPP-26. Well

WIPP-26 was sampled three times: November 1985, April 1987, and April 1988. During all

three rounds, samples were analyzed for VOCs, semi-VOCs, metals.- and general chemical

parameters. In addition, samples collected in the April 1987 and April 1988 rounds were

analyzed for total PCBs.

Background concentrations for constituents in groundwater from Well WIIPP-26 are presented

in Table 5-28. Table 5-28 gives the mean concentration, standard deviation, and 95 percent

confidence interval for major groundwater constituents. Also shown in Table 5-28 are the

concentration ranges of minor constituents and a list of hazardous organic constituents that

were detected in groundwater samples from Well WIPP-26.

Sodium is the dominant cation in groundwater from Well WIPP-26, followed by calcium,

magnesium, and potassium; chloride is the dominant anion, followed by sulfate and

AA-92PWIP.R.
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Table 5-28
Background Groundwater Chemistry

Well WIPP-26

Major Constituentsa

Mean Std. Dev. 95 % Confidence Interval

Metals
Boron 0.9 0.8 0-2.8

Calcium 1,350 391 380 -2,320

Iron NCb NC Ol

Lithium NC NC 0.25 -0.27

Magnesium 345 26 281 -410

Manganese NC NC :5O.09C

Potassium 250 87 33-467

Sodium 3,217 822 1,174 - 5,259

Strontium 181 16-20

General Chemistry1712.814

Bromide 7 460-19

_ Chloride 6,050 3,161 0 -13,903

Fluoie 1.5 0.2 1.1 -1.9

pH (s.u.)d 7.12 0.23 6.54-7.69

Sulfate 2,083 275 1,399 - 2,768

Total Dissolved Solids 1 4,61 7 2,931 7=33 - 21,898

See footnotes at end of table.
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Table 5-28 (Continued)
Background Groundwater Chemistry

Well WIPP-26

Minor Constituentsa

Concentration Range

Metals
Aluminum <1
Antimony <0.5
Arsenic <0.5
Barium <0.1
Beryllium <0.05
Cadmium <0.05
Cesium <0.1
Chromium :50.35
Cobalt :50.44
Copper <0.1
Lead <0.5
Mercury <0.0002
Molybdenum <0.01
Nickel !90.35
Selenium <0.1
Silica 15-36
Silver <0.1
Thallium <0.5
Titanium 0.3
Vanadium <0.1
Zinc <0.1

General Chemistry
Cyanide <0.02
Iodide <2
Nitrate (as N) 3.6 -5.7

Phenolics 50.012

Phosphato (as P) 0.01 - 0.08
Total Organic Carbon :52
Total Organic Halogen :50.07

See footnotes at end of table.
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Trable 5-28 (Continued)
Background Groundwater Chiemistry

Well WIPP-26

Hazardous Organic Constituents
Sample Concentration

Date

2-Butanone1  25-Nov-85 55
Bis(-etylhey~pthalte 01-Ar-8 26

Bis(2-ethylhexyl)phthalatel 1-Apr-87 260

Di-n-octyl Phthalatef 01-Apr-87 21

Methylene Chloride' 25-Nov-85 -1

a All concentrations in milligrams per liter, except where noted.
b NC = not calculated.
c The 95% confidence interval was not calculated. The observed concentration range is

*d reported.
s.u. = standard pH units.
All concentrations in micrograms per liter, only detected hazardous organic compounds are
listed.

f Suspected laboratory contaminant.
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bicarbonate (Table 5-28). Well WIPP-26 groundwater is classified as saline (Freeze and

Cherry, 1979), because the TDS are approximately 14,600 mg/l. Well WIPP-26 lies within

hydrocheflucal Type Area 3 of the 4Culebra Dolomite (Holt et al., 199'2), as shown in

Figure 3-7. Groundwater in Type Area 3 contains TDS ranging from 10,000 to 100,000 mg/I

and may be a mixture of Type Area 1 and 2 groundwater. Chromiurr, cobalt, nickel, and

titanium were detected in groundwater samples from Well WIPP-26 (Table 5-28). Only

titanium was detected during more. than one sampling round.

Several hazardous organic compounds were detected in groundwater amples from Well

WLPP-26. Only bis(2-ethylhexyl)phthalte was detected in more than one round (Table 5-28).

All of the compounds detected at Well WIPP-26 could be due to laboratory contamination,

according to a listing of common laboratory contaminants reported in an EPA risk assessment

guidance document (EPA, 1989).

Figure 5-28 shows the temporal variation in the concentration of the six major constituents of

Well WIPP-26 groundwater. Except for magnesium and potassium, the November 1985

concentration of the major constituents appears to be too high, relative to subsequent rounds

(Figure 5-28). Siegel et al. (1991) observed that between August 1980 and November 1985,

the concentrations of sodium, potassium, chloride, calcium, and magnesium increased

significantly and that alkalinity decreased slightly. Siegel et al. also noted the decrease in the

concentrations of major constituents from the Nov~ember 1985 WQSP round to the next round

(April 1987). The researchers reported that concentrations in the April 1987 WQSP round

were similar to those observed in August 1980. The temporary concentration increases may

be due to a "cleaning-up" effect that occurred when Well WIPP-26 was sampled for the first

time under the WQSP.
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* 6.0 Comparison to Established Standards

An aquifer as defined by EPA is "a geological formation, a group of formations or part of a

formation capable of yielding a significant amount of groundwater to wells or springs." (40

CFR 260.10) By this definition the Culebra and Magenta Members of the Rustler Formation

~ located in the vicinity of the WIPP Site can be considered aquifers, irrespective of water

quality. However, water quality, for all practical purposes, dictates the usefulness of any

particular aquifer. In the case of the Rustler Formation at the WIPP, water quality is

generally extremely poor. This is a result of the natural physical and chemical state of the

groundwater. Because of its natural condition, water from the members of the Rustler

Formation in the immediate vicinity of the WIPP is not suitable for domestic, livestock, or

agricultural purposes. However, groundwater in the Culebra in Type Area 2 southwest of the

WLPP is of much better quality (less than 10,000 mg/I IDS). This area is removed from the

WIPP by several miles and may have only limited hydrologic connection to the Culebra at the

site (Section 3.2.2.1). Magenta water quality in some areas around WIPP is less than

10,000 rn/gI TDS; however, the yield of water to wells is extremely small, thus limiting its

potential usefulness.

6. 1 Suitability
One basic measure of water quality is the TDS concentration, which is the total amount of

solids (in mg/I) that remain when a water sample 'is evaporatedt to dryness. Waters that are

considered fresh range in concentration from 0 to 1000 mg/I TDS. Waters that are

considered bracish range from 1,000 to 10,000 mg/I TDS. Saline waters range from 10,000

to 100,000 mg/I TDS, and brines have TDS greater than 100,000 mg/i. Sea water has a

concentration of 35,000 mg/I TDS (Stutum and Morgan, 1981). The IDS of water from the

Culebra and Magenta Dolomites in the WIPP area range from less than 10,000 to over

280,000 mg/t afid for practical purposes is considered a brine in much of the area

As a general measure for comparison, the EPA has developed a three-part classification

system for groundwaters of the United States (EPA, 1984) based upon suitability of

groundwater for domestic and agricultural uses. These classes are as follows:

0 Class 1: Special Groundwaters are those that are highly vulnerable to
contamination because of the hydrological characteristics of the areas under

* which they occur and that are also either an irreplaceable source of drining
water or ecologically vital in that they provide the baseflow for a particularly
sensitive ecological systemn.
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" Class I.- Current and Potential Sources of.Drinking Water and
Waters Having Other Beneficial Uses are all other groundwaters except
Class MI.

" Class itl, Groundwaters Not Considered Potential Sources of
Drinking Water and of Limited Beneficial Use because the salinity (TDS)
is greater than 10,000 mg/I or the groundwater is otherwise contaminated
beyond levels that can be removed using methods reasonably employed in public
water-supply treatment.

As previously discussed, Magenta and Culebra Dolomite groundwaters in most of the WIPP
area range from less than 10,000 to over 280,000 mg/I IDS and therefore are considered
Class II groundwaters; by the EPA. Based on IDS alone, these waters would not be
considered for water-supply development using reasonable methods for treatment. However,
as discussed previously, the groundwater from the Culebra in Type Area 2, southwest of the
WJPP, is less than 10,000 mg/I TDS and would be considered Class HI groundwaters.
Because of the rapid changes in Culebra transmissivity, Type Area 2 may have limited
hydrologic connection to the WIPP site area. The Magenta in some areas around the WIPP
also exhibits TDS concentrations less than 10,000 mg/I and would be considered Class II
groundwater. The nransmissivity is very low in these areas of fresher Magenta water, thus
greatly decreasing its useability, and the Magenta is not considered as a water supply.

Water to be used by livestock is subject to qualitylimitations that are similar to those that
restrict the quality of drinking water for human consumption. Most animals, however, can
tolerate water that is considerably higher in TDS than that which is considered satisfactory for
humans. Range cattle in the Western United States may get accustomed to highly
mineralized water. Hem (1985) reports that cattle will consume water that contains nearly
10,000 mg/I TDS. An upper limit of dissolved solids for cattle is 10,100 mg/I. Th1e upper
limit for an adult sheep is 12,900 mg/I. However, for best growth and development,
livestock water supplies should have TDS concentrations that are considerably below the
upper limit (Hem, 1985).

Other criteria, besides TDS, have been established to determine the suitability of water for
consideration as a public water-supply. Drinking water standards have been established by
the EPA in order to determine the maximum contaminant levels (MCLs) for materials that
may be found in drinking water (40 CER 143). Primary MCLs have been promulgated for
substances that may pose a health risk. For substances such as iron, chloride, sulfate, and
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TDS, which can affect the aesthetic quality of water, secondary maximum contaminant levels

(SMCLs) have been established. These chemicals are not hazardous to health but may be

objectionable due to their effects on water taste, color, and odor.

6.2 Comparability
This section presents the comparison of WQSP background groundwater chemistry data to

standards. The selection of wells used in the comparison and the selection of the appropriate

water-quality standards are discussed.

6.2-1 Selection of Monitor Wells for Comparison to Standards
The WIPP Site covers an area of 16 square miles. Within this area, the overall water quality

of the Culebra and Magenta Dolomites is highly variable, but is typical and representative for

the general WIPP area. Groundwater-quality data from monitoring wells located within the

16-square-mile site boundary were selected for comparison with the water-quality standards

described below.

. The wells located within this area represent both upgradient and, downgradient monitoring

locations with respect to the WETP surface operating facilities, which would meet the

monitoring requirements of RCRA (40 CFR 264.90 through 10X0). However, as stated

previously, these wells do not meet RCRA monitoring well requirements.

The wells selected for comparison to standards art DOE-i, H-02a, H-03b1, H-03b0, H-04b,

H-04c, H-05b, H-05c, H-06b, H-06c, H-11b0, H-14, H-15, H-18, and WIPP-19. This group

of wells reflects the variable water quality, with TDS ranging from approximately

10,000 mg/1 to 200,000 mg/I, and includes wells completed in booth the Culebra and Magenta

Dolomites.

6.2.2 Selection of Appropriate Water-Quality Standards
WIPP is a RCRA facility that is currently undergoing a permit application process in order to

receive and emplace TRU mixed waste. Consequently, the parame ters described in 40 CFR

265 Appendix III, Interim Prxnary Drinking Water Standards (mC-s), were compared to

WQSP data to aid in determining overall water quality in the vicinity of the WIPP Site. In

addition, drinking water standards (SMCLs) found in the National Secondary Safe Drinking. Water Act (SDWA)(40 CER 143) were also used to quantify some parameters that were

collected/analyzed for and are not listed in Appendix III of 40 CFR 265. Since analysis for

pesticides were not performed for the wells of interest, only the inorganic compounds in the
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EPA Intt Primary Drinking Water Standards (40 CFR 265 Appendix Ml) were compared

to the WQSP groundwaz.::- chemistry. Additionally, since the background data show that

Culebra and Magenta Dolomite waters do not contain halogenated hyrcabn, theorai

parameters of the SDWA were not compared with standard values. However, TDS, chloride,
sulfate, iron, manganese, copper, and zinc were compared to the secondary drinking water
standards (40 CFR 143). A comparison of the 40 CFR 143 and 40 CFR 265 parameters with

collected grounwaterL-4 quality data indicates that the aquifers are presently naturally polluted

and should not be used for domestic or agricultural purposes in the foreseeable future.

6.2.3 Comparison to Water-Quality Standards - Results
This section compares the results of the analysis of WIPT' WQSP background grounidwater

chemistry data with the EPA standards described above. For each well, pertinent background

groundwater-chemistry data are listed in a summary table along with the relevant
water-quality standards. The EPA standards are compared to both a maximum concentration

value and a maximum quantitative value. T1he maximum cocnrton value can be an actual '~

detection or an MDL, whichever is larger. The maximum quantitative value is the largest

value. of a given paramete for which an actual measurement was obtined. When
quantitative values are not available for a given parameter, the MDL for that particular

analysis is listed as the maximum concntrtio. In many or most wells, cnetas of
inorganic chemicals exceed the primary and secondary water quality standards (40 CFR 265
Appendix Ml and 40 CFR 143, respectively). The following is a summary of the water

quality for the selected wells at the WIPP Site.

Well DOE-i. Table 6-1 shows that a number of metal cnetains in the Culebra exceed

the interim primary drinking water standards (MCLs) a Well DOE-l. These are cadmium,

chromium, lead, selenium, and silver. In addition, secondary standard constituents such as

TDS, chloride.,sulfate, iron, and manganese exceed SMCLs. Total dissolved solids are over

two orders of magnitud greater than the secondary drinking wate standard.

Well H-02. Table 6-2 shows that Culebra groundwater from Well H-02a, contains a number

of metals with cocetas exceeding MCLs. These include cadmium, chromium, lead,

and silver. The selenium MDL exceeds the sadad. Parameters such as TDS, chloride,

sulfate, iron, and manganese also exceed SMCLs. Total dissolved solids are an order of

magnitude greater than the standard.
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e Well H-03b1. Table 6-3 shows that a number of metal concentrations in Magenta Dolomite

groundwater exceed MCLs at Well H-03b1. These are chromium, lead, and selenium.

Cadmium and silver concentrations at this well are greater than the standard at the detection

limiL Although it is an MDL, the maximum arsenic concentration is equal to the standard.

Secondary standard constituents such as TDS, chloride, and sulfate also exceed SMCLs.

Maximum iron concentrations are the same as secondary standards in Well H-03b1. The TDS

of groundwater at Well H-03b1 are over an order of magnitude greater than the secondary

standard.

Well H03b3. Table 6-4 shows that Culebra Dolomite groundwater from Well H-03b3

contains a number of metals with concentrations exceeding MC]Ls. These metals are

cadmium, chromium, lead, selenium and silver. Although an M4DL, the maximum arsenic

concentration also exceeds the standard (Table 6-4). Parameters such as TDS, chloride,

sulfate, iron, and manganese also exceed the SMCLs. Total dissolved solids are two orders of

magnitude greater than the secondary standard.

Well H-04b. Table 6-5 shows that some of the metal concenliations in Culebra Dolomite

groundwater from Well H-04b exceed MCLs. These are chromium, lead, and selenium. The

value for mercury is just below the MCL, while cadmium and silver concentrations are

greater than the standard at their detection limits. Secondary standard constituents such as

TDS, chloride, sulfate, iron, and manganese also eed SMCI-s. Total dissolved solids are

over an order of magnitude greater than the secondr standard.

Well H-04c. Table 6-6 shows that Magenta Dolomite groundwater from Well H-04c

contains a few constituents that exceed MCLs. These include chromium, fluoride, selenium,

and silver. Arsenic, cadmium, and lead concentrations are greater than the standard at their

detection limits. -Parameters such as TDS, chloride, sulfate, iran, and manganese also exceed

SMCLs. Total dissolved solids are over an order of magnitude greater than the secondary

standard.

Well H-05b. Table 6-7 shows that the concentration of a number of metals in Culebra

Dolomite groundwater from Well H-05b exceeds MCLs. These metals are cadmium,

chromium, lead, selenium, and silver. Although an MDL, the maximum arsenic concentration

Cexceeds the primary standard (Table 6-7). Parameters such as, TDS, chloride, sulfate, iron,
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and manganese also exceed SMCLs in this well. The TDS concentration is over two orders
of magnitude greater than the secondary standard.

Well H-05c. Table 6-8 shows that Magenta Dolomite groundwater from Well H-05c
contains a number of constitue nts that exceed MCLs. The constituents are chromium,
fluoride, lead, and silver. Arsenic, cadmium, and selenium concentrations are also greate
than the standards at their detection limits. Secondary standard constituents such as TDS,
chloride, sulfate, and iron exceed SMCLs. The manganese concentration exceeded the
standard at the detection limit.

Well H-06b. Table 6-9 presents Culebra Dolomite groundwater from Well H-06b as
compared to standards. A number of metals exceed MCLs. These metals are chromium, lead,
selenium, and silver. Arsenic and cadmium concentrations are also greater than the standards
at their detection limits. The TDS, chloride, sulfate, iron, and manganese concentrations
exceed SMCLs at this well. Total dissolved solids in groundwater from Well H-06b are two
orders of magnitude greater than the secondary drinking water standard.

Well H-06c. Table 6-10 shows that Magenta Dolomite groundwater from Well H-06c
contains several metals with concentrations that are potentially in excess of the MCLs.
Concentrations of cadmnium, chromium, lead, selenium, and silver are greater than the interim
drinking water standards at their detection limits. Secondary standard constituents such as

TDS, chloride, sulfate, and iron also exceed SMCLs at this well. The manganese
concentration exceeds the secondary drinking water standard at the detection limit. The TDS "_-

of groundwater from Well H-06c are almost an order of magnitude greater than the secondary
standard.

Well H-I 1b3. Table 6-li shows that Culebra Dolomite groundwater from Well H-llb3
contains several metals at concentrations that exceed MCLs. These metals are arsenic,
cadmium, chromium lead, and silver. Concentrations of selenium are also greater than
interim primary drinking water standards at the detection limit. The parameters TDS,
chloride, sulfate, iron, and manganese exceed SMCLs. The TDS of groundwater at this well
are two orders of magnitude greater than the standard.

Well H- 14. Table 6-12 shows that Culebra Dolomite groundwater from Well H- 14 contains
a number of metals with concentrations exceeding MCLs. These metals are cadmium,
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chromium, lead, and silver. Concentrations of arsenic and selenium are equal to or greater

than standards at the detection limit. The parameters TDS, chloride, sulfate, iron, and

manganese also exceed SMCLs. Total dissolved solids are over an order of magnitude larger

than the secondary standard.

Well H-15. Table 6-13 shows a number of metal concentrations from Culebra Dolomite

groundwater at Well H-15 that exceed MCLs. These metals are cadmium, chromium, lead,

and silver. Concentrations of arsenic and selenium are also grrate than standards at the

detection limit. Mercury concentrations are equal to the standard at the detection limit.

Concentrations of TDS, chloride, sulfate, iron, manganese, and copper all exceed SMCLs.

Total dissolved solids and chloride concentrations in this groundwater arm over two orders of

magnitude larger than secondary standards.

Well H-lB. Table 6-14 shows Culebra Dolomite groundwater from Well H-18 as compared

to standards. Only chromium concentrations exceed MCLs. However, concentrations of

arsenic, cadmium, lead, selenium, and silver are greater than the standard at their detection

limits. The secondary standard constituents TDS, chloride, sulfate, iron, and manganese

exceed SMCLs. Total dissolved solids in this groundwater ame over an order of magnitude

larger than the secondary standard.

Well WIPP-19. Table 6-15 shows that the concmntration of'chromium and lead in Culebra

Dolomite groundwater exceeds the MCLs for these metals at, Well WIPP-19. Concentrations

of arsenic, cadmium, selenium, and silver are greater than the standard at their detection

limits. Also, the concentration of mercury is equal to the standard at its detection limit. The

secondary standard constituents TDS, chloride, sulfate, iron, anid manganese exceed SMCLs.

Total dissolved solids and chloride are over two orders of magnitude larger than secondary

standards.
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Table 6-1
Comparison to Established Standards

Well DOE-i

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (mgII)a (mg/1) (mg/I)
______________InorganicMCLb________

Arsenic 0.05 <0.5 0.034

Barium 1.0 0.07 0.07

Cadmium 0.01 0.07 0.07
Chromium 0.05 0.4 0.4
Fluoride 2.4 1.05 1.05

Lead 0.05 1.3 1.3
Mercury 0.002 0.0008 0.0008
Nitrate (as N) 10 0.1 0.1

Selenium 0.01 <0.5 0.183
Silver 0.05 0.1 0.1

SMCLSC

TDSd 500 135,000 135,000
Chloride 250 81.000 81,000 _
Sulfate 250 7,400 7,400
Iron 0 .3 1.4 1.4

Manganese 0.05 0.39 0.39

Copper 1.0 0.18 0.18
Zinc 5.0 <0.1 0.075

aMilligrams per liter.
bMaximum contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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Table 6-2
Comparison to Established Standards

Well H-028

IMaximum Maximum
Standard Concentration Quantitative Value

Parameter (mg/#)a (mg/1) (1111/4

_____________Inorganic 
MCL~b

Arsenic 0.05 <0.014 0.014

Barium 1.0 <0.05 NA

Cadmium 0.01 0.08 0.08

Chromium 0.05 0.4 0.4

Fluoride 2.4 2.2 2.2

Lead 0.05 0.5 0.5

Mercury 0.002 <0.0002 NA

Nitrate (as N) - 10 0.3 0.3

Selenium 0.01 <0.05 NA

Silver 0.05 0.2 0.2

SMCLSC -

TDSd 500 13,500 13,500

Chloride 250 5,300 5, 3 0 0

Sulfate 250 3,300 3,300

Iron 0.3 1.2 1.2

Manganese 0.05 0.075 0.075

Copper 1.0 <0.1 05 NA

zinc 5.0 <0.1 NA

aMilligram~s per liter.
bMaximum contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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Table 6-3
Comparison to Established Standards

Well H-03b1

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (mglU)a (mg/U) (mg/#)

______________InorganicMCL~b__________________

Arsenic 0.05 <0.05 0.02

Barium 1.0 <0.2 NA

Cadmium 0.01 <0.05 NA

Chromium 0.05 0.2 0.2

Fluoride 2.4 2.2 2.2

Lead 0.05 <0.5 0.14

Mercury 0.002 <0.0004 0.0003

Nitrate (as N) 10 <0O.1 NA

Selenium 0.01 0.09 0.09

Silver 0.05 <0.1 0.03

SMCLSC

TDSd 500 9,300 9,300

Chloride 250 3,500 3,500

Sulfate 250 2,400 2,400

Iron 0.3 0.3 0.3

Manganese 0.05 <0.05 0.045

Copper' 1.0 <0.1 0.03

Zinc 5.0 <0.1 INA

aMilligrams per liter.
bMaXimum contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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0 Table 6-4
Comparison to Established Standards

Well H.03b3

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (mg/1)a (m/ (nmg/)

______________Inorganic UCLSb ______

Arsenic 0.05 <0O.1 0.039

Barium 1.0 0.06 0.06

Cadmium 0.01 0.07 0.07

Chromium 0.05 0.4 0.4

Fluoride 2.4 1.6 1.6

Lead 0.05 0.5 0.5

Mercury 0.002 0.001 0.001

Nitrate (as N) 10 <0.2 0.1

Selenium 0.01 <0.5 0.0825

Silver 0.05 0.1 0.1

SMOLIC

TDSd 500 55,000 55,000

Chloride 250 31,000 31,000

Sulfate 250 4,800 4,800

Iron 0.3 <1.0 0.38

Manganese 0.05 0.18 0.18

Copper ,1.0 0.26 026

Zinc 500.2 0.2

:Milligramns per liter.
Maximum contaminant level.

cSecondary maximum contaminant level.
dTotal dissolved solids.

AL*.9Z4JW-P:IP.R154 6-11



Table 6-5
Comparison to Established Standards

Well H..04b

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (~gAa(mg/8) (Mgt#)

______________inorganic MCLSb_________

Arsenic 0.05 <0.1 0.04

Barium 1.0 <0.1 N

Cadmium 0.01 <0.05 NA

Chromium 0.05 0.3 0.3

Fluoride 2.4 2.15 2.15

Lead 0.05 <0.5 0.1

Mercury 0.002 0.0017 0.0017

Nitrate (as N) 10 <0.1 NA

Selenium 0.01 <0.05 0.03

Silver 0.05 <0.1 NA

SMCLSC

TDSd 500 22,500 22,500

Chloride 250 12,000 12,000

Sulf ate 250 6,900 6,900

Iron 0.3 <1.0 0.55

Manganese 0.05 <0.175 0.175

Copper 1.0 <0.25 0.2

Zinc 5.0 0.4 0.4

aMilligrams per liter.
bMaximum contaminant level.
cSecondary maximum contaminant level.
dTotaI dissolved solids.
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Table 6-6
Comparison to Established Standards

Well H-04

Maximum Maximum
Standard Concentration Quantitative Value

Parameter _________ (mgj) (Mgt#)_____

Inorganic MCLab

Arsenic 0.05 .c0.1 N

Barium 1.0 <02 00

Cadmium 0.01 -C0.05 N

Chromium 0.05 0.2 0.2

Fluoride 2.4 2.8 2.8

Lead 0.05 <c0.5 NA

Mercury 0.002 0.0008 0.0008

Nitrate (as N) 10 <O.1 _ __NA

Selenium 0.01 <0.05 0.04

Silver 0.05 0.1 ____0.1

SMCLSC

TDSd 500 24,600 24,600

Chloride 250 11,000 11,000

Sulfate 250 7,850 7,850

Iron 0.3 1.1 1.1

Manganese 0.05 0.46 0.46

Copper 1.0 0.3 0.3

Zinc 5.0 <0.2 NA

aMilliglrars per liter.
b~a~iMUM contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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Table 6-7

Comparison to Established Standards
Well H-05b

IMaximum Maximum
I Standard Concentration Quantitative Vaiue

Parameter I (rngmEa (Q)(mg/1)

_______________ InorganicMCLSb _________________

Arsenic 0.05 <0.1 0.042

Barium 1.0 <0.5 NA

Cadmium 0.01 0.11 0.11

Chromium 0.05 0.3 0.3

Fluoride 2.4 1.3 1.3

Lead 0.05 1.0 1.0

Mercury 0.002 0.0005 0.0005

Nitrate (as N) 10 0.4 0.4

Selenium 0.01 7.3 7.3

Silver 0.05 0.1 0.1

SMCLSC

TDd500 166,500 166,500
Chloride 250 92,100 92,100

Sulfate 250 7,700 7,700

Iron 0.3 3.2 3.2

Manganese 0.05 0.52 0.52

Copper' 1.0 <1.0 0.255

Zinc- 5.0 2.5 2.5

aMillig,.aIs per liter.
bMaXiMUM contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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Table 6-8

Comparison to Established Standards
Well H-05c

I IMaximum Maximum
II Standard Concentration Quantitative Value

[ Parameter 1 (mgIE)a (Mgt#) ____________

inorganic UCL~b ______

Arsenic 0.05 <c0.1 NA

Barium 1.0 <0O.05 NA

Cadmium 0.01 0.5NA

Chromium 0.05 0.2 0.2

Fluoride 2.4 3.1 3.1

Lead 0.05 046 0.6

Mercury 0.002 0.0005 0.0005

Nitrate (as N) -- 10 <0.1 0.02

Selenium 0.01 <0.05 NA

Silver 0.05 0.2 ___ _0.2

SMCLSC

TDSd 500 7,20-0 7,200

Chloride 250 1,0010 1,000

Sulfate 250 4,200 4,200

Iron 0.3 1.3 1.3

Manganese 0.05 <0.1 5 NA

Copper .1.0 <0.215 0.2

Zinc 5.0 <0.2 NA

aMilligrarns per liter.
b Maximum contaminant level.
cSecondary maximum contaminant level.
c'Total dissolved solids.
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Table 6-9
Comparison to Established Standards

Well H-06b

Maximum I Maximum
Standard Concentration Quantitative Value

Parameter (Ifg/#)a (mg/a) I___________
____ ___ ___ ___ Inorganic MCLsb _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Arsenic 0.05 <0.5 NA

Barium 1.0 <0.1 0.06

Cadmium 0.01 <0.05 NA

Chromium 0.05 0.45 0.45

Fluoride 2.4 1.55 1.55

Lead 0.05 0.83 0.83

Mercury 0.002 0.0012 0.0012

Nitate (as N) 10 0.2 0.2

Selenium 0.01 1.3 1.3

Silver 0.05 0.1 0.1

SMCLSC

TDSd 500 66,000 66,000

Chloride 250 34,000 34,000

Sulfate 250 3,400 3,400

Iron 0.3 <1 0.55

Manganese 0.05 0.28 0.28

Copper : 1.0 <0.25 0.125

Zinc 5.0 <0.2 0.1

aMilligrams per liter.
bMaximum contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.

ALA-ZWRARR-1546-16



Table 6-10
Comparison to Established Standards

Well H-06c

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (rng/1) a (mg/I) (mg/I)

______________ InorganicUCLSb _______________

Arsenic 0.05 <0.01 NA

Barium 1.0 <0.05 NA

Cadmium 0.01 <0.05 NA

Chromium 0.05 <0.1 NA

Fluoride 2.4 1.9 1.9

Lead 0.05 <0.5 NA

Mercury 0.002 0.0005 0.0005

Nitrate (as N) 10 <0.1 NA

Selenium 0.01 <0.5 NA

Silver 0.05 <0.1 ____NA

13MCLSC

TWSd 500 4,800 4,800

Chloride 250 460 ____460

Sulfate 202,600 2,600

Iron 0.3 <1.0 0.4

Manganese 0.05 <0.15 NA

Copper 1.0 <0.3 NA

Zinc 5.0 <0.2 NA

aMilligramns per liter.
bMaximum contaminant level.

CSecondwry maximum contaminant level.
dTotal dissolved solids.
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Table 6-11
Comparison to Established Standards

Well H-11Ib3i

Maximum Maximum
Standard Concentration Quantitative Value

Parameter______ (mg/#)a (mg/#) (mg/U)

______________ InorganicMCLqb _________

Arsenic 0.05 0.15 0.15

Barium 1.0 <c0.1 0.05

Cadmium 0.01 0.09 0.09

Chromium 0.05 0.4 0.4

Fluoride 2.4 1.2 12

Lead 0.05 0.6 0.6

Mercury 0.002 <0.0004 NA

Nitrate (as N) 10 <0.3 NA

Selenium 0.01 <0.5 NA

Silver 0.05 0.2 0.2

SMCLSC

TDSd 500 122,000 122,000

Chloride 250 73,400 73,400

Sulfate 250 7,400 7,400

Iron 0.3 <1.0 0.66

Manganese 0.05 0.39 0.39

Copper .1.0 0.26 0.26

Zinc 5.0 <0.2 0.14

aNilligrams per liter.
Maximum contaminant level.

CSecondwry maximum contaminant level.
dTotal dissolved solids.
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Table 6-12
Comparison to Established Standards

Well H-14

Maximum Maximum

StnadConcentration Quantitative Value[ Parameter (mg/#)a ______________

Inorganic MCLSb _________ 
________

Arsenic 0.05 -C0.05 NA

Barium 1.0 -<0.05 NA

Cadmium 0.01 0.06 0.06

Chromium 0.05 0.4 0.4

Fluoride 2.4 1.7 1.7

Lead 0.05 0.5 0.5

Mercury 0.002 0.0004 0.0004

Nitrate (as N) 10 0.4 0.4 -

Selenium 0.01 40.05 NA

Silver 0.05 0.1 0.1

SMCLSC

TDSd 500 18,000 18,000

Chloride 250 9,000 __ 9,000

Sulfate 250 1,900 11900

Iron 0.3 0.6 0.6

Manganese 0.05 0.125 0.125

Cpper 1.0 0.1 0.1

Zinc 5.0 <0.1 NA

a~illig,.ans per liter.
bMaximum contaminant level.
cSecondajry maximum contaminant level.
dTotal dissolved solids.
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Table 6-13
Comparison to Established Standards

Well H-15

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (g1a(mg/I) (mg/1)

_____________Inorganic MCLab _________

Arsenic 0.05 <1 NA

Barium 1.0 <0.5 NA

Cadmium 0.01 0.7 0.7

Chromium 0.05 3.0 3.0

Fluoride 2.4 0.7 0.7

Lead 0.05 7.0 7.0

Mercury 0.002 <0.002 NA

Nitrate (as N) 10 0.5 0.5

Selenium 0.01 <5.0 NA

Silver 0.05 1.0 1.0

SMCLSO

.m~So50 245,000 245,000 N

Chloride 250 140,000 140,000

Sulfate 250 7,500 7,500

Iron 0.3 3.0 3.0

Manganese 0.05 0.6 0.6

Copper 1.0 2.0 2.0

Zinc 5.0 1.0 1.0

:Milligramns per liter.
bMaximum contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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Table 644
Comparison to Established Standards

Well H-IS

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (mgl*)a (MOMI (mg/I)

____________Inorganic UCLab _____________

Arsenic 0.05 <0.5 NA

Barium 1.0 <0.05 NA

Cadmium 0.01 <0.05 NA

Chromium 0.05 02 __ _0.2

Fluoride 2.4 1.9 1.9

Lead 0.05 r0. NA

Mercury 0.002 <0.0002 NA

Nitrate (as N) 10 <c0.2 NA

Selenium 0.01 <0.5 NA

Silver 0.05 -CO.1 NA

SMCLSC

TDSd 500 31,000 31,000

Chloride 250 13,000 ____13,000

Sulfate 250 5,200 5,200

Iron 0.3 ci_1 __ 0.35

Manganese 0.05 0.205 0.205

Conoer 1.0 <0.25 0.15

Znhc 5.0 -CO.2 NA

aMilligramfs per liter.
bMaximum contaminant level.
cSecondary maximum contaminant level.
dTotal dissolved solids.
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Table 6-15
Comparison to Established Standards

Well wipp-ig

Maximum Maximum
Standard Concentration Quantitative Value

Parameter (mgl/#)a (mg/) (mg/)

_____ _____ ____ Inorganic MCLsb _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Arsenic 0.05 <0.5 NA

Barium 1.0 <0.5 NA

Cadmium 0.01 <0.5 NA

Chromium 0.05 2 2

Fluoride 2.4 1.1 1.1

Lead 0.05 <5 1.25

Mercury 0.002 <0.002 0.0003

Nitrate (as N) 10 0.12 0.12

Selenium 0.01 <0.5 NA

Silver 0.05 <1 NA

SMCLSC

TDSd 500 110,000 110,000

Chloride 250 58,000 58,000

Sulfate 250 5,700 5,700

Iron 0.3 2.0 2.0

Manganese 0.05 4.2 4.2

Copper 1.0 <2.5 0.0615

Zinc 5.0 2 2

aMilligramns per liter.
Maximum contaminant level.

CSecondwry maximum contaminant level.
dTotal dissolved solids.
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7.0 Summary and Conclusions

This report contains tabulated background concentrations for groundwater-quality parameter

from 28 wells that are located, in the vicinity of the WIPP Site. Also presented in this repor

is a comparison of background groundwater chemistry to appropriate water-quality standards

for 15 separate wells located in the immediate WIPP vicinity.

From 1985 to 1990, the WQSP has collected groundwater samples from water-bearing zones

in the area of the WIPP Site. The WQSP has sampled 28 WJCPP monitoring wells and

11 privately owned wells. Groundwater was sampled during the WQSP from the Bell

Canyon Fornmation, the Culebra and Magenta Dolomite Members of the Rustler Formation,
* the Dewey Lake Redbeds, and the Dockurn Group. The WQSP focused primarily on the

* characterization of Culebra Dolomite groundwater, since the Culebra Dolomite is the first
continuous water-bearing zone above the waste repository horizon and is the most

transmissive hydrologic unit in the WIPP area.

Because Culebra and Magenta Dolomite groundwater chemistries are extremely variable

across the WIPP Site, area wide background values for groundwater constituents could not be

established. Instead, background groundwater quality was defined for each individual well.

A minimumn of three separate rounds of data from a well was required to establish the

background groundwater quality at that well.

Preliminary analysis categorized WQSP data into three groups based on the frequency of
detection and the proximnity of detections to MDLs. The three. groups are as follows:

* Major Cations and Anions - Constituents that collectively make up greaer
than -99 percent of the dissolved solids. These constituents are generally
-detected at concentrations that are well above the MDL.

*Minor Cations~, Anions, and Indicator Parameters - Constituents with
concentrations that are generally less than 10 mg/I in groundwater. A
substantial amount of the data are below the MDL, and detected concentrations
are generally close to the MDL.

*Organic Compounds - Include VOCs, serni-VOCs, pesticides, and PCBs.
Very few detections of these compounds are observed in WQSP data.

AI-9JWP:IP~R2147-1



Given the three data groups defined above, background concentrations were determined and

reported in the following manner.

* A 95 percent confidence interval based on the Student's t distribution was
computed for every major constituent from each well. Thus, the expected
background concentration range for a major constituent at a given well is
represented by a 95 percent confidence interval.

" Confidence intervals for minor constituents could not be calculated- thus, the
background concentration range for a minor constituent at a given well is
represented by the observed concentration range for that parameter at that well.

/ - >- Because of the relatively small number, all observed detections of hazardous

organic compounds were tabulated.

Prior to the determination of background concentration values, the WQSP data were evaluated

for trends. Trend analysis was necessary to determine if any concentrations were changing

with time due to natural (or non-WIPP related) causes. The procedure used to determine

background water quality is dependent on, or somewhat controlled by, the nature of the

concentration/time relationship. In general, temporal trends in concentrations were not found

in the WQSP data, and the procedure used to establish background water quality reflected this

finding. The results of the trend analysis are summarized below in the specific findings of

this study.

The WQSP data were also evaluated for outliers. Potential outliers were evaluated using the

Q Test, a standard statistical method for small data sets. If a value was determined to be an

outlier by the Q Test, an additional test was performed to ensure that the value was not

labeled as an outlier due to routine analytical uncertainty. Approximately 2 percent of the

values were removed from the major and minor constituent data set prior to the establishment

of background concentrations.

The WQSP was developed as a site characterization sampling programn; it has not served as a

regulatory-guided sampling program for RCRA. Consequently, well construction was not

typical of that generally used for environmental monitoring programs. Most WIPP

monitoring wells were drilled and completed using oil field techniques. This factor,

combined with complexities associated with the analysis of high-TDS samples, leads to a high

degree of uncertainty in the reported concentration of many minor constituents (e.g., trace

metals). The MDL of many trace metal analyses was often relatively high, preventing the
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quantification of trace metal concentrations. Also, dilution of high-TDS samples has probably

magnified spurious, near-MDL detections of minor groundwater constituents, resulting in

false-positive values that appear to be quite significant.

The WIPP is a RCRA facility and will require a permit in order to receive and emplace TRU

mixed waste. As a consequence, WQSP data were compared to the EPA interim primary

drinking water standards that are listed in 40 CFR 265 Appendix 13L In addition, several

constituents of WQSP groundwater were compared to National Secondary Safe Drinking

Water Act standards. Comparison to secondary standards was not driven by regulatory

requirements, but rather it was done to document the generail unsuitability of groundwater in

the vicinity of the WIPP for domestic and agricultural use.

The following are the specific findings and conclusions of this study:

aSome constituents at several wells, including H-02a, H-05c, H-07b1, H-08b, and
H- 15, show apparent temporal concentration tends. However, in almost every
case, the trend is within the range of expected analytical uncertainty, or the trend
is not supported by charge-balance considerations or by similar trends in other
constituents, such as IDS.

* Wells H-04c, H-05c, WIPP-19, and WIPP-26 exhibit co ncentrations; of several
parameters that decrease significantly from the first to the second sampling
round. This may indicate that the first sample is not representative, possibly due
to incomplete well development.

0 Background groundwater quality was successfully defined for 28 wells.
Background, concentrations for major and minor cations, anions, and indicator
parameters were established for Culebra Dolomite, Magenta Dolomite, and
Dewey Lake Redbed groundwater. Although the background concentrations of
minor constituents are uncertain, this report documents the "expected" values for
these constituents, if similar analytical techniques are used in future sampling
efforts.

* Hazardous organic compounds are not present in groundwater in the vicinity of
the WIPP Site. Detections of these compounds; are very infrequent, and the
majority of detected compounds are typical laboratory contaminants as defined
by the EPA. Some of the occurrences may also be related to well installation or
sampling practices.

* Comparison of WQSP data with EPA interim primary drinking water standards
(40 CFR 265 Appendix MI) shows that cadmium, chromium, lead, selenium, and
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silver concentrations typically exceed MCLs. Again, the quality of trace metal
data are uncertain.

"Comparison of WQSP data with secondary drinking water standards
(40 CFR 143) shows that TDS, chloride, and sulfate concentrations in
groundwater greatly exceed SMCLs. Results indicate that the natural
composition of groundwater from the Culebra and Magenta Dolomites makes the
groundwater unsuitable for domestic or agricultural use in most areas of the
WIPP site.

* The repeated detection of trace metals such as chromium and molybdenum may
be related to the corrosion of well casing that is exposed to high-TDS,
high-chloride groundwater.
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APPENDIX A
SEPARATION OF TRACE ELEMENTS

FROM WIPP GROUNDWATERS





* Appendix A presents a compilation of the results of the IT Analytical Services (ITAS)
laboratory analytical methods development program for improving tace-metal analysis

accuracy and detection limits. As an alternative method of anal.ysis for some of the trace

metals, the ITAS laboratory adapted an ion-exchange technique used for separating and

concentrating transition metals from alkali and alkaline-earth elements in sea water (Kingston

et al., 1978) for use with some of the Waste Isolation Pilot Plant (WLPP) samples.

The methods development program involved performing cation exchange experiments, using

different extraction techniques, on water samples from Well H-05b. Water from this well was

selected as the test matrix for method development because it is representative of the more

saline water found in the Culebra Dolomite in the WIPP vicinity.

The experiment consisted of preparing the cation-exchange resin, spikcing the sample with

known concentrations of the metals of interest, passing the sample through the resin column

to load the metals onto the resin, and separating them from the sample matrix. The metals

were then stripped off the resin using various concentrations of acid solutions, where they

were analyzed at increased relative concentrations in a "cleaner" solution. Spike recoveries

were calculated to deternnine the success of the separation and wnalysis procedure. The

testing procedure was modified, as required, to develop the most effective separation

technique for the matrix type represented by the WIPP groundwater. Spike recoveries were

generally excellent for the 15 trace metals in the Well H-05b groundwater matrix.

Groundwater samples from three wells, H-05b (Round three), 11_08b (Round three), and

WIPP-19 (Round three) had the 15 trace metals analyzed using the cation exchange technique

(Lyon, 1989). Generally, this technique reduced the lower limit: of detection for 14 of the 15

trace metals by one or more orders of magnitude. These three wells were selected because

they represent a cross section of the types of water quality from WQSP wells found in the

WIPP vicinity

The data from this experimental analysis were reported for the ihree wells listed above in the

annual data report by Lyon (1989). Details of the ion-exchange experimental work were

reported in periodic progress reports and data reports from the ITAS laboratory to the WQSP

office at the WLPP. These progress and data reports, along with a copy of the report

* describing the actual technique (Kingston et al., 1978) are included in this appendix.

Table A-i, preceding the progress reports included in this appendix, presents the final

analytical results for trace-metal concentrations as concluded from this investigation.

AU&MP-92WIR-2154 A-i



Table A-i
Final Results of the WQSP Experimental Trace Metal Analysis

Parameter WIPP-19 JH-05b J H-08b

Concentration (mg/g)a

Antimony 1.08 0.77 <0.20

Arsenic <0.020 <0.024 <0.020

Cadmium <0.0030 <0.004 <0.0030

Cesium <0.24 <0.28 <0.24

Chromium 0.006 0.016 0.005

Cobalt <0.007 <0.0 10 <0.007

Copper 0.013 <0.010 0.11

Lead <0.030 <0.040 <0.030

Lithium 0.73 0.75 0.12

Molybdenum 0.024 0.030 0.008

Nickel <0.020 <0.10 0.030

Selenium <0.040 <0.024 <0.040

Silver <0.020 0.090 <0.020

Titanium <0.007 <0.010 <0.007

Zinc 0.051 0.030 0.24

a milligrams per liter

Source: Lyon, 1989/
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. ~ A~'<.CHELEX 100 SEPARATION #P1
PROGRESS REPORT 

CP

PROJECT: DOE-WIPP

Project Summary:

The ITAS Pittsburgh Laoratory has been requested by ITES-Albuquerque to

investigate techniques to achieve enrichment and isolation of cations

monitored in the DOE-WIPP site's water quality program. The project goal

is to establish an accurate baseline for the metalic species monitored.

Ion exchange technology has been utilized by many investigators for the

enrichment and isolation of various metalic ions in matrices characterized

by high levels of inorganic salts* This first progress report is a summary

of initial investigations using an ion exchange technique on characteristic

WIPP type sample (Sample HO5B). The technique used, sas taken from

"Separation of the Eight Transition Elements from Alkali and Alkaline Earth

Elements in Estuarine and Seawater with. Chelating Resin and Their Deter-. mihation by Graphit Furnace Atomic Absorption Spectrometry,"

H. H. Kingston, 1. L. Barnes, T. J. Brady, and T. C . Rains, Analytical

Chemistry, Vol. 50, No. 14, December, 1§987.

Procedure Summary:

Chelex 100(l) resin was added to the column (3.2 grams). The resin bed was

washed with subsequent portions of 2.5M HN03 and deionized water. The

column was then rinsed with ammonium hydroxide until a basic eluant was

achieve.. .After two additional deionized water rinses had been completed,

the column was 6eady for ion exchange.

Once the column had been, prepared as described above, 70 grams or approxi-

mately 70 milliliters of spiked sample (H05-B) was added to the column.

The flow rate through the column was adjusted to approximately one milli-

liter per minute and the effluent was collected (anion fraction). The

M1 Chelex 100 is a registered trademark of 310-LAD Laboratories.
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column was then eluted with 40 milliliters of ammonium acetate. This

traction was collected (alkaline and alkali fraction). Two subsequent

elutions of 7 milliliters and 5 milliliters of 2.5K nitric acid were

collected and labeled transition metals #1 and #2, respectively.

A method blank was processed as stated above. Analytical results of

the analyses are listed in the the enclosed table.

Results and Discussion:

The transition elements, as expected, were recovered with the greatest

success; however, almost all of the elements studied showed some recovery.

The inflated recoveries for lithium, titanium, and antimony may be due to

positive interferences contained in the concentrated anion fraction. Also,

concentration values found in the original sample were not subtracted out

prior to the percent recovery calculation.

Results and Discussion:

In the next round of experiments, the samples will be diluted prior to the

column loading to ensure instantaneous equalibrium on the exchange column.

Concentrations of acid solutions will be varied so that cation groupings

may be better isolated (or not). The next progress report should be

completed by June 17, 1988.
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CHELEX 100 SEPARATION #2

PROGRESS REPORT

PROJECT: DOE-WIPP

Procedure Summary; Separation #2A

Chelex 100(1) resin was added to the column (3.2 grams). The resin bed was

washed with subsequent portions of 2.5H HNO 3 and deionized water. The column

was then rinsed with ammonium hydroxide until a basic eluant was achieved.

After two additional deionized water rinses had been completed, the column was

ready for ion exchange.

A~ 50 milliliter aliquot of sample H05-B wag spiked and diluted to 200 illi-

liters (PH - 2.4). This solution was added to the column. The flow rate

through the column was adjusted to approximately one milliliter per minute and

the effluent was collected (anion fraction). The column was then eluted with

40 milliliters of 0.5M ammonium acetate. This fraction was collected

(alkaline and alkali fraction). Finally, an elution of 20 milliliters of 5.011

nitric-acid was collected and labeled transition metals.

Procedure Summary; Separation #2B

The separation was performed as descri~.bd in separation #2A with one excep-

tion, the pH of the diluted sample aliquot was adjusted to 5.5 prior to column

loading.

Procedural Changes from Separation #1

Several procedural changes were made during separations #2A and Ml. The

amount ofri spiking solution added to the sample was increased from 10 micro-

grams to 20 miarograa Also, cadmium, cobalt, and zinc were added to the

elements to be eamained.

The sample was diluted by a factor of four in an effort to facilitate instan-

taneous equilibrium on the exchange column.

(1)Chelex 100 is a registered trademark of BIO-RAD Laboratories.
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The concentration of the nitric acid eluant was raised from 2.5M to 5.014

and one 20 milliliter wash was used rather than two smaller ones.

Analytical results of the analyses are listed in the enclosed tables.

Results and Discussion

The effect of sample pH adjustment was clearly observed and has proven to

be a noteworthy consideration. Results for separation #2B showed fraction

separations which were clearer and, in general, produced better spike

recoveries than those of separation #2A where no pH adjustment was made.

Furthermore, analytes which exhibited no spike recovery previously are now

beginning to showr some recovery, i.e., Ag and As.

Again, inflated recoveries for lithium, titanium, antimony, and zinc may be

due to positive interferences contained in the concentrated anion fraction.

Also, concentration values found in the original sample were not subtracted

prior to the percent recovery calculation.

Results and Discussion

In the next round of experiments, three column pretreatments will be performed.

Separation #3A will duplicate separati6n #2B with the exception that no spike

will be added. The information obtained will be used to subtract the analyte

N concentrations inherent to sample 1108-3 from the percent recovery calculations

for separation #2B.

Separation M3 will duplicate separation #2B, except that the pH will be

adjusted-t'o 6.5 prior to column loading. This adjustment may facilitate the

recovery of elements such as arsenic and silver.

Separation.#3C will duplicate separation f2B, however, the sample volume will

be decreased in a further effort to achieve equilibrium on the, exchange

column.

. Both separations #3B and #3C will contain 40 micrograms of spiking solution

rather than 20 micrograms as in separation #2A and #23.
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CHELEX 100 SEPARATION #3

PROGRESS REPORT

PROJECT: DOE-WIPP

Procedure Summary; Separation-#3A

A slurry of Chelex 100(l) (3.2 gins) was added to the column and allowed to

slowly drain forming the resin bed. It was washed with five 15 ml portions

of 2.5 M nitric acid and then rinsed with two 5 ml portions of deionized

water. The bed was subsequently activated with two 5 ml portions of 2.0 M

ammonium hydroxide. This washing was continued until the eluant was basic.

The bed was rinsed again with deionized water.

A 50.0 g aliquot of sample 1105B was diluted to approximately 200 mls. The

pH was then adjusted to 5.5 and the final volume was adjusted to 200 mis.

The diluted sample was added to the column and the flow rate was adjusted to

approximately 1.0 ml per minute. The effluent was collected and called the

anion fraction. The column was then eluted with 40 mis of 0.5M ammonium

acetate. This fraction was called the cation fraction (alkaline and alkali

fraction). Next the column was eluted with two 10 ml portions of 5.OM nitric

acid and called the transition metal fraction./

Procedure Summary; Separation #3B

The separation performed was the same as that described in #3A with a few

exceptions. The 50.Og sample (HO053 was spiked with 20 mis of a 2 ppm

solution containing the ions being studied. The final pH1 adjustment was

to 6.5.

Procedure Su mma ry; Separation #3C

The separation procedure was the same as #3A with the exception that only

20.Og of sample (11053) was used and it was spiked with 20 mls of the 2 ppm

solution.

(1)Chelex 100 is a registered trademark of BIO-RAD Laboratories.



Procedural Changes from Separation #2

There were two procedural changes from the one followed in Separation #2. The

first was that the pH of the spiked aliquot was adjust~ed to 6.5 in separation

#3B. The second was that the amount of HO5B used was lowered to 20.Og in

separation #3C. This second change was made to ensure that the column was not

being overloaded.

Analytical results are listed in the enclosed tables.

Results and Discussion

In comparing the results from Separation #2B with that: of Separations #3B and

#3C (both without sample subtraction, #3A) it can be seen that there is a much

clearer separation overall and less positive interferences for elements such

as Li, Cs, Ti. The positive background interferencs observed in Seperations

#1 and #2 were apparently due to an absorbance signal which was very near the

instrument's detection limits, where noise is a more! significant factor. The

amount of analyte contained in the spiking solution was increased in an effort

to minimize this difficuilty. This increase in concentration has effected a

more stable analytical signal.

The subtraction of the analyte concentration inherent to the sample H05B (#3A)

eliminate-' many of the positive interierences found with such elements as Li,

Sb, and Zn. It has also appeared to eliminate recoveries previously reported

in the anionic fraction for elements such as Li, Ti, Cr, Mo, and Sb. With

/ . ~' clearer elemental separations, estimates can now be made as to which fraction

the element might be expected to be found in.

Separatan, #3B was the duplicate of #3C with the exception that the pH was

adjusted to 6.5 to potentially improve the separation and recovery of elements

such as As and Age As can be seen in the accompanying; tables, this was not a

benificial experiment. In fact, Separation #3C appears to have less positive

interferences and percent recoveries that are closer, t~o 100 percent overall

than M3.



Several of the parameters that have not achieved an acceptable percent

recovery were reanalyzed by Method of Standard Addition, and the results are

shown in Tables 4A-4C. In some instances the results improved but, at this

point, there is not enough evidence to prove that this method will improve

the results overall. The method will be used again in the next round of

experiments to determine its usefulness to our end goal.

Future Experiments

In the next round of experiments, four column pretreatments will be performed.

In each case, the pH will be lowered to 5.0. This is the lowest of the pH

range given by Kingston et.al. (2 ) Below the pH of 4.5, the ability of the

resin to separate the transition metals is drastically lowered; therefore,

this is expected to be the last pH adjustment.

Separation #4A will duplicate #3A.

Separation #4B-D will all be spiked with 40 ug of the analytes. Separations

A4B and C will be prepared in duplicate to show analytical precision, as the

separations preceding them did not provehow well reproducibility may be

achieved. Separation 4D will be saved for possible further experiments, such

as Hydride Generation and Hexachromium analysis for troublesome analytes.

(2)H M. Kingston, I.L. Barnes, T. J. Brady, and T.C., Rains, Analytical

Chemistry, Vol. 50, No. 14, December 1978.

-3-
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TABLE 4A

SEPARATION #3A (Column A; pH - 5.5)

ANALYSIS BY METHOD OF STANDARD ADDITION

FOR ANALYTES OF SPECIAL INTEREST (HOWB

Raw Concentration (Units mg/t)

SAMPLE L rA sS
IDENTIFICATION L rA sS

Anion Fraction 0.290 0 0.010 0 0

Alkaline & Alkali 0.06 0 0 0 0

Fraction

Transition Metals ISM1  is is 1s is

#I Fraction

(1)Insufficient sample to reanalyze this fraction.



TABLE 4B

SEPARATION #3B (Column B; PH! - 6.5)
ANALYSIS BY METHOD OF STANDARD ADDITION

WITH SAMPLE SUBTRACTION (#3A)
PERCENT RECOVERY

FOR ANALYTES OF SPECIAL INTEREST (H05B)

Chelex 100 Separation #3B (Percent Recovery)

SAMPLE L rA sS
IDENTIFICATION L rA sS

Anion Fraction 157 34 45 46 15(1)

Alkaline & Alkali 0 0 ()1.7 0
Fraction

Transition Metals -- -- -- --

#1 FRACTION

SAMPLERaw Concentration 
(Units mg/t)

IDENTIFICATION Li Cr Ag As Se

Anion Fraction 0.23 0.063- 0.085 0.087 (2)

Alkaline & Alkali 0 0 00.017 0
Fraction

Transition Metals is is is is is

N #1 Fraction

")~Insufficient sample to reanalyzed the fraction.

(2) Unable to achieve correlation coefficient >. 995.~



TABLE 4C

SEPARATION #3C (Column C; pH - 5.5)
ANALYSIS BY METHOD OF STANDARD ADDITION

WITH SAMPLE SUBTRACTION (#3A)
PERCENT RECOVERY

FOR ANALYTES OF SPECIAL INTEREST (HOWB

Chelex 100 Separation #3C (Percent Recovery)

SAMPLE L rA sS
IDENTIFICATION L rA sS

Anion Fraction 35 14 0 77 85

Alkaline & Alkali 0 0 0 2.4 0

Fraction

Transition Metals --- -- -- --

#1 Fraction

SAMPLERaw Concentration 
(Units mg/1)

IDENTIFICATION Li Cr Ag As Se

Anion Fraction 0.07 0.0,28 0 0.154 0.17

Alkaline & Alkali 0 0 0 0.024 0
Fraction

Transition Metals ISO1) is is is is

#1 Fraction



CHELEX 100 SEPARATION #4

PROGRESS REPORT

PROJECT: DOE-WIPP

Procedure Summary; Separation #4A

The slurry of Chelex 100(l1) resin (3.2g) was added to t~he column and allowed

to slowly drain. The resin bed was washed with five 15 ml portions of 2.5 4

nitric acid and then rinsed with two 5 ml portions of deionized water. The

bed was subsequently activated with two 5 ml portions cf 2.0 M ammonium

hydroixde. This washing was continued until the eluant: was basic. The column

bed was rinsed again with deionized water.

A 50.0 g aliquot of sample H05B was diluted to approximately 200 ml and the pH

was adjusted to 5.0. The sample was then brought up to a final volumn of 200

mls and it was added to the column. The column flow rate was adjusted to

approximately one milliliLter per minute and the effluent was collected and

called the anion fraction. The column was then eluted with a total of 40 mls

of 1.0 M ammnonium acetate. This fraction was called the cation fraction

(alkaline and alkali fraction). Next, the column was oluted with three 10 ml

aliquots of 5.0 M nitric acid (Transition Metal #1 fraction). The final

elution was with two '10 al washes of 2.A M sulfuric acid and was called the

Transition Metal #2 fraction.

Procedure Summary; Separation #4B

The separation was performed as that described in #4A, with A few exceptions.

Before the pH adjustment and the final volume adjustment, the 50.0 g sample

was spiked with 20 al of a 2 ppm solution containing the ions being studied.

The final pH was 5.0. The amount of 2.0 M sulfuric acid was 30 mls, instead

of 20 m~s.

(')Celex100 is a registered trademark of BIO-RAD Laboratories.



Procedure Summary; Separation #4C, #4D

These separations followed the same procedure as that in #4B, except that only

20 mis of the 2.0 M sulfuric acid was used and a new cadmium cobalt and zinc

spike was used.

Procedural Changes from Separation #3

The one significant change is that of the pH to 5.0. There was still one

unspiked separation (#4A), while three identically spiked separations were

eluted to show reproducibility. The third of these three (#4D) was not

analyzed at this time.

Analytical results are listed in the enclosed tables.

Results and Discussion

In comparing the results from the separations in #3 with those in #4, it

appears that the changes made in ;eparation #4 were successful with f ew

exception s. The 2.0 M sulfuric acid extraction (Transition Metal #2 fraction)

was a suggestion made by BIO-RAD Laboratories to release the elements off the

column where there were recovery problem (Ag, Cr, As, etc.). This part of

the experiment failed, as there was no recovery of any element found in this

fraction.

The first success of this separation procedure was that the change in PH had

no adverse effect on the analytes that had shown good recoveries in the

past. The second favorable aspect of this extraction was the improvements in

the Li, Ti, Mo, and As percent recoveries. The third and most important

advancement was with the elements, Ag, Cr, and Se. There nov is a small but

consistant- recovery of silver and within five percent of absolute for chromium

and selenium; therefore, the pH of 5.0 is the best range to look for these

elements.

When looking at Tables 3A and 3B (Separation A4C) it must be noted that a

small amount of the Transition Metal #1 fraction was accidently added to the

alkaline/alkali fraction. This was confirmed at the time of extraction by the

pH1 of the elutant. After analysis, it was also confirmed by the percent

recoveries being split between these two fractions and, when added together,

-2-



achieve near 100 percent recovery. This accident in the extraction procedure

does give some more valuable information. It shows, through the percent

recoveries in the alkaline/alkali fraction, the order in which the elements

come off the column. Zinc is obviously the first off the column, while

chromium is held by the! column until the end of the extraction. Due to the

above mentioned problem, Separations #4B and #4C did 'rot prove method

reproducibility.

Following the analytical results tables is a summary containing the analytes

pH preference, fraction it will be contained in, the most beneficial procedure

for analysis, and the expected detection limit.

Future Experiments

Samples H08B and WIPP-19 will be extracted and analyzed according to the

recommendations made in Table 4. The laboratory has not proven the

reproducibility of this method during past experiments. This research

deviation will be accounted for during the separations of HOB and WIPP-19,

where one or more replicates will be prepared and analyzed. Data collected

in this study will be presented in the ne xt report. The results will be

completed as soon as possible.

-3-
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TABLE 1

EXTRACTION RESULTS AND EXPECTED RECOVERY VALUES
FOR MATRIX SPIKES

Separation 4A: 50.04g of HO5B, pH -4.9, diluted to 200 ml

AMOUNT RECOVERED

FRACTION (g)

Anionic 213.56

Alkaline/Alkali 58.77

Transition Metal #1 32.24

Transition Metal #2 21.55

Separation 4B: 49.,96g of 11051, plus 20 ml of 2 ppm spike,
pH 'm4.95, to 200 ml

9AMOUNT RECOVERED THEORETICAL VALUE

2FRACTION (g) OF MATRIX SPTKE

Anionic 199.74 0.20

Alkaline/Alkali 36.05 1.09

Transition Metal #1 34 .77 1.15

Transition Metal #2 29.44 1.36





TABLE 1
(Cont inued)

Separation 4C: 50.02g of HOSE, plus 20 ml of 2 ppm spike,
pH - 4.90, to 200 ml

AMOUNT RECOVERED THEORETICAL VALUE

FRACTION (g) OF MATRIX SPIKE

Anionic 209.50 0.19

Alkaline/Alkali 39.87 1.00

Transiti~on Metal #1 35.66 1.12

Transition Metal #2 17.47 2.29

Separation 4D: 50.04g of HOSE, plus 20 al of 2 ppm spike,
pH 5.0, to 200 al

AMOUNT RECOVERED THEORETICAL VALUE

FRACTION (g). OF MATRIX SPIKE

Anionic 199.98 0.20

Alkaline/Alkali 37.70, 1.06

Transition Metal #1. 321 7 1.22

Transition Metal #2 19.68 2.03
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TABLE 2B

SEPARATION #4A (Column A; pH - 5.0)
FOR ANALYTES OF SPECIAL INTEREST (H05B)

GRAPHITE FURNACE OR FLAME ATOMIC ABSORPTION ANALYSIS

Raw Concentration (Units mg/it)

IDENTIFICATION L sC ~ ~ A ~ ~ A~ ~ S

Anion Fraction 0.16 0 0. 0.020 0 0.04'. 0

Alkaline & Alkali 0.02 0 0 0 0 0.0b I(2

Fraction

Transition Metals 0 0 0.022 0 0 0 0

#1 Fraction

Transition Metals 0 0 0 0 0 0 0

#2 Fraction

(')The element was analyzed by Method of Standard Addition.

(2I Insufficient sample to analyze this fiqactiono
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TABLE 3B

SEPARATION #4B (Column B; pH - 5.0)
WITH SAMPLE SUBTRACTION (4A)

PERCENT RECOVERY
FOR ANALYTES OF SPECIAL INTEREST (HOWB

GRAPHITE FURNACE OR FLAE ATOMIC ABSORPTION ANALYSIS

Chelex 100 Separation #AB (Percent Recovery)

SAMPLE L sC gA bS
IDENTIFICATION L sC gA bS

Anion Fraction 80 140 15 3.0 73 154 99

Alkaline & Alkali 0 0 1.7 0 1.2 0.2 0.9

Fraction

Transition Metals 0 0 98 0 6.3 1.1 1.0

#1 Fraction

Transition Metals 0 0 0 0 0 0 0.#2 Fraction

Raw Concentration (Units ug/0)

IDENTIFICATION L sA ~ ~ A ~ ~ S

Anion Fraction 0.16 0.28 0.030 0.006 0.142 0.308 0.197

Alkaline & Alkali 0 0 0.019 0 0.13 0.002 0.010
Fraction

Transition Metals 0 0 1.13 0 0.073 0.013 0.012
#1 Fraction

Transition Metals 0 0 0 0 0 0 0
#2 Fraction

('Th element was analyzed by Method of Standard Addition.
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0 TABLE 4B

SEPARATION A4C (Column C; pH -5.0)
WITH SAMPLE SUBTRACTION (#4A)

PERCENT RECOVERY
FOR ANALYTES OF SPECIAL INTEREST (1105B)

GRAPHITE FURNACE OR FLAME ATOMIC ABSORPTION ANALYSIS

Chelex 100 Separation #3A (Percent Recovery)

SAMPLE L sC gA bS

IDENTIFICATIONLiCCrAgASbe

Anion Fraction 79 ill 4.2 5.8 65 136 95

Alkaline & Alkali~1 ) 0 0 3.6 0 6.0 0.9 0
Fraction

Transition Metals~') 0 0 101 0 18 0.9 0
#1 Fraction

Transition Metals 0 0 0 0 0 0_(2

#2 Fraction

0 Raw Concentration (Units mg't)

SAMPLE CAs( 3) Sb)

IDENTIFICATION Li Cs j3 g )SbSe~
3

Anion Fraction 0.15 0.21 0.008 0.011 0.123 0.258 0.181

Alkaline & Alkali"l) 0 0 0.036 0 0.060 0.009 0

Fraction

-'\Transition Metals~1  0 0 1.126 0 0.204 0.011 0

#1 Fraction

Transition Metals 0 0 0 0 0

#2 Fraction

()tthe time of separation, a small amount of the alkaliLne and alkali fraction was

contaminated by the Transition Metal #I.

(2 )Unable to achieve correlation coefficient >0.995.

(3)The element was analyzed by Method of Standard Edition.
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* ORORTION Memorandum

To: M. Lyon Date: January 6, 1989

From: D. L. Waldschmidt

Subject: Chelex 100 Separation

IT Analytical Services (ITAS) is submitting a report for the above study.

Results are presented in the enclosed tables. Elements were analyzed

according to the methods specified in Report #4, Table #5.

Should you have any questions or require additional information, please

contact me at the Pittsburgh Laboratory.

'Is

RECEcIVED
A Ato9 1989

444645



SEPARATION 5A
METAL ANALYSIS SUMMARY

FOR DOE-WIPP
PROJECT NO. 301001

SAMPLE IDENTIFICATION

WIPP 19

PAAEERUISAnionic Alkaline Alkali. Transition Metal
PARMEERUNTSFraction Fraction Fraction

Antimony mg/L 1.08 0.12 NDO.03

Arsenic mg/L NDO.020 NDO.004 NDO.003

Cadmium mg/L 0.068 NDO.004 NDO.003

Cesium mgIL NDO.24 NDO.05 NDO.04

Chromium mg/L NDO.020 NDO.004 0.006

Cobalt mg/L 0.100 NDO.009 NDO.007

Copper mg/L 0.11 NDO.009 0.013

Lead mg/L 0.55 NDO.04 NDO.03

Lithium mg/L 0.73 0.009 NDO.007

Molybdenum mg/L 0.24 0.028 0.024

Nickel mg/L 0.18 NDO.03 NDO.02

Selenium mg/L NDO.040 NDO.044 NDO.007

Silver mg/L NDO.020 NDO.004 NDO.003

Titanium mg/L 0.060 NDO.009 NDO.007

Zinc mg/L NDO.040 NDO.009 0.051

mgIL - milligrams per liter or parts per million.

ND denotes that the compound is not detected at or above the indicated
detection limit.



SEPARATION 5B
METAL ANALYSIS SUMMARY

FOR DOE-4JIPP
PROJECT NO. 301001

SAMPLE IDENTIF~ICATION

WIPP 1[)
PAAEERUISAnionic Alkaline Alkali Transition Metal
PARMEERUNTSFraction Fraction Fraction

Antimony mg/L 1.10 0.10 NDO.04

Arsenic mgIL NDO.020 NDO.004 NDO.004

Cadmium mg/L 0.068 NDO.008 NDO.004

Cesium mg/L NDO.24 NDO.05 NDO.05

Chromium mg/L NDO.020 NDO.004 0.006

Cobalt mg/L 0.096 NDO.008 NDO.008

Copper mg/L 0.068 NDO.008 0.110

Lead mg/L 0.53 NDO.0ý4 NDO.04

Lithium mgIL 0.68 0.015 NDO.008

Molybdenum mg/L 0.24 0.024, 0.029

Nickel mgIL 0.16 NDO.02 NDO.03

Selenium mg/L NDO.040 NDO.039, NDO.008

Silver mgIL NDO.020 NDO.004 NDO.004

Titanium mg/L 0.056 NDO.008 9Th0.008

Zinc mg/L NDO.04 NDO.008 0.147

mg/L - si lHigrams, per liter or parts per million.

ND denotes that the compound is not detected at or above the indicated
detection limit.



SEPARATION 5C
SPIKE PERCENT RECOVERY SUMMARY

FOR DOE-WIPP7
PROJECT NO. 301001

-TL

SAMPLE IDENTIFICATION

WIPP-19
Anionic Alkaline Alkali Transition Metal

PARAMETER Fraction Fraction Fraction

Percent Recovery

Antimony 66% 2.2% 16% 8-2
Arsenic 58% 5.2% 52% 11-

Cadmium 0.2% 0% 100% 06OO2
Cesium '185% 0% 5.0% C

Chromium 0% 0% 129% 1

Cobalt 0% 0% 100% 100

Copper 31% 0% 106% -3 37
Lead 0% 0% 92% 9
Lithium 84% 1.9% 0% g5

Molybdenum 0% 0% 102% 1 D2

Nickel 0% 0% 98% 9 8
Selenium 90% 8% 11% 0
Silver 134% 5.0% 3.8% 1 q2.

Titanium 0% 0% 94% i

Zinc 0% 0% 96% '4



SEPARATION 6A

METAL ANALYSIS SUMMARY
FOR DOE-WIPP

PROJECT NO. 301001

SAMPLE IDENTIFICATION

Method Blank

PAAEERUISAnionic Alkaline Alkali Transition Metal
PARMEERUNTSFraction Fracti.on Fraction

Antimony mg /L NDO.20 NDO.04 NDO.04

Arsenic mg/L NDO.020 NDO.004 NDO.004

Cadmium mgIL NDO.020 NDO..004 NDO.004

Cesium mg/L NDO.24 NDO.05 NDO.04

Chromium mgfL NDO.020 NDO.004 NDO.004

Cobalt mg/L NDO.040 NDO.,008 NDO.007

Copper mg/L N'DO.040 NDO.008 NDO.007

Lead mg/L NDO.020 NflO.040 NDO.040

Lithium mg/L NDO.040 NDO.008 NDO.007

Molybdenum mg/I. NDO.040 NDO.O')8 NDO.007

Nickel mg/I NDO.12 NDO.02 NDO.02

SSelenium MgIL NDO.040 NDO.008 NDO .007

Silver mg/I. NDO.020 NDO.004 NDO.004

Titanium mg/I. NDO.040 NDO.008 NDO.007

Zinc mg/I. NDO.04 NDO.008 NDO.007

mg/L = milligrams per liter or parts per million.

ND denotis that the compound is not detected at or above the indicated

detection limit.





SEPARATION 6B
METAL ANALYSIS SUMMARY

FOR DOE-tJIPP
PROJECT NO. 301001

SAMPLE IDENTIFICATION

H08B

PARAMETER UNITS Anionic Alkaline A1l'kali Transition Metal
Fraction Fraction Fraction

Antimony mgIL NDO.2 0.04 NDO.03

Arsenic mg/L NDO.020 NDO.018 NDO.003
Cadmium mg/L NDO.020 NDO.004 NDO.003
Cesium mg/L NDO.24 NDO.04 NDO.04
Chromium mg/L NDO.020 NDO.004 0.005

Cobalt mgIL NDO.04 NDO.007 NDO.007

Copper mg/L NDO.04 NDO.007 0.11
Lead mg/L NDO.20 NDO.04 NDO.03

Lithium mgfL 0.12 0.011 NDO.007

Molybdenum mg/L NDO.04 0.01 0.008

Nickel mg/L NDO.12 NDO.02 0.03
Selenium mg/L NDO.04 NDO.007 NDO.007

Silver mg/L NDO.02(l NDO.004 (ND0.003)

Titanium mgIL NDO.04 NDO.007 NDO.007

Zinc mg/L NDO.04 0.008 0.24

mg/L - mi~ligrams per liter or parts per million.

ND denotes that the compound is not detected at or above the indicated
detection limit.



SEPARATION 6C
SPIKE PERCENT RECOVERY SUMMARY

FOR DOE-WIPP
PROJECT NO. 301001

\% SAMPLE IDENTIFICATION

H08B

PRMTRAnionic Alkaline Alkali Transition Metal
PARMEERFraction Fraction .Fraction

Percent Recovery

Antimony 1082' 3.8% 7.1%. 1

Arsenic 69% 0% 6.8%

Cadmium 0% 0% 92% q
Cesium 125% 0% 0% ~.

Chromium 0% 0.8% 109%. Ol

Cobalt 0% 0% 95% r, .ý

Copper 0% 0% 90% TO
Lead 0% 0% 79%

Lithium 100% 25% 0% ~

Molybdenum 0% 0.8% 95% (51

Nickel 0% 6% 85% ? .

Selenium 91% 0% 10% Di

Silver 0.9% 6.2% 66% 73 A
Titanium 0% 0% 89% 3

Zinc 0% 0.3% 74% -7Q-.3



SEPARATION 6D
SPIKE PERCENT RECOVERY SUMMARY

FOR DOE-WIPP
PROJECT NO. 301001

SAMPLE IDENTIFICATION

H08B

PRMTRAnionic Alkaline Alkali Transition Metal
PAAETRFraction Fraction Fraction

Percent Recovery

Antimony 101% 3.8% 5.0% 1 C9.'3

Arsenic 98% 0% 35% ~3
Cadmium 0% 0% 89%

Cesium 118% 0% 0%

Chromium 0% 8.8% 96% 13

Cobalt 0% 0% 91% j
Copper 0% 0% 91% I
Lead 0% 0% 80% Z

Lithium 102% 2.5 % 0% lo-5-

Molybdenum 0% 0.4% 96%. lv0

Nickel 0% 10%86%

Selenium 84% 0% 10% '99
Silver 5% 7.5% 90% 10-5

Titanium 0% 0% 84%. $L

Zinc 0% 1.5% 69% +01
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Separa tion of Eight Transition Elements from Alkali and
Alkaline Earth Elements in Estuarine and Seawater with
Chelating Resin and Their Determination by Graphite Furnace
Atomic Absorption Spectrometry

H. M. Kingston.* 1. L Barnes, T. J. Brady, and T. C. Rains

National Measwleen Laboratory, CenWe for Analyticl Chemistry. inorganic Analyical Research Ohtilon, Natinal Bureau of Standards,
Washillton D.C. 20234

M. A. Champ

The American LMivroty Washington. D.C. 20016

A method Is described for determining Cd, Co, Cu, Fe, Mn, activation (2, 3), spectrophotometry (4), anodic stripping

NI, Pb, and Zn i seawater using Cholex 100 resin a&W graphite voltammetry (5), and atomic absorption spectrometry (6-8).

furnace atomic absorption spectrometry. The PH1 of the However, each of these analytical techniques requires a

seawater Is adjustd to 5.0 to 5.5 and then passed trouguh preliminary separation. Fabricand et al. (9) reported the direct

a Chelex 100 resin colum. Alkali and akaline earth mo~ determination of Cu, Fe, Mn, Ni. and Zn in seawater by atomic

are eluted from the resin with ammnonluu acetate and ten absorption spectrometry (AAS) using an air-acetylene flame,

the trace elements are elited with two 5-nil. afiquots of L5 but other workers have reported difficulties using their

M HNO,. The difficulties previously encountered with resin technique because of light scattering and burner clogging.

swelig ndcotrctnghave been overcome. By careoi Except for neutron activation analysis and anodic stripping

selctin and contrc tin niios tIspsilet o voltammetry, no analytical techniques are currently available

etinfth nnsrumleels condtios, trc epsleeto dey for the direct determination of trace elements in seawater at

terapite subnanesamlevelbsorton thspectracome nts. by po concentrations below 5 jig L-1. Usually it is necessary to
grapitefuraceatolc bsoptio spctrmety. he ro- preconcentrate the trace elements from a large volume and

posed method has been shown to separate quantitativel the separate the transition elements from the alkali and alkaline
elements de she f rom the "la and alkaline earth metals and earth elements. In such sample preparations, the efficiency
has been appled in the analysis of trace elements in estuarire of concentration, completeness of separation, and total
water from the Chesapeake Bay and seawater from the Gulf analytical blank become critical to the final instrumental
of Alaskla. method (10).

Preconcentration techniques which have been used are
coprecipitation (11), chelation and extraction (12), and

The literature of marine water analysis reflects the con- chelating ion-exchange resin (10, 13). Most of these isolation

siderable difficulty in establishing an accurate and precise methods require large volumes of chemicals which can lead

method of analysis for trace metals. A seawater matrix defies to high blanks unless the reagents have been carefully purified.

a simplified approach. For example, specific sampling Of the presently used preconcentration techniques, Chelex

techniques, container contamination, suspended particulate 100 chelating resin has been shown to be efficient and yields

matter, and analytical techniques have to be considered. It low analytical blanks (14). Applications of Chelex 100 resin

is beyond the scope of this paper to discuss all of these pa- for trace metal preconcentration from seawater have been

rameters; however, the solving of the analytical problem is reviewed by Riley and Skirrow (10). Chelex 100 is a strong

of little value unless a representative sample can be obtained, chelator and removes metal ions from most known naturally

free of contamination and properly stored until analysis. occuring chelators in seawater (14-16). The resin will not.

In recent years, methods have been developed to determine however, remove metals held in organic and inorganic colloids

trace elements in seawater by X-ray fluorescence (1), neutron which can be present even after ultrafiltration. Precautions

This article not subject to U.S. Copyrlplm. Published 1976 by "i Americn Chemnical Society
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Table 1. Instrumental Parameters

P & E: 603 IHGA-2100
Wavelength, SBW, scale drying, charring atomnization

element nm rim expansion T-secO T-sec T-sec gas
Cd 228.8 0.7 1 100-30 200-:20 2100-7 Ara
co 240.7 0.2 2 100-30 500-30 2700-7 Ara
Cu 324.7 0.7 1 100-40 700-30 2500-6 Ara
Fe 248.3 0.2 2 100-30 600-:30 2700-7 Ara
Mn 279.5 0.7 2 100-30 300-:30 2700-7 Arc
Ni 232.0 0.7 5 100-30 1000.:30 2700-6 Ara
Pb 283.3 0.7 3 100-40 400-:30 2200-7 Arb
Zn 213.9 0.7 0.5 100-30 500-20 2000-7 Arb

Interrupt mode. b Normal mode. " Note: T = temperature.

must be taken to destroy such colloids prior to collection of Ammonium hydroxide was prepared by bubbling filtered
the ions by the resin. Florence and Batley have destroyed ammonia gas through high purity water until room temperature
interfering organic colloids by the addition of 0.16 M nitric saturation was achieved.
acid and heat and also by using ultraviolet irradiation of the A 1.0 M ammonium acetate solution was prepared by mixing
sample prior to collection by the resin (15, 16). While excellent 60 g of purified glacial acetic acid and 67 g of saturated NHOH

reoeyand low anltia blnsaecivd a relatively and diluting to 1 L in a polypropylene volumetric flask. The
recoery nalyical areacidity was adjusted to pH 5.0 by dropwise addition of HN0 3high concentration of Na, K, Ca, and Mg are retained with and/or NH 4OH. All reagent, and sample preparations were done

the trace metals. The concentration of these interfering alkali in a class 100 clean air laboratory (24).
and alkaline earth salts in the final sample are in milligram Chelex 100 chelating resin, 200-400 mesh size, was purchased
quantities, as compared to the microgram and submicrogram from Bio-Rad Laboratories.
quantities of concentrated trace metals. The alkali and al- The radioactive tracers "Fe, "4Mn. and 6Zn in 0.5 N HCI were
kaline earth ions occupy the resin sites not occupied by the purified reagents obtained from the Chemical and Radioisotope
transition metals and are co-eluted with the metals when usn Division of ICN. The OCo, and the short lived isotopes, "Cu and
acids (13). - 65Ni, were made by the Neutron Activation Analysis Group at

The complete separation of the alkali and alkaline earth NES from 'Tive-'s" pure metals and dissolved in nitric acid. The'1Cd and 21Pb were obtained by the Activation Analysis Groupmetals from the trace metals in seawater has not been pre- from other sources and analyzed using pulse height analysis for
viously accomplished using Chelex 100, which has restricted radiochemical purity before use.
its use. While the salts remaining after preconcentration do All standard stock solutions for AAS were prepared from high
not interfere with instrumental techniques such as flame purity metals or salts hin bboiling distilled NES acids as described
atomic absorption (10) or polarogralphy (15-17.), they do inhibit by Dean and Rains (25). Working solutions were prepared as
instrumental techniques which are more susceptible to matrix needed.
intarelement effects such as flameless atomic absorption (18), Counting Appa~ratus. The -i'-ray counting of the elemental
neutron activation analysis (19), optical emission spectrometry tracers was done utilizinag a 7.6 cm x 7.6 cm NaI(TI) crystal and

usin inuctvel cople plsma r eectodeplama dc rc) associated electronics.
using inductivelysoupled plasma orpectrmtrod plsm1). rc Seawater. The seawater was obtained during high tide at the

(20) an spak surcemas spetroetry(21. . Virginia Institute of Marine Science (VIMS), Gloucester Point,
With the development of the graphite furnace for AAS, it Va., on the Chesapeake~ Bay. The sample was collected with a

is now possible to determine 10-9 to 10-1 g of many of the trace submersible pump and plastic tubing permanently submerged
elements in seawater. However, the high salt content (35'g/kg) approximately 100 mn offshore from the Institute. The seawater
in marine water makes it difficult to effectively volatilize the was pumped directly intn a conventional polyethylene drum which
matrix without loss of analyte. The major component in had been cleaned first with hydrochloric and then with nitric acid
seawater is sodium chloride which has a relatively high and purified water pricor to use (26). After filtration through a
volatilization temperature. Also, the trace metals in seawater 0.45-gm millipore filter using an all polypropylene filter apparatus,
are present as chlorides, which have a lower volatilization the seawater was collected in a polyethylene carboy and acidified
temperature. Therefore, it is difficult to volatilize the sodium (to 0.6 M in HNO3) with high purity HN0 3 to prevent bacterial

growth, to stabilize the trace element concentrations (27.28), andchloride during .thecashing step without losses of the analyte. to strip any trace elements bound by colloidal particles (15, 16).
Calcium and magn~esium chloride are also present in seawater AAS Apparatus. T~ie instrumental system used in this study
in large quantities and a temperature greater than 2000 *C consists of a Perkin-EL~mer Model 603 atomic absorption spec-
is required to volatilize these elements. Thus, even if the trometer with HGA-2100 graphite furnace (GFAAS). The 25-gL
Sodium chloride is removed during the ashing step using aliquot of sample was introduced into the furnace with the AS-i1
matrix modification (22), residual calcium and magnesium autosampler. The instrumental parameters are given in Table
chlorides remain to interfere with the analyte during I.
atornization. Column Separation Apparatus. The Isolab QS-Q poly-

The research presented here describes a technique for the propylene column With porous polyethylene resin support was
N, used for 100-ml, and I-1 sample volumes. Although the sameseparation and preconcentration of Cd, C o, Cu, Fe, Mn, N, column was used for both sample volumes, the amount of resin

Pb, and Zn from Na, K, Ca, and Mg in seawater using a Chelex and reservoir systems were entirely different. For the 100-ml,
100 resin column and the subsequent determination of these sample, the QS-S 2.5-izL conventional polyethylene extension
trace elements by graphite furnace atomic absorption spec- funnel was attached to the column to act as a reservoir for the
trOnletry (GFAAS). sample.

For a 1-1. sample the reservoir was a 1-L Teflon (FEP) bottleEXPERIMENTAL inverted and modified with a machined Teflon (TFE) closure
Reagents. High purity water, nitric and glacial acetic acids insert containing a microbore venting tube and outlet tube. The

"Vre prepared using subboiling distillation at the National Bureau outlet was connected to a valve (TFE) by 1.59-mm 0'/ 1 in.) i.d.
Of Standards (NBS) (23). All reagents used in the separation Teflon (FEP) tubing connector and linked to the reservoir with
P00cess were prepared and stored in clean FEP Teflon bottles a specially machined mount (TFE) which sealed the column into
Wdiesa otherwise stated, the closed aystem. 'The mount contained a vant (sealed with nylon
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as it changes ionic form and pH. This shrinkage results in a rein
volume of approximately one half of its original volume. Afe
the completion of this transformation was observed (2 to 3 mii

RIt e S5Urn the remaining seawater was added to the reservoir as need~ed tO0
keep it filled; the flow rate was approximately 0.8 mL/ min. To
selectively elute Na, K, Ca, and Mg. and replace them with NH.-
40 mL of 1.0 M ammonium acetate was added to the column i
10-mL aliquots. At the completion of the ammonium acetate
addition. 10 mL of water was added to remove residual ammnim
acetate. The transition metals were then eluted using 7 ML of
2.5 M HN0 3 and collected into clean preweighed 10-ml. conl.
ventional polyethylene bottles. The bottles were capped with dea

Modi~e Cimumt polyethylene lined caps and reweighed to determine the weight

Mimobaq Tubing ~, vet' of the effluent accurately.
The procedure for the 1-L samples was the same as the lOOtmj

Velvt -samples with minor alterations due to the apparatus (see above).
The sample (1018.0:k 0.5 g) was weighed into a 1-L Teflon (FEP)
bottle and the pH adjusted in the same manner as previously
described. The bottle became the reservoir and was fitted with
a modified closure (set Figure 1). The bottle was inverted and

s mm Ld. TuMV - the air purged from the system by means of the vent on the
column mount. The flow rate was adjusted using the valve and
the height of the reservoir. The flow rate was kept to less than

r--- 0.2 mL/min until the shrinkage of the resin was complete. Then
the flow rate was increased to 1.0 mL/min and left overnight to
flow through the column. After passing the sample through the

yv Vw- aN column, the valve and tubing were removed at the connector above
AK A I&I LA .6a the column mount and replaced with a smaller reservoir containing

Modiie cbmw9 - 0 C 4.5 an 70 mL of 1.0 M ammonium acetate. The flow rate was adjusted
a A w C S un to 0.5 mL/min until the reagent was exhausted. The resin was

powpeyut COMMif . -~ Li. 0 13.5 -n id. thnwsewih1mLowar.Terniinmtlsee
.2 mm fladaS SUPhnwse ih10m fwtr h rasto easwr

100Pom ve PiYI Pba a elutted with two 5-mL portions of 2.5 M HN0 3 into preweighed
CU -S mmL polyethylene bottles as previously described.

FWgur 1. Apparatus used for holdin and dlivering large volums Of RESULTS AND DISCUSSION
seawater at a controled rate to Chelex 100 resin. The apparatus
(excludn the columni and clamnp) was fabricated from Teflon FEP (' Effect of Direct Injection of Seawater into Elec.

or T~fo TFE (t) which has desrals nonwettin~g and noncontaininathlg trothermal Device. From the detection limits published in

properties the literature for GFAAS, it could be assumed that several

screw, allowing the removal of air from the system) as well as an of the heavy metals in seawater could be determined by direct

inlet and was tightly clamped to the column using the lip on the injection of the sample into the electrothermal device.

column at point B (See Figure 1). The clamp (a modified glass However, in reality this has not been proved to be true unless

joint clamp) and mount provided a seal which allowed the reservoir the samples are taken from heavily polluted areas. A sample

to be raised above the column to obtain enough pressure to control from the Chesapeake Bay was analyzed for Cd, Co, Cu, Mn,

the flow rate using the pressure of the raised reservoir and the Ni, Pb, and Zn by direct injection into the graphite furnace

valve (Figure 1). by AAS. Only lead and nickel produced absorption signals

Column Preparation and Purification Procedure. The of any analytical value. The other elements could not be
column preparation procedure consisted of precleaning the detected. This is due in part to the highly depressing effect
columns in 1:4 HCI and then in 1:4 HN0 3 for one week in each of the matrix on the analyte signal which can vary by a factor
bath and then rinsing the columns with water after each acid wash. o o1 eedn pnteaaye lo hntesml
The column was loaded with a slurr of Chelex 100 resin, 2O-400 of 2eo10dvnda ponaed thel amonte lo, whye therapei
mesh size (sodium form). For 100-mL seawater samples, 3.2 to seaoaeasml muto ouio a etapdi

3.4 mL of resin was used which covered the lower barrel of the the salt crystal lattice which could result in losses due to

column from point B to point C in Figure 1. For 1.L samples, splattering during the atomization cycle.

5.8 to 5.9 mL chasmn was used which filled the column from point The absorbances obtained for lead and nickel were very

A to point C-in7*figure 1. The resin was washed with 15 to 20 erratic due to the smoke produced during atomization. Ediger

mL of 2.5 M HNO3 (for the small and large resin volumes, re- et al. (22) used matrix modification with ammonium nitrate

spectively), in 5-mL portions to elute any trace metal contain- to assist in the removal of sodium chloride; however, the

ination present in the resin. Then two 5-mL volumes of water method of standard addition was necessary to correct for
were used to rinse the resin of excess acid. To transform the resin itreecs napyn hi ehdo arxmdfcto
to the NH 4* form, 10 to 15 mL of 2.0 M NH40H was added in inteec es ayngmthe mehd Cof matri modifiation
5-mL volumes. After checking the pH of the effluent to ensure tor slnth Ch esa eedysmlCd.o u eMadZ
basicity, the column was then rinsed with 10 to 15 mL of water
to remove the excess NH40H. Separation of Calcium and Magnesium from Analytes

Column Preconcentration and Separation Procedure. For on CheleK 100. To effect a separation of calcium and

the 100-mL seawater sample, 101.8:k 0.2 g was weighed directly magnesium from the trace elements on the Chelex 100 resin

into a clean 250-mL Teflon (FEP) beaker and the pH adjusted column, it is necessary to choose a separating agent that can

to 5.0 to 5.5 with the dropwise addition of NH.OH. If a spike be purified to produce a low analytical blank. Also, the

(natural or radiochemical) was to be added, it was added prior separating agent should not produce any adverse effects on
to the adjustment of the pH to equilibrate the ions in the acid the analytes in the GFAAS analysis. The ammonium ion
media; the solution was allowed to equilibrate for a minimum of reacts smlryt h laieeetadamnu irt
1 h after the addition of any spike. Then 0.5 mL of 8 M am- similearly ton he alkalie elemns andh apu iu gntrat
monium acetate was added to aid in buffering the system. Any or il ace thmoimntate an bepodcdmrmoih nuity r aet e
necessary agitation of the solution was done with a Teflon stirring Wiebt moimntaeadamnu ctt

rod. A small amount of the seawater was added to the reservoir remove sodium and potassium at identical rates, ammonium

and column to allow the resin to undergo its natural shrinkage nitrate produced tailing of the calcium and magnesium which
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Table II. Concentration of Alkali and Alkaline Earth 100 M
Metals in Seawater before and after Separation on C.

Chelex 100 Resin C olumn pH 3.0

sample Na K Ca Mg

original 6200 267 283 742 211

washbT
after separation'-U

1,0 320 10 350 63. C. p H 4.5
NH.NO, 0.3 0.7 83 1.3
NH.COOCH, 1.0 2.0 0.25 < 0.05

4100 mL Of seawater preconcentrate into 7 mL of 2. 5
M HNO,. b Column washed with 50 ml, of a given-

'5pH 5.0

40 a ., NH COOC.

&00
0 to -0 C3. 46.C60

340 angNO

20

Fir". 3. COn~RlaW1111 01 aimmonlwn acetate elution of Ca. Mg, and
0 13 ~ Mn in Owe pM range oil 3.0~ to 5.0. Th. graph depicts percent of the

a 10 20 30 40 so 60 70 total colurmm content of min element ekutd wli voiwne

I.0A NhICOOCK, ON 5.2 jt- t "A "NKio' - approximately pH 5.0. For most of the transition elements,
10mil NON 5.2 this optimum efficiency remains for an increase of several pH

Am"w 2. Comparison of amironium acetate vs. amnmonium nitrate units. However, the chielating efficiency of Chelex 100 for Co
for tie searation of calciumn from a Chelex 100 resin colufm which and Cu has been shown to decrease above pH 6.0 (29-32).
has previously chelated 100 mL of seawater The chelation efficiency of Chelex 100 fnr Ca and Mg has

been reported to be similar to those of the transition metals

left appreciable quantities of these alkaline earths in the final increasing with pH to a maximum at pH 5 in low ionic
H1N0 3 effluent (Figure 2) (Table 11). However. ammonium strength solutions 030,33). However, in high ionic strength
acetate eluted calcium and magnesium from the column with solutions of sodiumx chloride, there exists a minimum in the
tailing of only 1 to 2 bed volumes (Figure 2). Manganese, chelation of Chelex, 1W0 for both Ca and Mg from pH 5.0 to
which has the smallest selectivity coefficient of the transition 5.8. Above pH 5.8 the chelating efficiency for Ca and Mg
Msetals of interest, was not eluted at pH 5.0 by ammnonium increases sharply (33).
acetate or amnmonium nitrate. A relatively high concentration From our experimental results and the literature, a working
of ammonium acetate in the 2.5 M HNO:3 effluent produced range of pH 5.0 to 5.5 was established for both the precon-
a suppression of several of the analytes by GFAAS; however, centration of the trantsition elements from the seawater and
the problem was alleviated by washing with 5 to 10 mL of the elution of the alkali and alkaline earth elements from the
water prior to. the'stripping of the column with the 2.5 M resin using the ammonium acetate.
HNO, (Figure 2). Separation Parameters for Both l00-mL and l-L

There is a contribution to the removal of calcium and Seawater Samples. The separation parameters, as described
magnesium from the resin by the acetate anion which does in the Procedure section, are represented graphically for a
'mot appear with the nitrate ion. Sodium and potassium are 100..mL sea water sample in Figure 4, and for a 1-L sample
replaced by the ammonium ion, but this cation is only partially in Figure 5. The difference between the two systems is
responsible for the complete separation of chelated calcium approximately double the amount of resin for the I-L sample.
and magnesium using ammonium acetate. The larger amount. of' resin was found to be necessary for

Effect of pH on the Separation. A study of the pH of quantitative retention of this larger volume, but is still rather
the separating agent (1 M ammonium acetate) showed that small considering a 106.fold increase in the total ionic content
11 minimum PH of 5.0 was required to retain the transition of the larger sample. An increased volume of ammonium
Metal ions on the Chelex 100 resin while removing the alkali acetate was required for the removal of the greater quantity
and alkaline earth ions. Below pH 5.0, it was found that the of salts occupying iore residual sites. Also, a larger volume
tranlsition metals were eluted by the 1 Mamrnonium acetate. of water is required to wash the residual ammonium acetate
Fronm pH 5.0 to 5.5, the transition metals Cd, Co, Cn, Fe, Mn, from the column prior to transition metal elution with nitric
M, Pb, and Zn were retained by the resin while the Na, K, acid. The elimination of ammonium acetate was found to be
C4 and Mg were quantitately eluted (see Figure 3). necessary to prevent both buffering of the acid wash and a

The chelating efficiency of Chelex 100 increases for the suppression of the GFAAS signal caused by the acetate in the
thlnition metals from PH 4 to 5 and reaches an optimum at subsequent Analysis. The acid fraction did not undergo tailing
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100 * .. Radiochemical Study. Radiochemical tracers were ue
to gain specific information about the behavior of each ion

- ~during preconcentration and separation us*n the Chelex loo.i
so * M The tracers were ade oteseawater as one rdot i pe

per sample prior to the pH adjustment. The column pro-
r cedure was identical in all respects to the preparation of the

60~ analytical samples previously described. However, all effluent
from the column was collected, including the seawater. The

saaeamrnonium acetate buffer, acid effluent, and column
resn erecolecedin polyethylene bottles. The 1.L sampe

28 were collected in 250-mL bottles and the lO0-mL samples were
20 0 collected in 125-mL bottles. Distilled water was added to the

bottles prior to measurement to make all liquid levels the same
to give constant counting geometry.

0 The samples were counted for 10-min periods for -, radiation
0 10 20 0 . 40 o 6 70 only (Table UDI. The counting statistics for each element were

I OML NH.CCOCN, ON 5.2 ---4,4. 2.3!! "NOb, -f optimized by energy discrimination. The concentration of
tracers used gave from 101-10' counts in a 10-mmn period while

Figua 4. Represents Itte separation obtained using 1 .0 M annsaii background was kept to 101-101 counts during the same
acetate at pH 5.0 to 5.5 for tol transition metals from' Na. K, Ca an period. The statistical error was obtained using the following
mg chelated in a coiim of Chelax 100 from a 100-t seawater sanf2le equation (34, 35):

100 a-"w. Q,,*,,* = 10 k

so where Q, = percent experimental error corrected for back.
ground, ks = number of standard deviations, N = cpm = cowits
per minute or period unit time, s = sample including beck.

60 ground, and b = background.

* AM This technique enabled the use of "'Cu and 65Ni short-lived
isotopes as well as 'Fe and 14NMn intermediately-lived isotopes

S40

-C. since counting of all fractions could be completed in 40 min.
/ The error caused by the decay of these isotopes over the course

A20f of the experiment was eliminated; nickel which has a half life
I of only 2.6 h, decayed beyond usefulness over the 1-day period

of the 1-L experiment.
a 10 28 20 40 so 60 70 s0 90 100 The counting technique was checked for total recovery using

.1 mZn. The tracer was added to 250 mL of the seawater sample
1.01M NNC00CW, ON30 H 40 2.501 ""1031 and counted prior to manipulation. This volume was then

Fig"a S. Represents toe separation oband sn 1.0 M amonu added to 750 mL of seawater and treated ass a -L 69&n spiked
acetate at PH 5.0 to 5.5 for "i transition metals from Na. K. Ca. arid seawater sample. The final acid volume was then counted at
Mg chelate on a colurm of Chelex 100 from a 1-L. seawater sample the end of the separation as previously described. The total

quantity obtained agreed for both the acid fraction and total
from the transition metals as seen by atomic absorption or recovery, 99.99:1: 0.12 and 100.1 * 0.12, respectively. Thus,

by radio tracer studies. The Chelex 100 resin in the presence the counting of all effluent fractions and the column itself
of 2.5 M HN0 3 does not chelate the transition Metals and they allows the specific identification of all losses, as well as the
are eluted simultaneously into a single small volume of acid. total recovery of the element of interest in the acid fraction.

Chelex 100 resin is a dynamic resin, and in the ammonium The ammonium acetate separation did not remove a de-
form at a pH of 7 to 14, the resin shrinks to approximately tectable amount of any trace metal with the possible exception
1/2 Of its original volume when subjected to the seawater of Fe which could have been in the residual volume from the
sample at pH 5U to 5.5. The particle size and subsequent flow seawater effluent. Thus, the separation does not affect the
rate were also ~educed and the use of the column apparatus maximum efficiency of the concentration alone, and the Na,
for 1-L samples became necessary to increase the pressure of K, Ca, and Mg can be eliminated with the same efficiency as
the sample to obtain a realistic flow rate for both the sample the traditional concentration alone.
and ammonium acetate. The flow rate of 1 mL/min was The majority of any minute losses Pb 1.4%, Co 0.3%, and
attained by adjusting the Teflon valve and reservoir height Fe 6.3% is due to incomplete removal of the transition metal
simultaneously to control the pressure. The residual volume ions from the seawater. The chelation efficiency of both 'CO
which would retain any sample in the entire apparatus was and "Fe was studied by Callahan et al. (32). They found that
estimated at less than 0.10 mL. The use of all Teflon the two oxidation states of cobalt and iron reacted similarly
components in contact with the sample affords the nonwetting and that 100% retention of cobalt and iron could only be
characteristics and noncontaminating nature of this fluoro- achieved by reduction of Co(U1 to COOU and Fe(IU) to Fe(ll)
carbon which can be scrupulously cleaned in acid (26). using sodium dithionite (Na2S2O4) at pH 5.0 to 5.3. In natural
Another important benefit of this apparatus is that during seawater the approximate concentration of COWI) was found
the preconcentration onto the Chelex 100, the sample and to be 96% of the total cobalt. They obtained 96 to 99%
column are protected from contamination from the envi- retention for cobalt and 95% for iron without any attempt
ronment;~ the only entrance into the system is a microbore tube to reduce the trivalent ions, which is in agreement with our
which can be fitted with a filter to exclude particulate con- findings.
tanmation. These characteristics make the column apparatus The radiochemical tracer experiments for Cd. Cu, Fe, Ni,
very attractive for field or shipboard use to prevent con- and Zn were repeated several times and all values fell within
tamination. the calculated error limits with the exception of those for iron.
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Table IV. Trace Elementsi in Chesapeake Ray

concentration, ng/mL02
be to element blank seawater

00 ~O~c~j ~Cd 000: .051±0.01
mm *eo, <0.1 <0.10 ~ o GýG Rtý ýI I <0.1 2.0±t0.1
o (A m asC 3a Fe 0.2 t 0.1 2.1 1 0.5

Mn <0.1 2.0 t 0.1
Ni <0.1 1.2±0.1

SDPb <0.1 0.3 ±0.2

VZn <0.015 4.8 t0.3

*Replicate analysis of four samples.

'~ 00Iron exhibited a 2% variation around the average value (Table
- "' 0 000 ~ 111). This could be due to altered ratios of Fe(II) and Fe(lII)

V V between samples tested.
'36 GFAAS Determination of Trace Elements in Seawater

2 from the Chesapeake Bay. The reliability of the proposed
~ 0 separation and preconcentration method was tested by making

0 ~~replicate analyses onas~peo seawater. These samples

ci d CS i C; 46centration Procedure. Then the 8-10 mL of 2.5 NHN0 3
2 V V effluent collected was analyzed for the trace elements by

o GFAAS. The instrumental conditions for drying, charring,

and atomizing (Table 1)' for each analyte were optimized to
,~ obtain the maximum ser~sitivity and precision with the

6 C; ch 2minimum of interferences. The samples (25 ;&L) were in-
troduced into the graphite furnace with the AS-i which

-. aý 00 C improved the precision of the analysis with the minimum
cc 00 0C0 amount of contamination. It was necessary to preclean each

A ViV sample cup from the AS-i with 20% HN0 3 to remove trace

* contaminants. Pyrolytic and nonpyrolytic coated graphite

0000 Cl" cate tue inthepreenc of2.5 M HNO3. Background
correction with the deu~terium arc lamp was used for each

am m analyte.
CoMm0 CD mm CD Cm For each analysis the hollow cathode lamp was tur".d on

and allowed to stabilize! (15 to 60 min). Working standard
.3 solutions of each analyte were prepared in 2.5 M HNO3, and

ca then a three to five point calibration curve was established
; a S using the optimum instrumental conditions. After the cal-

~~.; ~ M ,, ibration curve was established, the unknowns were determined
o W using asample bracketing wchnique. As acheck for chemical

00000interferences, each sample was tested by the single standard
V0 addition method (36) and no chemical interferences were

"a encountered. The results are given in Table IV. Cobalt was
* - * .,not detected using a 100-mL sample. To obtain an analytical
0 o ~value for cobalt in the Chesapeake Bay Water, a 1-1, sample

would be required to be separated and preconcentrated. Some
to 01~, ~eq ~ ' . difficulty was encountedin the GFAAS determination of iron.

C .2 <6d S: 6C Iron is known to form carbides in the graphite furnace which
Z Vv v v OwlVV produce erratic results. Also, a high reagent blank was ob-

tained (see Table MV whereas the reagent blanks for the other
V elements were below our detection limits. The lead values
U ,~ -are close to the detection limit using a l00-mL sample. With

~ 0 0a 0.5- to l-L sample, the! precision of the lead analysis could
CS Cý Coce

a. - be improved.
* mm*. .00*4Recovery of Trace Elements Added to Chesapeake Bay:::~:~ ~ 2accurate analytical values for the trace elements under study,

the ccuacyof te GAAStechnique was checked by adding
0.5to .0 g/m ofthetrace elements to six samples of

m .~ useawater and processed as lpreviously described. Recoveries

.2 value for zinc was due to the low concentration added to the

A samples. Since zinc is so sensitive by GFAAS, a I- to 10-fold
19 dilution of the 2.5 M HNO3 effluent had to be made. Since



2070 - ANALYTICAL CHEMISTRY, VOL. 50. NO. 14. DECEMBER 1978

Table V. Recovery of Trace Elementa Added to aration of materials and seawater collection.
Samples of Seawater by GFA LITERATURE CITED

concentration, ng/mL* (1) 0. E. Leydan. T. A. Patteruon, enidJ. J3. Abefls. Anul. Ctn 47. 733
av. (1975).

preent addd rcovry,(2) E. 0. Go~u. -Mwine Poltion Montito n: Strategies for a Naftno

ment peet add found % (3) C. Lee. N. B. Klm. 1. C. Lee. and K. S. Ctwig. TA&fta. 24. 241 (1971)
(4S. G. StaPhm. H. L Fetal Jr.. anid W. M. SpineEl Anal. Cpn. 44.

Cd 0.05 0.5 0.54 ± 0.02 98 692 (1974).
Co <0.1 1.0 1.07-- 0.02 107 (5) A. Zkino and S. H. Liebernw ChaPte in Analytlcal Mftiod, in

Cu 2.0 1.0 2.9% 0.07 97 Oceanography" T. A. P. Obbs.J. Ed. Adv. Chem. S-.147,1975.

Fe 2.1 2.0 3.7 ±0.4 90 (6) K. R. Sperling. At. Abso#t P-wul. 15, 1 (1976).

Mn 2.4 2.0 4.2 ±0.04 95 (7) P. E. Pout. Frossm.us Z. Anal. Chan- 264,118 (1973).
Ni 12 20 32 ±0.1 100(8) 0. -A. Seger and J. a. GonaL An@#. Chi". Acts, 5j. 7 (19?21
Ni 12 2. 3. 0.1 100(9) S. P. Fabricand. R. A. Sauwr. S. Q Unga. and S. Ader, abooh,,:

Pb 0.3 1.0 1.4 1 0.07 108 Cosnoote. Acts. 26. 1023(11962).

Zn 4.8 0.5 6.2 1 0.09 117 (10) ... Atanwd QSkirow "CemicOasnogapy. Vo4l.M.Aceftnic
Press. New York. 1975.

SReplicate analysis of six samples. (11) 0. C. urel. Anal. Chi". Acts. 28. 447 (1967).
(12) K. Kreeteki and i. Peterson, Anal. Chim. Acts. 70, 35 (1974t.
(13) J. P. Rle and 0. Taylor, Anal. 09an. Acts, 40. 479 (1968)

a dilution was required for GFAAS, the original spikes added (14) E. W. Devey and A. E. Soea. Chapter in, "AnalysoaI moed, ln

to te sewate wer toolow o obain ccurte rcoveies.'Me0ceenogaphy". T. R. P. Gobs. J., Ed.. Adv. Chaf". Sw.. 147,1.
to he eawterwer to lo toobtin ccuaterecveres.The (15) T. M. Flrec and 06 E. Soft. T&AWN. 23. 179 (1976). 17.

recoveries of the other trace elements are consistent with the (16) T. M. Flore. and 0. E. Safty. TAM.U. 24. 1511(1977)

known reproducibility of the GFAAS at these concentration (17) T. M. FloreflCe and 0. E. SDafy. TatsU. 22. 201 (1975).
levls.(18) A. S. omgls and A. Y. Caao., Chapter in "Analytical Mlda In
leves. ocanogapl'y. T. R. P. Obe. j.,. Ed,. Mv. oim S--.. 14?. 1975.

Application of the Technique to Alaskan Seawater (19) S. Forsug and S. Sut"reen. Anal. Caffl.. 23. 1202 (1960)

Samples. In addition to the one homogeneous Chesapeake (20) P. W. J. M. Boumiflfs a" F. J. D*Bok. Spec*'o04n. Acts. Part a. 31.

Bay water sample, other seawater samples were also analyzed (21) 355(1976lse. cora~auon

for Cd, Mn, Ni, and Pb. These samples were obtained from (22) R. D. Efger. G. E. Peterson and J. D. Kabor. At. AbscWt. ftol, 3

the Gulf of Alaska and ranged in depth from surface to 1500 (23 E1.94. A . Alvre. P. .3. Pas*len. and T. J. MwfPty. Anw. Chm,.,

m. These samples were treated in the same maner adno "4, 2050 (1972).

alteration in the separation technique was necessary. The (24) J3. W. Useller. HASASP-6074. Otlice of Techniology Utizalon. NASA.

trace metal concentrations from Alaskan seawater were found (25) J.A aad T. C. Rains. Ud. "PRome Etnission arid Atoft AheogMt

to be generally lower in concentration over those of the Specrolneir. VOL.2. Componeis arid Te04stI , DoalDlduer Ms

Chesapeake Bay. The values for Pb and Mn were found to (26 J. A. Mod and R. M. -ins Anol. 0mmn., 49. 2264 (197n)

be consistently 1 to 2 orders of magnitude below those reported (27) E. J. Moionlhal and 0. A. Boome. PN. Sr. Sted. (U.S.). Tomi. Noly

here for these same elemental concentrations in the Chess- 33. 1976.
(28) J1. R. Moody. H. L Rook. P. J. arid Pa,*eon. T. C. Rabas. 1. L. Semee

peake Bay. arid K. S. Epeteb. P-if. Mr. StAnd. (U.S.) SPec. Publ.. 464. W. A.
K~cw~o. Ed.. 1977.

CONCLUSION (29) B. Holynoka. Rsdbedfl. Rodlostool. Leff.. 17. 313 (1974).

The application of Chelex 100 resin and GFAAS used in~ (30) D. E. Leydeni anid A. L. Underwood., .1. Pfhr. 0mmn.. 6".2093 (1964t.
has been hown to povide a nw way of (31) M. M. Lai and H. A. Goys. U.S. Naval Raoola eer.Lhruy

this investigation hapt.beenCshownet. provideea newk way ofoDotenilca. AD.8N6Tod.

dettermining Cd, Co. Cu, Fe, Mn, Ni, Pb, and Zn in seawater. 1966.
Cheex 00 esi isknon t bean ffiien mens f sp- (32) C. M. Callahan. J. M. Pascus. and M. G. Lai. U.S. Naval Radlofogle

Cheex 00 esi isknon t bean ffiien mens f sp-Defens. Laboratcy, Dept. of Conmorc. Natdona Tedv"~a Informion

arating many of the trace elements from the alkali metals; Senica. A0.447"81. 1Ms.
however, by using an ammonium acetate wash, calcium and (33) &. K4 Liul. Jt, C. MomS and CT. Kwvlf. Anal. a1wn.. 43,137011971n

(34) A. C. Kayser. J. Chwm. Eduw.. 38. 1285(1959).

magnesium are also removed. Calcium and magnesium se- (35) A. E. Laop anid N L Aan.we. -Nuchlor Radelon Vaysics-. Prenm*I

verely suppress many analytes in GFAAS and, with their EnF, o ~fs .. 99
3J. A. Dunt anidT. C. Pakwn Ed.. -Pana Eneea and Alomft Abmopton

removal, the detection limits of many trace elements by S~ocnm@VY .o3.E sm arid ticws.MotelDeldue. New York

GFAAS can be extended to subnanogram per milliliter. In 1975.

our radiotracer study, the recovery of Cd, Cu, Mn, Ni, and
Zn was greater than 99.9% while the recovery of Co, Pb, and RECEIVED for review July 31, 1978. Accepted September 26,

Fe was 99.5. 98.4,.and 93.1 %, respectively. The precision of 1978. This paper was taken in part from the dissertation
the technique winlizited by the GFAAS measurements which written by H.M.K. and accepted by the graduate school, The
varied with the element and concentration present. Not only American University, in partial fulfillment of the requirements

has the proposed technique been applied to seawater from for the degree of Doctor of Philosophy in Chemistry. In order
the Chesapeake Bay but the method was applied to the to adequately describe materials and experimental procedurs,
determination of Cd, Mn Ni, and Pb at the ng/mL level in it was occasionally necessary to identify commercial products
seawater from the Gulf of Alaska. by manufacturer's name or label. In no instance does such

ACKNOWLEDGMENT identification imply endorsement by the National Bureau of

The authors express their gratitude to J. R. Moody, R. Standards nor does it imply that the particular products or

Huggett, and W. A. Bowman III for their help in the prep- equipment is necessarily the best available for that purpose.



* APPENDIX B
WATER QUALITY SAMPLING PROGRAM

DATA OUTLIERS



Appendix B contains a tabulation of the -data that were determined to be outliers to the WQSP

data set. The procedure used to evaluate the data and determine outliers is presented in

Section 4.3. The outliers listed in Appendix B were excluded from the data set used to

establish Waste Isolation Pilot, Plant WQSP background groundwater chemistry (Chapter 5.0).

Likewise, the outliers contained in Appendix B were not used in the comparison to standards

presented in Chapter 6.0.

AIA*-92JWP-V1PR-2154 B-1



Table B-I
Water Quality Sampling Program

Data Outliers

ParmeerSample outlieri3

well Parame__er Date (m111/U) Remarks

DOE-i Boron 04/25/85 7.2 Sampling/analytical errorb

DOE-i Cesium 04/25/85 8.6 Dilutiont/decimal point error'o

DOE-i Chrorium 04/25/85 <0.001 Sampling/analytical error

DOE-i Molybdenum 07/03/86 0.27 Sampling/analytical error
DOE-i Nickel 04/25/85 1.9 Dilution/decimal point error

DOE-i Nitrate 07/28/87 3.4 Sampling/analytical error

DOE-i Phenolics 04/25/85 <0.002 Samnpling/analytical error

DOE-2 Iron 08/27/86 1.4 Sampling/analytical error

DOE-2 Molybdenum 05/19/88 10.0 Dilutiont/decimal point error

Engle Well Cobalt 03/04/85 <0.001 Sampling/analytical error

H-02a Fluoride 04/21/86 14 Dilution/decimal point error

H-03b1 Bromide 07/01/85 23 __Sampling/analytical error

H-03bI bthium 09/02/87 3.6 Dilution/decimal point error

,~ N H-03b1 Sodium 03/16/89 14,500 Dilution/decimal point error

~>,' H-03b3 Barium 08/15/90 <2 High detection limitd

H-03b3 Cesium 02/04/85 1.6 Dilution/decimal point error

H-03b3 TOXe 08/24/87 1.6 Sampling/analytical error

H-04b Barium 09/11/90 <2 High detection limit

H-04b Calcium 11/13/86 1,100 Sampling/analytical error

H-04b Cesium 04/06/89 <10 High detection limit

H-04b Selenium 09/25/87 <0.5 High detection limit

H-04b Thalliumn 04/06/89 <4 High detection limit

H-04c Calcium 11/04/86 1,100 Sampling/analytical error

H-04c Cesium 04/21/89 <10 High detection limit

H-04c -TpH 10/05/87 6.44 (s.u.9f Sampling/analyticalero

See footnotes at end of table.
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Table B-1 (Continued)
Water Quality Sampling Program

Data Outliers

FSample outliera
Well Parameter Date (m/)Remarks

H-04c Selenium 07/19/88 <0.5 High detection limit

H-04c Sodium 10/02190 3,600 Sampling/analytical error

H-05b Aluminum 05/21/86 <10 High detection limit

H-05b Arsenic 08/27/85 6.7 Dilution/decimal point error

H-05b Barium 08/23/89 <2 High detection limit

H-05b Barium 05/02/90 <2 High detection limit

H-05b Beryllium 05/21/86 <0.5 High detection limit

H-05b Chromium 05/21/86 <3.0 High detection limit

H-05b Lead 05/21/86 <5 High detection limit

H-05b Nitrate 08/27/85 0.4 Sampling/analytical error

H-05b pH 05/02/90 8.33 (s.u.)f Sampling/analytical error

H-05b Phenolics 05/02/90 0.160 Sampling/analytical error

H-05b Thallium 05/02/90 <10 High detection limit

H-05b ________ 05/02/90 9 Sampling/analytical error

H-05c Barium 09/14/89 <2 High detection limit

H-05c Barium 05/16/90 <2 High detection limit

H-05c Chloride 10/24/86 1,600 Sampling/analytical error

H-05c Selenium 03/03/88 <0.5 High detection limit

H-06b Arsenic 09/15/85 78 Dilution/decimal point error

H-06b Barium 07/24/89 <2 High detection limit

H-06b Barium 02/1 2190 <2 High detection limit

H-06b Cesium 09/15/85 <1 High detection limit

H-06b Phenolics 02/12/90 0.55 Sampling/analytical error

H-06C Barium 08/04/89 <2 High detection limit

See footnotes at end of table.
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Table B-1 (Continued)
Water Quality Sampling Program

Data Outliers

Sample outliera
Well Parameter Date (mg/a1) Remarks

H-06c Barium 03/15/90 <2 High detection limit

H-06c Nitrate 08/04/89 7.3 Sampling/analytical error

H-06c Sodium 10/01/86 1,050 Sampling/analytical error

H-07b1 Arsenic 02/25/87 <0.05 High detection limit

H-O7bi Barium 11/09/90 <2 High detection limit

H-07bl Chloride 03/27/86 700 Samplinglanalytical error

H-07b1 Iron 11/09/90 <1 High detection limit

H-07b1 Molybdenum 04/25/88 <1 High detection limit

H-07b1 Potassium 11/09/90 <50 High detection limit

H-07b1 Selenium 05/19/89 <0.5 High detection limit

H-07b1 TOC 11/09/90 8 Sampling/analytical error

H-08b Cesium 01/22/86 <1 High detection limit

H-08b Fluoride 06/08/88 0.2 Dilution/decimal point error

H-08b Phenolics 06/08/88 0.165 Sampling/anaytcal error

H-08b TOC 01 /22/86 14 Sampling/analytical error

H-09b Boron 11/14/85 <0.1 Sampling/analytical error

H-09b Thallium 01/19/90 <10 High detection limit

H-il1 b3 Barium 10/25/89 <2 High detection limit

H-11b3 Barium 10/17/90 <2 High detection limit

H-il1 b3 Boron 06/04/85 13 Sampling/analytical error

H-i1 b3 Chromium 06/04/85 <0.001 Samplingtanalytical error

H-il1 b3 Uthium 09/15/87 9.5 DilutionL/decimal point error

H-11b Nickel 06/04/85 1.1 Dilution/decimal point error

H-i1 b3 Selenium 09/15/87 <5 High detection limit

See footnotes at end of table.
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Table B-I (Continued)
Water Quality Sampling Program

Data Outliers

I Sample outliera
Well Parameter Date (mg/0) Remarks

H-I11b3 Silica 06104/86 150 Dilution/decimal point error

H-i I b3 TOX 09/15/87 13 Sampling/anallytical error

H-12 Arsenic 08/09/85 18 Dilutior/decimal point error

H-i12 Barium 08/09/85 1.2 Dilution/decimal point error

H-12 Cobalt 08/09/85 2.4 Dilution/decimal point error

H-1 2 Molybdenum 08/09/85 15 Dilution/decimal point error

H-12 Phenolics 12/14/88 <0.56 Sampfing/analytical error

H-12 Zinc 08/09/85 2.2 Dilution/decimal point error

H-15 Iron 05/11/87 <i .0 Sampling/analytical error

H-i5 Mercury 11/07/88 <0.4 High detection limit

H-18 Barium 04/10/90 <2 High detection limit

P-14 Cesium 06/18/87 <1 High detection limit

P-17 Nickel 03/17/86 1.1 Dilution/decimal point error

-P-17 pH 10/21/87 6.28 (s.u.) Sampling/analytical error

P-i 7 Selenium 03/17/86 <1 High detection limit

P-i17 Silica 03/17/86 <0.2 Sampling/analytical error

Ranch Well -Calciumn 06/20/90 550 Sampling/analytical error

Ranch Well Uthium 07/27/89 12 Sampling/analytical error

Ranch Well Nitrate 07/20/90 71 Sampling/analytical error

Twin Wells- Sulfate 01/30/86 270 Sampling/analytical error
Pasture Well_____________________

WIPP-19 Barium 11/03/89 <20 High detection limit

WIPP-19 Barium 06/13/90 <2 High detection Imit

WIPP-19 Cobalt 11/03/89 <5 High detection Eimit

LWIPP-19 Iodlide 11/03/89 18 Dilution/dlecimal point error

See footnotes at end of table.
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Table B-i (Continued)
Water Quality Sampling Program

Data Outliers

ISample Outliera
Well JParameter Date (mgMI Remarks

WIPP-19 Iron 11/03/89 <10 High detection limit

WIPP-19 Uthium 07/14/87 3.4, Sampling/analytical error

WIPP-19 Molybdenum 11/03/89 <2 High detection Oimit

WIPP-19 Nitrate 07/14/87 0.9 Sampling/analytical error

WIPP-1 9 Phenolics 08/29/88 0.097 Sampling/analytical error

WIPP-19 Silica 07/14/87 21 Mixed reporting as Si0 2 and
Sih

WIPP-19 Vanadium 11/03/89 <5 High detection limit

WIPP-25 Barium 06/27/89 <2 High detection limit

WIPP-25 Molybdenum 03/28/88 <1.10 High detection limit

WIPP-25 Phenolics 03/28/88 0.106 Sampling/analytical error

WIPP-26 Molybdenum 04/14/88 <2 High detection imit

a All outlier concentrations in milligrams per liter (mg/o, 'except where nioted.
b The value is an outlier due to an undetermined sampling or analytical error.
c It is suspected that the value is different by an order of magnitude from the actual value, i.e., the

decimal point was incorrectly placed. This could have occurred if the wrong dilution factor was
* applied in converting the value recorded by the analytical instrument to the reported value.

d The method detection limit is high relative to that of other rounds. This is probably due to the dilution
Nof the sample prior to analysis.

e TOX = total organic halogen.
fs.u. = stanidard .pH units.

g TOC = total -Organic carbon.
h It is suspected that the format: for reporting silica data was inconsistent. It appears that some of the

values were converted to equivalent silica (SiO2) prior to reporting; while, other values were not
converted and probably reflect the silicon concentration, Si, rather than Si0 2. However, the data are
always reported as "silica."
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* Appendix C contains the WIPP WQSP analytical data set used to establish the background

groundwater quality. All analyses; were performed by IT Analytical Services, with the

exception of the major constituent chemistry for 1985 samples from. 7 monitoring wells.

These data were provided by Bendix.
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APPENDIX C
WASTE ISOLATION PILOT PLANT

WATER QUALITY SAMPLING PROGRAM DATA





0 )> C a (AU ;wi )i ot

z ~ -- -- -- - - --.

It . r It 8 rr -0 C, It 17 -1 0r r I " -1 .- 1

u, ~ u0MR000 C 04 0cc
- -~Z

-cn - - a - - - -~-- a.4 % - a.- -

mz 01,099F Tr99939993RT93

0; -- If

01
w

D.U- In C2 c, 00CD 0 0C300 !00 !00000 .00000000

b.- fc -c

-C

- U
U)..

LU M- o AC)oo0QQao0aomQaoU 000CI4
m Q a-0Q=a0=0L o 04 )C ,c Do

-j o o: 40 O Dc DC,( 0 m aC o : ,QC ,MC ,4 0

> Lii 9c 999 !9499C .c 0 = 0ZZ ZZ Z Z Z ZZ Z Z Z~

I- C.- - - --J -wl c %L

UA
Lii 000 00U % 000 0000 000 0000 000

@ 2 0 000 0001 l00 0000 000 0000 00

u U
LU

LU =jL U 2 u LI0 u .

ui~~ 21LUcL i = jx 2C . U L- LU u
04CC 4xI L 2 c0 LU -i 2C = 0:

= = Im= z U~ 00JZ 0 w= LU -c LU LU
w I-. - ~. w w wOW== LU Zi -i zi - l r

0 0 00 00- -1 0 0. 1.-~ 21C' Z-.O -9
R =UW= =~0O :;~ a ~ =0. oJ I-

000 w 00'c-9'c 00 M OU U U L w Q. u z.

cc--- - -j- -- . = =-0-1.-
us * 00 Z:n~l' 000 0 0 0 OZol- Z -1 .4 U-c

C. . .. . . . . . . a i x a ' a A -al I-.

LU LU LJUi LU LU LUW LU LU LU LU LU LU LU U &a LU LU LU LU LU us LU LU LU LU LU us LU

-K -c Ol K Oc c OC Al -c - -c -c -c -c -K -K WC : -C - 4c -c 4C c

0 LULU LU LuLULUUJLu uL u LU LU LU ULU u L uL uWLUL U. L" LuL UUUU
40 00 00000 0in0 00a000a0 0 a0 00Q0ca0 0 000a

o o.

ZM UZZI' ZZ N NNN NN w NN NN W
W 2cm a z 2 2c29 me c M z M!MICMC 2 X:X: 1: C 2

V9 w MEw w w M w w w I w 0: w w w
w w -c , 0 4 4 -c w < -C -cU



u WWWowwowtoXz~wz1zZZZZZZZ>

- - - -- - - - - - - - -n - - m -- - - -n - -

-% -% -% - - - - - - *-. - M % 't -% .- ~ % .- * .~

-- ------- N'.N r-P 0-

O -a- 0 . 02 0 -

&00

0 )1- hI 004 0=4204 0 0 N Y

)I, ) -go0 0

LU.

VU0C 2C 0 3 24 0 3,0 0 0 0a 0 V

31 40 I.- C) V0 V0 CD V0 mV D0=C D0 %

CD in =R0c 3 0 Q00 0 0i
&R An 00 00 0

wi 0

In tn 0

P- w IW I-II

UU

LU 000000000000000000000- 0000000U
.8 00 0 0 0 0 0 0 0 I In wo (WN w w OO

LU

z
mez2UJOm e

-s~ 0,ini
01 , -KI 11LU I w 0,- Z iOK"o 1O-K ,w m Ew. CWcwWCw-c-K
0 ui ~~I ZJ IC OCLCI KLJLJoc4c -
IL ~ ~ - - U~~ CD 31 g Uoc c C2c sa 2 o= Mc Ac 00 oc nccI o00mI



u > Cf0 f000 ZU0 wwwz z0 0Z K 0 ~w z xz z

0

N N N-- - N-- N- rl 0 N Ig - N 0 N cg

z

o 00 Cn CD '

1- ---

-j Q 40 40- mmC D0CC D DC D000C 0C 00000

U-(AC c C = D 040C 0=CD0C n- 0C 0 a0 00
V 0Q C 0 0 V V 000=I r 1 9 99C 4c c

U,4 aC ;C ;' c C ;C C ;C ;C jr Do o oO
U) = V dV

ui CD= 0Q 0 0 0 0 CDD 0 a000C DOD0 0 C

. .L 0 =0C
n U%

v a' V V V vvvvvvvvvvv V vv

* O00 0000 0000 00O0 0000CA:0

oU = = I'

-& 00 >.I

LU 0 2ZZ Z V Z Z Z

I- =Uu L
UA

' z w

uiLULUz zo=

m LU c mL
LU6 w cc. caw w oc



-. %.- - -. - - - -% -% - - - - - - -% .- - -% - -% - - - - - - -. -

N N% N- 0. 0 N 0. N t - N Co N- PI- % .N N ~
C), wo w(4w--.w w 00 00w4

c 
C

z

0 00 CD0

I-~~~ v ev v V 0vO0

cm0 00 D 2CD 00C 0CCD02CDD0 0 C D0I
a .FA .,C ,C ,C ,C ,C 0 t D c

in CD0 4 0 00 Y0C ,0 04 , a C 0 a00 O GC
ujo ;C ; ;c ;C ;P ;oc C ;C C C ;C ;C ; c

0 00 0 N0C0 0 0 0 00 0 0 0
CA -m

v w v zzzz z v za v= z v v v v v v v v v v

w ze
UL

CA
30

wU 00 0 0 0 00 00 00 0 0 0 0
U) 92o oo o o o ~ o oo ~ o

0000 000 000 000 00.u u w-

L0 ian 0 ui OU A - ui. 0 w - 0 0 o0 - 0

U UJ

-jA - i LU

wv w w w w ww w w w wwwwwww

.. J~~~- .. J j. -' ..J ..J -j. -i ..J .J ..J .. J j. .. J .J .4 . 8 .. .J J .. . .

'U

-hu Aw wLOLIusu Au UL Au w w wL " w LIwu
zn 4m9-29 34 m4 n9 0 a09 l9 od mi n

%-

6J ..J Z Z Z Z Z iZ Z Z -jZ Z Z Z i i j - i - j-j- i - j j j- i- j-
C ~ i i - - i -j - - i -i - j j -j - i A i -i- i i --J i -j -

2c N- NNNNS

a. mm Z Zm ZAC 2c ZA ZAAC a~ Z m9=Z===z m mm m mm mm z z



~% .- -'% - - - -.~ - - - - - - .- - - - *- - - .*

I

C ---- r - - . - - -1 - .- - - - I- -- - -- - -- -

CC

Co

CL

zmc
ca J

(0

(2 L

.J CA C 000000000000 000 0000 000 000
a. ~ ~ C .00C - a. 1 l O C0 M00 0 0 0 0 0 1 I 0

9999 99 inC 0 =OOOOO0000000Cm00000
CA C;- ;C I N L 0 o U o.c m c ;C ;C ;r 4C

vu v v v vv Nev v v vv v v N 1, v v vv N

CA Z

II C C
-m 2

mu =:, - . 3

0. 1 U wu )1 -r

0 00 0 0. w w w - 0NNNN00
-' u - e2! - - - -

mu -1 In3- c tm U a

-C - K wZ Z
cc4 OO.l T T- Li, =Ug =U uLU0cx xI

oc 3.13C- - E e - -iiQ E - 1- 3_ : ' 1w2

-i j-j -a -, il -1 -A -1 -1 - -j 5 LI 1 - - i Li-4 J-j -L i 0 0 0

a. Li UAL U s LaiOCOCO UALU" u 0000 UJW M- -A .IJ.M-2 =i jL LJU

P4 in m mu mu mu m ma mu mu mu I= m mu = mu mu a mu mu mu mu mu mu mu mu I= mu mu

-i - j -i i - j - -' -j -4 j -i -i j - 1 - i i - i - i
IV~~~ Ci i -j i Ci :' i C Ci i Ci j Cj i Cj j Cj i C1 4 Cj j Cj Ci Ci Cj Ci C

mu 
UNN 4NN

"I 2
om w w w w w w wummmuuuwuuml~l~mmmuuulm
N IO C000000013 00Ii 100w00000w000o 000A0o 00421 0



W W .- > W w w b- I- C W .- I- W W w w P-- u w w I-- I- &.

ZZ=

a - N V' cy -tf .N .t C-im C-* N m N-l R em C4 m m4Nc

2c

-- C

00 an 00

.- 400 0 0 aO O 00 000 Vg u ýa S E
ZL.) 3 V V Q Q V- VN Vn V% 0 Ui I0- D 000

3. D 0 D00000000 0 0C

6 00 00A000

w U

0~Y 0 -0000, ' 'Dmf 00 00OGC, 0 1C ,0 00

urn n

v v va v

:- f. L

09 L-Lm

I.. Uj- - LDU AU - 3 . .
usa, a2ca a

3-1- f 13zz e0 Kc .

~0 0U I l2 lfc f 4 ma -t 0 0 8 us- ' o ooo
Mi 0 0 0 0 oo oo oO OO OO OO NN O

00000000000000000 _3 WZ z z z 0 z 0

00 -. ObO O 0 00 00 0 00 00 0

-Y -j j i m va.-i-j -1-

3 VVVVVVV

z NN NN NN NN NN NN NN NNx
0 = zz z m zz m z a z m
Ima

w cwm w0 ww m0wm



-9%2%-*.%% %-% %~ - - - -. - - - - -~' %

ac~

2c z

-J 0

9 V-I- V 0
bd

4c

03 0

-. (A 0 l Cl= D

h 0 000000000 4 D0( 00 00002C200000000200000 W

a. -C 66.6 00 00 00 0 000000 00000 000
3.N 00~ 00 00 00 00al00

K 4 oo O oo O OO -00 0 00 0 0

1- 21.

(D 0 z 2 a V0 0 V V VD = 0 000mC C nI

Lu =

,- *U

0 0 00 00 0 0 = 000 0 0

m --- -U N ... -

C=
-U LjLuL

0 Lu z..

00W =

ne lu = 0

& 0-- 1-. - z:.-j U

0. z zK Zz r .&0. ma .0 A

IC 4:4 :4 : :4 :4 4: < I : 4: 4: c:4 4 c 4 : c: : w: c: 4: 4 c: A
-J~ I~ J~ . 1 -1 -1 -4 -j -j -1 -l -j -, -1~l~J~ - -1 -A -1 -6 _j

LU Wu u u Lu u Lu u LU Lu L Lu Lu u Lu u Lu u L Lu w Lu M lu Lu Lu Lu LuL

C~l i 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0j00 0 0 A0 0,0 0 0 0 00- .4 1 -

z.

I.8



r.- LI N 0. mI NI 0I rIL IL U - m NI Ch NJ 0. N-- L IL L IL

00

4~ ~~ ~ It I 1 N N NN- N 10 N N-S

~O 0 0 000~0 cz 000 40CD0 D

0NN0 0N~u 0i N0ON0

I I Iu Q u

0U U
9 9 .

I-------------------------------------------------------00 -

zv v~rrrrrrrrr v v v r

m 00 NDC c 0 0 0 ,000QQC

CA -j . .
w - 00 W0 0;c ;C ;C ;0 C ;C =C0 C)C ;C ; 0 0
V)=L u nC 4

K V VVC
zo
4i

W L

CD0 C 0 0000000000000LnL 3, D 000000 CD0 0 0 0 tO

0 .J

-0 CD -0(
Co ca i

La Al=

LU 00000000000000 0000000000000
-j 00000 j0- 00 9K a, = me--0208 =

CO W% 0 0 0 W *0 I 0 0 0 U, -KW 0 0 lI 0

LI LI LI3

LI LI .L LI 0 0

I-- ~ ~ W 0U00 U U;U
LLU WJ WW

moo 3w LU w WwwwWwwwwA .C .

W. - -C -C W oc 4c W z -z4 C4W- CW4W44-

000 a00W U U 4

4 44

0 N 1- 1 Ii 4 U. a a i

9LL W LIc



I- u L)L) c. P u I--LU~ D.- u u U C.)U C U Uj b

ca

-2 -rf -Mý re Mt

Zm It 'ID hCDen ..- t% - ' r' tC

%4- N i- t' en a0 CD 0 mC
CD D D CD 0 Q 0 C, Q CD CI V 0

Z I. Z.5Z -, Z. ZV Z, Z- ZV-.t Z

-C

-jQ0C 0 0 C

0 U

zV V I.I. I-

-l~~~~ ~~ (Ao o o o oo o o 0 
0 0 0 

( 
0 0

a.~ 9 a. o o o o O o oO O O O O O O O

0 U'
c v v

I-j a 0Q0mC zQ0QC n0 00C ,C ,0C
CL 0: 0 CD V V0 V VD VDC II )QC 0C DQ4 oC DC D0=

U. In It z C3m V0 CD Z0 400C nC 0r )-gc C o4 ,0000'

0.olooCD0 00=$0 0 0 0 ~ ~ 00 0 0
0

0  
03 D0C !9q~

-C0 dc -0
0- 1. u

Lu

LLJ c CD 0 C 0 C 0 C CD 2, C1 C20 0 0 (50 0 In .1.5 0 Lu 0CC

000 00 00 000 00 00 0423z00 !9

FMz 001-0

LuU

US a

~~~~nrnr rnr mmrn nU'U mmr mmU. mmr



I- b- i-- I- - - I- - 6- 6- -- I- - 6- - 6- 6- - - - - - - - I-

I ---- l N V Nt N-- N - N N-

o,0 00 0 0 do000
a 0 O0 0 0 - -- - - 0..

In

mJC 00 000 00 00

OOO- U W; ; W;W; V

I- 00-v

z
-oI

v v

CL-:i CD 0 00 00 0 00 0 0 0 000 00 00a. CD C 00000 00000 00000 aCDRC, D ==CDC 00 0D 00=
zu. (A 10 0 0 p N 00000000000000 .c C QC C D , 3 C
C . 0 a 00 0 CDCD0 0 CDNN 00 00 0 00000 0
(A -j

LU~ c0 0 0 00 ~ N - 00000000000000: C ; C;C C ; ;6 ;C;C 6

- u

cc LUJ 9z I ZZ Vc IZ IZ Z Z Z Z
LU X c= cI x2 cIM

I- u

In ( lC 2 0C D Q C )4 = C.C 2C l DC DC 0 C
CD 00 0 0 000 0 =C D0C 0C 0C 0000000000000D D oC2C:

m V V D c C3 'V N N. PV V% V% V WV VN in V U V

x u
meU-L atZj

-C .1 z =--I Lft 6- LU LU

LU 00 0LUW 0 = m
... J.JUA o- ...O00

LU LU 0.3u

0~LO U 19 -j . W..o

W~~~~~~~ LU UL UL ULUL UL UL

-.3 -. -j -3 -3 .l .l -3 -. . . .

LUI

-j 2c

LLU

S -.3 -. - J -3 -. -J -3 -3 _. . . j 1

X 0
2c3 -3c =. m. -3 .S -3t -3 -31 3g -.- TI - LU LULUL

0% z zz zz z z
CRc = w mwS

to < ZZCZ-CZ% -C -C Ic -C z -C z - I3jU.U6A.63
CL% Clc cC2csc I I I c ac ) u u u



-N---- - - - - - -- - - - - - - -

w )w0 w C 0 0 w w 0 0 c0 0o 0o Go 0 40 G go Go 0 0 0G

Sc c 44 c 0) Go Go Go Go so Go go co 40 Go Go Go to to Go Go 40 Go 0o Go
,. N N N N N NNNNNN2 NNmNcm Nr NNA NN

Z, 0 ,Z 7Z - - -- - -

CC 4
v v

u

0K oo 3- gm Q1 ,oC

.1-

I.-

:U)

-j In 4= ( 0 C D C , 4 0 0 C l D C D C
C. Q 02 In 0 Q CC 0C D4 D0 0 DC 04 CC 3 DC

ZUDC 40 00 CI0 0004D00Q00CD 0 CC DC DQC MQC 0CD00 00
9 C!09909909009009 09009 99 9900 9 990C09 9

In I- In. n --. -

U.
CAm

0 0 0i 0c 0j 0. 30 0 0000000
mA -c .- U 'e.-- -w I- f - N.e in e -3 -= x AC

= .- III ILU.Ji L
x J a. CL ze .Z 0uJIL c = -
u00 UJ IL m ==USaZ L . w -U
> z U. > -j LU = O1 Z=

1.- 0J.- =U = Z: -= fl W
w 00-J 'mw .- W -C Ni -C w .w Z = -u

X0.0 ZZLU -' ; =
>u: ==~~ 9 =. w ~ L 0 9 LU C -i-J

;*c z.0~ = wz 0 a z -j. --. o -
CA 0 0.U 0 JZ J 0 C~ cc cc

-j i-i. Ux I.~~ - I.- I
wJ 0 u u = M Z~~ = Z r 0 d

IC .* % % r;C. , CN C% C% C W J W C - C r 4( W

19 19 v u tt~'0 U UZ Z~t 0uu le u
u................... , C C C .i -j UP u

Q. NN N N N NN N NN0 0V 0 k 0ClC 0 0 I C aa0 aa0

uJ- i- i- i- j-1- j- 1 . 1- A-0a -1-1- j- i-
Z UUU UUU

O 9

-j
m L -j -.3 .. -i ... a- -. 1 - -1 - 1 -1 -1 -j -j .J -1 -j .j .j - j - j - j - j

0. u u uu uwu u uu u uuu uu uu u uwu uu uu u u



- -- - - -- - - - --- -- -r - - -
z

10 p 101 01 10 0 0 0 0 0 0 10 0 0 0 0 110 1110 0oo

v D 0 -D 0 'O v r

z
10 ~ ~ ~ f In' Ln 51 0 n1

ccL0C m 0 002. 0 C

SVD 0D 0000 VC V 0 0 V

1.( 0 o c 04 nI 000 2 0 00 0 = 40 ! 0
- D 2 0 0000 CD 4 DC 04 0 0 D0C2

w

-l 0 000 0000000 00000000 OO O 000000
Q. C, 0. 0 0 0 0 C 0 0inmD0 0 0 0 0 00 0 0 00CD00 CD

a 00000000S000000=000000"000

-0 --l- L

I- LU
-10I

UUu

-l~ ~~~ 0900 0 10 .at00 0O OI-ON O

tu~ u W=
:0- b--u

AL~ dL w -j -
1.-~ b III j

= Ww -" "2 z -W ,
01~~~ ~ ~ us w I-1. www z=z

Ifl UO 0

us 0CJ -j- 4- -1 - -1 - j-X - j-

N N U !N !9N! 9! iNN !Ns
Cu -

2c.

b-b 0 -J-JI- u iuuuL uUuuuuuuuuu )uuuL



>W I U UJL) LU tW3 WL 1W j u > 3>

0 .0 Col 0 1 0.0 0 00-4 0000000000-40

o~~ -- - - - - - - - ----- - --- - - - -

-3 ^i , L V, U*.% i

00 1- 6- - I. P. - 0 1. -- V 0

w CD .m

=J 0 ;C C ;C

000000000 0 0 D0 D0 ClC D0 0 0 o0MCDD

-L 0AC10 C0 00QC 0C D 000 0 04

W UA

4cV V V
-0 z 00000000000000000000000000000 C I 4c14 c I 110. -U 40 00000000000000000000000000000v a2c 1 zme 1

00 0 0.- 0 0 0-0--X0 0 0
0 L. 40 C 000 Q000D00 a00CD0000mD 0 00CD0 100CD0 0 00D 0

0 inI DQCDoC D0 D0C000D 0000C c QQ 0 0 00 000000000000000000I C3 C oC o oC
9999- .9 9 9 9 9 .9 9 9

UUm
00000 0!! : .- 2!!!!!!=

= =f 0 01.-- 0- --

'U zi q,4
I- =U Z j=1

'Uu& 0. 0w w
00 go U4 Z Z

a.L a.Zzww w
-j w ~ w ~ w ..J -j- j
4 -w4mew = = 0 

'U be- NdUJ u bd bU

;a 0

'U A - i - i - i - j - i - i
CLQuuUu iuuuLiQuuL uuuc uuuuuu



r4 - - - - - - - - - - -% - -% -% - -* .- ' ---- ~ %*

20t, NNNNNN NNNNNN

- % % % -- %~%*%% -- %- ' -- NINE -~ -%

,UoAo 0, 0 0 0 0, O ,~ NO 0

t, ~ r0 0 Z-t ,Z , Z t .t .Z

-J 0 0N

z m - m 0 0
00 00 0 08 00

V V00 00 0D 00 00

CL 0000 =O O O D

.. ( M 0 0 0 0 0 0 0 0 0 0 00 4000 40

0* 0 00 0 000o 0000CCD00 0 00CD00000D00CD00C0
(4 -JC ;C C ;C ~ ;84 C 4C ;oC ; C ;4;0C

C120 0 00 0 N 0 00 0 ~ O O

0 4 a4 0 = Z ZZ Z Z V V Z V V0 Z Z V V- V% V
mu 0 200C n 0= o0004 DC

Lu 0  C, 0 0  0 0 0 0 0 0 000,0 0
CDo;oo LAo C;Coo ; ; C C ro C;o C;o C;a C C 4 ; o C

Lu

LUI- Lu

.1 LL=u .~ u ZZ jU C
I-.~WU a. ( u

= . LUA 000 N- u

Lu z WZZw w 001..7 of (n W

I.- - -1 -J w W w

w &" L W u u B CQ( W 0i Lu Lu W

a. 00 uW M. ----------------------

uu N d 1 dAlU ewb

ld 1,Z
0~~~ 00 0 00 00 00000 00 0 8 00 00 8 8 8

o o

CL 0 uuuuuuuuuuuuuuuuuuuuuuwu



-N - -- -- ---- - ----- N - ----- C

o0 --- 00w 0w w 0 o 0 0 - 0 w -c ---- d g

O'",o'Daww www0.

(0 Z

- - - -

03, 00

cc 
u0 40

0 09 C't 9

4vvc v v cc-

0j .) .c' .

a

oU m4 ac CDo 00 V0c 400C 0 0 0 0D0 CD0 Q000C 0 0= 40

-0 4

~LJ

UL

occoco OCO.4=cccc.0 00.CzCcicc ccc

-j~~~ UU 0.ýa

wj -j-
0 CL0 0aa

-K 03(0(3u K-- u

Lu 00 ..z oj. mo

-0 .L 0 00 0 0

Lua L6 . WN L, wW

aj- i- i- i- i- - -J i Zi =i I- -j ad. i-i-i

CL Q 9 L) u UL)u 0 L)u u Luuu Z u ~L) L. U )u L iu.





- - -- -% - -l -r4 -% - - % c IM CM cmJ IV

to r *. P.- - P- N r- N Go N P%. N . - . - %

o 0 0 0 C3 0 .2 10 0 a 0 -2 00 ,,- 402 - 4

U).

-. - -- -. - - -. - - - - - -% -. - - -- -- % - -% - -

n0 0 0 0 0000
Inn 5IS0 .I f .m .S On

(2 0v 0 C VYOCY o V V OV VV

V v b. - -- v VP- 5- 5 I1-b- o I- V V

z
!5 US

- 0) 00 0 00

U) V V V

0 .

0 0 m 0 0DCDC 0 0 0 0 0 0 0 0 0% 0 0 0 0 0 0 00 040 0 0D 0 0 0

-m m

WU =

5- z 5..-b
u 0L

W ~ z 0 0 0000001fl00
0

OOO

02c . S - US0 . S f . 0 0 .- S 0 0 ' '
0. VS a -IMI

ccuXX 5i I u
ui aa Mu a 9 5/

V~~~~~~a V VVVVVV

-C IL1.-3 . 3 - U 3.

Li Ci u u u u

0 0 0 0 0 0 0I0
pi* *W

L00 WOW VS00 Ill -q N -uJA U

oll

0 uuwUu uuuu uuuuz



- - -- --- --- ---- - ------- - -- - ---

gm. Ca - - - - .Y CM.. - . -% Y a - - a- -a. - - - - - - -. -

'0 aO' aOa 0'0'0 a 0 w a%' aa0 'a. 'a...0000....
ILl NNNm m m m r4 m m cm m NY -4 f

U-

W;0 V000 000 0;0 V0' 0CD00CD
O~ ~ v0 v . 0. 0. 0-----------------

C.CC 2 aCCQ 0 0 0 Q 0 QC DC

c -

-2 - - - - - - %.- - -C -C -C.- - - - - - a-a-- aaa

uJ

I- Q CD m V 3 CD Q V VD V0 V Q Vn00 0C 0=Q0Q

QzDc DC D00 DC DQC QC DL D0C DC DC

LIU
:za

zIc w w 0 0 0 0 0 0 0 0 000 00 00 0

CA -iL J m 4

=- =A IZ iuiU 3
w I. .C L - A > -

=~ = - 00 9
-U u Lixa5 C -.-

-% - -A -A - - - 00 -- - -A 000000000000000CM

V VVVVVVVVV

00~w 00 0

ze E z z m z 2c 1
w w-i-

ww 0 W 0.wJi0. 0 .J
LJ- . 00 J 0 0 0 I1 1 ~ =

CL ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 0 -0iI.uu0uuu



>U 30 WL2 mwz z z z z

O ------- ----------- -- ~ - N-N--

004
a0 a0 a0 '0' 0 ' a '00 a0 '0 '0 a0 '0 100 0 a0 '4 0 '0 a0'-' 1 0 a0 10 0 '0

- -0 -- - - -

0 C! 9
0 0 2 D0C 0 0 00

3 ..- v V V V V V-

40 C!09090
C. C 0 0 00D

0

C U

C, -l
.0 z - C4<vvm

I- u

90 LU a04 0 Z Z Z Z Z Z Z Z C; VZ z 6C ;C ;W

LU m
I.- U

LU 00 00 0 00 00 0 00 00 0 00 0

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 0---------- 0 -i -

LU ~ ~ ~ L =W= L i . 9W2cU j 2-3-
cc z 2K . 0 z "= g I.--I-

NC ~ ~ 9 30w 1

LU OW 0i ag WZZ-
IZ T. yZ y TTOW

LU N .1 WLU m Zrr s C' C. C' w

ry L LUujuj 0 U .. JZ J JOZ UA L* L LU wZ..J UL Uu U L Auiu Uu

LU A.J. 9. 00.-J' 1
CLI C2 39~0L Z u wuuuuuuUUuUL U u LU



- -- - -. -- -. I- - - - - -- - - - -

ow

a o0- 00 Oa001) aw' a' ' 40- o'

- 0 - -i. -0U~. 20

0j 0 00 D 40 M-

2
-J n LA In

0 0; 0 0 0
LT 0

IL 0: =O QOOOO002000000000fl20cC00C00CO~U CA : 0 00 0000000Q= a r0 0't Q 0 00 0 Cr 0 0
000000000000'tCotO Co C3,0000CC04000

-C'

W z 2 2 2 2 V 2 Z 22 2 VV 2 2 V 2 2

WA 0000000000000000000CC000C0mooo
:3 C 00 0 0 0Ln 0 0 0000 0 22 00 ^Ln===0 00 =0 =00
-l OC ~ oooQ000 00 'o~o OO COOOCOO COO

.0 ,00 Q00Q0 a000a 0 ItN 0 0 00 C 02 0 0 2 P2, 00 0 C2,

rr!4rr -C - N

'U -
z= = w l

Sw I
WW 3.-
22 a: m .. 0 o-Ci-

z M. 2KU AJuuu
W :: 0 IN,.= - wjI cxU

_j tj 0 U.U w

I.- W5 uu291u
Zw .. 0 0. 0 0 32

W~~ 0 WWl0,

2W -a.1 m m UU ~ ~ z 2 -
w wU 0 C ~ . N N 2 0 -J w w c

C.WW uJ W =-- = = =2 =a
a. u20u020u0w 020202020w 020200U U u uL2u u u Ju uU

9LC L uuuu uuuu



La LU -0 Lu w w >~ > > w>C

- - - - - - - -- - - - -- - N N - - N - ,- - - - - -- -

do ~ . 0 - ~ - r~ a Go a aac'a0IQ'Wlo0 w' o'0 'a-

cm.. 
1

-j 00400 0 0

LU
voCD vo 0D 0 v vv v y

I.v I- V v v----I

(aaC

(0 300 0 0 0 04 04 (O000C o DC
-. 0)C m- mC,0 0 0C 2C DQa0=C 20c

3.- (A Z0 0 0 0 0 0 00 0 0 0 0 0 0 0
c
ccO O O OO O O O O OO 0 0 O O

-C c .-it

LU

LaQQC DC 0 D= 0C D c0C 0 0 0C

9 OODOaOGO=OCDOO OOO CDO40 oo3,

LU

us uJ
Lu Z

CL LU L uw iu WWU J
0 PLu 6-u = = zz AI

qc = . - I-Lu w
I.- L u LU LU .i

9L ICL I - u 3-P
-1 _ 0. 1 1 =

Lu -i -i =UL~ d36 ZI- W W &
.Ja. 3.ZZCc m P4

LU La z a W W
I--a La - - - -- - -i- xA .Lu u

0.w c L a a a a aU a 0 0 0 0 0 wu a4 .

LuIf 
-

c a = j = a % a % . -i 2* L. -. 1 -j -a -.a -a -5 L" L
CL u uu uW u uu0 00.U

WWWWumWeW uIdu uu uWWu d uuWW W u v u IdJ
uo ====u uu

UU 0 0i 0 0 0U~a L~aa UL~

zz z -- ~ Z Z Z Z Z Z = Z =
-i 55 55 55 5 5 5 55 5 5 5 j -1 -S- 1- A- j- j- j- j- 4

Lu 5 555 5 ~5555555 555 585 839
La La La La La La La La La La La La u u u u u u u0.0 La La La La La La m m La La La LamaL



- - - - --- - - --- - - - - N -N

- - - -- - - - - *%.- - - - - -.-% - -.. -- SS ~.~' -'

ao040 Go go '0Go 00 0' ' 0 0 '0 0 Z Z0 w0 0 w 0'00

LU NNNNN mNNNNNm NNNNmNgm m cm NNN N
I.- Z Z

Oz z
00

CA =nL D4
Lnt 0C -CD 3 0F

-~ ~~~~~~ 'SSSSS''D' ~.SS
9 . 9CCrr ~ C; QC, 4 2 0 D4 )C

00 00 0a 00D ) 0 0 C,.- 0

C5N N

CL -- 40 ~ C, 00 00 Q - 'O 00 C
W ~0 0nC~0 0 0nC nCD Q 0 00 0a( o DC 40 C3D m

- DC 0CD0 00 CD0 0D4 2Q0 0 0 DC 0 0 D C C DC

w L
(AV VV V V V

-5 A 0 00Qa00Q00C)D0CD0 0 0N "0 0 0 0 0 DCDm 3,0 0 0
:3 C C C 2 CD CD 00 0 00 0 0 CD9 Nl0 0 000C C 0 Q 0 CD00CD000D0

fm -0

uJ j
(A

*~0 LUO0U~

)I - N

w -- j K

LU~L 0 U
P- - ~ -U U i I I- L A 00 acwJ U

LI 11 C
Z w

N0 LUf UA s-I-

us~ _- 0i z~1( z z zzZ - z

CJ- -U WKU .-. wU U UU u LU LU usL uL AL LUW00 u u L U, uW
LU OW u u uUu

Lai

u uuuuuuuuuu



u :N U > >U IU W W W IL C.J wWW wwwwwu A U

o~ ---- -- - - - - - - - - - --- - - - - - --

CM - - - - - -

Zn Z

-- 00 -- -f - - - - -
OONO 01 00 . .%

ca .f nC 1 C

-l CDC D 0 C v C.4

OOD O 0 00CýC;C

CD U5 00C0DClC ýC 0C DC ( 2C0 000 a 0D 0CD0 0

(A =-l n

QA Z Nc - C - C o C C 4 c- c Ia: ui2c 2c2c 2 v 2cv v

-A 000 04 mC D000C 004 004 D0004
(24 0 = Q C D4 D DC -I 2C 24 0 0C 2C 0C DC

CD CD V04 3LCDw D C D C D C D C D c )4 DP9 9 !99991 994 !199 C 9C !9 1
a %C t w a n ama U nA

2f r m ý
W 000 0000 0000 0000 0000 0000

000 00 OOOvflfO 000 00 0 0000vvv v vv
OOO OO- OO OOO OO. OO ~ oumu

000 00 00 00 000 01 00 00 00 ,< Nn

0-00 0uI~ 00~t 0000 n~-0 CDm

UA Ui 0cuLU

0 = 0 (C

wwA UA U0

usW ZU mm U

US 6 -ojat ' -'u Z a
wU w~ MW WD -x;-cceea

S ,u izw-
.JU -- ~0. z0 zw -W> Z;9ww- =<

of2 iLU 0 1-m w i -i- i- 8 w a 3- 1 jI.I..- .

4Lu U U UL U jP
CL 4E0 C w wwwUoto0

0 s -E5 5!
Ni bd v u00 000 0a0 00 0u m~

.J .. u .u u J .J .J u J u .u .. J . J 1. .. J J J J J

0 0 0 0 0 8 00 0 8 80 8 8 8S S 8 88 8
a aI nC nA m 30O 29 Q' aC ni

C4 - -UU U -1Uj U -j U U- U U U U .j U U-aU- U U U U U-
LZZR TtZZ ! :s ZZZZZ9!qW Z ZZ T T WWW Z9 9 Ns!WZ

,GI~ -
-J UUuu'

=- z zmx :
a"o "1 9UU U U U U < ii 99 19 A : 99



:0~ >W UJUJW(aU>

z

t- -n P % i

-J 000 0aW 0 W00W L 0 0 0 %m W f

0.-
112mm. .00Nu '00 -0

Cm 0 o 09 00C,9

0- V A V V V; OV V V OOV V

I. I- v - I .- -

V V

go2 -J

- m

UU

w~~~ ~C CmO O O OO O O 0 0000,00100
000 00 00 00 00 00 M M O %uI C000000000

00000i L -0 0 00M0.-.t0.iI 00000000000 in- n n

LU
LUz 2c a W

)- 2i= = I
z WA Wi W I- " "- i (LI us

a: -0-0 I- - 2 Z
c= 0 J = -C

K 00-0 -eggm = == . . = = =

a mz.naZU mim a *u 4I m - -
0w i -00iU 0-j%(oa 0-0 - z

FI =C Ic 21 2 .J Q= 3'. 3* m u u
0 OJJJ ef JN % N 0

Z1. x P P

I&A W us uh LU L&A U U.1 mS uS WSU
mK Ei -j -- j .8 . -i .4 .4 j

o 888 =8=88=888F

TN 00 00 0 00 00 0 JUUNUNUUU Nts!

U.t ' U iL AL u UUuiW L &

Nl z z iz l l z



U)U)

-amp

00U 0W tn m ~ -r I0.uu LUl M1 a ~w mwA

0 1 00 C, 0 00 00 001m)1 u

C')

z

-J )0QQ0QQ0a0000 0 0 0 0CDD

(A
4c
CA

Li

O=DOuO OOD O= m 009000~~0~~- 9 oo o o o o o o o o oo 90C0

za z aLUL
ul -A i

a ui -j

CC' a =2Z Z z 2 a za z~

-U 2 L-
zC 00cc0a 000-S 0 a0 0000 O 0 , 000I Qa9 a mc - L %j

O %; V%; A; 0000000000000ooo 000C

C% ; %

a m M
r4 ci i (i u u.

= ~ ~ ~ ~ z w1 wwgl N8t ;l Nwi N N8I 4i w lN is l

0., 34 o mJ



- -- -*%- -*% ' %.- --.- - .- .- .- ,- - - - - - - - -%

z -

0 - 3V 0 3=V 00CD0 0C

Q)=- I-

zz
ac- c c z z to

a. - a. 9 9 9 9 9 9 . . . . . . . . .

a, "Za

aU 0 = s
=- U ' uu

(4w ..- i-j- i- u

-i u a cc cc ac C9 aaa a w w a0 w w. a a a. I w w w -

cc -.J J 5-.. -J I- I- I
00 U U(

I.-Z(U (U (
(U U Ua---- wwww -.-.- I

(U ww w =ww----------------------
-1' 0 a a a a a j a j a a I- -j ... -a -.. -j. -j. .. 5j.. -i

r4 Si u u u u u u u U L) = =i = U B = = =

*. . . . . . . . . . S

a. CYN N N NI ~ N N N

* ** 0~*5 5 '5 '5



I- - - S- - - I- - 0- 0- S- - 0- -. - -r - - 0- - - - 0- 0- - - 0- - -

0 IN m 0 In M~ W LA m m 'nP n tn0I n0I n00I n0I n0I

01
a 0 000 0 0 0 00 0 0 0

U)
4c.--

*ZBh ~ m w w m m m m m

co

2c

zia 00 0 aQ =0cl0C 0 0 CC D0 0CC
AL 2C 2 04 D0 D= =( C 0C 3 2=C 3 2 DC

a U DC D C DC )C D4 ,C ,0 a C.C,0 4 DC 24 DC
-C0 30 0 0CC l0C,0 0C,0 04 D0 0 SC 04

C, -
0 z4c C0v-K o0 W C <-C-C 0 - O00 Cdc 4c0 t C0 - o0 aco o mAmcn -U I cz2 9zzzzm2 mZa=z;

-0
u. .

61% a^ i AU YL n U

U)U

W~~~~ ~ U W00 0 0 0 0 0 0 0 0 0 0 0 0 a"
000z000000 00000 00000 0000

0U 0i 0j 02 02 0 0U 0i 0 0000 0 0 0 ).-

0 0--0 0 0 0 z- 0c 0 - 00 - 00-00-

0 0-

I.- I-w w 0_ _ .. c-za c
cW NP 0io -mWnUrJU2JI'a'a'a1

zzmzzF n nmen, P n't4z

-C C w-Cw za, llI<IC C4cZ atOCn UUU0.
-. = .J.J J W 0

0j 0- - -j0 Z Z J.J. 0000i- - j- j j- j-j: j- - j a
N u uu uLiWu u-- uu uw00 uw

coZ O Z Z - - .

0t L 0 0 000 00o 00 0 0 0 0 300 0



w fm n Y Cin' N n0 -n C4i '0j Nm 'QN m0 NO '0 Nm '0 N0

I.-
NNt N~N .*N2N-N~t N* PNgo

IA --

w
I.- V

3A C30 0 m4 S m D4 -00 = 0C oC

CDC DC DC DC DC2 D0 0C D C 2
- 2J34 D4 .CDCo0C 000C C D 0=0C 0C 3

-C04 20=CC 2 2000CC ,0000C

a ýC ;C ;:C ;C ;C :C ;_ ;o C ýo_ ;C

-n - - - - - - - - - - in u% n in g

a. - a. v v v v v v v v v v v v v v

~~~~~~0 a: cc00 0 00 0 0 0 00 0 0 0

)-- )- z =-2

9LJ 9L. -lI 
- - "

w' ' .a 0ZZ Z Z 0 = ZZZZZZ -A Z =Z2c

wU 0 00 0 00 0 0 00 0 0 000000000
oo0 00 0AL 9L000 00 00 0L

................................................................................
o 0 0 0.0.0.0 0.0.0.00 0 0 0 0u 0 0 0 0

0. 't 4 4 < < < w 00 0000

Oe OC0C 9 If z z 9 O0 9 z z
---- --- --- -- i in n Sma- -

w ia

.-cmJ .

7 777 777 777
zZwmOO

go ~ ~ u~ ;=z gINi gigT i ii s 98i 1 NI I li
9=O A. .A9



CJ U U W 333 W W W 0 zzz0 zzzz A AW(AC

z

UIn 2 a N a NnO NInIn UNU I-% N.IL'N~~ .N'

In IN in cc mnU In Fn 6-1 U% F n do UN do Ln)IM Fn Go I^ P" Go I% In in U% ni

an 00 00 0

cc

z

00 - a m0.00co .- 0 0000 0

ca .

U) 3- Qn 0 0 0 00C. QcQC3 o
I', ~ ~~ ~~ C;C ; ;- C ; - 0 C ;C 0 0 0 Q 0 0 llr C10C

w me
-K V VVVVC

wJ U 0 0 0 0 0 00 0 0 0 0 . 0 0 0

U)..
LU C 0 0m00 4=0= m00Q02 0 CD D000020CD Q I = C Q Q=

CD Z04 a0QQ0QC 5 tC 0C mC ,l

-A C 0 Q DQ aCC n - ,C D4 ,0 Q4

a0 C 0 V V E ZZCMCa .C !.9 !9C
4U.2 a 0 N 2,C D0 -i n' 2C

UIn

v
Mav 00 00 00 00 00 00 00 0( 0 00

0~~~~~A 00 00 00 00 0 us-0 0 00 0 0 0
000000'000000~~ 0Zp)0 N n n 0 0 0 0
OCOON-, 0- --- 00-00 0 I0I m .- 0

m 000 00 u- 0 0 a O 0 0 0 0 0

l-. -. 09~
- o I-. o- o- Ma Ma Mai - - 1

00U z e9SS L l . , Uu
Ma 4 4c 1 Z ;c m c

-4~~~~sa. cc acm m uk L

cc a:z IA4 U
-CMiai- -J-J J -A Z WW W C- O JLUaJ)-U WU .
91- - Z 0 0 a U ~ U .1 co c- C- C- C- C- c4 Cw mI oc cU nc oc

UU..JJ.JJ..JZZZZmmm IU W~a a~

r4 U) ) t ) u) U a u u Pi ?i Pi )mmmmmini ni )U

.N00

z Z
0. -j -. -. . 7 7 7-7 7 7 7 7 7 -. 7 7 7 7 7 .- . 7 - 7 7 -a



- - *- -% - - - - - -% - - -% - - - - - -'%- .S .S .

Non .N-InaN tn N U% aN ANN N P-N sow .'N~Go coo 4 ooc o o w0 8 00800a0 8a

In n
0 ammo

0 .n t^
go C,00 ,

U2 i
I- 080 ;C ;C C ;C ;6C C ;6C ;C

V V

oc

U

40 -~ CD 08 0 0 -Cl0 -CD0 CD0 0 - CD-0 0 0 0 0
In -N

vi v v v 0 v v0v 0 0 v0 v v00 v v

Mi 0U LZZZus u Z ZZ z Zz== Z Z =
=Micz =w

Mi 0000008 800000 000w08-80800 -

8z 4L 00- 0 000 00 0 0 08-00 0W

cm IL -C In In w -- j -j -- r -j -

VA V V=
I. V V V V

LU~uw~ CMi4 4ikk k kk kk0 0 0 0 z

z z =

Mi- - j j j- -i -i j -j - -
PQ U UU ULILI -- LLULILILLILLIW

m OW 8 OW mm m
00 000



jLu LUULJ U21 >3 LU WLU IS! us Li U

IA~~~c m 0 Am0I AV 00Pl0I Am n CiA Fn~ 0m 0n on

co NO t IC Ao NN cc Go Go coCIO co 00 4

0.-

1- -1 ' ;Z

- - - - .- - -- -. -- - -. - - - - - -. - - - - -- - - - - -.

!5 0 D 0 CD

LU
00 0 VD 03 V V o~ Vz v V

v V V I--V - I- v

-c In

CD 40 0 0

v L I

0) - 0

-j

of ZU 02 t2 Z 9a t2

I.- L)

& - I 0 t t0 0 .D 0 - A IA - 0 0 0 0 30 0 C D U 2 0A C 2 0 0 D . 0 a 0 0 0 - 8
-Cr~~OA &R55o-25- O 0 0 20000 -o 00D c

V V V v V

LU tu LUI.- b.- -

IC I 4cui LU u

-a

U. zz u LiLU LU
cz zz - -ww K t4 2 cz

-r z wz u wa-U
LU LULU us a a
P- 0000wLUUiL

ui ~~~ a ' _mU L

0I M 00 0000 0 0 00 00 00 0 0
Lu wwu LU LU I" wU MUUUW UU M .L. L U LuLW LuW LU LUL WU

N LULI(UULIILLIILULIIIU .QuuL IuLIu~

rn

Im

o0 - aaaOog g wOgwg ta gO Vg ggagiagat 1ag O



Li Luu I-> > L

z

aJ a

mU m m- ~

0 00C;000000; C

P. V 00 000000 v

000 000000

:3 0, 0890 00 0. o 00000o0000
0 CDC3

0. = 0. 000 0 =.0 0 0 0 0 00ý 2c 0000000000c

us -j

)I- ul

I- u

- )

lm0000G0000000000=0%00000000000

0 0- 0CD03 a 0o a al an mn 000000004 0 0-0 M0 0

-ý C %% 0 -- 00i n0000ý00000 0- - Q-

= = w
a.~ wj Lu La LU ILl Lu

P - I.- t- I- b.- L
oej -.a -C -1 -C mC

zz ui = LIL9

m = *g m u
LL,

0.~~~~~W U U.U.U U U U L~LU I.)iiiaaa

0U 0m 0 0 000 0m 0w 0w 0W0 be000 0 0
Lu~~~~ ~ ~ Lu _j _u -AL uL uL L uL uL u uL uL u W Lu Lu -u -u - -

*j -j -j - i- iS j i - i - i i

z~--



a 10--%.% . . % .- M .. wn a 1- 2 9% 9 1- M, M, al- 2911% - %I *

M wl W% n do N n W W% Mn Mn 0% w wn M n so in In Fn go i% wl so U

0 -

a 0 0 00 0 0 00 0 0 00 0 
8 0

'a

zz

Cu
3.- V V V

0 ,00999C - 0- -

I.- 4 4
aC4 C4 c4

Cc U
zu

us' o oo 0 0 0 0 0 00 0 0 0 0 0
a. - 0.0

C0 0 :, tn00fin0 0W%001%l0&
0 0

U%

Lu =
- 9A

41 u c= =

a ~ ~ ~ 4 o e 0 0 0 0 0 0
0  

0 0 0 0 0 0 0 0
0 000 I.- I.- t- ini C - 00 i in -* w0 w2c -j c c

ww &zLw
Cie a-WLWNWWN ==

f.J U.jZ Z m I- .. .- w-

ac =i-=- - -i -i-A 6-- - . .. j j-
w-i w jmu ,w w ww 1W3W .

4c xxx -jx -J -A -i -.

CNNN

9L~ o 9 a a a a a a a a 0 a a a 0 a a a a a a ca 4m an a



U~~~~~~ 0 0 z z> z WI W W W W IZ L

z

P ~~~~~~~ ~ ~ ~ WN a -W -% ^a -U n U % &
0w ww w ow "I ~ nt U nm0i '~~M n 0i

LU ONNO0N2ONNOJ('JONN0 NNONNONIV NONr NO

I-

z

C; 0;C 00 0
Li

U- 000 000=== 0 4OD DO O R o ~

W
-C -- C 0n~

aa

Li L

.- J 0 00 000000000000000000000000000M=
M.Il ~ 0000000000000000000000)00000000

LUpo .'000000040000000000N.000o00N00

0- - - 2-0r D

LU I-A U

m LU 0U ZZ Z Z ZZ Z Z Z L V Z ZZ
LU =UU c cC

=U 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0000000000 0000 z 43000 0 00a0 0

C0 a 0 0 0 0 0~ a -80 tt 00000 U

W W~L LU LU0 0

0 < -C Oc u U z z Nz0IQ4
x I A I < <W

9L ~~~ = = =- =- -U LI LI -

mm ~ mm WW O
LU0 0 L L L

N u u W u u u u U u u U u U u L. u u U u U

cmL L L L L L W U L L L W U UU L L L L L L L L L L L L L
zz

*L N



w wwUW w Ww w wwww> -ID .>Z o

0A CY 0Y Ml C) 00 P y 0 ly 00 0 Ml I'i 0 0 eIY CD Y m CD A~ t 0 C-

CD 0 00 N C. CN O 0 N CD N0 4 N N O 040CD D NCD 0 C .

2c.S ... SSSSSSS
=3 1=000 0 0 0 0=0 0 0 0 cc UZ

19

0Y 0i i C CD- 0C

LU9 99
0. 2 4 00000 Q CD CD v CCCD
Vc V V V v vv I- I-- V V V

be

ca CO = DCD C

Q 0D 00000 0 C C
C5L

IL 1: cc '0 40 0 oo O O O O O O O O O

- 0C

LAJ 3-J

LU 0 D m1 K0 CDK Q1 CD N a V? 400 C 0CC ,g C*
LU Q 5Q= DC z 4 04 0C 0 C

-j Q Q 06%M 04 DC D4 0C 204 nP %04 D4 D4
CDC0, ,C

V V V V V v V V V V V V
V V V V V V

LU LUI

LU LU LULUL

I- . .9Lu LU U
LULU LUW LU, *

gggo---J-l.-

ccw c0: =J- = KKs j000

I.LUULU WA 3-3 w w 0 00 000 U K KKZ ( 0 00 -K
I- ui 51-1 0

p - - . - )- 3 .- -~ 0 0" 1-1------------------------------------------------------------- =

LU wwwwLwwwwwwwwwwwWWWWWWWWWW
2c 1 .J .. J J .. - .j -i .. J -.j .. J -a .... ... .J .. j .. J .. J .... -j J i ... ... .. J .. J .. J

O4 u w uu U u u U i U u u u u u u00

C-.4

LU L 0O
0.0oa oo ooO ~ a oO O~o O ~OmgO



w. wu w u u u U o. u u u U u u > U U UU
u

a am a m a ma00 Go Go go 40 0a

z Mc

Z.. Z.--.- .-.-. I-. -. 11Z 1.Z Z .Z ,Z

U000
0mu

0- 00000 0 0 0 00 0 0 0 0 = 0

-C

OC -C - C

I. 00
UL o o o o o o o oo o 0 = 0 0 4

O, (2 CD 0 0 = C, 0 C, 0 CD 0 aa

ai -J- j i -

U ~ ~ 2 mu aA usVZ ZZ Z Z ZZ Z Z

b- Uw w w

5d u M 4 = = = t-aaaaa acaeaa

-C C4 - -C- -C 4 m -C -C -4 -

V a V
V V V V

i ~ ~ ~ o ooa- 1- 1- j- - i- i- j- i- - a- i- j- j-
u ~ ~ ~ ~ aaY W iuuuL)UL iuuL Z u uu ujuu1

7 ~ ~ ~ uu 7 7777 7777
T,~~~ ~ Uy UNl e



Li Wz w w w a o z z z z a w LU Z2021.LIL IL L UL U UL ULUL UL UL UL

-. -f 1. *% - - - .%. I.%. - % -ý - -, *% -I. %. '% 1% *% ý % 1%. - %t0 UNM 0M 0 61k m 0 Mi m 0 inh 0 0 &n m 0n Ii in 0 m In

aco o c o ac o c c oc

.9 LI LIL

2 - 00 0 C
- W! .s % . %. C(2 0 OO o

(A -- ! 1
--C- -C -40N~~ cm c

U,

CD -D -0 000 M DCDa00=00C
= 0=Q Oca N 0M -0 -WN M-.

occcmc cm o
Lem

v vV vV V

Mi .J'i -
a -* Co 0 W

-oG 0 0 Ne
wa wl -t 4

-M NeC i
0= 0 0 VU ui

aj zz US -C zc -Kz u )
a- LI d a

acao.aU. o 29ac ~ c a- a o coc
00 .- 0 0U . -N- 00000-- - -m

LU ~ 000U wh .0-1-6

11i .4c IWI I"~ t, MALO, n

0 ~ LI LI 00 0 N
0 0 a CO MU 0 C .01 u . wI

a a U ip u -a-a.
WWLi ~ u uuLUL c i

"a a- a- U. I. U. a,

L ~ ~a CD m i = = = = a a = 0 0 = = 0 LI LI 0 aQO 2C3ai



ui LUWL0UL UW I iu u iu u

In In 40 WIMMSEflWm99J

U, IM MO mN MO R0 Lm Mn cm N nm0i 0 m a M a

I.-

0 8888880 80 0 0 0 0F8n8 88

-l 0 D0C 0 0 0 8

a-~C = 0 0 08 V

42 V V V V Vt-I -

z 00C 004 ,C DC D04 DC D00C DMQ04
6. 0: CD0400 4 C 00 D D oM 0MM =CDC0 0

0 D 0 Ln - Vt 0 0C 0Vt DCDC

us C D 0in 0 8000C ;C C ;C ;C ; C ;W ;C ;6C

C, L

(A -
LU40 0400 40 in 0 80 om C) 0 04 C 100 8 =m80

o- (A 404 0004 D0 C m 0Z DC D0MC

us =UL

a- z "3- .i

LU~~~~L 00 0 08 0 00 00LL0S8 0 8
oooo 000ca08 000

8 8 8 0
,8 O

0- l -U IAJ-

I~~L LU us UI 0 00 0

ui A w LU U u LU w8 8~ =UL UL swu UL AU SS Swu ,u

a- a- Q- u u Liz u ii U. ui i. Li-p uauu j LU U aLu

= = = ==U itJ~
- a - - a- a- Li -i -i - i U 7 L i L i a- - a- 0

CL



L j LWWLU Li U u UU wwwww www

u 
4

Co
J

a -gy - -% on eyF

00 000 00 0 00
omom f~0a m~mm mI~0mmn

a 0 0 0 00 0 00 00 0 0

CD v - -3 0 04 D4 D 0 0 4

v .- I. 00 .- 0* v vv vv

LUm.
!5 0V V 0 00 0 0 0

a

- D M 0 D4 00 0 0C20 00 0 0000

fk~w 0o0o000P0010NO0000 0 000000000

Lu a DC 0 00 o0 in00 a00 0,0 00 0 0 CDon0000
3- s2 - 0

m - U

gm z VZ XZZ zC- C. C - o I I C-

LU X

LU C004004000000000000 00 0 00 040 C,00

00 0 00D00000 00-Nr 00 O
000 004 W;W; ; ; 0 a S C; ; ; C C

LU LU LU

-I.- s c . 5 La.

-j .- -
-

3. )1- 3.. 3... . Li z U oa LU

cc cc U. -

2c Z a 21== =

0oc o t 0 0 0 IS 00 0 0 00 0
LU LjUWWi &Iw wLwmw w w wLUw w LU i i-

0 3: 0 m: 3 wuW LULU wL&AUWiLU uw
P4 U u w0u 10 uU uU U u a 0 0 00Iw0 00000

-i WO



-- - - - - N -n N -n - -n N -n N - Nz

km $A in U% WN In i% i% %n in% iN W% in i% i in iN WNO ~N ~NO

in L

0.

CC!

ND 0 0 0 00 0; C ;C

0 -0
w o C;000000 C o o 0 Qo 000

3. 00 00 00 00V V V V V

a -- 0-C -

W a .0a0Ca0 QQ0C

W! 000 0 00 0001 99C!C C

Ca -J

0v0N00.-000000 00000000oO O O O O

w= = V
m~~ WU 00 1 us usZ Z Z Z ZZwo w =UL

W 0LIS I- a s .- W=00 0 0 0 0 0 0 0 0 0 0 0 Z0

-J 00~t00in .- 0 0 0N IZ00 0 00 0

W O 0 Ul0- O m0)o o-. I.-0..0.000

&. cmQ0 Nu
-C Aiw

a, 1

~~cm
W3~ www W z UL swwwL sL

0 Lo"a. ! = Q 9 a Q c 9 a 4 a a 3 U. I 0- im i C 2C



10

-a - - - - - - -- - - - - - - -I- - --

z

-a 0y M 0l M e M CJ C
I.-Z . u. Z Q . . a a.I.* ý.. f

Lu L n c N G n c UlG n g n G n Ln c n G o 1 " 6

ac

UP -.
LL ;0C ;C ;CC ;C ; ;C ;C ;C ;C ;4 ;C
30 us0 0 0 00 0 0 0 00 0 0 0 0

a.-C a 0 0 0 0 0 0 0 0 0 0 0 0 0 0

- o
4cI .-

Lu
I-

UP

C3 0 = 1 DC3

9 V9 C! 9 9 9 . . 9 C! 9 C! V 9V999!99C

Lu IN=
oo o L

z z =Lu Z~Lu 2 cmUPLu Lu ZZZ.1 000.1 -j U JZZZ11.Z - -

usL u z 2cL U LS 1- Lu u. . = 3 3.).
ly z 2c0

.s~ ~ ; a a a ~ ~'0 0 a a-. -. 1

U.1

0-0 - - -0 00 0-0 00 -0 -m -n -0 -
Lu~~I Lu W ~~ W W u Lu'uW T 9WWT WW1?WWW

a 45=

gi N~ tI tC tlýI tI l l l t" tI l l
If -a. M lA

,ac NNNNN NNNNN NI NNN NNNNN NNN
GD -a * a a a a l a l al w 9 m o M 0 w UPU

ou MEIS w ISIIw IIIIII L-L I L w .sLu . . uL uI m L
-. . 1 - j - .1 j j - j -1 -1 -

P.0 aaa LiaLia uaOUPOuCO O aaaauO



r- O CK. 0 ~N0 0 ~N0 0.N 0. N 0 N 40% N 0 .
uj N N NNZN N N y & c N -tj - cm N

UN w n u I- n A L n I n U

40 Q C 2 D C 00A

0

40

U3 29

-Cco
z 1 1 1 C I C O 4I c I 1 14 O W 4 C I 1 CI 1 I C I C I-cJ 12 c=a= I2 12 1 112 1a EIII2

0A 2

0 D00 3 DQ0=4 00=C D4 D00 0C
CW CDCQC L3 IC 0Q0C DCD0C C 2 34 3 D
C4C =a=c C ,C DCC 2 mC C 2 3

-I ~I .oooo ooo oo00 
0 0 0 0 0 0

000CD
C! 9 0. 9 C!90C!900 9 9 919 99 9 C!C! 99 9 9

(Arl Im .... m0m4000

7- 20Uu

w LU
m- = LI i j 3- L

4U (ALJu AU 003-3- z2

UJ 00000000000000000000000000000

m WI W - N -i LU U W IA

w www

b.-~~~~~1 WWc3-)-3w:-02CZ

w C==w w~ 0 w w w 0- z
z? C? -- j -j w0-

zzz zz -0 --mm . .

0.0.W Ze9C C4

4  4L4UU JZ

4y 44 Cj4 444v 4 Y r4 C4 44 44m 4v 4i 44 44m 4m 44 4
cm WO ig is m igm~

IL 0 9 000a00 0 0 a 000gm0 00 Q 0aIQ030a 0 0 2Q0 0a0040



N0 0

S C, "C 00 WO, 0 Lol CID 0 a 0 N Q a N , 0 N 0 0. Q . 0~

ccw u, - c~l Ia

V% LA UInl

o C 0 o 40 0 0 0

- a- 0C 0a00aa4 0- 0 ,CM000 00C 0
9LQ0Q ,0a40aa0a Q 00 0aoCC 0 0aCDM00M0

U. (A m V V V V0 VD Q V V, V,00000 0 e n-0

3 z 0a0aC 0C DMa0 0C 0 a0000C

0 U C 4 c wV 
I

a. a 0. 00 0 0 0 0 0 0 a00 000 000 a

aa o

(U =i2 L

0L 00 0 0 0s 00 0 00 000- 0

00000000000000 0- 0- 000. 000 00 0L 0

zi w~ w zm

~~JUW WU OCW

w w wc 4c 4i w Z 4

4* W~~z O-c z

-j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ aj wi -i -i -i- i- i- j- i- . j- j- j-

0..

.. .I J .J .J .1 J ~ .. .1 . .J . .J .. .. . ..J~ . 1 .. . 1 . .a ..e .. .i .

to uJ W



u~ ~~ > > w 0 w w 0 w w w LU 0 w w z z z 0 w LU wU wU w tZZ

ci

LU N N N r4 C4N N N

a ~ ~ " 000 00 0 00 000 0 0 0 0 0 0

U

z

In 0003

00 0 Q Q o C
LU . . .

19V00 0
2c-V V

n zL
-o (- 10 CD

C) 000G
000 o-00C

C5

U, -j

C,-C

nau

LU a QZ Z Z Z Z Z ZV0Z Z Z Z0 0004 00 0C 04 DC

wU 0,= u j

LUU 000 00 00 00 000 00 00 00 00

-l OOOOO0000000003.tO3... - -OO OfOIf

an A an 0 0 0 0 0 0 0 0 ).- 15 00-0 0. 0t -

=~~~ = =.

=Xww== SEE==
P-~- -I. -z me0

LU LU I . -

LUC

LU I? I .00

LU 6 .-.

wa-c = = z-- - -= m ,. ...

Cam

Ln

NlI

0~ an a a aaa a a a An aIa a a a a a2 a a a am a a3 a a Q am



u L3 L i iLu IU uWU IU L ~

- -. - - - - - - - - - - -~ -. -% - - - - -. -. - - - - - - - -~

c I

a- CD4 0 0 0 40 CD 0l C 2 0

02 0 ~ 2 000

,-v 0v v 0 0O v v VOCa

2I.- V I v V 1.- 0- o- v V

C; -;C i ;C

co U

0. -D 0 0=00 0003000 )0 0 00C000 0 0 a 00 0 0

CL C: 0000000=00000.0000000=0=0 00000

I~Cl

cnn

0 CD C5, co, 000m0 mU. D i Wi Wi . 0 C20 0 0Wi 00 W D 0 - 00

-- 00n 00 --
InN ON

v v v v v v v

1.- 0-

3-- 3.-w 00 ju

co 0 L& L&
LU L U,.

U.Il.UU MA
3'. gnw C3 o 0 0)--3W

ol ~ ~ ~ ~ ~ ~ ~ ~ ~ M t- -j Ziww- j- j- j- jD
1%I :3 Q oZ

U UA ui " LU L uj UA w w 2 w w uj w UL Uo U UL U ui uj uj u U ui U UA U lu

o0,

a - o o



- -- %. . - .% %, . *% . %. *% 1% *% - . q. % - . -f *% -ft Z.

&A m~ N In N N 61 N Ln O0 n in 8 W, @ U, @ 0 , WN w in '~n
0 N CD - N 3 CD C) N 0 - z C2 - ND .- N3 - CD - N - N -

z-

U, C , CDv

9 0 -
000000

v
- D 00 0 0 0Q4 0 4 0g000

9L= C,0 0 = C 0 C 0 0 = 0 0 4U. w VD V2 m VD0a4 DC DC D000

In -i

- m

usUC 0 00C 0 QZZ V a~ a aZZ Z4ZZ Z Z

Inn

w- U,

Aw~~~~~~ Iw -L UU A-
0z 0

LU 3-- 3... as c
IM -,j 1--i P

4 2 -- - - - - ff IffJz

4m wwwj 000

CM y NN r NN m mNmm m mmwN= N



u uu

NN0. .N0 0 . NY P. Nl 0. N 0. .NN N 0 .N 0.

C4

0 i
C2.0 0r a a

C000 00

0 uum

9L 00Q0a04 aaaaaMC Q4 mC 5 0 000 Qa
z 3 D0 M4 DC Q4 0CC lM a Q a M a aC

(A -

z

mu
cLIzwN co

Z) 00NNDt0000000000000IOaOt..t00.0m
-1 00 0 C.a0 a 0=0C000 0 0 a n 0 -0 00 an 0

00 - - -C - 0 2- - ema -0 a0o

w us

mummum mw a m

Z I. a LI I. a:
z9 = =I

2c =muu =
ix U z= ii i i Ixili- -

I ~~L LI- LI LI LI LI LI LI a Z a a a .

~j.j~-.mum mu um muw uz5 ix ux u u A mumum

w x ixi xi xi xix x x x x ix 0xi xi xi xi xi xi
c = 0 0 0i 0i 000 0i 0j 0i 0 0j 0U 0U 0000 0i w0 0 0000w

I.J LILLw L LILLwL LIL LI LI LI LI LI LI LI LI LI LI I LI BO.I

-j -. 1S -
r4 u i L

aIma a a aa a a a a aa a a a a



CoU

O ý m r- N , C4 1O- N. f. 0. 0, ý ~N ~ NN N 0. N NY
-i Ny -- -- - -- - N -- Nm -fm- - N IM M CM

9 % ndoW Fnmnmo N I~n0 ~ SO n m
a 0 C C C 0 0 Sa or02WS0 U0D 00 S S00810 CD a00 0

WUC

99 9 - --4 !C

ca CD C.C3 0 Fn m
0- 0 O 0 9 19- 9 -0mmQ4

C) 0 000000 0 - Q00,0 00

0 oC 000000go0 CDc co V CD 0000 C D o

0)- a - 3 )ý . 0 4 00 000 00CD -CD-mQm D00 n=C

0 m .0

0. U
a VVVVV

.J Cl 0

I---

0 40U 0 0 Qaaz z Za=%

v U -v

(A u

uJ ~ ~ ~ ~ ~ ~ L OO O O N n O O OO O O O O O O

LL u
-J 0 0N~o 0000 0000~0 0 0000 000

0 a L

w ~ ~ ~ ~ -w a. - ZaLU "Z UI Q K

UA LU = 1

14 14 Ku2 1 w I a a S

~~~5c cm, m. mI mA.. .J.J.I.. . 1 .J .J.. 5 .. 5 . .1 . .8 .. cm. .4 . .

U UU



U> >>U U>>> >U U UU U U LWL>'U U U UU U L

0 0 I 0C 0 00w 00 20 2 2u zzw w00 00z

- -% -. - - - - - -- 5 '-- --- - - -s -. - - - - - - - - - - -
IN M N M IN M~ IV M~ CM M.0M N M. NV NM N M~ M M. N N M. M

.-Z ft - N . N -. N: .% N. ;: --- NZ. - -
Ch ~ ~ ui 0 rnn-nr cyI; mm ;:.

0. ~ ~ ~ ~ ~ ~ a 0. 0% 0 m CY .I C Y I

Z InI-C 04 0 -D 0 -

CA
Z-z: z z z:

m 0
Nd

I-
cV

Z
-C

a0 0m04 0C 3 0m QC m4 D0C 00: D C 4 a = = = 0 = = = 40C Q a a C m 4 =C I
a u ,a( 0C 00= C 0mC nC 3

CD 2 0 D 0 ( 0CD40C CDco C C C 0 0 C 0C)4 CDC2C2 0 C
U,- ;C ;C ;C ;C ;oC 4C ;C ;C ,Co8 - ;C ;C ;C

Z b V c
-C 4c * o o o oo o o o o oo o o o oa.2 - ro0 0 0 0 0 00 0 0 0 0 0 0 0

IC~g c 00 0 0 0 0 0 0040 0 0 0 0 0

m- (AZ m 3 00 2 n 4 0 0 2,C

~JIn i

UU u
a- UiL 

n nI

!2C-

-i -j -i cc ac cc 0 0~ O

(A U)~I m 2can1 ,-

UA~~~~ UA Uu Uww
ac an

a: w(A wLU LU LU

ui ~~LU LU c ;LU; LL
LU~- uJ w. am mi w m
0, 38 0 00 c .4 4c 4 a-0 L -L 0z=

un u wm w m wJ In ..
m m .a=.0 Lf0 .i0 2 .C .0 a AM -w a m U3

LU UUUL L

. U. I . . . . . I . . . . .AA nL L .~ . .. .



ac

0lCl c-jI Z O-*Th NZ 0. Al Ok N m 0.-Nv

L % em - * %l C% % % *% %l - M - cm - C- - - *%- CM - %-

Z 0 Z N -1 110 N 0.NN0 .0 .N0 . N . N .N .

0n 00000 0 0 CD m0 000000

I I I

0 *- 0 - -

UIj00 -000m-L

-J 0n 00 0;C ;C vv 0C

v v v v b-. I.- M0V~ F VV

O N 0m 0 0 0 0 0 0

- C;i 0C 0 VCV 00

CD 40 400C 0C C o4 DC = =C DC 0 2 DC D 2C DC

O N 0. 000 000

-u -C ~ 0; 000C 0 ooroC C DC 0 0 0 0 04

w U

P.-

oo.- (2 0 = 0 )Q D0 e ao m0 0 000 0 00000m

-0 U, '0%i M i % W
... a .J - NA

RU Z P, In 'rZ Z ~ Z Z Z

U. u =L
meU 2C

u au
m

LU ~ ~ ~ ~ gmg 000 0 0 0 0 0 0 00 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-N -a - -5C 5
LU ~ ~~ 4t tI- I- NIN

LUc 21 LU i-i-

000 LiuILILIaaU .)

0..

19 ~ LU IN g U t iWTW W) ig g T) g ig l ig g twUJLwW WW twWIN I

..0 0.



u U (u u Au

:21 zZ Z a CAto C

co~qz 6 - b - b- b - - P -- 1- 6 . - 1- 0 . - I- I
a: - - - - - - - - - - - - - -

a ~ ~~~~~ ~ ~ ~ ~ cmmmm nm "mo .n- %O r MI

mu39~-- N - -

Cm 0 0 0 0 0 00 0 000 40 0-0

(A

I

v v
v I- I-. P.- v v v z z

z
'C

-J 0D 0 D loCCDD0 m DaC,4 mC 0CDR D 0 C
in uQ Oin ,CDC l4 - ( D0 0 CD~ 40 Q-

3.- (A ME- 0 0
= VC VC

'CM
-C
C r-

-C .C .c 4. oc -9a C-iCnC - c- 4 C-

I I

=. Q- )=gD0c a. 000000g00000000000000 0 00
00'!0!9C)0C0CD 0 0 0 0 0 020-0a ' t 0 00

a: vu v z z mv zz v v v

LI w
m CALUU

000000b000C,000 20cnP 0c 20

mu .u

-.a 4c 0 u 0 c ci
- - a. a.LI UI

K~L Ku = 0 u u

P- 9 LC K 5
=L =J -J cc .Jmu

-C .1 2C C .C1 C. ).- ).- miC
I.- I. c .K1-: - - i -

mu g cc or cc ccja mema

-C 4cCKK L <.mmLLL -Cw4<444 c- c4 1
a:~~~0 In014- K K K K ~

--j
-J7

cli~~~~ ~ ~ ~ ~ -J C~ N - ,1 2 u = w L j

0' LL I"- :;;- .j-



- - - - -- - -V - - -- --- - m

~Mtn
2am

In i %=I C N=L N V nU 0L nmi
Go w w ON 0 C. w w-m- wa.mw-t a. o

a~ adoa-a a a - aa a a a -,cc

(AI - n 0 0M 0p

I-

I- v v

z

-j an anU% n

3. 9 C 4 4 C =Q D D D D )a a DQ=CDQC a a aC
3w 1A Z~

=- V V

of~ ~ ~ zU I c2 c=a z z c=z K = 2 -K K = mK K ca c=2 a ca z2

I.-
Go

- in8 n 8- - n - ! - - in- I%- --

-I (A aaaaaaaaa aaaaaaaaa caaaa aa. - a. aaaaaaa aaaaaa aaaaaa aaa a

)U (A 2cK L U uu

w0 a z z z z z zz z z zzz z I.=

MA =

MA acaacaaaaaaaa mA '

9z cc gmcc
In~~ a o C

2c -j- -i-j-j-j-j-i-i-i-i-i-j-j- -j- ---- -A - aj - -

u u V L V V V U V V V Vi V V UV juu uuuu

= = ac2 tza 2 cz=z 2
LU LL UA AJ LJ uj " USw w S UA s USU& L w LUuj k Lu u uj L.Aj L U L



CA

0 6- &M 6 0I 0I 0 i i M n % i
w k 0 0 ý w~ 000000 000000 0.0a

- t -, -t ! .-. Zt- - - -

inz

U An - U% - - - - - - - -

z
-J z z

0

CD aD N0 a CD am e0 CD aD aD CD CD CD .4 3 0C 0C
9L a: CD C2 = -2 Qn CD CD CD = CD -D -0C 0C.C *0 0C DC ý4

Q = CD CD Vz a V0 V V2 V2 CD CD CD CDV D000 24 0

LA a -DmC D00a D4 00C
Q~~~~ ~ ~ ~ =VDi oa = aC )4 o ý4 D0c

CD C3, C3 I- D0C 2C DC C ,' ,0C DC 30

in K

UU
-j Ni -

-, aaaa2aaaa2aa =aaaaa&aaaaaaaa

a ~ ~ --i I. -C aaa- a. 6- a. a a2 -aaa-

of -a -a - .- .
CCC reww--=

1.-j 9z 9 i j-

0 == =WW KZLu j U

iiu uu

.~ . ? ?.------------I.f":

oc oc qc -C 4c -K -C 'C -C -C -C oc -C -C 'C 'c c oc 'c c 'c c 'c c 'c c 'c c 'cac 0 0: " 0 0 " 09 01 = a, , 01 0 0- 0 00e cc = e 0c 0c 0 00 cco c 0
ooa lI mIC WWW WW w 1 1W0 1InoWWMW 02MW M W 1040MO n W 1

*U Ni WW LU WWWWWW Wu LU Lu UJ uA U ~ W W JW W
00 3u33 3!!33 3 N 3 333

zS
I'- ju sw UL ULIL U ULSLJL W W W W W W uIUW uUJW WujWW W W W W W W W W W W WU

0 oC 2 o0C2C 00L -a a a a a a a a a a 7 c-, 0 0 mo 0 0 7
goS WaWZW Z2C2C2C= C C C C C C 2 2 ZZ Z2CZE 2CZ t 9
9L 0 9 g z zU z z z z z z z Az z z z z z z z g g K K U AW L U A j uUSUjM



u

a ;;

-- ---

w l In t n In - n in

Id

cc us z z z m z K z z m m a m

a9 -i0C,0 0 0C 0 0 0 0m a C, 0 04 0

KK cc

L- U,

us 0 ZK ZKK3KKZ zZZ= KK KKK KK
CO) U)m = us=

mu 0000000000000000000000000000
-J~ ~~~~ 0 0 0 0 00 0 0 0 .0000z00

-10. -00-0 - 0- 0 . - 0- 0 0 -

n r 4 CL &-- - - - - - - - - - - In& aIn o- I- I.

CK := I me

4a go z z c4

uj LUOWWUWLU W WWUJ IOWWU M MZWI MMM
2c - -zzz -
0W U . W

r4u

In J ~ aa Z O0 J W

a. 
M z z z z z m 

0 0 J
a- 0 O Z 0 K 0z~0O Z

mu L~aa U m W W azww w www



- - -- --- - - - - - - - - - - -- - - -
M - n-0lp AM -C n pz

400mj 1=1 CO Uc l o, 3
N. %- %. 00 uuc ~ ~ ~ ~ ~ O U 0 0 O Cnp - A o Y o n c~ A PIM F A-Mo

I Z. Z% Z. Z% Z.0 Z. -. 0Z

z

L.% '0 * 0 CA 0 'n
W~~~U L IV0 0e . 0 . 0

LL. (A 0 0 0 00=aaC C 2 0 00) 0 DC D00 0 00% 00 00 000 0 0

ax .. .. 9 9

iol 0 0 00 00 00 0 00 0 0 00 00a0 0 0

40 0 a 0D 0D 0 =0 000DC)0 C3 -00 0 0 0 0A 0 -0 0 CD CD 0

v v - -c vs vs v vsv

mu U LI I ~2 =LI LI

cl -

uj~~~ -

L) mI LI m mu- ioCL4 - Co c-C-C4C4 a-. I c-CO M 1 I

-K~~~~~~~~e 4K zm c 
em 

c zm 
em 

<eCw- <g<- C C<g<-

ono

u mu mu mu u mu mu mu mU mU mum um u mu mus u mu mu mu mu mu mu mu mu mu mum

a a a a a 2c X a a a a a a a ae a a a9 Z Z a9 a VED U, mu mu mu mu mu Mu LU mu mi m S mu m " m J us m l wu mU ME LU mu mu2 u; Uzi U 4m m Zu mumu



LI

P0p

-

Cl 00C 0 C 0 0 D0000 0 0 Q 2 0 0 400

0 O LL ey

0D 0 *0 0D C DCD Q C

CL I

0~C 00 0 0 0 oO O O0000 CD00
uai-

0 0 0 0 0 0 0 0  0 0  0 0 0  00 000 N

C) a CDK D 4 DC Da ',C ,0C ,c, C ,

LL w D0C 0C D4 DC l0C cC1MC ,4 ,QC
-2 0DC D )C 0C 3 C )00C nC

LUS

oj CDCD 0 CD0 02 0 00000 4~~o o 0 C)OOOC C 0 C40 CD0

.D-a0D 0 0 40 0 0 - 0-400C m00-D0- 0 0 C 0-0a 0 N - N ND

0 0 0- 0C - 0% - a -

= = = = P- I.-

I.- I- us Lu -j
wU L = = ~ = =

LUWujLU LUWL . .

UL jUA LUW L UaL=~~~ ~ ... a.. - - - -

LU ui CLULU~ -C e a wx
0. C.C 0: 0 0 1.jw -

LUW 0i -Z W= WU
mm .-i 2 0

-~ 3- j _j -. 0 3--31

af LA . 3 . 0W~ L L I -o..I LI LU U -* .U LU j LUj

LU - - -I -A *l Ji -j *L k k k T 0

0 0 00 0 0 0 0 0 . -. -, -l N~ NY Nm NU
P4NN N N 4 N4 N N N 3.. 3.. 3 - - -- 0

0 gogow0o0 c 0 o w w 0 0 0 0 0 0 0 000 0 0 0

-l .- j .- j .- .- j -j .j .-a -j ..j -j .j -j j .J -1 -1 -.. .. 1 .J .5 . j .. J - j .

00-



~ .- 9. -9 - 9 9 I 9 9 .- 9 9 -I-S- - S- 9- - - - - - -

IV - A Fm~n N V9P9 Nml pn FA Mi- MV Nn k nMw t M-f t-f

ac~

-U soMC mom 0 on
%% 1. In Z

CO 0 COCN00 0 C2 C CD

ui . 0 in in *in-y
9- 9 CD* 0 V cm

tn 9-nI U ;C
00 ; v CON 0; C

C 40 0 oC CC
0 uI V V V V V V

wn in- 3

-cc in a0 in

ac =U 0 1cz 1 vII=2
us

000DM ý0 M OCO 0 M0000 M D0 F 0 0 00C 0 0 0 0 CD 0 NM

in wt

LU LAU

4c ~ LUusLUW

WI- J - -

CL I=U =

ZU.Si.LI UALL U

0 ~0i K _j-99 J

-C 4c ii. .1-oC 4w wCw-
0 C2 c cc u u u uU uL Uu ) u

..J 4c .5 < -C -C 4c wA .. J c.. c.J. 8 .. . .

0. O 0 LLLLIIIILLLIIIIIIILLLLLLL

u N

o 0

LnWW W W W W W W W W W W W W W

10 LU K = = 2 =Z=2Z =z =Z Z K Z zKZ = KZZ c== =2
0.0 3 W W W WW W W w U A UU WWWL ,wU iw ju L A U uu Uu jw tu usW



u o

.a - - - - -~ -% - - - - .- -. - - - -% - - -. - - - - -. -. -. - - -~

0- 0 C c 0 0 w0 0 0C w w 0 0 0 . d

mu 0 m- N m0 m 0 n f- 11Pr -1 .- M~m n

o"'(00 - -O In InV

Cca 00 - 0
0 m 0 In D* 0 0 UI

u v V VV V

v .-. v - 1.- 0 0 0 0 0 0 0 0 0 0 0 00 000

0LaC ,c 0 0 00 0 0 0 0 0 0 0 0 0 0

U) -j

-C0o

CA
o0

a3 co C- C4 C- C-
cc Uo o o O I O m O2t z Oa z 2c 2c z

0- C 0 CD 00 0 0 00CM0 0D0- t% IQ N -40 0oC D0C DC C D C D4 DC

1 0 .- - - - -

LuJ LU

2 Uu L uw LL 2Au wL iU

=22=3-w w w w w w
I. 1 - offK

a-= 22Z4389300 22
_j _j _j J-a-a- mJ J _j J OC CC cc

LL *i LU P0 0.2 2 2 u- W~
0ui .- m O 0 00 L C U

=w LJ U UU U U UC O 00 0 0 00 0 0

nc 0 0c0 00 0 0w 0 0 0 0 0 00
MEW W WW W W W WW W W WW W W W

.... , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~, -.J 4c -KI -.J -C -C . J~ J~ . . 8. . .J..j..J a.. .J.J.J.. .J

An

N N5 !uJ Nl N5 N5 N. V5 NJ N. N5 N. N5 N .N 5 N .N 5 N .N NNNNW

-j Ni - 1 - 1 - 1 - i - i - i - i - i - i - j - j - j - j -

a, 0J (JW 0 =C5 0 0 0C O42 CML0C5000s0 0 cs 40
zW 2 c z z z2c z z z z z = m= =a =m z =

0.0u us U LU J Sw WUSw w w w ww w w w w L" WWWw



ci ( W 0 WA 46 ~WY (Al W a CO CO( A 44l (A 0) * Al Ai U #A

- - - - - - - - - - - --

"I F ao n I O M o n t

In WIW IMzMl a

(A
- - -- -- - - - - - -

00
cc 0 0 .0 0 0 0 0 40 0 40wU - - W, - - W% - -

z : x z z z 2: z z z

00

Z . (a 0 0 0 0 0 0 0 V0 0 0 C O 4 0 0

c0. 3- 0. 000=0000000000000000000000

u0 - c C; ; 0 00 8C000 0 o000 0 000 CoC0 0 C 0 CD0

P, -I CO 0 0 0 o 0 o 0 0 C I ~ 0 0 o
i m ( A -Cw o c 4 c - C - C me =C - : 4 : - c - C d .cc . u mcN t2 c292 c E = 2

ILl

00J00000000
0 0 0 0 0 0 0 0 0 IC 0 0 0 0 0 0

..................................................................................-C O 00 000 000W4 200C ~ D0C

>

V V V V V V v V V V V V V V

z =

z =
uj~~~- WW cm z= I -

4 W j
WC W-. mI- I u u 0.0.

- usKI KL - - :0 1.b- n

CL 0 . r4U"I WW

wu _j _j aa = x w 9a a

0 a awwww _j w xxxx w m-

au w.. w. j u s .. U us .j .j w.. .j .. , U .. j us. w. usj ... .. usj .. .. us. w. .. usJ wa .

00

10

R oL-i m VN! vNNN.
LL jLIwu uL swu su uwu uu uL su um uw wu

_j _ j j _ j _ j j _ j _ j - j j - j - j -j - j - j - j -_j W 0(W awt i4 300t c vC oc 7W 0L 5C JC020 = z czz cx2 cz CZZ C2 Cm2 c=9



u WW I- >W W I L I WLIWUJl IWWb- 4.

I~

-

in r- a s n P 0 r 0 N r D U -

ow) o . 0okz.o w

4- M - M- r r4IV

an CDi 0i C3, 00 0D0 00C, , C

corn~i Uu 00 -0 0 00 cm0

Wm 0 CD-* . 0 0 * .
oo 00 CD 00, - 0 00 CD !

N- 0U -NCv 0

cor CDu 0- -00 00 CD0

CD CD C0 C; CD .0 0 C3 .03-

-1 2 C- C 0 0 D CD0 DC)c CDCD* 00 0 CD( 0 a 0 * 0 0 CDD 0CDC

0. -j .. . . . . . .0 0 ~ 0 0 0 C 0

U)~ 0c 100 0 0 - 0 N 0CC C n C0 00

0* MI IC IC Ic I 1 4 c

I-- u
4- )

us 0 0C 00 000C ,Cac *0C, r YcC DC
CD 0 Q a 40 q Z Ky v0 a , ,c , ,c D0 D 3

W C! C! C! 0 00000 C NNN0C0C!00! 00.

Nr 0 m 0 CD 0 - 40 0 0 D - 0 0 0 0 0 0 0 0

- v 0 Mi - -

LU -i 00 -i

09 
LIL us LI

-j kWu- W LUu 3- -- lo- X.- 3.

LK Z0&00 0 LI 2=====

deI~---------- 0= I zzO Wa Ia I- PW I-. IE 1- ff

m % 0 0 ne ce cm cc 000 ne mic cc cc 00000 i

.1 .1 .1 ..J ..J .J .8 ..J ..J .8 -j ..J .J .. .J 1.J 1 -1 ..J .8 1 -1 -j .8 .j

I'.. WWWWWWWWWWWWWWWWWUWWWWWWWWWW
08 -1 -J- 1-1 - -1 - - - - - - -j - -J- - - - -- j -- j - -- A .- j

co- 0 0 0 0 00 0U aCC20L (at otC20 D0 0 00C 00atoC20 2
zK K K K Z zK K KKK =K 2ZKK Kc2 1=z c czzaa

0.0 W u uU , L, WLSU



w 40 go Go cm mON 0' t0uI Ck 0 0it ON a ~ a n to 40 0

soe gingg
4C M . Fn II M. M- M- M M M M IN M- M . %- -- * ~%

Z ZZ

29 ol00

9z 40 CY Iia CDpn D

go pnPo

9L a 0 COON 0 0 a 0om 0 00cCD, 0 0o
W 3. 0 C 0C 00 04 D04 DC 0 C - CD- ,C 4 DC 0 sn -

)p- 00 * 0

-K-
-J0

de * 0 ze 0cit2C2C 1C v1C z = 4 C1
US

0 0o40 CD00000 00 m CD 0 0 o0 0 0 a0 00 00

00 00 0 lr mC30 0 Q00ý0 0 00000000008000D 000
-* Cill 40 M M i 0 0=KQ Cl r M M4 i 0 C

0- 9 en ý !9C C !9C

AL -j -

ww cc Z = z =K VZ ZZZZZ===ZZ=
wI .=AU

z 1 1 LU j L .

cc 00u 0 000 a . 0 0 0m - 0 00 0 en0 0 - m 0 0 0 00 -. L. "a F4-0

VA V V V V4 V V Vj Vjzz 669- jM
llV Vi V Vi VU V V V V

ui ~ ~ ~ ~ u U.ai W WLoUI- I-a a 5 3-w--u 4 C 4
I" BEI=Z

UJUW
w0 z ; Az z zzzza r e81: LCLIL

49 4-..J OOKOO Cw
Co ~ ~ ~ ~ ~ ( ccW wK i

W NLUL

Z;LI- WWUJUw OOO www I w wwwwwW wl Iku = wi-.
iz 00 UL- 1 -j a - i- j i - i- i j- i - i - j- i -j j -

0 00 11m CstoCoC20 2 5Co0 a :20 C ca0 o a z o 0 C
z =zz= xzz= zz=m W=zz=

CO Uu uw w w w w l jW JW L I UIU1UL .



Li U U U WU zz U U UU Uw W . U L UUJ .- LU UU

m W ~ W Z 02~C W W Z Z W Z Z W

.j - - - - I- - - - - - - - .

0j A nmln"- ~ n Op n p

(A .-

Z. Z. Z. *N Z*Z . V. Z Z
2-00 c~

V Vi

G00 N! 0- -
1 0 9 m0 8

0 Uv

0~~~00 W C; 000 0 00 0 0 00 0 0 0 00

CL = 0000 O 40000 0 0 0 mN 0 0
0 . n C 00 0Dw-0 D n0 C20C30CD =00200 0 00CDC)0,0 00

U) -. 5

Lu - 0 C -;C 0 f--C C

= -C -C t%*

UJ 4c -C -C IC ZK IC 41 I V IC4

UA 7 u

-J 00D0= CD0 00CD0000CD 000=N00 0004 C 0

-~i fm 00 fl-. -* 0

rns Fn -t'I

V V

C 0 00

U U U 0" 00

L U W U M L UL U L
*L LU (u -2 -C -2J

cc cc ca L usO U-a -

000L, u :4:30

I ~ ~ ~ ~ ~ ~ - -J 2-jc0 L L;L;

LU UUS- i -j = *- K K =U U;; uL ~ju=mm
0 0 CL 9L IL us0 =K 0 0 0 9m aK aU Uc ZW rLu

cc US U, M 0 0 w 9 1 9WL 9-L .

0f0 00 0 , Lawawa0 00 0000 0 0 0 0 00000 0A

-1 ~j -.1 -.1 -.5 . -.1 -i -. -j -5 -.1 .. -1 -5 j~ -A ..j -A1 -.5 -a -.5 -.5 - -1 -j .. -j .

j - a a B BBBBi i i a a a a B j j j - - -j-j-j-j-ja j-

2* Zo- w0.w w ww w w w ww w w w
v - - - - - - - - - j - j - j - j - j - j - j

L7 L2 (1 0L7 ca LW C.7 0 ca 0 LW LUL(a U2 2 W 0 0 to0 C2 C20 0 0 (
0. TrJ 1 MuM EUi EM W=w15 JJW929W u wM mmmm2JAM



z

UN P. rn-RUN NoI NON WN rN- gin--RUNNU N R~j N-rn9

I %- - -, s oi

00 m r"
m- -4 Mw r - C(d-F M C~ o Y MI

LU 0 0 in in Q D0 - 0 in - in = O

z

NO 09009

; 00 0 .00 11

v V I. I- v V V V I .- I

CO 0 00 0 00C00m0 0000 =00C 00 0 00 0 000000 0

~wz 0
0

CK 'CaIzzz
LU

0- CCJC
0 c

LUv 000000000 0000000f n000000000000000 0000000000000

0000 0000 0000 0000Lini 000
0rn0oOOO ~ o~ nO0N oOO OO.0 000
..................................................................................
N 0 - i 0 00 ' in 0 0 0- in0 N n * 0 00 - -

000 0
00 u NuwL uU
NN- =Nc0. c

Vi us V" cc cc VK-

z aaz dp

UA~: .. Ki-
LU LU LU U

IIJ6 . U j - 4 LU LU g4 4. .J I .j IC

a: cc acK 30.g gm K -ji- c4 -

) U) J [aJ V% U 53 1- 1 .- 1. P - to- P- P-. 6- 6- 1- P-f- . 6

-C C Coc-C- o c C c-C- -C -C -C -C C -C -C -c C. -C C 4c -C 4.c -C -C -C
09 0 cca a0c m a, dw a, a, aew0 0 w, I m w "0

am 0 0w w am cc0 cc I~ 00 11 cccc aIwwwc mc oca 0 0 ca o 0 0A

.J ... j -i j -j -j -j -j -j -j .J -j -J -j .J -j ..A ..j j .j -j -j 4 -j
9 =N ML

0.0 LU L LU UW Ul i AS U LUil LU LUUw LU LUw u LUU UiLaW UW UWaUi



uLIW LL WWU I.- u
aI z c D

CA

I-~ ~ ~ ~ ~ ~ ~ ~~~~~~~~e im - -t --- I - I -I -I -- I I - I -1 . -

an CD -Na-N-NN 2 & 2 U . t

!5 a

0 1. - P

-N -N N! N1 -C!

0-C 0 O
I Ii .0 v I- $- .n v

I- V3 0 0 0 CD a V V0 0 V2 V Vm4 00 m 00C

-C

c -C 0-

LU 40m 0 0 - 3 D C 0 C3 0 N
a D .D00C D0 -3 0 CDC 0Ol0 C 0 3=4

-J U * 0 000 0000 000 0000 0 0 0000
n -a. 00000 00 0 0 0 0 C 080000%4 0 1 N ---

oC0000.t t00000000N000 000

(A -J

-K mUU i0 j-

U UJ9 0 ZZ ZZ ZZ Z

Ia w =-i-
LI

I-( 0CU A 5U =4
3iJ jj jU

o00 0C 0C C0 C02N-N %t0000~nx x P4 0 N0~0 N.ON 0

INC -- - 4-- .c

V V -V VC V C4 5_
V" go VS VO V1 V- 3V )- V V V

us w W W MM W WW W LUU

0 c Ia 0a
2c ac =J mm

-j~ ~ ~ -j -j -j
=- = J aIaI

0 2coW 0 2(Dt a C2 IC c a 40 f-7 cst -at

Ia w LIwU L A 4 UU . .U.U
IL- 0 LI LI LIA LImm ujm

W * ~ 0~ Wa a



ui ciW 0 WZ > :
ZUX >P Z :> S > f

0--N c N N m m m m m m N Y

00 CD0 0 0 CD 0 0 0 0Q0 0

= CD ------ D

- - v v- 0 ~ ~ .- 1-. 1 - I. - I. I.- V V v %. 1 - 1' -

0 02 C D 
0 0 

C , C0 
0 

, 3

0 0D0 - - 00 . -)- 0 -- 0 -
oou0 0 0

V V V v v I-V V V V.I1

C)CDC 0 D00C Dmc 0 0m0 -0 400 C
C1. 0 D D M 0000 4 D 0C 0 1 0 CD0 0 0 D== 0CDD=

us C C. =CD000DC)0 0DC 0C 2 D0 0DC D ) D0 C 0 0402

-C cn - 0 0 0 00 0 0 0 0 00 0 0 0

(A (A

LU,~~~ 00 0 00 0 0 00000000000000000

L.- U) Kiui

2U ==

a- U

dL 9L t- 0 00 00 00 00 o
0 0 0 0 0

U U n A0 00 in 00 00 ufi aO
0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0me 0

-~ o0 o00 ~ 0000 0000 00in OOOO

00000 00--- 10 0 0- -----a---- 9do C c

ol~~~~ ~ ~ ~~~ 0l tI 0 j- j- i
c ~ ~ ~ ~ ~ - Nk i UR5 6

14LU -C W4 UW Lj i-uJ i 1-

LaLU LJ w .1 w w ww w w ww w iLAu A LU LU LU
ga~ a 2 m

LULU U. LU. L WJL UL U UL L U LU LU U L U. L L LU LU LU. LU LU. W LU.



ul

0~~W 0 0 0 0 . 0 0 0 00D

I- - -0 .2 -0-co4 D

'ng In 4" 00
CD 40 0 00' 0

w 9 . 9 C!

0V 44 00 00,0

IA m V0 V2 V0 VD VD V Vo Ol0--2 , 0MC 0 DC D0 C D4 3

0 2 D4 DC oC ,0C D0c 0C D00000C ,C
U, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~. meC ;C t- D D C ;C 0oC;C ýC ;C ; ;' ;l ý

u

C! C! C! 00 00 0 1:oC . oW 1 mo9 9C!o W .o .. o .o 9
CD 00 00 CM r -4 000 0 0 4 . N000 C D04 2C 20 0 - -0 D~~~~~~r 0 00 0 W 0 0 0 0D00 0 0 0 0

MA LJ

31. CA 
w a

-U Xmt ,a

Lu =j
U)( ( j L

im 00 0 0 0 0 0 0 0E J* 00 00 00

Z5 ~ ~ ~ ~ ( 3 ii.= .
Luu

N- z = z zz z z zz z z zz i z

>u > > >
C! I.-

CO -C w oc ac oc 4 AC oc oc 4 ~~~A 4c4 -(4 4 A c4 c-
CL w &6U.L6 U.6 .w w wU .U .L .U .U .W



LuLU LULLLI iu 9LL UJ &U LU U U
UI z zZ z W> 0> 02 21. Zo. Q Q z Q

LU 00.0 M - -

C) -CD-a C 0 C D-

un V% &n

LUn
CD 000 V VV 0a

a V V V V -a a-- -v v v v

0i CD m m -DC DC D0C a0CC 0C 0C D4 0

S. SC 0 000 00 0 a .a CDaC D4

-a(A i 00 0 0 0 00 0 0 0 0 .0.0..0.0

.j .j

-C 0

LU

Lu OOM0a0 OOnaaOOOOC000000 000000
@ 2Ln i C U4W0 0 00 0 000 0000002C ==C a=M C3 D= zC 0

0.-D.3- D C, D000C,0 01 a 0 CDCDriYN 0 0DCD00CD0 00

2~~~~~: V o% VVV VV

LU LU LU I- I - LU

LULU~~ =UUaaa a-
uiw LUW cj IM I=

-a LU ui u cJ

= = = w =

LU w -X~ aa

p- U- 0

OC -i-j _j-j -j 1.-0.- m m

..J.a .. 30- ..a - - - -a 3.. 1.-a.-a1.-3.a-a-oa-a.. -- 30 cc isI Nca o w* 00 0 ca 0 0 40 0 0 0 0 0 0a 0 0 0% 0

0L. LLULULULULULULULULULULULULULL&ULULLU N



cc3 333 3 3 3

- - -% -. - - - .- % - - - - - -. -~ - - - - - - -% -% -

M M~ M M M~ N0-N - NM M. NM. . 0-N0-N

-u N~ M em- N m - --- - --- - - - -

- -. -. - - - - - - - - - - - -. -% - - - -

4

I
21

L"w% w

-a a

W LI

o. - 0. 9 99 .C. ! C 9C
0 % wo nw nu " %w %u %u'% wt

LU 0Az
z L UL Liu
ac. 4P

'4 AL z zzzwww z= uL
I- zW3W 

imU z cza

0 j0000000 0j 000j000000 00000

n O _ _j-j _ _j Oi oOO_ O O O-A O O_ O O O j O O O - - O

I- -- ---t 
an m? 

a 
azazn

.U L .Z .. ... . . . . . .J

B- - g Z I. ZJ .. LU LU LU L LU CU C , C C C LU LUL 4K UL

_ j -- -- -j -j - .j -j -j_ j j_ ja i_ j_ j i

0000 0 0 0000 000'4 0 0 0 10000 0 0 00 00

40 ~ L _jW U U U U U LU U U W U U U UL L L L W L L A SA iAI I VAA 1,AAI W AA Ve

0 D4 0C N=4 D00C 00004 04

CC0 . . . . . . .



z

1-N O -0N1 1- 0- 1- P -, F N 0 , - N -

i N4 - - - - - --- - - -- -

030

-- --------

z

v v

(A -

O 0 0 C4
CaL 92 c2 a c 2 9 2

= V

t.C D=CD4 Dm 0 Dmj 4 D04 m3 . C)ooO o0o0ooaooCoCO O C0

WN Zn UM-- -- -- -- -- --- - - -

X3 -C2

'jJi- I OO O 0 C 0 C C C C C 0 0 ~
OCOC OOC OOO COO CCO 000 000
............................................................

o%%o6ooC6RoCC00000000
0 0 0 0 0 0 0

gas CC0 0 0 0 00 0 0 0000000000
- .- -rn n- - -

L l SJ Mi -=i B-l J --LL

T .
r4 m " -a.-ft

4 4 -Coe oC 0 4 4c -C
C9a~

wW 33iG
000 000

I- B-I~Ca a~aZ ZZZZ ZZZZuJ a.0
AL '0O000000 0 00 0 0 0O.--. .J. 3. J.J.



- -% -% - - - -% - -. - - - -. -. -% - - - - - -. - -% -% - - - -

- N0 - cc go- so go c- a 0 w - 0. N w N 0 0 - N

CM m

z

I-C

a 0-

or z OO zOO z z z OO OOOaOO z
(A XI
I-

- m

09 a

w~~~~~~u 00 0 0 0 00 0 0 0 00 0 0 0
0000 0000 0000 0000 000I.-0

LA iu um

z~~ ===U)

-j Z 29~ Z z W Wm'
.1z -- = "A 3 zzU C

~~ zzzz

2" a j - -1 6
wi 0.0. 0.w wJ .J ... i.IOOOZ

cca a w
. UinI- 0

T z z m z
ft " UY cm m " UY N cm em UUUUUUU

-Cw4 cw- Ncq c 4

In-

TI TN



iU - ~ fm N p fm NM - N Ch U

ai CM fm CM CMCOOCY

-Jl

mI

.

a. C2 a 
a0m0C 2 lC aaQC 0Cm4

U. VA CDC- 0 C D4 )C )C C0C , ,C zC )C DC 0 C 2 0

U - C

3. 3 z CD

aa
LU 0 z z z z Z V Z Z Z Z Z z 0a mC DC 0maa0Q 4 200

w oooooaOC24000000400040000000=0

ofLU LUWu
LU

LU LU LU
LU

-1 3. . ~-LU LU u

LU ===zza

CL LuLU . .
z z =- j -Jz m m Ji ULULwwU u LUU us

.- - -L* L0 00 z 2- -J -i zZ =
i... x z .0CULa .Zz z O0OWL Lu LL u

ui~~~~~L -U -W SU SL j

M 0 0 a a t L aa a aaai LI Li Ui LiC-lL i

CU w C CCCC CL & 9L Ia 9L IL C
w w w w w w - - - - 2C i i 2 2

Q z z 0 z

000

a ao 0 o 00 004000 coco 0000040000acoc
Ui r4 LU * * a aa m am ac ramc auc aut am N m mC

0.0 ..



W ry -- -% -%. % - fm % %* %' % CY -%-%' - -

CA

!7 mm:.z z z; z: z:z z: z :

U% In kr tn UN'~ rr n

CD ~ M CD0 D 00 0000 M

004000000

U.( 0C 0 0 0000 0CD 00 00U I n0 0 C

0)- 000 C D %in 000000oo c 00 00

W) a n in

a -C
Qz CI V V C V C V V V V V V V V Vc c c1 CO CI

-J( 0A Q 0 00D0 0000 0 000000000000D 0 OO ODMa D00
R. - .OOOOOOooooooacomooooooloooooooO
qh.(= 0 = D0 D00 =0=000a'SaoM niU%0 0 0 =C) 000 0

9 909
8  

C! 09C!099 W!V! C!0 9 9C! ! 9 0 C! 9
&n in& - -- - -

P- M- L.15 Uf

12-- 02- "2C Ow OweZ VOweVZ Z Z
3. 3= -3-3 U W L .

-U -U
S 4-

Mi Mi Mi %- %- -

-C -K <. 4xx -

N CO IA IA ol ISO UJU 3-oCO SAAAA AAAA jr sc ' . yCs
co Im 00 CD U0 U

co - -x0



(A ~ : W V) CAWWCO w a- z z 0 w. w 0 w w c l' uu

CA 0 0 0 0 0 0 ZZ 0 0 0 0 0 K

- N~ -N O .- N - - N - - N - - - - - N - -- -~ ~ - - - - N
fm NM N -n NY IM Nn fm M N r A- j

cc

0 c o o o cm00 0

0A t jMA

- -4- S-0 sm s-18 ,1 = 3O -0 9 -

O 00

v vv v V

000 C0c

LI v v v v

0. 3- 0 0000 00 00o 0om 0000 D00000 0C100=0 400

FA -J

.- 03-

-22

LI-

o0000000000000i 0 000000

0 000 0 0 0 0 00 0=0 0 0 0 0 a 03 0 0) 0 0 0 0 0
-n 0N 0f -1 - - - -* - - -. - - Nm - -

v V v v V V V V v v I V

.Zc~ ~ ~ .2g:I. I- - c- ac-
3= = cc at0 Uh ua A .LU -j .. J
I.- f- 0- WU Sal W O- OC

2c ~~~L = = = = = - - .J LU L = Kc 3I
uj W, LU LU uiLL 3.a a - -~ - - 0

1a--P-a-a- 9 O 3.. a- 0. I 0. . .

LU w Z 4c -C. I-I-.a-a1-- 0 20 co x

_ j00 . 0 0 0 - i U U 9

LU0 = = = = '

W us- W

1aa 3 i3 8ai i3 a a Pi B 3 0a 0 0l 0l B 0 0 0 B 0B

ww w w w w w w-----------

AL N



u 0

z

r.-. ad. o .~

0.-N ~-N @ -N . N0. N .- 0 N0.- N 0. 0.- %.%

a 00 00 00 00 00 00000 000

LA i

40F

I in00ek0C
w v v

0 ;L 2 40 06 n

D 0 0 D004 04 D0 0 DC 3CDa4 D0 D00C

en 000, ý0 00(000 0 0000 000CD0000CD4 2 DC20 000

a -e z -C 0CV " C I C 1 V

ac USz v z V 2c I ~ v z v vz 1z1

eon

ooo ooo ooo ~ ooPOO -600100
-J~~~~L o0 0 0 00 W i 0 00 0 0 0000

V2 V V V V
V ~ ~ 1 V C V VVV V

Iu Ium

3- -- 3.- U -.

us uI.A. a -- - -. i u 1 tuJUJ

s g g j I - -u

cc -z j -j c -a 0waw
mu a ,w ew K -Co - a a-.-a wwww9L cocoinamc w0 wu uuu uu iI

-i K j - gg ~- ~- ~- j Ki i i Li Li - in mm mm mi -j i- j- i-

zo o ---



z

O~ - O - N - N~ N~ N 0. 0N 0 .- N 0 N Co. -

c m IN - INrN O-N 0 -- -- NN -k IN- N. 0

0 ~ ~ ( CD -t 0- -t 0*- t ~ CD

z

-MI
03

in un CD n0 0 moococ
v V V V V V v V V V V V V

z
-j

Q 0 ..
co U

-1 0: C000000 000000000000000000=00000
CL - 0. 00000000004000000000000400000004=

L~cn00 0a I000Q=0uoo o o~c,= ooooooo a

LLn - -
3- IW 2

w=

wI 030000000000000000000000000000
000D000000000000O~q0000000000
0 0 0 Q Q 0 0 0 Q 0 0 000401000"oooolm

2z z z
Lu Lu IL L

Ll -J -J i

LuI x = =u u

w www

-C -K -C -C--C -C -C - -C -C -C - -K-C

m w

to 40 a a cc 0 cc do to a 10 00 000000 00 0

9L00



u :w

a~~ am N 2mm Nm J t AG

00 00 cc0 040 00 -0

I-
- 4 S' SS'' K~S--'SSS~' SSS~' SS'''

!" Z.Z . Za.m.-%ZZ . 1 I-. 1

z
-c
65

in in

V V V

CL

I.. ac 41K

0. - 0.

0 0o o o i 0 iQ C, 0 C, 00 8,c 0 0 0 C,0 0 I in0 00
o. 43 SOoSz 2000C 1C ,C.C 0 0C

-. C60 C C 0
1 C ! 0...0 .

0 00 0 at %W %U n 0=oc %W c a C; Z

w v

v

WO6- b - -

= V w V C V V V V
bV V

Iol W- 41C

CL I - I --

LU ~ ~ ~ ~ ~ 000 6-0-j- - 0.1.

0U F4 r4 'S 0 wN w 00

0000555w5 zw 0 19999
w w m W W_3 )'

20 10 60 660 660 060 60 6060606060 6060 6060 606060 6060 00 0 60
0 ~ C~ ~ SI . VI VI

o* N,= 
4 oC 0= CC.C 2 ,C lC

a To ?' ?C? C ?. . . . .
CL C2



0 020 00w 0 00w0 0 0 0 0 0 a0 zu ou

100

Ch a Nt- ON - N r-t t a- N - , r-- %a t do-N -N
oo co go ~ coc o oa GocaSa

OCIN . r Y ru C . I M0
-UC y C m y ( Mr

cco
w In

vc v
I2VV

COi
-J C,

-C --- v
-A ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ c cDC 2 00000004

CLa 0 0 0 =M 3,0 0 00 0 0 M O OC
U~u 00 000 ==0 000 =00 4=1 0 w cgo c(S 31 n 0 =Qm1 U4 aC 0QC

20- - . c c c c c c cc a c c c2c c e
co ~

oc c ~ c c c c cc e o t O cc c
0- CA ICI C I Cac1 C 1 C I I

UU

mu acc c c c oc c c c ~ = ec3,0cecoo o ooocoooo c c oacccccc cc 000
a c-N, 99 cc9 cc 99 99 9 .9c 91 .c co. . ca..mW

o ~ ~ ~ ~ ~ ~ g MtNNccaaccac -0. aM c - C c a

V v V V v V v

zu m m

muwsmuumuumu usa n
=a-- = .m zZu3u1. 1

muL mu w= w=a
mum m - i - o -Ka

a- aaa a a a a. . a a i .. 9 j v. w. -l -U -cc m -- = == c m m mUL as as 999 U za a a a

c99 x x x x

CA m m m cam o c wa co CID w cc go do cm a 12 In a m wa wa ma

WIS.IN. q A. c cc a c ca cy mc~jcccccv u cy m ccIcy



- -- -- - - - - - - - -- - - I- - - - - - - I- - - -

Go Go so cc go coGo g
... % . . .%- . . -. %. . . . ..- - - * %* .%

NA 4-em N 0, --- N - -Z - N.~ . . NZ
- % - %.-. - - - - - 'S- ft' Ok' N~' 04 - M%% ~~'

o 0000 0 0D 0D 0D a 0 0 00

vii viii v v iv v v v v iviiv v'~

in~. 000000CD

0000 00000000

0 o00 Df iCY04 0 0 C 0C
W I C 00I! n0 0 0 0G%0 000 40 CD 0000C C Dmt-a

a V VC V V VV V 4V V V4 Vc V 4

-J U.U)0
LU U 40 0 0 0000 N -r DCD0C D0400004 00C 2

0 0 0 00D 0CD0 04 0 0 0D0C,0000
00C % 4 004 0 0 D0- n000C

-, r 0000-00000- -- --oO

-J~~~~~A (fl 00 0 0 0 0w00 0 0 0 0 0 0

a. - a. 0 000 0000 0000 000 0000 000

(n -Ju 2 a
MA~~~n OO OO OO O OOatOO O iO OmO

MA -A
U fu iwww

CdwwF)c 2 mm = 898 UI-3 - - 1
UJ = = w ww OOON N NOOOOO0000000000a0a9 m

00000000000000000000)-- .. 000.- 0000001
0C 000m00z0 0000 t-U- 00

0~ ~ ~ V w = = zV o . . = m0- = = =I-- jj;
V V Vu V w w V V

J-I== gg§22 zzzzzzwzwzzwzwMA Ml MA6:

w w

a a a a a a0aacea a a. a. a. 0a

YZMA MA cm CZ cmcm cm

IL CDU U Z ZZ Y f



- - - - - - - - - - - - -. - - - - - - - - -~ - - -. - -. - -

S 0 0 00 0000000 0 00,at0000

c~ 40

a 1200 00 0 0C 0 0C

00

3 V V

Uw m 0 000 OO M OO O20 0 000000=

0Li

v V V

-J Vd . 000000000000000000000000000 v

- ~ U 0000 0 0 00 0 0 00 0 000 0

0E IL..w L, JL .

0 iL AZ
WW TT ss w

0- 60 xuw 4MMc fa A4

LU ccm = i- i-

LU 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
00000000000000000 c IL I a.0.0.000 0 0 N . 0

i i 9< Oc c -c -C c -cIc w 99 9 - -C

w Va w V % % WV XC
Vi V V V V V V V V V V V V V V V V V

P4 Lu u u u u

go

)- y

mU cmNc m c . m C m22 000



0 cGo 00G ood
O~- O -N - O - Ch~ N ON Y N k M. N k M~ N .- N 0Ok

ui -Y N - zz M-- - - --- -- - - - - y N

08 0000Z,000 0 00 SO 0 -S000 0'aso000 1,00

*f% S.

(A

2z

CD a .

10 NA CA
40 0 CD CD 00C

Co C2 00 0 0 0 0 0 0 0 0 0 CD 000
CD - A 00 0 0 0 0 0 0 0 0 0 0000 D

U. wA Z2 - 000 DI , DMC DQCDC D -In4 4 C, 2 CDC5 CA CD -

V) 2c -D -W C CA4

Lin
CA -

3 cI 1 C - co C v cm
me 00000000000000 0000000000000

LU 000CD0 ~ 000 C 0000CDCD0 40 CD A ) 0 0 CD 40 '00C D0 00000D

-- Y4 ,C DCDC DC DC DC -% %C 0C 0C OOC CD'0QI ACD
-C 00 040 C 0 CD 2 040 40 D 00 00000 - ry0 00 0CD

t2 V V2 V V V VV%

Li iv

CDUC
ceC We t

LU LU Z
ce c c U j W

CO CO a ILi -

0 . .. ACACAcc 01 01 0 u 2 L i~------------------ai U,~u

im m

U) ~ ~ ~ ~ U. U.L 2
of CA CA CA A A C AC Am C AC A AC AC A C AC AC

Ia Ia 1-. W 1.- ~ aI a ~ ~ Wa ~ W w~ a Wa ~ WP-a -C -C 9 -aa aaa LL; LL;a U;a

UA ww w c c4 w0
0Nui L

o9 w O 001.-W www- Ai- ii-
= = S.4
CE. I 1 91. uu w a w w w w w w w wUU

42.-~~~- Z.. NC -NN N E'J N N NN N N N wNN<

* - - 0 00 00 00 00 00 00 00 00 00
*i ri LU I i -j -A -j~I I I I I I .-j -j -j - j - j - i - j -i - i

7A0 a a =a = do =a a = = = a a2 a a 40 a =0a a a a a



u x

z

0- t-0,r 0

us CY cm .- n- - - - - -. - - - - cm AJ fm *%-- . %

C - 0 0 =0DC)0 00 0 0C D C

I.-.

z

cc in Lek

00C ) ni 00=0 -ma i

-~~i 00in n CO C

0. ~ ~ ~ ~ ~ ~ ~ 9 . .. .00 0 00 0 0 00 0 0. 0 0 0

-; C; F2 Lt-in006

v C xvx z v Z v v xvx
CD = 0C DC DC 000C D000I 0000-j0 2 Q = 0 0 = C ,4 D 0 0 C DC 2 = 40.40 D0 0C

U.0 CA0 0 40 4iI 0 0 0 Im C) 0 C 0 0 40 40 0 0 CD CD 40 0 1n 42 an 0 a

0 000 C

to V. V Vm

V VC 4V 4V V Vc VC V V V

b.- u

uj C 0 C31 00 a = (30a 0 0 a 40C2 ix gm x~ C2 =

CD CD 40 C2

z

0Um Uu I-.--U UU J J

40 xx xxu c x 99 aS-1-

0 --- =U-------------x x

I-- -*jw w=----------a aa-a

Z 1 141. c CW C-

0c00
U)U s W W I .- 1-0 . - 1- - P - - P- 0-1 1-1 P

0.0



WW L J -u u

N -- -- -- -- N ON- N -ý N-- N- --

- o - -t - --. --r I - 't 00 %r %.-- - -- l-.

In 
tn

UJ% In ' *;i 0 0ýC nU

V V V V V V V V V V V V V

ze
!5 in

ca -0 - -
0~C 0 * 0

In% In WC;C;O C- C; mc c; in

zV V V V V V V V V V V V

0In CD nnC2000 000D0I 00Dt =. 0

U) = - -CDC

a - a

ICi

zV -C V -CV IK V I V 1C V IVe L V V V m V V I V V V V V V 21 V V

L'iw wz u

C! C* 9 .SLLU 9--I 9 9 LU : l
6- n n t ntnI % 0C D DC u n0000C;NN in~. - -I-

LU a W AwWW W WW W W WU W WW I uJ-j aa La BB aa O

uss v0 C
0 U 6 U ~ 6 U 6 * 6 U U U 1 2;Ue

Ga.-~ ~ o .J NN N N NN N N N NN N N N Na
0 o oo ooo2cooo oo ooc 0

*~~~A 13. * , S , , . ., . S S . S ILS
u u= = = u= = 2--j )-.-j= = 2- us==L



tu

00

I.- UN - -. %-.* % - In - -. - - - -% - .,- , *m m W%

Co - - - - -3-- - - - - -

C2
9-C

-14 0 1 2 D C )C D = C 0C ,C z C D4 3C,4

0 C, 0 0 00CD00 0000 C = O O*2 0O0 C3 000

-a-
OU 0 0 cvv2 cI v12 9=2 lIa2
-MAi %M

u

0. 0 >C2 .CO a Q. 00 0 0 0 00m00a=00 00 00CD0,0200 0 00a00

W00 0n U,4 ?U % m00C 2 0C 0 =0 00 40oa

Lu =

Lu an =n 00 M =i zn 00000000000000000000
0000000000 US 0 00000000000000000

-------------------------------------------------------------------- 2 9 f n n

5u 1. 1-. 2
21 au 00 I -0 6~ Z W WW Z u 0i

W WU=22 ~ ~ . Lu= m w -c -C w _

I. - - a~ 2Ocu atJ 31- 31

-~ - -u - - - Lu --. - -m Lu

uLu i n u 0 0 1I

I- 0 0 u 0 u u iu 0ua-au u uu u uu u00 u 0uZ0
Lumm j c yN 4c mA4c dA yc yc ur Al-- - - S- - -yO cm arn-c c

?.?n ~ I? T T ?1 ? C
CO- N N N Ne - t.t- t.. t' = = n 2'



-C

-- - --- N.N-N- ---- ---- NN-

.U- - - - - - * - %..-..* .' .*.* %-.-%

em uA cm iy em i' CmY ~ ~ m m u ~ ~ m v im u

a - -- - - -- - --- ----- v 0 - 0 - -

CA --

w 0 00 *NO .0 D *N
in 0.. o 0 0 0 - .0 *U, C;C; C

3 v V V V V V V V V V V V v V V V V v V V V V V VV

ND 0'D a-N)0 C3

C 040C40 0 00N .0C 4 c ) 0 0C 0 00NC
- - ,C ,C ,C D00 40 C 0 , C, C )00 .0 CD 4

CD 0 U 
,0 C

-JD C, Caa aaaooC, C, 0 
0 0 

55

00 D 0 a 0 0 0 0 0 N, aD 08 08 a D4 C 00=0 a a N

3..CA: 0 CD0

-C .1 C

10 0 V z z Z Z Z Z

P-

us 0000 C C

C, w v0 000 -,0 14 V4

OOO0 4040 O 40CDCD0 fmO0 0 mW mm fl 0 40

LU

-4
3.- us

.JZU LU OOLJLJ c

(U * t 2cWZZn y 1 U
=. WW =!u 3-3 LU mNN N
9L = =: == $.- I- - - -- - - -

I- 4c -j - L- - j u

k m - 5 SU

9L

-4-44-44-44-44-44-44-44-44-44-44-44-44 44

usU.www,

ac

0 uN uQuc
-A ru( a . ~ Yr r - yc ~ m mt mc mf ~

AL.0 = = = = = == 6: 1: 6: 6:



I. Ua U 1.- 0.- u U~cfl

0 ------ ---------- N----- ---N-N - N--N

m mm mm em w ~m~~m.~mm m m cma m r4e' m m nma

U, U

aIn e40 n
W 0 00000.0ý000090 0. *

k- ---- Dm.- - -- 0 . W% 0 ! min W

-j n an

a2 0W NN M 06
00 N '0 wtC;r

0' L)

1: 0 0000 00 0A 0 0 0 00,0 00C0 0 0000a,000ý0 0 0003
U. (A- C. 00 0 0 0 000 C2'R0 4C, 0 0 00 C "N0C,0 MOCD000

u.Cf C2 00000000 U~00000000R-anO 0,0C ,00000040

U,~

In - - -

W I.- 4c
9 w -,

wU =UwX-6 iu

cJ Ooooo-oomooW O oO I.- ooooooo

of0 0 0 0 00 - O m O 01 mm.-0

qc ca w w w u
LU~~~ -j wj -J. .

-C -C- wucu --C a -C
to -J
MA

-i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~a LI- i - j - j-j - j - j - j -
P4 u u u ci U Li Liu u Li U Li-j u L

Goa-"mc c u cm~L m -m m .m" 4c Cy- C4r4 AW
0,*..LLLM MAMTaT TI0?0C ??TTT T11,TC

900 0O 0N



C- - - -- -- - --- -- -- -- - -- - - -

m Num
fm 2! 0y I aY N.N e

CD-m CD-m -0 - - - -

(AAO

0 0 .0 CD .Q
0- in m in ma .n Q-m

v

V5 V VVVV%

in a 0 Waa oaoa1 m0000900000W0
0

W%
0 0

000 00 CD0 In 00000CD 0 0CD00 000 0 4 aCcCDa0 CD

LL, qc 0 0( 0 40 CDDCDQ0 D 0DQ0 0 0QQN
-, --

-0
0J z CO 14cO c O C C- C -

cc Va VZ V z V me V V1 V Z Z V= V 21 atvva 5

usz
I- CDa C 0 0 C )4 0 4 0 C 0 C D0 Q 4 0 4 D4 

UC
(20 4 04 DC 3i D0 4 D )C DC 00 4 D4 D4

3j Q Q C DI 2CjI DC ,0C ,0C c 2C

C, C cOIA O 00 0a 0 0
0 0

I 
0

'U

IL. 29

a I- P- ' W

4c me = 0- ac;
I.- S UU 4c 1-5 5

=~a 3.2- m L u u

a.~ UU U U U U, U 0 0 0 0~

mj Wm mC Sl w m w w ~ ~ 5 S S

S 
0

N- u uu u u u uu uu u uu0u uu u u 0uu u uuu u
a - Ji NNMN NNNNNNN NNNNN NNcNVNNNC c ic C Yr i Yc r mr

0, CD CD a aa a a ~ a a ~ o a a
*~~C - . T 1? 4? C? 4? C? I? C? C? C? C? 4? IS SI



O- - - - - -- - -- - N - - - - N - N - N - -.--- - -l - - - - N

- - 0-0. C

z - .r -.

19
29

Win - - CD0
- .~ 0.- .- O N

V V V V V V, V V V V V v V V V V v v V V V VV V V

-l2U' U % 0 t
OfO. OOO ON 0c

Q * 0 .0 CDa *,
O Q 03 . 0 0 0 .0 *.U9 *

(a
-C v v v v v N v - v v v v v v v v

V)~~~ ~ ~ ~ -S:799 9 9C
K CM

usI a at v v v v vv vv v v v
LI

wA cooaa aa c aa ~ c 00 oc g
0 o aaa 00 V N -a 00 0 C N 0 9 -*

00040 m 000 - - a r a a, a ao am a, a9 a, ac a 00 0

CD0 D-r- - C2, -- --- C n0 0C

w
uJ
2c U

-LU

zz~

a-. LI. CL ~
4L u* - U29,

'U lz 0

a- wJJ wa - 1 W 00= m L
UUL U La= =e au~ at j- - a-

ci- eu u z zj z -a a u..a .US 92 5 5 a-

'U WW W J W WW W W W W WS W W W W

00.
=;,% uu0u0 uuu0uuuulz i r uuty Y C uYty uY m uu lyCY u cuu m u C ^A^A uumu

NNNONN NNCNN NNNCN N



I wi > > > i > > w i L w i 0 w i wi > i wi w - I'- WI L 1- 0- Ui L ui u I-

- - - -- - - -N - -

%. CY ty -i %. fm fm CY v l P. vi ty ty vi ty cm Miu i(

O ~4 o-- - CD - 0 g o 0 - 0. 0

C2~L 9Li

g = a- 0a

~0

C 4 C 0 00CD0 C 0 4 0 CDC.DSC 40 20 W

-- an-c - 0 f 10

m -mc A.

'm~0 0A 0* 1 11 1102
us .0C

- 00C 0 0 00 0 = 00 CD000 00y0 00m0 N 00 00

~W A = 0000
-N P- n N

uU U

Li L

Goacec
8U

Le' i Li

Li C L , 0 0 -

uju u 
U(3J (n -ai

00 -C00 .ILU 0 r

of 0- w L1 8au-- a

-LULU = = - -= h 9R- www ..3--- L 0

u 0 0 0 u. 0. (A (A Z 0 0 0u 0 ZZi0 u
a r4 N . . . m ----------------- LrW



o N- -N -- N-. - - - - - -- -- - N - N - N-

z

9KC

c0,

a C - 0 ND 0

-0 c-m-e

mu *C '*C, 0 0 C!

-00 0 00000 =00 000
0 4 a 0 0 C 0D CD*C 9 0C 0 0a 0 0 0

-m Go CD C, *m =mm .-- m-00 : D0 0C,

3.- U - a. Cco= oco o C0oc ooccc0 000

-C - D -- VC

-m Fn.
oc

uu
U)

CD 0 00 CD0 0 0 0 000 0 0 000 CC, C
-DJ O e e--C O O OI-- o imoC31,C, C, Is md. C2

. 9 m 9 m uNC!mCm. 9 9 m!c. . o .-
00 C - -

mu

mU z

Z Z%

mu u

I--u IS~~u

a- 1- U _j awe

If U toW I- I. I-P.I-. - '

cm mu- C C- - C- -C -C -C -C mK- uC Co

..J -. J .a .J . . j - .j -j. -j -. j ..j ..a ..j ..j - j -a -j ..J 1i .J ..j

* N .0 L

o D

a-. M

01 C C , . OO O O ~ C O O O C C C CC C?
*. CD ,,iI , * . , :6,, , ,



> . .

-

" 0-mm *-mm

gn F 4.I

,a-a 0 V a f4 'a

-ma In- COS In 10-

Z I. Z. Z. I

z
oJ

-f L In in In e

W% inlI
co tC C O OC O C C C CC C C C

v- (4 Z
I.D 0 0M=C D=0 00 400C DC

MA =i

IA 2C

01 ~~U MA MA MAm 
2

z z2
(A2 A~uM

WM 0a 40-M M A A 20aC 2224 3 C 0 C 0 04

iMAaAMAMAMQMAMAMA
4c ~ ~~~~ ~ ~ ~ 22 CDN 40 M0 M0 M0AMA0C2CmC 00C o D4

MA U U I I Ij I

.-. N N NN N 400 00 -C4 000

I- I- . - - - P-- I- 0-0 0A L- 2c 0- =- =-- 0S 0 -
= = === Z z ZEZZ U2 2cz 2 ===== =ulLUui

MA 4cc0 0czzN

u ww.-wI .

0 00 ooO~~ofO CC C CC C CC C C

* S S S I. * S I* 'I I ~ ~ I IS de
0.0s



>3 3 >3 33 3 >333>: >>> - 3333>>ze >N

u > 3 33 44U A(i( )U l lU av o0u

to

- %%- - -% - -% - -. - - - - - - -% -- -- - - -. -. - - - -
CMM ' M MO ' CJF . . n r - Mon%

2c

-a i 00 M00 r 4 0C
0Ac )C 3 - o- 0 C D 4

-l

a,
LU
I- vV

* mco O ~ o o o o oo o o o o

In

--

U, oc0QQ40Qa0 0 o 6ZZ ZZ Z Z Z ZZ ~ Z z

3

MA 0 0 0 000 0 0D 0D 03 0 0 0 0 00 0 0 0 40 0 0 0 0 p 40 CD 02
00000C QCD0000 Q00CD000000 = 00=00000 0 0 0 00CDCCDC 2 D4 00 00 000000CDCDCD00000000000 D D D 00000)C3 0

C! C!000 0C!0 00C!0 00 0 C! 0
3 n uM in n In.-- o CD--o CDooo-o o 3ooa.-

UlA MA- i - i i - i -
Zc z 0 00 00 00 0

LUuJ MA MA MA - A A MA MA MA U, MA wA w = = = a = = = =
mJ =A a z m Z m m -J m Z m = MAJ MA MA MA MA MA MA MA .1 . -. -1 .5
z ~ ~ r " a~. "'. "'M AM J~ . AM = = = = 0 0 0 0

Lai 2c m = a-- - - -

OW C- UU J UU U U --j jjj-Lj j -
cc-- - -- - - -U- - ------- ,, ,, ,- - --

a a a a a au , nus'' 0'

a. -- - - - -- - - N % J, 6 Z Z a

of et Ztr I Zt tC ZZnWtnWi Z Z Z Z ZtItI ZlZIt .. .. .. ZMAKW A A A M M W A M M M M W A A W A W W M M M

9L -N - - - - - - - - - -C

00C. c4w-C4- C- C K4- C 4 C4w<-

OS' w. w w w w ww ww W o Ww w w o w ww ww w w

ao-



a . NU NSMa ZIS O ~ gusN.

I-

0 v

w wa

a Cl a 0C D4 0a0mQC

0 C3 0 c

00 a a00000 00 0 00 0 000 = 000-0000D
in InI - - - - --J

v v v v v v v v0
0 0 0 0 0 0

w~L a usZZ ZZ Z ZZ ZZ ZZ Z

w ='

-L W U-

CAI r l rra 0- O

a 0 a a C2 0 a laO 0 0 0 OO 0
P4- ini - - U

V V V VV V.3



P.- a- 0- 1- 0- P- P-aI- I.a-- a- I- aP- aI-aI-a-I. - a-I -I-a-aI- a-I-aI-aI-a-

- - - - - -. - - - - -% - - - -~ - -% - - -% -- - -% -. - - - -

ry '- 'a Y %0-;t 'a N 0 ' N 40-0A N'o- CM N 'C -0 NY 10 0 Nm
wm 0 0-M C ý 0 0-40-Co 0 C 0 0
I.-

- - - -.% -. -s -- - -

I.-

zC
2c

0 ýMQ Q00C 04 3 4 ~ DMC C 004

a.-

UU '

0 3, a3 00 0002, 00000000000ýa 0 0 M0 000 00
CD CD4 0 4 3.4 3 2 CM C 3,= 0 = 9 1

ooo0ooo OOO oODOOO OO OO,

an WW 4 Yc

21: a1

-C - CoU, ,U a c-

00ooooeooo ooo~ooOzo OO c c
000000 CL. 000 0 0 Uzi00 C O -

-U -C 4c an a- N N N i 2

w~~~ ~ ~ ~ Im ALI ImI w w w wcc z M 21: 21: ~ z z :z Mu tol Fna u 0
IC~W JW yaaaawww TTTT II.. , o l

00 a"0--0ozz-aaaS

-j MMMMM Mo nw p nW n np "F 888 -Ian
-. 1 0 0a a a)z Dz x 0 0 0

01C C ? FIIw .oo o ~ . - . .. T ? ?I ?C FITTC ?
126 0 :



zo 10 0c , Q , C

ft '. 0. A N 0, OZ 0%- %-- .- -', - ' . -k m .ck m-. .%

- CN' CN'Z' C. CN' CN' CN' CN'

cZ~
-4

a 08 0000 0 00 OC000O0~0~~0

2c
c

02
0m 004 000m' Dm4 0C , C

0 0C 00C m4 DQw DC l .C ,C 0 Q D=c 3 DC
U) CD=V00C D( ,Ca a C 0C 0C 2 D0 = 0C

U) 2
z O

-J u . o c c c c co c c e c o O O O

W. I '.

-i 40C 004 0m000aC, D 0 ,0=C

CDa -04 D 0 4 C 00 aaI C =4 ,aC

=0KC aR 0 0ZZZ Z ~ ZZ z z z
C! C!1 !9C 4 9 99

-j USWU
I u 4uiu

3jL, jU

-0000 0 00 )- e- )1- -aaaaac
an n n -Uan--------------------------------------

V V V V V VW

W--bb WW M

W424 ~ Z WCW W .I uW U
aeaeWWrCo W c y yr

ccW 
WW W W W W~~J

2cz O OJaJ------------~~C W U UO0

-C .W = C-CZc- 40- 4 c - 4 - C c4 CZC-C4 C -

29 Z zz zzz Jz0W0
CU ---- 0.WW W WW W WW W WW W W

cm0 0= z

-------------------------



>:u u uu w

In t. Oj in ?1 0, uCI In

a~~ maw 'a maw a0wmw

.-. %.*% *%~% ~%- - - - - - -..--% ~ - - - -. .-. - - - -

to u

2 0 0 40 0 Oh 0 Cf5O'3 0. 0 00 0 0O M 0CmC30-
a ~ O00 000 C COQOO20OO3OS 0

-K -
0

Lu
S.--

xj O O O O M 0 00 0 0 = 0 0 0 0
a- 3S=00C 30a 00C 300C 000C34

-. 0 . 00004=00000000 co00000a ace c1c0o
oc oo oo O0 00 00 00 00 130

-S S

m~~~ wi ai xx x x xx x x xx x
Lu z
5.- aU L C L S

g j - j - j - j - j -
lZ

U ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a C2 0 (a0IO0"04 aL u a Sac 204 SC SI

cy'~0
-uu -u~u - - - - - - - - - - - - -

xx.ICO x x U U



z

00 40 0mO@O~QO ~
-a Nf -4 '0 0 4 444o Na .64 Nom' 40

000 0N 0 0 N 0 0 N0oo0 N

z

Ing - 0 0 0 00C

C)000D0 00 0Ca000 0 00 0

or im -00M 0 00C

CD 0 0 0 C,0400C ;000 C)0 00
C2 Li

-J 0 00400000a0 0 00 0CD0000 000 00 0003m0 00C

0. )- 0. 00 00p000DCD000N% 0 000000 00 0 000-0 000r

(A -j

- ) z

- )

C,0

000 000 00 -00 00 cm N- m 4mm m
-oo mo oom -m mm 0u 000 00- C

0--- ~~ 0- 0 0 0 0 0 2- 00 00 00

I--= - - - - - -

Z Z IZ Z 21 Z Z w w us U uU 25 .
(a 2 o 00 000 0 a

0 C



U)

a

01 %% ~- .* .- ' ~ %-* %* %-~* ..

US0N' - 0N' CN'' ' 0 0N'-' 0 ' %
wv

00

O0 obOOOOO OOOOOO 0 00 0 0

30 (
-C-

mu

w- wV C C- C
3g S.-aa zaa :

ai

u m0 00 0 CDa0t a ,0 g ,c"Ca ,C to0,

10t00C ,C ,C oC 2 o4 , C D0 t ot

W% 00N in000 0 00a9o,(D0 00004 -42t 0 42090 400t

au Z a a i aZZZ Z Z Z Zazz
mu LI ht ,w US= L Sw U

mu 00w00i0000M0"0e,0 M Z S 000 -

0000000e00000 00Z000 000 000

-. znI n. -0 00 0 0 ' 0 - 00 0 -0 0 c O0
-U a- a-ar -I - - - - - - -C-C I n In .

US j IS z 22 20 0 =2 0 02 22 0 3Vg
P4 V q P4 VV%1 V4 V N P4 V , PQ P4 N V N F4 N V

au Zu mu u Mu a~ m au at

-C4 C4 - C 4-Ca-C4-Cc-C- - - C C - C C-K-

to o " 0 00 00 t 0 0 o 0 a ai o 0a 0 a = Q

---00

C k
a.zU U U U U U U U U ~ U U U

on on'o

C N02 :m ::



0i0

0 00 00000 0 0 0N0
v

Id

OOOUUiSI

00000 NCO

c v vv V vv v

0 C 0 00 --% CDC-,S0C 0C DC 0004

0 
* 0

ne LI 0 c2 11zzIaa2
Z VVV

J A * 0 0 00 0 0 0 0 0 0 0 0 0 0 0

a. ~ ~ C -a. 9-0 0 1 0 0 0 C0! 0 0 0
OO~m muiO OOOO800 0080 0000 000

O~ 00 0 0 0 0 00 0 oo oo -vO

01 v vv5vv

muU oooooooooowooooooooooooomwmmo
01 z c== = = I. . . .

mu. L=wo
LIw

z zz w
mu- -00 0 00 0 0 00000000000-00000

-0 N.3.3

mu mi mu mu u u =5 u mu mu mUus mu
eyN ..

I- I - t- mu mu mu mu -2 2 2 n t~ 2 a .I
a 00 00 a0mu wumu a .0 ... 0 ===w===ca 0c

ca L CD42000a0 0 0 aW0 (

z 0000S0Ls0000

LI .0 0.0 0.0. .0.0 . .



0 04

"% v. % - 'a cm em.S .S .S .S %S S .S .S . .S .S

do Ck ( -4 'n- 0 ON M0 m C~ ' C Q - ' C N 4 '

in i

-I a 00 %0v 0

an& ian

C! 00 nn -:
W 0 0 -%--0 C

-1 0 DC 3 o0 0000V 0C 0 10 00

00- U) 2-

0U X

-l W 0 000800 00000000 00C0CD0000000800S C
a. ~ ~ C 0 C3, 0 0 0 0 0 C,00 0 00 0 0 0

CDa(f C2oo o oo o an 0 '1080 0 Ci0CD 000C
0, C, 0 SSC

C3, aD Z C3C 0i % C 0 0 =0C m C

u% &n -n -- =ocow ao t nw %i %o

0 0

W UJLUL

19 'C 4 -1 an, an an200 z 0 - nan- - a na

LU LU aaU LUUW
F- ~ ~ a U- Ma-a- 9MLU~L U.S. .U

3-j -bi =3j =V 5 wu wj .u Igo
.a9 - a-j a-j 0a.1W 2, c c L AM

LU UALL, j LULu LuU, w w L' ILI W u LU i LU aJI. U LA ia.U LU Uu U Au
L,0 L L C Is 0a a0 l w0 D

0 a .

C2Z= z
CDWWJ oo-aaa

me ~ a it -- -- -- -- --

LUEZUJI11



W ULUL

cc

- -. - -% - -. - - -. - - ' %*' - -% - - - - - - - - - - - -

Wt M M0 -V V%4 0 N Me - M0 M '0 C p - gm I" in. '0 CM0 In '0 N m ' N

9 a a*N -- lm 0. WI 0.,Q O 00 Q 0no ID- O4

- Z t t Z. %. '-. -f %.% . %. t - .- .-. '% % . - - -

'o 0a"' o o- , 0 0 

40 0 0 U82 COD,

Z.Z I a-. .Z Z. . Zt.ZZ

0;v 000

o *
- 0 u.200o

U, C;C UC

a. .- a CD000 00 02000 00=00 a0

3'. 4 0 2 . N 0 0o = =0= 0= 0 = a0 = = = 0 O O
A 21CD CDC

t-

Ia 0 V V ZZ Z ZZ Z Z 0Z Z
=a C, C DC D04 2C D4 0 a0C

LI0C ,00C oC 3SC ,C , 0 C m0C
(A 1999 1C!9C

0 =C D U . %-C, lU n0 ni
w~~~C oo o O O0 00,

0 0  0 0 0 0 0

00 0 0 00 0 0 000n ~ 0000n8
............................................................

L" 't in Nu
zn zn =n m in A U'2

Iae WW WW W 00 atZ = UJWW

w ji -i j -u -c

6. - 6 -

m
Iaw wwww Uu W== U& L" z = == = = == U&= = i zZ = - 4-

a.o LILIIILUUvILULLLIIUIIUIUI"IUL

to
CL .-- -



w -( . P.uuuA ;>> .

LUCCU loco a tv-08

~g0 C3

Z, t

hi

2c

LU.
I- 080 0 D0,00

ca.
9 ~ 8 0 0 8

0 0 0 U 0 0 00 00 = I 0 80880=CD0880808000,=

020- 80l=0080080800000088C 00088880~-(A Zi. * ,:

3- ml2

ac aj I =z v 11 v z vv v zz 2c zZa=zz mZmZmZ
LU U=

LU 08000000880800808808008090080
O~eooo=0000OU,08088080

0 0
==0 ) *

0 0

u~~ a~ 000008008 008 S0S

LUI
mz LU LU LU LU
us ME 2c z 2

LU us LU LU LU LU LU LU LUA LU LU ---

4cI 4c IC Ic ICI 49 U U U

0 - 3-i-- 3.-I 3- 31- -C Z oZ 4c

wU b - SI- .- "- "- -- - - .

LU be-W a. U0 80( U N N

d .a . a . z z z z a m IQ a In 0 a w 0 &a a LU ga

= m 2c ======= z m 5m == === mZ
LAS LUL.UJLUWLU w UALSUUU LULUw LUU LULULULUW W LU L
2Z (5 W 00 0a4 7wL 00u01 . a0a4

0 -
z

cmJ
---------------------------------------------------------- -- - ---

5%.a - C ?CC
0I8 00 0 00L8 88 0 0080



a

m

we=0 ja' ' @ua' # 0 '0 N ua do P 00m do- 0 40al

CM 4% - %. - 'o .~ % 'o 'o %. C .% - % % - a .% .

aZ Z

2-

tn in an

Li

-l-U

00

zm VA V V
USJ 22 * 0 0 0 0 0 0 00 0 0 0 0 0 0 0

000 000 000 000 000 00 00 - -

mU Lu U ZZZZ ZZZ ZZZ ZZZZ ZZZ ZZ
Lu = c c2

IC 41. COL. 1"IUl UU
I In L AI- b- 1 .
0- 1- b- 6 . - 0 . . .24 c o

Lu ooooooO U UA o w c WoOOO-COOOOOOO0

w U Lu Lu L- U u u Lu LU LuL

a- I-. a- a- a- a-a a -a-
31. Lu Lu Lu Lu Lu Lu 2c z m 1 A

wx wx so 4c O.a -J

CL U.00 0.J a Ja Z

a- 0 000 0 Q <J J a- L W Lu 4caza w4 c4woc- c4o
m~~ ~ a-a-a-a-Luz m

Lu us d xx x a- w. a- = w w wO w O jUAu s

2cO O uu L~ w uw x x =
----------------------------------- aaaa.h~~



a- - e- - - - a- a- - - a- - - - a- - a--a- a- a- ---- - a- - a- a- - -

0j a

- l Sa C) 0 0 =. C %*. 040 ==a M~ 42%~~ .' %* .*

'0 ~ ~ ~ ~ Z N. t0 Z. %CN' - - - -C -- -0 -' -' N -0 -N - - -' -

9L 0=00C00000Y o= 0

aU ~ O=C31000 oaa 08000aC00a00a00

0 . Do000 )00C 00 00 0 0 0 0

a- tC ;o o c ;C;oC C ;0 06 34 ;C o6C

3. I

ICI 1 I c O cI " 1 -I cO J1 4 CI C1C4 C 1

L"
0= 0 0 = a o a o o a C CoCos 0000=088 M

C 0 O NO00 00co cc cc coco 0 , 0 C,0C,

u. "I usL

a Z Z Z = . I.

w
LU

u ccc cUccUcccwoc6c)cc Ou

xzz~z M~zM M~zM z zzz ~
LU w US w w ww w LLI lu M w M Mw i" UL Awwww0

1V=z

rAAI
wwuwo 0-a z~zC? C?



a- - - - a- - - - - - - a-a-a-aa-a a--a -a---a--a--

m0 in~ 0 mi M0 t 0% to 'C b'%M M0 't.In0M M NO.M M

P000 . 10-0 P. 00 00 0 O 0a .00 00 a P.0

a0 N '0 0 Ny '0 -0 N 0 0 N'0 0 N 00w '0 M' a - aN 'C

-a -m -wN. '. -0% 0 --- '5 .- C,. ck~~5' m." 5
5

0,,~ -'0
00 00 00 0 00000

Cob

UN In tm 4 0 ,

a C

0

IL00C 0 0CD0 D40000C D0CD0 CD0CD00 4 0D 20

dc 02- Q. 0000000000CD000000000000000%000
CA -j! 

9c

W ac C

m- CJl

c C1COCd C41d C-

ac oooIovv ovoME o v v I z zI 2c vv z v
0000000000000000

OOOO 0 D CDC) CD D 0C,0 D 0CQ 0 D0 CDC)Cp i D C t
CDCC ,C DC DC 0C D 2Q QC DCQ 0C DC C
...............................................................................................
9 N N 0 0 5 0 0 0 0 ~ O 000000!n - ! W W W!" !99

cm ~ ~ ~ ~ ~ ~ ~ ~ ~ g ON"C Da 0r Da4 0OO O O 04

MA MA MA MAusUAL
MA

MA MAMus MA2
U W zKKKZQQQa, zQ2c 2

0. 
0

ac - 4 4 -C a- -a 4.- - a- a- - - ,- O- a- -C a- ac a- a- a- - Ot a- W- a -
a aaaa=aaaaa

C%.
-1. -J -



*% - ~%- - -% - - -~ - -% - - - - - -- -*-'% . .

Z a N~ ac a -,a r 'a '0 ~ 'a- 0 i'CM - 'a 'N 06 M CEJ' -4
usW 2 MC -1~~ 0 C3, O 0-O-0- 1-0-r' 0 0

InC0 0 0 000 10 C000N 00NON

Cl 0 JN 0
C3 0000D L
000C20 0 0 v 040f
0000 i.- 0000vv

0 040 0 Vn ý V ; 000

40 00 0- u

9L C2 Cl C 0 2 =C 2 0 0 C.
-ýw M MC DC 0 0 ,C0 CDCC,,MaC, 0 - CD 0000U ,C ,MC

3. U)
= VC V-C VVV

to * m0,000000000000
0C 0 0000000000C

W UM - ý OC 0 M= M Z = == ZZ Z aVý4 C = in4MV = ZZ=Z=0

C, C
99 19 99 O9cbfic . .999 . . . 999 .90000 .9

0ý 0 40 0 0 CD 0 0) 0 0 0 0 0 0 CO .t In In = ý 0 40 0 - = = 40 - .g
- - - --- - -- - -- CM

v v V v v
v V if V V V V V V V V V V V V V VV

saw w WlL -01--

Mi usSiIFS, 91,
Mi U U) U U : z z

I. w 3p 3.- 1. . )- -.3' uM uj us m us w U -I- 5- 2

= ~ 0 I . -8-. 3 - 3. 5- .5- 3-.- a b- I-- .J.J l = = =

a. ZZZZZZEZZZKZZZWZ Z~vagzZzm

w C4- 4- c- C4444-e c4 C- C- cO CO e-

Mi zWWa aWzWzWMWWWWWMWM M Wz WWW M

oU wwo.w w w ww w w wUU
a -2 L-----------------------------------------------------------2 L.. . .

C;
mmm mmm mmm-Ammm-Ammmm mm

-l~~ 0000 000 000 00T000 000 000
*~~~~~~~~~~ -c LII = = = =**S = =



u .0 .w 0 .w w w U LU LU z z Ca Ca Ca U Ca 0 W w Ca wa 0

N co-0 0'0 N 40 Go - 0 go '0 W-0 No '0 - go N o cc N o - w0

LU 00 4N N00 . 0.20 0 ,

a0 oo o:; c I c 2 0 0ooo ooo

Pn p

- v v

LU v
00 0=M-O DO0000OO O M= =

CC -

4cP

000000 00 c

a.(2 -- . 0 0 0 0 00 0 0 0 0 0 0000 - -00

.2 -- - -I

~LU 0 0333 0 V V 0 03VV 3 3Z 3 3 3
CE I =u iu UL

U 00000 00000 00000 00000 0000
-l W j-i- 00 0 0 i 0 0 OOONNzOO 00000

LU ~U , In

LU LUUulL

z mz 2

4k-307 2Bm2 m7 227 Z2 mI- -0 - 2"a -0
L~C LU 000 000

I? 333
a. a.L U ) wwL



s0 0 0 00 0 0 zXx

-~~~ -. -. ~~ - - - - - - -. -. - - S.- .SS .S .S .
M0 - t M0,0* N' - '0N M0 0rW - 'CN0'N M '0 in ft U% - ' N

go o ooosdo 0000c00O c c to

-j C -m0c -0 S0 -4

-U)...SSSSSSS...... SSSSSSS

3zi zz: zz zZZ: 1 . zi zi zi
2c

a-
310C DC D0 0 0C 4 DC DC 04 04

I.- l I P 000 0 0 0 00 00 0 0 0 0 0
-C - 0. 0 0 0 0 0. 0 0 0 0 00 0 0 0
goU 0 0 00 N 0 0 0 -0 0 0 0 0 0

ac to J 0.9m = 2 2 ca ca

CDC 0C 3QC ,CJ %& 3 - - - -r C C3i' a3 CD2 3 CD3 C3 CD C3Q

I- LI
0d

Mi 00 0 0 0 00 0 0 0 00 0 0 0 0
00 00 00 00 0. 0 v1 n 00 0 00 0 000 0 0

M'i Mi M-A-A-

2c Mi9 M,

WM ~ i i ,. .

a- -10 0 -- = . =

a- 331 3 Z1 33 Z 3330 0 UI. CL 0 & ~ iL AL U) Mi) al ~ to -r2 ca9
Ci m i MiS MiMiMi LU w i w i Mi Mi Mi 0 0 0 0 0 1.- 1.- - a, C, 19 09 w

a- W- W- a- =- a- =. 3- 0- 0- c- 1. - 3 . 1. 1. a- us 3-0-0-
CL I . 0 MiM i Q..~i ALi~ IL~ Q.i~ Mi i i.~~~ Mi~ 9L4MiMiliat

zc ww oz w o w wu1wwwmwow

400

to
IL 0



- % V% - LA
5  

%t in M~ l 0 M %t In 6n--- -~ %~ -

0 0n CD 4^ P- '0 C, 0N00 0N' N g0 '0 n' '0N'

ak aoOO O OO O OO 0 0 s

Zw Ma 0 '

-5- -Y - 0 m0 - CJC 0

oc 0000 a'* 00."...

000 00 00

me m

inii

Q 4.C a CD 00 0 0 0 00000 000Q00 00D

' 0 0 mm C!

mO a v v v x

0 0 0000CC,0 0 40CD0 00 000CD000CD00000 00D000 0

ca~~~1 m3 m CD 'T 0 2 0 D0 m
-C an .t PM , m -

cis

UK 
VV

i Li 0 0 00 0DaC l0C 0C 3 DC DC DC D4 04 DC

4 0 0 CD C D 3

-lJ C... mm mmmx

m m , inj -in .J -J JL 
L L

.i w Li LI LILiL
co (a -j .U.U.IA.-

0 000 LuiL. iW

L, 9- .=- - 9'- ::! =- 9- =1 - =. -I ' - -9 9I -9 ~ 9 -
I. z. x zxzx.xxxx

af W W W W i i W i WW i W W i ~ W W~~

* NU
; x AL-UU =L
000 m=0000000000000 00w00000000

;" -u 'i lc -u
0.0jLULUU



iw IU 1 0- Uu u w0 . www6

U Z :Z04 ZzzzZZz>2

z

22010 *% WW a. *% -0. a% a% 'CIO 000%929%0- %.4.*%- as Pao - %~ % 922 -
-'0 M 0 . 0N' 0N' 0 0N' 0 ' ' '

ca-I

'C - W 0.0.. OO m P ~ 0 -0.0Va

-C

-J C;C ;L DC 0 0 0 I
0 * ns

in v 00 vt- v v vvv
0200 0400000 000 0C 0 = 00CD

9L 000 Vo V0 00000 CDC V

(A ---

CD

0 U 4 0 0 00mCDm 000CD0 0 00000000000000000
40 m Q . 0000000000 00000000 00000000

00C 00 0 00 0 0 = = = = 00 ~ 00

9U) 9 .. 0 !9

-0 N0-

LU

:2w l a 000 00 0 0 8 0 0 0 0N 0 0

CDo

0 ' 0

Fn N N nmp np np np nmp

IS V0 V0 C
V V N V TV VVV Vý V.0 . C

aiMiMio



Lu w Ju u Lu u C J

0 0~l 0. 00 0 00 0 fy 4 00

I-
2c8 88 0 08 8

in % V

co
w nI n ;C

0 -' - C
ui ~ ~~~~~~~~ ~ ~ ~ ~ a C ;r ;C ;C ;oC ;C ;C ;oC

c

cc aUm2 al v a Z a v an in a a at a a a a21 aaI-a 8

0 -JC3
0000008N.'190888 0000 C, 0 0= -- C

C! Z9 C 99 . . . . . .

W- rM 0000 %i n6 %a %W ; C

.u -jj= UL .
=I 3' SU

2(z2 z .2
isi 0 ---3 i -b -G to

u u u Lu -A LuLUulL
m~~ ~ ~ ~ z z z 1 6u 1-0 3 c4

Lu Lu L) Ua
I.- ~ ~ ~ ~ ~ ~ * ah 9. -J as 99 Lu saS 1 c

LU _jj _jj _j- -u
-j -j -j

8WW~uu~uwaa~a.
0 0 a 00 00 0 e SKw 9 cc e m

w~ ~ -C4w- 4w4o C 94w-C4444-C- o =-

UUUUUUUWWW UJUAUUUUUUUUwwww Luw.

0.z a a aa a a c' S-8



- ~~~II --- I ------

z
a.m O

co a

0 0000 000on 0OO008 240 C

Z. zZ Z .Z. Z

4J0 G G0
0 C) - -, C;C C

000
Lu v

C- 0 V 000 ( D ,C CQ0 V V DC 0 DC DC
C2 (2 C- CD CD CD V2 40( I-4 0 0 a 04 0C DC

U.()00C )C D C z D0 000(

0 -a C D00QC D0 0 4 D-s n 00C ,00 0 0

w 'C

J 0A 0 0000 a0 0 000CD000CD0 0 00 00 00000000
a0 0 a. 000 000 000 00 00 0CDa00CCD4,D@co 0 00QCD0003

CDC 0C l D=C D 4 U) 0 0000F0000-0 mNCD 0 0-00000000

).- U)LU L

== z

Lu tu L sI. I

22

Lu 0000000i0000 00000 000000

$--o o0 - - ue e~ 0000 "0000L

I.-L Lu Lu u I

Lu Lu Lu Lu 0U

)-.JI-I )-- ---

.5 .1 .5 -. mm m

UA~~ U UL Lu L u LuWAw

Lu on mm onp "

a. CD&i~i



u

a4

%.1 %. -. %. %%

a 00

L,

n W% n Wn n

C)3. 0

-j

a V V V V V

LA C3,

C!. C! C,0. .

w =ALUL
-A LUL i====L

z (wwAUU 
uL

cci n I - SlitI -i i enj - 0 0 i -j -A 0 i .- i - -i -i -i - u

V

wce99C9O w -C wC

!a - !a S Za 2m 22! Z 2I -J .. 2J W IU W W2 W 2 2 2 2 2

B* 40
CL--aaa 0 --



_- -~j -*-, ---- ---- -N - -m t-~ d - - -0 z
rn n nWrn v rn~-O r 0.um Fmni

C3 00 00m0 oo o o oo o o 0000

(A
-

Z
ac

cc
L"

IZ

CO

0 -1

P- 00 0 00 0 00 0 00K0 0 0 0
00 0 00 0 00 00 00 00 00 00

0 00 0 00 0 000-0 00 0 0 0
Iso oo~ I... "00 00 00

dc
- 3 Z m- c- C4 C- C- C- C-C- C- C- Cd co c'c

cc LUz; c - ca z a c=a m= a

CD = 0000 00 D0000 0 0 0 0000 0 0CD0C)000000 C/ CD

0000000000 4 000 00 0 0 0 0 0 0
E* W% hJ n -1 - 1 -

0

0
P4

z

2cW0UU a. 0. 0 0. = =

=W --- - - - .2* z =a L , L U, U S U w -i -1 .1 1 1 j

ujwL iac 1 w .. j = j7jL

* r 155 5.55 5.51 155,1555 ,5,53 985 =
reo z zz



UA A0" 0 -0

.~ , ' * . - - % *% . - - - -- .~ - . Z Z .* *

0~~C 00 0 0 0 0 0 0 0 000800829"000

- - - - - - - - - - -

m-

39 %' ---.-. %-% ~ .----- % - -- '

v

-J

-i= 0Cc0 40=== 00==8==0 0

i. .
V U

O 3 - -I

00

U)

z 0 CDV4 )4

-J~~~~~C SA S00 0 0 0 0 0 0 0 0 0 0 0 0

a.nu - - - - - - - - - - --00 0 0 0- - - - --00 0 0 0

0000000000000000000000000000

.J E.

Uj us 0UU

Lu 0 0 00 0000 000 0000 00 00 0us 00
000000000 00000C00 00888800

-J 00 0 0 0 0 0 0 0 0 0 0000j- - i- i> J. m j- j-
0 g0 0 0 00 0-101-100
9L 000P0 0000 0. 0 000. . o. = 20 0 0 0

wwI.- - $5-
uJLULUL

LULULUL

o. .. . . .. . .w

LU L AL
Z ZZ Z U U U U U U -j -j - j - j - j -j - j - j - j- - . . j .

4. :iC FC

CDUUU U U U U UU UUU U



a - - N -I - - N - - -- N -I - -- - -N -i ,' - N - N - -S --

fC 0.N WIN WN WIN in N0, 0inN ~ N% N Win
doa gcc occ co ccGoso cgogo IN0 o cc cc00 0

^1E tni W n ~ '% r A

Id-

03

C3

ca -
w aV

of c 0 cceo c e c c c e o c c e

I-

M- 09 !99 C ! 99C xC !9C

Zw w =,
U "L UUjU

= cm c== =C
3U L sP- " P-u

mwum=C= e o e o o cc e c ec c c ecl

MiiM -Mi NNN -- Mi -1iuji.

Ul~I Eu U ac09ccc
ccw 01 0 MWwu 0

'- w w- 0- cc caC2 s 0MwI a a z z z
= = = zz _j- j- j- j- j- j- j- i- 9- j- i- - - -

N= = = = a U a) U mu mu mu u u Li u -

Fn~~ ~ ~ ~ rn P" m m m PM o no lw I lF lw Iw m FA M



ca

- -% - - - - - - - - - -. - .- - - -% - - - -. - - - -% -% - - -

m-
ZN ~ N N F 9 B W N N

UU
oc0 v m ACYUem 0 s p C l o LN t L
C2 2 0C C.C 0Q0C2 04 00 D00 3

0 0D0a4

LI
u

(a 0 0 00 0 0 0 0 00 0 0 0 0 0
0.C 0CDaC 3 = C. 000a0a0=000 a00 m 0 a 00 0 mCD0 = = 0

R =Cl0 C =CD0 CDC00 C 0 0 CDC)= =C3 C, D0 = l0 0 C
CD= 000 C C,0 a 0 C,0 C 0 C, C,0 0 00 0 0 ,0 0 0 00

U, 40
C! C! C! C! C! 9 C! C!0000

-AA ... IJ

In 1 c n LIL

0 00 0 0- 00 - 00 0 00 0 -0 0 0 
Boz ------ BB

cc 09 cc VU VA V V V V a z VV V

IA wU aU w
E- r5 

6- 05

It It .4 %* Z & JZ Z* . It It

0 0.-h.------- ------ w -Cc c C C C -c-C-

*~~ U u u u~z 0 0 0 0 Z z - - 0

C;C
it . R 2 2 2S2 ! 222 222 2s2



> > U u u CJ w w w b- I.-

- - - - - - - - - - - - - - - -

emo r6tc i ri yp mi

WN~~c Lc ininini

0 00
1% 1 1

u% 4 in4" L ,4cz cyC3

0

11 
-

- - v v --

o CD CD.C. C 0 00 0 0 0 00 0 0 0
LL, ~ ~~ ~ ~ ~ *000 C ;C ; ;C C C C ;4;C ;C C ;C :C ;C

3.U c n t

-K.- - a O O O C C C C C O O C C C C

caz4 1I t4 OOC C 4 C ICICIC IC C C C C CCCOCK COC CC
U, A

I 0 i

0 LU 0 40ZZ ZZ Z Z 0 ZZ V VuJ = !999999999
Q- C2U000-000=:! 0O D" -O

Ui - - - - -Ln I n %

vv Cv C v v v v vC vCC CCCC

CCCO COCO OOCO CCCC onCCCFn
CCCC CCC COO OCCC CCC CC.Q u

CCCC =CmCC CCCC wCuC u = Cu = Cu

LUUUWO OC U C
o aLU ccc L 9LU CL 9L LU LU LU 9 5 :; = =ZZ Z Z.JJ J .0- C- C- C-

MA O L LULU aao1~z LU Z --- j- - -z

0a w 0a an 0a w w as 0a 0o w 0o ca Go o w0 0ow= 0 00 1, M 101Lus iw" j LUUU UUU LUU WULU iw s L u wW WUW W lu Sw IS LU

1002



Z1 1 . .

o. 4 .0 cc. 0 w% a. 0 a* ~ -0 so go so do c go 0 -0 do .- . . . -

66 a0 NaM aa aa aY ON aNooo- CD a 9a CA "

a 00a 0 0 04a40Q a2 oaoaooo ( 00

WA

tn~ 00 N LMo InnW

9 00 oa2 a 000 9 !V
V VD CD V a 0 VD C2 V0 V0

in In In In In

Co %n n C)ao o Q -000 C

co 00uc a aI

(A. - .. .0 0 0 .0 0. 0 0.n0.0a.00,
U, Q oaCDa (2 C oo o 8a00o0c 00

0 
o00oo 0

Co

-4

CC2

0o o snonnn~~a ~ o 0 0 kn oaoCDaaa)
V! C! C! C! .. 9C

- va 0 a ~ 0 0 a a a N-I nI

- N m It u n'

-U UuUU mu wum

cc= = =a
a. jLL SLJ . -

CL -W -M OW 40 z -M w w w 0 m w w a m w ma

11 ICI C:Kc4 4ccc4444o

wa. c040mwc mac

*U NU W W W W W ww w w w w w

I00



u~~~~~~ > o b>

in n r m rn cy %O r m LN~ n AO.S I-. n

Id.

cci~~a~NnvN~a~n~ ~N Sn i
8~ ~~~~ 08 0 8 0 88 8 8 0 8 00

v
h-
2c

C, 088,
02 Cvvv

0 880 Do* 0m o 00C C 0 00C
92. 000

:EU )C 04 00 04 3 2C DC D0 0 C 0 =C ,i, 0 D4 2C 0 0 CD IC 0 0 0 0 0 0 C D4 0 0 89W vy

-K - a o o o o o o o o o o o o 0 0K ca0 0 00 0 0 0 00 0 0 0 0

La

uJ

.1 00 0 0 0 0 0 0 0 0 0 0 0 8. CD % I

n If - - -

La Wa Wa L W La La La Wa
= zz z = == z

uLJ La La LLA L aw ww Lauw

ICaW a 11 0 CL0 0 = ==

a = c mS - 0. - -U a - - - - s 3 3I- 4 -CCCCC C; u m ~~u utLaS _0 _j _ . - j -4 _ -A _j
-000 0000 0008 0O00 00~~~-~-..A..P4

cc aW aZ a 9 a t 0: a9 41 cc 0 a, a a, cc-aa

.
20 0 0 0 0 0 00Z0 0 0 0 0 0 0 0

!2 S 1MMsM2232 2! 25 T! a 2M .. *M. *2a0 p n m m P n F np 1 m m W 1W n " F np "



I-.~~~~~~~~ u u u 2222wm u- U Uu

- - - - - -. - - -. -5 -5- -~~~~~5 -.~5. %5 .

-% -0 00CO O, 1*-CO O, " 1Vl6
- ~ ~ 0 .5' %% - -% 1. .% 1%.*~ t ' - - .' 5-5 5 .~ 5 5 5-

0D0 CO 0 D

u

CID

9L0aC 0C 04 3 C) 0 = l

- 0, CDC 000C D04 )4 20=C 0CC 0 0 00 D( mC2c 04

CA 000000000 000000000 00000000

CA -

0 0  0 O O O O O 00 0 0 A 0 P U

CA J CD CD CD Q a N 0 0mC,0C
40 C,4 0C 0 C
L^ 0,=C ,0C mC ,0CC ,04 20C,0 C
CD C)4 DC )0C 0C DCD4 0C ,4 OC ,cI

C;0 - ;6C oC ;64C C ZC nr Zd ns
w~C M Vn VZ ZZ ZZ Z ZZ ZZ Z

mu =
LI v vv v

IXa,01a

00.- 0I0.-O b0 0 0 0 --C -C m

uj &ausu UJ WWWWW j W

3.. L== = mum um .J.. - U

x x x -a .J -J -J w w -- -

0 0 00 0
w 0 . w 3NN N N N N N N N3N N 3..

a.x x

z 5 -a Cl mJ -a ma ma .i .l .1~ a- a- l- a- a-a. J.. . 1..

uhaaaaaaaBBBaa~

w .. IC1

0* IC 41I

oi -j- 0. i-i i- i iU



IU I- I.- wM M uI I LA S b- b.. u

- -- -- -- -- - - - - - - - - - - -% -% - - - -

ooo ooo oafmo m NSA r Nm m ItSm

0 00 0 0 0

MI 00 MI MIj -tr ni um W % m U ef
LU C m0 0 0 N M0 0 M00

94
Z.5- . Z . Z Z.Z -1.Z - V Z. VZ V

Un 00 -2 -I

0- Ml 00 MI 500400

0 LI

a.~~1 C! .. 00 00 0 00 0 0.0000.0
MW 0 CD in We 0 0oo oO (2o o o0

-U) -1 0 - D0 4 *c

U M

4l00 00 C D00S rS 000 00 0 oo0w-. 002oso oa
UI~Ao oa o m co UI4 0 0 0 0 0 1 Ir-M II 00 0

C-4 0

V V V V V V v I V

5-. IL. CL I

MA ~ ~ ~ ~ ~ 5 W- 5-LU . L.P -5-.I-U

1. 909* 5
NNN 5-55-b

§a I a az go-SMS S
OM P-SM MS I.-5 5- -5 I. SM - cc tccD w

w w w m m m -0 co C- In W- M- 4 mwt

P4 u u U u u U U i U u ci u u i u u u u u Li Q u U L) u U

c N

* Z -f S Sn S , , ,. . . , .M 2 S 2!2222S! S * 2 Sam 22! S



U 0 L7 ;Wzz 0.:a.w>>>

m0rW - r mý %M.

zC l
so

V%-~O W% Iý-ru W% P-Or m a- . 6n~t~t

I-
In~0 in m mN0 0 N 0 0 O I~ fm w c

0 00 0 00 00 0 0 0 0 000 000o~s ow

z

-j 0 = 0 D0v 0C

0 . n - cm-

W%0 r 0 0 0 N 0DUC 0

100C CD04 l m 0 0 00 0C2D CD2CD00

W -m V V 200C 3 20000C 0 00 0 0V000 D1 00
3 3 in 0- S- V0 V V2 3-. V CD0V00000p ý ,

zl
-.1 -1 -;o 

C ý C ;C ;C ;6 C ; ;C ;C ;c ;c ;

-c C4-

O 0

LU

0. - 0 0 0 0 0 0 0 0 ~000=00 00 000

400000 000000 000000000000 ~l8 z*=000
000

w r=N
M CY4

0
v

Mi~~~U 00 00 0 00 00 0 00 00 0 00 0

000 s L --- - -4 1

N N N UU A sI -2

mi U) W fn W~

.. j - i -.8 -j. .. i -j. -1. -j. ..a .... ... -j .4 . -8 -a m i -A m -j -j mj mj 0j 01 -

z 2 2 a 2 mm m 2m 2, m mm m m M 2 2 M mm !a M 2 2 !2 M !2 mm
Q 000 C 0 a0 0 0 CD00 20C 0 CD0 000 00CDCDO 0000 C

C?. C? .. .J .. ... ... .. . . . . .J J . . . 1 . .. .J .J .J .. .. .. .8 .1 .. .

IL0N == = ==== : :: 6: 6 :



0

0 a

u%0r~N .r 'C %4 S0 uO -tm mC 6-1 inN0.

I.-- - -. '% I. "S 'S. 1. % 1. -. 1' S '.%. 'S. 'S. 'S. %% N
w~~~ 00 0 O40 - 0 ON O NO N

(n

z

--
-u( 00O OO 0000DO00 00 o 0 0 0

C -C

I.-

0 00 0 0 00 0 0 00 C -
00 00 0 00n 4I CD0 C lo I ,1

S 00 000000 , DCC

. C! 9. 00000000000000 0000000000000

ZU.~~~~ v OOOO O v v ooO O o ooo ooov 0 Uv 00 v v00000 00ooooooooooo

9. , I=Zga

wZ a
4: 4c

0 ~ ~ ~ ~ : 0 0 0 30-0 0 0 0 0 0 0 0 0--- -- - -- --- ----- ----- -----

a. =* z = U

IL ~ ~ ~ ~ . -J u. ... u. u wj c o o C, 0 0C 2am 'm a am

IC C C C - . - - a-c -C a-C- c
a-a -a - -- a

-i ~ ~ ~ ~ = = = = 4: 4: 4: -j4:i - A- i - A- i - - j - j - j - j - j -
r4 a. a. a.a . .a-. -

tv= 4 4 :4

- * mm
2c S- S- S- !a S- 2- S- s- M::44 2 2SSsSSS 1! 2S

AU in m- m. a- in pn Fn fn- M m m aa. ma w. u.MMo AW F nF mo
a ? TCCUA wIjC 1???CI ,CCC



z

F- in - -- - - -C An . %. 0 . F W% %. -0 P- -cp m% u- a% P- -

NI 0~N N ~ ~ ~ N % 00 go o 0 co
a ~ ~ " 90 00In00A00m0a00W% A0

(A

z
-J0o

z

In Ink U%

0.1 (3 C2 0 0 00 00 0000D0 0 0 0 00c000 00

31- U)

I.- u

-i X

Iu

-A = U0Q mm

i n Un an - U% A^ mn 0 - 0 - 00 n U% Mn t - 0 0 0

LuI

u u u Lu Lu u LU tu =

Luu Luw"A uU w

W-W W O lo 14 - aL u u u 1u u u
C 0 0 0 0 c~ oZa-C

j _j _ = == = _j a a w w 9L9 9L CL W W -W a- j ju

Ui I- -C 4c W -C U U U
0 0 40 0 0 0 0 0 -j0 0 0 0 0 00f 1 0 0 0 0 -j0

LuI. Luj u u-ju u u u-ju u WW JW -uu jW uW

9 1. 111 M ac CIC.cZ 0eC ac ac a4 a

In- j - j - i - j - j - j j - j - j- 1 - 4 a - 1 -

('a

10.



oc I- I- P- 0 0- 1-- 1- 1- 1- 1- 6 1- b 0 0- 0- P. P I- I- b- I- b I- I- I- 1- 6- 6-

a =MO- amaaaaaa 0 a y aaaaam a 00 0M

-9 -

z 4

CA--

I.-

ta
0 0 00a0 0 0 5 O M 0 C CCD 0 D 0=4 C 0 C 0C

0
W!j W! C! 9aaa!oC!a9a9a 9a9aaa9a9 a a9a9

a.~ -a. v v v v v v v voaaa aaazu- v eaaeaaa aaaooo aaeaaa aaaa %a

~~O~~~-u aU aa a rwaa oa a aa a a aa e
29 z-=

US L
Mi~~L aa aa a oa aa a aa aa a aa a

U - -U a aP. aaa- I. a. a.- aa a cc ac acc--

w LU LU S g i i a i a i a Mi z
1-4 m P4 P4 -K i Mi -j -8-C-C -

= ~ ~ ~ ~ ~ M =i z = .MiL iu

I-. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M =i Mi 2 ,Mii- i i- i- i_ j j_ j_
uj w www.-.-w

M §MMi UU xaxwooo xzzzza 0888

Mi Mj i i M i i M j - i -i -j -j - - j j -j - - j j - - j

z~~~ !a S 2 2 2 12 !a 2 !a !a m s 2 s !a !a !a s !a m !a !a S !a

o 0.
TT ??T=1??T 5.I????T I C ?C ?C



I. - %. . `% %. ý% - % 1 . a -ý - . %% ý.- - *

0 9200 000000000 0 00 00000000

- - - - - - - - - - - - - - - ---

00U 
amnin 0

C! 9 C!9 9 000
C; 000 0 -00 00 2,=0 00CD0 40

Iu . . . . . . . .

I-000 00C C,00 0 0 0 0 00 C 0

aý #00 m DC 0 =0C 2 l 0 0DC ) M0 ==a 0 0 00 0zwou

-. -C 0. 00 0 0 0 00 0 0 0 00 0 0 0 0

- a

me US a 2 c V z Z z z = z V V v

LI '
W,

wU 0=C 2 D 0 0 0 C.0  a 40 oo000C,0C DC 2, CCC D0 00 00 CDN

CD N 0 0 0ý 0 C- D 03 a 0 03 0D 0D 0 0 0 0D 0m 0 0D 0 0 0 0 0) 0D 0

Mw 0 0W O0 0 0 C,, (A o ~ C; C; C; C; C; o

US (Ac w W CA

I. 8 Buju i usl---- ..

ac

N 
0

%" 00 0 00 000,000000000000 l000CD00
CCC? C



UA L . . . .

- - -S- --- - -~ - -. -. - - - -. -. -. - - - - -% -. - - - -. -

m0 N m Ur In NY # Mi m.N m oNm-

S. I.. %'.% ... % S.....SSSS
Inccp m~ Us eq on ic ~ i Nm do r4~ W% N iU

- S. 0 CD 0 -. .S S. .S S. .% S

00-co0 CD0 0 0 42 0
m 00 -v - 0800

ig
m 0 VV 0 0

- 000-

CL 0 000 3 D00C 0 3 0 0 -
000 o o oo o o 00 0 8,0000 0 0 0

-.- C 0CD0 0 0 C. 00 - 0 -000 -C - 0000C
0 -1

Z , Vc c V V; V CV V;Y ;C ;C 6C ;6C ;C 2

AZ

m- 0
, CY 2 00 08A0

m~~ iu a v v z z z i v V v v

WU W L -J - 3.

.- UU us .L

00 00 00 000 me00 80 0

LU w -i j - j i i - -i-A j - ww w w

aL W, W ofIN ~ ~ 0 0 ccCD M mI w 102 waW
LU ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a w. a. w aw. AL L Aww4"L wwu

a ~ ~ ~ ~ ~ I W J Iii *j i j. i- i- i i- i- j- j .A- jj
P4w a o 0 0z ~ a a a

0004, 0

j I? C? C? ? I? I? C? C I? C? I?? AI? C
asa -------------------------------------------------------------------

CL N :cI



- .- - - U - - - - - - -I -I -I -I -I - - -I -I -

LI mmW %I ZZ O W - m % m%&W m 1" Wmm%

2

P. Ck - - % t .- W % P. - -% - -.- - % .- - .

W ~ wo 0 NO Go-4
a 6-N V% n% mI n% % c

O 0 00 0 0 00 0 0 00 0

LU~~~~~~ 1 Z- 0e De

000

22
-a

40 080 0

2

0 N0 0

-J CD CC 20 0 0 0
0. 0 0. 00 m0 002Fnin0 C20 00CD0 00 co0coo0 000 0

LA .

w 00C0000 0040000000000 co goo000000m

.w m m 0 0 -=2 2 - - - -2 -2 2 Z 2 2%22 Z

w =
ac,

w 0

0L000 0 00 0 000w 000-- U 000
-p w - -- Uw In fl 2

V~= m VZ V V

W -a w w -a K -a -

0. www z z m z z .CL0 . .9

-i~~~~~ ~ ~ ~ ~ Wj Wj Wj LI LI LI- j- j- j -j- j- j- 1-1- 1- A-

OW Ml Ml aMl 2= a2aw S S

Fn r" F"o mm m m0m mmv n no

N N N * *



(a A 4 a a

In r

P- Z Z~ Z - - -~

004

0 D CD0CD CDC3 C 0 N CD ( 0 ON
0 9 0N 0N C, 0N CIS0 0 CD

U.0 m C 0 00m0 =000m000= 000 000020C4 0 000C

zC -K-C

U- w

U,4

C, U , C 8

0;! 2C 000 0 0 0 0 0 0 0 0-0 0 0
00 Pn 0000 U040 - - - 400 C2

W% 61% 0fC C
W% I& 0zI.
W% Wt

U'v v ZZ = Z Z: Z Z Zz zz zz
uJ v

u uU
CD C

uJ~~~~~d 00 0 0 0 00 0 0 0 80 0 0 0 0

mau --- 0 S0

ui~~~ UU UULU

US~U US U'
ujl =I I

P-~~~I P- P-- --

ek U w ' U' w. 00w a 99( l IA
c = 0

CL A' &' m' 9L 0. & U.

= ~A IA A 'U 4 c - C- , C- C- ,

U' U U
-~~- -j-- 'U

uU'L

2c 00 .. 0 .(A( A V Z
!a ~ ~ ~ ~ z((( 2 2 2' 2' !2- -222 2 22222



f. % Li Ni M Li gi L MA MA r b- M M %r in M -t in MA MA Li in Li Li LiLi

z

cm W%ýnkA U 0wn W% nL mL s M N in l mm m Nk

aOC 000 000000000 4000 000

ui U Li U Li
U% In W% In 6-%

.....................................................................

0 0040 CD--D D 0C

z
- n An

LU 000 0

aa 00 0 l 0 0

0)1- oooooooomiooo~oo 0 -C2, 0 C20 =00o0
cn .-j

3. )z0 0 - 00 000

-C c n n

ic

MA 0000000000000029000000ao~~o00000
0- 4000ý0 000 000=0400Q=000000000080,0

0000 C-ipý 00 0 0 0-CO=OOOO 00
%1 -0 00 0L00 0 0g g g

tn in W% In in%

00C

LU LU CUC U Cu (U

*u LULUL LU MA MAMAMAM

ccJ ix ccco z z z 3z 2

LL, LU MA MA MA MA MA
I. --P. gm 0. i- l a-I-

MA~ ~ ; L; LiLiL;L

0 0i 0U 0 IS > 20 ZZ Z Z -U Li Li Li U

U)COW ( AU) W JJ-1-J-J J-J -. J..J -AAM MA MA-w

LU LU U LU L UL LU LU LU LU LU LU LU LU LU LU LU LU LU LU U LU LU LU LULUL

Lij~ BU -j - i -i - j - 4 - 1 - j - j -

u (%Ju uu

o oi
0000000000000000

*c m aS a a! ,2s!as22-s2

Ino



wmUAul~ 6-.L 1--tuu uw ww w 0

-. - - - - - - -% -% - - - .- -% - -% - -% - - - - -~ - - -% - -~ -

M n n tvM MM r n M % - M MNUrin

cc o N .0 N 0N 0 N N '~0 tI-or

40 r lCD6 -0 C ni

0-0 a 0 0 0

-n -A -00 - -- - - - - -

a- 00 V 0 00000 V

v V V f.- - v V V v V V V

0000 n 0 0 0400~00

-h nC 0 000 CDuC D0 D0000 0 0 00 0 00 00
0
z j VK V; V V; V; V; V V; V; V; CV V ;6L moo

-a ri fn* ~
K. - a

-0 -C -C -tC4c- C c

LU IK IC~ V O.144cI
z~~: 0:cz2 m=a vIz 2 v v :In = a

S00000000000000000 n2 00000000

000000 0000 C DC100 00 0 00C % 0~ - -- :19 9

an M - Ma In - an 1A in CD000 n W; W% an 0 ;0 000;C;0 - a% an

It -t -Z -t

u mu mu u

IC 2c 2= r

~.-... - I.-

mu ~L L su a- - - ZZ i i U Z ------------------- s

L U b - - a - b -. 0 -. 0.a .~ -- a -15 r e ;3 - a M r n a t .. j M a l

C (a0 w 0 000(A 00w 0 00- 000- 00-9- 0 00000001- 0- .. P . -11

W- C 00 00M0 000000 0 00 0 00 0 00 0

* , * , ** * ISSS SSS 5 5 .

aO



ax Z

i - - -% - - - - - -% - -% - -% - -. - .- - - - - - -. - -% - - - -

a~ ~ 000000000000000

-J 000 3 CC 0 5020 080280

m

P. V vV 0 0 V

I. - -

5 in In tn In 0 0

. A 0. 0 0 0 0 00C 00Qr0 0 00 0 0CD000C0CDCD000 00C0C0C

usa -

cc WA 0 mZ~ at = v z m ac z va21zZ
mu 2=

CA
LU 4 DC D4 0C DC DC DC D, 0 =4 D0 0C D00C

inN -.-.- 00.CD 0 0- in in in iN in in% - in in W% - 000 0

V V v V V V V V

u mu mu mu z z 2z
-A -.j .. j .i mU u u

zZZ Z = zv z 2
3muum (4 _ 3 m u m m iLS iLUL

3..0c 1P =3 L j~j
iaaa m

La -1 -. j -j - -

02.

O N

to O CC



- a- a-- a--a a -a-a - .all, 0a-I "It 9 a 2 - 2 a--a--

co 0 00 0
N umON ON CO OO iN in Pn

a 0CD00000 0 0 0 0 ~ 0 v: aYCY C

I- %% -- Z- Z - %

In 0

40 v o4
0~ u v -0- vn(

S . 000

lii D

0 a-- a- V0 V0 CD 0C 20 C7 D V - a.-0 r f

3. ca-U a 00 'U

0- a

(AA-

0 C

QWUU 000 0 0 0 0 00 CIO 000000N W n n- nin

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
v v v v v 00000000

2! =

a-. a- I- IC

wL u w us us am 5 UUU

C-- a~ J J mh SA S

(LU WWWU * * =
44 w l. Z Z w u~NN

LLI )- ui W W U U U

3-1 31 -13.1LU LU 2r

ccS S SS S S S
0. 1- xx X x 4 P4 P4 4 0 mm m

WwCI W W IClK 4c W :W olIC IC IC IC W IcIC-C-C-C-C-C-C-C-

.- - J . 1 . . .J ..J J J .J . . . J .J .J 5 - 1 . L . 8 ..Baaa B8'~ -1-j- aa- j jjj i
uu U ULILIUL

z N a 2 3 ! It a ora%

mm mm mm mm mm mm C?=



u>zi>>w

-. -. - -% - - -. - - -. - -~ - -. - -%S .- S . S

anf" ng ww~ang an"6v% gomul omta n Ian N a I I
w N- N A-N C4 aN Na- N~ Na-NScy Cl ly C

-0. #~ . t~- . ~--. * ~ 0 tt- -0 0.C)'

ta a co - c ac - ca - a- a- a

6m0

V% k" In W aLn

9L %*a-0C,0 0C a- a -=- a.-c,0 20 0CC

-KJ-
00

0U X

vi toa c a c~a ~ c cc a a c~
CA

I- C20 80I1 0 3 8 0 080=4
-6! . ..04 ! . 1

an tnin -Wt"W -W I m - = -400 C,- nUNi -WW W

v v
v v v vv vv

CAuiLUU
3Au su zz=zL

2w Z =cz aacccaaccLc us MAcc @ O 0
KaC I c =aa = Zccc N c I- - aacccus ai

x . .c . LL, accc cacaca

- na n-a nan -a na - - - a - -n -n - - -n -n - -

& T T T V T T I? I? T I? V T T TVTT

Vt Vt Vt Vt et Vt Vt V V t V V~ Vt V t te

.-- a- -a- - - - - -a------------ -- - -

----5 5 5 5-j-j-j-j-j- -j

0..



> > > > > Z.- Z. > > > > >

- - - - - - - --m

omm o ino ina ina dm Am n d
LNO N-N N-N CN N-M N-C-

424)

In

I.-

m o

0. 2~ 9 0000 00C10 00 0000020 00000000 ,0
a. W- a. 00 0 00C 000 0 000C,00 00 0 00000

0 0 2 00C20 00C,0=0 00 0000000 00 CIa0002,003
uj00 0 00 0 0;C o C060000000000=00000

-U

W 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0000 000CD000 0 200400 000000000000

V . V V! . V V C! C! V V V V V V V ! C !C !

u% in V% -V - -V - - - -V

v vv v v v v vv0
v vv v v vv0

P4
0

222 J m 2 mZ xmm w w =w ww w
wUI w w ww ww0 = = z0 0 0 0 0 0 0 -j

uj wuww wwwwj 99 99 9 = g ="
0~~~o o -1 a. a. -. a. j =1aa -

uJ------------------------ ,.* ).- 3-- 9

mi mi mi m m -t i -t -1 m 67 - ui. t- , t- t- e. ,- '
a.-------------------------------zXzNN zN zNNNN NNus

0- ~ ~ m w mmam um m mim 555o -.. cr
ma mmAi m 1717 m mm mm M Em

w i nw ~ ww w .w.ww.w .ww.. .w.ww.w .ww.

100

Sr 3. .5 5,9 S a S a S S ;s S a s
a~~~oC .2 2 2 .=2.= 2.



-% - - - - - -% - - - - -% - - - -. - -% - - -. -. -. -% - - - .- -

InO N -r '0 ~ 'C In0. Ua N0m N mN mm0om Innt- N
00 0 0 o o c 4

*- "Z.-. . ,

CD C3,

ca

9LL

-l00 0 00 0 00 00 000 CO O C C C C C C C C CC oo

a -J
CCOC 2cOc qc2C z ocOCC CCCC Zz2221ii2iatC i i

(A 4
I-'," D4 M 40 0 0 c 0000
-00 0 0 00 8 9 0 00 0 = 0 0

00 0 0 0 0 4 0 0 0 0 0 0 0

C!C 9C ! 91 99 9 9C ! !9C

-U LILUL
uUujL

3UL UL ALIuiu j-
'U -j . . C. . . . C 3.-3.. 3. 3. w USC C C C

o 0 0 0 0 0 aCC 00000000000000uujz i - -
CC C CC C C = mCCCCCC CCCDCCCCCCCCCCCCCCO COCCCCCC-CCCCCCj

IK~~~~I I- e.. 1. - 1.-. - 1

-0 ~ ' -0 P4U 'Ux

01 ~ ~ ~ ~ ~ ~ ' 'U If T 'el ... ..

It Ir t %r t Is I 3 9 a.a a9 aw w a 'a CSU~~~~; mr IS c U' U' - -. = = ' U
C? ? ? 1 C C 4 CUI? I? . . . . . . aaz.



z

'oo 00 ~ 0%, ,Wo 0m ow m' w omm' c om 
w 0N ~ O .m in 0 m. In mN O% N ml 6- NO i

a-

Co~

cou

4c

-J 29w c

w1 tz 2
I-

4:

4c 000C

UUL

a z
MiL 4: 00 0 0 0 0 000 000 000 0w 0 0

a z z z z z = zzzzzzz : = =

0 ~ 0 00 00 0 00 00 000 00 0 0 03 0 0

0c a. 0 00 0. 0L 0 - z 0 0 M W 0 0a0
6-n ra .--,- I.l~ 34e 1. 31. 31

VA V
V Vf M W of V - M ac V F V? 4? V go CAI I-b - 2

w ~ ~ ~ ~ ~ M wi Mi w ww...

a. Z il JM

4cLU -C -c; 4c C-C-u C CW-
im ac

MiM iM N P1V1N - -a

-a- U ~

z .0 .0 A z.0 .0 A A.0 . .0 AZ AO A A . 0 A M 0 . A 0 0 .0 .0 0 -

Co ? C? I *C C? . . . . . . . . . . . . . . C .

a. NN N N N N N NN0a m m m m m



-. - - -. - - - -% -~ -. - - - % - - - - - -% - -. -~ -. - - - - - -

Lu .N M r'. N N CY M. M McN pn S - N MN -t C

Ow -110 40
a0

m ,0P -
'n C, W

zA c jc Mf Yz Q c

19

3 a-,

zv

19

0
w v

2 , C"0C 3 00 0 am4 0m 4
= 0= a40 0 0cz Q = ImCl = m D 0= 4 V

U. V) m C 0 0 = 0 00 Q0 =0 00 0C 00 a m C3,m =
a. 0 40 0 = 0 Q 0 0 0 C) 00 0 S 0 0a

zu- D0C ;Cý C ;C ;C oC ;C ;6C C; 4ca aa ac coaaa aa ca

ccc a c cc c c c cc c c c c

I- u

aj z z z z z z z z z6- 153

=33
0caaC3, cccc 200 8CS8 Cc, c, 8  cc S cc

an an n --- - -- -- -- - -- - -- In an n a

V V V v V V V V V v v V V V V
v V V V V V V V V V V V V VV

e 9W cc6Cie dw0: cc uwu US LuJ

fu US Lu Lu

-i -a LJ L.i U W

(42 (A ZZ WXZ2CX W U W O O

3 u ILa. 0. . W W W I.-

)-J - *-. *-- 11 z z a a z --------- 0 0
0 0 0 x z Z Z W u =W ac = u u~ uI~

W~~~ ~ ~ a W WW WW z cmcmm W..

Lu
000- i A - l - a .. -i ... 1.a off I=- I I - P- PW- 1-1 1-1 lo-

= = W ~ UJ u Lu WLu-------------~~,0 0~U u u Li uL ZZZZZFeZZ;Z

or , , l TI M ae mc = = = nminnmm mmm mme mmm -j I I.-mmm

*r N*I rý

om o4C Oe1. . W . OCOC.-I 1I W
C,. -J 0

m ~. -a



0f w*AO 0Qo~ 1 M.Z 70wC u

ca
I- ~ 11-..b S- - B- I- B- - - I- - B- -. B- B-- B---B

0 m n Cle n r--t n W % % e n g
z

Go 0 0 ~~~ 0 0* t0
%. ~ ~ 1 Cc 1 *%. t t %% %-.-- %% -1~~% .~.~~*

ina6C , ) A L o ns ,U Aw-A C j-C N 4C C v r i c ~ y C
- - r N- 0, G ..- . ~' SSS .- S.- ' .S .S SS .-0 CD~ Q3 C, W 0 ~ s Sw m 00mm

0 0
mS v -vv

w1( D00C DC 5C C D0C 0C D00C
IL 0V DMC DC D=C DCDC 2MC 0C 2C 0C 0 00 2(2C

0 C2 CD0 MC VCv0C.C =C 4 DMC 0CDC DC DCDv 04 D

Li

z VV

0CD Q 0oc 00 0 cc 0D0D 000 0 0 w S 't 0 0- - M

s~ ~ w a wZ Z Z Z Z Z Z VV

B-

aUw I I L I C *2
FW w000000a000000 00-a 000000000

0o 0 w 0 0 0 0 0 0 0 0 "Q w m0 %t w -
Sn M n'0a

9 ~ ~ V1 V1 V1 V1 V1 V1 -A Vi Vi- i- i- i- i- i- i- i- i-

2c ~ ~ ~ V6 V2 V0 V0 Y0 A V0 Al V0 V0 . 0 . 0. 0 Aja. 2 a A AJ

0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - -r SS -. & .0 r f r. r12 8 l g3 93 "I
05 ~ ~ ~ ~ ~ " CD CI ?C ?I 7C
ILZ WUCD~x



,, .w w I-. I- ~~ . w w W 0- I- UJ w LU I-
u wwwwzzz0zw0my10 xzKzzZZZZZ>>>

0

- '%- - - - - - - .- %~ .- - - --- - --. -% --. -

w Im m cm C2, O ~0 m CM~ CYrmC

0 0 O 0

-J C3

0C 000 - 0009

C! W, * C,. . * C!0C
0- 00 *00 *3 00 CD V

0 mmuo o
4=C C D ,C2 000 0 D0C 00 00 000 00 0

9L O* 0 . *QQO O OO OC 0 (* 0 D

0 0 0 CD0 &nna0D 0 0 0 00 0 0 00 C,0 D

3 A * 0 0 0 00 0 0 0 0 00 0 0 0 0
WA -J

000 00 0 00 0 0 00 0 00 N 0

IC ;-1

cc =U 9
0- X

(A

0000040000000000200000000000000
-J 0000000000000004 NJ^MOOMmmiOOOO

~000000000000-~000000000 N -Ini

0a - NY NM 00 - 0
- N M 'r t0L '0

LU LUm w 3. .. 3.3'
b.- L u U U w~~U U - LULUL

LU w~~~z z - - - - P4 P4

C9- .2- X- iff 88888881,4
W

z www.,aL

w cog w I

IC% ace ace00000000000 OCOC OO OO
* - 11.1

0.0 3i -A -j -j =i =j =i =j =1 =4 =1- i- i- ijj- a



0 WWN N . N U 0 In.m ~ O~n t- O f 0. W% N0.
0 " N n % 0 on ~ L'IO C, m inp

:z :z - z Z-z - - -%% - - - -.' -*%- . - - - - -. - -. - -

00

44

-j

Ol -.0

b-o a

'U
40 00 D 00 40m C 00t

CD 40C
C!~~ ~ C!99C C 1

Wa

v
-l v v

tO 00U s Uu u h
2t Z Z Z 1 1 2c 002

of ccc c0z 0 0

wZL9 A -4 -j y

a. - -. -OO O-OO- OCO-OO OO C o o
I--Jw40 0 0 0 0 0 00 0 0 0 0 0 0 0

P- 'Uj~ 0u u c u u c

q;

CL 00000000000000000000000000001



wU P- I.- NI~. > > 2. > > o> W wU L I- . U U Q Q

L) zzz0000w0 0 z z z z z a a 0

ca

-

Z

C, LM N

I- 09 000

v v vv v

U'
49 U'u -u

00 _ 00

CO o 0 
.f W%

Z 0o 
Q 0

o C;o
VC V V v V V

ci U 0 00 0 0 0 0 0 00 0 0 0 0 0
a.= Q M Qo = s c - . 0 0 0 00 0 0 0 0 00000000000

us. 0 ---- e

C
z 14 I C4= c4

09 = zz=m
LU 0 VVV Z X Z ZZ Z Z ZZ

a 0
9999999 00000000000000000000 0000.9
M Q0 ooo -Q C)oo 0 2 C -0 )ooOO PMOOOO NN c 0 00

..............................................................................

-J U'U U'0 000 000 000 000 
0 0 0 0 0

0000000 000000 000000 000000

w "I UA Wu L .L U LU LULUww

-C = = = = = .*1 -C. .-. 1-t eq -C -C
I- ac M- o, w U us LU - i -. -- -j.
K =K = =- =- =-I . .~ ~ -S--I
z- z- .- . .o .. a .

x ~ ~ ~ ~ U x x x. .- - Jmx= ~ - ~-

LU F00
NNNNNNS CYcm N t Nc iJNNC Y y" YC %UZ

--------- -- -,---
- - -- - - - - - - - - - -!-- - -

0 am a cc In a w a, a ao a D in 0 a CA a a1 a a a aS as ca a: aW* 1" .... "="0 ,a 91 ,M9 9wMW 1
Lu u LU LU UJLULULw wwUL uLusLLULU UL UL wuL iULULLU LU LU wLU usus

I- -J -4 -.5 1i - .1. ..J -j .4 ..J ... .4 .4 .. 4. ..J -j Jj .4 4. ..J Jj .4.4.4-j -j -

41 -A- " I
C?. . .. ..s

0. C



ui u W WusWuI-

am
- --- - - -- - - - --------- - -- - - - --

Ln t

0l 00 CD&0n

aM 
C2 u u l

00 C2 -%i 04

40 000 -a 0D=C
CL C* (24 DC. 24 D0 0 (D4 D1 D4 C 0C N04

VW6 0 0 00 0 0 * V V 000oooo os
03. 1- V V04DV D- 3- Vc 0VV00V

U) -

9 A a z0u m- vza

00

-J =A* 00000000000000000000000020000

0 00 0a 0 0 0 00=0 0000 0 0 00=C=0 0 0 0

9 9 9C! 9C! 99 9 9 99 C!9 9 9 99 IN . C

" I.- I-

za zzz 5

U' 0 U.ZZ Z MV uV M.Z Z

UU
(A- i j j- j j j j - j -

N

U' 0 0 00 0 0 0 00 0 0 00 0 0 0
00 00000 0 0 0 00 0 00.* z0 0 0 0 0~fU mb 0 0 0 0 0 0~

00 0 00 0 00 0 00 0 000O



I- Li LI LI U - 2 . 1

u 2C oZLz zzz o4 oZ

a %- - - - MOO .- 4 - wc- 1610'%- cc Go oo do .-. go so .-

-m Ina -in 'an m aIM m n m% a 9- m InIn i

0 CCDOC CD 0CD'.0Q 0 0-a -9a

6n ; in C - W;

I- I-- V V V -

Sn 0 n

0n %I0( 0W

z CV V V V V V V

C0. 0m( a. COCO OOC CCCC CCO'O 0 ,0 0 0

(A -l

-

5-u

40 C NO CSC C0 0 ON C CC
o CD C -in -- 40- WNu n4 D00 - 00 nIMi

V V V V V V V V V V
V V V V V V V V V V V

KZ a

us KU W" me a um = 2= Liu
P4 1-4 N P4 .1 .1 LI LI LI

01 z m "r 72 zK 00

-i~S ---j -

C

gn

cm

aNs



w z z zz zz zz w0 0a aa w 0 V,0 W(d P 4 (

co

-. %. *. - . '1. 11 I %. 1. - - ' %. - - *%. -.. '. . %. *% %. 1%.

LU
1 0 0 0 I

an 000- 00a
40 C 0 - * 0

3~c 3 S =

C 00 r, C' 0

aj . . a . I
LL - C0 ,0 0 * 0 00c ,c 0C ;C ;c C ,C c

a V C V Vc Vc 4V W Vc ccI:c
at us in = v v I. v v v 2c 28 a = I a Z

w Q C, 8 C, 0 ,0 0 C l00 CC0 c. O 40C,0 00C00 C
40 0 ,0 4 , ,0 0 0 = C C C ,= c C C ,C 0 4

U) .. w l

P- 0- 1 1- 1
-c c

-i - -l j -

U u a V 3w 3- V a z aa a aa a
mu -j= i u2

w LC :x(A c

-- w. -c -c -c- -c- c

u~~~m muO mu mu u L

z.j . .. it ..2 ..J J2 . 0 A J2 .0 .0

aTT T ?? c T .Ta.a. . ITT I.aT.--
dL 0=



u

-. - - - - -. - h- - - - h- h- - h- - - - - -. - - - . -

fý n n N n P- a 0. % % OW%

- h. -hh-h- --. - -%. h - . -. V- Z- h* I Z- Z- Z. Z. -1.

0l 0 v

I.- c- -

u

US 2

CC

a V a aV

-, --
j 

1 4 c-

1. 0 mSz

LU 0- P4 g -3.. -bZ a w w wZ

CL

LU
LU 00000000000000000000000000000- -j j -jj -
0000000000u0ciu u u u u u j u j w j F

0000000000000000

.J 00 0 00 00s0 0 00 0 00 0 0
00 a anan -an n an'-0 0 ~0 0- n anan t ~00C?

-- - O -



- -- - - - - - - - I- : - - -- - - -

mu t~l 0 N~ - N 0 N* l0 NY -y N ~ m 0 Nm N - Y

a 00000 0-000-0 0. 0

I
20

mu
c-

2

-J0 00000 0042C M O0 2
000 0=C, C

L 0- ;C ;C ;C c ;C ;C ;C ; C 4 ;c ;C 8 C

V) 2
cc * o o o o o o oo o o o o o o o

I.-. 00 00 00u0 00 000)0

mu

0000 000000000 000 00 00 0 CD00000

oor .. C~o o03 00 00 0 C.. = 4* -
00-~~C Ne C, -N- 0 - 0 - 0 - 0 - 00 -

mu mu us mU
21= I

mu u u u

2c~ ~ mu mu mu z -c. 1- .

mu u mu mu Z E u e Bl a

mu mu mu mum um m S 31 ). 30 ). 0- .. - .- ph A SA

ui uu u' 0 0 0 0 Lu U IUL UL

5555555 x x xmICXCI,1,lc X u mu m mu-

a. U.L

* ~ l 41 14 lolc ICnc 1C0c WCIc MCOC 0,Z 0

-a -j J A J . J I I J j - i -J -i -j -I j -4 jI -j -j jl -j -j -j -j -j -S j

Go

* -
Ck -



0

0, 0 W% r- 0 = i I% ok an a 40 Go
0 000 0 ok0 w w0 C0O 00

-~~ ~ I. - %- ' % .'% % % % % - - % - .*% %..

W CP.N. a ~ ( ta3

an

z
-5
co

OCO W% In Ln 00% 00 %

CD CD CD . *DC 0 CD 0 C3 .0 2C

V V v V V V v V V V V vv v

0 * 0 .0 C, CD 4 CC!0

- 0C 40 0 0 CD4 DC 0 C 0 -0 0 * C c 00CD0
ILU D4 D=C )a D0 0C D00C

U. V) V3 CD V V Vr Q V2 CD V Co IS V2 V2 DC w 0C %4 0 Q4 m S

an-j

-as

cc U a0 v V V Z v 2 121a Iv V V zz

a-)

N~~~~~~ Nn Q 0 0 t0 0 0 0 0 0 0 0 0 0

w& w

auo ---- wwwo l * w

888 F F6 E O Www2

_j _. -J-i -



I.- wU W" WI- 0-1 .

00 o do go co 40 40 so 40
aI

miC l v C ' C m f - y f

z ,ZZ

cc 0000 n mo s
00040 0 0 ; ;C

ac
C3 000 MDm-
og )4 coo CDOm O-

a 9 *o 0, 0 0. *
CD 02 c- ; . c C;

U
-j CD Vn V, !! Vn Vr V, C3a a aV 2 ,C, 2 ,4 3

0A m

af U v 21 v z zazza zax m w zacz zm
UA 2

OA

wU 0 m nM 0 mn Cocco 0C) 0Coooa ocoo: 0cco

0000 0 c cco oo 0 Nm c 0 0- eC .C! C! . C! 9 9 9.N~c 000

a a ata

wLUa w w W W W L

a0 ------- .j of me cc cc*z L uL
LuJ 000o000i uz=zea z za c(wj oo iu.u aa a am a 0000 1-3-w L wu S"u&

c 00 m m 00 z0 m0 m~ - -0M - 00 ----- -z zz W z z z z z . . . UJIM . ZW

..J .J .1 1 1 .J .J .. .1 ..J 5.1 ..J .. . . . . . ; . . ... IJ .J J .

oo Z 0 M IZ. os

*i -1 -a- 1 - 1 , , , A - j - j - - i - i - i
*q a-8aaaaaaP iBi aa: iP 3Bi

0.0



-. --. L U L - --i -i - -i -i - - - - - - - - -

mUe

-- -- - - - ---- --- -

~C O0000 000'~(D 0 CD.0 0

z z z

In 
z z

9 9"
-0

031- ~ ~ 00 0= 0 00 0

soor

CA*

*U 00000000000000000000000000000
(20 ====CP 00=C00NN0 "0= = = O

LU~~~C 0900000 0 0 0 0 0 0 0 0 0 0 0 0

m~~~~~L LU 0 Z Z V 3VV Z 3 Z

LU w a

0: 000000 w O 00 0 0 Ns NO 0000P00N00

LU LU LU -jO 00 =

LU -j LU LU -j - i i Li i
NU L L Z Z

00 ULUL U 3 3

lkLLLL ~.~~
r- 0. A. 0. . 2. 0LUAMJ . 0. Al3J~~ 33 300 22A.0 A. 0

3- It ItUUUWUUUL~~ 11 a=sSSz S9; 9339Sz 9z s3;
L ? Im C?~. S. .L~



>~~ ~ 21 :2.>>> >u u C.)u u u u u tU U. IA uac u 21, > > 21 U
U5C2: U)))))))))) W O W W KKz z R G A C

4

a-

00~0 0.0.0

a M U%10 a n U.1 m In -=Mn "Mt '0

U).
-. ;c ;c ;( ;c ; 4; c =6 2c ;C ;C

UU

IIN
40

UJ

0

cc.U 0 a,00c0me 0c 0000) 00 0000000000

-c -c4 4 0* 0* 0 * 00 00 0 00 0 & 0& 0 0 0 0000m

b. I-Uz 8 wL
ac aa S 2u -6 fc i t4
4cw. = = = = = = =I.4

44 44.4 4 4 & & &4LC4L i I .I L R9L2A4rI tm

ix -c 9 -cZZ ZZ Z 4 -c o cc czc cggzgg1gz 1z
LU 0 - sc oC m c-c sC

I- UU LU.OO Ww w ww w wIIw ww WL uL UI W
-1 U)- 1 -1 -1 - 1 1 - .j - j II j - j . j -

a 000000000000. .- Nm-.- 00.00.



z

- u

(An an

Z.. Z. Z. t%.Z

z

- 00 CD 0-0 0 0
V V V V V V V V V

z
!5 an

to 
4. 0 in% uL a

000 .- N C!ON
0 0 0 -C 2

a2 : c ,0C ,0C ,C 00 0 0 0 C ,0 eC o 0 cc z00c

0 1- ,C C ,C

w z C2, a MON 0 %
0 '.0 C y

Nu 0 N 0W

a- uI
U,

LU 0000000 000000 0000z0 000000

m 0 C 0 0 CD0D00D0m01fl0 0 0C 0 0000000 00

U', U*, U'a C, E

6D 0 606060 CD W% CU mU(

CU CU CU CU CY -J 8-4

.- J- sn in, 9n in $Az

us06 60 Lu LU LU LU
cat ac - - - - --

CO ca------ -----------I- -C .1 .2 T

I- I-.
oe cc W a a EZ Z IU I W u~

----------------------- LWU w .. UI
in J..JJJ~JJ~J JJQQQIn

LUWUWULLUULLULLU-------------------
U.w4azz

I.- W,-

EI V-5a--

CL a a a a a a a a UILM

*U -A 
AJ

0.0. 2 A .



0In - em M.0 In - 'C % 4 I n- MC %r. M a' P @ r.% IM M %rsO

N. %. 9- -n - -. . ... % -*% . -l N% U% N. In N .

in m In ' M n n% m

-D CD -lC 0000-4 2 S &

0- 0 0 t.z

-J 0 0 2= 04

.- afl.-i Inan 0

02 D00i.I 0 0 00

9L : 00 0 000 = 0 0 *00 D0 0 0 0
a-.( 0 0 0 0080 V V 000 * 0000

ca

I000.-

tu 0 00000 * an mOO * 000== 4*8 0

CA *000000000000000000000000000 00
000000000000000000000000000Cl0

a- =A 0 i M tM-i %i M 0M-iInk0 0 0t -0 0 0 -0 0~000 - - 0 N0-. 0 r-.- C3

LU =ULL
a- U iu J Uu

mea =2 =2
-C c - LIL L
I.-1 000 00 000 00 000 00 000 00
00 00 00 0 00 00 00 a 00 00 0

-J 00 0 00 0 0 0 0 0 0 0 0 - 0

LU Lu Lu

m w a zi z ai zi
a-w w w A I 1 1-3-3-- -- a- -j I..-a I- .

L WU , U U , In !;; w,-w w-l; I, (n R 0 al- 2-c0-1-1 1 0 P P. l

zz
I--------------------------------w m wLUw w wmmm W LUIOL w WOM OUCOW

0.aaaaaa---W L W

U .0 .00m 0.I0 00D .0.0 0A M A .0 0 0 0 M. . .0 0 0.00 0 0

*r Nr.*
4? CC0?C?1.?9 4a-c



z0 an 0N N 0. UN - an kN anN -ý N m-. N U N m 0. k" .

L a mnUm n~0 a -m a'ma 'cama '0i anu
UJ. ZlN 01 N S -' 0 N-N a a

z

64 in n W%

v -
b0-

an &A &A UN 0;
W tj

VK V V V V V

mJ 40 .D 00 00( 0000000000000D0C C, C C, 00 m00000 D 00 ý0

0 ).-0 000040 C 0 CDmý 0 0 00003 00 00 000 0 0CD 000 0

c- m

0.- uJ

an U an in m m A^ makn 0 oooo.-a n an a%6 n an an- an an an - D00

z z z z Liu L'b LU

-A -8 -i -J WU Wj W

1 a-a.- 1- LU
z z z

w w =i j .j . - -- - - -= =- -= - -
I- 44 -C WK WC w4K 00 0 C0 .- . - - 555555z awu u

or a.~ J~ ~~
Wo cc o .1 c oo. .J.J.J ~. .J. 4(0w (( 4( = =

-- - - - - -- - -- - -- - - - - - -- - - - - -- - - - - -- - - --F

~1 ~ ~J~i I - ~J - i -A -J -A i -j -1 -j -a .j -j -J -i -J -j ... .8 .1 . .4 -1. ..j

P4 u u u u u u u 3U U UBBu uBBB

an

an

00



u tu u I. I-. U u t U U
u ozzzz C 24

a co- --

03 &n -mIt c (%m - , m Nm.m -n P%~ -N %m ,z

-i CM Mm m em cm %'I mf-mm '
00 0N N N~ N N 0 ~ ~

at

04

0 0 9l -qL9

- - v vvv 06

0u. 00= CO O O D = Q o ~ o o 00C
Vn 00 =V mac 0 00 'A VVcmC)

t: -I - m

dax- - -K0 -C v
W U

a 4 00000000000000000000000 00
a. - . 0=aooeoooooooo~oooooo 0000

08= 0 0 0 000== O C3 = O20 ?.9 !S C 0 0

(A LL Au

of 0 v wa a aa a z w Vi a- azz
Lu u

- o 00000000 00-0I.0-0000
aj -j -a0 0 0 a 0 010z 2cz - - --

-j ~ ~ ~ ~ L wu Lu w uuu 1

3.~~I -1 :--ji2

UA ~ ~ ~ ~ ~ L Lu Lu Lu UU k Uk U

2cu Lu Lu Lu 00 0
z; a a ---------- SIt------ c 11a a a aa

4? C .. . . .? . . .
:c ~ ~ Uc U6 U 6



> m. > >2

LU

0 C2

C7 I.' %~ . -. ~- - - * -V I.- %. V V I.- v%

(aC 00 000C20. -D0 -D0000c 00C

U) )

up a

c u
z

I.-- -

W

0 00 0 0 0,

0 U LU U) U)U)U

P2 I-V I. V usV s-V s-vL

-a~~ ~ mU)z * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OU -c 4. 0000000000000000000000000000

w w -

-U

ItC tI to tf ?TI TI ) l l

-oooooLoot t ot tOOtOO Otet OOet etOtOO
- - - - - - - - - - - - - - - - - - -

-C U) ) -C -C -C U) -) U) w) U) -) w) w) U) A) 0 0 0 0 0 U) U) U) U) ow-U4

z x z zz N z wm m z zz ='at 9 z m

Vl Vu Vu Vj VU V w V

V; V V V VV VV V

uJMaMaM
z~~~~ u 22 u00uuuuuu

=2 2 aam~
ILM~~a a2 2



inO. in- o~

CL a: - C D - C -a 0 CD - -- 0 -D 0 CC m a m 0

-i

us

t' '
P-a

CA
us- J4 0 0 0 4 0400 4 0C

WN W% in - - - - - - - - - - - -o

a- i

z z Imz za c wu jo i- i-

I'U U2,M

9n in in a1 a1 in a a aaaa a & a a aaaaa
cc j j j j j jjjjjj- -V in _j _j _j .2C - in in.0

V VVV
I-. V V V V V V V

'U

"I It . . .i .i . t- tS t. t. . t t-* . t' S t. S S

a-1-1~- - -- - - - a- a- a- M a- CM . . . -

'U lu INWW LU 'U 'U 'U 'U MJ 'U 'U 'U li 'Uu sw iSu U IS 'u1

to usa ju
0 ca U 2 UUU Ua 20C2wa ac awc

* 0 UUUUU

* - -

u U( uu uuL)u 0uu uuu uu uf



za

LIl CIA O. 0 00001 n0 N fm 42 ey 0

a0 C,~ O0 00 00' .

to

zC

-J vv

Nd

- I- V P- -

40 m C 2 3 D IC D0 C ýCDi N 0C D DC,4 l4

-K

0 U

S CD

Ku-I %n 00000000-000000000000000-000000-- - -

v a v 0 00 vv0 v v0 vv v0 v 0 v v0v vv v v

vf v vI

UJ~~c 00 00 00 00 00 00 00 00 00 0
,.- In ZjU

~~T

w 00000000000000 00008000000u0

-i uj - i - i - i -

cc c ar u w Iw W

UA - -- - I- -

~~~~~~~~wIJLU LU w ww w ww w w w
4~U 11, LUC L

0.a

0000000000 z == a. a. a. a. au a a aaa
9LC = = = = = = =UL UL -I -~~ = = = =



z

mc

aC a-.-

(A j

U,- ;oc ;C ;C ;c ; ;QaC ;C ;C
3- U
t C-

co
K m 4

K
a C- C4 C- C- 4 c- C- c- C- c- C- C- C- C-

CD000000=000000000000000==0=0
0 00 0 0 0 0 0 00 0 0C 00 0 =00 000 0D

000 0 0 0 0 0 0 0 0 0 0 0 0

m a a ZZZZZZ ZZZZ2ZZZZZ-a

Uw wUSUiN N - .

Ac 000 000 00 000 000 00 000 00

000 W C 00 0 0 0 0 0 00 0 0 0 0 0
mU U-i% 5I N1 N1 N1 N1 a 9 99i n

LU~~' TU MU M 'WwaU

auw af a f f -IfMW . a a w w 1-11.w.

z m z a a m

z u u u u u u u u u0 0 u u u .0 0u0 000 0 u 00 u O
---------------------------------------------------0 0

O9'u U J~ Z 0 T Cj . C



-% - - - -% - - -% - .- - - - -% - .- -% - - - - - - - -. - - - -

o r yi -S0 -0 0 -0 0'-0 0-M-0 0-- 0C4

2cW

0 00

Z3 'ID, It.- D .

z

e 0
oo 0

(AV -.
LW -CC Li ;C ;C ;6o C C ;C ;66C ;6C

3- #A-V

IC -C O* o Co o 0O0 0 0 0 00- - - -C0c- 0 0, 0 0c 4 4 c 0 c 4C 4K c
-u I. 000t00000000000000000000000000m a a =at

ul.U 0 00 0 0 0 0 0 00 0 0 0 0 0

-00
9. 9 !9C C !9C 999 !C

cc 99c c= SwU
LiuiL"u

U)UAkuu
3L AJ"

Zu' m e - an we us an w

VL VL V V V a V i

w a a u M zz

4c~ .. .a.

000~J ~ 00 0000 ZZ .-0

* L . u ~ Z 0 Q 0 u u --u-U-------------00

I? OZC -------------------- ?WCFJW. .*.* ?WC?
CLIU CDZ =NN =WW =====



%r A M % M 4 M % IN In r A C4 n I

0%L %u ,; g o.

S- OC 3O 0 -N

US
I- -v. ao

0

a- V v OO.

8 0 0 3
03- 0 00o0 0 0=2 0 C 0 0 0 0

ac USaa-mmv 1 v vv v

a~ U, 000 4 2 3 00=C0 co oc0c c 40 cco cc co 4000
cc 40 00 cc

00000c 000000c 00c 000c O.;- -ac c --- N~
Ini - 0A n aa

-00
LI OAS LI LI pL

aj w z 2zzzZ 2cu uu x Z x x v v V
UJ JU IA =La- (-3 z -j.4 -

US U S3. 1 . -J
09

LAS w -a- -L I- -L 0- a-N

IK/

o a u C., u u u Lu Lu L uu - i i- j-1 a . iii

at z z m a c ac zJ 2c m x c 2 2 : .
Clf (------aa=a-t

ta-
mu1a.0a .a~a ~ x ----------- x x



,- - - - - - .- - - - -, - -. - - - - - -. - - - -. -. - -. .- - -

oI s r I % . 00 r 0 - 01% ow% *Am I 940 N 9Q-

-J 00 - a M " oo 0 0 M

2c 00

000 0nLC,00 0 00CDC,100 6 6

I-0 0 *0009 C 000 C v V

'Co,

0 00U -00 0 000 C!

U. us : D*0C =0 DC DC 0 0 3 =I 0 0 *m %L 0 C 0

-J 0 0 OOOOCoooooo4cooooooooooooOOOOOOO0

0) -J

W'

-0
dw uj a4c 2C 2e"I4I
'C 2c '

OZ'''CC''''"CC ' CCCC'''

-3 000000000000000000000000000000 0 0000 00000I Q000CQ00000000000000Uin 4 =0

-C 0000'C000nu 00000000000- OOONOO0O2

4'C r4 00 N 0

u u u u U LUUJLUI1

IC 4c 41 4

IC z z z m z z m w w cc a ac Zm of ZK oc 4K oZ ==C=o= m

0
P4

'C

* N

o o

N U U U U U U U U U U

V~. ts ~ * -s It It It'5
-J 000 00 0 00 00

a C?. , * , * I , CC ?I ? C

CL !



CA w w 0 go 00U 0googo0 0 US 0U)0 0 0 90 1, l CA U

cc
-C

- -0 to. a - 14*0 a oo a %.%.%10 -- as 2~ Palo p % l%*.-

onC tul0 rI O t I %0 nC

-U -m( Y 00- 4 )-C

CC

In I

0 
0 00CCm

V)V

-C-

m I. 
00

cc 2 ac = 21 aVz= t2

0 Cl0Cc o
uJCC l00 00 00. 00 000 00 9 00 00

c. Pd) -3 %o n i

I- v vvv vvv v

U ~ ~ ~ U LU 0U zz 3 3 3 3 3 33 33l3 3

-K 0cm L UL 1 c-

0w 0000 0w of 000 0c = 21 0 00 0 0 0 00

.& 12V- IL !t - C - - - - - C Ot0 fla -K O

Oc uJ LU UJWW Wus w w w

UUULJ 3UUUU3ZZZZZ
CCIL CLIw C& II I& LI uC iw WtuLU us CCu

uU 4? T T C? TCC I ?C
9L LUCCC cC C W W ~ ~ U U



- -a -. - - - - U - - - a- -I - LI - - -

.- N mo..-- V l os '"

-

-s -

v v 91a txm

.49 . 99 C!UC .9 C!

"" - a. I. aC - o

- -- -- i
a ace- - i i

LI

'a k k Ve4vVC 4

).-3-99-9-9 --- w-33993aggggg
ce m !n 2222 at be Dea nae cc acr- sa~

LIu

414



>>>>w w w 1.- a- w~ w w uw

- - - - - - - - - -

,CIO,-a-a-a-a-a-a-a-a-a-a-a-

a- r-.'SS.'%SSa
O C00 - .-- 0 ---- - -0- 0

ca gsna inr UN~nmsi mnia n n n n n @

0c 0 09 00

- V n V00 V V V- V LCD0 0
43 a--VVVVci. a4

0m0 M 0 0 04 00 =00 0O 0

03. 00soU% V A 0
0 l -CC UC ; C D 0 C
z ) 2c VVav a-

4c (A0 0 0 0 0 0 00 0 0 0 0 0 0 0

I.- (A0- g

40 4 0 0 4 = a 0C2,= a 0 a a '00

Q pn

*C -C OOO OO (AAc l( i0 00 00 00 00u ' 0

M.- * 0 w Vt

3. 3- )- 3.-

I ~ a-a go -1

I- -C, -J -J-J 0

wi wwuj us w a- a-aa-
a-~~~~C CDaa a a XZ Z Z Z

00aaa - 0i T.. Ti T CF TI? (AT (A .(A .T C
CL. ~ ~ ~ ~ N 1 W: 4: =U = ======



*% . *%'%- %. % ~ *%- -- - -% - - - -. - - '- -. - - - -

In - - - --- C- C

W

I. v .

I-~ kAV V V V 0%*

C 0-v I-

Ol 0i. . . . . 9 . !C

-C -,

CA
usA 0 C

-0 -

0=0

LA
40CC C 00 00 0 00 00 0

O0 0 00 0 0 00 0 00 0 0 vC 0
-I O C O O O O O0000000000000000000000

.- CC CCC CCCO CCC CNN- .- C CCC

a a

m~~~S M 4SM ~

LMS MS Z
I--Z Z atac 2SM wSW S W W M-. 0 0 Z Z M US

dc- S4c4 Moc -OO O Cac 4c 4-----------C----C wS o -4

U)( U -
w w w w w U w) sLL U

'0

u N

40 It ==aa a a a a a a a a S



mu mU mu I- w mu m mu .- b- uI LI uI uI uI Zi :1 :2 :3 .. :.Z-2 e

m- IV%%*.%%%

uso? a at oIm- s~ -CDt ~0t
o 0 - -0 - 0 -- 0 CD - 0 0 - S

-l 0

64 O - FS0-
W . . 0*9

I- 3V 000 0 000 ( , 0 2 c Cc

3) -j V V0 C! V V V 9 V

U) =

- V 41 00 t 000

w U

U)
C2 -D . 0000000 000000 0000 D0 00000 0

InU)42C co 000I 0 f%00 00 0 a0CD0 CD000 C a0 CD40

I-".

-U w
z = 

i 

JLUL

0 U 3= VV = t = =

* 00000I 0000 ICNN~ 040 0 0 0
2c

In I 000 0000 00800 00 0000 0000

-j~I" -- 8-S j -j U LI LI LI - - -

-C o= =0. 9L CL
ac !2 -- a--I a- a a=a=a

mLumuimu Li u~ wL 0

mu 0 Q w 0 a W m~ mc 0 coa 0 008 c 0 0 to N 0

u u 0 0 u0 u0. 0 . 3 = 3 = 3 = mu mu m 000u00 u mu

0.U 0



b-b-bb-b--b-b--b-- --b -b- -b- -b- - -b-b-b-

0 

a 0 04 ~ 0 a-- 0 -- 4

Z % ZZ

-C

coU

I-V V V I. V V

0 a = a

(A C) an 0 D ===Q=Q D4 3 DC

(a

W L

MC a 0 C0 DaC mmMC DC 00 Q 0 004C!a9C! 99aa 9 9C! C C!aa C! C!aa9 C 9

29 2c a Z Z z2cz zZZ Z Z Z Z

w w Az Uu Uu
'Ic

,c- iww a o a a aaamaac =a oama

a~~~~~~~~~ a a na na na na na N a a if a a
P-- - - - --3.

at= == = ai D =- =- b-f b-w- -w -w .w -m b- Ea 9= b- b- b- w 3. .
W ~ ~ ~ ~ M ca w i Mik 0 i ui M L" tu w EI Iff Iff I= = 1 3.

- == -C -C 4 I -C -C== = 0. 0. 0. -C Mi wi -C Mi -C -C -C -C- Mi - C- C~~'~~===Uam U00..Mi LU U. 111.U iJI a a . .J. . bbbb M
00-0 co

KKZ K J-i= = == = = ..a.z ;-U U UU W WK Z
ui u ui Mi == = == = Mi Mi ui Mi u. a- 0 a- uuuuu

0l
'03c 9z c 9az s;93z 933- 92 sa; S2

C? .N



N M -f w Nm M -C lN CU - N M % -N M t M -%r " M* - m MM -

9K 

I
00I

inI k4n % nI= m0 uC

musr r
I. 4Z % , % t f

C2 Li

L. IA-CDC a. 0 0 0 0 0 0 0 0 00 00 00 2
0 C00o 2100 00 000000 00 0 0 4 0 0

3. w~ a

-U X
FA

c &n a do 0 0 z0 0 = 0 0 0 0 a a 0 0 C3
.C ;C =r uC C ;c 4C;oC ;C ;ooC *o

-Li - - - -

v vv

mu v v v v v v v v v v v v v v v

oo oo OO OO OO OO 000 0 0000

=u ;m m me
aA LL aL ..

ui ~ ~ ~ ~ m tu mu muL stuw L
ui~~~m mu mu mu2 zz2

LU ~ ~ ~ ~ z a--- us.00 = == == ==a a3 a0
f ~~u mu m u mu Qua u o oa a u888uuUI6Z 2
cc ~ ~ ~ JN I 1111 0**0 0*0A II4 . M4 u
c ~ ~Z 2 I- i i i i *jjj- 1a- 1www
9L U. wU. U. w&u A6.

Q uU uu uu uu u0 uu u0 uu uu 0u 0u mu mu mu m u

a ~ ~ ~ ~ ~ ~~ ' s a a a a a a s ;g
mu Cw C? C? I? . . . . . .muummuwumwmuum



z

%U CD -u CD Q %-*% - Q- Q%-% % %-% - M 0-~ .- % %*

a C

0Nt O 090 N 0 l-'. O O 0 .- N
0 CD0 0 .- CD CD 0 -.~0 00 -0 - -3

z rrr~rrr~'~!rin rrrrrr rr
CD * 0 CDC 0 CD 0 DC

La )C, DC,0 0 00 4 D D= 0 * 0 00 0 0 0 *~ ) 4 0 C

zl

142

00- ON0Cun 0 0

0j 40C *D 0C 0 Q Q 0 C 40 Q 00o 1 SCh4 Dc

-jýrC 0 0 Q 00 0 0 00 0 C 0 00 00 0 DC, D

w U
zi VU V VU VA V VVV

-C -- a. 4a -OO O-CO-oO 4ooc -C oo C c 0000000 ww -

00000mwlNw 000000mmnwz MM 0.MMM eva¶OO0000

&A -J



LLbbw w wb--

CID

-% - - - - -% - -. -~ - .- - - - - - - - - - - -% - - -. -. - - -

ofIO

LU 0 0 0 N 0 ~ N 0 N 0

0A (3 C 0 0a0 0m 0 0 mO e

z Z
0 I - -a -1 0

U)
:zE z Z. Z. t. Z

ma

I- CD *n C0040 40 V V0 VD V VD a 000i

C, O~ 0 40 0 0, 0 0 C) IfN
00 000 v vvvv I- I-- 000-v

0 n s* .0 CD CD 0 0-

!, UD
C2 V V V D V VD V I- bV - V V CD

2 . N . O O O O O O O OCD00 0 0 N O O
C,~ 0000000D 000000000000000D0D0D QCDCDCDCD D D D00000 C

U. (AmZ n0 0 QC DC DC DC 4 DC D04 DC C

U

LU 0 0 aa0mN wy C10 00 0 0 a0CD00000 00 0 0

V V v v V vv vvv V V

V~~~~u VU V VVV VV

LU~L LU LU
,a 2

9w~~~L LU LUuswwu 00

LUJUWO azaw

I- LU WLuiUW ' .~m U U W j Uw L 0w
LU mWI~ z - - -j-j j j - - - -ja n m a 92 w

w IULLULLLU WW W W W 0 5

z m zzz za

to 0 a. c a0 t

2cu u U U U JUU U

CC? CT



ai ----- -- -- -- - -----t w - t--

WtC t0.N UN Ck &n ft WNW

I-
a~~~ 0vN. 0 ~ . 0 ' 0-00v

z

I

FA a

20- W00

ac z

.J( 00000000000000 0000= D ey o00000D00 0
9. . 0000000000000000000000000000

us us

m m 2

w 2z=2

WU 000 00 000 00 000 00 00 000
0-.0000000000000000000000000000a

-L cc cc acOOOO ONNN OOOO OOO

01 z L 4L w w u u .- u u u oooo w

LU a
0 wo L747 a

ry~ -
2c~-~-I

u u a a u -J -J -l -J 000u0uu

10ww



U > 1. '2. > '2. >Zi-> > tju u u u i U u QLu i 2

LL 0C N ) 0NCl00 f C- C C) -N
::11 *a-t - a- a..-N u a.-N ;Z %o-

I-C r 4

oj CD a 0 C) 0, 40 ) C) 0 0 CD a CD0 0C C) C) 0 0 CD C)04

I. C -C
10 .% . % .S.- - .S.S.~ S . S S.* . . ~ ~ % . .

4c z C 4 cO cO C 4 CO c C4
09 L Na z N c z za 1
LL;

tj
Go
I-
R 0a=a0aaC 2 n ac a004

40C 2aC 2 0 2 0 C , 04O4 0C
C- D , , 4

9 999C,999C 9 9 1 ,C ,.C
C20C DC ; ;0C : C

Wn LiLW:C DaCD0Ca 0CaC

a.~ ~ ~ ~~ --i a. -j))) O O ) O OC0 C 0 0 0 8 0
O0 000 0 0 )0 )) CC000C

w =

imU L u oG 00G0 0 CAC0 00 C C (A ))CCCC))C C)

-c C OC 0 0 0 0 0C)C ) 0 C) C C) . to C) to to C(C

4f U4 U O 4 - < 4c 4- 4- - C-i..- C- C-

uj u J l LU IJ LILJLA L jU L I
0 0K

z ~ ~ ~ ~ ~ ~ ~ L 4ku UJ Lu Uu u u u u 0 u1 . o0C u u u u

0 I-

CL 0 :6 i :6 1 1 :6:6 iVI :iU :6 :6 :



- - - - - - - - - -

- % - --.- - - % * *%- %-. - - - -~ - -% - - -% - - - - -.

U,,

C2 w
~~rrrrrurrrrrrrryrriri

o ;C ; c ;C

w 0 W% 0

-1 CD40 0 0000 0 M 0 0D00 0

03. 0 -0000 88 0- -- o
-j. . . .. . . ..

100 0 -0 000jC W

a C 'C vy mV V Y

,.-: o ::0 0 8 .- - - - 0

-m z m z c z m 9

UU
(A
LU 000000000=00000000000000088000
'C 0 0 0 0 000 0 goMog a o gs g a 000000

0 H00=0=0000 0o 0 00000W%00000
0000 0000000s l Mi 0iiCH 9000000

0 0 00 0 000 N Mi '0 '0.' 0 00 0 00 N %t m~ .t 0,00 000
C, ooo00NN mi~i -- 0
0 0 Mi It a0

'i ~ ~ M Mi Mi Mi MnI nin~* UU U000200

00000

Lu LU LU LU LU

M~ LU U LU

at a, aa am
LU LU uj w m UL L U

U. LL. 'C U. UC. 81 z

U mA mj m maaaaa
La U us LU L- - - - - z W
a 09 at to a (a W A wclu o- j- 1

)- I. wLU u LU LU LU wU wU w

OL44 UO Cw cw- Kww4 4 c<44O

uj I" - - - - - -- - - - - - - - - - - - -"-- - - - -w -

9. A ------------------------------------------------

P4CCCCCCCCCCCCCC''''''''''''''

9L N



1410, 4,10,Im' a CIO, N t Ia Ow.

UAN 0 00 N

C, 
-, %. .I.. ~ uh u

S--- 000 -----------------------------

in in N in Uene

w u u

07- - 0 0 -

an - 'an in

00 v ve va
19

v V V V V -V

-1 0z CD 0000000DCDClIm000000000000C Q aC 000000003 CDC3
lo D.0C D CD 0 0 000o Q000 0 0 00 000 C )C D C ,C C. ,0

co U C )C C m4 D DC l = 000030000020000 0000 0 C)

00 00 00 a-- 0 0 C
C! C! C! C!.C!

ca 0

C, zaz ICza

Li

00000 0000a00 00I00 0v%0

0000040c00----- 0Q

V v
v v V V

Li L LiJ Li LiM A A

-C~~a~ -C -Co wwL
i Li Li Li Liu

M~~ ~ ~ = = = mX2 c-an a a a a

=a =eW w M w w U. . .~*~ . J . .., .. c oc o-a-

imW W W W a 0 . . J- J- J. - L-. -

c 8 *8 8~ 8 CLC L .

a~t coa000 a a 0== = = = = = = = = =

MA u u u L) u u ) u u MAWMuMuu Wu 0 u 0 u u uU 0 Au

*a 8Nsa3a3S9c 9S2 s;93; s32 93aS9aa

00



z

LU c
0.-OS-0- 0- 1. a-N 0 1.. 0

C, - C3 0 - - - - - - -

CA

(D 40 4 % i.l %U %
c 000 0 00-

1.- 0009 6 6 000 * Yvv

3 v V V V V V V 01

z

m 0009a a009 an van

0000 000, CD

-. 0 00 0 CD 0 pnt 0 va0420000 ,o 4 2 00C

L' a C C C0 000000 000 0 0 00 0 0 cts C;C 4ts ; ;0C 00000 C

-U X

in

LU 0000000,0000000000000000000CD0
U' 0 00 0 0 0 000 40 CD 000000, 0CD04 C 0 , ,

.J 00 0 00 0 808000800, 3 n 0 C) 00

CD0 A N00C D OO OO U C, U S ti U- on - -- 0000 a% U% n n U%

V V Vvvvv v vvv

LU, LU LU, LU
Zi Z Z LU

L" LU u L L LU LUI .- 6-C

5 5 5 1 2 1 5LU

~~~~~~ LO UU LUL - I -

3-. a. s. 3J 1 iM

== = == = ia va NZ NZ

IL - a- .- . -a .- a:. = = ::l- Ib I 1- 6- 1- P- 0-- 1- - 5I

== = = ===== a z a =========
LU LULULUw LL w wm m wm w mUziUm m LULU mULULULLw LU U LUW

z u

o? C?. . .
dZC =========1 .111:



z

Mi 0D -4 00 N 0-C 0 -N .N C0.-N C 10. N C

C3, 00 0 4 0 0

Mi v .0 v .0vv vv v 0C
ml 6 v v 00 6- PV 0 V V V V 0

UN V Vl V CD V V V &nV C

0 o=4 Q 0 )4 0C )0a0 0 C0C
0 D. i - 0 00 Mi

00-j- -: V! 000- 99 9 9C
0u -C* .0 0; 0 C; C;.0;oQoo40' DoC3C 2 0 c

U
zi C3, V V CD C3V I-V 5-V Vl VD V CDV 2 2 0mC 0C D0C

R 000CD000, D 000 2,00 g aooo=CDCDoe==aDoaa2aDaooa 4
00 - Q. 00000CD000 0 0 Q DC D0 0 30000QC.=0 0 00 0 000

00C09 ! !09C!00 : - W!9 9 9C!9 1 9 09C! 00C! 0 0 - Sa NW %L nU nc C C1m 0C %U Rt C

ei aa

I a;

Mi ==
-j -jU Au

0000000- I00 00I-.0 .- -.I

=A u zz
Mi Mi -j - i -

-l .. l -j -j ziMi

0 0 aII - -- -- ----------- wu uu

* .,ww w I-I-aaw U 0
43 0 =S 0(a0 0 Mi Mi MiD ~ -l 0 5 00c a4

Mi-l
-U ) U (J)j u- 'iu uuuuuuuuu00ul j(

ZS *9 S ;SJ S 9 ' ; 2 S 9 SC' Z
CE:6:6: : 11 1====: 1:6:



u L) u U 1 .>

ccWW

In l -~ 000000000000 000000

ca C 0 3 z Ca Sm 0 0 D D C40 0

C) CDmC

w nIn %Aini
V V V V, V

z I.- z z- K -

zz C

m n kn in U% in
0 in In in vn

V V V V V

CD C2 V Vm V0 CD V0C DC 0C DC 0 lC DC D4 D

-C -K

i. c~

$-
me J

310 D4 D 4 DC,0 D4 DC 04 DCDCC D 0 0 0 4 DC
CD CD CDC a( z CDCoM D CD0 z 0 0 D C, D C. C C 4 C

w0 =n ( 0C DCQCIC DC 0C D4 D4 DC 0C DC
Uý 1 9999999999C

10inN N -L %L L nI nI n -Ini t-I %W

3

Lv 000 0000000 0000000 000000

0000u 00 00 00 00 00 00 00 0

Lu Lu wuL
KU KA Ki KUI-wu c2

-i -i =i w w Ki jJ -i -j 1iLu

-- - I t e
IC. R I I I

-C C C o <4- -C me w N N 4N 4N Nc NC < 0 00 00 -C0.-.< -t

z zz mmmmccimwmnIn SUm %n
LU U Luj UALU w W U WO WUOWWWWIS WWUJWWWWW

Ln
z 0 0 u 4 ~~0 AA. 0. 0A. 0A. 0.

S.- -1 U%~t .M in n IniN In i niVin In W% VV% V% %U% n ini in ini% ni

C?% C? C0ý 00000000000000000000000? ? TI? F I
a. CD , I , I I I I I I I



> ,.> > > > > > > > > > 3 1

.-. ~ Z t. Z %--' % Z%. Z% Z Z- Z %*~ * -* % -l Z- Z.

W v

e

m

CO C!
cotAI

2 en e
(a U t U t

-J n

mn z 
awJ w 2

axa 0C C,0 aC,0 a 0 m 0 0 0 0 m C

in i

-U -j -- -- -

LU u h j u A A l U LU w -5-J ujz z zz z

z z m z oo u

LU =U U Z Z = = = LU LU LU LU LU LU == 0 0 0 0
uuuuu uuuuu luuuuu ww

Lu----------------------------------------------------*,j ,, - - - - -
r4C C C C O C a ~ e e e , , ~ a a

N N N N NND~m m ~ .
...................................................

41 W- Ine n en W% en n en en en en en en en en en en en n en en en en % en en en % W% enew ~ - IaaaaooC? aaC? T 91 ?a ? I I CI? ?a P CaI T



P- % .. Z Z% -% 1%. " *% - *% - % -% " .% % %.* . %%

o tN - .tN -' In -t Nl % .t 4 n - W% tN - .
cc00i~ 8NN N042 00

U-

z

-0 -

gn - -

3j -Co ;

3-J

a 1- -
IC ~ ~~~~ ~ ~ -C cVK- c- K- C- C Cc- c- C -

C9 U v vc2 c zm; 9z ca 9zzzwa

(A -
C, 0 0 42 C 0 0 0 0OCC, 0 0 C, C

C,8- C C99 .(9A919. 9
- -a - - - - - - - - -

v v vv vv v
v Mi 0 v v v v v v vv

Mi 000000000000000000000000000002

--- U So . $-- - -- - r - -

I--~5

ww~i Mi

OCMi i 4cI C cI 4

&U0 M~~~i i iK-

a. .= = 00 0 UJ-,-S-U U

Go=

LIJ2 3 A 2 . . A 0 . .* . A A . AA J MA 2 W W 0 a

vl uM %L nk nt n& ni ninLt iv tw n I nW M I
to K Z Z ZZ



- -% - - - - -% - - - - - - - - -% - -% - -. ~ .~*%~ .~ - -

toy

z

Wol oo
A q Ar, uAc

wN Yn Y C

10

Z

9L 13 ,0

UA.0o CD04000=00=ooom 0 00004004000000

a P
cc ii 0 zZ z zZ z zz zZZ

w
Ui

to 0 4 DC a0C 2 C
CDC 0( 0 =4 3m4

w~ ~~~~~~ 0co o o c c e c c o e c O O
9 999 99 9 9 99 99999 C!999 9 C! 9

-l~I 00 00 00 00in00 00 0W% 0 0

00-00-00-00.-C C-C C- 00000 v v C 00

LL ~ ~ ~ ~ I Mjm ULSLI

LU uiuj a 1 0 3- 31- 30-
~~~z z Wz TI U, U,2c3c

Z~CM 0 0 -l .1W MIM oMM MI. o o
I-~~~ 00 0 z Z h-J-

I= 6= 1 O..J W-am ala- Iff T T. I? WW

MI I FI . - -- x pix n tI§tI I 1.I
CI N N m mýa I %rIt % mt - I

CC
C? T C? C? C? Ct- t T-tI?



---- ---- ---- ---- ---- ---

U)

Za % Z
Z

-v %v - .- % .% v~% ~%.~ .---- ~--*
N - I.N - z I f - tN - . z

W 10N N r N NN N N N N N @ N

ca u v

93 a a at
w -

mL 00 0 0 0 0 0 0 0 000 0 0
CD O , 0 -0 0 0

-J~ ~ HI' 0000000000 880000000000
a. .0. 00 0. 00 0 0 00000000000000C 6 : C

20 000000 000 - ~n Wl 000000 000

-j -j -

3.- 3.- KU u

- mC
Z eZ- j- J iU iwu

-j j -1000 0000 00 00 00
000 M000000

ui w w ulw , ,I I wwww w

ri=
a- a
w

- l inU n6ka %w %mWW lW ni ni nW g %w %i ni ni

S4? C? C? C? C?



Li Li ci u 9. Li 4.3 u Li L U Wi b- I- > zi > > s8- 0.- Ll Wi t I- b.- w w W
ui 00 0 ~ (LJj z z (A)A Z az z z

to
41 - 0 - 1. 1- 1. 1 . - 6- 1- 0 - I- 1 - 6 - 1.0
-j - - - - - --

0 ~ ~ 0 m Cm mm n ( l tUk CAF tU 4p

w ~ ~ ~ ~ qo QUONO N NO N N NO N

-i c m0 I y C, VAC

-... ~~~~~~ Z% Z% % ' % ' . % - .. - ' % % % *.%

in CD010 0co a0 0 0 '3,00C 0 C0 C)

'C~4 CD 0

0 000 CDO 0 CD D0 0 C0

-l~~~~~~~t &A*0 0 0 00 0 0 0 0 00 C 0 0 0 0

C! C!clC-
0 CD 400 . N~ 0 42 C, 4 0 CD 0 0

I-) -i.
- &

-C 4

4c wc -d 4 V V 1 4V IC 4c IC 4V- FI

Li

0000 0 00 00 D 0 00 = CD D CD0 )ON-0 0 00a
C3, D C CC, D C2 C 0W, 0D C00, 0 0 ONo

00 0 0 0 COC 0000 vuI0
9...........9................. ................. ... .....................

0 CD ~.' N N -m 0CD-N - VI 0D C 0 CD 0 a 0D CD CD 0 0 0 0

IF v v If IF- v

IF V IF V IF VF I

V Vn on V VV

3.0 0 .. 0 .. 0 - 3. 30 3i 3.. Li

ILl w 3.- 31. 3 . Li i

LUU

I~~8 I- -1 S. -if Wo Val u)n U)J IN U

a' a' W a 0' 0' W C a' a' Wn W a' OC "n Wn MC CC a' a' a' a' n a
go W co mw c C 4 0CIWW10W 02amC2COIAamcaW CC90inW 0

*i NUL UM il iL iu UL UL UL jL Uw L im Ut Uu

4i - n an in U% an% ank aN an an an an an V% an in an an an an an an an an an a% aN an a an
0000000000000000000 C? 00000000 C

*0 = =U = = = = = 3r = = = = =,I.W =



- - - - - - - - - -t - -. -N - - - - - N -. -N - -t N - -

us c 4 m NN m c e tyCYNy m Y t f 94eIm
Wo an-s a~

4~~~ U)f0I0U~ CDl U00f~a ) ~ f Cp 0 0 C)

FA O O a OO C O O C

C; v 50

9 U% Ml In

a * v 0 0 a
Vy -z VVv

40 z

a U) aC cc- Cw 4 C- C<-C-
cc 'N v a a a a zzza

-U an*

us VUu wu
Z~~ z V V z- aV

M Z) Z

g oc-
cc w . CL0 0 C J j-

4444- - -4 4-C44c4 V V

UU

4. 4U

Inc a a ca c ~ a ca c a a a

0~ ~ ~ ~ ~ ~~~~ - .i W% V% 9A Ln In UN -ni NU NL nW %W %Ww lV %i %' %I

0.~ ~ ~ ~ a N Y = = = = = = = = = = = x =V



z
ae

NA Ay m A N 9- m* ft ty NY - 0N. m ey N Y cy -t ft N m a" M .t

0 CDmi m 0 0 0m0C 4 ý0 00CD0C 4 0 Mi

1=31~ oooo 20=0

ca inW

40 v

Mi 0 *

-j 0 000aC C ý0 D00 0 =

(A m N m Yon6

aU v z .0 ac a

-U 000Da CD0000 9C, 0 0 *C

In0 0 00 0 00 OC000 00 CC2S SC,000 ,0 0000

-1 - %in i

v v a v z z a z z vz z

0:Ixo
01L u UU L Uu

g g gzgzg g g g g ggD-01.-o6o

1fl 00 00-C00 00 0 0  0 0 0 0  0 0

IMi WO) w li- I- lxi

3. FCl 3.--~-i - . a

.-J -j -. -j~ -j = j -1- =- j - j - -j -j

CYa

WL NLnW nL in. In. n m -~ -~ - - =. ,W %U ,U , U tW ,W
C2 a a 0 0 0 ým 4c1

a. =, :6A 1==



>Wl-PWWWUU ww Wb-lI-UUUU

0

.'% 1. %. . . % ,, %. %% . % - % -~ . %. Z;*

-t N t C P m N r--.tNP --. tm NN- .. m N N -

0 000 00 000 0 0 000 00

1 40

us an

1- 0 .0 V V -0 0O
v V

0 00 0 nU 4

go Can V4 a

0 9 V; vV C
z V PV I.-- a -v v v v

-J ( * 000 000 000 000 000 000 0000
- a. 000000000000=00 0 0 0 0 0 0 0

0 3.0 =00 0 0 CD00 0 00 CD 0 00 0D 0C!0 0 0

3. n 2 0 0 00 40

...4 -C rN, &^-Ul
- j 0l.

1-
P_

000000000 00 .NO00000

IEn Fa 0 a

b.-
!5 ~w w wwL
-J see=

w w u w L
j _ 0 0 - -J -J

22 2=.

U. U.o-aaa u u wi uu w wW

a. u UU U JU U U Q L U bU U U. U LUU U Uj U us U

I.-m 4404 0m m 4 40 0 0 0 0 04 04
us e 12 2WI U WW W WW U WW W W

-C - 4c W041

Nuoj -1- o1 - 1_ i_ i- i -A_ j_ i_ i- l_ i_

40.

:f 0. 0A. 0. 0. 0. 0. 0J 0. aA. 0. 0N
Or W% wlV nL nL l %U Mi N6%i %w lW %I %V %W Nk nt
5-.D 4 o O0 0 0 0D0C0 0 00 00 o0 00 0 000000D0D0?0 4



-j ~ ~ ~ ~ ~ L -U - - - - - - - -- - - - .- - - - - - - - -

z

--S r - % .-S -- ~ % % 1. -z %. . -, 11 '. ;i. %S. '. S. S% . S . . . - '
%r M I C-4 N - .t N~ N 1 P M NY , - r - St NM Ny - St wl emN

-j 0 2 0 0DQ C

Z. Z -1 IZ
an0a zN n N n .
m0 0-0 ~ 0

LUN n. * . aa

0, an 0 n 0C! - n In - n -
I- v V V 00 0D Cl V3 0D0 0m C 0

9 #-.- -Zv V -Z V VV V
190 0 0 00 0 0 0 0 00 0 0 0 0

00 0 0 0 0 0 00 0 0 0 0 0
qcf 0 0 0 0 0 00 0 0 0 0 0 0 n

-1O o oo o o v ~ o o o 9caCanC
CID -ji D mIn I n c

L0 uZ Z Z Z Z Z Z Z Z v V
LU = C I. I. . . . . v v@- 0.

0:Cl0 CD0 0 0 0000 ) 0 0 0 N 0 CD0 000 0 000 CD naDnD N 0
U ~ ~ a n- CA 0 03 ND an an an 0D 'D 0) 0D 0D CDC o 0 40 an an an an D 40 0 40 In -

a~ ~ ~ 3V 0 CD = Vl CD V0 Q V0 VDC.C C 04 1 DclC 3 D C 0i n
CA V V.V1

a z <~~~ ~ ~ ~ ~ z =c wzC<- c-

LU ~ ~ L aLU c

2c~~~~ ac ataazz=a a

In In C2 M in in UN Ol M 0 0f i m - 4o c m co -

LU ~ ~~~~~~ WL W U W U U U U L L L W L L L LU MALULU U L W
zULIu

0 L J - j -
z J sN

NJ sa c2
P4 0.I- - C z

Nw
-I 00 0 0 0 00 0 0 0 00 0 0 0 0* ~ ~ 0 M = * * , , ,. , , g , ,, , ,

0.0L w w wI- b-I



- -. - - - -. - - - - - -. -. - -. - - -S - - - - -. -. -- - -. -

w% - m m r SnN in N n m m - mm -n N m n m6n

w e 0 .0 m.. m mt ml

4c C-4 $A 61 nnin m i

W *0 C! i

V V

40 0

-o 0Y W V V

jo0 m iD N NO 0 00000 0000 0000 0000

0

(A

-j InU m 0

.- CiC ! !C!C

C; V V0 0 0 00-0M 4 0 -i % ni

m~~ UJ 0 V V V KKKKK KKKK KKKKK KKKK
w =

(.2i LL
a z

wA 00000000000000000000000000000A LU L
00000000000000000000000000000z z z

nininN N~000 00000 00000 00000
ONNOO OOOOO OOOZ 00 00 00 00

I-Li w w wwwwww88 wwuowww

CL- a- a- Wwww wCc 30-K 30- 3-J3 3

CL §§§00000

w=
-j ~ ~ 0000000 j-j - - j j -j-

z~~~~ m0 0 .0 m0 a a A A A A A .0.a m2 2 m2 0 a2 A m 2 A M ja a0 A Am
Wi n %L % n& JWWanWI WWWiWiW vsvsnw t inW %Wvu n61WWiWVWWfWi



.- - I- - - - - - - '- t- - - -. - - -- - - - -' - - -~ -~ --

a 0a c CDCO 00 000os o 000a a

Ut

-IIn

U.,mv
m 0V

-j f 090HOC0008V116. 0 Q-0

0
ata

9 00 c,00

6-% In .0 0oc; c

us 0

a~~~~ aaa a a aa ~ a

Mii i

I.- oo oo C ac .oo . .a a4c o aa aa coc ai oaa a a
o -a m~ ~m aa a-c a ca*.- 1- 6- u

- j - 0. - N -- -- -a-i -i- -i

j~~ -A-a

w~M 3.- 3P- 3- 3
a, ~ Ii W = = = =

.1 =i- - Mi j j- i i- i Mi w i MA ~ M
8 .1 W. Mi . w. M. M.

09~ at 9K . La 

10WNW%%IssSV WS .ajaaa -,WwW% Sul iUNSS8 WNWSS usS



- -- - - - - - - -~ - - -W5- ~ W W W -- -- -w

NI m f m m t m f m N f4 M 'rin M C i

ema; M ~ v

Sin
-C

00 04

0*0C* *; -0 0* 0 -

0004000 0 0*0
V. (A Vl Vý = V V0 doV

3 0 z

4c 4 V V V V V V V

at -U at00 0 00 0 0 0 0

dc 0 0-NN m ooo 00 S 00 0~

-a a-; r 4f ýf,4- ; U i C

w =w

-A UAm

AL -0 -00-- - - - - - - - - -j 0 -i Sn -A 00 0 -

4 -j -j -j - -i -i 0j- i- i- j-
P4N

V VVV

Vl V% V% Vn V1 nW % nW % V% V, Vý wt VW %W %mW nW mi n

CC ?C



0- ft ft%.*% . ~% I.. S. S. .. %. %. S.S S. % I. - . S. I. . .ft.

04 o0D0000 000%0 00 00 00 ,

.9 = =0 0

CD 0 4 N NC l , 4

m0 00C 00.-0000 -0 -0 . i0
42u .0 -

00 000O20 l0y0 Y Vm tq0

Mi .0M,0 0 0 0 Mi0 0
0000-C, O cC, r0 c08C, 2C,00 -0 0 0 00C r0

2 0........................................0 CD -0 -=04 0aC ,

000 x0 0 00 V0

0 V V VV VV V -- V
cc *L 00 0 00 0 at OOO OOO100 

0
O

0000Nr ,0 a tO 00 0 0O O O .
O 00 O9nui-m"00 009***0000~

mu~ ~~~ 0.00.000 0.00 0000 0000 000
0Mi 000 0000aC C ;c ;0 %Sw0

- Mi

OK V v v v

Uv mu 0 v K V V VK Z KZ K

-a Oa 0-a 0 09

N---

Vc Vc g
VU V VV V

a~ ~ ~ ~~~~~~~~~~~~~~m mu mu muj- 9- A- a-j- j- ,. j- n- j- j-

000

muYm

-j ul w w m mm In Kn in mu 6Awmu6% %LAUN
C? C?- mu u u u~- -CUU CmumCuuC?



- - - - - N - - - - - - - - - N- - --- - - - - - - - - -

ly Co o o O o O O N r N cm t Y m t N 40 m t N 0 0 0 0 0 00m f

00 C2 CDC 0 0 0

mz z

0 C 4
v

pm a ON0 0 4 C4
. . . . . . .

0 0 0
W V V Vc V ~ 2

ON 00

00000 80000 00900 988 .888
40 0 0 0 % 0000 00-t't0 ;cc ; C0 00

3.- 3. 3

-at
19 19 1

M= w
U W O us VA 33J PA N

00 0 0 0 00 0 0 0
000 u0s0 0 000 &U M

0000 00 0 -a j b

U~ ~ O~ U 2r Z7r r t'Lkk9

00 00

Vj Vj Vj Vj Vj Vj Vj V 8 -A Vi Vj V1 V1- a
V V V V V V V V Vaaa aaa

W W
z

W% wl l -n - W nW NW nUNL n6 tV tw %W %V % U AW

If UU



Li

ca

*% ~ -%.*% % - ~ -- , I. - em N.- % -V m cm r .% ~%
.* V m m 0 -m m m - mt M N m~ 0 Nm rN c- -tiNN- 1 f NN-

w ~ ~ ~ ~ U NNNNUNNNcNNNLmNNNN

t ~ ~ ~ ~ ~ ~ ~ ~ a az 1 .Z . .Z ,Z . Z.

0 u
3L0 0 8 0 =

W6IC C C ,040 ,0 C

ca . - !C

U,41

cc eeo eecc ccccaa ccae

me c -c 4 -c cc a ca e o c c c

ft C) N

- - -;0C ;C

z 00

a Z
0 0c~ c0 ca cc cc u

ba 1-a 6-s ; ac
u u Li I I a 1 (4 W 'A (AI Wuu

ILI

mmm ww w w ww w w w w www w yy

Vi-- In 3 W % in gn wn k in In w l w tW W% w w e e wt w In In L. so sn UN Sm
umau == == = == = 0~ 0e c 40 0 0 4 000=0 0

* N



LJ LLU 3UUi~WU w~~ C7~ 0 U0000 2uzzz 00zzzz at

. % - - - - - -% - - - -. - - - - ~- -. - - -% - - - - -. - - -% --

N -cm 0 M -M fm -. N - -*, y CY 0 cm N a M .t y IM 0 -ye

In c0 00400 0 cc 000000c 00 00

Li U
In W%

m tC - 40

400C 00NiM

9L 00 D4 0a00 C 0 a *0.t 0 .0,

up -aoa
w ~ ~ ~ ~ 0 M00NNpnt 0 00

-w -C 0 CD0 0C
00i 0t *% 0go

0 V Vc VC IV 4cVM c v -C V Z

0. - . 000000 8 0 00 000
.. J0 (fl -0 0 0 80 000000000-00sa 0000000 00880§8

088 8-000o~ns 00000 88800C 0 0 0 )00 ý0C 1 ,4
00 0 0 00i P ; yP r 0 000
4000 0Wt QY 00D

40 W , ýrC n mý

uu =

000000000000

0000 M Q 0 No 000 wn N-w

U. U. U. z0 -t an an- n

UU 4cU

UP UA U UJ 00 00 0UU JU UL UA

a a ra go 0 oc w caw0aC2C oG

us LU Lu Lu MA w Miu UU swU s L
-a aJ ..1 -J -m m j -m zj -j- j- j- j j. ,-

M A m0 M .. 2 ... A' A. A-J 0 0M
W% g Lu %% MU nW - nW nw %V %W nW %W %I nS Lu--------------



UU1JLiJuUJ-l- W uj W u
0 0 l 0 47 a : l

a -aaa 1- a- 6-%- Wl a-M Wa I-a P -- a a% a4 PI-M-On - n Pn A-

Z

5--

Li U U

5- 0 - ---- -c - - ----

-a C, a00v0 ;

.- G G Gn a 0 I- -

w: Q *)04 0 Sn an 0,o SC 24 0 0 0 C
0 0002 ,C 0000 o V0 0 2 0 00 0

00 C
-C 40 inSn 0O Ca0-0 0

0 40 0 na 0 0
00 V On ins 8W M 0 4 0 .0 00 0 4

C, Un V
20 VW1 !2 PV P, -ISV

U)~~~ In 00 0 0 0 00 0 0 0 00 0 0 0 0

A.~~ -0. 00 0 0 0 0 3 0 0 0 0 0 0 0 0
00 00 00 0 00 0 00 0 000000v vv

000

-aK aa a IA IOnU'C a -J -

U)

00G(AW0 00 a3~ 030 OCO0 30 0

0 0 U 0 . . .
In N% &As gn-u UNan,-r41 w~~~~t In &n I ng AU ni %S nU NU lW %i

C,~~~~~~ c - D0000000 0 0 =

0.~ ~ ~ ~ ~ ~ ~ V V 1V6: 611z 6: 61:611::: 6: 6: 6



uI uI I uI I uI uI uI L

N~~~~~~ -% f1NN-. tmNN-- t &n m - tN % e
-0 8-0NCNN NoNNNNONNN N0N0 NCNONC NO

Z--1 I Z

v v 6- p- v

311 0 0 00

M !i Ii P- 1. 601.D -9
Vj 00 0 0 00 0 8 V VOIS O 009

C0 00, 0 -

0 i 0 i 0i c;W ;C ;C C ;C ;6 i M; 0 0 60

z =~ z~ -z -z V V z t V

-0 0
-CD

Og ~ V!
in In W% emZ -S V k 40 m 0 Z Z Z Z Z Z in V;W %14i % 4i :C

v
v OC OC O - v v v v v v Nw

alM tl Ml ===A=
383 83 zl~ JM I

-. -ja -.

Zz~z~==z (A to 0 0 0 - -

Ql l SU S S S -4 -41 0j --c 4-C 4-c -j-i 1

j ni nt %& %w nu nW %W %i - in in in L^L ^W % nb nI

inini mmC?



W W .LLL U

- - .- - ,- - -- 0-~ - - - - -- - -- .- - -- - .- i-- -

,a ey 0Bt-0(BNQBA em 8 0

4- -

in 0 00 W0

hi--In 9 9 0y
B- V v V 00 0 v V V V

I10

V V V 0 0 0 v V V V

. W . 0 0 00
)1-A 9 00 0 00000 00 CC I Cc, 0 0 0 lO 4*CS cm,1 ,a91 00 a

-0 . . c~0N0 . . . 000.

3- U)
-C -

-4 4 , *j

ici

Oca z0888888luI n'c M Nlc Z
w

V VV Y
V VVVl

iqD
U~~ 9h .i .i .1 . .

000 caLI K am 00-t % ,0t 4 ;i;W

II
zz K -. J i J K w us ----

WWW 44 4 44 4 44 4 99444
_j _j _j at~

wa a m m m aaa ma wa m -1 j - -

u* 
uuuu

b. 0. 3..3.



0A gem e ~0 m M4 r4 fm CM 0m CY

291

0 -0--

w- 4

w 9 a C ICc 41 c 4c Oc cc
IC% mm m m m m

tA

-s asaSS 8

zinzza zzzin z zin

v Rv8 v 88 88 8
vo c o vc c v v vv vv v

8g88B8ui~ 8 88
m 4 mmmm0 %0 %0

2 V Vi Vi V V V V
I- Vj Vu S V V9 a V !! V V V V V

MwU

I j Z Zww

F4 N
1-P t xa E% U U U a*a U U U U U L UUU

*. . . .-- - . . . I I

-~~ ---~~ -- -- ~~- - - - - -- a- - - - - -

O N

I's. 4 u u uuuuu uuu uuuu00 u0wu u uu 0u 0u 0uuuu u u
1^- .. % mm m mmm m m m UNU % %t U nm % nInI m knmmimimnmm%&AU
I?% Cc? a c a c~c a c CC ? I ? C ,000000CDccaocaaacc 0



=

mA Q. a - 60- 0 t~6 t N 0 Mt - 0 M a 0 . i6
A l4 00N NpN0 O N 0 N0Fn pm

;zzZZzZ --- Z. ZZZZ

V V v

0 D-0a ac 00

w aa

.j s.a- -

cc U, 0 ociO c c e cZ 2 cocoa oc cc cacolzzIZ2gi
a. - .ccccccc00c cccccc

-" a

usus=
X X a1 1. 0

00 0 0 00 0 0 0 00 0 000 c 000- z=2 .,3 ,
m m - ran a u~ - - -C. *- - - - -

X at t ot K m ww lu w aw - w w

ItJ It. Ita ... .1 .- a- a- . . . .

mu- a..Ja-a-zz~zu m a

wU UUU~

z ~ ~ ~ u g, 0 0 'C' u u u u u 0 0 a 0 u 0 0 u u u u u
**n *q* In, *n In &A is In gn Ln S o In W, SS IRV I In S %ni %a

.t C, -e -e- t t. E t. t' . '00 'I j Sl I? I? C? I? C? 1 I ?C ?C





L3 V) ub CA ~ - -b-

- -% - - - - - - -% - - - - - - - -% - - - - - -% -% -% - - - -

-0

o ~ -- -00-0-- - - a o~ -c -w-

N9

-b

0 00
E

I- V

3 --

m 000
99 9.0

La -- N - - -w i %i

-J 4* v 000 000 00 000 008 0 000 00

a. a. 00000000000000000 00000000000v

w IS..1 Omj b -

w I"=

000000u 0 uu 0 u 0 0u 0 00u00u0 0 u0 0

4L 00



mm

a v

W- -

a:~ ~ ~ C 2C3
CL .- -D m 0 = C 0 a a 0 4 , 0 aw.O 3Q0 a a a Q 0 0 8 ac,.

I- VC V;C ýC ý C ýoC ý6o66C ;C

W .

zl
-j

- 008

a
0~~~~~~ coV ; C ;6C C ;C ;66C ;C ýC

a. ~ ~ ~ L -. U. OC O C CC O O OO C0 0 0 0

C,, -i

-. 3.. ) .Z 2
.Uj M 2 2

w ~ ~ 0 a z a z z z zzwz z

w~ ~~~ CC O OC 0 0 CO C OC O 000CC

000 C Cc w C C 4C C CCC C C 00 C4 4 C wC C CC C C C C -C

auu
0.~XZ

z u u Q 0 u u 0 Q u u u u u u u u u 0wnknI LM VV NM Ni A& nS %wlW lV Nw n& N W NW

a. C2,~ww



LI LU LI i uI wI L ui uI w wu w~ :1.~~ w a a- w

a- -- -- a- -a- - -- a- - -a--kaaa --- aaaaa

us 0 0I ~ O O N- 0.- 0

CA

coUW
ac 6 . - - - - - . - %. - .. - % In ~ 0 0 . *

I.- v v (20000000 0 2000D

§ p- I-V

- - -CD0 C2 CD000C 4 . 0

IL04
- V V 000 0008800000 000

Ge LI ata z z v v v v v 31 v v v z v9

m Ogg Ogg 0 00

0u 00 0 00 U, -r n e C;c; ; ' C;0 00 0
in &A w%- C C

3.. 3. 3.3 .L at
I- 0 Um aa z a a z = t V Vt V V 11a 1 V U

Li 
L

RR....~ -0CA
00 0 8 0 0000- 1-1j a-1- 8 j-

0000 09 00 00 c4x 44

00 0 0 0 a 4 w 4c ow-C N 4 00- 00 0 0000 C C4
z z b-iAC . 6 . -- P -P-" 1- -; 6 -P -6

V V V z
V V VV V V

9
000

0cmC LI I L

cy= == =
z u u u u 0 u u u 0 u u u 0 0

0 ~ ~ ~ ~ aaaaaaaaaa &Ai %v ,u AL %wAi nw n6%i %ins iL At % w hw
to -- -- a - -a -



I- Uw u - 0 i 1 o

u Sz z > w w w w w w ~ " w

a- -- - - - - - - - - - - --- - - - - - - - - - -a- -

in--
, CD(DWninC20

4 -0 tv 0 0 - 0- 0 0 - - C0-

UON 00L- &

a- 0 0 04 0 VD V 
0

0 00

0 *C DC m0C D004 0 C CD~0 CD* 400

S..c 00a00000 210 000000CD000 000000000800

LL, ~ ~~~~ ~ ~ ~ 000 00 ; 0C C ; C ;c; ;oo 0 0 000C;oC;C

in -,c

at wi 0 atv V1 V v z z z z z zm
w =

-J o ~O=Oooo==ooo~ooo080o88

- ~ ~ ~ ~ ~ E -n ----- -- -

US ~ ~ w =I 2z Z 321
Ia Ia I a, M- a, --

z a Ia a ua ua Ioc~~m c OK & 9 Z & . a. 4C MCZ a

Z a- - - - -C W 4c.JU
D. D. 3' j -fma aM m 4 "NP-N--3.3

w a4 a 4 a a Cw4w- -C o * w a 4 c c4co

z a- P-a -a -a -a- a- a- a- a- - - -a- a- a- a- -a- a- .- a- 6- a-
= = == = = = = = = = =

w 0u0u0u0

0,U 
nU mW wi n N6%nn8 %%%n~ nIv 1AnU



ww I- .- u uuu u

- *% %- - - -%~ . .* - -% -~ - - - -. - -% - - - - -% - - % - - -

0 4' ,~0 CM t m0 -PI0 - 0 -tVI0 0 -'C~ #10 42C m

Id-

to ocO kn 9e c -

9w 00 'WW

C0 IA0- IA 0v
ac eeoc vv

000 cee v 0 D04 DC 004 0t

0: ccC ,0 0 C00 0 , 0 0 0 o
00 0p00n0n0400C 0 C

0 z -V VC V Vc V V4.-c 4 - 4
"A 0 vc c o c c e c o c c o c c e

b.- 44
Go

OZ ~ 00 44 4 4 444 C3 4 440

v w v IV V v v v v v v . v v v v v
wA =iwwL

at cc e cc w ceeeg feejgeggg

000 0. 1! 0 , c" c L 000 - 0 5 ic V IV

-- -- -- ---- ----

V V V V V
V V V V V V V V VV V

ul= m z
ww ww W

u )U u0Z = l
-i ~ 44 a-a-a-444Wv tv %LnI ni w inis UN S ~ iigCF T C? T 4? C? I? I? C? C? J C? ? T T I T

I- ~ 3- W W -~ $ 44C



wJJ8aJ( zzzzzzzz> >>>>CJCJuwu ~z 0w0a0w

on~ t som s~ 0% 'C. *. c m fm cc' 0 Lm '0

w cN O 0 0 8Nn ~
2-

cA m Ou 0b 040~0. A m m

-j00 00Q

ain 0 00 mm W

W .9 .9

C0800=0 0 V0 V Voc Vo0g00 0 = a

4j~
V- -C Vn V - - V

00 n o4 000 0 0

.. .

m 008 V; V; V; Vc nW %i n 0 0 0 C10 § 9 MC UI
(A~UI aW 0080 0 0 0 0 0 0 0 0 0 0 0 8

a.v - C O O O 0 8 0 5 0 O C 0 0 0 0

- -

.j j j - - C oa-

44 44itN

WK W Au

.- ' in aa a0 aju A6

4 4
If W~s

w- 4-CWw44w444Wwwacw4 9-www4cw4 4
zzm zz z z088-zJu um

wa.u

u ~ ~ ~ ~ ~ J 4 u Z
Ln ~ ~ ~ ~ i i i inriwnU %i nI nt nL tW %V % W AI nU
I? C? CA AI~ II F ?I ? ., 4I



-w --W - - - - - - -J*I-~ UW .

z

vse v tv tvso- lv ,v em 0 fte- ' s 0f'

4: v 4o0 0 Fn 410 pn rn vsn I" C, M

-J 00 0 v 0 00 Dv I- 0 4
6-V . I.- v v v v

K-0 0000 000
Vw W: a; L4 in .y W. .4

v. V V V V V V 00Q00 V VC C04 0 0 00

b- 0- 0- - b-b- V V V 0- V 1. V V V V v V

AL00 0 111 0 ~ 8=800
M 4 C C C 0 00 0000c 008 D8 0000 A

W . . . . ; n . 9 .
-,- C ;C C ;C ;aoC o V; o m 6 0 000 V CV 0000 a 000=0

to U

ac *L 0000000It00000000000000000000

Su4 00000080800000 0 0 0 0 0 0 0

0. 01 C,
99 9 .9 .9-:9. 9nW 4 : :t

-ag
us 4:4

03~~~~~2 us::::4444 us:::444 4:
K~~~~~~N W" 0 3 3 3 3 V V 3 33c 3w9 a t=

U l L lI - I
01 13

W 000 5050 00555 000
00 0 0 0

4 4 4 0 4480 0 c-C 44 40 w 4c 9 44 4 w 4

01 1 0 01 1 1 00 0 0 01 1 1 00 0 0 0

V
VP4 V V VV VV~

w ,

3 =

ID,

0~~~~~~~~~~. 0I u 00uQ0u uuu*w au Wt n s ^ U %=% M3 ^ W n i % m V n W
IL U U



CM NM 0- & N M NM M N MNM -NM-mMNNm

i

'DM60- '0 - 0 ' 0 . MU- 0 Q CD 0 -tM

C~~~C C! CC!0- O- O C

-i C, 0CC
dL0 ,=C

ca

UU Xa

LU

RA ey 9C CCC C0 C CCC0 CCC
. - I.C C! CCC 9S~ C 9 9 C CC..an 0 0 CCC 00 .' CC C00 0 CC ,W nAW%0aC ;C

08C ...........................

.c -C CC ZZZ -C UZZ ZZ ZE ZZI"Z

Lua w

UA

Lu~~ CC C C C CuC CC C CC C uCCCuu0w
In C CC C In~ CCC% inC AnCCCt nI nLnI % V Ai AWW %I %6%



- --- - - - - - -- -~~.~5 % S - -

0L cm CY a y 0 N

In W

I.
K

'Ii

000

ca
-C -C

loI 0 00 0 8 0 0 0 00 0 0 0 0 0

w 4c

'n fi in 0 0 0 NY pn my Y N 00 00 0 00 00 00 00

wm w w

KA UU K6 .
z w 3" 3.

us LU &U us w ui ~~ w w w 3.1.$ $- p

zzz-l---jww ww w a ase asa.ZZw
Ww w wja . _w _w - _ - m -m

w ~ ~ ~ ~ ~ z zz ww ww ww 8S S5 S zz.?.

a. 1 2TTT

0.== = K2 = :c === = = = = = = =KK



>Z ZZ Z
Li to00 7z WMw zaz zzz

cc

000800.-000 0)0000- 0

- -~ - -- - - - -~ -% - - -- 0

1- 0000 00 0 0000 0

0.W N & - -. 00 0 0 0 0 0 0 0 Ln0~ 00 0 0

00 00 CDCD C 00000C

2, -Jv v vv v

0 O N N 00- 0C .0 000C0C0 C 80 000000 000 C
-1 !2 0:CDC 0 0

n 0 0 CDZ mZ V Z V V C, cc
wj < =C ;r C ;C 200000

u- 1 4
U, 4

3W
LU 00C0 000 000 000 000 000 000

ato O OO O O QO O O 0000000 v

i W! V V V V V V! V! V 0 a C D

wL UL UA

00 U
LA N uLSu L A (t(

us N
is isis a

wU 444 wAwUU4 ww4 4w w w w w w w dc q( UU 4c wUw 4

0.Y-
f-.0uuuuu0uw0 u o o o o o o O 0 0 0

0 0
Q
0

u
0 0

w
0 0 0

S InI-' nI nu " w %v tv %u %w nw nI nI



z Z

-

on 40 rp oI Sm0 rmw rm9s

0-iN0 CY a0 0 cI.. %ICoNo
IC o Go :, o ! am

a aoI sg c~l8=

-ll LAU~% C

- 00 0 D000 = v V V 0 0 C0C

29r yN NO
0cD C 0 0 0 0 0 0 00 .'UA _.C.000 000 -- - C CD 00

0

L6 W '.0 a 00 00 0 000 N0 0000

9. 9A 9 Z .. C

3- FAM

at wU a V v v ac v v 29 z az a v z z
US

, V , C, toy VV ~ ~ ~ ~ ~ P 9 V, V V VV VVV

.~~~~ ~ ~ . .w . .

v v v v v v v v v vv v v v v

v v v - -vw

aaz a --

m ww mu 0. ILw

at C Uac u wu
"M wwww"O WlaM UJWWus ..J .J W. 3" L .. w .w m mmIm m

_j j j -1-_j
3.- 3. 3" 3" 3- 3-

IFzzz

a

N~ u U u u u U U u U U U Q u U U U Q U U U, U U U U 4J U U U
a.-j I? 7 I?7 7 7 'r T ~ ,, C? C? I ?C ? C ?C ?C ?



- > >% w- w w 6- 1- w. u u u% u >. > > >. > >- u - u > , a; > . %. :0 >

u ~ ~ Lob (A U3 g .o z 45 42 0 2o V) (A (A (A vi (A CL 4L IL ( a W .t (A U .

om om aO.u-.0V giom o 0~0" om !!m

m ac=
- - - - - - - - - - - -

pn000
9 9 C!

02 4 lC
v

Nd
Z
41

- mJ0004 30a 2C D0000C 00000 Ca

o0.' S 8 C C, 0 oas

W- Z

-9 5

0

v v v v v v 888 8

usw U W
mm l m U,4 muwu

2, Sw w M w
-U ww~ 29- . . M

N a z a a a a a a 9L aaaaALaaaaa

49444444444 w4444. c

NL

tv

u u
8 Ln I nO m 6%I ^ In L Ni n w lW % %W %W li %L

Cuuuuuuuuuuuuuu



U - - - - - -- - - - - - - - - - - - - - - - -- - - - - - --U U

A -t 0 A CD 0 CD V I CD C3 .. 0 F 0 IA 0 C, C, IA CD p#, I 0 -*m

I-

4CI -a A

a p- 
-S

ot
4C 0 .at- aa3cM

U,

0 ) D0

Oa 0
9. 9 C! . . . .

x0000000- Aw ;R ;Raoa.aeaaee aa 0a Q c

-2 IA - C

-ee- ~ ~ ~ C -aej. aea aa c

LU ~ w Us U
Uj j U0 U U_-a

wmu w mu mumu 4 4

I.- I-F. I m * i

AL IA ai cc at dc. a. ma

wA -CAW W -Cg -C- C- C-!- - C- C- C

u U ga is 1 11U11 ' si si oi mi si Ni
a I( I V W

P4 I

4 u u 4 4 u 4 4 4 u u u u u u u 4 u u 4 4 1. u U 4 U u 41 u
r- UN in W% 6- W In r W% In W% W% wt wt U, - - F F % -F-

C? Cam a? C? C?.. C?------- ------
CL0 : = = == = = = = = =



t0 pn 00 %t a* '0 m 0 %* ' 4 m~ 04 'C 4 m 04 a04 m 04 at 'r m 0

uiiP~~uI
0 C 0 0 a a0 00)- 40C Q- CD 0-0c a-

u u~ u u~ u

- -00 0 0 --

19 - -. ' .5~~ .- .S .'. - -' -'

w nW -CDrr CDrr0r rrrr rA
aC

000 CCDD CD 0 00

i **%0 UN 9
coc 000 CD n

C; . .3 .CD .DC 0 2

v Li

0. 0 0 00000000 c C c c

0 ~ ~~~ ~ ~ =iu 400C 0 0l 0 tI
0 ~ ~~~~~ . ... gcg.9 oP

-C -- C1

a z OK 4za 4c a a a V

88880 888 g 00000080 0 00 0
-l c- m 00 0 0 NO COcMo 88188SCOo

-c bl s 0 03 00 04 0 0- %
o C; C; C; W;m 4 4 N c ;C 0 a C.' 0.

----- C;

Cu

A

IL u i LI uu

-1 M MM SW--------

w - di w- - - - - B -- -- --- B -B - B

44

uuu u u uu0u u uu uuQuu u 0u u uu u 0u uu
Ins n& - % mI NW - ^ 1 tV A W n ni %i n W



u Liu L uu U u uZ. w NI X zz > . a ic

S- - - - -% -. - - -% - -% - -. - -- -- - - - - - *- - -

0 n MM nO on 0I WkN 0 ^I Wl .r &A Fn.

5- S0

z f cc. 1. N . U, %. %. - %. a %. %. q%. 5.5 5 5.5

-J&A40 C 00 Mc 0 00 C M C! W "0
- 0 nu usO-. In -. - ,- ,C PI 1 n

ZM -. Z. Z Z. -f

4n6%0nW - 40U I nOCD in - wl In

01 0 0 0 0 0 00I
-4 0 V V; V; 000 0000 V VnL

9
v V -- I-. V V V V, V V Vl Q v

C. M 0. 000C0Q0Q0Q0 0 0 Co830 0 ,00,00 ccCD0 a00a000

).-0 C 0 0 0 0 0 oC ,0 00C ,000 00 0 0 00Q r D0 Q0 C-, 0j . K Z-ý

3. U)mC
Iin

0004000000980892995020000000000

** 0 MS l0 2Q C

0.in &n In 00000 An Wk In 0CO00 0 00 0 00 W% I In N -%

C = =

ua~ UA U

5-2 -aWW W =W 8
5 - 5 -Z Z 5 - 5 - 5 - 5 - -u U U - -- - -- - - -- - -- - -- - -

5-5-5- ~ ~ ~ ~ ~ ~ .. j3WZ---------------

z-is
N0 asu i Uu u u u aU U U U U U U U

rn-s -'j 00 0 00 0 00 0 nn,
I.- ;,.,,..............== 3S §S SS S. ........0. z at== = D- t I--b- -u LiU - - - - - - - -



u la c 1

U, C

CO 0 00 00 00
v;U W; 64W;Ub U U, CO CO00 00 4

b-~~6 V V V O O V

UN UN U U" W,, V 00Q 00C U U

v vv v0 0 0 v 1

c uc

LU 4000000000 0080
C, C-,

m COOOOOOO0000000=
0 0 0 

c 0
0

c
0

0. U, =r 061

NO 0 00U mU U , ,U, U, U, 000 00 00 U, , U,

'UW us==
fs a.. a. zJ'U

u u c ci ij A - _j-iW W .

5 88 88 5 _j j.j W u

3333 W W _j '

'U U U U *. U U K 0 = =
OK ,c -C IS u LL, U

-4 -1 -A j W m ..a un j$ j$ i -a jZ =W M

b-~ ~ b- b - b -b - - b -b 3" 3 3. 3. 3. 3. 3 X X

b- b b-b b-b b-bbb- -_ b-. - b-- b- b-f b- b- b-b -b -b-b b -b

'C

Nk

0 N
UNU MC na %U %llV %M %u M V %i L %W li %u %U
CC F C I



w w P- w u w u u

LiK z z z w 0 0 04 o 1 m pZ. Z 0 2 .2

IN m-t 6- N ei - JV u . N m - a m m -

MI 0 r1 %s0 V M0 0-

4c~ C2 pn M iat ar
0 000 ,0

Z Z Zt Zi :z :z:Uzi zZ z:z; z; z: Zt39 0 00VV

I. )40 1 v V v V v

9 in *l *f I tin n
10 v V V VV

v V V VV 0.- b-

. ca 2 00 0 00 0000000 C i r 000 4 D 0CDa0 000 3.- 92 oco O~o ooo o a00 00
C; 6 o a NN Nt m Pt 00a0 0 000000 0a0 0a0

a mc

a w=ZV § V=
a 0 DF -NN4 UW % i %W nW 4 W ;W

v v v v v v v v

88 MA U u

w iL AP -10 w w lu

=Z = ZW W WZ
12 .10 -CI

2 ou us UU U, W UUUU

I- -hI--NN N -a I- -UU U U U

--- a Nw NN0 a c

A. Md pq V4 P4 --------- - - -- - - - - -

-C~~- -J wJ wa -- wJC-C

1-a a a wUAI "u

* Nw

o u

Auu 0 u



UA

v v

0

SL 0 = = O 0 0= 8 o O O S 8

Ci 0 00 00C
C! 9 9V!99 9C

an 0n 0% 0 0 -00-fnI n-L ni

0U UL V V

=L - I
19 Z Z 14 N " w w 0h L000 I" w " w . .

00 0 0 0 0 0U 0000 0A 00 0 0 880a4co

).Z Z, Z

-m
-Zu

9% 40 44444444 ;1
IL:. Mi _: aa aa aa a z : -7 : aaa a:az

400

:i0 0 0 0 0 0060 0:6:6:60: :6 :6:606:6:6 :: :6



- ~ -.- -- - - - - -. - -. - - -% - -. - -- -- - - - -. - - - -

Wm Nn -y o N- N-- n- - Ny -n * - Ny po Ny -n -

a-. 1 . k.

mi cm--M - .Y- ty* y - CD t

C, 0- VoS -

-19

caa

5 Yb * O O )O O O O O O O O O O ~ C o a

3- (Ab

UA-

0000000gO C,
a9 oaaa 000 = . 0

- ~ .1 0 - - - Lo flI 0i-- - - *.* - - -

uJ a, M

MIW.,-J- .. -S5 MIM MIMI-AMaraM

U~~~~~~ wS Si -A mu u m m ww

at .e . a -j .t -j -# 4 U6 -A j _j u

II M I 1 .WW1MI 1 1 6M1 :6MI :6 :6W:6IW:6 Z 6 1W1 6 :6 11 :6 :



aso a m a a m a

0 an 04 V% an 0 0 In 0 '0 %an 0 0 an 0 a0 6% 0 .0 6%an 0 ICn 'an00

a-

LU

Id
2c

43 u

ILa-

C* 0 0 DV* c

UCýC;C;C C oo oCýCýC;00C C o6 ;6 ; ; ; c C oC

wC1 cc co c cccC 00 0 00088000 8
- 9 .. C

CýC ; C;4 :0 1- l0

M% An W% -==ZZ ZAl - -ainZ z %= in

w v v 08088800008000080 v v8v000000
008000000 0000000 0800000

14 Ml Ml
=U w US la w M

22111 CM 66

" a t- a- -0 0 81 ~ c c Z = 0 0

yz~ If T T Tz 0 0 13.a

w~Z a0 Za UU N M.
a- 00 00 - - 1= 00 =

NO
uCW ~ W ;z Z mm~jZ ' ' '

cy ......................................

2. 0,N N N N N N N m ~~~ m ~ .~ .



- -I -~~y - I - 415 - - ~I 1 1 1 15 5 U 5 I - 1-- - - - - - --- - - -

-

UN UN LMN SNiNIMa N a Nm

I
Uv

CD

CL -D m C2 z 0C =0 0 000QC D04
au -,=Q000 04 D=0c mc,00
0 3,a 2,C2 0 2 3,C2 D 0 C2 0V

L'iC C c;C;a ; ; ; ; ; ; ; ; ; , ; C c C CVC
3. 2

CZI CI 4 O c1CO CI C4c4 C191 C1 Col0 1= 1

0 a-

0 CC 0 CC C!CCCCC!C C C!C C O

NM U% &%b

m ~ ~ ~ I lu ac WZZ Z Z Z Z Z 1 Z 1 2 2 Z US21121U, MA
W

W W
.j co oo co e jCC W I"cCW C

W SI WIS

of= = ===W -- a IL - Pw0

.A ... . . . . U tJLC6.0 4 "4 v m 44 4-C4

-C g :z 4-, a: 44
W 112 Us L"WMAWu WWww OWWW sWI"e WWUauum -a - j - j- , j . j: -,W -

dy12

0..0WW
CkzJ111111~aI- uu uu

IL0 6 6 : 1Z 6 : Z:6Z : : 1:6Z : . : : . : . :



m N - Uy m U - Uk

zo

* 0 N 0 IU 0 ' *a 0 - a 0 0 at N 4(00 tNa
Ww N W%-- N. -% a %I " - -- An A a -t "- 6nN nW - -e- N

W

z

Cl

0; C; C; C'0 C21

v 000 cc cc vv

m 
cc

IU 2

W 20 00 (20 00 0 cCoo 00~
c Ccc c c; S C ;C a a .- r ;C C ;aoaaC

-08

m~~~ N ;: VK K K Z 2z VVV 0K V

1.- 3. 3. c. c- 0m c. 3.c a3c c - 3.- w- - W cus c co

Ma~O -- lu

V 1 _V V j -A _V Vj _V -A-Vj J
0V 1 0 V. V t V w

v v- a -. -j .4 -j-j -

9L ~ ~ ~ ~ ~ ~ v 01 W o00 9o 9 C- CW4c4 c4 C C- C4

2 4c 1 2 4--O----9 0, O clz C--- w at14 C 0

mz 
z

C;0 3 3 3 0 3 3m 3 3 3 m m m m a



W1-- W >>>> 1 3 >>>Z >11

LI X o a'C oU AL 4Wf )U oU

cc. M CtNM 'C N 4M CM 0 do 00 c 0 go 40 40 Mi5 0 do

mu -N--N-N- - -- - - N - - - ' - N - - - --

2c-N

C' CD0 40 0 ----

Miv

CD 00

0 D 20 Mi

00 000 CDV DQC.QC D004 0C
V'C * a C 3C D Q C ' mC , o C ,CM Vs Vco VS ca Vg Vc

P - 00 0 0

W 0 zV9 v

a.~~C 00 0 0 0 0 0 0 0 0 00CD 002

00 00 MIOINO-O1AOOOOLtOO a OOOO 4O

Z. zi Z2

mu~~~ u vm eg m m m mm m mnn

M 4c

00 0 0 0 00 0 0 0 0 00 00
00 0 0 00 0 0 0~~o 8 8  

000 9 5m20-0

00 00 N N 1-1- -j Ui Mi i .t i 0 0 - 00 - 0 0.00-A0-

-L - :6 -- -i A:i



- -. - - -. - - -. - - - - - - *%--'% - -*%-. - -' -. - -

a c ~a W% a -e u 0' u a W% u0 a uma ' a 'a - 'r m o.

a

Im 0 Q0
000 9000

Q O D C; 0000D
v 0000 vv

aý a-o 0 Coco

aioQC a 40 0 Q 0 CD 8 88 8 8 88 0 8
o C,00 0 0 , , C

0 30. = Q 0 00cogs S8 ~ 88 8
3. an z NY

0= =Q =Q o V= 080 0

=0 0 0 0 0000900a00' 0 0
0 ( 00~ UNUS~ 00 0 00 0 an 00

000 00 -0 - 00 .t 00 0 C! C! C! . . . P 9 .. ... . . P. m

u'w w u sw U w ww

6- 1. LU L" U, -

aaU' 3=~ x

A -Aj j . . ~. .% .~ . a . . &u

2-1-11 ---uwmmmwwwwwww
Pd -j -- -j - - - - -6-- - - - - -- - -

:6 : :6a m m~ m~ :6: m96 : 6 Lm 6 69 6 6i: 3 61:



W -1 U U W U U

zz

%- - -. - - -~ - - - - - -% -% -. - -% - - - -. - - -% - - -

190NU 0' tNm 0- ~~' ~ CN~~' *NU

(A- - N UN - - - - N- - - .

-J0 0

v V 00 0 o- V v v0

0 0 0D pn00

v I-V .- I- V V V

a* " *. . . . . .O . . . . . . o.o.S.

- m -u
z - - aS-

uj~~~4 Vz: v

0A 40C 00a 0 CC 2 l 0 c o c , c

0000000 0 aC Q nW%6 00Ck0 0 00000 0 C, 0 00

V V V v V V V V, V

wA w w

-C ME C Lu Lu us L
- - - j 0 02

4c0 0 J~ - -
a~aU W

LIJ~ ~ ~~ a. 0 .. P.

-aa-ac--------------A-C------
ocZ "- 5. .== . .

U'vL5-

OCii 10941 C40,lc m

-m uLuL

05

cyJ

9L 0 6: 1 Z 6:



L) U U j w w' 0

0 ~~ z xNNz z 0 w 0 Z.mn.

-. -. -. - - - -S - - - - -. - -S -. - - -. - -. - - -. - - -S - -

" " -t N n 6- W% in M~ U40NI0' 0S nU'U'

S. t
5

yS M. - -. -. -S - - - - - ' .- - -. - - SS .S

C Q 00 0

0

0N UM . . .n 9 -
if - 0 000 oo

IM I - n * a
-( V 00 V 00

= 0M 040 0 000a0 00 M0C aC

Q. 3- a 0Q0 0 000 00 0 00)000000000 on00,00 D000

,U o c; o C;C; 60; 0 C; ; C;0 ;0 0 0 0 C;-C 00N ;

8-0 00

in UJM' nM aa 0I %U 0 0ZZZ

w =V

IS LI

Inw jUA-
00000000000000000000000 0000

4c I- -. 9C-
so NsSm am

V V VV
-1 ~ ~ V4 V1 V1 Vj -a Vi -a Vji- a- i- i j- j

40~~~~~ ~ ~ ~ ~ Mc x au6: 4 6: - 61



UJ ~ ~ ~ ~ ~ ~ ~ ~ i NoMA M- . iL L iL

1210

- ~ ~ ~ ~ ~ ~ ~ ~ f -f m ~ -y I"%-S .- S .---- .S .-- S S .--
'OmNu tNU ' *Nu 0u 0mA0' A0' A0'

P-. 0. S. P.S.S.SSin.N

a 0001 00 -0 w-0 C.4do g

42 0 D42QC

m m

00 C 0 00

UJ 42 (2C QC

-J Ln

SCD CD Q

2, , ca

-a a

-In i

10 aa V CWle ww

l CD0 00C 0 00020 0 00 CD 0LAa

j 0 4 4 n m " 0 08000 000 0 0
1 ! 00 9-0 90 99 900

V V v V V V V V V V V V

A ij- A - L Li1 12 o= 0 12-
2222 12 A- -5-

_A _j_ J A -A- _A-Z i z9 9 4 A
3-- = 3- 3- - -- 3 -2INa . .a . s u

Im
0-8 I-A.A-- A -j1 . A.U U

I-~~~~ gotMA 42 182 0 00 0

14aa 4 4mmm
u8 WA W- - -- w. . a "a a 0000 w

0. N



9 All- 9 isa 9 a 9

-U -y -Y M- - -' .. .- S -- -- S - -. -. S

Pi ---- Nk -k r-- N Ok- - N - M- - y ON

0 0

-a

V% LnUin

0

1 0V 0V1-
Vj Im V00C 20 0 C )04 0 4

4K -

-J ~ 4 8 0 0 8 8 8 08 0 8 0 8 00 80 083
-C 0. 0 8 0 0 8 000 8000800 08

a. . . .

ww a U U Z Z Z Z U ZZ
Mi =U- C-i- c

-
Uz

01 I
Mij ja 088080 8000w8880 08000 0888-00 88883 - -W ULUU

- -- 0- a j - -1 -j -1-

UU j Uj UAu

:6 ~ ~ .J :6 :6 M6i: 6:6 : 61: 6: : 61.i: 6 :



S.ý - .1% - --ft S. S. ý -% %. %. 0.. 1% 10 S. - -% -- ' .- S.
'0 U', 0 0 , ' m LA I ou Ci ' tNi 0 t N U% ~ 0In 0

a - CD, CD Cý0aC2. 0 "o 0 -

FA
Z. Z.Z

61 in
Gas O0 00

muý '...C;C;4ý

CO C,0 0 00C
a

0 0 0 0 00Q00 00 0 ,0 0 0C)0 0 WC 4000,0000 MC

LJ j

a 9 .. C!9 .9. . !4 0C ,a Al" y 0 lm W

w =UI

L0O US ~ ~ ... 00 -

0 A U 0 06- b0 P-

V VV V V VV
U VL V V V V Va AL V9VVL

11; ejmus Uu

Zi _ Jt bLI U L ===

-- a -4 -1. .j Ji aJ -1j -1 . ..J -1 -j -j- " "Jj j- j .. .

I m
a= = = = mm



.tN t N - g4 Vt N% Rt a g -t N, Wt -0 4 - N W% 6 a N % i 6 N
iu Ny - y CY- NY r - N M-- -- -

0 00 0D-00 0 00 0000 0-0 0-0

z

C sg o-0C 0 0

V V

Nf NN Nn N

0 CD - -4

-2 0 0 C2C 0 000 0000
8 U V 0 YI Vr

O~0 UNWin W% 0 OOCO0ND N O - 80 00088.d . . . . . .
Lu C C00;00000 00=00a00000000000c 0000000c, o

I-. U

0 z 0 v

UA ~ n~ 0f 0 D 03 0 ONNc NNO 00 00s c
0000 0on 00 080 8 0C2 0

.0ooC;i C;C; C 888 08 0V ;o ;6 o c C 888 o 8oo 858 C
0000 000 000 000 000 000 000

v v Ot 0
v~ ~ Ov 0 Ov 0

V V V V V

now ~ ~ ~ 00 2 2 0 a O

SM WWWWWWWW W W W W WW WSW W WW

9L0



z z z w 0 (U wA (U (AU 0A A 4. .,K KO Z. -24

Co

.NNuI S ' r-' C y'C N

C3, C) 0 C) 0 0 0 000CD00 0 0 0D

-- - - - '- - - - - - -% - - - - - - - -. - - - -% - - -% -

IdCNu 0 ~mA0'60' s0' s 0 A0'4NI
w - - -N--N - - - -
I

o C; 0 ;00D 0 C) 0 00 0

vU
I-z vvvl Vss

n(ry4nF

03
0 D . N cmCDC;

CD*C 0 =00C 00C D0 0D0 QC D )C 00C

40 V 0o CD =0mC D0cz0C =C 0 0 0 C C) 0Q

-C -

a 0 -2t z - v I I Iza a

C c 00Cc 00 Cc 0 8CC1
0 3 LkC 0 0 0 0 C) C)

§I V n'3

-J U 0
-C

0 0  0 
00 0 0 0000C2=000008C 00; C

a.~ z a.

b- -A -K U

LU Z

;c LI

25 M M400000-. 0 0 0U U 0A 0U -

-- ccat a 1 - - 1 11 -i

3Vj oV V- V- Vsu A WV V- V

cc F
tub . 0. . LU =U = L==

4c ~ ~ ~ ~ L , 9 == a:6= t1 zzaz=zz
9. 0. .

*3 S ** LU II IMI 11,14c w g I

LLU macaammmm m www m K - u#

-j ~ E -j-j-a-j- - - - -j - - i Ui - j- - j a -
pq LLLLWUUWLLLLLU

S-------bbb JL L UL
.1UUUK K 0...UL ILIU-Sbbbb

- - - - - - - - -

x 6 6 6 6:6:6A :6: : 4 3 : 6 1:6:



~~~~.~: u. u. u u U .tj .~ ~ U U.U U u u (u i

4004

(U (M - N N- N - A - -V

I- ~ ~ ~ ~ 11 1- . . . . .S S S S S S

o2 C30

64c

zz
4c

a m0 DC DQ( DC 0C 24 Da DC

40C -C

-J~~n % (4 r4 OO O O O O O O O CC CM

0 0000000000000 C;m C 0000000;.C C; OQ

-40j

mU ui U, ZZ Z a ZZ Z Z Z

000 P00F4 0=10= 00 0 00 0 00 0

I---664 -- -

V i V VV VV

V V V V V V V

Co..
(UUZjUW U U66

:6im 6: :6 *6 36mm 646 i i 6 :6 Z6 i : 4



uI LI u ci LI u u w I.- U- w W

-t U~ 0~I4 CN U Y M0' -S UN I C Pn -i &M 40 N 0' NtW M I

0'000 0 U0 0 Im'-0 .0~

-j 
--M- 1Il, 1 fy

I-

00 In CD 4 0

00 S c cy0e

=00 00= 0M OOO C200S00 000 C00

a Q 4o0 0a0 sos 2 0000r 0 0

C2* z: 8 -C V

0000 0A 00 ao oCnc oom

oom -2 0

Snn0I' -

UN ~ ~ U40 U0 Cc U 0 0000
- - - -t- C

--- t"

w v w
v v UU (3 v. v1 -'-

, w, U w, w
ca ma~

Lu u. w U. U L l

us w w a

St. M : M 5 --

*C N

CL bL9 9 a aaw aww



s'a 4 0r ,0' rm %W Y
.-- % -- - % %%.% -% .*

92 0-00 r-oll00C -0o0oo.-ooc 4o O o

UIu u. uU
UN in an U% Sn

UY U U
I I I

- -- u-u

(A cm (A a) - - - - - - - - '.%.- - -

2cr 5rr~~rr!!r
z9

2c0

-In

V V
v V V V #- NZ- V

1 40 = IImC
0 -. 0 0 04 C, 0 00:0 00 I,8as8 a

$ V V
I" V V; V; V, 0,V V'L ' *U' r *0 ' *0 0 *0c ;,

up0 00 f 0 r 't n on00C,
- c 4c C a wk 0a I

Nj X

-U

w 0 0 0 0 0 0 0 0 00 0 0 0
08~00800000000 .010080

-J 00 00 00= 00
0 m 88880

F on* pn mm Am

u u u Li u w LU us Us
21 0 = x a =

uA W us u

UU m )

uus 0UU~~ 05~ 01 -JEKa aa

----------------- C4 ----------------- g -.c g -C i -C~
UA

--- - U U & m mmja -j- j - j

pm N ~ 8~
C~~NN

N NNN

z N
oIo



W% 0On LA LAO~ 'Ct' UN 00P
40 ~ ~ t 00do cC.c o Cgo ccC40 00 0

t t -, '% % 1. '% *%. - % *. - -, %. N. '.
N W% 't :2 L4 Vn 0 w0N '0 '.t N , 00 -0 gt N I to '0 N 0 '0y N tn 4

mU ey NY -Y N4 * Vy -- N N- - N

LI

0 C.C C
-~~ -. - - - -. '.- -- s- v.- - % ~. . s

Q aC 0 Q 0a C0000CD04 0 CCD0 00

U,- 40 0 00 CD vZ Mv

I.-

00- 00000 O2 00
C 2 , 20 * Sn U

0 a 00000000000 0 00 000 00(0000 0000C
- o. 0 0000000000000000000000000

1.. 0 Z =

10 mu w
- Ui

im pi m
u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

@ 2L -3 0- - ---- 00000 0.MN- 00 00 0
.a0000000000000000000000000000C 1 ZI Z

4c 000w0000000000I-z m z00 z00x00

* wz 0 2 1 a mu

-i ~ ~ mi -a - m.j- j- -j -j -j -.a -j -jm ~ m m

= = == a Y



w 0

9-0 %n N~ g- 0 V, N 0
0 0. 000t 0' 002 I I " V1 1.
,a Ny W% -t0 -t Ny LA 010 NV% 'a N W, 00 N4 m n 0, '0 - N U, 0 'a

LU -- -- -- - - -- - --- - N I-N

r-N c N ~. 0,N M C0'NN I'-.-N
08~0-0 0 000 O00 0090-00

- - -*Ln

v v 0 ýC 0 0n- -

a- v

SL0C D00 0 0=0 00 00000

CD3- 0 In -r -In *D0 0 0V
00460 66 C6 C6 0 00 C;00

0J 04c
U 0. 00 0 0 0 0 0 0 0 0 0000 008

C' OD- 10 00 0 0 0 0 0 14 .100wt o'C'
4:! CC ZY

c- C;C ;C ;C ; V;W ;C ;P ZW

v. v v vv v

v v vv

w 0 = Z V V Z Z Z Z ZV V

-I 0 0 0 0 0- :;~ 6-0
I- In .. t 00 0 00 O IC In4 0 0 '-P.I 0

VU 55 V1 V V
a a V V C Vc Vc Vi 3 VZ VZ VU VMIu

SMww
2 m=

of 3- -Ix x

w5-4c4-C 4

SMSMSMS
.j j j j ,-j- - j j j-j j-1 " -1 -

ZZ ZU ZJ.9I Z
tom

IL0m mm



SC0 N0

N-b-gN C - C N
29

- %. - - %~ % - - - %.%. 6 -6 .- - b- 6.- % . ..

-j CDo0D0 CC 0C CC ( 0 0 0 CC

I. 'A I
U 6 6 U U 1 6 1 CI 6 U U

0 0 -C 0w i 0
de 1126 z z 2 t

-J D ) 40 C OC OO 0 C OC OC CO CO
C3I.U C, O C3O O O O O O C oc 0005

-j a, oeeooeCOOO o oCCO coo S 000
0O0 OmoOOOCOOOCCOOOHoO C O

.. U, 9 ! .

m~~ w aU zz za zA z z ,

WIL w w "*

1) 1 0 C0

w 4c VC -C w w w 4 V C4- cc4- C44w
V~~~~ V z a z x a V

wI WIWIA

P04,=



; % 1 . 1-

LI v

id

2z

0 - 0 0 a = -- -0- C 0 Q C -a--a- 0 -a-,Cc C - C -

(A 2
-i

U'Uu

m0 C o c c oD 0 0 a 0

in in -I -I- - -W nI

a. -u a. O C O O C C C C 0u C . w0 0 00.03C C

(A -J A - a - j - j - a -

mu
Z Z 3 j , 6ZZ5ZZ999

(A 4 44 1 w1 44
c 7Z2 : :. ;A k %

4mwuwOc- O c4 CC C CC C C C C -C C0000 000 9-94-- ic.cA-
CCCCC.C.C.C.C.C.0.0.0.0.0.0.

00000 00000 000a00m0a0 0000
-J 0 0 0 0 ' C C OO O 0 0 0 0 0 C

.......................................................

IL mfl U' U' In U' .6 C 6 C 6 Ci C6 C6 C6 C6 C C 00



lo a 0I 1 0 .

*% %. - .- C. - *%- D. - 0% ,- - - - - - - - -* .

w 6- -

z -

-w -C

LUVV

40 08 00 00 00 0 0 00 0 00 0a 00 0000 000 0

~19 a, Z

na- NULL

Uj mu CU Z Z Z Z Z Z Z ZwZZ Z Z ZwLggggg us LgsgggaozgggoggoM Z
z z z ; z 3. w )- L U LUui ,0oouioo o oo oo ooj

a,~~ ~ ~ a, m tW UU

I-. ~ ~ ~ ~ ~ - a- - 0 - 0 - - 1

umu

w Uzi m m Z W WZ O w.. w wZ.00w~~ ----g 00 00g

is- - (D a a a a- a - a - - a- 0 a- a 0 17 a a-a-
P4 =222 = = = = 2

o o



I- - - S- - - - - - --- - -b-I-b-b-b- I-b - I- - - - 5- I- -

" - " m --- m r. --- " m- -

LU

Z. - 0%-S .- S .S .S -z. Q -N. S. -N -. -N. 0

0 S 0 Q

upN

U) a

C I C ) 0 0- D o 4
vS * C80000C8 0000088808 =8g3 8

SMES' 1 . 8g8 8 og8  888888
-C

w z

RRR8 888 0888~888R
MA~ 88 88288SS!

44 V V V

V V0 co VD V V V0 VCD V VV VV

99.999§* 0 Cl g 0.99 .9 C!4999
clo 000 0000WWW

C? 2 r" CYI CO 2 tn C61% Lb- 9

v v v v v v W

v ~ ww www v vv vv vv

0 a, "
01 t 0 w I~~ 2cWW W

usZ w im

IM =3= b-b-b-UZ

LU U, Lu MS' -C '* w w wCCC -1 -A -4 z

N~ 6 6 a" N- 3-V SV S SV SV - t- S -1 'A 'j z zt atSSt

5-~~~~~~~~ ~~~~~~ b, W - b -1 1 5 -b- b - -I -b -b -b -I -b

w

atCeI

a a aa.

3*S

* y-

0.- I* **



m C

* v

9- v

000

wu -C- -. 0C ; 4;C C ;C ;C - ; 6 C ;C

V V

C -

Id W% LnW Iwt- - --- - - a nb

v oo o o o oo o o o o ooooooc

LZ (4 a Z (z_ j

I-

w w Czz a a za z a a m 4ca w awza 4wwo C Cq

CU

00 0 0 0 0 0 0
w o a o o o o ocz 8 o o c 8

IL o0 0 0 0 0 00 0 ~0 8



- - - - -% - - - .- .- - .- -. - - - ,- .- - -%* .-- % %~

o5 a-- ---M a-- 0~ a-aI"%rc%-yP"i

-

4c00 0 m
co aa0

2.

ry N

ain

w v v v V V V V V V v v v v E I
w0 = 0 0 s , C

gn _

ae ~ S S~ e ai am a '0 vo a a1 ca c v C 1 vvvvz
U,--

CA-NNaaaaaaaaaaa na na

Vj Vz V CD = 0V 0
V VV V V VV VV VV V V

080000 OC, U
C3, 0 00

UL
=z

- =2=

wU -h w eoMAo)1--E2E EE3==.

Ol = 1 $-_ * - - - m~ m- m- a- m- R- R-"d- ""
--- - w--w-Go-- n--at------ m1 _

-A Au ouu Uw l

w A- O'wwwwAO cw-KA4 c444 44-

Ca -Lai



- -~- - - - - - - -- -V --~ - -- V -N f . - -~ - - --

0 N 6 - - 0 0 0 0- 0

o -0 - 0- 0 - 0 r0 - 0 -- 0C0- 0 a 0-

-
19

-l 00 =C)

v V `V N,

Lý W m 0 0 0 0 00 0 00 0 0In U in u', 0 enC
0 ,- I= 0a 2.0C)42C =C2 0Q 2 C 00 0 0 0 0 04 00 C

ui -9 C; cmC; o 6 C; 8C; 0 6 60o0 0 C; ;6C );C ;C

ca V'V4

-j ~ 0 0 0 a00000 000 S003ininiin M N00 80~~~~~~~ 0a~ 0 c00 0 0 0 00 0 0 0 0 00 0 0
9n C!99 4 !Cý C ý C C ! C

v v Z Z Z Z ZV V v vvinin ini

v v

-i Ulus

--- ..* I. M- - u5 w n u, 31- 3-- -- -

Z~m z93 aa2

U,~ p.- b- 0- 0.- 3- 3-~

a -- e-az az -- M~~ -,91 see,02
0.- w og .- = =ww z 3.- 2 - u0 ~ ) u BuL

14 " N*N N 4 P P "a3.3.-3.)- .

W w- 4cA w w w4 w 4-Ca -C 4c o PC -C -C OC -9 .1c OC OK4 POC

Mi .1~ LU LU Mi LU Mi Iii MiU MiU Mi. MiL i UJMw ii Mii M ii



Pd~d d~d~~d~~d~d d~d d~d x dz

0u

- - - - - - - -
ZUZ IZ- f

CM W; 0
~~SS' .' % S'''S.'SSS~~ '' --- SC !S'

000 ' S ' S ' S ' S ' S '

m 0Nv vN P'0v Srn

ke - - - - - -

zA
4cC

i 040 00808§80810c
9L .2 07 C3 D

0 0 V V0 0880

4c (A-00 *C - -r N 58

19 0..08 (A Iaz2

0, 000 C, 08 8

-j oofl 3A 00 0 88 0 00 8 00 88880 0
C2c yC B.y mC yr nW -n 0. 88 0 88 0 0000000000

L. -JU m

0- .. o W

wu w =-4

- U-
Uxxx .a

MA8~3 l88 88R 0.. 3 .... r4.. .....
wm Us LU LU

3p. $- z LULU

.J4J - P

wd 49 wd S - 944
B0- K =- 4- *- .- 4-1 -6 -4-0 - 6 -0-0 -0-6 0-b-4 -

O000.0.0.Z Z zz z = mw z

U i--
to .J a d

9LP Pd 1d 1 :6 Z K6: 1: 6 1:



uj~ u u t

0~~~ 0 0 - O 2

mzzzz zz :"Z ZZtZz

z

CD 0 00

iin

-. 1-

-i 00MP C C 0CI0

(A j. * . . . . . . . . . .

w -c in.. I
a' SR CI V V ,0 0000 V0~c V~ii;6 c V V

)I to zVn W-Z -c &A in VI

)0 0 C2

C5 0 % nW n A n U% W, -%000ac ni in U C
on in in It ItPr 1i

Il w V U V

in -- ga e Va Vi -i I
-J ~ ~ ~ ~ L 21' 31 00 0 0 0 0 0 0 000cI 0 0

a 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

=-n - inU AU =a
I.-t

atj at0 - j ., - -j

K a 0 ZZ z V N a a1 Z zm Z
iLl

I- U

inn
00.w :6C C 00 0 0 0 000 00 :6 00000: : L: 6 6: :6: 6: : 6: 6 6i:



- - -- -0 -0 -Ou -n

LU
v ;ooC ;C ;C ;-

00 0000 44CD 0

ma -C~ 0.U- 1- .v vt .- - W U V V v v

-jCC ,o=C 0 0 0 D 0 2 20 00m0 0 00 0 204
W. a: 40 CD .0 C ,SC : , I C ,1 ,C )C
a- W VD0C 00C 00 V, V04 00 0 0 0 0 , 0 000W r

V V. V %it!Q - c C

up
-- a

an aa- C 5 U .
IC 000 000 0000O C c4cq

U * 00000000000000000009900 0

0 U% uaca coo U% a a co oco0 % NVV 0 0 0 coc a a a

L- US I

gag
w5 w=

LU

0Z an .s .' .' 0 a .a I nu na a a a a a a& a a a a

9L Li L w wa u)

29 Z z z z z
Lu US us W w w LZ w w W wm 2wmmmmmm

9~~~~~~~~~ 0 0 . o0L a0C 2QW0C

Z. u wl w l ol S



4 0 00 40-~0~.* ~~ - ~
LU S -1 NC0 ray WO, N.C -0 -a 'to 'COY No

-,a C,

so V V V V

- v 0- z --

C! C!

In in W%
C In In

C i v V
C: I- I- I-

(J A C, aa a aa a aa a C% CaaQ
- 0 00 0 00 0 000C C COD S 0aol00III0

2. A 2c

= w. 0 ItIa V I2 VZZ Z 29

-u X
IA

C oa o oaa0a 00 0CC0 8 C000 0
los o olN0 C00 000CC sC CSSS00 C oa 8 aa0

C C; C C C C a C C Cý a C a C C in Im W, U, in in In I, a aý a a a a;

29 z zwwAUw&wwwWw.. wwwwwwww
wwwwn mw ww www

I- wc 4cw 4
LU W W W4 - - -

Ia c I

a.. . . . . . 5 5 IffCCC CCC

T T T T a--- -a w .- - -I .~
== = = = == = = = = = -= = =

4c N Cwwwwww4cwww4wo
z z z x

.W.w .'SU w M M w w



z

00 - 0 -D _

UU)U
t:= ,Z Z . I -
Zu

s--
4c 0
-L4

... j n 000 0 0 0 0

a.-a a000000O)~ 0000a
us o00000000000000000000000 o0000; 006

J j

cn

000 00oS

1,~ 0 0 00 NN00 0 0 a0 0

64 ~~ ~ ~- in--; ;C ; ;-----oC ; ;C i ;o0 ;C

V V V v V V V V

V V V V V v V v V V V V v V V v

U- L

Z a Z 

U U Z Z b- u S W U .0 U Wmu

mu mu mu u mu z m ago a -A a a a _a a4 aN

j wtowawww-- - - -7. X==ZZ

-A j-- -a ig - -j-a - --- A -w - -m -s - -t - I- us us

UA

It-

0189 
U 0 0-0 S 0



zzzzWWzz

0 f a-D 
0 O

ZZi
19
"Mc naN-- a -

a c-- a----c- a a- a c,

=N-9 6 m S s
Iu. 9 C! . .99 .9

a0 a a an a l a a a ga s a-

CC"ce aCa" aca 400 S8000CC , C

2.. U) 2aa1 u cc c 2
-Ca 8 S a a Sg arJ.

a z O a11 aa I -C-a c ncN N

- W, W y;

ax a v v v v v v y

w =

LI

46a
41



o

LU

Z z

Ln rrm% 0
U n 0000 0 0 CD in~ ru 0 0
w C! .--

0 0000 0 0 0 V v v V v 0 0

v v v v v v v I.- P- ,- v v v v

-J 'in t 0 0 0

M W uCO 0 0 3 0 0 on rn--N
0 C- C-0 C

ca U V V
v V V V V V V. P- I-- 0- P- V V

2 ocoaooggom8g0o0ogoo
IL 0 0. 0 00D0 00C*0 0 0004 C 0 0

V)0 ninn -00000000002 0 000W N

U, 4c . .;C ;C ;oC ;C ;o C ;o oo66C ;6
00 00 0 00 00 0 00 00 0 00 0

- )

W ~ ,W 0 IV V V V Y 1 V I l1 Z IZ i V V V

&- UAIat

w OO OO N a0. 0 _j -A - _
0000000000000 a.

------------------------ ---- ----- -------- ---- - 3-

oww

it%1

so SU so 8 SU SU

1A1I1 Z A A A1 1 I A= == = Z A IIAAA I



0 (aw0f au

~- - - - -~ - -. -. .- - - - -. - - -~ - -. - -. - - -. - - - -% -

o ~ ~~ m - " " - ft m 0& -- -

- CD

-~~ S 9%.<ax(A
- - - - - - - - - - - - - -

-l

0199
mu CD.
I- 0000

vyv

at.

2. 0. =000000000400000 00 0 00 00 00s~v m 000 004~ ~ ~ 0000000 0 00D

CAZ

0 z
Im W 0 ZZ ZU v V v v Z v ZI 21w=

~~~~C 88888C,888888888888888880000008 C=0 O O O N00 O 0 ~ 000 0
0 0 0 MMF 0 Cm..3 --- omooD 00 000 0

9999 ~ ~ ~ ~ f .i . Stl- 9W

v V V V V V V v V v

- U mi mUAm

2i - - - m um

cc , , = =mzz

US zin ain Z11a0. 0.0

w .- 01 *-- , -1 S-0 -0 -0 j ~ -0 -- - - - - -0

O* -
CLa a a a a zA- LA 9 L0

4 w * C .. ,www ,, C Cw-C- - C4 4
0.0 z z z . -



- -- - - - - -. - - - - -% -- - - * %* ...- ~ .- %

-e 33*n * tE- ei- 0 .0a
mu O N O 00 OO N0 0 NOw 0 Nd

0 0 0 CD 0 0 0 0.C 0 00C

3.-- (n S- C

c a

0

mu ;

4 U 0 C 0 = 0 0 0 ,C
0 D 0=aiz U n000080000H§48

- J 0 0 0 0 -4 0 g t c o~
0

v v v

Bass

0 U

P-0 0 00 0 00 0 00 0 000000 0000c
tA w w wJAl

wu w w ww w w ww 0U 00SKWW0 0 m 0 00
1.9 ( A U j

02 44 44 444 4 444w 44

km
- U

w (

X ~ m oooo1ooo11 . 1 :66o 61O 1:6 1OO1:6 O61 11 11



00oclwzzzzz zzoo~zK2Cx zzZ zo SO

Fn cy rnmt, In ~ t Ny In in r4f evo

LI Li W LI

:z ~ ~ ~ ~ ~ ~ % i. :z Z zZ % ZZ. ZZ

0. 888 -----C!

a9 9
0 iC ; ;0 0

P.-~~~~ (a z 0an99P

-C
0 z C 4 41 1 c 4c 000O

w LL 0 -2c an --- a azv

0000mc N 0000

nu(O - 00 -OD 00C00 ccag!R

-'~~~~~~-,wn~ Sn * o o co 0 8 00 0 0 0 00 0 o

0 8 83n Ca 00

a, 0m, Wa

U. U04U. M.

P.-

mi WI C z a ulz v v

I0 09, -o--K 888 C sup(

LI L L, IL
ana n na

0000
cmcgu
WIW I IW

atm ZIW W
Q~~~~~L LI LI LI Quoo j

ga gag



W 8888 ZZWWW -P

oz z

0- %. - -. % , %. . - %. %. 1- Nf i -. . - t - - %% ;t - % %. -. ;- *%. %. %,

'U- N 9 - N CON " "0, f
0 - C 0C . 00--C Ogg-C C C

CA W

6-! 0
- .~ 0

-J CC CC 00 0 ;C

6- 00CC - -z P -z V VL V VCCO CC

CO VM VnVi- InI K VC V, In P VV

-J. 40 mm 0 C :0 l s
CA C Cc C, 0 C C C

- 00C Vn V4 0CO COCO

L" 4c CC 4CC 0 CCC 0888 o ~ o008;C C ;o0 C;C g C; C CCC
0. -A a . 00400 C', oSC CO8 8

g a z IC I
Cc* W1 z m - C C N 0

0 00 N No

U~ w v v azz vz v va v zz v v v v

'U =

6- U ASM= ZZ
3lu 

wIw ~ ~ ~ ~~ -OCCO 0000000001 000
* .. .. .. .. .... ... ..

a, ~ C
C~~ ~ ~~ w' 100 0' C w m mw 'mm

N- N0N N

a VW VN owV m .1 , A- 14W44

6- ..J ..

InU
Ur 11

:6 :6 6 :6 6 1 : 1 w61 z6



g- -m,- M l- m m,

- *%.%. ~ %~ - - - - - - - - - --. -~ -% -% -. -~ - -

. . . . ..

00 00 a4
V VV V; WV W; @

v V v V V v V ;C

va a
0- 6- 3Cb -- 3C 1-0-z 1- 6- V X V

CA6 64 aa ac a aa a oa c

I CD c -- -co aaoacaaciDo ) a aceQ

3. 4A z

.- 0

w ~ ~ ~ ~ ~ ~ C a 8am v ya m u
mi 0= p0000C 04 1 1 " S -

W- W;W nC ;C ;W . ;W ,W Ai ,t %W ;C

aa cc aa ccMa 3.- 3c- 2- 3--

= = = = Mi biCU

w I. Im ~ .. 1. 1 xa

xA x x =- .1c :c 0 . .

405 Li I i u i u i Li u ui Li w Li 3Uj 3U. 3-. LiL.L
uJ--------- ---- - -- -- ---------

w mam -A a *. '' -j .. =i -jj j0W( A( 6 U
m 0 .A .44 4 4 4 4 0 4 W m I zu w

C ic 0 E 0 0 *0 0 caca taa

z N

&n-
* -



I-. b- - U LI u I

ac

F"- C C . N.C M On 0 C NC-

Fm CCD C0C

CD C, C C 4

'm 0 CC U0i anrN V;
C -- -- C 0000

w z 01- z -Z vv0

a- 0 VV V 0 C

0 C, C* C0 an C, 00 00

o Cw- -C w0 -C CvvOw - - a z

(C CD 00 0 0 0 0 0 0 C CD
co- . 00 0 0000000=0 = 0; I
0000" 0- : ! ?F

. .nnC N 9C .C!-t9 !1

-A UAL

(U 0000CC 00a000C

-AJ 000 00 0 0 0 CCC Ca
u jnC -aCCjCCCC---NNN-i '0.4

3... 3.C. S- )1.. 3. P 3-- 1. 0Z 9 u u u

V V VV V
x V V x N m V V N

4c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( (U w(U w- cwwW W. W . W - C

uj w"a-A
to aW a0 Q 0 0 0L7 ow o 0 000 - - -

r4(U(U(

(U (U(U WC CCC sZ



93c yu W y e n lyp mI vF ym t

Z Z

Z Z.Z.Z - - --- -%.- - -.% - - -.% %%% %S sS .- S .%S

N NsiI ni -a nN ni - ni ni i iNi nNa nNi

0 -

z 4

-J.11 0 0 0o 00 0 0

USi . . . . .

-ww-

ac I- a 4 M .4a c Z I-MCICIcZ

15

0- 12 0 0 00 0880 0 8 8 0000
00 000o 00 0000 00c00c

LAJ UJI L

a- LI -u a U uj w 29 R
WWYC',Z w ww w

Z8888 Z 88888 WWW J Wzza... .. .. . . ......awUI uZUz u.1i. wM wI
0000000"00N0000 80 N

zzz wwwe .

a- - - - - - -. - - - -i -i -i -i - - - -- - - - - - - -

11C soc 94oo ozzzz 1C19429OCIM C 4K c
LSAMUUL m mmma i----Ia "Im &MI-I-musWki i hiU

000W -jii~~ -a -j~ -a5
Pd 0000

555556 :6 4688 1 Z6 :6



- -% - - - - - -% - - - - - - - - .- - -. - .- - - - - - -% - -

LA 6.% 6- W% L^ W, W% W, 'A 1^ a1 in 'A 6^% N 6^ wt aL 4A in .aa
w r mClc yr Ye YC vr yI N N N f d N N ty y d N N Nc r c yNm mN4NuNY

- % -%~.- - - - .-- , - - - - -. -% - -. - .- - - - - -

a v

u

mc -

0 L

R a 888888888888088
0 D0 a2 ac O c aa OCD O~ a2 0 a

UI -J20 C 0 =0 38 = 0C! aC!C .9 . C!acaa9CCaa. .. c. aa.a.. a. a

m~~I w U5zz Z Z Z Z Z Z Z

uJ =W

LOU

9 6 itaLa 3 a m aaao a aaa a cc , -0 i-

eaa ca a 1C 400 8 COCC8

Z;L % -------------- -----------

V VV VV0V V
V. VCD V V V



-aa
U wo .0Z >g n4

-CO.. .~ - ~ %% ~-- -.- %* ~%

~ m~do U 60W~~% NNNNNNNN NNNNNNN NL. NN N N N
Ln gn m % m % nI

ui

R -

§ 0.

.1a

0 3. V ) 4 40 0

-we

- O 0800040000000800008000008.00

00 000 04 C 0 a aaa aaa 00 0000

wl w

z 0888z
00000000000008 ag

AL aL a as aU a a a a a a a0 a a a aZ
-- a" a n --W NC N 2 -- =i an =

ww ww a www

2 2c I= - - - 2
Lai WW ;

ww O a. OgIgJzWg.z2giz

- a- 1 -A i a-. -- a- - a-i - a-i a-i - a- - a j -8 j -j j - - a-
F4W W W ---------------- a

uu = = Z Z= z 2 2 m m e 4 2
rya a a a ~ a a aa a . . . .

ac~N N N NN N ~ a ~ mv I ~ I ~ w

a a a a a a a a a a a a a a



wl V% W% W% U, U, U .-- %. 0. f- W-% U . W% UN U% .U% %.
lu r em tv Ny fm em ey anl anNana mA mA cy Ny cy IA M AI I AN

Lu N N N N N N N N EI~r4

-

0 2C 00000 000000D0 0=000000800000000

?A A
-,4 i6 4 C ;6C ýC

u &I

C D04D0100§uCH

M00

21 LIusu

LA UA m

Lu 5 .0. ww

-~ LI

000 00 000 00 000 00 00 000000- 3

Luuu
-j - - j -j - j j'j ' j J -

I--a
I--- uu

GOPu-L - --- - - - - - - - - - -- - - - - -



WUW r nw , p-UI %C mI ni - -

w vmU Yf

VSVS~iiO 0n fm niis0

Z. ZNN z z0 Z Z% Z. N

x-

0 1 0 00CD000om0 0 0 0 0000 090 0 0 W% 00

-C -

im

I--

400 0 42 ui0 0S 00
00 ~ ~-- 0o o 0o9 ," c 5 n

! . . ! ! C . . . . . . .N C

v 000 v 00 *O00

z 2r

0.-.-

w- -i -

wU w = iwu iL
5- -1 - 1- j j j j- j- jU j- i- i- i- 1- j-

cmi

; f...

C? 0 0 00 0 0 O N? TI 0???,C 0?,CI 00 C 0 0 0
A.- VS :6 Nc -0. 2c m x x x=-



- - -% - - -% - -. - - - - ~- - -. - -% - - .- -% - - - -% - - - -~

r i n N - N N~ an - Mm "M N M N N Nm NMm NNN NM N

40- 0 = 0 0 0 0 0

to coca% INL

a0 * a * V a
CD V V CV V 9 1

D 0 D 00a0

0), 0f CDC 00 00 o0aca o o11caa cc c

U, - 6 000Q0606o 0r 000000 C; 060 cac 6 o C;

P- 45

uJ

in -U

~ao aaa-oa -8 80 aj

LU ~L LU LU .- I. . .- I-

LULUWw C 3

31 3- 31 LU LU L -

LU

10

a ~ T CT C C??C??CT ??C??,??CT2I222
2 2 2 I? ?



% * %.~%.. s % LIN in L% w%' %- % wt L~% %'"

Ul c m ry Mi. Mit. e*m ey c mS Y m c m

(A
----- - ------ - - --- - -- -- -

in IA mA M

idi

z

40 0 ca c* 0 o0

-1 U

. - 0000090000 gc, c c Cc 00 9U. W0 00 occ cc ,.8 CSc4 D
0I( 0 0M 0 og 0008 O 21 0 0 ) 0 00 0 

)I- U) Z0- -

w =2

-jI nU 000000000000000

Mi~i ~a, 000 00 000
00 00 cocA usc mN NUS ia

0 0 0 0 0 0 0 0 0 0 0 0 20 - 1

IS= w usi~s~
ZC 3 M I " L

z z z I- I-3w 3. - I - I-

.- 3. z1

3.. 3-a-- 3. . w

Ot 49 @C UW UP W , (A U (A U Uft IA (A CA UU ,W W U , ,U ,U ,

9 -J -J -J -J - 1 -J -J J J -J- J ..J -A -4 .J .J - -J - -J J5 -J -J -4 -J -J -h

10

NY

a WA

=~~Z ------------------ -----



a w>>ww0-P uww w0 l '

I-

0 -0

w

vc v V v vcca

9 C!cu9 10-- 9
u 0 acMC! ;C iC

-C v a v v v . -
CAc *o c

I. FA Ic c c c c c -% cM%
ccccmnN rycccc

11C ;IN

w c
B- U c wc vv4c c4(A z zWZ I3u

w c c c c c c c cc c a c c c

.*J'-~ a- . ...

P- t- I.-

4I oe 4cUU w L

if ZZZ -' WW

UL u ui
2 l

a.a aa aa aa aata a a US aama m

GD--
-J cccc cc-cc-ccc-c-cc-cc-

E ). 3... D- z uw S S 0 ,,111, 9,9 !ccb34- 1- % a w 0 0 w 0 j - j -



- - - -% - - -% -. 4--- --- - - -. - -4% 44 - - 4-

" M-NM-I

-J 000
cc 00 0. cyooomc-o-o

w .; 0 v *0;. C;C ;9C0C ;C
v v vo o v vov v0 0

00
I-.~~ SSG -V - - -V Y

-a C
0000- cocomccooN

0 a 0 .0 C2 CD.. 0 000 Cj
us 00 00 C;C 0000 *~ ;C C ;C 000 0 ; .;0 0C;0C

us u

0c e z c0 00 8 8
of 900 0 0zizNOz..................................

U-, zr

§ a

v az a zz zz v zz in z v v v zzv v v

- U,

ccc ci.-C C z z

zz z P; =

t u I S s~ ..ausu w wL
zzwwj-j- j j- j j a - j j- j 1- j j j-

P4JZ (hUa u Ulu

m aa
,aLW ~ c 2 ~ g2L uL

- 0WCYa.==- a '
Cs o c c 0 0-------- w

4kJJ-- -a w w

AL. - - . . a.a .a



- - -. - - - -. - - - - - - - -% - - - - - - - - - - - - -. -

z ~ . ~ m I I~ % ~ V Nt WN~

1- 14c0c IM'-c 10- 1ccc 0c 1c- a,

inW n6%Ni n W N - n U % i - %i
-jf Yc yt yC me yt

m = o Pf n p
0 C c' a " 0 ' ' " 0C

FAa

CS.

w LI
I.

-a o c cc c c c c ccg egc e
C2C , ,g 2c 0 ,C, 0 0 4 0SS S S 8 S S CD cS a 2 0a 2 oCC CD 0CD 0 C, C, C, 40S
cy cmC ,Cc ,42 CCcccc03ccc8000ca cc00cc

nuj L=

0- 1- 0 -D - u u w= 3

EnE

n-j -1co a c c cc c c c c c -Aj c
LOA............ ..........................

c~~~ a 8 8 c c c acu na nEna
a- -M-Z-M-w a - - - -

wC w 1 Me -wCww-Cw4-
2 a a Www w w www w w.j Ll -- j j A j -j -j - - j j j -j - - - j j -j -

C? 4?C? C C? ? 9' CwC



Za I. -- .- %

~~~~~~% ~ ~ ~ : -. :z it. :z Z Z: :t %z z z S- S. %.-% ,- - - -.

IIn

4 N N t~~# ~ J. m ~ I v ~

4
9L 0

)I- &I a
c
Co-

4c1

40 CD0 00 =
CA 0 300000DC2000000080 00000000000000

0. - 0 0 0 0 00 0 0 00 0 0 0 400 0 0
V;W;.:C;o o ooo 0 8; o 8i o o888;88C;C a

W4 0 0 0 0 0 0 0 0 0- -- - - -- - -- -- --0 0~- (A 2

Lux x
LI

m ~ ~ ~ ~ ~ ~ u ui -i 0- I- A-- - - 0000000

2z 21 Z
x ata 0- P-I- Uu Lu = =

LU L ui ui u tuLU U w -- 3. X I..I.. I.

1 29 2 2E 6- o-- LI U LI =U =i us&

LUuM Lu ,w UUUu 55 5 5v

Lu 15 a 4UU "w w ------------ IILLLLtIIi U LI LI w K9 A" - j- j- j- j- j - jj- j- j-
4 a -- .a- - ~ w w a a



z
of

LU NNN .NN M' M mNE 1 N CNN. NNN. e

co0 CD -0 00 0 000

U)

- CD--D- 04r~~ yr v r r v r r r v v v yry r
-. ~ ~ ~ - - - ~ - - %. - %. % -%

-j 00000 D00 0 0 t

9L C0000CO 000000fl 000-
UCDCD40Q ) D D R a0 400 00 .00 0 0,C

w U

000000000 00000000N0 0000 n
U, IcCJ ^C

0~~~~~ 9C O 000 0.! 00 0 0 0 0! 000 0

v U, v v Nv v

- m-

ekU usL =

a,

- ---- ----- -- - -

V
V V VV V V VV V



uu

UA

C0 ItN A n U, on.t fl N M N

aMa 000-00 Mac" 0- 0

- .. -%.*%%. . -- S - . . .' . . S . ... S. . .

000 -=a 000-v0C 0 0
N 000-0000I- I- I COON

W m .0. 0 90 cy
00Q0 -%0 000 C, 0 0

CD Q V Q 1

. . 4 0 ON C
* 000U660090

0 000 0CON0 0 000000 N
a ,00=QQ a 40. s0 0 0

m 000 *ooo 6. 0 Qoo.C a 8

- OS 888808C 000.00000000000 0 N20

- U Z2

wN

N~~~ v a v v V 2V2Vza a a a v v v a az

w UU

00 00 00 00 0 00 100 00000
uj wui0 000 0000

II;: :: is:: a : - a a

w ~~~ 0) F F

3---w-w3

us U LULU U w L

ww w .w wwj w
"a u

NO-------------------
Z C Y -I I - I~ . J Z Z

N NN NWIU JUJW W wA~ww WW0 O00 C?
ALK Z Z ZZ Z ZZZ =Kaaa



21 > -1-u u w u u > :-21 i iu > : i oD-m i

NAAIS @ N Ln CP N n n in III nin k %N AN~

00 ~~ 0- 00 0 0 3 0 c

2F T T
- - - - -S

at

ZD

le
m

m ccci-tr
C!9C!C
CD coce0

v V V VV

0 U

U, o coceccvcv c

0 z

us

au cc c cc c g cocLU a ocowoccw

cccc mm. aa

w~w ww wwww

w .- 4 4c -0wcc

NJU

a-Ca a a- - ~ . =ia a

Z ~ - - - - - - - - - - - - - - - - - -



pn .-. &A. - y Fn *% k - cy l - r t - N w% - N WW - - Cy *% - S %..

a 1- au S t% all, 22 911m %9 a 1- I 110 I 9 ,01-

Ln ~ ~ ~ ~~~, S.- 4 L nI n %w iino n0

a y C y ^ t r e vf yf

aP
-jc 0 S ,

:z: zZzZi zZ z: z;

C,

U)F

-J aJ 6MCO O j O C C CC o aC C C O C

- u
-J

a Zza z ox, z YazazOn zay a Z

0 0 0 9 0 0 0 0 0 0 0 0 0

0 a 8o008 mC 0 8 N = 00 88 08 808
C! .i C!C . .C--..C N -! . . ! C

V0 VD V o 4 . 0 0 9 0V6- A In V VV

U, ~ ~ G, U U U

LU %I Ui u U -C 2. 1.

a a m

us~ -1 S. 0. -

w~~~- mi. -U -J -J 333 0 0 a
I. 9L Ck. w b 0: a .a b a a a *

K 4C : at act IMu OOCC33 3w
mU U U

9 j j i j . i j - -j-j j - -j j - mu muumm mumum1umuw i j 4 -

mut(AAy~mmm

Wmcyw u 0 ~ O K K(~( ( W ,ff m Y
CkC ~ ~ ~ m um m um um um

0. a



www, x zWWL IWWz -'-UWWUILILoo LILIWW

- - - - - - - -. - - - - - - - -% -. - -. - -% - - - - -% %

Pa-% W% Ck -N inW . Mi- ui.% t hiVN U, W, W~ cýM, l

SOS 000S 0000 -O o 0-oo 400c Cl0 = 0-

tnL L In

Uiu l iM

0I2UU
CA -00In00

.0 99 .0

CD 0 ' *0 000 * 0000C ; !o ;C;
3 V V V V V V V V V V V v V VV

ODOCCOON CC,0 0000 0 0000§0
C, * 0 0 C,0 co ass

C0002W%0 . 000 2 0000)
C!9 . . . -: 9 9 C . . . . .C

LL, w 0 0 0 Mi 0 0 0 0D 0 0c 0 --- D 2ccg 0 0 s 0 00 Iol-

W~ 
Nc

LLJ ~ ~ ~ ~ ~ ~ ~ W CDaa=4 4 DQ9 0 8

if W! C! C!ZZ Z WV V Zi W%

v LI

mu ~~~~~~ 00 0 0 00 0 0 000 00 000 0

.*INNN - - -0 N -. '
N NW W NW 9L 0-I-0~M

IL UPW In0 W 00 0 0 0 0 0WI -e WI .t 0 WICA

aw VZICIC49 M olwMC1 M C2
V VV

mu0 u um



uLJuwjuU UW-$,-Wwwwu,- . uwu u

a z zz0C

a

Z Z

0- U, A .- - . . ft - . - % on . .- %

0 00 000 co 0

m00

61 D0 0 on0

v C 0 CD *0.............

-j D 000 C,0 0 0 00C 000 a00000=00000000CD0000
9L : CoD C oC, 0CD , CD o D 00 0 0 D D , 4 00 00

-C -CN-

US

-JO 0000 00 4 C 0000 D0 a0 =0 80 C. 0 0
a~ C3 Me mQ 000 Qn W 0000 00000 ee----------

40 S00 0 0 0 0 0 0cc",t 0 0 0o

C! V V V V9 V! . CV V V!99- :n :.. 9 .C
VnW V% 0 V2 CD VD CD V% LI Vn VD0 =1 0 04 W %- - --

w" wA w

z 2c a 2

WU SM Nf

of 3. 1.. 1.. -J -J - . P .

IC 14 IC O 1O C C- - -C- C- c c- c4

L===
-i - -j -j -j - -j -j Uj -j j -I Ui - j - j i - - A- i -

2 32

CYU
2t4'- Z K g 3 33 U U



0



a- - a- a- - a- - a- - a- - - a- - a- - a- a- - g- - a- a- a- a- a- a- a- -

0tLI

Cm

Z Z Z -z Z. z. z. - Z Z. z- :z Z Z Z Z Z . Z Z. t t. . -% .

-J0 0) 0 0

(A (A v ; ; ;C! v 0 0 A -
S. (- - 00 b

2a a- av v v V a a- -v v

0 0 )0 0-- D00- C D00 *C 0 -,z & A C LUN6- 00 0a000~ 00C 0 c

-C 0 3.. 0 0 0000CD00000000 0 ~ C00 0 ,

(A atl

0- u

mj 0 0 CD V V aZZ Z a i

a- UAL
(A c AUAL

Luw2 =3
W ~ ~ -00 00 00 00 00 00 00 00 00 0

20 00 00 000t88 08z8 00 0
-A u L~ U 0 0 000 000j 0-$.9 cA

wL LA uJ

ui'A W W u = =
0- ~ ~ ~ a 4c4 a- L

Ci z z z 3. 3-3. u

IC 14 4r w a- -C a- w

----- ----- ---- a- - a---- - -

01O O ~ a a a
9L 0 J..~



a~~a1- I- all-~-~f ANrm NIr m N -NM-

ai tm "%wy tj aCy am a"u ar4 ae
Z22323U

2c~%~ m
19.m.NN N ~ ~ ~ ' '

2c- CC C C C OC O O

ID

C; C C C

C2 40 CD4 m 00

CC CC NcO CI 94 4q 14 4 4 c4

P- uC

- 0 04000 ClO CCOC C

N00 D ON CC 64~ Q 4 ir ;4 v 44 COOC;

av CC C -C v OC O OC O C
In -J .

COC CCCAOCOuCC

V V

LL us aA VL

'U

N U

mm= =sumuiLA L Wui"Aw ww ww ww ww w w w ww
-j j - - wi-j -i -j -i i- -w a- ' i jUi- i

ryUw w

evx~a m

LI 0 =U =U = = = = = == .:



W @ N0N0 N 0 CNCss O

z

-l v

Z
ZS

M Ms

)I V) V

-A

0

US 21

(A~ ~~ Egg ccc c c eo c 8
00 M a 0 m 8 88laC c .=

M M ,oC , ,C

- 0

us a U innni z z a ! jU z z z z z z

5- 1 - -

-j -accc c oe c c c a caca oc1-j-

-a.- --n -~ --- - - -t% % 444C; % CC %

a. m
r4a

cm.

eyz

;I is



u (A(((((( (A(4 FA 0 (44(( w44 w 0.a(( w(4 0 :

a

=0 v

w D 4 0C 4N. N O . - U 0 N N N

a o 0§0~0000@ 11 1

(4C C ,

w L

0 0 0

, .0-0 0-1- -. 3

I- 7_ I-Zz3 3-3

-j A-j -

IFT
IL

Oa4
0ui



Qa C co co cc cocc0 oc ccvccg

- - - - - - - -
z .-c .%

59

0 U

a.2 -D a. 0c c e ccc 0c e c c 0 0 00 00

-A X

(AJ

C!wC9. c 9 9 9 . .88 o occo.9

c n c -cc-c - c a cn a -in c ^

-- Uv U v A NN -- vWW -- v v -- v vv v

V V V V V V V V V VV VV VV VV V V

I== S I- 2zaOX 2cw21..-wu -ww"wI "
L ZZWWu W u

w ul ac a~a n S S
z .- 1- U, LU LU I" =. =.. .ac

-- w Uw ~-C C--m mwwwx

zm ~ ~ c 000..

or a .

ui .g -j'
m mmUUUUU

p.-q

co a.,,,



U U U UI~

U 2

U) a
WI-

C0 0 0
00 0 00 0 -8
000

C! V V 9 . . .

w Uu
21z

w aczw

00 -U
(A.

CLU00 4w oc W00 0 0 8 8 Ao o wowocwocAo

W0 0 0 0 0 Q Q Q
.- 5 0 0 0 0 0 0 -i 000 i- - j- j j- j- j j- j

C?2 C?0 0 0 @ 0 0 0 0



w w ~W wW UW W2

44

0-

o -In In

N~L W%0 aI
an a- a aa= -a0

fa

9L -in 0.=C D =Cn0M C

-, Caa C a 0aa 2 0 00 000c ;oC

Im v z a aaaca-a z a a-a amc m a aa

I-

CC A

40 - 0 a-a0 0 0 0 a in i a 'r a 00000

wi w w w
wS LUw w ...

ac NC oc wMS MSMS U'
m 09 cc 2c a aa .a

de = a M S .1
Im aza w'C'C'Ca.a a.

I-~~~0 WUU 0ZU SM 0 0-''CCW

If 4c 49 4c ( a m m w a a a a a = 0 a a w

zC .Jaaam m'''S :MMM W MMSSSS
a. ''''''CCCCCCCJi m U m m~

-A 'C 'C 'C -j -4 -A 'C -j -j -8 -1 -1 -1 -j 'C 'C 'C 'C 'C 'C 'C 'C 'C -1 -4

go

.



US aNM N v NCNm - N

0~~~0 000 00 000 00 000 00

cn

I

a W
ol C0

U
00 0

a 00

go 00 Q
9 C!

000000D000000000=00C20 0 0 0 C0min0C

LAJ 00 8 99 0 09

00000 (m 0 0 ~
00 00=0 0 f 00 00

ui LU UU I M U u L

w a Ui SM W i SM -A. J
- -- -- U - - - ICc0

Lam u :c= -.I .-j .-j I = .

x- x w.~ - - -J-

P - ~u u u-U uAujuM MS~
LL ! - a a....-j .i S 0

0 0 0 0 ~ N N N N N N --..b w- - i M.... yc
4 P4 V. N t 3 N -N -- -- -- -- -- - -

a a r U a a aa a aa a aa a a .. . . a a
SM LIUja L WW M M M S S S S S W M M M JM WM AwSMSM us MWSMSMSM L

ry

Z
ICNI ? I FI ?I ?C ?I ? T9 ? C



> 2 Ow wwU W LU LiU

W 4u

pn o

gal' a,-20- a ,2aa ao

2jI Y jt

NI N .c ' U '
Q *C2 004 C...CDN,...O..ON0"9 N 8 N 0G

-J0 0 0 v0

v - I- v

'U u
z a v ve v

29 . r ap

a 4

m 401 0 C 0C
w.~~C a azz z z I222 I22 22'U =

-6 %

-j -1 .5 2 e a0 00 ~ 5 c a

a- a- x -

S 3 J...

oc 3--. =--

mma a-nmrmn WW
-j=2 --- U w -1-jj-j-A- - =j

'U0o0 0 ww w aa
C-4g

mm m m m mm mmYmm m m m
01. . . . . . . . . . . .* *

UJ ZUUUUUU' W UU h.U''''WU aU W ' W '

0 N:-
Z o6Z: 6: 1: 6: 6: 6:6:6: 6. 6:



w 20 20 > w w w U W i us uM u u 2 . No 0N.>2

z to C (A z zz z ca 0 0 0 w

- - - - - - - -. - - -% - - -. .- - - - - -. - - - - - - -~ - -.

40 0oo00 O 00C 00 OO OM 00 00 0

U)

0- - 0 0 0 0 C,0

0 V C v C 00
I- iv iv v v

00 00co 00 008 1 ,0 9 1

0) : 00 00 0 0

2. U)a

-C -C 00 0 00-KC ~ R R S

CAL
ui ~

MA
mU~~~~u 00 0 0 00 0 0 0 0 00 0

0-- 0- P-. 000.0 1- mA 0 0 0 0 00- 0
400 0 00 0 0 0 Ic0 000c C

LUm A I

3. - 3--3-3- P- 4c a

w w u uj -- - - - - - Z

I. = 82

mU w- O K Z w~ .I. wWL iwM
B-- j j - j j j - j - - j - j - -j -j mU mU -i a - - 1 j .

mU 000=-~ U BB imo

0. 40 is is is aU U 000 00

aC 'mmmm mmU
0. ~ ~ Sni W, m e m mm:: 6 6 :6 6 :6:6:61 6Z61 1i -



CO

-a

z4
ify

Id.

CO

CL C:C 0C 3

-K

Cil
aa

CLU

RjC 00004003000000330000000000000
- occooc 00 0000 03C2000 0 0

-N -C-

- UU

us 0000 0000 000 0000 0000 000

C- 0 .1 Ic 1 -C -C -A 0-0 -i 00- w AI C - 0
.- o-- 6- -- rn - -

Lu w

Lu Lu w w w 31. 3.

af co Cs =

r~j u tj u i u U uzu

0- 00 00 000 S~ c.-~~ u~ 0
Lu :6~ N K K KWýWW:6C:nCA 6 :W W W-



- %.- - - - .-% - -- .- % - - - .- - - -% - - - - - - - - -% - - -.

tv M o

-~
.0N'O N -

Z! C!' C!

0C) 00 C

CD ~ ~ ~ ~ ~ c 40 =a0C 3 Dc 3 DCQa0

LL -C C; C;C ;C -C ;C ;C ; C ; C C ;C 4C
6- c .1

mi

CD ac c cc c a cc c a 0 2 0=4 0 04 o c a a W% 0

LA- U, L

ui UA U c

ma 2a =aa z a za a a a 3v 3- 3-a
mu =uwL UL AU

Lgi

Cao c wqocc cc C CQ' c cc c4c
Ncaoc a ~ aS-iaa a mn-j

aIn - 0 0 saaao

V V V V V V V

VL V 4V V: V6 V V6 V6: : .:



SI WWWz WWWM w w w0 > >. > UbfAc

U)

a

Lu~ ~ 0NO - N C N 0 0C . N W;N.' N C

CD 00CC 0 0 000CC CC 0C~ C C

40 0 0

-1 !2 ) 00 CC 0e M4 0 0 0 0000 0 c o C
CL-0U Ce CD 0 -00CC CC C
Zu W. (A

0 0 CO CCV V

L" a19 O V c M. atV

-J C, C,
a Y C2 D .0 08a0 -N 0 0 M0

C! 00 99C!91 !9 C! o0
0 C, 0 .0a000Q0 0=4 % .0 ;- ;

- o Co oc v vv v v

w UU

-if If a. tau~COC CO C "00 ZOC

aA ... *U a a 0 1

2 - j A_

mj 0 w ij-i- A- 1 a a w a aa m z a a a a m

ze nC N. -- - - - - - -

C', aa a iffa za

000mamma
ui wwwwN0ww www

6 LuWIUWUJWWWo0f@@. I
I. ss g z gz Z a a a as am

CD C~~' C' C' C C' C'



U)

Id

.9.

oc=

z v
Id

0 -. ---OO
-o _j----% ~-- --- % %---- %--S
zj -; o - -; a -; -; --oa--C i aC; C ;C C ;C o2o I 'rH '!!u! ! !u .

4c co

0 0C,

51 0 00

a 2c

-W 0 0 
u lu

UuILa O 5G

z V V

U, M0w00000wW000W 00m 3800080000 w w
_j ~ 0 0 0 0 00 01 00_ j_ j_ _ j_ j_ 1-

oo ,
M -

- ao



OO 8wwwouoooz zz wwwwZ8ZOO

a e

4C

- - -%.%.% % -.. % %.* -- -% % - -% - - - -% % ~ % --. -.

2cN
2c..~N

wW
- ~ ~~ ~ *'A'% %CY'~

Co 9
a; cca aC 00 C C0 0 p0 CD 0. O'~

2.0 LI LI v LIv
* * mm0

30-0=- D Y %W W% *%

-c S
'S0 v oc -C -C o - -C v. -C -C - -C -C 'S'' ' Se. '

L a 2mv 2 c

1013 C C, NN C -ON
ED cc cc a CO

* 0 0 0 C- t a t- 0 -nW, R

an Ca pn cm

a a t ccc a

4Oj aj -c= mc c c a 09 w w 11 It 29

1 4c $.- 6N 6m 1- 1.
-m 

agm

01 UU

wj ==

0- L

ca -c . . .c . c. ca . . .cc..-c . .
cL a = ~ = g c a c c c = N =t a = c = =. = c: c = = = 0=



Cj u

- -% - - - .- - -. - - - - - -. - -~ - - -. - - - -. - - -. - - .-

.O N. Nm 14 Ny emaN O -a N

-~N --N- - - -N

IFoo ~ O

C! C

2
-J 00 P 0

C! ..

00000 V VO4 0000

03 - 0 C I
OCCO O 0 0 0 0

0

2 Vj 4VIl C; 4 V V C

C. 0.00000008000800

- C!
-r 61 %a -L N0 000 i t0a~i ~J

m~ ~ Mi v 2 22 22 2 2 22 2 2 V 22 V 2222
Mi v

I- UUL 31Z 1

3lu L

uj~~~M mi Mi i MI,

3. ~ ~ ~ ~ ~ M 3- 3.- u2iL 1- j

5 J yCMPI'y

LU ~ ~~ ~ ~ ~ m- .0. 55 ---

me 0 =2 0
9L o; 1-4 "-) V-) a PMi ow- -

-a -j -A - j - - j - j -j - 1 -

22220 0

zf i ;1;

- - W~i iW iWZ ~ ~i~c-
11 CD CD ------------ 2 2. .

IL W .. .J ... ..J LA (A (



z

ao t go to

00 0

go 0 0s "S o 0D 0 -

I. - 00I-

Lu; . M

CA -- . -

of~~0 0 , 0 ICMCICIC IC ZIC C

a. - 0. 0 00s0 =0 Q 0 0 0 88nCD a4 00

i .ZAM 0
C! C!C ! . . r

z z
MiK

zc o -w coc 000 NO. 1.- 88 8
Mi~i~i0 00000M.1000C -ina-C

VU V VU" 2V V V2r V VV

z w mw-I-u mu mu wa-us-

usmu

4c u = ummu
:~a !! m- sNL:

ZU Mi a U,
P4U ~ - a- u u U L

Oaaa- -l

CYmm m~

zM m m m m Um .0 0 0 . . .
mu 000 0 0 0 000 00 0 C020 S 0 .000 0 400 00mumu0 mumuw



uI~~3(~ A ~n 0 3 ~ 3

.-co - -a - - - - - a - -- a. -b

tu - - - -"

6n W% in 0 0 0 - C 0.%

U, vv

-j 0l 0 0 a 0

A. CD nAmi 0 0 an

C,

aa

C. C!C . . . . . .

a- U, z "

a~ C-

-U
C wi

I
cc oc 00 00 00 C0 00 @ O CV4a a

0000 0000 0 C0000Q C 0000 0 go
............................................................ j.. . .

0000 L.)0~ 0 a a S 5 5 0

OC C CCz0 0 0 0 0

m~i al - IA m~i min I :6 Wi c :6 2A :A - . : :6 c - 6 @0 - 6 4: :6 4in - a



4A ca Up (a > (A w) vI us go in in inA In too 0 4nus u

U, 1,- 400 910-2 go I- 6--1 --- 1 1 a, I- o- ag 0 t 2

a a a8 C

P-- - an .- -

v a- 8v -- 0 a- 8 v a~ -

cc

S.Li...........SSSSSSSSSSSSSS
mK

CD CD C2 0 0 0 CD 0

-C-

z
U,

- M

RJ o 000 0000=0 ,00 00 000 a 0

K4A~ 0000 00000 aooo= o =00
a0 a) aa a0o ~ 00000

aKC CC!C!C .C CC C C!C C C C!C!
m~ - - - W, W% W, in K

(U vv v

L.1 o0000 00000 00000 0 00004ooa ooaa oaoa OOO a us00 00

U0(, i1 -1 -4- 1-1- j-1-

IC uj 4ca 41 ~n( Z0 0

(U

CYC
a.0. NN N N N NN N N N

AL 0



oc~

V

10 CD - - - - 0 -. -- t - '

0 0000 0000-0 0 00 00 0 0 0 -

3-

0 K K K O

w 0 000 0 0 0 0 0 000

- - -- - -V- - --- -

v
> V V vV v V v V vv

*I"

CUwm

31. -. 3.. 00 00 00 0u0s00 00U

00080088 m 88888888 I 4
-j 00000 00000 00000 00000 0000

ZI- =I- I-9L WKEwU uI

u -M MC.
-j -A- i - - A - i i -

w w

C (4

-j- - i --- - j--

V V VV V

V V V V V V V V VfiV t

a01f i
9L~~ ~ ~ ~~~~~~~ wD :6: w: 6iiii: 4 6i3 62 6Z 6ii



U~~ ~ - -~ -* -~ -*UP *'* - -- ~ -e -t - - - - -

-~ -- --- - - - - - - - -

co 00-00 0 -0 0

3- -- zd~

LLO a me aa 11 aa x a zaa

I.-

w 0= 0 0 000 00 0 020

inI e - - - ry N f W %W

C, UAUAu

a. - I. ;Mo~ ffgs o o ~ g s Sj
-4 j

w =uww l

Uj L

4 aa

o00-000 -A 0 j 00 - 0j 0j 0 -8 0A 0j j - 0j 0 -j 01 1 0 0a 0 0
-------------------------------------- = N

V V u V u V u u V

V V VV VVm

II W U

K KKW
1w :614 4 6:614 1 : 6 61 :6: : 6w6: : 6:



o~~~~~~ ~~ -t - - -~ -t. h.~-o . - - - -~ - %

-, Iol l- b, - "ee

01 %-a 0-0 0-0 0 0 0

z Z
-V

v -

Kv

mw 0 0 mCD 0 0 0 0 0 QC 0 0 

LM- - - In %In W %%

M 01 ,-0

FA z v iu uL
-A a.J 00000000000000 0 00 000

-- -A -KUMw

3-- 3 .- 3.

-U
3 -i j- j j -i j - i j -

00 00 00e0 00 0 0008 00

888N0 88 8 8 8 ::6 0 61: 6: 6: : 6: 6: 6: 6: 611:



20 No 40vV 21.4~~ ~~ 0 42f0 L2 0 4 Z Z Z Z W Ub(

as

40

.040 (P. 0 0~ .0 Ill w %. w 0 m~~P4 w 40

- - -- -- --O - - - - - - - - -- - ---

400

6- vC

C2 0 0 0C)C00 ) 0

I-. w 0000 RC

4, - c-!

-C~ -c o--

W U

.,~ C, ., 00 0 0 0 0 0 0 000010 00 ,
0. -0. 0 0 0 0 00003000 0 00 0 00 0

00 C00000000083 8 8 8 3 3 0=000ý 3 8

0U 000 0000 D 00

Mi z
UAuL

* 40

10 m00- 0 M0 00 00CoM0,00wIS00M0MMCOgo0 0 0- 0 o
--- -- - - - N N N NA -A L UU sU ULjW w WL AU

V V Vj V Vj Vj V Vj Vj Vj V V Vi - j
F4 V V

a aa

f 000

CL~i~ 40 :6 :6 00 Z U6 Z UU : : 6



LLI

C 0

t%

9 C D C A
: 00 0 0 z C;

mu 00 CAC2C O 0 .0 *
CDoo CD~ 0 C2 CA 0 D

0.C DC 2 DC DC 0C CD -0 0 in C
0 C CD 0 Q( 00 0-- ol mC

W LI

&Af z 000 4 in -C 00C0 0000 I OCOQ 00 0

00 m0000CD0000400000000 0 0 0 0 0CD @1 0 Da 0 ( D nw
CD 0 DC 2C %W

v v v

*a am CA m00 0.i

mu mu muim

IK a z

Wi * *CA' -I I
muw reNNwN w

0=1

9L~ . .. ..

IC IM CC IM ac 4= 4c OU a, UUU UU-

0 o 0 o 000 a 0 0 0 0 a 0 ice.. . .. .
mu mumumumumumWMummmuuummwummmuwumW-A -j aB -a -j -j a -jj B ia- - j-4a - - -

o Z~
3'-) 0

Co. .-

16 -6 -in6



0 0 on (a z s is (a in 40 3 A

LICoUSSA i ~ 2Y .I.i.SSS... ; Z I SE I

a CP *a- ~. o a-a . ;: -& a -
ise - - r , r yr

4c- CD % ~ - ~ ~ %%% ~.* %

he--

z z z z z IC

CD
5!-C;4

z

19
81

-C)

0. 0: 5% 5 ,c ,C,0 c ,

m 400C b C DC 0C) 8
03. cc0C %~. 2

3a 
.) 

a

&u4 cDOOccccacao00CccccCCCcoccoCCCl C2 0 M==&%=C
-44 0i n

00 0 80 0 000 00 0

is usu=
- U
4 IA

-z a) 2z C . C IL -CCC-C C - INC

01~~ 09 1 Bass

W ~ ~~~ ~ ~ ~ ~ CL S.6 CLU S.M.MiZ Wi

is~~~~ uu us wJi si s
0 00 6- - -5a 3Z-
wiiisssiii "4 Nf% 4N yf NI-24P "" q NM 3 .

m Z z z z

-j--2. .j *. A. jU U U Uj- j j- . . - j- j- J
9 . = :0. :2 :3 = F& '

P4 4 4U W 0 ~ ~ U U

90 - -- - - - h.

0.C a Oc~ OO c----a.1-- N~d
N NNNNNNNNNN -2 -- %

mm mmmmu

a aLa



> > >wZ.w> > >> > Z.

00

1- . C .- *.- % % S S - C . %- .% .

1-

-- 0 '0 C ;C ; 1 D

U)%

-J C;C C

L6( w0c 0 D 0 04 0 . o0 n 0

wK - -

OCO N IM CI 9V 4 a4

LU

- C20 aC ;C

at =U l U jw UU w - - -u Uu

-- 3 a - a a- a - - a a aC a 49 n ne

W .U MW W L
- -- S.. 31 1-

LLUL~~~= =

i -i -j j - -i -i - -1 -4 1 - -i i - -i -j -i j - -1 -1 j 5 -j ..j j
P4 N U



U W L

-~~~~~~~~ -. -.w - -~ -. - -0- -0 .. w- -0 -m --

w C! v UN N N N N6.-.n r

In-P
C!- -- --- -

W~0- m- Caý 0C0

01 -0000018

-- us 29 a on 0%.%.

a 5 z--KC C- - C 0C -

Sui Xi i i

% .0 *, co C, *NSM

a CU D I- 8 0 ,C c 3C ,
C,

9 *o 9 !C 00aC! ! C * C

v v V V V V V V V

Ui'O'Oui- -us

aw V1 azczazza a us la ak
UujU

a it08 88 C RC CO it 8 CF48P

000 to (A W) #A -j Mi -j -i -aM i0 0 -A -A Mii -i Ci C

140mg Oi Cu. i -4 -1- C O

C',c

MW ~~a aa-J--a-
*4. its ~ ~ u W0.G ~ ~ ~ ~ ~ ai aý i wý wý w6: ý::



-% - - - -% - - -. - - - - - - - -. - - - ,- - -~ - -~ -% - - - -
0 4 ~ ~ ~ ~ ~ ~ ~ ~ .- CM 4W O 4-O 0-O 4.@ 40 i 40

4j .-. . -- A- -, C, 'm -1

42a 0- -'

z a~ :~ ~ ~ ~ z .Z

a a G 1-*a a a IWO*

-, a a IS aa CDCaaa 0Ol 4

4co

a z K 4 I V VC V, Vc V 4 V4 -V Vc Vc Vc V V c
w a IzIz2 9z cv a IC11

L)

CD LI t

~.. us

~j uj

CX2 44 4 u w44 4 4 V4 4

' a' a' aaa &a A. aaa a a m z r
a~~~~ - M a a a ca!~ a a a 8

V VV VV
Vj Vj Vj Vj V6 Vj Vj V VV V

'U 'Un

100a aQ



- -. - -% -% - - - - - -~ - - -% - - - - - - - - - -- - - - - -

is ~ ~ ~ c -f 0.- s-o . as - . - s- .- s- . 0 ~
w N N N N N N .N N -N N -.

v if-v I

-'C D D4 D 04 0 0

3. a c a! a C!A C!C0!C

a

-a

0 C W W %-Wa %i

VI ... au L
cccco ato2c z o oc o oo c cc o

us w =

000 0 00- 60 0- - Wa In U. a aa a L a- -000- 0

26 1A A a w w w w aam

uj w wwwwwww ww

a .- i - _i -% aj aj aj aj u g -j - .-j -A
I aa--a-- c. u. = = iu1

I-CYU ~ 0 0 0 0 0---

IlzNN NKK K
00. :6 4 Z : :6:6 :6:6 6 6 i :6:636 6 6 6 : : :



- - - - -% - - -% - - - - - -% - - .- - -% - -% - - -% - - - - -

0 pot %r m m Or .1 - N m @r - m m~ .t - m m~ Or %r N m IV N on e

poo 0 w * a 00 -0100 r0 0, IM' - 100.

I-

U,

I. V - - In -

a 0
Inin

to u

(A OM0 000 CC0 0 00
in :D 0. 0 0 0 000 00 00

0 000 0 0 ocoo c 0 88 C,09C c0

4c oc c co oocc O O O c O

- u

mu 0 Z Z Z Z Z Z Z

mu
U
Wj 00000088 8 888 888 8

0z 0m nI nN-00 I0 0 0 0 .00

i n - -- - - -

mu
z

mu"0u wP
LUm mu Z u mu ZI-- D- =3= . w It L

_j- -, mu mu mu mU.m um
--------------------------------------------------

M =a- = 2tz wwU

6- ~ ~ mm P- xn U U U3 U U Uj -a j jU4- ji- - 0 &

ot c 4g o o5 oS 4
&U u ok mwA MA "wwU mA

a. 0c u u u um0~K~

0.

I

*00 :6 i: N: 6i: 6: 6 6: 6i: 6: 6i



Li~~z z W L

IS -e

S- --- -------------

- -*. -.- - -- -~% - - - - - -S - -. -% - - - S'' S

z Z: z K
Lu 0 0D 0 . - . . .

!1 0 00 C. -00 6 00

U~~ 43- i , n G -

000 00 8 0 0 0 000 .0

U, 9 , D-

P- 4c-
uc

L L
40)

.3l DCC 0 0 040 OM W~
Lu~~~0C 000000000000 00

-J C00000009 r . 9C91ý7 79

0 0 0 0 0 00 0gg v 080 v v v

LU Lu Lu

L uU Wm 
L u

c IK atK

u uu uuL

Im

LuUu

~ a I-- - ~~=
0 g A v Lu au ca; Re bb

0. ICa OOOWWWS 4c99 S I

Li Li wi wi wi w wi XX 000M0A AL u i w ww
-i -a-j - -j Wj U- ------A-j-aj-j-j--- j- j=4- j - - j j-

9L~00 888



6- 6- - - I- 6-- 6- - - 6-b- 6- - 6- 6- 6- - 6- .6- -- 6--6--6

CD

0. L

0% U 1% 4 CDO

-- 000 CD 0 a ~0
c; 02 '0 0. .0 0 u9 c, c;

6- 02C )0C 0 00 .00 r ~ 00 00 V 0 V, g 000

6-6-6

LII

cn -

-D 09C 0 C
0j 4

CD ZZ V VD CDZ ~ z Z in8 ( ) D c ni

6- LILU"
IQ0a4 2222-1-

UA U L ujac g CLU g M g

Lu LU LU

=l2 M 222Z-Z- Cz CC-----J z-Jvv~i

us WWWL WWW W U A SS ZuUu u
0 0 0 -1 -1 -j -j -j -j -j j -j - j - j j a

6- ~ --- LuW~~u6~I..LuWu~uWuSu

0. Lu0 0 0 0 .0 .

-j ~ ~ ~ C? C? ? c 1 :1 c .D C? C? C? C ?m? C

Z ND



- - - -% -~ -. - - - -% - -. - - - - -% - - - -. - -% -% - -. - -~ -

-

Ca --- -0 -

=zz

(IZ,

Id

=z

0;0
KU L

in. - - .. 00. -

-C-

6- U
-K VC V V V K

*U IC aa 4C at s: at888
P-LA 2.,

mu ~ ~ 0 040a o aa a a o ao a a a a
000 000 000 K4 g
C!4 OIOW-P"O : ol o

C!9 .C ... C KW
m mu a =ZZZ= =00 0=0-00V

mu v

aaa aaa 3- 3ao-ma 3-, 00---
-- a a a Z

--- --- A

V~~~~Z Z V....V VVVV .. . . V Z = VZ VU V . UVIf T I

muP Nu mu mu
===

I----------------mu mw

mu tn i n n = =

eae aaaaam m m m a in

muryZ 0 0
muwwuu 0 8



- - - - - - - - - - - - - -

z
-J4 

C3

- K Kwt
v ~ 0 0 0

19--
2cVV

4L C2 =0 D 0 0 0 00 00

0 C) 0 000D000000008 8800000 Fn

0 0 0 0
o00 00 00 0§000 NN 1 0

3- 0 00 O 0 0 0 8o, Cs

.- IA
o- c m

or Lu 0 wz 2cZ 1Z 1zKK Z K Kz at I I

U)U
02

00000 0 0000000 000
--- 0 0-0 0 0 CD D 0 0 N

In0 Wkn -- - -

V V V V V V V V V V
v V V V V v V v V v

uJ wj 4RS
cco G g464 n A= u s=

a~mw 0 w0m a 0 0

mW w w w L usZ UL, - WW- U W = 3. 3.
f UUUfZf.J-J-1 -. ILJILJIL

00 00.AAA01 2 2Z
j ~ Z K K Z K w wj _wj _ j _ _ j _ j _ j _ _ j _ j _ 6_ _ j _ j - 4_

mUp Z W w~W W W
U W W W K OOuOOi U uw

A. AAAAAAAAAAAAAA..........AAAAA

vn KKKKKKKK K K

C. aaaaaaaa
W~: :6 :6 :6 :6 :6 :6 :6 WWWWW



(A 0o wwwo WWL z ww ~ (Sofia

4Mp * ~-a Na-o am-. ma -"I& -a N" M t ma-a. -V N" - a

0 - 0 C00k . 0 0 .UN

U, I- N9M 1,IAD -vC

u W j
&na

CA
t:

a 0 -2-zC; C ; ýC

0u 0D CD In . *
0 -D C00 .CM0 00 *0

z
Vj W VC o c os V V

12 00 0 C , C 0 o 0 0 , 0 0 )c
UCCl011

(A j 99 C 9 ! 9 . .. 99 9 . C C!. .. .. C

O -4 VY in m VVV V
4a cn -C~o ~ O o o o ~ ~ o o o o o88 8 0 0 00 8 8 8 00 0 8 0 0

a ooooooooooomoooo ooo o o 8 8

C, , 0 C0 1 42 0 0 0 0 0 0 IS S C 0 0 0m y 8 0 Q 00
400S000 00 40:10 0 0 00 0 0 

8 8

0 00 0 C,(,0ýr 00 0 0 a c QO-0 0 cm0000C
40 0 00 0 000 - 0 0 C2L, 0 CD lu

V v

UI U UI L

km LON w% U,

Um U, LI L 00

ma ma ma us oc .1m u mu mu
-.j .. j -j .. me mm at at =ama Ma ma m u mU mU w . 41444-
mu -C mumu - -.

b- 0- 1n.- P- U. . Uh. w

mu c - 4 4 m Z

IL A aaaa w a wC ww000 A0C Lan muwup t

4 4 4 w -C C 4C "C w Z -C 4 Z -C 4 C Z 4 41 -C 444

mu muwmumuw muuW umssumumum 2222,11 wmmuu

-j



w

cc WoI 110 1 0" 1 1 1 1 1 1 1 1 1

4c 0 0

000- 00Z -00M- z
mu W% 90 4m . . .* 0 mN

C- 00D Q v V 0 0 0 0 0 - v

V V V V P- V V. V V V V 0

= C 6-% a-in C D -CD0- i

-1 D00CD 000 0 aCD 000 420000 0 8

W 00 000000000000 
00O C0088SS

0 0 00 :0 00 00 0 0000 00 000

0 0

a z -C
uJ j

.- U

mu 00080000 0000 oc 0 0 0 00 0 0

JN~m OOO 0 00 C

29z at N

Luu mu mu -j

I--L

A.I a aA a I- . a. ..- - a- a- --- - W -a-a

mm ~ ~ 4 -C m4 m j mw mm mmmmm
mu muumumm~u wmuWW muW imu)muNWOmuWW

0

iC?



---- --- -% - - .- - - - .- - -% - -- - -. -% - - - - -%

M O t - 0. M t M -S M~ M0 - Y Fn 0 r in - 0.-e on .0 - p0 I4

ILU rlr

v 0 - - 0 0 0 0 00- v v 0- I.-

(in

CC

00 0

Z U (A CD CD 40 0D 0cmC
40 ~ ~ CD V2 0C D 4 04 DC 0 0 0 V00 0.

UO 3 DC ; C ;C ;C iC ;0 oaC ;6 C ;C ;C

C3~ 0 4
i~~~~. m 0 lI n04 s cl' o

Cz C! C! 9 .V . .V

0. -0 000 0 0 000n00 W% 0N Wo 0nW NW tC ;C ;C

z~uv v 00 0 n U 0 v v v0NP0If v v0 0
v0 0 000000000000000000000000

SM ~ ~ ~ u tC -0 0 00 0 00 0 0 00 ) 00 0

C~I SM 0C a a =ZV V Z Z Z Z Z Z Z

-- - -. - - -

SM~.C 004000 00 000 0 0 0
-I O-f%-j j -j

I- 00 . sn -C .cJ c 4uc U= -= 5, U=a 0 )0 o -

w w a IwK

42 ~ S ZM aM ZZ m= ZZm
.. J .'l -j -j -j W W-j -j

u Liu u i Liu L u

UU U U U UUUy~LU S S O C
S==== I 5 ---------

:6 6 3 1:6:6 : : : : 1 6 6 6 6 6





-m.- ------ - -~. -N - --- ---

LU N- NN ty N- fm- ty c

-j 0 0 0 0 0 0

3 V V V V V

9L 0 C31000 ND
W 40C "4 aRMa

z V VC VC VC VK4 CI

CD CD 0 000 0080C 0CDC 0000

O O N O C! 9 C!O0 88g

a Z
Z z t 6 zz z 14 Pa

LU = 5m9a
6- z j -4 j w i

.1 - -
3 .

iM ~ ~~~~~~ oo o o o o o o o oo c c a c
000000 000 8 0000B0c0a$-

LL,~~L LU LUa 5

xa a

0.~L LU LU C =1 =1 =



u w 1 o AC A C A(

la

V'i AL n 6 I MI % Lt I
Z-

-u'%.j%

4c

C Q C 0 0000 0 0 D

US

InI

U,

.V; LA n 0 0 0 0 00 Cc 0 -00-0

t.. In -=

us M
-a ...J 

u j

ax a z z Z ZZL.

tqL UL jL UEU iL M U Z29o

21 2c u avUu -2 29 , 2 -Z Z - -O z z U, U, -oc

U VA VL VU V M W -V VC -C V1 V V VU V V V I

"I " P4 V 4 P4 4 4 V

w j us=

W -U -U -J - 7' 7'
zEa z cc c7 r 7 z P- = ,' 4'

.W W .W ~ W W W W . . .. .

wu w * M M

77 -. . .. . 7 7.... . ,-7



L^ 61% LAnE ?I EAO LON t-~

04

C~ ~~~~~ v ~-NV ~~NV ~-N~ -N~ -Np

(5
_j

ILn

-C

In

-a I
0

QQ 0Q00 0 0.
A^U ------ - - - -

w 4 v v vNI- V V v v v

0 1 c

=ULUL

U, I

a. -j _. o O.O30O 0).OO 0 ooooSo". IS
z a oo o o o oo o o o oo o o o _j_

).. En mZ j o

W 0

Cie - . - 1- . . _ 0

wj KUu 522
-L U

I, I OO. . ZO Z m O aO = 5 O w wOw
4 0 000 00 T0 T0 T000 00IFO o

-l~~r . . .OO OOO OOO O m o o o

O000 - 00 00 00 0CK 1c - O 00g0
In O O OOccO O OOInO O O wo

VL V V . u, V V M. VW VM 0 1 V J LO VO V. V. VW V13 V
Vj V Vj V4 Vj .V -4 Vjj - j - a- a . 4 6- A - 4 _ j

mmata
r4 i

PMK

C; c-
2~~~~ w 2w

16aJ ww2::



--- -- --- N - m -N - m N~

a

14 M I N , * A N P .

z

43

m
w ACoQC~~io

Og 00 0

-C -

U)

S0 0 0 0c c o c o0a808988 011cc a0 0 0 0000 0 0
000 00o

In UU %W nL

4 v v vv vv v
3

w~~~~L ISo~ o O ~ OO O c ~ O O 000
00000005~Z oc ca c oC c 2ca

.00 00 ocoI-ous
4A 000 000 000 00 000 000 00

- -(m - 'J - mm- I, -- - -

LU~~mm w .w 1 3 .3
Zw

-CWI A .1U i.1. 1w

W WWW _a_ j .aa tw w w z a z

IM.--- W-- a 0 o j

Owe AW9 izw-li c -C. -J 44 aa. U UN .N w4
uj~0 0 0 0 0

= = = = = = = a1 wj wj wi mm mj- j- j- j- j- -j -j j- j j
P4 m ~ ~ c a w~.

2 2 2 2 3 !a 2 2 2 2 2 2 23 2 2 ! 2 !22s 2 212 2 232
41 LU W W U U U U L U U W LA W W J W L W U U A W

in. . . . .
:661 :: 6 66: 61:



-% - - - - - -. - - - - - - -% - - -% - -% - -% - -. - -% -% - - -%

Mi S Stp NY

ga 9- s 2

0 0

-D -

UU

00 =0=0 0 0=0 0oe 40C 0 o00I0 81 aa ~ ~ ~ 8 8 88 8 0 0=00 0 0( C D4 C ,C C D0 C

01 000

-a -

3.- 30UALL
U jL

CL 0. -C .1 -C -0800 -8-
-A 00000000000000000 00 88 8 L

)1- 2- 000 00000000000 00 00 0i- -
= z CL0 _j

=W 5

Mi M

Mii* w w a aZ Z ZJZ-

01- M ~ ~ ~ i ~ a a a 7 . . . .-

a . . 7



6- b 6 I

0 a( I 0 zz zzz z zz2 03

cmm W ypt- nM SW rW 0W

o

F--

tnA^I

-J 0 C

C; 0-- 080 Q 40 0

10 00Q0, 0 00 0 000 0 0

(A -

-CO

w L
4n* 000000 000,000 ...O~O 0808000
CD C, o 0 0 000 000U% b 0 00 InW 0

00 0- 000CIcICl0000 s mO Ci 0 S
000!00000 9 .. .. ...... .. ....

r4 -i& r0 000--0 0 0 0 000 O 0 nL

-00

LIJ

w In ca

W1 00 00 0 00 0 00 8
Legg ww

0 0 0 0 08-4j- A-i- i- 1 1 j j- j- j- j j- ,- -j j0-~ *8
NP4 * - N- 0 0 0 0 0 00 AU

P4I n~

V 4b V VV
2~~ ~ 2 V V 2 !a V V M V2 3 V 2V 22!

to0
I IL
IL 0=



Fl n i' Witi F_6 1 %i i i

LU

008

USC
0 40 0

%.~~~~~~~~~~~~~~~ %. - v% ~%-* S.%%~%%%%V. .- %---%

S.M 0 9 9 9 .9 . ~ - % % - % . .'..-- .S - S . .~ .~'

b -

Lai XM~i

08 00 0 0 0000w

v v v v v v N,

zUw L

Mia Z

-- - - I .

mU1wL w IM Z K Z K Z K K K K my I. I.-K
Z = 

s=
L- UU" S." L U3-3

.............u uu
-tJ - a a .o- a a -cc cc aa.a1 .- a

-------------------------------------------------------- 14 - i

P4 Vq . . . . .

w~~~-- 
Ml 0,MMlwlo

MlulWW M U

Go j ~ UU U
w~ ~~~~~~~~~ 7 - -- - - - - aa

CL aD a aI



u z

Co

u.~~U~~I- z z Z. Z. e~u~

Nd0~
- .... SSSS

C!9
00 Dv0

000

a-. coc v 00v
_j C 0 CD0 0Cl C 40Q C CD0 4 CD D C 0 0 0 CD0 C, 00 4 0V

z

LU

C. C! cg c ccC! ! 99C! C! . . . 9

12 0, LN L;a'~ - ain00

a-4 -

U) ZUI

coco 0 O 0W0 00 0i - _jX_ . 2.........................cc cc c cc o czc c 5 z 39 a z
0LcUNt~ cc 0i N a l 0 0

p_.O ~ 0*U N- S

VU V V
V V V V

Wf Of 49 C
muI wu mu mu wi waM wwwU L "u

im-7 ... .. ... . . . .u . -
Z -a -- a -=4



cuu WWW.UUUWUU

9- -y

(A
Z Z-Z . Z

2c

0-v 0- P. V 0- 9V vV

0000 000

00 00 0 0

P- W 1CDC

oo~4c AC 8 ov-~8 o88 88omr
ar Uif 0 1 l z 0 me m z 29 z 29 = z

I XV Vi

U)SMS
a aj

0 CD CD C
a2 0a aD .- 8..

C3,U U w2w w4 D

0000-000
L2 incl W% .1..S

== == == = == =

v f v.f v v If v v I

> a v v a v v v . . . . .aaaaaa

*w -
00M I P ,c0 ~



z
cf

S. --- '5^S SG" Ga -S. s " .- S . .' - 5 - -

00

Z i6( 000 90 000,0 10080U, C
0 . CD . .3 .Y . : 9! V ! C

LLo voo C ; C ;C; o 00;ooo80 ooooC;C ;C

aU Nb -- U a--t-N =vI.v z

U

OOCD OOO O 00 U O iu
a.- a. 0000020090 00 800 0~~~~C 00 AS **r00 0 - ~ n O N 0

-w w

65 ~

0- D- 0. D

00 08 80 ICO 4c888 I

0 0 - 0 M aa 5 0 0 0 0 0 0 0 0- 00. P 0.a-4
I -LL A1- 0-0-

uj LU ,t, j w w w w uJ

in~~~ ~ ~ ~ Gib -_- _-- -jj a-t
1~~ ~ ~ ~ 9 9 ' " wCLm9L9

a.a a . .a

if 00 wwwwwwwww
-j' j -Lj - - j -a- i - - A - 6 - i -Z Z W W - .. fr a- a-j a-i

aon W W W L

w a fi i i if O C

-------------------------------------------------------a. qk~U U U U ~ u u u a o o

0fi fi fi fi fi fi fi fi f i fi fi fi i

to
0 77

*L - =1J Z 1-=



S I- P- 6- b- 1-- 6 6- b. 6-.- 1- 1-- 1.- - 6-. - b- I-- P- 0.P - 1.- . . 0 f.

In 6

0j S i sW199i I,9 - - -

sissssa8 a

me

a

LA a000000000000 0008
Z 0 0 0 0 CD00000000a000

0- N

mu =

o a a 0 0 -v~ m~ - w w w I--0 0 - t 0- mmif
-- 0- 4c O- 04c

LUU.'

V~4 V9 4V V Z 4c, V V V V V

m V M If V6 V. V NV

LU St ... , - -iZ = 4C us lmu

gmw gm Qmu&Umwmw

UUI MA z z z A= U
Zm nmumumm 0-=-0

U i iuuUl

;j u mmmw.. j.

9L CD zi I Z I I Ixx 1Z-- W :6 mu



%. -- - 4 . U% ?I In - - UN - - %. - % P.% . .-

A

z i

U

3 v v v

-J -

-c -- c

LU 0 -8 a c a 0 88 a
0I cc * C C C C SO 00 C 080
Y - 00C C80 0 CIO 00 8 .H 3IS IZ

U A U u

a

wl OCO "AO CU C

----- ~ m C C A 0- 6C CK C K CNNNCC

LU ww ww ww w wUA .A

z = = - .. 0- U U U X- Z

U, ~ ~~~~ w W 9g s

i ~ w UzzUU5M 92 2 2 3 5
- -- - - -U -=

wU w
U u Ci C u u Li .

P4- -U C CW U W
SE NU U U 0C Cfn~

cm m mmmmmmm- -



-~* - - -% -. - - - -. -. - - -% -. -% - - - - -% -% -% -. -% - - - -

CD 0 -C-;C 04 0C -C ;C

Sv iv viii vii iv vi v vi iv v

W -41 - - C 00- cc-,

000 _2 ;C ;a ;C oa4
u

CD cmc 0 C, 0 0 0CD00 m

0. IS 40 0 0 0D00)QC a 3,000 00 0

(A 0000000S00000000000 0 A0S em 000 2

L' - 0 0 0 ma2 C, ~ =O ~ O NN O O O 420c,0C D0C ,000c 0

=~ ', 0
goN

- -

a =U2

00 808000 0N a0 a Ra
00 0 CD0

§- - S- mI " mC 0C C

00

wn 000 ul tUUIW (A do a a u
.JJ WJ U1

u LiiUwww
e (A 000 In M, W I"WWZ

4c IC 2 On, 4m -. - -
LU I UA LI ujW U UA " usLU wua

-j ~ ~ ~ z z wj- j j- j- j- jj- j- j- j- jj- 4- j-

PM~
raaa4ammmmmmaUaamm

Fn~

... 2 M .!2 !2 .2 2 1 S .2 1 .I M . J ..2 .2 .1 .J .J S. .1 .. ... .. .8 2. .



-I - - - -. - - -. - - - -% -% - - -% -% - - - -% - - -% -% -. -% - - -

0 NmI %m m SI o

Z

U)=

I- -

CL0 o 0 c
0 00 00 0 0C 0 C D0 00900
CD0 0000- yp 0 00 D 00 0 0 00 eý

31 I- Z

S000 000

000 000
M 0 i

01 C! C!0 0 C0 0 0 0 0 0.0.0 0.0.0 0 0!0 C

0i 00 00 0 N 0 000 0. 30 )1- ~ ~
P- 0. 0.2tUZ a

IZj C *jU

-U6
U,
9Li Z3zm z z z z z

Ml~~c at00 0 ~ 0 dw ý0 0 00
0 0 aN a a5 X aXa

OO O 0 00 0 w 0 - 0- 0 0 0 0

V V VV V



m n c o n 4P .. 6 8 q

'U

z. z0 .Zzz

2E~

a. o0

In

L2

3i aA 000000=008 00 0 0 00 0
(A - .00 0 0 00 0 . .

1- 25

'U

ma~~ C o ooO~O O O O O O O O fO0
W% in~

0 00 000
(n CA fn Z Z

W w &U u i w..

maU 3zOO LJ UU

555~.a.u 00000(A LIS

0..0 0.0 0..0 0.0 0.0 0.0 0..0 0 .1

aU i 1 a a a 5 a 4 Z a a i a i

w w - w w w w. - - - L-- - - - - S -I - - P- I-

0.0M



i - MM MW W%- MI MI 'rLan I IL WWW W W n 0,ILW~ U

29 X U Y ' W L ~WW ~ Z X X X

140 1- sa 11, 9 40 4040

- - - -n - ----i

LU . I . .
0 0000D 0 0 0 0 0

000CD0 NCD 0

0 0000coCCCCC,0 0 00 0 00 W%0 0t

0- L

LA -

0- C 0 cc0 0 0000C.0& i mw-
02 .- P'm0 -t

-Jr N -

OX V vLUv v ZZZ v X

LU Ki- j-L

02 U 20 l iu

b.- &U OOOOOO OOSOOOOOO oOL;o o;

0- 0 0 0 0 0 0 0 3'. 00 -j 0 -t * 0

N NC N4c 0 C-

0.~~V Mi :i :6 :6i ii



Uu U U - .

u z aQ( 2z aW a Z 0

mj a% fY UN rY Zo n NMi nO to

UC% 1,1 WW % 10

UUUUU
u% a% an U% W%.~ea

mu ~ r N N 0 '0 0 0 0 9
I-I

0 C

v %. 6- 6- V

- 0 0 0 0 0 --2--

r1 ur v r r v v v r v v
-iC C 0 0,

01 0 0000 coo00
inmu . . . . . . . .

0. 0000 V VOCa000

I.-

40 0004
9 9 . .9 . 9 9 .. . . . . . .

000 00 000%0%WMu

va S* 00000000000"I 8S
a. - a. 000 0 0 0 00 0~0- 0 00 0 00 0002009120N a

00000000000 00

00 000 -C. lL

-m~~I wt.t'N

IN -

0zL iU U Mu
mi z ac ZZ 0- 0Z 0- 1- Z V u L

U, =j
u 9 O tG IUCII , a,11 1- 1 d

(A L A w & :a tc - -X- j . . . - i e o 1

-Cw 0 .00000& 000b 00000-60000-0000000am00w w= ==

4 OCg oo.I4ccNc w-C m- i

o~ oj -j -j -j -j;~ n na 2

P4 u umu UuumU w

UU UUmuu

zzlu
z 2 2 2 2!2 2 2 2 2 2 2 22 22 22 2 3 3w

7 ' 77 77 7 7 7 77



!- ;z. :z Z Z. Z -Z- Z- Z . I - - .- .- - - - - - .- - -% - - -.

Inn

11 v
DJ0 0 0

on 0 U% 0r U% U N

0, 4C 6 o 006W ;oC

0 Q000QC 4 D0C

- C; 00w %m N n-Q C0 i & nt nw ;0C

v v

2U u V V
-J~~ IA z 00 0 00 0 00 0 0 00 0 00 0 0
0.~~U - 0. Z00 0 Z08 0 8 00 0 0 0 0

-i -

0a a a-9

29 a

fnn

IL 00 0



LUL CLI

LI

ig

LO u

a a a0 a 00 D0CDC D00 C
CD 00D00 D

ui 2

000
Qa 0 00

I -

a ~~~ ~ ~ I 00 0 0 O N 0r 808

ac Ln nnU ~ a~ -.. j - -
muu

I- C4
IAUAujw

10~~ m mc

cmu

au a

X Q 4 z :6 :6 Z
mu m m. .. mm



-. - - -~ - - -. - -% - - .- - - -% - - - - - - - - - % %

4C

P-

29

2c

CD 0 CD 0 C3
LAm 4 W

2c

00

A

CD Q 00 000 00 00 400 1 i l lCD a 0000 00 00 oc Col 0 0

aa

-

.j

0 00000000000000000000000000000 411 11 4 1lz 4cI 2 11
00 00 0 00 0 Cm 00 2883 0000

222 2

wwiww 22 00

wki

I- v v v vv U v v v vv vv v v

vo o v v v v v v v va~n~ n'

uj U U LU U, U U U a z U U LU z z z z Ui U us Uu w
Mi W -Wi WWWW w w w ww w wW W W W

31 - -F

X NCwwmw3 U W ZZ

ga B s

NNNNNNNNNN - -ia j NNNNNNNN j NN- NNNNNN A N --
U ~.. - - - - - - - - - - - - - - - -1. UX U u5U =- =U = u= =W -a .
0.0aEz -----



.j - .- -. - - -. - -. - .- - - - - - -. - -% -. -% - - - - -. - - - -

a~O a- 0 we a

cm

mu
2V 4

31 !2 0-
9L
FI&V0 . 0 = =2m=C = 2,C,0c o 0 CC O o 0
CAa

LL ;C ;C C ;C 6 6 6

au 9zo o o o cc ~ e a o o 21 ato x 12 12 9 = 42 a z

-U X

mu

0 00moo.000 0000000-0-00

&^ -a--- - - - -

V V V V v V V V V V V V V V V V V V V

0 0 mu mU us

0 0 0 0 3- mum-WJW .J. .JZZZ
Lu U.A umu

6-66--I-o ooo=
u =u cc 09 amu mu M w aa . mumum01=

.u . . . . ..-

-t y-*.ev..-~~ mci ri u UUU

's ~~~-j -jA-j - A -A -A-A A--A - A - A--AA- 4 - A---A - j-A -j

on~
Z%.

10 NNNN N777 N777777777N 7777-777-7



,~ % %- - - * .%* .- - - - - - % - - .- - % - .~ %

W441 4.'O1tQ IWO,* Z'0 '4041

W O 0 0 -, 0 - -=- .

a 1,000 80 00 ag00o - O 40 0 0-9

(A

6-

aU 0 a

R 00

24 !.-
2 ;gC ;6C ;.

Z~ if

!! !!m - A

-h w 0- _b-w w wu
.j j_ tzi N a ZM Ma

OK~~ ifi iffffffiiiiii if Cf.1fifi1f 45ii wii iL
if~Mi -iiaw 'U 0 av aa za z aa aa aa aa aa a

a j- a lI .

=~ =0 0; 0 08a9 4_ j- j0

z z m = =0- 0
U~~~U ~ ~ P P4 P4- U U-U U

. -a-

w~ w = U . . '

wzwww ---- a

www ifwf 'UU uiiuf

on-.l.' ' 'US U
POIO-.-

W ' ' i i i W U'y~f f f '

if~~~~2 aa a alyaa 0 0 2! 2! 2! =



Z.N o 1 "2 1 m 1 1 N U

UYo 4 n r YF

go 40o- 40c do c-

-~ ~ ~~~~~~~Z Z. Z~ z Z% .-.. %~-. Z Z.~% -*

at

z
-J C 0 2- -

C o

U

a. ~ ~ 4 -D 4. 4c ac c o co c o a c

IA C!99..J4 ... 9 .9 9 . 9

-n WU a

ww

3. 3..3 u

CE 8C C C C .... -iLIb..bm0C E 0 a 00CC- j- wwwLULI
-l 00C CCC Ci )- -- ww 00C 0 0000z00000w000w0 a

CC C Ca CC 4L 00L00000000000n000 -................ ...... ..................................

mj 'mwa
0,=== -, -j

-~.-www
dL Itw Iw" oorrw-C4

3M ===ZZZ AwWL U UL A UaiU W -w - - W -
9 1- j= j- j- i- 9 1- 1- i- i- i-

aCww
Z= =U UI-Iz WMw~

-JCYCYryIVN y YC C0Z UIMJJyNfi t yC y4% vc mc C Ye yC
-lIEUI Aaaa U U -: C W I W W



Li W% UI %I % . s

O o 0~ 00 0 O0 00000

v vvvv

&MU , %V

=C C C;C

00 C =0- 0 00000-00
U u. U)4 D C %0 4C) 000 00 00000 V

4n z

an mu

Li

-J C 40 CD 0 00 000 0 00§00

01 C, 000 0000000WYU,00 000CD
> 9 9 C!C! . 0.. .9 0. 0. .C! !00 9 U . . 0.

ii U&u
0f mu u U -C cmu u =

a-. Li
01 ZZZw- C.

000 00 : 0 0 00 o 000 0

000 '0 -A a0--------0 -cc0 - 0-a n 0

1-01 _5 I-. a:- = = (a0( z
w - -, - , -. j -j mua c 1.

0 0 00 
0 Li Li LmuJ wi wi Li w =A us if ifL sw L Aw &

0 3 = =
u~~~~a u a- UUuu il

-j Y -icyCYCYCYry y y m y y y m w C yr ie Ycmr jr me mr
-1 7a-a 7*777 77 77 7 7 7 7 77 7 7



fm

40 40 4040

t-. Z. Z. Z % - z Z% Z - z :z :z lz----.S .% .

40 Li- ~ N .am

3. W-- -- - -

.j a
4ca I u

w ZC12i ai vi ii 2accIac
mu

- CI 000 0c0c10 0
C,~~ V Voo

C,4
9 ! 9 99 9 C

ia a a

W cc auww-
V U 0VY U

ag acS- .

_& _I 3 1

I.- m= 14
UU

- -ni -- . - -

P4 VV VV V V

V VMV

Fnm

muummuuY

z Z u a~
N -- m um
Im ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U === ..h CY cmt YC yI yCYC YC ,Cs1 C Y' y Yrvu mum um -a- -a -a

S;ý~~.~w u ".7 77 77 -7 77 77 77 77



20W W wwup1p.1 W IL ~~ W WW W W WuLI
uI WZ W IS ~ 2w w zz z >- .. P w

- - - -% - - - - - - - - - - - - - -s - -. - -~ -. -. - - - - -

M -N C - C C M- In -fty po -- MC t - vNM-C-

0-0

-I C C! C!
0~ ~ mmmo v v 4

- -4 CC; C; C;
om v-C CONvvv

CL C C V 0C § aVCC

-CC CO n

C,4

Li

-J 0f 40 0000 a§a8 CC CC C CO C 00 0 C EDC8-
0.~ 0 853 05555 3S833%

C0 C C C C C C C C C0CC cC SclC 000 0 C
0CC-CC 0QC W 0 C 0 00C O I

'a U, 0: V; A1 - 0 o; C :6 , :V ;C ;

OC 0

SM Z

.- LI -- V

LAS00 C OW-g 0 0 C C

am C8 -- -lg M

mmacCC 0C-U8m-mSot

VA VW Vw w w w w VulUl V V V
Vj V Vj Vj Vj

SMm

z Mk5-5

0 - 7 7 ---- 77 7 -7 7 7- 7 7
10.



Li WW JW U UUiujwLl wU

ac - IM. % - - I . %w, I- a 110 - 110 10- a 1^ PI a r - ro -

-J 0 0CD

B-V V VO 0 vv vv

9LQ0C 3 0 0 Q0 S0 000 0 0 =0

- 8. W 000 0000000000D0=00in0000
00 00000 000000 Q vy'1 OON00 mOO

0j m

m ~~ ~C i, 0 SZVZ ZV

00 0 0 0 0 00 000 0

-J 00000000000000000 0Uv v v v

ui~I w A

IZ z z===ZZ
z~ ~ ~ zwAwu

LU~~~~~B US L,- - --

FAz W

zzzw W==ULUw w ww w w

z . :.0 0 tZ U0 : i 4 iAlC4cyeyc C C C c Mc~ e c cl y ~ie rs y y mfmr4CYc
7-7777-777 -- 7777-7-777U7U700



- - -. -~ - - - - -. - - - - - .- - -~ - - - - - - - - - - - -.

z

oo o 0 do4 oso 4 t 400d o d 40

us CC) 10

iCD

V v;.

9L

W QC 00 0 0 0 a 0000C300 0 0 0 0 8
0. , 0 0 CD 0 000 00S0000 0010 Q 40 0 0 0 0 0 000 0 CD 0002,00 0C2a 000 00 00

c - -i

UI

-0 0 0 8 00 0 0 0 0

if 0 C!2 22 2 Z C! 9 2 V 9 22C!292 VC!

S.. LI

P- 000 00 0 iL

4c 0 0 0 0 0 00C0 0 0 0 0 0 0 0 0 0 8 0 0 0 0

0.~~~~~~ w0 00. 00-i n-i a 0 - a - 0

o- 0. - -

wU wAU UL ,wW-
22

zWW AU z z z z
OCLI I im 22_ 2222OCO 9 Uw A AL

IC .- I w w w www
cc ~ ~ *ifIififWiWfi W f0 0w ww WW W

IC ~JN

OC~. 22 4 -a 1Ca 4 c -

wA
-j-4- - -LLI I0 0 -0j fii -j -- j~ -jW 222j-j

P4 uO Li U Li Li L)rn ~

Go2 W W W fiiS W W a
enO 0U U W W Z

m 
0aa-

cya 0 0 0 0 0 00 a 0 W W ~ S

ifi fi fi fifi fi fi f fi fi fi f fi f= i fi

ao

NL : NN NN N NN N N NN NN NN :: : 6 6:N



> >> u >> > >> zo> > >:wli u11W w>>
00 0

LU

t z
2c

wi . . .

0 0

(A --- 0mC 0 ,0, m ii

C; C; 0,ý C; c; C;C; 0 0 C;a a a 00C ; C

ul2

i. c

ac au 0x ZZ Z Z ZZ Z Z Z z

LU

CD 02( 0 CD 0 - 0 CD0 -000 0 CD -N0N

V V V V V V v V v

w~ w w
z w z

w "

US~ ~ ~ w w3S3.),

"1 5 =m m = a = = a 5 3 a m m 0 0 0w

a. 0 -wi



C ~ ~ ~ ~ ~ . .C10 0 0 ~ -0 0

me C! 0. g CO 0

0CD0 00 0 00 0 ;; C v - - 40 00

V v V V V V V V V - I V V

ag

-j 0 0 0 00 00000 00 000 C

U) coco 00 0 0000000 8
du 0. 000.00

000 s000 0 o .888 .8wl A

OW I
--

SCD 0 ZZ z

SM M

- UU
'AZ

8u 8 oco UMM
0Sl- 000. 0 0R
..................................................................

low Mam SSMoSM SUM S US M

-U XE- w w w w w w w w w w w us LSML U sI w -W U, W gU
P49 1 1 A A-81 4 1-6-1-jz Z Z -j j Ji -i- - .M -J 022 1 1

0'S S~~U -

== = = = == = = 5 --

0,



- - - - - - - - -% - - - - - - -. - - -. - - -. - - - - -. - -

'C '

ac.

-C 9

0 0

-C 000

000O O 0
fi m OM MM C2 So 00008 C

3888888 88888 880 0
-weooo -C0 N 0 0 0 0 0 0 0

a oo o oo e 0c 4a coo 4c 0000 cC-C-
I5 z I. ma ca

CK Lw a zin z z

LU

m 0 m a o 0a =.a 8 a 0
00-. 

0  0
0

0
0 D M 00 m m 420 . 0 0o C

.............. .:........ C _ C oC C

v V V V v V V v V V V V V v V v v

j -j

If a w w w 
Z

wza a ww wjL iu Aw

M QQ QQ W x S a 0 ==
0w 1-= - 0 wO c0C.

z z n f , P- P -b. m m -

C2 ma. a.a WIL 2 -2- .- 9- au m m==
C6~~~ ~~~~~~~ w z z zw L i LVa

: z z W 9----------S
a.10 0 Zwzz Z Z wZ wwin a wa urwawawa

um .. u m m u a m u u ta m um U u u u m ai U mm a

pnW W W W W W W W W W W ~ W W W

LIr IL ILIL Ii~~u~~
U C ILIL

z f

6 yr yI NMc t UC m.-yC 0 yr yc 4r c yNe yr YC
0- 77777777777-77777777777777777



z ~ U

U)

z a zi~ zzZ %:

a.~~ 9.a

0 
CD d CDi

u 1* 000 CD0 C;C

C, 0CD CDN 00

CD0P %C C C 8 0 0Cs ,a0000 C 0

3. F CD goC CD
aK CC CCDO CC

a z W a. a0 ~ iC v 4C0 C OK 4C C C
C O CC O C 0 CC aC 00 C 0000I Z

LU0C =a04 aC CD -tD D 0
D0 82w%99 8 8 8aaS O N 0

-D 0 N 0 -00c,. Q000 0

CD V - - O O V-
mu~F CCZVZ Z 2 C2,2

Lu v
I- U

oC~ii 00 0000 00 CD 0 000 0 C
00C NIC00 000 00C CC 0000c

(A (ACC C C C0 ULi0 a-NCA L

LAJ00 -- Cj~ .tw-jm 0

cc~p~ Iml -tLu

CD ~ U 0 001 .. 3

4~~~ CC 0 c c M

Li u u uu mU mu u

a u um
s-

m n m~

CY Y V Y Y C C C C V rytvryC4mu 04 m --- YC~ yr O yC r yr
777-77771777 -7-77 77 7 7



-Na-N LoN -' N InN IA .N 0n "'NQN 0 .'

oo g 0 0 w o w 0 CI -

aU

az

% In c0 0
gas 00-40,F

c; 000c V V 6 C; 4C; V
V V V V v V V v I-

a~n an

0 = I

aV VV V V V V
(A ~ CD C 0 = 0 0 0 0 0 0 0400~ 0 04 0 00 0D 0 0

000 00000000000000 2-8 881000 0 0000000 0 0000 0 0C-20 0 0
(A 4 ;C ;oC ic ;C oW ;C %c ; C

;9 C.n ~ nO o o no o c om ~ o

w 0 "a ala V 21 zz 1 azz mc :*c ac V vi

-LI
MA 0 00 0 000000000000c000000 00000 00 0000000 40161 0 pQ 0000

0000 0000 I0 00n0 0 0 0

r4a 0- naro 00 Uaan

V V V V V 10 'V V V V
V V V V V V

21 Ma MA M !
LIIL uAMU

2t IC 2

30- 3- X j - - 0-S- .. I- .- 11 6

. W (A (A wA (A (A (A A A( ( - o- P- I- P.- 0- 0- 0- p- p- P P- 0- 6-

9~~ z' : z 4c 4 i Z c 4 1

u a a a a u a a a a a au Oa a a a a a a a a a a a a a a a a

inW W W W M MA W A W A W AM W M W W W

m v MMlAm N

0. ~ ~ ~ ~ ~ ~ ~~~: 0 4: a a :



u L

aU 01a 1 tg'
CZi Zi

-J v 0 0 0 D4

f- 0 0. p- 0 0v

-a

v VV V

L6. F CD a. i 00 00 C)0 D000 0 ,0 0 0 0 0 00 00C
CD 000 ~ O JO O O00M 00000

0 0 0 0 0 
y

0
on

0  
C

(a zN 0 0 0 0 ~ 0 0 0 0 N ~ 0 0

-Kn
'a

aU 2c 2c 2c x

K~ ~~ U00 a, 0OZV VZ V UV Z in
wi cc 0 0 00= DC DC 0 4 D Q 0 C D4 DC D"

4c C! C !9 C!9U! W

w ~ 2 z at 0 00 00 00 00 00 00
... 000 0000 00 000003z-l ~ ~ ~ - U, 00 0 00 0 00 0 000U

s En En En IN . En F30 0 0 0-E nN 0F 4

w w LAI

= . j - j -j w w w

9K 0 w = -l ... J SMS

UU UU U LL wwwaa

m.Jnn~~ a.. 2.J U uj
cr A j IU U U ~ . . .I-) M S M U L

4cZ U U~ A J1 Z
0- > > > >> > x-- - - -

4c4 Kw4 c aw w4 .4c4 a4

a 0: ag dw at a, a ,
= ~ ~ ~~a w" : K KKKK KK KKKK

0.

I.-



UZ 3

mjr P, C Yr 9 e yC 4t iNe vr yr yc
4 ,n

an 
U 

ll 
W 

orA

0-- -----

u1 IA W% Ln 6-% U% W%

mu
Q- V Q Q Q V 0 Q

oz

CDm

z at
.a oA *U $-- ac c a c I- b- La a au aa = a==.2c 2. ig = MI88z 8 8  8 00aaaLAS C c...

Lu U, w

X OWow I
-. 1 - - - - - - - - -

444

-j 0j - j - j -

2n

7~~~~~~~ ca 200977 77 7777



- - i- - i- i- .- - - i- - i- - i- i- - i- - i- - - i- i- -r -n i- - i-

w~~~ -C Q O Q 0 0 0 N ; -Q N; -'C0 m -' 0 C; -'0 N; -0 N; 6 0 ; -'0 C; -

au z

o 0000000000 000 00 06o

-4 -

UU

j - -A -

P4uuuu ut L

77 7 7 7 77 7 7 7 77 - 7 .7



- - - - - - - - -- - -- - - -- -4 -- - - -- -- -~ -4 -

a 00 000 0000 0000 CDO coc

(A -
-~~~~~~~ z Z% Z. Z -~ %--- . . Z~

9LCDC

UU

UA o

0088088 88

a, 1, 01

2- 
W mU

I~l C
Li MA=

UuW" sM
e: e ,

La- - - - - - -- nllI - -- - - -
02 M 00 00 a ffs a a a 00 0 00 0 0 I000

F T V . . . . . . .V
V 4 V ~ A, Vý ol VI V"I VV VV V

Of or if
I4l sommoU O=ww u

C; c-yU 
U I W

WIWIIý
WWI ZIIIOC W

ALJ~zz 0= - E



(aC a A $ 4 l(

go

3c

'A 0,4O I- 4-l 4O OO 4O N

10 N
C4 Vm - yC

=i Me vf ve e y A ~ o tMr
Z-Z

C: C, 00 0 0 0 a a 0 00 a0

C2s P- 0 40 C, 00 0
- o. 000

3. FA Z

-i X
U)

0=

'A % -A' A A - - .--- -- -- - -- - - 'A In '% '% 'AL" -

0 0 0 0 0 0a 000 0 0 0 0 0

M V9 V 1 V V V V

0 .- )- 3- Z Zu
u u mu w .I A U I

W~~m L" LU.U

zjaa~~~w z w w w-

a, az0- 0- P- a

6- a m -S- 9 . -- 3.

19 -M m -3 F9 6 4 a a m mm U= Ua m= z m z at a a us A

V !i

400

ID-
* p - - - - - - - - - - - - - - - - - -

* Ii

2777



C

U% S

C; 0 o .20

0 -D

a 00 H o A1

- CC

USo C- C W I ICC OC C % Z4

- as
9 . . . .C . . .L ! b

66*COC OCOCO 00 000C --- ~ O

vO O O 00C CO O CC
8 

v 00CC vvv

-J vC OC CC C 00 8 Cv C C

COCOCOCCOCCOCpe CC A'Ani(

3c ----a m

LuUu

14 = .- -4 _- -A _a - - = -- - -

Lu a uW

ZWLiZZLUI WU U U U

N u U Li (i n a U uU a u Eu

00
7 77777777

Z6=IZ



ZU .>>>>>2 .. 3
Li WZ ,wWzZ, 0w00

- - -. - - -% - - - - - - - - -. - - - -. - - - - -% .- - -. - -

ri 00 0 0 00 N 0 ;L :0 0 0 0 0 ;L

-J 0 )C vC

4 VL V% VO V% V V-%

co 0 000DQ00

a: o CD 000000000000000000D@CD
co - a. 0000O0000000 0 0

U.FA0 in clW%0M E 40 0 0 00C DCDIn ). 0 0 0u=iu C 000 OO Olo o

IzW IC ZYZI Vz Vz mZZZ Z ZZ Z ZZ 3 a

Wt~n 00000800080880 008 U o = 0 00 0 ' 1 1 1 1 1
00 C 0 0 0 0lW M000 0 0 DC l 2 c0 0 00

mm 8U uim 8i 0080
000 a a In 0 0 0 0 0 000 00 00

IC 4 w w w . w w M Zs Zs i
W ~ It z Z Z

wi .i ujO ss:: iis
oxc ZZI -- a

5 00w00w0 Useb00 0.00

IZ4 x w wmi w mi!u

on0

In

z

.. 7 7 77 - 7 ,



m sp mPO ym -I n F

ag O

o c
i

a: . - '0 N 0 C, 4, '0 c o CD 0 C 0 '0 co - 0 N 0 0 C, M CD'0 o

L IoCDO o0000000000 0 C,0 C,00 oo0,

3..0 2

-C -C 
i

00
00 -00 0

U0 000 0=0 V 00

8=0 8 00 0 8 8 0 80 00

Co- c 00, 0 00- : 000co

LI v v v v v v

m. -l CiL iL. LU U8 L8
-C -C -

0- W- - c c s sJ

8- LI
ini

-~~~- 30- - ---- u-- 3--

0V PV V V V

V~~ V V 4 V V V V V V V V,

w ~~ ~ w mLUU
-j j j - - - m u m u - j- i j- u- m ju i i- i-

NI~

= ummmm u u.l.. .
I"m mu'~ mmm

cy-

ol



10

mI

*% ' -* ~ *%S.S. . -- - -. -. - - - -. - - -. -. - - -. -

at ...S . ... . . .S ..

v1 0 ;C C 0 02 0p

40 C2 Co a- 000 Q V V2 C 00 00000000

-J3.

caa

0 0 0 0 00 0 C 0 ,CC 0 C?0 040a28C , 1 08C=8 V0 VV V
C. - C! 00 0 0 0 0 9 C! C! 9 . . . .oo g o o o 0 Ln Ln In 0%W n0000 4 ,' %oo W %U 4 ;

' A .. . . . . . . .. . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . .

ga ta-i-i-

m~~t w wza zvvm

00 00 00 0 00 00 oo 41 z
0 0U 00 N za a-2r

00 00Wul- 0 --- a a-a

uj~ ww w

a aZ

IL - 1:66:m6 wws s 1 :



00 d

Z. Z - %~ . % - - ' % . - - . .%.- %. - . S. % S. % %- %.
-r LAN-0N-' CN-' -' CN -0N~ CN-'

c D C-16010 CD LO No NU0, 0N U0 OSUI-09

to .. S %. .....

Id -t ~ 02 0

a ~ ~ 4000 0 0 0

&0

w

m f

0000 0800800 0 0 90 9 S 0
V 0908 "000 VOIS

0 000so
9

a VN V% VN V VO VOO O OO O OWI

02 v 0000 000 000 000 000 000 000

00 00 0 000000000000000000000 0 v

000 00 00 00 00 00 00
0 0 0 0 0 0 0 0 0" 0 0 0 0 0 0 0 0 0

(A a M
us 02u UL w wU UL

OC 49W of422c

00000000 000 0 0 00-J A 0 0 0 at at c0 0 P4

0K 0 to to 0 0 0 0 0 0 0 0 0 0 0 0 .2 .2 .2 . . .

CL~~~ ~ ~ ~ wu Wwauu uu a(

9 - -1-j i - -i-i i - -j -a -i .. i -j -a.j



a

b- 1 . - '. -. *% %.. - , - . . -, :: ' - -, -. % , . - % - 1% '. I-

IS.~~~~ ~~~ -'9-. 09.' " CI--0 - - -- - - - - - - - -

heN N N N N N N NN I N N ~ N ~ N

C-

:2 80 8 80 0 88

I- b

0 4 4 aaICa

us
-J

w UU

a z 5' s -0-6
o. -- 0. 0000 0000 0000 0000 003c00

U,1 , . C C -
ulL,- C C " . UA

aag
19 Am 0 1Z Z Z Z ZZ Z Z Z Za=a za

aU ausI lU j- 4 yj j-
'U~~ a00 0 0 0 0 0 0 0 0 0 0 0 0

w0000 s0000030100 00 Ul A
00003 m00003a 000 w 3ojjw 330

0. 000 000 W 000 00 W6M0.=

zna oaaaa z A 0 0 -0 0 C 0 -0 0 - 0K 0K 00 0 0C 0 .0

-A Vi j V -1 V 5 -1

V VV VV VV

'U 
Cu

1 :6=



--

00 000 00 00 0

tZZ ZZzZ z: z z, z

-yC

hi

rn~C 0o 00 00
Ca C! C

0000 0
W !C ! C . . . . . . . .C . . . .

Lu-C0000 0000I mv00 00000 0000t0 0 C 0a 0

- -a

04 44 0 0 0 o

8 0 0 00 00000000008 OOaONN

C!~ 00000O8a0 m8 0 00 P-It 000 0 0
4 0000 . 0 . ~ ( ~ 'A 0 

.00-C0!9 
! .

wA ul wU
.A = ..
a M Z
Im " a
3. 3. -
9L CL 4.

U) i W - -

w5 NN is em9%U WU SS XWI

a a-0 aI - - J rnrn

w Awlb62 1

OIL 
MMW

0. N - - - - - --

Psi
-i A - 1"a- j" " j"

in----------------------- --------------------
* m

7 7777 7777



0 z a0#

- .o ~- - 3 Z 3 -'aP - - Ia - 3a Z - ;LN '8--0N- 3a ;L- -
Wj m yCYCy r4 NNNc ' y'yNf ' '

2c

* CN

m 0 v .- ace C C;cc

ca u 0 0 V V CCCc
3S-v v v v v

I. W cccCc

UU 
1

a.00 -0 a. caccc aaac Cccc12,aacc ac
4c 00008SccccHOCRaaCOO C S 0888 onr 8

MA (A L=

I- MAL .- 3-N

(U ~ ~ u 0U Z Z Z Z2 22

22 UA

888 8 13= ocgcg ooc8 88 33 fwN

I 
tcca e a a ~-a ce "" M.

ac ac a a .~a ac a . . . .

w c a -C cc a -C 4 a a a a9 a a aaaa

w wwwwwwwwwwww ww w ww w w w w

CL000



ui N -'0 CN - IN co- c-M N N ' N N N0 N m NC N N ' N ft m N m '

aI 0 0 000 0000 00 000, a0 a0

I-t 4

z

-o

co

mC

wA U

-C-,
at wA -* oo oO OO OO-OOO OO OO OC

a- gz 8888a8t888~8
aU 4:o********~***00 ca

H000

% W% I^ - - - Z- - -wc M

UU

W 000 0000 0000 0000 0000 0000
00 0 0 00 0 0 0 00008000000ow

-J~~~~C 00 000 0 0 0 009?88oooooooooo 00000u
lk 00 0 00000 0000 00000 000s

A U

us i m wwww wwwwww '
m u m j j - - . . . . . .

InUU11W-
P,* *

WWLZ am w



LI W 4a ca 0 z 
6 

z'W W W UUL2W fa

4WD, -% a Wo Vol 1, Vo a 10 US *% a WO -0 a% WO, - a% 1 a. a% Vol a% a

I -

1% '%. *-
'A ai (a

000s 0- 0
C! . . . . .

- ~00000 00000V

QOOONN0 0 00 000; C

00000000 00800 9000000

0. 0.000000000000 000000000 0000
W600000006*0000000000000000 0080

6* 00 00 0 20 DC 8V --

.J .. 9~ . N N 9 . .C

m uCs C; C CC ; ;=0o0
0 0 p

6- ItOt O 
wn o 0fu3ur

I--0 00 0 0 00~~ 00 0

LU 00006 *000 8080800080000

0 0 t N 0 0 0 .* -4 W% 40 00 00 O m 6 *0 0
Q0 C C)- -- 8 kn n on

in LL % 00 %

.01 u LI Li

1, 19 Zi ll
us

0 jN 0 N - -- 3-'

InII
mu W W W W W W WW W W W W W W W

-7 77 77
Z : 4



- -- - - -- - - - - - -

If* 140 N - 0 loo -60 'C 110 -0 as- sla N . . 0N.'
w 0 le N N N N ~ 4 JU* N ~ ~ t N

P - -%%Z-C rn r.%

0 0 W% 6% i

voccecoc v v v v 400
V V V VVV V b- P- - V v

C * o -c 0 cc

e10= 90 000c0 cc cc
0 40

a V V VVV

-0 % a% 0

in inW AW ;C ;W ; 4C C ;E ;W 4W 4L ;4

aa .A W w U

an an oa 490an1- s a s a LuW =

M e
aK aaswmu

-a -a J mu zr 2r

us m

= == = =' 1: z, ====



-0 -

aJ 0(3 a0 WO0 C2 8 0 0 03 0 0

- - - -' - - - -

CD 0 CD 00

v 0 CV Vý V 00 V v v v v v
3 V 0- 1.. - V V V - - - S

0 0 0D

9L 000 C , '
-, 0 0 0 CD V0 C2VCD C,08U U

C. (0 . 00 0 0 0 00 0p 000000CO 0o C,
0 yC a N 00 00 00 C2 0 0 - 0 00 0 0 0IA

W =
-m

axz
if a xz xz xz v V ZZ ZZwj X0- U

CA

Sl 0 0 0 000088000 o.0R 0
-J 0 go8 8888-8 8888 H0

-.w w w IX

ui~~ w U

SM u u mu a a a

w w u * . . = =
zi 3- Z. 5M SM 'X 'X " N* - - S - -

NN wwwN N a

z ;a.

41~i mm &f Ifi It wm mr Itm rU ni % m in in %I nUa 77 7 77 77 7 77 77 7 77 77



~ . ~ .- % .. ~- % % % . N . - 2. :- :0 % 2.. 1; 2. a; Z .- C % a;

W C - ---- - -- - - - - - - - - - - -C- 0-

C~~P - n--il--M -- i f n " ty *n -' in - , - y P,

IaWNa , acc1c2 14c-0c 2-ca- c aac

61 in In I-G A

41C
co Incc c

3 0 Q- 0

a Z
Z cc c 6

CD 0 0 I- 0- 0-
. 11 C, occ a c,0 S0C c c c* Scc00 cc 

MC oc c41ec9 29 :1 C m CZ Inc5 8  IC act
cc cclc ocu aca ac c cc

0, 0
.,9J . .a

aix% 4 C; CC;C C C C C CC CC;CCCC -;

o inincy c

LU Ml ML39 3U, ML ML wl Ml "zZ NN WW z M d"Luu AWLU lAltlul 1.ML ML ML U za = = == Ml Zi 3iu 2 a z z t==== w===us==

3 - 3 -- Pd Pd *- - - - - - - - -. 14 "1 11a C M z a .e. eaaaa a z a= ne n04'

S I C C I C I * * . . .

---- N N N NN NN N N Nm m in

I- -; o- A- C% C%; * - N N N

U-A

-4 M Li Winiin Win tn in Win in in in %%inin iin %in in in i % wt
- %4 - - - -- - - - - - - -- - - -



a

US - S 0 a-8 - IS - 0 --0 0CM - - 0 - 0-

I-

=Q0o 000 00

-a 0 40

II
a z c- CA- C Co c- c4c- KAm 9- - -CK- c 4 c4

0 0 0 0 0 0 0 0 000 o;oC i6C C ;C ;C ;C C oo ;c

I- a3

-i LI

------ ----- ----- -- - -- --

2.30.3-i im - - m w
a 89 a ~ ~ w w LW

tu~~ mu uswtuA

mu u m
mu0,wmm .I1Ja

000 11P a !Paz 19W- U- 'w6
If a ~ ~ u w w m



-m-- t-r D- 0 r t - 0 t- t.rt.r
- -- - - :a Z .-- - Z z -- - - -Vi WN - -- in m in- . - --- :tn I -n - -in -%

at

- --

40 C

0. -9 .9 0090 Q9 '9 .0.0.0000000 88 8 8 8 8 a88 8 8 C; C;C C ;C;C ;;c
4" 01 go4o o C a C CCol ce, 2 10% an -t0=@A 00m c

M 44wUI4 1-

at a m aaaazaawaa aaa aaa aaa4,

W M N

4~CC -00 CCCC CMM0 c88008aIcIc8'8818
a aac o oaaaa

9 1 1 j 1 4 1 j j j jj 4 - - j-jj m a A -A-a j~ - -

V V V V V

I n V% 2 V% V4 in V2 Vn t2 V V% V V V V %

m
i ~ ~ ~ ~ ~ ~ ~ A :6 :6i: i: 6: :



Li

I-- v I- v v - - - 1- ~ - -I - - - -I.

id

0 v 0-

43

IA J

if --

c cccc '
4cV V4 Vc V4 4 , 4 2C c ,I

*j 000

41

UNi L). n u r - -. -00 0 0 0 0 0 0 0 0 -0 0

01 0010 00 0 00 0 00 00 0 00

-j w

if 0 Z Z ZZ ZZXZ Z Z
w w

1ýN - O u UZI 0 w .1 N .5-zza- - a- --

= V V V a V V V .b.3 -
VM VM zx V VV V3 VV V

if- 3if aif
CuCuC

=w z z5

Cu;u Cu~u
ONZ -9 -C uC

NN W W W W - -9 -999
W,~..



- - - - - - - - - - - - - - - .- - - - -) -- - - - - - - -

93 I - -I N M M M M - m I m - IN mf mi-

010
I- *

in Ui4 CD 0 CD in W
cooa C! 9

I CD

a- vc caca aaaa vv v 

U 0
3. 4;o.

-. 1 ca ac a c c c o a c c c o c c- -41C 4cs
a zOC ac14 oo C c c 1 a9 i n ICcacIt

CK aU 0 1 z z v v = a

- C O

ax CC C C C~ -CC C CC C C

N ~ ~ ~ ~ ~ ~ ~ ~ 1 W a1 a- iM . iM aaaaaaa a a1
fl Lai - 31-N - N - ND- P-

V VC C Vs V Vm Is V
V ~ ~ ~ ~ ~ ~ ~ 3 W

J- 0

uj 3. 3.. a- - -- ---

- 655 622w- a- a- m

a E!U ww ww '... ww w w W... ws

z N
oo& i p 4W rW Nv 

r V i
MiL CD :6 Ai ii1 i1 ii1ii ii1 i1 i 1 ii 1ii1



z

- 1 Zm Z- Z. - -- - - - - - - a- - - a- - - a- - -~

a- -

z
64 ni

a. 00 00

0 V. Vm V2 Q 0 V2QQ0 000WQC 0

W i
ow -

0 U

-J w 0000042C000000000000C00C C
C00S0a o000 000U= 00 o 55

a-C In 4n- y - - - - - - - - C 0W

z a II-P

"- P- .. oeZ . 4V V Oxac ata= A-
a- UUL UC2 4

21

5~~~ 005005WO
00 00 0 0 0 00 0-3-0386 848 4CK- j a- 0-10-

UC 00 =O C %C ~CC O

wwwAU w ww w

a-~~ a- a- a a

2c== ==
W% LM in W%-a a-&na. a- a-6%6%v %W MW NW NWW NW %W % %W nW

--- ~ ~ ~ ~ 7-7 77 7a.7777 7- 77 77

00 C



UA

0- , ,t

0 =00-Oo- O O - o oo o . o o .

co

tA U% 0i &M In inInI

vv 0 0 0 mm mm -v v 3 mC

-v V V 00 V O C

291 0 00
in inmin

in I
v v V V V0 0- V v %I-

-' 1 0 0000000000000a0
0 0 00 0 0 0 0 0 %f 000 40 0 0 wC:US -0 .. 00 0 00 0 0 .888.000 .0.

31 000C C

-t' z814c

o -- 0

-I-

0= L

at 'U z U z~ = IZZ Z

3-- 0 --
w ww

ng w c 2 1: 3c : 3

-4 i %m I IJ -J -1 m 6- in 'Ummg n , ni



- - - - - -% - -% - - - -% - .- - - -. .- - - -% .- - - .- - -. - -%

N too ~F p ~- F m - -m N -m - N m- N on - N m-
z - - 0-- - - - 0-- -

I-

a ~ ~ a 0C3, -0 -0CD. 00 -0 0

CDC

ca

c. I. I. V V OC V V 0 0 0 0 0 0v

CL

UI 0 02 ;0 DC ; C; C C ;6c ;C
-C -

0LI

-J~ ~~~~ ( * 0 0 0 0 0 0 0 0 0 0 0000000 0
co o ocooooooooooo c4aoooooo,

UJ 000000.0000000000

a-j - - e C

Z =

- _5

00 0 00 0 00 0 0 088 a.0 C 0L 888LI

00 Li Us UiI . . .'0 0 i i M . . . 0 0 0 0
- - N -- - ---

V VJ Vi V W W V . .V

V V V V V V V V VV V VA

-C ~ ~ ~ ~ ~ ~ ( -U (CUww44 4c w4 C-

-j .A .a z4 jj j
P4(U (A

cm U ( ( U (
4k - - S. .

I- lt W-- - S-



- -I---- - - - -n -

m sriN u ~ m N " m - m I" - - c.- m NI- N-

a
- -, .- .-

Uv If In If~ V .

z

If I

0 ,

Cc Cc CC CS 48 c oCCSlC- ,08 a e so iL6 (A 0 00m0D0=D 0 CD0 008 cooac 83 0 ca
-30 80 4,0 8 8 8cO O c ~ cc o o
us~ o306o coc c;c 6

i 2c

0

000f InInfn In In In 00 0 0 InIf0 0 0 0

If I V If If V If If If IV If v I f I

u Liw z =au
2, cc 2111CIIaA =w12O-

WWWW ZU 46 IU CUolm ZUaUZ

w 4 -C~I'. -C I8 8 dLmMP
M- 00000 -f.15

U, 0- u a o
AL 5 55 ~m m

ma 2 2i

aaaa0:::aaa.

cmw w w w w w ww w w w m w w

. nb gw % %i nW %I %W %i l N LMW %b %L
CD 7N

I m0z 6



w 0------ 0------ 0------ C---------0--

091-

*~ ~~~~~~~ Z Zn- - - n- - - n- - - n- - - n--i
Cj S

iN
2c

- ~ ~ ~ ~ ~ ~ ~ ~ ~ U S.S S S' ' ' 'S S S S' 'InSS .S' % S
9 1

000 0;;00 0

0 gCDa C 00 0 0 0 0000 0 00 010 000

FA i
0u 040 00CCC 66 6 066 6 o

-C -

a 4 VC V W V VC V

- i 000008O OO C C 00 0 00 0

IC~i 20 OO OC OO OO CO OC 000 0000a
C; 6 4 W; W; 6 L4 V;0P%0000

in -............................................................... . . . .

CZ~ Z V 4 4
U ~ ~ ~ ~ ~ L Wi C Z Z Z Z Z Z ZVZ z z

~uan
w ~ ~ ~ ~ ~ z UOCS 00 0 0 OQ 0 0 00 0 0

000 00 00 00 000 00 00 000,
0 0 0 0 0 00=0 0 0 0 0 0 0 0 0 0 0 0 0

z u u u

wwwmumuumumum

ZZZ B. Q.B. wwww~
---- --- --- C 0wu

Z Z Z F F- F- U U ==

4 * 
-

to. U.=== === ===-------------------------------- r Vi



.- .- % - ..- - .- - -% - - - - -. -% - - - -. - - -% - - -%

CID lo a,--- 0 O 0

CA C
kn-i

U~~~- -- 0-0 0 00 00 - -

.1.
00 00 00 Vn V V V 0

CDC CD 00000 0 v

C2 C)0 0C D.o 4i

- 0 0 0 0'00 V V 00 0

c V V V V V V V $.- N - v

4. = a. 0 C)00000000 0 C2Q a 3 o00 882
00 O O OO O OO O NN 0 0 803 a 2100 02 c

4K~0 0- 0000 000 0 In a 00io

Gn z
-c - A

CMC0

0, - - -- - -- N -N

cm N r4

aa Z

3---3. V

ui us a a a ww wi

uaww 'Cu IuSW t8W

0C0--~J.-mJ .U U

a -a W-' IC W W 1- 3-NN 11*
MCW1

a. mamauj ww

CC CCcCCCCtCC C C CC C C C C

Wn Wi WW W W WW, kn in W, ,W ,AwWNW% IIItWWWwtWW%

7 .7 "'

1 N6=Iw ==I111: c2



0 - IV on~w~ -Y on - ic F N on CM P" - ty N" - eypn

Z

14-0~~~~~~ ,10 0- 41, 111 Pl
Z 0Z00

on N onF

0U0

0000- 0 = C - 0- 0 0

2F :
I- 0 o0

Z. Z. V IZ IZ ZZZ-1- % .t ,Z .Z

9 91
420
00 v0

A
000l

at Vj VVz z

a. 00F n000 000 o0C0 0 0 =C
U, - V - -C -C n'

-0

0=1 w at wUZZ US V wZZ

*l USU,

I 4.j--jwwww w ww = ww I- -I.

ww =Z I-S Ivwaw'

4L a.a. 1n 0 4LJ , gSLjOgjL w

gv .J c. -5 -C - - O 0 0C

9 I .- l - i - - ..j -j - 5 ..j -j .j -4 ..j - .j j ~ . - .. j -j .5 .5 . .. 5 .. 5

z Nk

-1 -j .- - - - - - - - - - --- -

a. 0 6Z 6ii:i



a

a m-NmfNm- m-Nmlom, I-am.-Nm0

-00-00-0 -00-00-00-0O-0-00-0

iii i
-- - - -- - ---

SA S

Ga

40 0 0c 0c , U, C.
42 C2NE 0---

OOONN 000
0 0C 0 0C 0,C 0 20 0C Q 000

aý #A a ;IOO O a OC o ~ e c 000 004. - a ooc 9! O CDC occc 0e
MI M

4c 0( CY O 0SC. 0
92. U, 4cV I ,4 c

a A a z

02 0

~ ~ 0 eo 0 0 o

U, U, U, 0 04
COSS ~ ~ UU 00000 8 0 0 0 1 8 § 1

9~~~~. .9 C. 9. V!9 C 1 9.

U. WU M

U~~ LaWW Z

w 00w-~ U
-C - - 0- 0:0

l W W --w U

*i N

W o ww

a ,U
aU --- w, - --- - - -- -.- - -

a.Ia



1 0

a 11- - - -0U all I- I--- - 0-

U U
ln, WU,% UNW ,1

in U

p- 0 0--

-00 0 0CC C
W; W; 0 00 M i

P-C. 0 vvv00 0 0 0 = v

- 000; VV V V0000000 VV
3 ~ v V. V 9 -V V V VVV V

C2C 0 0 0
oa Cc s U, 00 ~

0c 0 0 000 0,C"as

Go co F v vco OO O

Sn C2 U

88 00 S a 0000*0a00 0
0- U, onF ;C :6 N n 300 k nI yW ; 1 %=

MA UU,

u u sz
-C U,

21Za
000 -U U, U, u0 U, UU ,0. 0LiU U , N

0 e0033
M 88139 3 5~w s a

-tw w a - -N-

V m z 4c VA Vj Vi a V V V 9 V V1

UU WW W W W W WWWW W WW mjs I

a -A -6 j -A j
a aa aa aa

-A UNW UN Nw% Nv% % lW N Nwt& W% % %W 'Ai W%6



- -U -W W-- -W WW-- -U - - - - -- - - -

z

Lu o CD-- 0 C - - - 0 0 -- -- -
P- - In - In - % Zn--I n n--I n--I
a - 0= s

-

-J 00 00 0 00 vv vv0

P-~ vnr 'A -- 00 00 In n-.-

L000 -- -- -0-0

v v0 0-.. 0 V V V rn-rn-DV V V

0 0

W. FA In 0 C , 000 0 0 0 -004 C C.0 0 0 - - 000DCD 0 c- 8 .' r

of 4 0 0 0 0 0 0 00 0 0 0

Ir.U ocoODOOOOOOO OOSOO O

0000000000- 0 0 0000 89 IVo

wt WW nN nI %I 0000wwU 0a4

v mu a za a a a V v v v

LU ZUu
atzzU s"
US LL U = z

3jL A
00 00 00 00 0 00 000300 0

0000000000U 0W8 00 0 0-J 00 0 00 0 01 0, 00 0In ~ ~ - ., In In 9" InI nI - 0 0 0 i I n- - 0

a a a -C Au mu 5ul
muJ -31 5m 2- uu a a

aXM am Is mamma

=u w !a w w wr w mu wu w w A& wu
-1 -j -j - - " j j j - j j j 1w1 -1 -4 '

UU U UUo um w o
in---------------------------.in=== W i-n U U n U NWW n %& % %I
7777777'7777777777 777,7



-. -. - - - - - - -. -. -. - - - - -. --- - S - - -. -. -. - - - -.

- - --- -------- --------- - - --

U,

tz :z- .Z . t . . -. Z SZ . .SS ..

Ca 0' 00000 0

U,

z

UA Z

-J , 0 00 00000000 0 0c?000 00 00 00
- 0 0000000000001 000 000000

MJ~~C o0 0 0 0 020 000 000oo00030000

us 2-U

=u w w Z ZZ Z Z

-- - --- ---- - - - -j

P. -j
'. w

-~ - -- - C t f

usww w w 6mw " su
=r*J -4 Wj - 1 - A- 4 j - j- j - 4- j - 4- a -

Z WZZftWW -

C; cpS --7 -7 -7 77 77 77 -7 77 77



3a-------------------- -- ---

UA ~ ~ Nr N Y NY m NY Ny N N Ny NY Ny Y cu v fu N Ny r Ny Ny C N

C- - - - -- - - - - - - -%

U,,

C!

-6a

Q0 0 CiC m

VV C; C C;CV 40

CL 0 C cý

03.- a 000 1 0 08 m-8888 888e8
U, -C c;o;C; C C;c oc; o Cor m mi 6 ;a ;C; 6 a 6o OC;

-9 ag2

Im

aL =0 0 0

- UU

OOOOCCOC C03.0CC mo -000

W 21 wL-j wamzz -

Mi W 3. 3. 33 S
-K MiIL z b- I- za IL -C-

3-M ! wu3Z i a

0 0 3.- -4

at F4 M.

ALa onaa a aa m aUI v.01 t-C o i 4caa a wa a a a w a

wi W W W W W W W W W W W WU~ W W

a N j- i j- 1- 4jj- 4- 8jj-
o P4

Fn

NN N N N N?. N N N NN N N N N

CL Q .J-------------------------- --A- --- -- -- -



> > &U > w wUw .>Z

0 0 0 0 0 0 0 0 0 M w M 0 0 0 0 00 0p0

00 00 00 00000000000 000 o oc c00000
a - -- --- - - - ----------------- -

-D 0 0 0 0 o 00
Vo 0 MEn6

- v v 0 nv En En En v v

10 0 C . 0 0

- 0 V 0 V O V; V C V

c. - 2 00000004 0 0
&6U 0M00 ^ 00c 0C,0 0S 0 0 C000C

Q- D000aC 0 0 Q 0 0 00

U'Z

~~ 0000000E)n 00 00 00 0 0 0 0 0 0

0; 0; 0 U00eON 0000 % %0 0%00 NO 0-% '0 0 0 0000
En o QJ

01I L0

09 W 49 WZ 4c Z Z Z CZZ

~8~88848S8 848C, 882 1.-88
D.- WI .. -U 04 r -

w 49 Zw fI

wc z at
II w 3-McI

Ui~~ ~ ~ WO U ". u

99 0. .. aam

9 ~ ~ ~ ~ ~ W j -j- j- j- j- A- i- j- i- a- 1 - ---

-- 7 -7 77777.7..7777777777--77



----- - -.-------------- - -- - -- -

- FF-FF-F-FF- - F- - F- - - - - - - - - - - - - - - - -

go --% -

v -.

4e

0c 0 N;

CL (20o0 0 00 00 OCO 00--- 0 0 '
U. FAV4 D00 2000C 40 00 0 N 0 CO 0Y

CA -Ai

0 00zf 0C 0 C 0 000 0 0

R0000008000008 000
-~ ~ 0 00 000C00 00 ' F 0 N 8 0 0~~~~~~~ O8 8 0 0 0 0 P 0 0 00C N

CD 0 0

L- U

a ac
444 44 4 z D-4 444 44m~i u* Q 19 ZZ Vz z =3wu Ifu

ul 20
P40 0 00 0 0 00 0,

a M o1 o o o o 45 m

)- ca- -4 - a - U I- * . -u- s

= M = - 4 j

- L 8 EMaa

4 41 4c14 I

a wk
0 r- N. .NIN1. mP NNr
imw M = -- E

= =3 1 1a 1 :w



- --- - - --- - - -----

1- 1% ,-Z Z

CA.

19-

446% NIni

-J00 0 0 0 0 0

& M CD CDC.)==C ,a408 , =C D
0 000 D DC ,(24 ,0C,=Q C CV VOC V V

3.O 0A I0)0Wo

004 0C D 000 00

0 0000000 0 0 0 WV0 0 1O i n W
in Ina n

WO v Z v v zz v v =

UJ 000 08 008 000 88 000 08
0000~ 000 0000 0000

U,

0 -J-

w-u 2cI w=
Sa' -- 11 -Z

W U,

-z---~ IN W ~- =

wa us P- aa -a U) -1 -5~ i ~ 1 j i w* a 3a'J. . ~ c a ja - .

-a a
*j www-ww
* -11.j- - j- j-j- A-j- j- a j- j-

0.0a aaaa z Ua



0 C

Z. Z. Z. : z. z: Z

1 00t0 CD C2 cc0.00N0F(2 0 co

v - b-b 0-0 PI-zI- b-X"0- Z" - I
=z

e 0 0

c cv v I- I- VV VV

CL0 0 0

IA *i .A .A .A .

b- 0

C, ~C U V V
Rs V -1; US C.- 19 is. "'1I i

(AZ Z
c -

w _i 00 u -0g - -1 - -0
wg SN da8 ocg4 * 4

4c =* . . * * ... . . . .

u w U w (lI

07 ftft wY wx u wUu=ug z -a-

wU u mmm * .

- ~ - 0--N N I. ~ Li U U UI.-I-U U6



09

- ~- 10- 1,- 110 10 S.10-.~S S 5

00
W;W

In an00 0
z b- ---

4c n n
- V V V V

Vo V v V

0 CDI- 008- I- C-

0 40 V 1

08 0000008.00000088888 a8~
0 -J 0 00C D

MA -CC;0C Coo00o C;c;0Co ;C;acao00co ; oooooC aoo ;C;C;
to I

-, 0 O0 s S
00108 80 08

49 9 . . . . . . . .
W; w; a;C* 00a0a0000'o0000000aC ;

wI i - - - - - - - - - -

U

anr Mn M M a! a 00 0 0 00 0 0 08 0 0 0

UA

zw Z

&~~~~~~~~ ~ ~~ -u- = ======= ==: 6 = :6=



za ONO mr-)N C ON0

Z%~ ~ . . . . Z :z :z Z :z Z. :z iz Z :71 z. Z. Z. Z. z" Z

0 CD

Li v

-l -

4c a

w U

a.w n -- - -. -ac c c a a c a c c a a o a

ao a c a a c aa a a 0 a c ao a

mU w -aZZ ZZ x

a c o aj c o-ac o31aL
LU 08000 08 0 0 2ac3O0Z
210c coc =c cWa c Aca cacao M

-- - 5-- .. F4 P4-- --6- ----U i 1

ww x Mim
ALa w

zzw41~~~~- x gogogoGo400sogoSos 40 aawu 404 4 o os



i

%. ,.. .- -. -- 'S - -- - - - -'S' S'--- --- ' --

ONN UNi

V 00 00 0

S - -- v v v v v

CD~~~M~ 000s o 0 8

u c00000 00= 0 0 -- 00 0 ;C 4C c ;C
(a -z

90098000 00o 0oo oco
0 0 0V 2 v o oo lw

- - - - In in V V

AS w

MIz z
u UL a- i- i-

U)c- C- cAww44 c444 - .44

00 00 80 oaa oo oowwo00
00 08 0 056 00A0 01 00- 1- j- j - - j-

-J 0 0 00 0 0 0 00 0 0 0

10 ~000c 00g 0 0000G 0 0 0000 g dos 0 40 -o -o N0s o 0 so0000
4L - 4 ne - - - -- -M:lM



, -W W , 0- >~ -J >% ZO- NP >.% .- % .

wz x

--

;z

-1 00C
co 00N inu an on

0 0 a3 a;L C1C

1- 0 0 0 v V 0 a a
mg V v V I--Z NO V

-j U9k UN UN
cc 0 00

0 0000 00 00 00 ao oo o,> o

u'lao0800000000800000000C00 00

oa40%U. 0 8 80 0000000 808 govg6%

- , a C -0 0 C.C4 C ; C AC ; C ; C ; o C ; C C ; C C ; 4

W =

U)

0 0 0 N Il 91 0 0 0 0 0 0 0 0 g 0 a 0o 0 0 0 0 0 0 03
-% -- % -- - ----

v V V V v V V V V V V V V v V v V v V V V V V V V V V V V

6- 1- "A w - -
W W = = X. ..

zzz= L 3--W
Z Z ~x x muaexa

ZW ama4L
UU mmz C)

z z.. 00 i

Us- "du- -4 0 - b-- 1a k4 4kC

IC a in .JJJ. a
la ww as am omm 'U U ww---CJL6LJUU

9 Aga - j- j- j- j- A- j- j- j.

In=~zz~uU,3~

C. 01m m ~ m m



- -~ - -~ -% - -. - - -% -. -% - - - - -. -% -% -~ - - - - - -% - -

a N N 4 0- NO C IO- a C N a a aN a N a C N a

I-. , t

:z -u -a -m mm --- - --
.C .C .aa .....

Cav Vv aa CV V V V aa
3 V z-- I .IE-g V V

CC CC 1c Ca

Q Ca CC QaaaC

C. CC a. aagoaa a aa a aD a a aa aD a cco 0800'a

Ul -ju -C aý am o Ga C; a a ; a ; a ; a ; a; a3 a0 a; a; a; a C a aaa

Ca z - --
- U 29 11 - N

U, 4

38 0 01
0 c o 0 W,

4c 9 9 990 0 0 CC= CCESS0CN

P- I.

_j. . X

Iac

NN U -- a W C C I

3- .r U U U Z U U U U Us
w W W wW W W W W W W W W W W w mWIU b

43-~~~ T~ C aU' 0 UUUUUU U U U U U UU.
cy em a~ a--a --g- --- --- --- --g

w 4-



o~~~~~~~ ~~~ o - 0N 0

I-I

~~~r~ Zr, Z wrrr

J 00 00 00
W; .f .o W ;W ; r

inSI 00 ini C3, In N C! C
v -v- 0 040 0v C 0 4040

I.- Zn z P- . If b U.,

Co 
C) 

Vo 0VV 0 00

I-V - V V I. VI

0 00 00 00)00 0
00 0 00 0

. . n II!(I! C
U, ~ ~ ~ ~ I I- I- 6 V; I- V; V; V;CC ;oC 0 lc

(AS * 0 0 0 00 0 0 0 00 0 0 0 0- . 0 0 0 00 0 0 8 0 C00 0 0 0

-4 z C44 z =

e SM 0 2c 2( Z zZ V = v V V fI fI v a x a

LS 0 o0 90C)0 00 00 0 0 0 0 0 0 00
-J 0 0 0 0 000g 0008 OOODO2O, i , e

00CD0 Wn 'n in 000 in in U% 00 0 00 in 6% in C00 00 00 00

0 in 0

SM SM LU

3c .

L.2 39 L000w C

SM ww SMMMMMM bI - a Z gS M
0- a on ZV V PM usM s

_j (4 - --1 _.j.J S

.

mUUU iu m m :

P.-~

*, -a vvvJvw woo w- 00 004 -04 '00004 r - -

* --- 77-7777

0. C





4c

- - - - - - -- -. - - - - - -% - - -- -- - -% -~ - --

Z .0N .CN .C00N CN .0N )CN .CN

40 = =-0 lt 2 01t or 0

Z . Z- Z. Z% Z. . Z.- .-.- ,

3' ~ 3 T' T' I' I I T ' 3 F rI
19
-lCa CaC

W;V V; 6V VIA

V% V% Vf M

v

I. p . Z. b -

U% UN LA'4

m A Wz a0 0 C m 0 0C, , 00

m000 a a at 0 a a a a a C a z z a a a a z 0 I0 Q

aO~aoaa~ao~aaa CC a a a a0' N00 a a0 CD 40 CC2 C, =n C, C, inaa n a aaC- -
Q ~ ~ ~ ~ ~ - -0 = -0 0 40 C D 0 , 0 , C

m aa

I- I. (i L Z = z ~ 39 29 2

W i -- j -j " " =EZ x = = =* = =00 uj tu 6W 0-

1 .1 mmm a m m 1 1 1 Wc
ffixCCCzaCaa =goCl-aaWWW~'l

E EU -1 j U Eu Cie oe e =E 9L EL Eu E U & US

*i Pod 3-j ----- ---- --- - - is--w -c4 3Uz- -
* - = = = 6- -0

ISu wW.0wiI191 1



Wi zz z

-

40 do to 40 a 00 00 w a

Z . %

CD 4 00 aN2,NC 0 04

000

21

, 00

0-J oU -- 00C3

a 00 00
CD ~ ~ ~ 0 00 0 000C 2 0 00 C C

0 040Cl0 0a 00 m r S , , n N , m0,~ 0 0 0Dus 0 0 0 00 0 0 0 0Lu 00 0000 00000 0000 00 U 000 ;C ; ýC ý 0 c; C2
0 0 0 0 003c0 0 -* 0 0 , U i , N 0 0

b-0

N WmtyC 0 Z Z ZDZ Z V V aZ V V D V
W% In

UUL

usU

ujL J 6- 1 0

IU WW" r -j-j 1 ww

LU~~ VU

'U 0 0w m 00W;Uj&-
UU usZ C ==.

33 00. 0 1 22 4
-C uj 8im iUAI

a00 aa 0 42 0 0 0 0 Cm a0 a 00 w 0 0 0 Om 0 0 0-0d z4
LU wwww'www'Uw .. UJW 'W WW W IW

on~

I-

* :ý .J -----------------------77 ---
0.0 3



0.- 3333wb 6-U 3

- - -% - - -- - - -% - - -. - -. - -~ - - %-S- - .S .-

0 0N 0 F,. 0_ 0- C" 02 0l Nc 0 D 0 N 0D N ) N 0 N a 0 o 00
- 0 0 0 - 0 0

I--

z

00C 0 0 0 0 0u In ~ I" o

V -I-Z . V V v

00C

ci CD 00n o
- 00 0 00

0~1 9 .

z V V I- t- V V V V

00 0000000000

wc -

mOl v v v V'MCZ.V V ~
Iu v
21

FA

000oo0020 0 000 m% UN 0 0cc0004000000000 C

--- -- - *

3 ~ ~ ~ ~ ~ ~ u V Vi V- V .VVVVVVVV.

0. a. ww..
w M6w mu LU =UL !

MA MaM 0 00 0 2 2n 2 a. -

Egg U1 a a MAA

P0 0 usJ- 3' 3... 31- w C Cu I

u w mmuMx 00zmmu

-C aa uU c 4

C 9

N
0. ~

-- - - - -- - - - -- - - - -

7 77 77



z
4i

U,

2v

2

100

oo 00 00
so 0 8 0

U, g
0-0

w V Ni4c 2 21 2214I,-

0. - C. 0 0 0 0 0 0 0 00 0000c000
080 C§0 0C0Cc100 00 000c00 00 0 00 0

R, -, 0 0- P
-- 8A 't W8 a0 c

-n a% --
C.a fm o

in

MA v v v v v v

u iL

Mi4i -1 -1 aNOt-a

a, 41 U. U. W.
ui~U Mi1 L i

Im~~~~M MA MAUC . .U

I ~ ~ ~ ~ ~ ~ ~ ~ ~ .I-- , m m m m bc9-o-OCWN; ;; ;;
-L V1 &ama-& a wa w w

jI Ui -j -j - - - j 6 1-a - - -.1 -a -

2ri ~ Z
m M M
MA ;OO 46h2

0. 0m



I. ww I wUUU I.- wwu uu wUWW b- uU L uw Wt-

im

40 to Ck o 040 0 N w 0 Ck a 0Ct-

N 0 0 0 0 2 00 N, 0 N00 N CO N 400 Nm

LiU tU

!5 - 0 0-2. -

-J C! 00
* u. D v v . v D

CD 0 2 0 CC) 00 00C;C
v Vv V V VP -V VV

on CD C2 InCC! !C 9 9 999 !9C
-CC ma ;( ,QC ,=C ,C , W * oC, C 04 %i

-C CC

Ui X
V f VA

-J *~c 000 0Q00 00 00 00 0 00 0 0

a. -% a3 O onOOO OCC OOO OCCO OC9OC

- on

w v av v V aaaa:.aaaav vav

I- LiL i Au
z z

ga

L 000 A.00--w

wwu
a ~ ~ ~ ~ ~ a az- i :- 8- 1-1- 4- 1- 1- - - . j- jA j-

F4 aPi 3 8 PiP, , a u aB a a a

cmU

Go ~ ~ ~ ~ C C do so t a*oGo4 0sto4 go0 sos 1go 0Gon cc otocc4go
CD - 77 -7 7 '- 2 -

10 7Jzz



- -~ - - -% -% - - - -. - - -- - - - -% - - - - -~ -. - - - - -

CS 3 0 S - -- - = lot 0 -Q -- 0 C) --- 0 -0 a-

0~ -o 4 0 . 000-0CD 000 2 CD

-J P0 m0 
00 0

00 ~08
0 m 40 'S 'A COD =-404 W Dw s3. 00 on V VD VD V V V V 00ý0&CD 0 0a0 0 V V8.

Bi -

C v C, C, CV aV
D. - C. 000 0000 0 000=80 00 0800
O% A OO =OCOOOg Al ,C ,0 0

m -a~a00a , o SOc 0000 0-N'A0~c00

29. 'A = aMA

-9 m

I" iu A V- $-Z 6v ve a a a at a V V

O aoaaooaao c 00 0 oc

0000 S I S . m. .oS 9ca 00000000mua o a ooio a a c U.-m a C c 1

000 'A 'A 'A 0~~~~~-- 4-t 0 A' A' A A' A' 0 0

V~~~~~~~~ V

o M W M 4 SM C- C C- C-
a aSomme

ui ~ ~ ~ ~ ~ ~ ~ ~ S SM Wu W w A zU lL s.&um ,.wu
-i j-j- j 4 j j ja a- j j-j - - j j A-

7MZX - -7 7 7x 7 7 73 7=
4.0J~a-



uj '"- uLu 06.o a. L Iu wW WL ut

W C ~ - - -- - - - ---------
wl 0 4 M 4 01 C Y Me M C

49

ZAQ

-l CC0

U.
C v U x: -NfI- I- I- Uv 0

V r VV 00 C

z I. v V- v v v

0 l0 C? -Q 0
00 0CC80 8-o C6

0 3- CD CDC VQc lC 04 V

)I (n zV VV

an j

a C 1 C 4 4:I C I 1 C C 1: 14 11

ccax 0 a z : v a l2

W, CC CC OC C 0C C ~ I CCC 0C 1 Cc
CC C c--lO- CDCC CO CC CNcc

Z z mU u m
IS i a ' i-

z a

.1 -CJJ~~ x x
mu = m = = = ZO 0u

WW LI L 0. -

z a 0 0 a40ar 0 -
3. 3. a i U U. . . .. -4

mU U U U U 3-, 3a m! EU - aI- ' N .. j j 1 uw
AL 20mmmmuuuu WWWWhoWW"IWWI-W -- WWW% C4 m c-4-C-C-

IC O 10,CC 4Bc M
In c w c 0 a2 m

ou~ mo Lo MEI, W, oi i ww w LU A wus - a

j j - j -1 ..J . -18 j J _ j _ _j . J

o. 31 00p.0 1. .2 0

I.-

0.0 A2 I= II



us -- -S - - -~ - - -. s - -. -. - - - -. - - -. - - - - -

v - V- - - - - - - - - - ----- -

0 C

17 u

(A

0 - 0c -tAv c- -1 OQ - - -4 - -C

0 00§88= 08 000 0

C!w . . .

-JC In W
,a .1 . .

- 0 00 0 0 00 0

0 U~ 
11

0000 0000 - 00 0 Cz

lug UZI -j 'a
US- AK IN -U m C

U U I

3- 0 -(- 3- 3- 1 , - . . . . - - 0 -- 3- N- 1- A- P- 2- b- P- 31 - -



a=~

M M- y i yr y c Yl

N..
a~~ ~ azra- fI ar1 t

3 3 R3 R

cmC
C2p

10 
Fn

C; C3 Q 0 0 -m

CD4 D 0C C 20 0 0 0 0 00

0 0 0 0 00 a

ca a

l4 NOCN

0 Yr 00000 0 0 0 0 000

P4 N

- w 
2

42 =

4 i

0~~ iv N N N 0N0- 0 0 00 0 -- -

4i- - j 1- 1- - i- i- i-

9V V VVVVV2



- -- -%.S. . %S.S.- - - - -. - -. - - - - - - -S..

.to t. ' t' Cc t- # t Oe- t- t'. C. 0 ' e'

z Z- - - - - - - - - - - - - --:z--Z-Z -

2c .S S ... SSSS

a
cU

If C

40 C P

40 -0 C c

a ac a cc a
aD0C DC a a yea Q a0 v l42

3. us c

09 a z aa a
aa

us 4 C 000 l0aC a a 0 ae a0 A n c o C
w U0

oo8a e ca~ Raa moallIO

UA Z a u UUU V WU U

a. a. aa USa ~
mm US -N-j UAu

U 3

u u a

UAU

mA w
W W4 U j -j j- j j- 4 a-WA j j

-a- A a - A- - 1 - j - a- 4 a j -A- - 1-a j .
N N N.. WU !NNN9

3- p. 3- 3. .- 3. 3. 3 .- 3. ' .. b. . ". 1. P .. 3 " .. D.3. . .
us~ ~ ~ w- mi aaU UL AM iwl iw



U Uw

-i - - N - - N - - - -- N - -- N - .- N - - N - - N - .-

a 0 oaOYS00000 a00 00 0C 0

cc 00 00 00 400 0 0 00

ig

2 - mi*v vi vi I

Q LI
v P - 6 - P- - 0.-

D 000 00 00 0 CD 0008888
Q8 00 0 00 0 0 0 0 a a C, 00

aL 00 0 CD 0 CD 0 § = 0 0*0*0*0.0

0i 00420 00) 0000 0000CD0 0 0 0 C30

-U)
o- -

ae w a a z3Z Z N= = 3 3

C, Q88800000088=08 C,0000080

vv vv o n vi vi S vi ui v v v vi an aev vi

MLii MiLU0-b- 0- usUWW us 2

I~ ~ ~ 33 -Cz a NT N Pd MiU Miw =A Uh "I == = = us m x==m=m==%=w
Iff =p-~ 0 Z z - -j j Mii Miw MiU 3

0 000 3.3. .. F

One N N Nc N c N c N 40 0 a 4c mc 'w 0 0 0 0

-A -4 -: -1- A-i -i -A -i i -i j - -i _j--A . i -j - -i -j- -0_

8~ Pi1 Pi B. ElElS B. B. ..J a1 i3 B. BJ

-. .5 .
-. .1 -

N Li L La La .A .a , ,a .a L .a .d



- -. -% -. - - - - -% - - -. - - - - -. -% - - - - - - - - .- -. -

N 0'0 0' N ' N '0N 0'0 0'ON0.O 0. 0 0 N 0
Wj e - --- - --- - -- - - - -- -t-

C 0C00000000 00000 0~os goos

z
90

CO u. u

4c P

U)

U, -c

- ,

w wi 0 2c x z at=ma= z at~ z xa zxz a

W 00 0000 0 0 -

om00 00000 0 00000 0 00 0; 0000 0c 0; 0; 004 ;c;4 ;c ;
W% in- - -- -- - - --- %n in- --

.1u w w US mW z z
Z- ~ ~ 0 m0. 9&u ~ us "AI sZ

ku La I si w MA og oa . a. .a. . .
00 00 0- 3-J~ 30-J0 0

I-- -UU-U-U-U-- - -
------------------------------------Ite - T

ccc a c r r o O 0' C a O C C C C
It . t. 4. w444 - 444 4 4 4 4 4''
-...... -.......................................................

Z Oj

CLLi 4 LL L4 a. & cL & gL aa~~aa~~a~~a.Lm L .a. a. L sL dL~



z

.- co 90 ' N 40 '0 N 0 a0 Q 0 '0a 0 N 0 Q N 0 0 4 

m -- - N % m- N -4 m- N -em N -- -
00 0 0 1 00 00 0 0 0 CD COC O %*%* -- .~ . .- S %. ~ -%

0

v V V V V V V

caa

CL 40 a 4 U ;

- 000 0 00 Q0 00 00000 0 0 0 0 00
03..0000000000000000000 00000000

3. (f) Z

I.-Y
In

US 3

00000000000000000000000000000
00000000000000000000000000000

00000 00 00 000 00 00 000000o

---- - - - - - - - - - - - -- 6- UR WN - WN M

v V V V V V V V v

mU mu WU

mu mU us aL Uu
mU j ai j-az z =Zz Z
mu z izi - oLu

5 a 1,~=4 I-a-a-a ==~- -a w "w
0j -aaI-- 1-0- 0 0 0 a 000zx=-

P- -o o o o o o o o a 3...~ . 3.. -. 3.
- z

mu k~K K K1 1 1 ajC c 4 c C 4C4C t jC

-c 4c c 2 -cw w w9 ww 2 w

In 0 000 0o 0 00a 000 0s 0 00 0 0 00 00 m 0
mU wwwwwwwwwwwwwwwIAWWWWWWmmmmmmmW

___ 0

0

o Oa

N4 r'

X a-c iL o.st. .*L a..ttj a. t a. a. a.t a.t. a.t * tt gLt. 4LSt L



UA

9v v

us.c* o0 CD 400 o.4 '0o N40 o0 N. 0 '00N0 60 o. c; C; C 40. C; C; ' N. 40'oOC

4c

w

Coc 0 0 0 9 0
CC

Cc, -01C8,'COO 00C 10 C C C CV
C! C!C !1 9 ... 9C

w~~~~~ 00 0 00 0 00 0us0 0 00 0 0

@00080&000 50 000000000000 =C=
- -- U) - - - -- vsv Mi M fUlw

uj'6 -- jj= =.. wwiee w

88.-J--J-:;www= -- ww . . w=a -

= 0 0 - -j -5 = IfM

. w w w . . . . .
inw M nP MwwwI 4 r4- r4 &. C-

-j w W . - i- i- j- 4- i-i j- 4- 1- 9- 1- a-

AL cL g c 4 L L4L cLi a Lo d



> .>:.>>>uuuuuuUu 2,>>Wwu

U i 20L 2t . w AU A zr

1 0P P 0 N 0 P 0 P. so '0P 0 c' 0 'a'
u IN - IN I -N - - IN - IN - - IN - -IN - IE5-M I N--

~ ~ ~'~~'r n i nn 4110rnn

O - UN IA
In00 0 tfI o oO

K- V V V V V V V V

-0,0 00 00000 tm 0 0 8
FA0 , 0400 oC,0 04 00 V 00C,:10 0 000In

09 V'L ina 2 V V V a VV

0 000 0 0 00000 0 0 00 C, C 00 00C 00 00 O,.IC

O M 0ZZ: 3V V 23 V V

SM =

us 0 0 0 0 0 000 000000U00000

t A W s an .- z- I NI

* = = V. V, V V

0C- 00www

000 UP1 UUU w3 w M
Ul 0 0 0 j - j- - j- 8- j 4 - A- - j - j j

9 1 MS MS MS MS M( A(

IN

m L iL~ L L AL C,, ,,, I ,,,,, a. 4. 4. 4. 4LC



404

4C M

-5 00

m 0000
wl Co

0 0 v V C ;C
v v vv v

M 080 O

C', C30

0,q 40 0 0 0 0 0 0 0 55 0 04 C ;C

00 0 00 0 00 0 004C00 0 0

K ;C

UU
UA

wC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

- ---- --- - --- - ---WNi

V V V V V V V V V
v V V V V V V V V V V V V V V V V V

Hiu
uj~~ ~ ~ usI-i sM

Z W W W Wil

w au a

cc~WW W6 U. M. 4C4-

3- 3- 3- -a- J JA
a~~~ = a-- - - - - -~ aa a. a. M1 z

am ammaama mama ===amamma

OC~WW W WW W 4 C4- Cw -C4Zg2: z4w : g C g

a X.

VaU

0



u > 21 > o w>>> W U W. "

04

,a 40 a0 go a0 f0 40 '0 N 4Q 'a 40. N 40 a0 N a0' a' N 40 '0N40
w r4N - ey- Nm - ry- em - m - - m- -- Y - NM -

a

in i
CDW

940 
4 '

-a 20 V V, 00
C3 V VD CD V0 V0008

so cc 00
020 0 2 C, C, D C

a U, oc c 00000080v49 00 00e0 zN C O 0t5556555z55zz z z

0 9W 80 000

1 a,

mU U w u zz zz z z wz = -$-b
0. 1.. --U1 1

1- U ,, U
w W00W0= 0000000001.-00000060

-- 3--- - - - - -. -1 -A -

P4 M MWW

.mmmw w t W a a
uj . IuCS

oo -- -
OL ~ ~ W W W -0u tM iL m L g LsLL LLL&4 c L i LA



at 0
10 o

0 IU'C NodN0CI 0 a;, 1

-~ - --- --- - -c- mm- - - mm-
.- . -.c .

v vv c v V VV V VC; C; V;

I- ~ V V V 0- 1- - V V V P- 6

c a c a c
CD C2 0n = = m 0 ,n -ommC C

40 v LI 4 C-

I, , §a
. '9 '9 . . . . e . . . . .@

9 In

ww wcUc

mm mm c- e m ai mac mccc c

R~~~~ 'mPttý

SK u a 2S g0: a a 0 r r

46r W W W Z U iIUI

ui M AM L u ww w w . . -Auz iU sL pwk mwt w w L us M

IA WI WI j ..J- .I J ..i .,. ... ... .j -4 j -. j . j -

0. LIU I ULI LIU La. cL 4L a. LI a. LI L cLLULIU U IU



a or a a r- a a 16.0 a a 10 a a 411 a a -9 a's-on. a a - a a - a '
-U CM m. %Y - - * . -cm CM .-. - % - ty cy - %-

4N' m N a m m O 0 mam 1 N'mN'o m a NOm
;900000,000000000 00000000 000

-- - -

0 0 00C

r4 0000 W; V V V

-a

- 00 0 i V ,

'A * 0000 0080 8800000000000000 CDC,
(A C! .. 0 0.010 090.00 0 090.0.0. .0 . . . .w OO a 0 0 0 0 CD 0 40 0 0 880000 0

go ..

'A 3s

W w
2- m

W 00000000008000000000 M00w000000
0000 0000 W00 00 000 0al 0

49 - - - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C c- . 1

.Jwee Big -O NO O 0 000 0800 00 8 0
9L 9-I---------1--------a mm f

AL V V V

Vc 4V Vc -V V W Vc W V g z 4c Z z V

usu mu mu

00 00

0~~~~~~~~~. 0. a. a. a. IL &~ -L L cLg mm m L a. L4 LL



p- 40 a~ 40 a0 FF 0 a0 p- so '0 F-0'0 ' P0 . 0 0. 1 0 'aF
us NY r - - - y Nem -- - - N- r

- -%~ .- - - - - - - -. - - - -. - - .- - - -. - -. - -. - -

-JoC

M~ V0
3 0 0 O 0 3

z2 - U,4 C ooC C ;o ;C o4 C ; ;C C ooa

z Aw Iz zaz

a.~~- - - -------------CC CCO c ca

v v v v v v v v va v v v v v v v v v v88888888888

(4"Au
a @ O C @ . C O C C C OZC@ C C O O C C

mu =

I-J Uj m - -

-- P4- --- M- - - - - -

x

3..~~m 3.. mut u

ZZ iiU wmmu

9 - - mmm mu u -j -j -4- j- j- j- j j j -

zz

cLaa~um LmLum&& uw. L .a A L .i



u ww~azzzm w WWWWWWWzwWz~wWw :>:.

- - - - - - - - - - - - -

Z

NC M~~ N 10N a aN 0 4 N w 4 OD a'0

z

N

000 0009000 0

-(DOO c oc 000000 v V

N% IN IN

IN6 NAin -00000 0
9 . . . C

000 040000 000000 V
0 U

-L a~ = 00 000 0000 0000 0 ND0 0N0C)z 0
-40ui w00 0m 0000000

m 0000 o1---

3. up 'Z

-0 -j

Lu
U. 0 C4UCI c4 cI

m 2 va

:20000Q00 00000000000 C, 000000000 C

;- - -0 '0 = - -

VC 00V, 0 4 0I V n V% V V IN Fn V V

Lu 0 ;C N ; 0 c C ;6C
z No

ui &U

3.6
Lu 1616 u 0

A; L u LU 9a

-jLUL au V) -- w z i9 - - -0
Lu us~ u 0 0 0 3~, , , a .1-C =- w- Off

aag ~~ y u W uu- W~W ML s uA WWW
C. --- - - - - - - - -J~J j A j jj9z-Z

00000I 0 0C00 0 0 0 00 0 0 0 0 a

LQ WW W W WW W W WM WWuW W W W

* 0

CMo

2c ..-

CL - 4.S AL9 LI LI L9 L9 L& I L' .L g L0 L & O



- - - -- - - - -- - - - - -- - - - - -- - --- - - -

,a 2

atz 29z

(A- 
- - - - - --1 Z 1 f .- t1 . 1

v -- -m cDc coo
Pv v v cc c

U~~ C!-n-.m
-v CD c CD C

uz V V V V

cc 2cc. ccc cc cc c 40 0

- )

UA~~ V28 c0 
C, C,

-U UAL
UUu

Ml de ca z c c o o a cc ccc L cac C cLc cc caceu si c c ec ce ec 9 .cczcCL9
us usce aU cwae m m

2K4995a 5 a ncaaacaacaaaaaaaaaaat a ..aa.
------ zz i --- f-F

K VA U us P4 P4
2 V V VV V V VV V V

P-j~M Ml Z Su ~ ~~ ~ ~ ~ zj j 1- $.P.o-W3.. 0-6- -.- w w w oc c o

C 4cw W
9L 26c m zzz zz z zz zzaI

-C ~ ~ ~ ~ I wl 4 Mww l 4- c

MlMlM
-1 1 -i -a -j -j j -j j j A j -j -j -j -

a.c a .i &&La w 5ca. 4Lw a.~d a.a .a &a La



WU>>>>>606> 060-Q 7UtUr W WKZZUS U

z

t

%. ~ ~ ~ ~ ~ ~ o m a a %-*.* . %- % .* ..- .- ~
604IA.6 4 -_6CY-604- 04 ~ . 4 .6 4F 6 4F 0

3M - - - -- - - N.-N-r - - Nw

CD D CD00 0. C

ul~~~ .- . . .-

-. U$

-C -

604 -
14 !

W L

40 0 00 0 0 0 0 0 0 0 0 000 00maa0 3. U 2 0 m 000a. - a. =oooo o0 o0=0 0D0040 cz.g m o o 0 s ,C
3M ~ 000 00 00 0 00 00 f00 =0 1 00

99 9 9 .99 .9* . 9 .9 . ...
- -S

oc oc oc ecooa

O 0 O O O 0 0 O O . N N 0 0 0 0 0 a 0 0 0

tU, w~6

uj -1 U. W a x

C, -I 99m 03 W 3

I a at mm 4a 1
3M 3M 3M 1"- -31-1

9Lww 66 G.. 9L. f z f =CLIC6AL

-C OO m m -C -C -C 3M 4M 4Zc

00 0 0. 0. . 4L 0. . mL 60 0 0 0 6



LU

000
I-0

UhU

in W

m 41 vv vv vv v P-P-V

01 CD04 D0 10 D 0 @0

to i - . . . . 9 C 9 C . C! . . . .C

i 08 0 000 04000

0 0-%U 40 .Dmngoo9 g s 80 c

0 ,S N , , * * ,*
an

Li u " " U

Us - . 000 000 000 00 000 000 000 1

GA -i j - .3.3 jJ
ig w a a0IL IL0 C. - 1.- P.. wU~ 0U, a- "- 0 0 a0 W W-IA ~ ~ w0 44 Got A ( U P( A n

m a -j Vj V vj zj- j -j- a i n1n aV4j j jj j-
NI~

ALm4 L L L 4 La .a .a



wu U U U

- - - N - - -- N--- -N-- -- N - -

us -%~ %* %' . - - %.- .. ~-. - -% % ' % . .

1 cc0cg0 0 0000 0008

:z :z it :z Z Z %.

C 0m 0 0 9 9 C!-
mu4

0 0 C 0

-9' 0 0 -P-0 b-P- I-P

29

;o 00 V v 6 V C; v V
W U

U)~~ ~~~~ C, 00 o ~ o 0 0 0 0 0 0 00 0
. -l m. 0 0 0 0 0 0 0 0 0 0 000 0a

3-- 000 COO 0 0 41001 ol 0 00CC 00 SO - C,0 0 S 0
uj O- 0- '000 0 00 0 ey6 66 C00 om 0 N- C; 0 oC;0

4c -J

-a

Lu a z aZ Z Z z 1zzzzzm v z z z II
mu 39

0 00 W% In W% Ny - N 0 - 0 W% W% W% U% U)t in U) U% U)0 00000 C

mu =u mu ,U
-4 -j mi u muA -

M.i .i - .0- . mu mum

Ui Ui i = = -i ..J ..i ..j mA u mu mu u AUU U U U u 3.j a'. 3--' l u mum

--- - - - - -J - - -C
at ?y Z Zy 02 ) )U MU)j -U

U&=
w I. a9 aaa s

u jw -j -j-j-jwW u

*T T

410 La LA Li L L4 .i



u a u u a u 2U No 2

- - -b - - - - - - - - - - - - - N - - - - - N - - - -

Z

au N --- -- 0 N a -- N - - - -

-A ty- t

oJ ^A0e 0 m 0 Fnm0 m 0vC 0P"f

1- 6V VOO v V

Z1 0

I- V V V

!2 U 24 CD

030 va * 0 0 0 0000 0 H S0S0080§
U) -j a. 0o .o o !~ . 9 9 . . . . . .uj00 -Cc0ooo0 o 0a 0~ 0 2C40 00 00a0 00C300

I-3- Wo - - a 00 0 00 0

=00 0004 0 0 00 0 0 00 0 0

§a § v1

if W v v ma v a am a m z aa a a a

(U = aui
w U u6 0

UI 
t l !

3U~.
-6 -A~ 00 0 0Q O Q 000

am LU aas

9-kac -5j .. 'S wU 5 5

a a -a .A i

a- a -- - - - a- a- a a a -. -J -.. -U -U

i~~~~~-- -Jaj- j
if 88j- ,j 4-,-

'U if if if. L iL m ma. =L ma. a a.i



-~~ -.% % s %--% - - . . % - 3 - % ; - %- %
P 0 . N 0 - 0 - a 0 a 0 .- P.0 -: a 0 - to

Wi -Y Nr4 -N -- N - - -y

c 0 -4 m 0 t v 40 0 0 m C 0 P - 0 0 P" .0- - 0 1- Y 40 -t

zc
03

z

0 C

b. 
C, 0

(A - a. 0 0 0 0 0 0 0 0 0 0 0 0 0 0098 0 0 8 0 0 0 . .
Lu 4c 0 000 C iC C C ;0 00 =0 0 0 040 00c,0 03,0

3- a) at0 0 0 O O 0 0 0 C9 0 0 0
O O O O 0 00 00 0 00 00 0 00 0

IC (A 4ZI 1 C I O C IC I C 4 Z m = c19 I 21 qCOC O U I
at uj 0m

US3 2

oA W LAS in UA us in in MA 0 0 i 0 0 0 z
-- -- -- LU en en .- W . -.

V9 = z z x = m m m V m . = = = V=
VU W M V V V

3.l 3.. 1,-~

'U -

k C4 U U U UU U U L U ZUC 44kkC4 AA444 '
----------------------------------------------------------------------

W 9 I 49 9 4ocac4. Zaoaeniin 4c 4c 4c ICIC 4C C M
N 1 N NNNNOWIw

a. w ww w w ww w w ww wu iuiu

0j 0i 0i 0i 0i 0. i 0i 0A 0 0j 0 0i 0 0i 0i 0j 0j 0 0 0 0 -0 0 0 0 0 0

CL ~ ' a. AL& &a. . i & WLim. cL 4L& & gL a.& m L a



- - - - - - -. - - - - - -% - .- - -. - - - - - .- - -% -% - - -..

ofNO- 0 m m--0-- - 0 -- 0 -N - 0 0 - -

Yb D 9 m

fA

Id

-C -C-

44o

0- - C. -- C

.
- - - - - - - - - - - - - - - W

v vv vv vv v

0U UAu u U

Oa 4c-
Yb * oo o o oo o oo o o oo oo 0 000 0 0 00U0 00 0 0 0 00S0

o j j 00 0 00 0 00 0 00 0 80 0 0

WIU 4 41-

P4

00 00 00 00 00 000000&4 L c d a .a.a L La



- - - - ~- - - ~- - - - - - - - - - - - ~- - - t- - ,- - -

z

us -

a
-i

o a.1

a o

at LAS MCC5 g 35 C ~ gg 55 a

Q 42 0 D08

U~~a ac at Uaa Z Z Z ~ Z ~ Z

LA w =LUt

2 w usCC C CC C -1 -.1 j005 8
w ~ ~ 0 ~ 1 000CC 10

14 IM IV *- us ISi IS w w =I Ii MiMi

V9 1 a V1 V1 V9 ", V9 V V V V IV IL V.1

6 6 - 3=- -- '- -w w w

aY w - - -

mJ PON--3 IIIm 'WWW-

is a aa~ -- 33aaz.
P4~~ww ;; d

ola=M ~ - -t - - - - - 7 7 a a7 77 - - -

CL U IL k k sLkki .&a .k Lkk4 .a



Li) w0 w 0 0 ww caf(aa04(AU

z

OA on C 0 FM N 0 y 0 -n N 0 on cy-N0 0 #A N 0

. - .N - - -- N.- N -- - - - - - -- - - -

v 2. C

IL 01 4 - -0 D -0 D -D 0 - -2, - -0 -

W- --

Sw ---

41 C- iV

z C I 1 41 14 4 2I C I C 1 C I 4 O C I

0 U

C; C0 C; 0 0 0 0 0 0 0 0 0C0 0 88R . . . .
0.~ -0. 0 0000000 0000 0 0 0 C

o 0 000 000 000000 Z

c -

IL 0-0 -0
04

00 0 0 00 0 0 00 0 0 le le 4 - Nu -00W W < K44 44w4 c

-- O o n m - - -Mi0

V V VV VV

Vý VL a. a. a. AL4VLc .i L a LLa



> w www ww>>:-' - ;>'
u w zz Ez w ww fc " " o

co

0Yo n t n C n C n e n C

it

a* aias 0 a a 14-N 14'0- ; a 0pia lcmNa

0,f a pal *

* mfe4 NU*(

-- 00-0- ----------V

0800 0 W%0 80
00

v 00000800v
Nd

... a ~ ~ ~ ~ " IAnc0 0 0 0 0 0 c 0 0c 0 0 0 ~

9L C, 0CD4 00U00 co C c 00 000 00 00 0 CD3 cc0 c
0a0% 4 0 0888884 4 4 C

0CA 00 00000 C~

LU -

CD 0 0000 000 00 00 00 00 00 0

o. (A ZRAc

-i ini

LAJ w A Ju

m~L ma 0 11 IV M ZZ ZZ Z ZZ Z Z

-U w U1 . .b -6

ooc cu z aoc oI.-O ccoI.-~

-U U 3 . - - - - -- - -- il f f

wU -4A W WL

IfOII

4cU IC 2 * O, zZ oIZ

A.~~ ~ ~ a.0.&a.0.0. m .iL I Z a. m. ma. a. . c a.



- -c - - c - -- ~- - -. - - - - ~- .- -

0-c

o Z. Z Z - .- 0-- - - - -- - - - - - - - -- - -

in 0

UD 0, 0 - N -

m 0000000

w p

al*

A 800 1 00 00000

* ~ 0 'Soc o 00SI080 C c 00 0 00 0
Omnonoo 0

0J 0 000C0 N0000W0; W;000000000

wU zA mj m.a ww

m~D~0 0 0 09 000 0

2. 3 c b.. . . . . . .b..
CO O O O 0 0 0 0 4 IC~. -C .n I.- .0000

- --- ----- -- m mc - - -

U U ,

a 30- 30- -

uj~ -JJ W. b" W-

.1 4c 4c IC 4HIMME MIMMI SESS-
-IU sUAU Ii

a. a. a.



-a - ~- - - ~- - - t- - - e- - .- - - - ~- a-r

mu m N 0 4 NrN 0r ry -m N -m-- m 0 -n cm -lr
0-- 0 - -- 0 - - 0 -0---0- 0 - - - -

us

v I.- - . .

Z; 0 C 0 0 0

0 0 a C, -* C, C9s

44 0 -0cc

-C 4c V OCO Vc K VC- C4c 9 oc O

00R C 000CC

C 00C C 00C

0=0

if 4c ol IC a a a z z z z us us
mu &U=

U Um

iL k cL m k I k k k k 88888808



- - ---- - - -- -- -- -- -- -- -- -- -- - - r- a -

o~ ~~~ - --- - --- --- - - - - - - - - - -

I.- - - -V

m 000000

IA -

-- -
c -

U, 31

0r C0'0 N 00 00 C00 008 C

~Jy

v vv vv v v vv

IC IC 89 IC0N K

b-za at

If- I. am at a-a

0U U, w V V V 0

P. LI IL UU C U . a. U6 Um LI1 a 0 C EdC 00= 0

La a a m am a w a a aum a a a m a a a a a a a-r m a a a

09 a WWWInWowMAwWWWW WWonWWomWaW a
.. J j- -A. -. .. . . j -a . 4 -1 ..J .. j -. 1 -1 -j -0 -4. -aJ .j -j -j. .j -j .- j .j .j -j .

*m4 NN

o 
7777

Z%.a.A &&aALs & &&& c a &L&&& m&4 &



>

- - - - - - - - - - - - - - -

140s9 1,-9 1,3 osAm4a~

.49 Vcy C 4 I

%. ~ ~ ~ ~ ~ t Z. t. ~' -*

V V

aL 0

3. up-

w 1 t A 1 1

W, X

000000CD00 00 0 0a 0 000CDC 4
a * 00 40 00CD C)000 a 0010C 000000000a

.............................................................................................

LU 0 Z Z Z ZZ Z Z:32.zzzz~ z

LU =Uw
14 O(4 U iat= a

.. 0- b- P- - o at a - - - -

44" LULU o j=

LU 444 WJ - w Ua a

L. w C0I-UL L USUUS LULU
x SO 4 oULU L UW WU

0 W WW W . U.U. U.;6 U U. 6 &6 U 4 U x Ucz

aa wmm a a a mnm M La MW SW MAM Ms M LOU

z Z

N07 - 7 7 - 7 7 - 7 7 '7 7

CL0& c. L& A 6 t . Q .a L .A . 6c N N N NLNN4LNN N Na.NN&ta.NNa.



t t

cm- CD .m '- 0 -0' m - m- cm 0 0. CD Iw- em-U 0 -

o~~~~C - C!--- - C! - - - --- - -

3- -- 0 40 Sn Nn...0-n0000C -C

co aaca zcocazx

us c'c c0aca 8-0C-g o coca
0=08 000000 coca .. 1

up U

o 0 eeccccc ce e ec ac ee - o

2-- 3. -- -1%A

fug U (A
0- kuWW

IL - - - - - - -

. -.

CYA

aLm& 4 a .ma ac 3, c cLa& .AL4 c oc



wW uiu Aww uL

u w w 9t

- - - - - - - - - - - - - - - - - - - - - - - - - N - -

tv m m ( cm cmm mm m m

000

oc -

9 00

-10 i0 40 a4 0 0 0 -- CDmm0
0.0 C 00 - -* -00 40 00 cI

3. 2c.

-J 0

00Qa 2 00C 00 40 0 0 m
CD 020 00000 0C 0 0a0= o l 00Am0

.. 99 9 . . . 9 9 99 .9 W 11

v v' V V V V V V V v V

,.. y. 31

Q UJ 0 a a z za a a a z z 2v 2 a- F La

W z a

-L
9 1- 1- j-jiC '- ,-i- i- i- i i- j-
P4

7~ 7 7 OO7OOOO O O O 7 7 7O - -O-
0. 0 00000000000000000000000000000 . k c



ata

W --- - -N - - -- - N ---, on -y -

:z z0 --- - -- - -0 - ---- - - - - -- 0 - - -- -

cn~~~~a a. 9 a ....

mi ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 0 40 C.C D0C DC -,0 00 0 C
3. u

- -4 vo

49 U 0a
CA

!S 0 0 00 0 0 I t C
0 M

wc 0 0 4Q O O 40 ,ig sS' a

C;C ;o03 ;C ;a6C C ;C ;c ;C ;C

knp
-J,

0. 0U 0. IS00

-a usu- ai "l

0U z j -

0j 00 000000 000 0 us-N
0 000000000 00 0 00z

uj ww wwww wwww uuwj AM ..

t- t-N .F fP r-P .- Nt P P. P.t-t P00. a .1. a. P. a. a. F% F.

ALi &t a. 4. iL m 4L & & 4L & ~ a~aa~aa. cL & m d



UU

0 0

a --- - 0 - --- on 0Y ry In- 0 - -

m - 0 0 0 -C;C

CON N %.

0- 000 00 000 'mr s
9 9 9 V . V . . 0

C3 0 0CD- m40C ;C
z COO -- v v

a. - CD 0  
CD 0 0 C C 0 0 0 0000800 C a 0 000

0 0N 000 0

-A .1c ac CY rl

29 2c z m zv I 2 z I as ati a 21

8mt ,= ' -CI 40 0 000

0t Nr t - - 0 0 1§0

V V
giu u

In in 611

00s0 wwwwU I

0, 0 uu

aca

I U UU a , U. c C 1

In a L. w L, uA( U - i :. w

0 w 0 1 1 iij 18 t , 9. 0 2.000W i WWLWW W9LWW WWb-WWW WW W

*L aNcui m a ( o wlU uU)u s u

PP4

* J P P P P P P P PPCYP P PS S S PPPPPPPPPPPPP

* % a - - - ------------------------- - - - -
* - V , g , . , * * , , a S * a

ao 7 7 7 7 - 7 7 7 7 7 77 - 7 7 7 7 7 7 7



2. Z.

40a

3Ufm f c

o --- 0 CD -CD - --- 0 - - - C -

-J3 0 0 0 ;

v vo co v v v v

SCA P"

-u- 04 0 0 0 0 o 0 C

u (A

UA

cocoaHo H

in in 6% 0 0 0 W% - N W% kn in N% - W; 0; -; L4AIk ~U In oA 0* 0

33LU w aa

usU UI aU a
U, us ... a ~a a-aa LU LU

MII -1 -j !!5
as- --- 4

atk- ---a_ 33_
k-- -i j 4 4- C4 k- 4 4 -g -

0r 0

3.

0.0



zo 2 .: 9 L 2.2

4' a Z 1 1 0CAm .: 4( Au

93 m m lN Mf
n

us -y - -N f

a 000D 00 Ca 00-

- - -C

V V ~VOO V V

ca ~ a Sa

C Cl C

.J ~fl * CC CCCC CC CO 00 CC 00 00 0C
1. -0 a. CCC0C C gC 0 0000 3 CC

a CC C C -C - C CS SOCOCOC CO SCC, 0 0 0 3

-m

U wi a z a I a a a I V a v aC aC 12 I a OM ac In I MI I

in LI r

0ii~

-K a a l Z n.j w ww - ==
a-a. a "d w a = ~ a SM SM = =

cc u a - -a aj
=u " = ,

IM L

SM SM ------------

Ca-l 'L -L -. - - , - - - ,

9LAL 9

4L-------------------------------------------------------------



-. - -. - - - - - - - -. - - -. - - -% - - -~ - -% - - ~--%*

U. in : oo 0 0 a 00 C 40 0 0 0 0 CD -0 C

4n a

MA

u

us0 0 C 0 C 04 0 0 0 0 00z ,C

-a * 00000 0000 00000 0088 08808
In------0N. %i -0. 000 06a 00 0 0 0 0 8

08 0 0 0 0 0 0 0 00 8888888v vvv vvvv

-US

MA W=U
Uj4 z

. -C -C Ni -C Mi-SlMi--0u

3cff

N.- MA
UA ~ ~ ~ ~ ~ M MA -=- W - 4D 0-

0 01. a j - 4- a 4- -MAj UdS -AU = j- j- -j

at 
0.

;l~a =- atat-

MA j 0 U Nw O 0u -

toN N N N ~ ~ . ~ ' C C C

Ifi fi fi fmi iiifi fi f i fi f fi
I UUUUUUUUUU



UZ. ZKZ>K>ZZwZ20 ZZE. >uX

0~~~~1 4N0NN N N N N N N ~ '

- - -v Z~ ;S -u P%- ' P%-. Z .cy S. cm N. AS.. -' %* -
0. CD N 0 1- 0 0 0~ M N N Q N N N 4 0 0 N N .N

Q 0 v4 D4 ;C

v

0;Q 4 DC D4 4~~I 0 CD 0 0 0 CDCD- C

-j !2 0: 0 CC 00 0 0 g0 0 0 000 000g 0 00,C 0C

0 3 0 0 0000000W% 0 V, V, 000 00 20404

3. uurl~ifu uaz

aus

C. - C! 0000!000u 0-m0 00 0 8 uiv9o C0000

- =--

-. J -i

IaM M

UL X00-fl 0 0-0 -A88
u 0088000 00000 00000 000~~~~~~~ U.N0 0 0 0 00 0 o c 0o~

IW 2z- fl- - 1 - f4

to%& ~ ~ P- 3-3 -

ow ow

9L as aa 0 0a

'K~ ~ ~ 4CW4'K mc cll C C,.c40,'c

- - - - -

AL 9L L 9 m L 9

inin mm~m inmm m mmammm m a a um a ma ma aa .. ... ..
IL CDI W 98L ~ W~ W a W W~~~~~ AL 9 CLwLWda4W 9



- -. - - - - - - - - - - - - -% - - - - - - - -. - -. -. - - -%

N z0N 0, NL N 0. N. 0l N 0 NL 0. NL NZN 0, N : Z a ;L NL Z

N NNN N NC4 N NN NN N N N ry NN N NN

CA

v - ---6--b vvv v

IZ........SSSSSSSSS..... SSSS
UNWir1rrrr9 rrr .rr9r 9vrr

K0 0 01 000 00J 000

88000808 CHOO CHOO 0 0-00-0

000 00 0

w U

m. 8 00 -- g-8~ 888080888888838
CCA

-1 z U. .

0z

La U UC

0 14m 000 0000 I CICI

2~oo 2 22222 iIII I i I I I
N0 00 888 0 t

WN -0 000 -W0. M- 0 0 0 0

Imu



- -% - - -. - - - - -% - - -% -. - - .- - -~ -% -. - -% -~ -. - - -

cy NY M 0. M M~ CU Ny M~ 0M N% Ny _ ~NNN . N 0- CM 94 N CY N

uia 0o, -45

C! -9 IR 9 U% onC
inc acm

I. 1. 0V V V vC v v

a -0 -S 0 cc
ccc c9

al4 0
ac~~c -Cv vv

ai cc c icc a c c c c ci c; c c; c c; c i ai c C c; n c

us z

14;

wU a zzzzz z z z zz zz x zv VN
Li e

40 ~ ~ Onccccce noce as " =0.0 a00
C! cC! 9 9C! C c. Ct. qqcciciciocca

V V V V V V V V V V V V V V V V V vi i v V V v V

ww u u L wwu t

Iff w - -C 2

M- b-
CL Z U M -i

-i - a U a8 w11 W

cL wwwwww wW"WM288wwww www
CL. a a Oman aJ a. a. wI -J j .J j ZJ J = %l = = 1 *J. -J -J -~ .J .J -j

KizzzzzzzffzzzzzzzffXE = =5=5z

0 0 a a 0 0 0 a C39

01.
Nacm m m~n m m i mm ii m m

toW W W W ~ U W W W W iU & I W W L
"LO 

wt



N- al' 11-2-% 1~ a a 1 2 - 0* 2%-2 1- a~ I a I a% a% a%

ey IVO N Or N i N N N y t- lOy N fN N ri N P. CY N N N y

o c

40 C SP
- ~ ~ ~ ~ C C- C! C- C!. .- *.% --..-----. %..zL

000
Cw .9 . . . C!

00C 000 00 00 00=

0DC 4 D0 0004 C
I-20: c 40 C0 00 00 00 0009a 88 8

U.( 00 00 0000 PM~ 8 8 8 8 000
. - C; 000 000 0rnu ;6 D6 oC0o6 o ;0 06 0 000ý C

38 0 00 ~.. U) = c

a-
6-

me , a at m= I= z 3 z V x3 I. I. a atzv

I.-
as

D 0 00C0 0000000 0 0 0 aN OCD C 00 00 000

- N 0 0-0 -0 - o

V V v V V V v V V V V V V V V

W W- W D - 3-W .Au

4- -wwwus- w ww0 0 3 3J. ..5a a 1

ma a am a-am

.J -1 .. j ..J -1 -1 ..-4 -a .a .J i. ... .. J .J -j ..J -j .. J -j .. i -a -a -1 -j j. . -5 -A

.5 ~ ~ ~ ~ ~ ~ ~ ~ ~ - -j. .. J -a -j -4. 4. 4. 4. 5. 5. 5. . 1 -0.. .4 - 4 .5 -

zzzzzg z uzzz zzzzzg~z=Ig22so

Oa-a
.. 0 .a. . . .



0II 0 ~IIIJ UJLLLL 0 C 0w0 W z 00 zzz WZ wL

Co

- -. - -% - -% - - - - - -% - - - - - -% -% - -. - - -. -. - - - -

o~ .. ,~ o t -e-e~ I- ~ - ~ - ~ - - -i- r- -. - -. - -. - - -

0 C 000 0 0 0 0 0Y

v v v

-J 000 D

- 0 DC 0 C 3 "I D 000C 0 0 - =-

I- 3. V D4 2C 000 0 0 04

-J C in mInc
m- COj - -

S I

a. -0. 000000 40 0 0 'C 0 0 0 C C C
15.0 8 00000000 C 000000OS0

1.. M1 ZD 0 M00 , N 4 'E4N;C
in C2 C)Nc m

inU
ci

asc

.i SS CO C 000 NNOO 40 00000

Z. LZI LI LI -C 0

u LU w Mi

ZZ
IN 0=1 *--i . §g0.-Z 1. -151c.1e5.igata

........................................

ucICZi~~~0 1 0' o 1 1 . . . . re re 5MS
ac 21 at m W Ou Mil ii4iw K

M. Wu ==2O .

go m go w m lm w In a U Z m o m a f a 0 UU a a aU
MA W WWWW WWWWW iMWWWWWW WU

..g l . .J J J J . .J .i .J. 1 .. 5 .J.1 .J. 1 .1 . J . .J. 1 -
.J .5 .J .1 .J 1 .J ..1.5 .5 .. . 1 J .J .. J.. . . . .J .5 . Z. .i . J .

dL CL IL & & -

1- 'a-a-a- - ,- - -- a-a-a-i-a-a



u w ci w w w uw u u 0. u uW WWS

;L .%., .- 0. Z. Ck Z. Z. -CP Z. C. Z S.;LS - S - S.- S .

ll 00 0CDO0O0 0 0~

0 - - - -0 -00-

v 00 b-- v6 - 6- v

.C3 00 00CD(2 0 04

00 0000C 00 2 0 00 00
0) 0 V V, 0 00 V, i COY VOC

31 C, oCmw, C, CU 0-lo 001oo
00 00 00 @0l'l

ca

Li

g 00 000 0000 00 c o 'nS 0 snW%80 @00 ft I2 0
0; () 0 M ftm 0 0 0 cc oS S ~ -o8 ,ou

0 -f r40 oo 0 D 0 .0 fto2 c 06- ooOo cam

v v zaza v v azzax v v

Liit

U 000 oo oowoo m 0 0U0000

40 Go 00- 00 - to 00 0- 0- 0 ff0

w w wwCw- wcc<4
U-JI

a~~- -a j j ai -a ai j a4 -1 a a a aa

w ~ ~ ~ ~ ~ ~ ~ C & &WW WW W W W WW W W W W



- - - - - - - - - - - - - - -- -- --- - - - -

0u NJ cm c

P- Z r

ac a

-D 00 00 00

33 u-- ~
-IC

UP C2 08 so
03.. a 0 clooc00 0 0 0 00 0 o

0*00 0800 900000§ 8

3- U

WA atOA M

:3 0 C00 0 I~O 0 0-a Po0 000n8 ~ 0 9
in* * 4nIninW;C

I'in

'C -t 00 0 0 0 00 vvv v

V v V V V V V V V VV VV V VV

wu mmm 6.. P-a-

z z m ULu.~

G *. U S S S S S S u S S s

cl- - -A- _ N Nj Nj N N Nj _ .t 4 S t. tSS *Si. - - - - -- - - - NNN

6- uwm um um um u um um um w u mum mu

wa J J a J a a a a a I J J * J J l J h .

19Ir4C44 C
IuWm uW m um um uM iM iM iM iM iM iM AM

0 a k a k Ng 0u0 0 0 00 0 0 0 0 0

4cPC--a4 j j j . . - 1 - 1 j -1 -1 - j -5 -

.j -

z

IL Mi UU.1 J jU U U U U U .1LI U(J 1 . ;. 1-1- j i j 1 - 1j -A

08 ama ata ARC am aat



o ~~~- -- - - -- - - - ----- - -- - -l

- % --. - - - -% - - -% -% - - -% - - - -. - -~ - -. - - -% - IV r4 r

OA'

U. ( 0 0 0 0 00 Q~~l C00 Ca

fAC !C! C . 9 90 ,1
,u0z 2 ' ,C. ao aC

a CI C4 CI 4I C1 zI 4I C1 CI C1 K14 O I M
GeIazIaIzImII czIzza
us Z1

wi
wi- O Q 0 0,8 0 m

z M 0 00 Q4

090U
Caj

(Atua L 0 3.oo oo o 0 00 0 0 
0 0 

8 8

t- U, -jz 2 42

m 0 m I 40 jL

(hA -AZ

0000 00 000

LUw =
.h W - -A j0

w uJ wwu
I- v c4q Z4 c4A44o 444

000 0.E 0... a a da a

IM~
.1 ~ ~ .1 -W .1.1-Cw 1



u uu w 1-w P I w w u0auPw s - bZ

-. - - - - - -s - -. - - - - -% - - - - - - -. - -% -~ - - - - -
600N 0 60 0 n 0 0 N 0 40 M -0 N 0 00 N0 00%6 6 6

CD'O N' NN. N CD w 00 CD N.*NOW om

0 0CD 0 , 000-000 CD000 8 8-

400

0 CD 0 CD CD 0 0 C3. 40 v

CD CD 0 00 CD )0 0

- - 0 D0 0gc 0 o0 C 0 0 00

40- C2 0 00 0 000D 000-- 0 0 0 000C
00l C 0 20 0

GM 0 0U- ! 99

-J 40 M C; 4 -4 4 M ao o o o Do CDo o o 00000 ; ;4c ; ;C
888288.: 00.- ME84888r

40 a NK us -C iO%

f-4

4::4

0Z V 4: 4: 4: 0 L C 410 000:444::-

w a v a v v a a v v a

UU
4: 40

5: z00 0 0 0 0 0 00

3.- tr 3. w 1- - -,

z w oc wa a
2z 2z M2 2z M20-0-0

w - C - w 3w w 4 * -K

4Ka 4cJU I or - W 4K -: .4 KmIC- 44 4 S.c- W C-

3--30 3- - - -- -- 3- b- -b--P- 3--3.- -- - --------- - - w l

wJ-wwaainwwmwww4: :4ww auawwu

9L w 401 ul W 1 a a w w s w w w w AK 49 at 49m um umum um um



20

zc
n An0 ,m :_ n O

U, C! C! %* %~ ~ - - - - .~- % ., .- ' % %

OQ 0 00 000 N 00 0 00 0 0 0
w

a-
-i L'n i Nicc 0-Q

0 04

CS u ~ v
-iC ,Q0 Q04 Q M --a 0 0 00

% (A m 0 S 2,0 0 0 Q 4 y 00 Q c = 0
w) -j . * . . . .9 .

9-C 0 0 0 C ;oo0 V; V; 00C ;8 ;o

a 00 29 1113

IS 00. 00 00 c c 4 2 0 c

0.m -n P" 009 0 Q 00 0 0 00 § I 808

FM A-0

).-~U OAZ-te

cc UA-
0j -CL

U,1 1"W 00 0000 000 0000 0 00 000

0 ~ 00 0O~.~~-a 88 !
000000000

w ul

- -- -J- -

x~ w 4C 4 C4C4w

-= O 0 - ' A - j - 1 -

z5 J9

I C4C4
9L C(J Z Z m.. a wwa w'c m0 ewM Zwa



LI WWI L L L c Q 2 z 12, w wI.b 1 w

- - - - - - - - - - --

a a 2 S C

-f --
t

b.- - N v v

v vc v voo 0
-- g oo~ V V V34 aV o0 ,C

-c Q00n00QCD =C , 0 00
00o 00 00 cc

m -j

ac ccooat 29oo cc

-0 a
-a & 9 4

a Vw MC14 2 i 2 % -0 0 0 0U
LnMUw

(4 vvv
Wv 00 0 0 0 00 0 0 0 0 00000000

~ 000 0000 0000 0000 0000 00us
a~~~~L O8 8 Cv O O8 O Q O C 88-a.

92 -6 _00_

19 a. . . u'. .

'SU
I., '.. 51z

I--I

_j _j -4 _j- j j

UWO~ IC LI I LW) w I LI LI LI LI I a I 3 5 w LI li Li wIL I0

'U~~~m mm' U' U' U' U' U'U' U' U' U' U' U' u 'u'U
4 me 4c 4 -a4 -a w -C 4 4c a-a-a4-4c 4c 4 -a-a-4 4 wA 4c .

-A_'a.U j _ j - j _ j j - j - A j - , - 4 - 1 -
3-- 30. 3.- 3.- D- - 3- .- - a. b 3. 3.. .- .. .- -- . 2. x- lU .- . 3. 3 31 w

a 0

00
LIIIILLL IIILLLLL ILLLL

L -





- - - -- - - - - - - -- - -

z

c

z
00 0

0- 000 40 V2 V0 V0C.C 0C. 0 2 2

II

V)V
-J0 0 000 00 0 000000000 0000000

C, C, 0000 0 0 0 00 0 000 000inm00C
uru0NU.. %I0000.0§ 00 @0000 0

0, 0 0 0 .......IO....C...
0000 00 0 0 00*0*003*0CD 0 0:c t &0 00U 0 0

v. v, v

v~ v v v v v

UU

1.~-N N - 0 0 2z ZZ Z ZO

0-- 00 0 00 - 0 6- P- I. - * 0 I.. 00-6

--- z I. - AU

Ge a
da.J. AL z

W 4 4cm 2a ff 1 . .b -Z

"I== 0 U w wls ju su
W V

00 il

AL 0 w m ma a a a aaa. a. m au a aUU 09 a. at 9KI



- -% .- -. - - - -. - - - - - - - -. - -. - - - - - - -. - - -

6- U
0 0 0 C
v

0 00 80 0 00- 0C0m
- 00 0000 0 

3- --- 44

4K0 -K 014 9I C" c 4

R&000 ga S ma 9 "000 as
48 ... . . . . . . .

vv V V V V V VV

Mw 2
-U 

I- a

mu 0 Z=~ Z ZZ Z I.-V VV ~ -

uog s w I 0
........ .. S 8 00400 0 00 0

-0- -00 00 -9 _a N Uu

W wM C I 1 2a

mC - 4jju w "I -o

CL 4 U.U. U = = = - - - - - - - - - -A a - Wj j 4

wmu wwu m wwm u S n waa9999W91,94
--- 4= = -, 4umm

30 3- 1- 3- 3- w 3 a3-3- - -V-3--3 . - 0 3-3-3 -3- -3 -b 0 3-3-N N99NN 9
c o c au muc mu mu mu muc c mu c c c cm um um u um um um m um um



o- U U 1-0-

11- 1 % * t .. . %% - 1. N. *% % %. - '% -ft - . w. -. ft.

N N N N NN N NNN Ny NN S-' S

04

z NNmNeN

000 008880 C 000 00 C
w S v .

z o

Ft0 000.I -
00 00 000

cna jn .C 1 9 C !9 1 . . .
0 D 00 D00 000 0 0 0 004000

on Li

a- (4 at vv z2
6- 1

44

ON =0 2
a- 9

5' 0 o 0( ;4 ;c C ,C ;C ;C

00 00 00 00 0 NN N OO8 8 0

@0000 0m uUvn 000000- 00
CNN~~ 00 0 0 v P 0 00000000

5' N~ 00 000 0000 000 0000 000

...........................................................
0000~~~~~ 4900 00 0 0 0 00 0 0 0--- AL

ul -

0

a- a- IN w =b - .3-3.3- w U "u

IW 9~ ~ (6 Y W- Li wx 19V V=W

~~~w W W W 9WNI NI NN9NWN9WNNNNNNWNI

~~~~~~~a~~~~c aa aa~ a~ j~ a.. ~ 1~ J- .a-

oL 0



%. (A w w D- 0 -- %- >- ". -% %% .%

0~ ~ 6600 .06000N0600 0 cm 0 w a 40 so 6 0 M 000 N, 0

2L as as

Iz

w000

C2V V

c

]1 
00

Cc, 0 C. 0000000 C, , 0I0 a00 0, 00 0

C; * . . . . . .C . . . 9 C

0 0 M 000 0#

294 -1UA
- aw

aa us

w 0000000000 - 0000

- - . %j .A - I. t- I- p -V- Z.2 i -

re 
0

coccocu a acc c c 0 o

-0 j j - j -a . j - .a - 1a
*i .a -j - m - 1



aw 0

-- - -- - - -- - - ---

0 - u 0 si C C

CCCD C C

CD0C : CID I O FO co 0 C- -
caU C ;C ;6oC C;cC C IO04 0al

= M INN VonV

ImL~ LA caaz 0800:Ca0x0z cava21C1c1C N z

C34C4 Ca oC 00 00 0000C 0000

*n a i -i~ 'N

Li W~ Wi Wiaa

W% UN % on

*mmmacJ.'-
0000

cx cx OC cx .1 a p- .b- t-D-

Sb . S. S. I. S. .Z

wW mom ow LOZmm AU

30 3 - 2 2-- 3. 2- '0 -30- 3.- 23- 3- - 23- 2- X- D2- X-- N-- 3. - 3- )-- 2- 2- 30- 3-- P- 2-

-4 ~ - . - 5 ..J -6 ...4 I .j -j -A1 .8 i. .j 1. - -A .a. .I .5 a. a. -1 -0 j. -1

*iuu - u

at a9 mmcm mm as 9K atmm mm 0WMatt 9M M a



LLI At LIt yC Y ye y C

IA0

3 ~ 0 Z'W(. Zt% Z Z Z~tl ZN i Z( Z.t ZA Z Z

9 49

LI LI LI L

00 - - 0co0
co % - , .% - - -. %~ S-v

Q ,0 0C ,C
Q-,0C C lC 00gaC

3. 00 a00
I-. .

AI

aC 4c .

0 L

00 0800 . 0 00000 coos 00000

N -t 40 =0 =N 02
-0 - M 88

=~~~ w a z z v a v

B- LI u
(A L su

I =,M
Mi~ ~~~ 00 0u0 0 0 0 0 0 0 0 0 0 0

-N - - -Q - - - w w w m -

wt w* w wi w -lu " u

3.- ~ ~ ~ V. D-V0 0 . . 0 . . 1-2 . -X-3-1-3-V-3-S- - 3-3-3-

V VV

Mi Mi Mi M

ImI



U cUi.C U(J I.-b- ,u

a .e~n.-------m ------- -ff--- M e n

L -ey -Y *%. CY M N~ CY .S .S .S - -- -S .S - - .- S

CA

-C 9

as

C)~ ~ ~ V 00C 0 V0 VD 000C C

a co

w U

CD- 0. 0a Qoc aa aa aa
(A 40W nC 1 ID e1 ,l

mu~~ 00 000 ooca co a aeoaRaaaaaac aacot

z UU(Az
36u

H Ua aea8 wo00 C gsa a o aa c

u La u a mu .IU

LLI~~.. -A _ _ 0u

.1 oo J.1.J
9LI X, Nu m N

WIUI&I f 1
UUUUUU~ w49

C2 C2 a 00a mu-a a3 a- 3,

-Amu ja- -4 .4 -j J .a. a -1-1 j m i- aa
(NANAW N

9L 0a aa am wa m u aa aI ~~ . .uUUU



cm

- - - - - - -. - -% - .- - -% - ,- -. - - -. - - -% - - - - .-

ryp Sk Y--- - ft - -- M - - -- - - - -

ZA Z
cmoCO,-

ut-. - % .' ~- - - - - .~5 .S % .5 .S

3~C CD4-4

LI2

Co

0 u aaaaaaaaaaoaa a
a. - a. a aa0080o a aa a aa e

CD a 0 CD 0a 0 0 0 0 00 0 0

ul ~
U, w; a; 0 Z C C C C;C;z ;C;C; C C C C;o ; U

(A

000
a S NN a NN0 aN O2 0 C,

a cy a S 08 8 a 08 8 0 .0 8N

V Vo V .
N ~ V0 N Vy V4mC ýr ý C 4C 4C 4 4

wC

v

-J z. m Si A. 0UzC=u w 4- UL z jz M
LI LI

- 3- C C-t C. 1C K C " 0 U C C i Mi ;0CC

19 . a t t . a * a _jI - - - NNNNNWiW 
d'

3. .. 3. 0 3-----W- 3-3- -- 3- 3 --- -- N- N- N- - - 3'3"3- N- NI N" N" N

9 WUWLW MWWWWWWWWWWWWWWWWWWwwwxw
COMOC ~ a C CC C CC C

w

I. 4- 4cI 4- O - 4 - 4 4- 4 w- 4-K 4c 4-4 4- 4- -4 -4

-A ~ ~ - AA -1 * 6* w* GoUSW co (a ca 4 (n Au 46 as go CA (Aal *( (A W U (A

*~- a. a. a. a. a. -A a a.a a. .a. . .a. .a. A. a. -1 -1

IL a0 9* at , ., . a ta a ~



0 -

---- ---- ---- ---- -------- IA-

0 ~~~~ ~ ~ C OO O O O O O O O O O 00000

W- g-,0a0aaC 00Qa0C

.r4

40

atmI Qa 2 zi1 u M 2I
I-

Li

3U
CD 0C ,C 3 0 C DC 3 z0C 1 0C 00C D0C
00 0 0 0 0 = 0 0 D00C 2c oC

-J0 0 C 0C ,C, CC
! !9C ! 909 . 9 . 9 9 . C9C

w UA
.44

0. P- 0.

).. (A aZ

-r 31 (w0- w

mu 0C ZZ Z Z Z Z Z ZZ Z Z ZZ 4.4A 0

-A P-z- m t

- ,

IF It I W L U u - i -

NONN O N N N N N ON N NN N N N NO 00
P4 0 0 0 0

uj ~ ~ ~ ~ ~ ~ ~ ~ ~ N IAU UL Ul AU sL Uwu L Au iL sl UL AU

U)ulul44toU)W A 0(AW c wulw ) , ) A G u w4n(a(at

V ~ ~ ~ ~ ~ ~ ~~~~~. V

IKIC14 4c141 C OL q I 4C K f ncIC41C f0 fIIc0 C cI
iL~~~~ ~ ~ a.amuIL I L9L C LC

.. ~ ~ ~ u .=
4A us I-V AU Au AWW A( Ar st APA9 sF A(

mu z. z zzzzzaa2



U)

z z

z

W u

0 00..000.0 0-0

-j(A M (Aoo 3 0 0 C)4 S
mY -0 0 S so X 0%IaOD a0

H=0 0 cg
fA ~ ~ 0* .-

00z 0 4C0vz~v zzv v z 44

UN

0 O 0 yNNO 0 0 0 0 N 00 0 0 888 t mryC O y
(Ar -J

-t rn

a v v ~v v v v v

N -1

z

00 U

01 b. - z us -j

U, -1* 3 Z 4a=~

6-- -6- $- fA .fa M. W
-IZ Z M M I M Z i-L 49 C O OKK a mCS o a- -

3-- 3- -3. a 3- 2- 3- 3.- DI- 3-- 1- P-- 3-- 30- D-- b- 3- 0- D.- 3-- - S- 3.- .- J. V-- 0- 30- .--

ccooloaccoo a ccaoo oo Qccoo c ac

IL 4L- I- 4L 4La - I a 9L0 CL S- IL- a-0

. . . . . . . .. .. .5 .. . .. .5 .5 . .. .. . J .. .. . . . .4 .J . .4 .

oi 0j- 1- a 1-

z kNNN4 NNWNW-WWNN i
z== =zz ==zz=z= z===Z======



21 ww I U U6

mummmmlm N~MNM@MO MN MM"N)IFM cemnimnM
0 M 0tAg-. 1 0 %V

fA a a c c - e c c - o c c

19

(a a i

0 'a 00-08 0 c

to j . . 9- 9 ! C 9C

3. l at
oGo

a auI C I 1 C 1ccaa I t aatzaa t
Li :

Z 4 VCoco
.j S goggoogoaaacaaaC2 caaaacaa a §0 -:. - A. 08 8 8 8 8 8 8 8 808 c0a 0 a ., c00 0 0

-1 0 Om .-- aaacaa 0 0aaCcla a - N
III Is O.= 88 9muC4! -. ' 9 . 9' aa a !aC.ac.aa. ..C. .OO .

CS em NI N i =
40Cmcm-0CO .

- UI

mu v ZZZ Z Z v V V v

mu =
0.- Li-2 NU

mu- . =o ac ca a a c aaaa aU a aa

8 b m:c- u88 88 88 8 88 8

mu mw

2: -j mu -C.s
3-, a,

UL LiACC32C ~ u a' 
S. 

' 
-xU .~ . . = 1 z Lfemceuaa 3 U- L"S

-H S I - - - - - - - .U
AL a -a o oas I o u O,5 mu

I w U , mu mu muau w 4: CUU ULAwl Au

30 3- N-30 D- -- lw2- 3- 3-- - 3.- 3- ---- -- 3----V--S 31bl b 0. .

9 U L w i U mi a o I"C CC .. J-. 44 w sUSUSUS L s
P4 00 0 0 0 0 0 m000 000 00 00

mu u u Wu mu mum umu mu mu mu mu u mu mu mu mu l u mu w mu mu m u uw

2 .2. . . . 2. . . . . . . . 2. . I . . . I 2 . . . . 2. 0.2

.o a4 a a a a a -a a a A -4 a -A j a1 j a A :A -A a0 j 4 -4 4 a1 -4

mu mu mu mu u mu muj mu mu mu mu mu mu mu mu mu mu mu mu mu mu mu mu mu mu mu mu mum

at N.' W1 -W- N-' -- 5- w. Vi. N--W5N------ NN9 3N9

ILU SU SU SU SU SU SU S SU SU SU SU SU SU SU



Ii 1 M UA Mi bi - I- U u U b2 0N

CD a a Q a0 CD a v'0 a aa0aa a a a a

5d~

Za~a

aC

- -

G C! 0

VO CD V
cm V

a

3. to z

0 U

uI us

P- 0-(
J cc

-a us

a4 2 ZZ V1 ZZVV Z Z

z

N a N N N N N a a a ai N a a a N a a a a a aN N N N N N N

IMi
ola

-



21. 0 1, L) -. > 8 u I- 8 >- a;Z. ->w .*Nw-* - - a 8 -

-Q-- - -a c -- lt 0 LA in m

a o o 00 0 0 00 0 0 CI 0 0

z Z- - ---- -Z Z

0 v

0X ca 00 0 0C ) ( 04 0 0C Da0 )
U, O.4 oC ;C oQ 0. ;C ;r 2 o0 CD0 0C;C

3. 04
-a -C

oo C oo 88 0 0 aOOO CN 0 ca0
M o O O O O 00c a0 0 0 f 0 0, 000

.a 0=,00 !11 o C8 C1
CaCI DCDc c 0C ,o

UL

N -I' N, I- 0. N 9 N N N N N - N N 0

WU LuA
z ac

auz . ow-

_jl ~ .J b- u 5 5 U

wuu 1, wb a-

= -. -, -J -4 -1 .j ; -

tuWM .LuLu LU Lu us Lu I&I Lu Lu Au I&I IRA 4 LU Lu au ALI up LU Lu LI u W& Lu LU. Lu Lu

Q .~ a -0 I a- a- a- 4 ca 2 a- a- a- a- ca a- a a- 'b #a 4 a ca a- ca a- 0 a-

LuI LuI L LU ILM I& LAS 116 WA Mu us us W LuLu Lu Lu Lu Lu Lu lu us Lu us Lu lu LUJ Lu

o. a o. a L IL 916 a.a . .a . a. 916 So. a.a . .a . CL a. A. a. a.a9.L.a

(a(aW Le( t nW 0000 up(Ain004000w( o0041us00(A00(a(n0o0

CIO
Co (2



I- .U - u w 0 u w w I U w P - &w 6 .. 2,
z zN zzz N zzaN N Z . zu C

caCOm 
90 a- m - - - - -m - - - - - - - -m - - - - - -

1-

z

9oy ma * a a
00 .9 Q

C! C;a
CS V, 0 V

9 *00 0i 000 8 18 00
a. -1 000 00 0 09 C20 0 0 0 00 aCA - . .ca ao a . -. -. -. -9

U, a a a . a a a a.. a a aaa S a a;m C ;0000C : C 00600Caa.aam.WJ9a0 99a aaa aaa ac

US=

NNO
C, myyCC, 2 RE 0

VV~ VccN a

LU 3.3.

3.-= 
=

we

wg~ Co.caJ 
1LU VBUUIW L a LUaS.- .;W uiUL Uk 2-3-3 Xb. u us W.uhw~ LL

zzzz Wa. -a .1 .J WJ..J J ZZll W U U

3w a. A.- a.- . -- a.- a. a. a.- .- a. a. a.. a . .Z .- .X .- . . .2 . a. . . 3.

~J a a J - - - ~J~a~i ... . . 1 . . . .j .. 1 . .J .1 .J 1

z 4-
in1 m m mz zz az za ma

A. 95 -I -B -B - -B0-B -BBB -B --- B



4m z

a% 0*- .Z - I Z

z

o ~aaa~a~aaaa a a a 0 a a aD a a aD m a a aD
~ a i~0 o00-0 --- 0 ou0u -0

a -aa 0 CDa 0 20 C aaaa-aa2-aaD aa c a a-

0 z CI
z- - - - - -w- - - - - - - - - - - - - - - - -

-~c
(A

!9C
ss "o so3l o S 0 CS

Li
L- UN

4u uo

usa
UeC eC i-

3-j -i -4
0- 44 - 2-Co

W Wa aax cc neaa acata

LL, ~ ~ ~ 'm ..- ,wu

Z.~ W us . a. a.
(A~ aa a) a

w MA 0U006W -
Wum

I- ~ ~ ~ ~ 6 Z 66miL"J wLUQaIC~~~~~~~~~~~~~~ mm Ll tiifzi ZE22 3 NoeWxG9 a

aza94 44 443L

It. . . . u . m .. .. .a . a. .s

9- jW W Uj .. J3 -1 -1 -j S-l W

zu zmi-a-mmmazUm z m.i = mm ow
mu mu40c -U 4 c 8880 0 x a a



u w w. . 6- w %. u w~ 0- - w~ t .w u w w % w b- - . '% % *% .. :- *% ,
42 zzz 4 a mi 00 0 z 00 0 00 0 0 0 (a 00 z0

I- . - :g %; g

Ic 00 a 00-0 .00.00.-0 -00000

----- ~ - -- - - - -

I- 00 0-

00

-;00 00 04:;
v 0 v v v

00 C

- 0 2 88 9 0 8 030 0 0
ci 8

(a .J . 9 . 9. 99 9 999 .9991
us C 00 0 rykW 000 a , e N0 04*.000000000

(a "CN

40 0 C, 0

OK . . . .

- U%

a 0000

moc mnOOO v v 8888
00 0 0 0 0 0 0

mO 0 -- 0

0- 00 00 00 Li L 3 0
444 M M

M 1 V1
V~~~ V

UQ
UIN

0 1- 1 wa Ma a a a

1-L 9L P-I I l

uJi

9L CL0 IL

(a -a -j-ia --A ... .. j .. I -1 .J M A -A mm mj j -a -1 -1 ... -j - j

a M M a Ma MM a z a m MaM a m Ma MM a zM a a a m Ma a aMaa

IL 0 N. 0. P- P- 0- 0. b- 0. p. p . .p. . . p. . p. p. p. p. p . .



Z. Z. Z.Z Z Z

CDC1

i----iiii----iiiii---i---;iiii
I.

CLga C-C 0 (D aCD -DaC, C, C,,aga C ,* .00 ,0

a a C at2 x a

N 0 .3C

40C~ 4,0 N"- "- V VoR

zz

LLI

'z V V
* ~ ~~~~~~ CC C C O CO C C C OC C O C C

0. - 0. O CCOC CO OC O OCC 00CC 00~.~ o.

u atP

mu

IN00 C 001 w 11 -C cC U U so 3. CPC--. u u
-CCC 0CC0 00cat0 C CC N IC

6O b0 b N6- 6- 1 1. 1- OR 0- N. 9 P- b P- 20 > > C "% N 4 N N C L C L TL~

LU ~~~~N NNN NNNwN

a Vw Vw w

z;-z



-- - - - - - - - - - - - - - - - - - - - - - - - -

Go -0 N N NN NN N

- 40

C C,

Nt

a. a -0- -

00 00 000 vv40040 0 0 vQ 0 0

in Lm00 bWi
aw3a80C

.j 00000080 o
0088 88 000004

a 0000000 00a ; )C c

-J Kt P 0000 000 00 00000 0 0 00 00 C

4219 ~ ~ W 0- ac II000 II

w

0 C s sn c o s 0 =

iN C,

V V8 0 Vo ' 'co ' -' V V V V V V V V V V V

w w!C 9 9 .C

Z ~Z K CCulU
I = US w" M

I - ~a Z Z

559 98 0b-b-
-U o- bW w

w L s a-a a a

V. 3- . 30 3-U L 3U 3- - 3.D -3 0 w wb - - - WAIW 0 P-- DI lb--P
uj~ ~ ~ ~ ~ ~ ~ ~~~~~a N SN9NW NNNN .9N

Go CLd ja -a ja -j -j .- .-aj .- 1 . -4 -A jh .-j ja -1 .-A - d~ d

WW
s§2Z ZZ Z ! Z

01 ~ ~ ~ a LU5555

00



- S- - S- - - -. - - -- - - -. - - - -- - -- - - - -

=C N N N ~ N N N N N N N NCn

*% ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~4 - 40--% %* %-* ----- ~*.-~ % .

oj SO S,-~c- 40 S 14 Voa S-O .- D-C-R@'

(A . . - - --

-. 8 9 00C!909ir

- N 0 a - - - - - - - - f'l 8 0

wA .9 9
. 40 QQ cc v v v V Qa a = D 240Cc1

- v . 0- 1. b- 6- v i v C

cccc cc

C, 9

z v c Z

m~C V~ C CZ z z z z :z
W m

- Uc

-9 az a a 1 a2 -- aN a a a a a

4 V 1 V4 Vc C Vt Vc Vc V1 Vc V1 VV

w u
upzz

I-- 5
0~~~~ ~ ~ ~ 0 n=000000 0C -0

z~ ~ z z zemIC

o ata

a. 0 sa a t U



0 z z 0 0 0 42 M.- Z.-Pd~

3

I-I w.S. goS

0 0CD - - - 0300 0g 0 00

C, 3D 0 0 4 0 0C

Z .S . . 00. Z, - Z .Z .Z .Z . Z. Z. Z. Z. z. Z. Z. Z.S

-i NP 00CDC 0 0 0D0 00

0 0 v uv u CD CD00 vv

ca 00 CD 0 C2. Nd
00 CD,0000 0

W ; * C;C 0

-j C C00 VV cc000g ,0C c ,00 VV 0 V0 0 VV0 O

~ 0 10 ' So~ UO 0 00 00 -000 0 -0 0
U, 4cC;0 QC ;C ; 0 000C;0 0 c C c ;W ;C ;C
(am 0

of UI a v O O O O O O O O I0000000000

0Uly% 00Q0 O0 0 0 0 I0 0 0Q 0 000 0 000 MOOCO
0. YI 3, 0 0 a C ,c ,

-O SO =Q OO - M

-; 0 -D0r j0 --- 0c D DC D c -- MNMf

I"~ ~~ ~ 0 inZ3 3 3 Z Z 3 3 3

I"u u

Is(

0000~~ui 00 0 0 08 0 0

am -

3~U VA V VA V VVVV

-'- 333 j-

49i aWI"i -j-

.. LU~J-

-C -CL 00 -35 ... a -C4 =I=I

P- 3-3- 3-3.- D-b- 3- Xl N. NI - 3- 3- 3-b- 3 . - .- 3-3- - b . - -- 3-
N ~ ~ = N ! NS NN WWW WW N919 1 NN

CD 45 ca -J o

9LI"



M N INN INNNIN N N N1- IVtyeNNNNYcyN NNt

'A

- .-

Zz -% .Z

go999 ! C

- I. I.- V V

ld 1~ I

z

-C

202-1 2C ) C 0 CD 0 C D C 2C- 2 0 ý( ,C 2 0C D C 24

C~A: LU 0.N 1000 000 000 0 C oZ

tJ a D4
S 0 S a~- 0 0 0 00000 0001100000000

-n in - -

-uj

-- -, U, -j - - -

V V9 z V V4 Vi V , V u a Vu V

z Z LU a. -C

LLU
1-.~ 6W z aa 6po. 1-

: 4c z 9 19 u z = mu 9
30 3- 3- m m 0 a It a% IM aC w a0 w -

N0NW. -j - -j -j-j-j-j .A N j -a j N -A N N N N4 j NN

MAMAU

P4 Am1 0 1 a -.Jaaaa

U... . . . . . . . WU



'ZV

m ry -Y m-* ~~ .- ~ - -% - - - -Y ly cy cy * %l - Y Al r.*%*

ac NNNNNNNNNN

0~ ~~~ 00 0 00 0 0 00 0 0 0 0 0

cc umLW
000 0 d 0000

---0 0000
0 S 0 00Q 0C20 0 0 0 00000 I

000000 00000

La X0 0 0 0 0 0 00 0 0 Oi .

000000080000coo000000000co0

CY on alI W Ct C

X P-
P- UA

U, L

!!333~ Uzi33333 ., -1
000 00 00300 8000 00 0

x00 0 0 00 0 0 0 -00 00 00

09= 0-

w W=W-J W ZW 3- - -- - .

09- rm - S nb

z. a

P. uU =j - 1- 4 1-

0.w9 MISM



10

r4 c-coc-cc.cocc- 
CY -c.

us 0 0 C Cc c 00 00000 0 -0-0 0 0 o

-A 0 0 00 0 ;0

In CCD V0 CY Vo VUS0

ie0 O 4000040=0000
00000000080000ODO

(4 0 C2 0CD0 0on00000 0 0 00 cC,0 - %in -* 0. . O o o o c c c c c o o, 0000L
80A(4 ~ -,p000C000 C010 00 c0 00 C' gggoc

0 0 oc a c oe o o-~c coc C;aoC eeo;0C 0 4: ;oC4 C
3c .0e~ e 0 e cc ~ cc c~

Cl 0 C)zZ z vz3, aV K 40

00 0 0 000 00 00 0 0 0 0 Cg99 9 10 42 0 0 00 ceo P. 9 cCc

O 40 - - ce cc cc c cD cc 0o N -- 0 c c00 0 t 0 0 0-

0-ui IWL

-j ~ = x j ag

LL 0.b 3 . 0
Lu ccI = 00 -

3 .. J -A

ZE Z -a _aJ o
w W W LI 0(4 0. mK. -

0l WWW

CYO
C..

a j U)u U A w nW A( W~~ -- c ( w ( wwwoomzZ U)Z u



u UWLiL uW~ u
z 1 z w z ( z 4 A( A( sF

I-

N N N N N N N N N N N

6- v v

j 008 000 00 0

- -' § -- ,
U. Va 00 V V 003 C n0 00 , !0 0 V a

zn
49 -C*09 0*

00

-3 000 0 00 0 00
C, a !o C C, m 0 00 '

-J ( * 000 000 008 000 000 000 00 0

- a. 00 0uv0 v v v vv vvv vv

Z- (a - aa FSm -
MA3.

Ocal88W CR 00 888Aw88888888sW A , WO9



- - - - -% - -% -. - - - - - -% -% -% - - - - - -------

Z! N *I ; L, NNN Nl Pl. Ny NL N'Y t N, z ZN elm ;Z N'~ N Z 94 Z N NN
w 4Z oco-o-o---a.oZoc

- % - - ~-%. - % - - - ~- -%' - - - - - --- .- '- - -

-O CCC"

C3 00
cC C 08 CC 0C C04

a 400o0 C o C c oo

U, -C C 0C; CC 06C; 000; ;0 00;0 0 008;0 N; 00a0 C; -N; 0;

z a z v v

L" CD= DC mC 00= ,0 0 00

UL
(A,

3U 
P- 1

-- 3p-I- M

'UU

w ~ ~ ~ ~ I. ' wi

Uh

E z , 5 IUCW= IU :2-a9-

-A - -M
W U .w w

o.

mmmm Ummmmm77-7m7m777 r7m7m7m77
t: ~ ' j 0 0 w 0w 0 0 0 04' 0 'UWW w 0 0 0 0 0 0 0 0 0 0 0 0 w

0~~~~ ~ ~ ~ ~ .1 AC a0ca0I7( 2W W(n4"Uw 0 I w w u t



LU

- - - -~ -. - - - -% -% - -. -% - - -% -% - - - - -% - -~ - - -

0.0

00 N00 00

02 on 000
I- 0 08 000

U) 0

-i4 0 0 0 ;0 0 0 00 ;C C ; c ;C ; ;C na

-J "

-~a z e

LU 11 3 3 V V 3 v 4.942 I 4 4 4

000 00 000; 00000 c ; ; C;c 0 a a0 0

m

3

rn 3 .1m U

-w w 74 musm

cw 3 -

3-~ z 3- m 35
w u W 60

wJ a . - Lara5u-&U

ILz z Nr i 1A L9

I mumw ~ JJ 3a
40M~~ mgm -C 42- gazo go ws 42 g g , g

usaaa 'c z w ~ --

r4J j ~ * - -- - * .. '

0. ~ ~ ~ ~ ~ ~ ~ U C;ZU U3 Z 46.00 a.. 00000

g~gg~uuuz::uzz... uu~:u
0IL 0~W w W W ~ W W ~ w W W W W



CUM 0SWWW WW WWW WC12 UC WW alz- WWW WIN S,

*- %- - - - % - - - -. - - - - -

IZ

OC 00 00 000 CCCCCCOCCCOQ

0 -00C 0 0

AL a CD CD *aCDn0an C
C, 00 asCC 0 DI

U) .9 9 . n : . . . . t . . . . . .

man an

a, CLC m- -- 2 =4l

CC SCCC1 0 HIS C'0 211C 8

CC r-C A, 0000CC0 20 1 0c
V' Vy V

-J~~ an v CCCC CCC CCC CCCC COC CC OCC

0.-~~~~~W WS88 C8 @ 888 ~
0 C C C C - C C tC C C5 CNUC

~~ 31 0 ZZ

mu Lit

00009 95 aCgCoC O aoo ~ o

C N' W. N -a C- - 4m
C A N j a -A C C Cc C CA CO 1. O C6- C - 0

C w aJ N -~tI - -6 -0-1-$ - l--

W~a N-www

Vi V V V V V Vj Vj Vj Vj V4- j-4-

Li0

Z~~~~~~~a an 7' 777777

0~~~~ Ca C44 A( su Au )(



a -N N NN NN N------ ------ -

ty N C4 N CY ~ ~ ~ N N N N N N N No N4' o' aa o1 0

- . %-L. . %-% %' - -~ -. - - - - -% -. - -

-J CU COmryf

0 Q CD

CnCC CC 9 C0CC0 C

v~ V V b-~ V- V V V V V V V v V

CCCD CC 0 00 CD0 C 0 0

0 U

tA , C,000 0 C CC C00 0C C O
C C C g

C2 0 C C C Cc0000-- n C C 1 20 D0 S
CD, o, o

0C~. CCCN 0C, at- CC @ ISM Sr

LU w -

.a -. MAm

wwCL
bC Ma ZIwz zU

r z a aC -C -C -C -C u4a

Com w wwwa U& U M wrn

4; fm

wJ 0 w W 0w 0w 0 St& &i a. a. & &a. & & L L

a. 0 ca4 Au sinf SC



w ---------- --- -- -- -- - -

Id

o ccc c oc 8 co oc ooc co 0 O ccoC;

D- - 0 -C

sag Sn4 00 0 fl a coo

. 9 9 9 9 . .

a- 00000 0 0c 400 00 0c Q 0 0C 4 4

a) -Sn 9c~ .9 -9 -99 . 9 . 9 99 ... C
ccc c(a cZacc c

Sn~ In o o o o cc C ,C c c c o c o c o c c
0 0 0c0 c c W% cpn c cc- ooa cc Ccco~~~Sn~C as in.o 88 8 8 88 8 008 80

9cW! 9c.c.o.c.c. . .o. .c.o.o .
CD ~ ~ 0,4 2Y4 0 0 0 0 0 0 0 c.01 n0'

-a t

~N
v vZ vZ v v v

P. U
Sne

03U

Vw mw em -a

VW Vj V3 V J V

u 0 w
-Sn

9L~~~~ OW W W)(A

LLI 2222 1221 mew-MZX .. S MOw
.. . . . . . . . . .

84.
Zw

kJ CLC



U

atN0. It N C). %t Ch %r t 0.- Nr m .' N Z * NO t r a

mu - ------.----.---- -- - -

00 co 00 00 000000

C2 00C 0 0 0m0 C 0 0 =0 0 00. 0004 1

an4c0 an an In CD 0 n am a n an an a% an Cl CD0 DC3

a- --- a a -- a

0-

USU

.. J CA 000 00 000 000C000 00 0
a. -0D 0 0 CD0000 0 C0 ,0C)0 0000 0 0,

C2 0000 00 00 0000= C 0 0CD0C,0 0 0 0
C, C, 0C , C , ,C ,0C

ooano . . . 0 . 9a 190C! 9 9 9 9
W% U, inAW %W nU n' n' %RRR 22W m w 4V

v v

-i UAL -p-I-& " L

z a
6..u-aa- W m a Z jwww

z j Z = El 2c mu z= a au mu 1 mu mu mu

w-a mu mu 0 mumum Z Zr

=== It It 17

LU UA a" a mu mu

ma, mu a -, a

z ~ a a- -7 -- 1 7-1-17 77 7 7 7 77 77

--- 1 N N i a a
* ILI *



-P- - - - - - - - - - -~ -. - -- - - - - - - - - ---

m ~ .-. in%-%..%.----% - e I" - e Pe - tv fn~%*%% - ry

ONWN N N N NUo N 4 O

a 00 00 00 0 00 CD 000 C c c

CA

0 u

9L 2 3- 022 0

I-. I

C 4000 S §0000000 0s
0, 00 00 0 00 00 00 000;000000000000000C;C; ,

In =% -%------ %m - -- - - - -

v vvvv vvvvvv

020 a g

ILI

ococ~oc cc 888 88
00~~~~~ 0 00 00000 0 0 009 00 00

------ (A---- -A--- Sn - -- -

V~~~~~~ V

C; C Y~0 ~2 =z z w w OJJk-~- a,0ww l ,0 .0 0 ,0 .a.O ,0 ,w,0w.0 G ,0 ,0
:ftW W ---- J77 77 7 -7 *77 7 77 7



- I- I- I- - I- U-- - -U- - - - - - - - - 1- - -- - I- - - U- -

a

w N.N 0. -f rN N - - N - r N N 0' 4

CA

a

ca

U. ~ ~ 00: 0 C 0 0 0 C 00 0 C
*. 9- C, -,

OO D C1 0 00 0 ,0C
U-C V; V V o V2 ; C ;C ; C ;C ;C ;oo C ;

b c
z

00000000 000000 000000 00000

a~~~~I 0 V ZVZ V Vz

U- U

--- 4------- -j----- -- - N M N

.a a c4 cL lU
j 4w w W

a~ i I w w
Iu w w w- 'j

P- .A- - -j -J -J -J U. a la I? =pI
F w w w w w w

Co 43%Ch k C Ck0. C.0. 4 0 .zaz===0. 0. 0, kC ,C m ina=mZZ Ca
% 70 - 7---a

ui L L L U. & a. a. cL o. & gW L L dL & &am.&& .&&& a

100



LU

z

cau

z

880000 8cloo cs 88

C - -

z

6-

00 0C
0 08Cls 0 0 ,0 8 8 1 §

9 9 .1 9 ... .91
z 0 D4 0C 00=00000 00=0C ;C C

0) . nI %6%i A - - - - - - - - - - - - - - - 6%6%i n M i

L-0) - 4 U) V U - - U) 0

-L UW

U.U
LLI

I- 80 0 8 0 8 8 8 8 0 8 8 8 8 8

0838088881,-,088880off.0ow-
88 8888888888888888888880800 N

888~l y88.88.80.08 88.8.00.
0on M80I888 888 888 8888-C

&W W V VVVVVVVVV

-4~~~~ ~ ~ g g Uj - j- ja-1- jj- 1 - a-
P4 amu

Pjmu

18. k k k h p CkCkCk(3 0 0 0 0 0 , 0. (P. L 1O ,C .0 ,o .
Z%% ~ ~ ~ ~ ~ --7 77 '7 7 77 7- 7" 77mu7 7I ~ ~ ~ ~ ~ ~ ~ ~ m a. mm.ua L .a .a.Lc

C, h~~



IZ

00 
LIN0 0

C)N CD 0 C
00v ao o 00 o .- oco OC

CD 0 C 0 4 0 C 4 D 4 0 0 CD 0 0 0 C : 4 D C

00. (A z F l
b. m- -C0

Si .i

c -

z IC 4c 4 C4 4 -C- c4 A4

00 0 00 0g

-11^ 00000man %n W 88- - 8888

PA fn

z 9 i Si -A
U, Si Si 3-- 3. 3.--3- 3- 3 -3-- 3--3--

= =a L a aa - WU

a.*.L4

Si 4W WWcW W ~~ W i i ~ W ~~ W W W W

I z

w w
a, l

I u% U j ----------- -A j j j- - ---- 31
AL 4 c4 4 94W.c4 .,,.6.,...,.*.. * ,.,c*4* * .16 6 6

LU. . o
6 .- i - 4 a j j , n . . .a , a

CP 0C k0 h k0 . .0 .0 .0 NC .C00 ,cýC hC .0



-~~~ -S. .S. - - -. - - - - -. - - - - - - -~~5 - - - --

Iu~~ -0 -.'-'N-- - - .- - - - -

LU

cc 000

IA 00 0 0 0 o

* 0 0840 00 0 SCO00 00t 0
0 0 00 6 0 0 i n 0000' O
-j 40 00 0, 00 6 ;C ;C ;C 4C0 0W 0

o- - nU

= (l CV V V V v VV VV V V V V V a VKV v V V VV

zA = 9 =usLIs aw
m , A - 2.3 .D - . -0~88888888 8 w88 o88 888

-' 0 000Nmmm 0 0% 0 00
Nczw-w - - - - - - - - - - m

LLI w IS ul us us Am~w s w w w w wwwwwwwwwu

955 0



2a ~ C NCt N 0 a N0 CD ~

- - - -.~ - -% - - - - - - - - - - -. - -% - '- - - - - -% - -

- N - - n U-N -- - - N--

10S C2. Q a 
- S *

C) 00C C 0 --
m004 0 00 020W%0

I. -
0 0

0 *00c 0 000 0 C2, CDN
00 0, 00 0

j 00 0 00 0D
c~ ~ ~ a Vo cc V VO ,W %cU ,C ' ,§c,0 C

-0% mlN - - - - - - A P-01 -Ay

us =UwU 5u st
0-. m 0

U, 4

0000000000000 Vt 0. a b = 0I

-~L -u ... MSM-

S0 00 54 50

cc W.0 -J -I -J

_-J -a

3.3 UU- -3----------------U UL UU UU W SM S

pq P.4 PA M. ow 3. 3- D- 3. 3" - - - - - - ----

ILZ maa w mmmomamaaea.~I

awww i44zi SM - - -- 4-C------ ----

LU w w ww ww w wwW U U UI"w Uw sm ma U 0
-a -j .. - j- j - j -

.jga0

0.0.0.0.0.0. 0. 0,0. 01 .0. 0 00000.0. 01.0.0C. 000.0. C0.0

a.----------------------------m--a.---------------------------------------------
UC-



40

CC

-mu-- - - - - - -- - - - -

InAA

I-v 1 - - -

C3 9

W M 0 4 2 0C)C D CD CD@

U)m . . .*u . . . %

a . WV CC CC wV VVC CCI

aj CC8C8-

C3 CD -C -24 2 00 i§
9 a. . .C !V ! tw . . .

cy a Cal C

cA -ju U

mu u

c o $ 0-1
4: (Aulw

-aC Nc C a C iCL .................................................

C 0.ii~(A A C C C C CC CCC(~fl~~iS~SIC go

us VA V V V, VS VIS VV W V V

-j ~ ~ ~ ~ m mu mu- j- 4- j-j- j - A- i-j - j - j - j

cp 43, c - 3' -v 0 ,o .o ,o .4,4.4,c.C.4.c P y P

4.44 mua .s .& Lc L& &g m mu IL9



- - - a- -. a- - - - - a- - a- - - a- - a- a- - - - - - - a- I-

mmr

I.-

-~ ~~~~~~ I--- - - - -~ .. -, - D-'.* s - -. 6- v %.

-J. 898 S81C, 400 8 00 00 , asS88 s
U.V m 4 0040==CDC0 Q0C 0 0C 2 0 0

0l - . .
U, ~ ~ ~ ~ ~ ~ 0 0C 00i 0 0W C ; oc ;C C ;C c %

-we -40 0

-a z.tw2 wi- 4 <- c 4

LA J Z -*OO -00 s

In C) -

LU 2Uu

11 a

w sU azuuL

U LU 000000000m00000000000000000 8L, U,
bR-0 0 0 0 0 00 0 0 0 0 0 0

LU~~~~~L LUww w w wLww w w Uhi
-j~~~~~~ ~ ~ ~ ~ -j -j - jK i - i j - i - - i- i - j - i

r4LUL

Cko O k ý0ý0 0 l l0ý0 o ,0.o C . kIm . .0.a C l NC
LU LU LU -J 7. 7 77 -777771

9L 9 SLALCL L L m 0. C CL0 6C I Lm9L&9 L9



I-"I

em i

m-NN - PN t- P N P PN~ m N FZey N
a ~ 00O0 00 - o 000 00.0 0 co

CD40 I
bit -- ---

~ 0 C!

0 020 0

0 0 0' Q

00 0, C 2
C21 U, Q Q040 0 D0a00000 0 0 0 0 0 0 0 0/~ .

. (A Q. 0 Qcmm m o Q 404240a 0 Sass~
U, 0 :4 i Cm0 - 0 00 0 0 00 0 0 0000 a0 0 a 0

b U) -j -
m- W;oC :bC iC ;C oC ,oC iC ;C C ;a ;C

SZ Z 0 M' ca ZN V N V

40 ~ ~ ~ ~ a " a; C

b-b-b-b-b-1 U Ui UA

0. b.-b1-b1-b. 0- u w

W b-a- - - - -j -A S -a ~ .

cooa a a0 4 z 2 a =0 a a

a. ~ U UQUu u ua aa a 00 00 a ae000

ON. 0' Ck 4O0. 0. C0.k0. 00, 0. 9,0. cp Ck0, C3 Ch431 k0. 0. 0.0 01
S Ut -77777-77777---------77-7777

A. CL 0.A. A.0. 0. a. &La. a. a. a. a. cLa. a. a. aL .AL ma. k a.0a. &

0. 0



- - - -. - - - - - - - - - - - - - - - - - - - - - -. - - -%

g oocoooo 0 c o 0 cococc

-J 0 )

us. . . . . . . .
Uo W 00000&M0CD0040000o o DC;C C ; ;C

o 
Ur wC 4 , 4 CII- Vz VZ . VZ C~ VA V Wvzlc

us 2t-

u

0 §8 * 880001 000 000 0 0 0 000000

U, -J

I" (A =J2
- MAb . 1L

I- j lu0 i U
uJz

000 86 o1 88 0000 000
000 00 000 00000000.0808 W -

3.88 88 88 88 3..8888"L'
(A ~ ~ ~ 2 09 0 0 00 0( ( ( O00 00000000

-Cj- jj- 4- a- w wa w im u-

www a aa
-A~ - 4 - 4 -j 1- 6- j - j - j j - j j

to -j a. c & a. a. a a a a a L a aLc .a La L '
0..0 ( U( ( U(



U 
M

:-- - - - - - % - - - - - - - - % %. - *% % %. . . -

00000 000 00 -

v

Nd

00 c C00c 0 00 0

C 00 0 0 0 000 0000 0m00 0

0 o o 0 - 00 0 00

(a 00 0 00 0 00 0 !9 . . . .I

* 02 00

-C 0

- UU

LU =ULI
UZ UMU=

LU oo 0 0 0 00 0 0 0 0 ai

--- -- _- -

USLU2
-= -L ---- ---- - 6_

w ~ ~~~ zl ISz lwu
a U -j -A-1jL iU i- A- i-j j j J _ j_ A- 6.

9-

z- ik - --- - -

X 40m m m m 3 :1 m 3 2 a me 2 m a at m m m z a 1 1



I. W6 -W W w I

em M% -r *%-% .. % % m m% *% In m m%- %% -. fm m% N m% %t

U. - -r ~ - -- - - - - -

IA 0 CD

C2,0 0 C! -- 00 0 c

00C 1 0 00 0 NQ V V O

0 00a00 0 ri" 0 0Ag 04 , 0 0
0, 0 , , * 0I0 0o 00 40000840

(A m UC ,10 C ,
3. I co 00 0 40r4 05 so C, cCcOOOOONNCODNOOO0 000000 000

CA -i .. .0 0. 0 0.0 0 0 0 00.0 0*0 00.

~~.EAZ 0000 - -

a Vvz

~uI

00 0

'R 0 -------
*.t 1 e

UA~~U U. miaaww

us w ww wwU.Uww w www

0' -ý c U0. .0' . U.0 .0 ý0 ý Cc c.o 0. 'o (P. o'. CP. c U (.U

iL a iLiLCLIL L & ' I



wj - -- - - - -- - - - - - - 0 I- - - - - - I-- -N - - - - -

-c

0

-I

0

L& 0A 0 na ,0

U~-J
uj00 00 C;C2 ; ;C;C;C C 1m 0-0 0 0;0 0 06C 0 0000 0;C ;c ;C

~uUt -- - -

09 z . 1 :v z x 1
LII

LU

R ~ 000000000000 00 S"1 8' 0
0080800000 NO m 0 NNq8

NOC 0 4000 000-SC00 00

V V V . . . . . .V . . .

> w w evvvvvvvv vv%

U Ut Ut .00

wL wU w ILIL
Z0C 0 wwztt

T IF IF X t 16 " I 00

0. = t UtUt U Ut t UtLatU tUtU tU tU US LU 0. 3k 0.0.0.0

ac II IIIM MII WMM II MMI MIM MIMI j i j ow- W - ..

Pt big 1 ~- .- 0 r- 0- -us -A L r t - -P -*,----

--- --- --- -- --- --- --- --
zS ... 0.00z00..0..0..00.0a..0..0..0AL00.00 L.0 .L



>. . - > I u I w I u I u I LI LI Q I LI LI MA w w > 2.>
0 t 40(( W(0 00 xzZzWU (A A W C

-o -N m-Nm--NA-m*u-N m- - -

- ~ ~ ~ ~ ~ I ft- m me %

(A

-C -

W M 2ItZ n

u

00M
64 CDg0=0aC oUC 0o,

M c
rim~~~L * oc o o oo o

U)a i - -

iJ -i - j -j -

P4 ~

m u a =va avma m im m
MA CkC k0 ,= 0 ,0 .0 o ,0 .C .O .C .C .C.0

LI 7 7-77777

iL ~ ~ ~ ~ 0 0 tLki . k .&a &&&&&a



mc

Id

P-~~~1 4040 c QC;C

I29
0 0 C0 CD

Z 9 . 9

& I0 CD00C 0 0 0 000C,0 0 C

U. 0)0 0 M O5QC 3 0 02 0mo0 0 - 4
3. S 2 (20 0 0 l ,C 0N %r(00C 0 0- 3, 4 p0

2- 0sZ0 0 0D 00 0Yc I

t. n pn 00 00 0 00 0 00 00 00 0

"A0 000 0 9 U 0U 0 0 ~00 00 0

0 000
C; m; '0' 0'- *0 kc o0 ;r* - - - 9 0

I- LiLi-C

oo 000 ooo 8e ooo 888o00 to

K P - 1-0 0000

000LL U,. out ~ 0~

a LU , U m t U) )W

m u mumui um

. CL c. m2 k . c mka
j



w - N - - - - - --- - - -- N 0 - -- N - - - --- - - -

N N N N

01 *%. 
, P4- -, 

I-

IA r4 0 r4

-C ry 'S NS cm -0 em' S - ' S' 5- S'~ S ~ '

000

mý C0 0ý 0 0 0D CD00C

-J in in
0 - 0 C - fn~

-1 0 000 D0 00 0 00

Ia n 08=D O 00 00 00 00. 00 0000888880
U. 0n . 0 000 0 0 0 0000000 0 0 C 0 00 0D

0 - 888 Sm0000D 0 CD00CD000CD00000D
(A 0000000 .00000888880l 0

-l .J 0.0

-L
w00000000000000000000000000000

08000 0000040000 00 0 00 0 8H 1
-J 00 00 00 00 00 00 00 im 00 0 00 ,

do 0 an W% do ccCn in in 00 000 oun 61 un 00m 0 0- ýr 0 0m ~ ~ ~ ~ ~ ~~i '00i -iC 40 caC

In WN W W-

Z z z z z

u~~ ~ ~ w u c c4
ale 3- a-. -j -j-j -j P- M-

r- 4W -- 6--wW. tww==

fA w0 V) t; 0 0 0 . a- 0 .. 0. (o 5) a O- a-. Pa- PE P- P -P-

0. a4411 14 14 Y'- a-j- i-i- -IAj 'A a- -a -j -j-A -i i 4-

Ck ChJ 0. 0.0. C.0.0.)ý0.C. 0. 0. 0.0.0.o0. (. 0.0. 0. C. C. 0.0 .m0. .0. 0.
77777 77777 77777 7777-777-

*i cL mw.c . m&&a .ma .&a .a



u UU l U L U w uuuu j WWu I.

-40 1- 10,- .

m ItC ~ I.,0 0 C)CC -Z mm Cmm . r

-o 0C C 0 C 0 CVC)4

v - 0- V V V V)) C

oC3, 0
0 Li

(A -j *. .

3.- W

0 -JCo - c 4c -

COCCO= OOC) a CC)0 C), C3 C) CD8
C,0 000D0 0 00 CD C) lag

0 C 0C, 400C2 C 0 CC 2)C)C8C) C C, C

V V V V V V V V V V %I V V V V V V V

'U LAS 'U

to z z x U x U'
IU -U 2c Z tC.) u u. UU U , M3c 3.- 2: - a -

w'U'

Uj re ; U 5 j, 4 = CJ -J .J. .J 1 U

IS m a,0 = Z z a = z o I co 0 221 1 s1 a aZ a a a a

0. 01 Cm a 0 P 0. C. 0. 0. 01 0000 ok 0 a)a 0% 0. 0Q. 0. 0. 43
'U -U'''' -UUU ''' -UUU ' -U 'U ' -W W' - Ml t-

J . .J S . J - J 1 . . .. . . J . . . . . 1 .J -v ~ ~ ~ B BBBBBBB BBBB LBB Q.M4 B3 .0 9 L9 L

IL Alm223332



-a W-2(a

w- -- -- - -- N -- -- -- - N 0 - - - - - - -- -

6- 6-v

-h 00 00D, 00oo00 0

U) 2

00 00 4i .- N c fl ~ U
a- 1.; 00

a w c4 - c 44

ooo co -00 0=9 0 0 0

00 00
00 0 V 0 §

. V V 9- - -
-a ob W% 0 00000000000 00000 0000000

aat

-i UAu - A
1 .1 -

0= uj .' .
m ~ L LA 0L wZV ZV Z VV VVz z

b 00 0 00 0 0 00 0 0 00000000U

00000000000u 00P-N-P--e 0 0-00000

.j u u u z = = 9 M K

IL NO 2i x*x x, N 4-- - - -a - --

LU W A w I M wla w wLI LI LI us U& us I A
j 4.j- - -a j- j- j - -i -i j-i ---

w CLIL A. CL .L0 .9



- - - - - - - - - -. -S - - - - - - - -. -s - - -S - -S - -

m N - "-- N - "-- mN - m - N0 - - Nm - " N

wS r4N U.t m 0~. P m N V S%
R aoa~~' cbao COY caca ay a az -

- ~ ~ -.- ' . -1 S. 1.~' S S . 1%~ z. z .'

.ja OCDa 3 0000 00a0 co0 0

Il inl kml SN &l Snk Sn Sn In
19

-j I C CD0 *0 0C a a a a

* c Snc*H Sn I 8 81 S S S Sn

w t . a a o

C20= 8888088 0 8a ,I 888, coc 888 C3,6 CD~c 8666666080m 009
0 04 0 0=n 0 0C 0cC,04aaC acc0 4C D 0aCccccc ccao ccct

as us

Z =UU j sw2

.1 ec "c ca a " caPcao

N- N.- N- N- aO a Ui

ww re z

Z Z40J W Sa mW W W W S Z

M SMSM SM SMSM SMA Q. MM MM MM MA Mim MM Mi ------

Q. 0- - - zi SM SM SM mM m 29 39 SM 3 a M SM a W12a



zo2,> >>U-> ý-> .

W% ~ ~ ~ ~ ~ ~ ~ ~ * '% W, ry 6o y6% 0MV nd YI

- - - .- - - - - - - - - - -- -- - -- - - - - -- N

03. 0420000 ood29"C' oco 0000000 00 0 0

-C -
-

-C

U z r - -

0 ag 
00.H - E 9

010

L7 Si

z ox w I-

us VI w oo o00-040-a000 00=00 !n

0. -A -1 0 -

A 00w 000000000 000000000
46 000088855 S T-T- aj 4- - 1-

VI1 ; .

uA~~ ~ ~ ~ ~ ~ C 00 0 0 0 00 0 0 0 00 0 0 0 0

In
I- j Aj- 4 j j- i- 1- 1- i j j- i- 1- a-

-% aW N6%L % i %I %b nV %V mi %V nL nU %I nW



-. - - -. - - -. - - -. - - - - - -. - - - - -. - -. -. -. -. - - -

M N Y M M N~ N N - - N -Y P"- N PO N -f

N NN% A t &n 0~~n N N Yin i

M 00 a00 40 0 CC2 o c

c"

-a

hi
200

mv

)I UP a

-C INC

0Y U4 - C l - I

I- U) w =
-M 

M

- E WeIV -
us 00C u 0C 00 00 0 00000000100
IS USco Lo coo 00 00 00 00 0u 00 usc* i-

I0NC0 49 008

L'U

www 'U, W V W=

-l ~ ~ ~ ~ c "a- Z ZZmm~~~~ I ~w wk ~ ~ ~ U kor mmmu kU *L kaI I LCL9 LkkkkC
CL0ze222 339232 92Mo 000 = .J a M 3M "a29 MM a M



4c 6 - 0- 1- 1- 1- 1%* ----- 1-% % %- ~ .%

aC 00 00 0a 09000

0 20 (Q 0 2

Z 0Z ZZ

'%41.- -*.- - % .. % - % - . .

0 888.00

U, -C00C i 00a 00c - ;C ; ;0 0 0;

a C- w- 4 4

0 V,=

9 0- OO O-S

. - .j 000000r40Q0 00 t 4 f0C% 0 0 r400r40 008
coco oo o oo O ro C4-Cl-- C, 0V n Coc

.3- -JUAm

-U L

3 . 3. .Z

.w -juw= Um
aULS 0 1L

4L90 c Z - u ,wcIoU
00000000000 8 oo.oo

o o o o o o oMo o o ooMo o o o o O 8a
00N 0 0 0 0 0 N00N00N 0 0 0

N CN - 0 0

VA V- EV V - b.V V
V. V1 V- Vp 3V 3. Vc V us VA V V V V V

i i- j AX m "-aa
= www =w-- * o a

u 5LiUt zm W w ww u
I= u w(i u u w

&~ r c cc4c- c c

W W -h -j -j- j- j- j- j- j j- I i j- 1 j-

=zz
&nU %UML NWWW %wWwW%& lu W f Nt n NW %anLW N

j L9 LA .0 . .a .0 .9 LILd LC L9 LALA .0 .0 .a

29MM== = eMR9 aMM 922= mi m2 =



w bNN N - >N N wm .- N N.-w .- N NI.
0 b0 0 00.0 00000000000zzz zzx z

-4 C-4 r'r rrvrY~ rrrrrrr r- - y1 - -

0 i IVC cm N

Q 000DCDD0 00000= a0 0==

10~~~- 
w, w, u CSA ,1

000 000000400000

-D CA . - , C

CD 0 0 000D0a 00 002000c 6 00 0000

(a a 0 r4

-C -

co~ V~

Lu 000000000Co0000 0 0 0 0 00 0
000000 000000 00000 R p m 0~

-~e 00 0 00 0 00 0 000 In~ UAAm
000=000000 0 0 0 OAA DO O00 00 0 00 - Ny N 0 0 00 0 0

NN Nvm

L u LI wIL I

a 3. 3- 31- 3 - p 311 - P.- A L

b- x2 Z z ZZ ~ ~ L ULIZ u

u a w - zzz -j- -jj==z j- -

0 M 00 0 0 w 0 0 0 o 0 go w0 0a 00 0 a 0 0 00w 0 0m
LU LIwU uwwwwwwwL W W W W WW W WU& i L"WWususWjw wWWW s u

9 Nj- j- j- j- j- j-j- j- j- j- j- j-

CA A A A A A AC C C C C C C CA A A A A A A AC C C C C C C

C4 m . . .a . a a ~ ~ a
0 a CLkk kkk kkk kkk kkk L9Lkk*. 9LS .A L9 .9 L m 0 .mA .C L & & C LC LC



z

ac~

t. W% 40 m #A U 0 N 6% 40 w mI4 UN 40 NL C44 ~ 0NU 0 -Nm
-i M - - - C Y m-- M- m N N .. N0

(A

-i

0 00

04

v 00C m00

V 00040

* oo oooo OOOO OOOO OOOgoo0
4 a: 0 C 0 0  0 0 0 C, 0 00 0100000 C, 0 99 00

WC 0 0 0000 00 Q000 000000C 0000000000 %IC,000

0 3. 0 0 0 0 0 000CD0 0000 C 0 00 0000,000 0000200

3- us
-40

0-

m U zmzzzzzz zzzzzz~z = = z z===a zv z zzz

Ni NIN a

V V V5V

ry ~ ~ ~ ~ ~ I -M - r n yf

Luuu Luw wLu
ZZa

.C zC

-U LAJ U S1 0 1 - 1 - 1 - 1

ww-0 00000000000

ag0.O 4 c .1 40400. &0C4=4040U.4U4W04C 4040 - -4044444

4 00 4040 0 40 40 4 0 00 40 3-4. 0 0040004
Pd F4 P4 F4 r4 P4 P4 F4 3. 3.- 3-- 3.

I0a a

w NC4-

00.uuujj w w ww m w w mm m - m
NNNNNNN NNNNN-AN NN -NNNNN

0......00 .0.000 ... 00 .0000 .. 0000
40% Ln U%0 . 0N.n4n 0 . 0 n nWI V % %.%UNw w n %Ui I % ninI

z IT-M
0.0 L& 0 L9 . 0 m 4 LC LC LC d L 9 LS LI



w 0w 00 00 0z az 00 0(aus(A z

- -

- . . Z-% -z . Z. Z. lz Z '---% . .% .- t Z.*. ---
M Sn"M o %

a- v o v v co

cc WO V V -a VV

C,94 6 6 6C; CDCNI0

40 (2 0CDC)100 00 0 D0 0004 m0000 CDaC

a *

0N0 V0 000M'rr NU u
M M - M V2 42V

M OS ac -UL U--j-

-I

W- W a. 0 aO c O

cc =
-A 0U4=

P- 5 u u w w# 1 iW l

- - - N -- - - 00

NN

uV u% uV Vn inV mL %L nL %w %w ti mi nw - ni n %
z ~ ~ T T T T T T T T T T T TV

W. CL I a. Mi CLC La L& LC



W Lu w 0 W W ~ U U U

-% - - - -% - -% - - - .- -~ - - - - -% - -% - - -%~%-%*

40 Nv N Wn0 N 0 a en 0 Ne 0 m e 0 tAi 0 Nmn0Ni

-J 00 00 C Q= O C1 00 0

o - -- 0000o-v

v 0 0 0 0 ;C

I-- P- 0 0 00v .- v

U,-

4c A 10 0 0 08 0 0 0 0 00 0 8 8 8
a. - 0. 0 0 0 00 0 0 0 00 00!8

In -

ViZ 0 m Q0 00C
9U . !C !9

~~~~~ w, C, 0ZZ Z Z Z Z Z Z Z Z

j _j

0 N it i it pq 00 0 0M Mi Il N' 00c N en z 0 0

w w1w
01 - - j s m t

uj~ ~ ~ wu uiuuu L

0 0 _j _ j _ A -1_ j -
55 e~U U W

-C ot m - - 4 - c C-C4 4 4 c c c w wc
a, ~ ~ ~ ~ ~ ~ ~ ~ ~ ( 1U (U a, 19 19a ,0 1Waa tc taa

40~~~~~ 0 saaa02 1110 Oaa Oww001
Lu u M A AM m u sujQ I lLA u A puu L i U , miZwl

-j-j-A-A - -j . j- . - j- A w w w w-j -- j- j- A-

u% in w% %n In In V% % i v% v% In v% LA In U In Lm % U u %m n i U, .
w SU UJWW WWWW MAIIWWWW MJWMWWWW IUW

_jI L4 L9 L LI L90LI 9 L4 LI .0
0_j

t- : !.! :2 :! : ;! A! :! AI

IL Nt232233223 e3



at~

9112 - 9Pl,1002z0 0, 110I sI-aa11 '-2 1*

:z V4% . . ' ,ZZ.

-J0 00

(A*

z

av V 0 0 0 0 0 0 0 0

z s~-V V VVV V VV

C, 00 ooooooooo ooooooo o o 80 0 al

U, C iC000000000000000000000

-x Uh2
P--

UU

0 00000 000 00 000 0 0000000
.1 00 0 000 kn 00 0In " CY m00 00

08000.. OO9U00000 00=080

SM LU L
. is LU U us

i LU LU SMSMS tM LU S

1-- 0-1 ; - u

-aMS -1 - 5 1 , an nw

0.. j IJU IL IU z zIL L 0 0 0 0 0

z accI .1 -C .1 -C m an in a n 0

s.
0..............0000000000000

0 . 0 . 0 . 00n. 0.n0nWW. 0 % %W & N N.nU U % n1^6 i % %4

Uj4-LI c .cLm 4 L c LLgLa 4 La



zz o Mo

Z . Z- Z . Z-%~ Z . - . -1 1 -1 Z -1. ~ Z. tk Z. t % .% - %.

Oi 0000CD (D 0 0 C 0 0 00 0

In

00 00 0 0 ,2CD a2,02

z --C -C -C---

0i 0 039ma
LLI

-J ~ ~ ~ ~~C C(.4 . .oo o o o ~ O O O O O O O O
M% -n"W Ar 0. 0000000000000000000000000C0000C;

00000 80000 00000 0000 0000
(4 ~ 0 0000 000 0000 000 00 0-tO

WU CU cZ Z Z I Z I Z 41 1 j- - 1 .

l~lls188881 818881 88MM8
PN N . US Nw

-j -8 -a -j -j -j- j - a- j - j- j' j- ja- 1

a~~~~ a awUaaaaaaaaa

Ol n W V tnLn n % W WWNWN % L W UNWN % n mW% % N W WWN WW wt W%



w ---- N-- N-------NN- - - -N NN-N

41C ~ t N
a N t Nti'. 000 04 0 0

C--s
mm ~ ~ ~ ~ ! .mm mm mm mmC!mm mmC!m0 CmC 4

-5vvvvv

0 04 004 000 00000MM00 C
0 ~ ~ ~ ~ ~ ~ ~ ~ -CD CD0 0=M inn4 C C 0SC,0C,0C,=0

-A

0

9. 9 .. 00009900000!900 I! . .C W! %
Y 0 OSO 0 00ey0 00CY0 00000y0 0 C-0 0 0 C n oN0

US U, 
j LU U

= ==1ZaW .I .
wn UAI C LC

r4mU)Wm

t5 555==OO= O O0 00 0UW0 00 00 0.,'~ O OO OOO 00 00 0,tm0 00mucoN

N- -N- N- - -uU l

g VC -C Z Z w VCZw- C4 C- C- C-
V V0 V V V

w u
-A -j -j - i - j - j - 1 - 1 j= A

No.~~~~~~ in LMi U ^ u% nL l6 %V - nU MW ' n:' nfnI %W
-A ~ ~~~~~ ~ ~ ilU CL M d (IU.9 .A LC LI C L 9 L M k.C .0 .A .AIm L6



CU. W% wl 0 z r. n eli 0 n f* N &A ~N N ei0 N ani 0 Ny el% a l
wU e N N N N N N N N N N NM Z
6-

0 elD C2i al 0000( .2pn,
0 -0 0-000 0 00 00 O v v 0 2

9 !91 999C . . :
- 000000000 V V VCV V c00

0 00 00 0 v - P- P- v v v
qa v

Q 0 000000 0 V Va00

us -C OOOOo OOOONOo NO00OOOO 8  Q 0 oC

Wn z n-ff
0 0 0 00-0 0 00Fn0 00m0 0p0 0

c c c c

LI

- 00 - m Coco co 00000 MO
C! 0 ~ 0 0 00 0 0 8 a

...............................................................

wew

a~ --A

Z b- D- I-.= =
w o~~ouuuzz Z EagwwI=-ww

6~~~ &A UN U% W% M W% nin &M um -%V tV ti %U %W MI N

Z~ 0L 0L C 9L 0L 00 0L 9L0 0 0. 0L 0 0 0L 0 00

UL CDW W W W W W UW W W W W W W



WU) 4 U(ASU Z Z Z C74 AC AU A LC

w ---- - - - - N - -N - - - -- N - - - - - - - N -

N1 -- iN m N

cao

I- C3-

v

CL. 0: 00 0 04000 0 0 0 00 0 0

-C -

LW ZC00

000000000%000C3,000000088000

-L US..

U \i <Uusus

LU zw 00000000000001-N8 - N.N . 0Bl N

5I 51 .1 Ic4c -

cc cc cc 0 00az

a. a' I. a.w a.

I IOw a .~~ . I.

w0 m mm W M W



09

0 01

4n0 4 0n0 f. N ý U m 0 .NU t'- N ta0 t - m 6n 0 ý I WNU 0
us ry ANIm ZN N l tN N c
I.-

Coo0 o 0 0 000000 a 000 0 0 0 05

Z a . a. a.IZ .Z I- . , Z .

I-I, 0 -
CD0 2

-)J-
0, -C li; C;C U0 C ;C t0 ýC ;C ;C C ýC ý% - ;

30 A0 W 2 C
wW

4c00
3a z IV V4 V- C

duz az aa

Cý 000000

.Y M 0 00 0 0 0 0 0 0 0 00000000000
00000000 00 0 0 0000

00000000 000000

jJ -a - i-

lu
-j LUL . -6-g - - - -U

wU 0000 w 0b- - D I-m 0 00 00 00 0

cor af0 00 00 0
..........................................................................

P4 00 a a a a a0 a a 00asa a

As0 0 0 00 0 0 0 00 0 0 0 t
00 0 0 0 00In00 0 0 t ~ I 0 0

N r4t'0 N.0~ 0. V
In ~ ~ -- 00 &AWU%% AW nI %Ww %t e ,a nL L ni ni ni %i

%~~~~~~~~~~~~~- 'It Tt T 'TTTI TTTTTTTTTTTTCTT

-4 ~ ~ ~ 9L 9LV.C .A .a LI LC L9 9 LA LO L .A .A .A
AL VL V6 V VL

9L~~~~~~~~~~~~ U :9 U 92m223 9 922m2



0- w w w u u u uw w w 6-uUL

%.~~ ~ %. . .% . . .% . .~ . .% . . -- %.. .% .%

C,' -, 4

wuu u u

0000----------- - - -:zi zzZz

-~1 - C 00
Int% %Wrerrrrrrrr rrr rrr

v

- 0 DaQ 4 0 000C, D D0 = V = CDV4 0C,0

0~~ 000C 90 0 O O
'8100 0 0 0 0 0 00 0
a 0M 0 D0040040 0 N 004p00 V V0s 0C

(A~ ~ C 0 0 0 0 Fn 0 0 00 0 0 0
M. -. %.

a z z v a aoco at zooooatoo a

=80 00000 00000088 00080OO
C,- 0 0 00, - 40 0

.. . ~ 1: 9 9 .C!C 1

00 0 000

r w2 n : ; 5 00,08
I"0 0 0 o~~ 000 M -IVr Citw~~~ vN.0000o..o0 visetOQ

v V

VV V VU V V

u W W uWsM

0- 6- - 0- -1. -.. ..a
Li u 3--3- -

-- "W wg I&. U~i. at m

(a CA 00 0 0 0 0 0 (Ato0 0 -000 0- 1-.0

.c c 9c 4c4

a m99I 1

us N .W . ~ m. .j j -1-j -j j -j j j j-jm -j j -a i -j i j j j -j A a -j j -j a

. . .*-0L C



ww~uuuwwmw U LLLUIIiL

I

IA C, m~. mn WN if; V; V; NW 0Nm sN IUP. i UI N if; N

u C! C! C!~N ~ N '
I-~~~ S..SS..SSS..SS...SS..SS...SS..S

a v

CA

-' 0c00C b04 ;C ;00 04 0 00 0 00
3. U)l.

-C

me 00- -zI aA WI ma m

IC

§ooooooooooooHowwoo0 0
O8%80 8000 000 888888c 4 % %WW

am

3 a

a a z a

mum
I-

4114

0ni In 00 00 VU 1 nW N W% W% N t l W% n 000 0% N- W% W W W% N% km 6n WN

m m N VYm N c

a.a..0 2 m33m



iu W6 w b-u-
u w N,>zz z(a4 a4 i 1

- - -N -- - - -- -- -N - - - -N
I- fn ot mC rt

a 000 0000 0000 000 0 '0

W- M- - q f y C

-J 00CD 0

I.- CD000 V V V V V V 00040 V V

v V v I. 1.- a-1-. 6--. b V V v V a I-.

v v 0 0 0

0.0 l0 00- CD0 00 0 0 y

U)

0 3 40c coc 0 000 a0 0 0000 0 Co 848o0040

- 40
.11 999 -. 9C!!9 !

om o c o ^M =NNP nU %i

us W W .- p-I-u

Lai WU W

W ~ ~~~ L. Liw =
I SEE-C 4 ot L u uMw f

co W,2 w w a a
a-a-a--.- W.. ... www wmmwww !.1W

a i- - i-1- 1 j- j j- - j- - - =j =i - - - -

0% ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - NN Nn Nn N- AW 1 %w tV %w NL %I %6%U L' o'= ;, a fm y Y "r4 4 - a-wwwv. m. 9 a yUUc
0 gL------L-&L-4L-------------L--------L-----L-4L-a.--.--. 4.

*m m m a m m m m mm mm mn
& ~ Ba 0w w w w ww w w w w Nwwwwwww 3333 3333 e3 0a2393

N



- -% - - - -% % - -. - -% - - - -% - - -. - .- - -% -. - - - - -% -% -

i n-.'a n. n N- -t an- -In ý itn P-4 an an F. -t n

U,C

- ~- - % - -. -% -. *- - - -% - - -. - - - - - - - - - - - - - -

0 2 0 0 0D
an an an an an

400 a a- a a-

.z

-j c 0000 0000000 00000000 ; io6 ;C ; ;C c ;C 0
0. 0 20 000000n0

a 0 88
4c ~ 0 0 SSo

-U

C9 'S C ,C as0 ,c

us au w
UA w zz =w9u

at m www P4w w =AU ALUL Uwu
==NN~iwW UJWW . mU m m W

P4 " 6 " v "
"a #a-4 W-C -C .1 W- U "

adl a j - - - j -4 -j j -j- i- A- 1

b- """IU5 ... U
UJ WWWWWWWWWWWWiUIMi

4* "

IJ 0. 0.0.0.0.0.0.0L.0. 4L0.0 a. . a... .0&.&.a.0.0.0m0 a. g0.0.6&
0...0005...000t...000t..0000... L00

------------------------------------------------------



> > o2

3 CD 3 CD C3 CD

W %-' . .. * %..* - .- - - - - - .- -.-- -

-tU'- - 1 . . * . t0 * U'- '. . t0 tI .

wd
I-.

a 0 -eO -~0 00 0 ~

19

294c

V) ~ ~~~ 00 0000O O O

U, I-

-C
w

ac us 0 o0 g 5 5zg~g 5 5 8 8 8 8 w 0t

ul~

01 0 00004 3 C ,4 D
0 a= 4 4oo0 0 ==0 Q 0 Q 0 000, ,0 0 C,000 0 S

0 2CC,0 0 D04
0 ! -C 9999 C
- a_

ZZ af = n Z ZZ Z Z ZZ m

= W

cc 09atc

a.g g g ~ g g 8 8 8 8 8 C%; P;C j 4 C 4 C; C; 4 4 5 4 C r - MC C yC M

00~~~~~ 0.a m3. 0 . 9



-i -1 1 ~ 0 -0-0- -0-0- -0-0- - - - -0-1- -010-- 1- - 10-1- - 1- 1

a . 1 " 1t 0t aa11 1
ff -- .=U s6% " l ' ' % I

1

2v

CD

-C --

UU 3

u50 MCDCOcOOO cccc 00000000000

888888,8888888888 88880 0 08~8occooooocccoosc

em 01 .1R C L. t

V v
v v v v

0000000 -0O a0 000 00000

Nwc -N N-L 2m M ~ tN N 0

= = s u MC- ww -j-j j W U.w w a
Owl--222 -5-5-5

22 23 ififif -

in ~ i Qa.3 ~a t2 =2 !;0 !;! :, :!: ! :! :! 3;t! .! :!
0 522 2 S 1232 mm m mp -- 32 2 m: M =2



ub U0 aA ul(A(A W4W (A nW lU 0 Ul4( ( U (0 VIV'A 4 W UY(A V

an %n t N ?

In-- I , -' U% l 61t tn 4I - '* n. 4I - U -- ,

In

-- - -- - - - - - -

I-

0 D000 0c 200000C
a. agoC, 0 3 000 00 8 00089 0

00 0 0 0 0 0 0 0 0 Q

3. usa

-C-

0

UA

0.0aa 0ooo0000 0000000- 0

w. (. . :2
D' X . --

-JJ -&J

(U =jU
2- UUUJL

40Z

Z 888 .1 @ 000 000

- ~ " I- 00 - a. 0U 0 00 0 0 z 0 0 z - M M M

cc =U (U =

b- 3. 3. X- (U. (U
(U =U (U C

P- 9- 6- .-- C 9~~~(~M .. uj U J(
-11xS3, w ,,.4 Xi uz - x z- Z ,Mz si u

OC 
w w u u

4 444 4- - ww-

-- 4U * 4 -Cw 4 -K 4

(U

m a a aa a a aa aa 100, a 4 ' a g a 'a 0 -4 '0 'aa

(U cL gL ULiL tL cL wL g U a m cL & m UL m L UL a.a. & m d & ( A

55 5



WW WI 40 1I 40L L
LII 1W Yb

m a~mm mur-m m U in ý-r- Int-
IWO KIne W mmm 0 m m mm m m~.~ .~.-% ~ *% - ý Z ~~ %' %~ ~. - * %% %- , .

In

ol &A UUa C!

I. ;0 a00 ac o 66
§ cc ca aa c v

oJ 0- CDcao-
* -in n 000 0 0

m 4cc o c o o c o o c v v v v

Q C2. a c CD a co c o o a2 0o o 0 % 8
caY ecaa 8oaaoa 0 a aaoCODa- c al 0102aao

-ac -C

aZ zM z z V I ZCZC ZZI =v V V IZ Vz IMC

=a a a .- c ~ c a- ý0 0Q8a c mu0a at a ,0 ,
aC a a0 a a aD a a0 08 a a --- a l a a , a a a0 aQ i

>- f .- N

- C4 w

www w

a b. 30 2- 3. - WA- L
01 zz z L. .

WW ..UdPd
I- UA zi z z LL

E . -C -C -
Lw . . .n SSE in W. mmW-

U'

a 0- 0a ca101 0aa 4' a' 'aa -4 'a'a. 'a'a 'a 'a g
z m"mmc r u""mm i"c m



I- - I- - - I- -.-- '---I- -- - I- I- I- I- I- I- I- - I- - I- I- I-

m U - " t m - " t m - t m - N " S - m ' - t m N t IN on -, N.

I' W, 1N 0 "I I* N 0W" 0M 41-
I-w

- ~ ~ ~ ~ ~ ~ ~~Z - - - ------. - -.- - - -~~*' - -S - - - -S'

Q

I- ~0 0

10% ~ ~~ ~ ~ ~ 00 D4 04 0QC

-J b *0~0000000000000000000000=000 0

U.,4cC;0 C000 c,6 0 6 006 6 06 6000 60000 666

mw

UU

-A 0000,000 000000,01IM100008000 0
-00000 00000 00000 m00 C

9 9N 9. C!A C ! 9 1 9 9J e.J 99 .

I-~ ~ I- I-a,

~~L MA us MA US IA.J.. JI I -

MA MIA -. I. lu 1" w. 3.

LIM - --,-V- .J 3.- 1.- 3. 3.- * * *
oc ao ao oorldr a vN N

* M

45u -Z .. .. .. . .. .. .. . .. .. .

Lij
0. 0



u~ u wy

- -% - - - - - - -S - -. -s - - - -. -. -. -. -. - - - - - - - - -

u ~ ~ ~ Z w-. *W%:U -' - It U% - l .5-'5 -- UN 5h ' A"

FA

-l 00 0

a C! --

IA 00 0A 0 o
0 00 S0 0 00 0 8 i c%

(A . . . .

0in in 00 V

*v cc g -% 0 0 -

00 00 -00 vvv

P- 0P 0 040 4000ul

.5 5 a a

-aZI zz2 -- -- WL

UU I- . -Z Z Z

- ~ ~ ~ ~ 3 3.- N -A 0 00 -IAI

mu WW W WW w w w ww w w
- I- I-A j - 1 - 1. 1 - j - 1 - 4 - 1 - j -

ev~l~.

0. 'a'o - 'a a 'aa 'a'D ' 'o a '4'a '

ry m r CYry " m m mC 000
L La 4 LL Lkk.LkL L k L4

!h !h ! LL212 a2 2m 33922 2MRa 22 mm



42 L W WzCI w z W4

0A N~l N Ncm 0

(A

- - -- ~s - -Z. Z. Z . Zf Z. %- .- * --.-- % .- *

00c

C, 0 C 0 0
C, = I- - --- S--CD0C , C a - 40 0 00 00C D4 0 ý0090

wL .1 o C; .;o 60 :

am -- - -

CO 00 00 88,00 880 8 000000 C C

C,

aý W% 000t % % 00 -ooLnoc ;0 0 oS

- U,

La

US 0000us _j 00

.0 a W. S&P0 . z Ili00U ¶0 0 0 0 US

w N SAaAn0-. A &
0 3.. 3. 0 C L d

w V V V w u V i u U V V i w Vi V j

;L~~ ~ ~ .. . .. I
0 ~ ~ ~ ~ u -1 L SL00. 4 l .4 .4 a LC 6C.9.969 C .9696mI L

CL a 3 m ml -A 2 3m m m 2 m 31 2 m : m : 2m3 2xmm



in W

at

-J10

n

I-.

U)

00a

if 0 CDa W % W ; C

us w

1- 0C 1 - b- 0 - u w -u I n-U f 'I

X- X- X- N. 1%J 1 'J4.,I-C

I' - 6 - - -I U U U=

www

'200

-C 4 4 -C -C -C - -'C~ ~

Ia me a aa a 9 a a a a a me 2 a a a



%. . * -*%-, ' - - % *%- - -* - -* -. - -% - -% -. -~ - - -

-~ ~ ~~~: Zt :z. :z :z VI tI A tI ~. A9.I *I

w~ ~~~ v NvNa - a aa ' NN

co
a

a ,
: --, CCC,- c ,9 C ,10 .4

-C

LU0Q0 04 CI a a a 

a N cm INS IN c

I!~ ao a
a~ Qu

P4 W 1.4 1aa a a a a a a a a ac

I.- z

~ aaeaaaaaaSSaaaH55 Ia

-C a - a a ---- a aA II Ia a GA A a& w- a& Us -L a2 a . a aaa
-. U. wN." & .&,I,===x====xWZ - -- -- -- -

V z : 4 V V V z : V VC V V : z V Vo V= w c K

0~~~~~ w w oZ la0g owa0g

S&IW

6 m, a-4 4 a 1 a 4 aa wwaa . %a'.4 %C % %z m Y ~ Afu" IS AIS NIN v3 y mem M =
k ~ ~ u ww w wu kc ZkkILkRk Rk LLdALL L06CAL L& A 9 A L 1

40- : l ! ht : :!:, ! : a. , ! :t
'L :39 29 MR w tw2wme 3a m a 883 12 i aaaM



- ~ ~ ~ ' U, *% &R W,-S .-- S .S.-S .~ . - S. S.S.% -r in .

00

v vi vv v v v v V~'i V
Z

6 . 0 -0 ~ 0 D0 =0 0; 0;

CD 00000 0 00000 0 V V 08

Cco cc-
0060 00 00 00

a z 9 4V Vc VC 4 V V 4c 4V 1 C 1 9 W 4 1 V V V

Sas

v v v v v v v v

Nj -j Ni j mi - - -

w~~~~ ~ ~ ow aw iUu a

4 -Cc

IUU h Am S
j i j _j_ _ _ 4 j 4 _j -A- _ _ A A j-4 - .4 -

In=

C5 8S U U
w 4 'a gW o' a' 4' a' a o' a. ag. a' 0

m m m uu



> w w u w. u >. -' >J .0 >A :I w u 0 Z.- > > j.

---- - .- -- -A-A-A- -A-A-A- - -A-A- -A-A-A-A-A- -

%.- - r4 m I" - ft m %* .----- . .- % .- %

Lft in %r wt m tS t - .t in -r b% Sn -S I n - . -r WS -' S
WU f t D f 0 l t0 0 M L0KIN0'0 0N

-- -- - ------

ZZZ z z: .Z .ZZ

-n p
letC!0
co
v 000

9L 0 0 C00aCD 0

E. VA M 888=0888=00288 00O 8800 00 0CD008
u. -A .. . 00 0 00 0 0 00 0 8 0 0

us6 0 0 0 0 ;0 ,w ;C ;6C 0 0 00 0 C i 0oo ci
mo OO OO OO OO

a z

CM rj gm CY- N.-% c

VV VV VV v VY V v V V V V

wl w w iLA

A-~~e 0. . . W

I..,., yyy www KZ
900 a 9J

6 6 1 A-A-I-A

IC WoU at de a c ffiOat I 1 .1 -.1 4=* 4 c
0-dWx a ca I.. at~~~~.000000...... .0..0I0.. .0. z.

.1 z z ..... 00000000........0000000
0- zzzzzz .I

-0.0 4 - -



- - - --% -- -- - - .* %%

221 - 0 NN0-1- is111 2% 2112N -In d a

t. Z0.t0

he
xn

v ---v

A: -00 -0 0 0I0 C1 c a 0

0 0 40 0 00 C.

3- V) w V% V V

-C

a at OCON 0 294

a CD VC VVD

-J CDl o 00 0 00 8 0 80 0 0 8
2. CO8 8 8 - 88 8 8 8 C

In .

- N

'n WN

ul w z

..J 0 w00 w8 8 ~ ~ 8 w8w

- N- rn-a N-a -' fd

9L~~ 3 w www
4IL a.. 9 at a at - a

fmm
a~~~~~ ~ ~ ~ 1001 w0- al -400CO140ga g w Oe oe
CM Ncm e " Nft m94 f
k cLcL k4L k L 4LcL j L c L &k cLgL .J .. kLJ



WW w U LALu UJWLIuLAL W a W J JUL

a-n = Sass Sa

Gas~e W% 06 m

C!' . C

I- - 40 - - , 0 40 0 v

an*sn t
co- an 9 9Cc 0 2;I S~ MoPo

U. 00 000 V = o c VO.oC O V0

031 an an I S S O I , s

- .0 . 0 0 0 0 0 0

00000a08000 00.00 0 0

0 z 4c C -me 9 4IN SA t N 29 M M N

-~~~ 40 0 V1 C = = -It PI, =
0- LI1 o W , ki nW ;C C ;C nW

ty&nu C
3c

v~~8 8vI 8838 vv

Nj -j -

aa Zra X
ww

u a 5- 5 5- - - - -

9--0 LI0 -w

ILU I~

aaaaaaaaaaaBBaaaaaaaaaaaas

00Ck''' 'a' 'a ''o - ' ' ' 'a o ' ' ' ' ' ' a'a 'a 'a

USL M1 d. M~~a CLa 4La IL . a6S . .. LI C L LCLA A .a. a. aa a. 0. a0a~ . .



u iuuuj LU W u CJu

C70U-ZZ .

.a
- - - - - - - - - - - - - - - - - -

UNz16%- i

-J D y0 0 0 0 r40 m0zA0

an 61% In 0 n-

o 0- - 000v

Lu - . . . .
&u VC MV - o o oV;C ;C 66C i ;6oc 6o o 6c;

a 3C 4 I O L-c4KO I.- Vc V1 ICO - I 14 V V1 V

40 0 00 C
S m

a.~~C 1088.010oa~ c 0

C, .. , 0 C, 0 C a
C!. . .

CD000 CD WN 6An in W- inn 00000000 2- W% in 0 00- N

V V V V V v V V V V V V V V

LU Lu Lu

-j -j Ai Lu Lu

Li~ = 5== = Lu Lu -j-ju u

UJ Lu Lu

4c U, U, z z Lu Lu Lu U U U.3 P M -atZKzKKJJJ=

04.

14 10 .4 a a a a a a a 011 0 a 0 1 a a a 0 0 a a a a6 a a a aj T T T T T T T T T T T T T a a a a a T T a a
Lu~ WI W W W W dL CLWCLW9LWWLWa. u.WA



Caw 4 4( 4 A L1( (A

I- - - - ~- - b- B- I- - - -. B- - B- B- - .- B- - B- B- B- S- B-

0 om

mc

0A 40 0 CD 0 40 CDa

G- w% * .%~ -

Cl 0 00040000000.C000000=0 0

-J 0 Q 0 0 0S 0 0 0
IC 1 . . . C!C!C

10 - n - f u% a% - n a%-w p "p n an^

w u
- V V V V V6

U B- 1 -0- -u -A =B-

CI

-6 j U-

-~ ~~~ -. - -0 0-0 0-0 0-0 0-0-0 0 - 0-

-i w
a. -.- j - j- - j- . 1- - 1- 1- 4 -

C4
UN

MI 0ý C?00 0 0 00 0 0 0 0 0 C?

0.0



a

01 0NN ~ N N N 1 Ini IN

up U ~ ~~ %1.U ~ . ~N ~ .U .U . nN ~N ~N AN AN

0 (1

U) -

C;oz ;C C ;C ;C 0oC ;C ;c ;ooooaC ;C

U) 0 0 8 , 0 = 0 0 0 g o 0 0

cm IY c 4 m N - -IJ- - a M

C: us
=' L sL

-zi aA *i 00 Qi OooOusOus OOQOOOOOOOZO Om

aa
Ll U

.j -j 04-a -0 0 0a j -j-0 0-j-j a 0 0 0

o cy - -oaa- o o

z N 0 - - N N

-1 9L9-L LkkkC LkkkkkkkkkkI

a. & 9L & VL CL VL IL IV & CL CV IL m VL V. a. V CL CL & SL V. & L V9VVL

Nsu



z

V% N uLn N N N N N U N %. N M% N 6-% N n N n N mn

.1 t T%' . t 0. 01 ot %. 01 t% 01 t% -t 01 ;S a, 31 0% %. % 01 --. ot ot
-t-- -- g g-.g-. - - - -g - - -- *-. .t---

Z. Z .Z ZZZ ---- Z Z --- Z-- -Z--Z----NC

z 4c

-c

us I-

wU)
zj

40 0 0C D C ccc c c c cc c c c c c cc

9 a,

wu w

Uj L

A2cco Soc ccc coc 88. 2. 3- =S
- . 14 - . - a i a a w c IC 2a 2 cc-a-m 29 z x Cc N C NX a. 1 -9 N1

0 0 0 a a- m w
wuJ ww , ,WzUw- - &U.ww a C C c P .

o ~Z a x N N 0.3 I C cMCt

a 6 ~ J I? T z= hJzW~w Nww 1 5. . -$

=zco..s-a, u . a M a us w w w w w w w w .LI l w us t a w k
= = o ta - - ==o -a j "j",-1-1...

Co. ($1. U N 0.0.kC 0. 0. 0 c c J .a J. 0. 0-' a- a-
z ~ a 46-a ain cy X!"N Ut 4c 4 c m 4 ;X %

wj c Lc Li rnr&LciL 4. 4L c . .L LgzcLa 4 . . . k LdLm
-9 ~ ~ ~ -LILC La a.A a. a. 0.A .C L4 L9 LI 4 L0 69 L0 .0

zzmC-2ZL* U UUazaa w w



in In F.NitF n F % N N knN I N LN M% N UN in N-

us- .----- - - - . -- -' - -. -%* - - -

I-Z ZZ

z

0 Q 0 0 0 0 Q v

c- 0 0a00Q-0

- V 00 000 0 00000 Vo

U)

aU .a. tzzz Izza
00 000

u

COD 00 0 00 0 00 0 00000al000 00 00 00

80 0 Oa 0C
. .

2c = - -

00 0 3- 10 0-- 00- an 00 zn .1 j0 u 0

-- -jm

-~ M W
4c 44 4W 4 o 04w 00 LIL w0 s a a

o~ ~ 4 aM z M -C aM

u m xa.a
9 -j j j - -AW -1j- j- j- j -A- j- j- C.

a.am



N tNinNi Ni in N in N %m N i% N Lm N in N N w% N in N in Nin

---------------------------

-a 00 0

00 C0 V; 0D0 V VO
V VV V I- V V - V

z

-00 00 C 00 0

c V V vV VVv V

U. us 0 0 0 0 In C,88 ~ 888 3 a0088 88888808888 88

z ac0 z ZZ Z at -=

us -i WNw

V V V VV VV VV VV

.1 30- 3au
~ o~a. -

ag 8 j j j-j -j -j-j

3. -3.0 3. 3. a- wwS

usUA

9 a aaaa.
P4 -- 0 aa aa aa e

in

6 Nm

z CO, CM Cm

g. 0LA .k 4



N nN Ln Ne in Ln In N N V% N %n N in N n % N U N in N %F

WI ---------- ------ ----------

-
~ N ~ N~ mN ~ mN W ~ m4

us -

z

C ~ I 0 U ;40a

WIi .

3. 00 V ; V ; V 4 0 0 V; 0 0 00N C ; ;c;

-C
a - -C' -C - K- C- CM- C- C-

00

- 0 4- o100 000

0010

WI =I

us8
0 MA 00UAU ... ~ 0 0

Vj -- N N N

IJ W

WI WI WI WI WI

m " c . z ..i ..j -j - i f

us ~~~ w WZ -ipL
M= = 14 P4IP

LU bIIW 3--j WIW
AL0 0- I I.~n~ff0i

8
JII

K a= IWWW
-- -- -- - -- -- - --- - - --- ---- - 1--- --- --- ---- - --- --------- --- ------ ---- - ------ ---- - --- -

"dU U UU U U U UC 0 0 0

emifi

IL0



emNBANB N ANB AANB A N A N A fm M A N N M N CM N CA

00 CD 0000 0 0 0 0 0 0D 0

I" -------- --------- ---------

-C
6-% U% UN 9N N~~ N NM m~

-J0 CD 0,S

0 C I 4 I I.- 4c IC 19 I 1 I C 4 C c 1 4 4 O

UU 2

0 S-I

m~c am Nzz z z z

LI "

.1A A ! ;, atC- . C O -- C 0 C
00 0NC8 0 -C .-U 88 8 z a M

WI" WI" - -.i

z- us w sW W B 3.- A o
AI j 9 t ; =

ata LU ~~~ IL ILj-
cc -WI WI3.Mf

w 0 we Us W W"1- 6 I" C O j - - -Ow w A N

5l-ua =j w W GA .U . M

4 cq-qm . c 4 mc W e4ac4c c
I00 cmm Cls og = uu u z amm =w w al w w =1-I-W WW WW W

** -A LI I" j I j- i- j- 4- j j- j- j- j- j- j
P4

In0 0 O W W ~ ' 'I .' =

z it It 1 t 01 t 0* It ttz tit .l4lt t itt4 t tittiz It

I'-



r- 60U N UiN N &MNg~ f N Wt N LA N In N uW N N 6MI N V% F N N

40 4 4 4 4 4 4 4 4 4 4 4 40 CD 40 0 40 0 4 0 04Q444

co

U'r 0C 0$

C2 1fl CDOO 0 0D CDC 4 4 2 ;
v 00 00 000 - - InO 00v

2t 00 00 0 00 0 VVm0
V V V VV V I- ~V V

00 08-001,1os OOM 000 00 0
C2 CDC .C . . . .

-2 00 00m 000 0CS S 0 008
to 19 . 999 .. L 9 .C

U, cV V D V* in VD = V Vi o V 40 oVo'
In C,00 0 0 0 N OC ~ Q 0~

0 ~00 00 0 80C0 -C4 co - cva C CW- cv4 c4c4 cc 4
Cc ~ 0 0L 0 0 at 0 000 z z z zz zz z atz z z

a go 0 D4

b LI

mi '

w~~~~~~u 000000 aN a0000000

NUM - i - N S . . N

I.-~~M -L Ml 3. 0.R

3. .3-3 - - 0 W

us~s

Ill 0. (3 l0 ho C k0 . c 4la 3.o P .t 0 P

z :% T TTTTTTTTTTT TTT
-j iL L AL C 9L CL9L IL 9L CL9L m . AL4 : A LA L LC L9



LWFn P N tI4n N WN N N N to a N0 ai

.0 at-- . -tt a-t .1- ot k ok -f t*5 t9 t9-S t9S

W 5-. - - - h. - -- - - - - - - - --- - - - - - --

a~~~4 0 8 8 - 8 8 8 8a-8 8

U

OSO-8008 0880
9 V VR . C!...VC

Uuq C *C.I = 0 oc 2 iC ; ;P
W I atC
- a -C 0

aJ 0 00

cc VA V Z V 1 nzaa aa c 0C4

0 C,-I D- 204 0 MiC;0
CY rocm 0 & d

U U
in i

w u I -C
Mi -J cc aso U 8I8

at 0

w aUS
19 ~ &U a sW "l

55 a ;- l.-U

I- II QII = = ff - J W L u-s

a-- ac1K a

a ao a a1 a ao a ama a a a a aw a ao a W0 a ao ao a a
MI W W W W W W W WW W W IJ W W W

Si -a -A -j -a _J _J ..j -j -j I -j Si Si -j -J SI _J _J SI SI -4 _J -j -j SI S i

i n

0.801



N0 w N WN nN U% N l NIAP N N- N %NinNNr.AQiNd

ui- - -- - -0

-. --- - - - - - -% - -% -.. - - - - - - - -. .-

- -U

-J0 0 0 00C 0

6- 0- 0 0 vD000D0 v 0

0: 0900 000 10 000000 00DO
- 00 8D 000 00 00DC- - 00

a Li

IN X

0:C 0 0I )P ni % W

-a 
x-

z~~~~L MA a E zz z z Z zzz z z
8 ~ ~ ~ ~ -88888888888888

I-8

Li~ -j -j

uiuLLw

us at .- - u --
Li s ww a - LiC4 Z " = "525=2W M

w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = r ba a .V-- iP - C j P -0 -. w
goGo 1 6- .3- sm-i. 35J~

-1~~~~~ ~ ~ ~ .4 j CC C- i i- i- j i- j j- - j- j -j -j -

gL 4Li .cL . mU & m a Li L -L .- A 4 . *. g 1 ..J

X 0 39 2 l 2 2 2 a a :3 m me m 2 2 2 2 2 a 2 a 2 a 2 2 a 2



in in tn P N - WNN

a a a 0 00 w 00 a a

0-
Cm N M we N n CU N - f~N ~ n

6- v lc
*% 1.- o- I-. %. V,

-a 0

0O 0 =U%

0 -a -2 00 Q

UlS. -A -. .V

aa A

a

0 000
0~. a

I- a-

MA~

UL us Z
w =

aM z -a -,z
IL . > x x(

_wj -i _j wi -wj wj -j '4
pq

4w 9LCLAL L I





APPENDIX CLI





CONTRACTOR REPORT

oAND91 -7055en limited Release
UC -721

Long-Term Climate Variability at the
Waste Isolation Pilot Plant,
Southeastern New Mexico, USA

Peter N. Swift
Tech Reps, Inc.
5000 Marble Avenue NE

* lbuquerque, NM 87110

Prepared by Sandia National Laboratories Albuquerque, New Mexico 87185
and Livermore, California 94550 for the United States Deparfrment ot Energy
under Confract DE-AC04-76DPO0789

Printed November 1992



Issued by Sandia National Laboratories, operated for the United States
Department of Energy by Sandia Corporation.
NOTICE: This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States Govern-
ment nor any agency thereof, nor any of their employees, nor any of their
contractors, subcontractors, or their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government, any agency thereof or any of their
contractors or subcontractors. The views and opinions expressed herein do
not necessarily state or reflect those of the United States Government, any
agency thereof or any of their contractors.

Printed in the United States of America. This report has been reproduced
directly from the best available copy.

Available to DOE and DOE contractors from
Office of Scientific and Technical Information
P0 Box 62
Oak Ridge, TN 37831

Prices available from (615) 576-8401, FTS 626-8401

-, Available to the public from
National Technical Information Service
US Department of Commerce
5285 Port Royal Rd
Springfield, VA 22161

NTIS price codes
Printed copy: A04
Microfiche copy: A01



SAND91-7055 Distribution
Unlimited Release Category UC-721

Printed November 1992

Long-Term Climate Variability at the
Waste Isolation Pilot Plant,

Southeastern New Mexico, USA*

Peter N. Swift
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ABSTRACT

. The United States Department of Energy is developing the Waste Isolation
Pilot Plant (WIPP) in southeastern New Mexico for the disposal of transuranic
wastes generated by defense programs. Because changes in climate during the
next 10,000 years (10 ka) may affect performance of the repository, an
understanding of long-term climate variability is essential for evaluating
regulatory compliance.

Fluctuations in global climate corresponding to glaciation and deglaciation
of the northern hemisphere have been regular in both frequency and amplitude
for at least 780 ka. Coolest and wettest conditions in the past have
occurred at the WIPP during glacial maxima, when the North American ice sheet
reached its southern limit roughly 1200 km north of the WIPP and deflected
the jet stream southward. Average precipitation in southeastern New Mexico
during the last glacial maximum 22 to 18 ka before present (BP) was
approximately twice that of the present. Driest conditions (precipitation
approximately 90% of present) occurred 6.5 to 4.5 ka BP, after the ice sheet
had retreated to its present location. Wet periods of unknown duration have
occurred since the retreat of the ice sheet, but none have exceeded glacial
conditions. Global climate models suggest that anthropogenic climate changes
(i.e., warming caused by an increased greenhouse effE ct) will not result in
an increase in precipitation at the WIPP. The climate of the last glacial
maximum is therefore suitable for use as a cooler and wetter limit for
variability during the next 10 ka.

.0 *Also published in Environmental Management, Vol. 17, No. 1, p. 83-97 (1993)
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1.- Introduction

The Waste Isolation Pilot Plant (WIPP), located 42 km east of Carlsbad,
New Mexico (Figure 1), is being evaluated by the United States Department of
Energy (DOE) for disposal of transuranic wastes generated since 1970 by
defense programs. The repository is excavated approxKimately 655 m below the
ground surface in bedded halite of the Late Permian Salado Formation,
deposited approximately 255 million years before the present (255 Ma. BP).

Before the WIPP can be used for long-term disposal of transuranic waste,
the DOE must demonstrate compliance with the United States Environmental
Protection Agency's (EPA) Environmental Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Waste (40 CFR 191)
(U.S. EPA, 1985), hereafter referred to as the standard. Although the
standard was vacated by a Federal Court of Appeals in 1987 and is undergoing
revision, by agreement with the State of New Mexico, the DOE is continuing to

>evaluate repository performance with respect to the regulation as first
jromulgated until a new version is available (U.S. DOE and the State of New

---_,Mexico, 1981, as modified in 1984 and 1987).

The standard requires that the DOE consider "all significant processes
* and events that may affect the disposal system" during the 10,000 years (10

ka) following decommissioning. The performance assessment being conducted
for the DOE by Sandia National Laboratories is therefore examining, among
other things, the likelihood and consequences of long-term changes in
climate. Climatic changes have the potential to affect repository
performance directly, by altering groundwater recharge and flow in the
region, and indirectly, by changing human land-use patterns in the region.
Increases in precipitation are of primary concern because they may result in
increased groundwater flow and, in the event of a breach of the repository,
increased transport of radionuclides to the accessible environment.

2. Modern Climate at the WIPP

At present, the climate at the WIP? is arid to semiarid. Mean annual
precipitation at the WI?? has been estimated to be between 28 and 34 cm/yr
(Hunter, 1985). At Carlsbad, 100 m lower than the WJIPP, 53-yr (1931-1983)
annual means for precipitation and temperature are 32 cm/yr and 17.1 0 C
(University of New Mexico, 1989). Short-term variation about the annual
means can be considerable, and historic weather cdata cannot be used to
predict long-term climatic shifts. For example, the 105-yr (1878 to 1982). precipitation record from Roswell, 135 km northwest of the WIPP and 60 m

1
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Figure 1. Location of the WIPP (after Bertramn-Howery and Hunter, 1989).
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Long-Term Climate Variability at the WIPP

higher, shows an annual mean of 27 cm/yr with a high of 84 cm/yr and a low of

11 cm/yr (Hunter, 1985).

The climate of southeastern New Mexico is monsoonal: most of the

precipitation falls in late summer, when solar warming of the continent

creates an atmospheric pressure gradient that draws moist air inland from the

Gulf of Mexico (Cole, 1975) . The coincidence of precipitation and

temperature maxima is typical of a monsoonal climate (Figure 2). Much of the

rain falls during localized and often intense summer thunderstorms, and

winters are cool and generally dry. Both temperature and precipitation are

dependent on elevation, and local climates vary wit~h topography. At lower

elevations throughout the region, including the vicinity of the WIPP,
potential evaporation greatly exceeds precipitation. Freshwater pan

evaporation in the region is estimated to exceed 274 cm/yr (Hunter, 1985).
Surface runoff and infiltration of rainwater into the subsurface are limited.

Hunter (1985) concluded from a literature review that within the vicinity of
the WIPP an average of 96 percent of precipitation is lost to

evapotranspiration. Evapotranspiration values may be significantly higher or

',,\lower locally.

3. Climatic Change

Presently available long-term climate models are incapable of resolution

on the spatial scales required (e.g. , Hansen and others, 1988; Mitchell,
1989; Houghton and others, 1990), and it is not realistic to predict the
climate of southeastern New Mexico for the next 10 ka. Instead, this report

reviews evidence of past climatic changes in the region, and establishes
limits on future precipitation based on known anid modeled past extremes.

Much of the available paleoclimatic data only record long-term average levels

of precipitation, and these limits do not reflect the high variability

apparent in the modern short-term data. The precipitation record presented

here primarily reflects gradual shifts in long-term mean values.

A fundamental assumption, analogous to that made by Spaulding (1985) in

a study of climatic variability at the Nevada Test Site, is that climatic ex-

tremes of the next 10 ka will not exceed those associated with glaciations

and deglaciations that have recurred repeatedly in the northern hemisphere
since the late Pliocene (2.5 Ma BP) . The possibility that human-induced
changes in the composition of the earth's atmosphere may influence future

climates complicates projections of this cyclic pattern into the future, but,

as presently modeled (e.g., Mitchell, 1989; Houghton and others, 1990), such

changes do not appear likely to have a negative effect on the performance of

the WIP?. The highest past precipitation levels in southeastern New Mexico,

3
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Figure 2. Climatograph showing 30-yr (1951-1980) monthly precipitation and temperature means
recorded at the Carlsbad, New Mexico airport, approximately 45 km west of the WIPP and
50 m lower (data from NOAA, 1989).
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up to twice those of the present, occurred during full-glacial conditions

associated with global cooling (e.g., Van Devender and others, 1987; other

sources cited below). Presently available greenhouse models, however,
predict average equilibrium global warming of 1.8 -to 5.2*C for carbon dioxide

concentrations twice present levels (Mitchell, 1989; Houghton and other,
1990), a condition that could delay the start of renewed glaciation.

Published model predictions of precipitation trends accompanying greenhouse

warming are less consistent and less reliable than temperature predictions,
but none suggest significantly higher levels of precipitation in southern New

Mexico than those of the present (Washington and Meehl, 1984; Wilson and

Mitchell, 1987; Schlesinger and Mitchell, 1987; Houghton and others, 1990).
Because long-term increases in recharge are improbable without increases in
precipitation, the highest-risk climatic change that will be considered here

is, therefore, a return to the glacial extremes of the past.

Data that can be used to interpret paleoclimates in southeastern New
Mexico and the surrounding region come from a variety of sources, and

indicate an alternation of arid and subarid to sublumid climates throughout

the Pleistocene. Prior to 18 ka BP, radiometric dates are relatively scarce,

and the record is incomplete. From 18 ka BP to the present, however, the

climatic record is relatively complete and temporally well constrained by
radiocarbon dates. This report cites extensive floral, faunal, and

lacustrine data from the region that permit reconstructions of precipitation
and temperature during the late Pleistocene and Ho:locene. These data span

the transition from the last full-glacial maximum to the present interglacial

period, and, given the global consistency of glacial fluctuations as

described below, they can be taken to be broadly representative of extremes

for the entire Pleistocene.

4. Variability in Global Climate Over the Last 2.5 Million Years

Gore samples of datable marine sediments provide a continuous record
that reveals as many as 50 glaciation/deglaciation events in the last 2.5 Ma.

Specifically, correlations have been made between major glacial events and

variables such as the ratio of 180/160 measured in the remains of calcareous

foraminifera and past sea-surface temperatures determined from planktonic

assemblages (Ruddiman and Wright, 1987). In additi-on, glacial cycles have

been observed in the past composition of the earth's atmosphere preserved in

polar glacial ice (Langway and others, 1985; Jouzel and others, 1987; Barnola

and others, 1987) and in a 180/160 record from calcite vein fillings in

Nevada (Winograd and others, 1988).

5
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Oxygen isotope ratios from oceanic foraminifera provide the most direct

evidence, because they reflect past volumes of glacial ice (Imbrie and

others, 1984). Evaporation fractionates 180 and 160 isotopes in water,

producing a vapor relatively enriched in 160 and residual seawater relatively

enriched in 180. Glacial ice sheets store large volumes of 1 60-enriched

meteoric water, thereby preventing the remixing of the two isotope fractions

and significantly altering 6180 values in the world's oceans.* Foraminifera

preserve samples of past 6180 values when they extract oxygen from seawater

and incorporate it into calcareous body parts. Abundant fossil remains

permit the construction of detailed records such as that shown in Figure 3,
covering the last 780 ka. High positive values of 6180 reflect glacial

maxima, and negative values reflect warm interglacial periods. Because the

largest volumes of glacial ice were incorporated in the North American sheet,
6180 fluctuations can be interpreted directly as a first order record of

North American glaciation and deglaciation (Mix, 1987; Ruddiman and Wright,
1987). Because the correlation is quantitative, the isotopic record

indicates that the most recent glacial event was as severe as any within the

last 780 ka. It also indicates that the present value is at or near that of

a glacial minimum.

Sea-surface temperature records, although not as closely tied to glacial

events, show the same alternating pattern. Temperatures at the surface of

northern hemisphere oceans, as determined from the fossil assemblages of

planktonic foraminiferal species, were measurably colder during glaciation

and warmer during interglacial periods (Ruddiman, 1987). -

Samples from the ice sheets of Greenland and Antarctica and calcite vein

fillings in Nevada provide independent confirmation of the oceanic data

(Langway and others, 1985; Jouzel and others, 1987; Barnola and others, 1987;

Winograd and others, 1988). Glacial ice preserves 6180 and 6D values of the

precipitation that formed the ice, and, because fractionation of the isotopes

is temperature dependent, fluctuations can be interpreted quantitatively as

changes in local mean temperature. Bubbles of air trapped within the ice can

also be sampled to give a measure of past CO2 concentrations in the

atmosphere, which, because of the importance Of CO2 in the earth's greenhouse

effect, correlate well with the isotopic temperature record. Figure 4 shows

*By convention, 180/160 ratios are reported as:
18 0/6Oape- 10/ 16 Oernc)

6180 = 1000 X sapereeec
18 0/16 Oreference

Deuterium/hydrogen ratios (D/H) are similarly reported as 6D values.

6
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Figure 3. Foraminiferal 61 80 record of the last 780,000 years. Curve reflects 61 80 variations from
five deep-sea core samples. Data have been normalized, stacked, and smoothed with a
nine-point Gaussian filter (Imbrie, and others, 1984).
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Figure 4. Atmospheric C02 concentration and 6D temperature record from the Vostok, Antartica,
ice core for the last 160 ka (modified from Schneider, 1990; after Barnola and others,
1987).
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the 160-ka record Of CO 2 concentration and temperature as determined from the
D/H ratio at Vostok in East Antarctica. With some minor discrepancies, the
two curves reveal the same basic glacial chronology visible in the last 160
ka of the oceanic 6180 record shown in Figure 3. The 5180 record from 50 ka
to 310 ka BP from calcite vein fillings in Devils Hole, Nevada, reflects
changes in local surface temperature as well as other, less well quantified,
factors, including groundwater travel time. This record also shows a
chronology similar to that: of Figure 3, although peaks in the calcite curve
are shifted toward increasingly older times earlier in the record relative to
the oceanic curve. The reason for this phase shift, which reaches 28 ka at
272 ka BP, is not known (Winograd and others, 1988).

/' 5. Stability of Glacial Cycles

The causes of glaciation and deglaciation are complex and not fully
understood (Ruddiman and Wright, 1987), but the strong periodicity of the
isotopic record indicates that climatic alternations; have been systematic in
the past. Spectral analysis of the foraminiferal 6180 curve for the last
780 ka shows that within that time the primary control on the periodicity of
glacial events has been variation in global insolation caused by
irregularities in the earth's orbit (Figure 5). Observed periods of 19, 23,
41, and 100 ka in the Oceanic 6180 curve correspond to calculated periods of
northern hemisphere summxer insolation minima of 19 and 23 ka related to the
precession of the earth's axis, 41 ka related to the tilt of earth's axis,
and 94, 125, and 413 ka related to the eccentricity of the earth's orbit
(Milankovitch, 1941; Hays and others, 1976; Imbrie and others, 1984; Imbrie,
1985). Calculations based on astronomical observations indicate that orbital
parameters have not changed significantly in the last 5 Ma (Berger, 1984),
and geological evidence suggests they may have been stable for as long as
300 Ma (Anderson, 1984; Heckel, 1986).

Longer-term global climatic changes, such a~s the beginning of the
present pattern of glaciation and deglaciation 2.5 Ma BP, have been

Y attributed to changes in the configuration of the earth's continents, which
in turn controls both the potential distribution of ice sheets and global
circulation patterns (e.g. , Crowell and Frakes, 1970; Caputo and Crowell,
1985; Crowley and others, 1986; Hyde and others, 1990). Continental masses
move at plate-tectonic rates of centimeters per year, several orders of
magnitude too low to affect glacial processes within the next 10 ka.
Vertical uplift or subsidence of large continental regions may also affect
global climate by changing, circulation patterns (e.g., Ruddiman and Kutzbach,
1989), but, again, maximum uplift rates are at least an order of magnitude
too low to change present circulation patterns within the next 10 ka.
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,'gure 5. Spectral analysis of the foramniniferal 6180 record presented in Figure 3, showing
periodicity of glaciation and deglaciation (after Imbrie, 1985).
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The long-term pattern of the cycles of glaciation and deglaciation

provides the basis for concluding that climatic extremes of the next 10 ka

will remain within past limits. The relative amplitudes of past glacial

cycles (Figure 3) imply that future glaciations will be no more severe than

the last one. The periodicity of the pattern indicates that although glacial

minima such as that of the present are relatively brief, glacial advances

are, in general, slow and the next full maximum will not occur for many tens

of thousands of years. Predictions about the precise timing of future

glacial events are not straightforward, however. Higher resolution records,

such as those available from polar ice cores, show th1at some glacial advances

can occur relatively rapidly. Modeling of glacial processes is complicated

by uncertainties about feedback processes involved in the growth of ice

sheets, but extrapolation of the isotopic curve of Figure 3 using a

relatively simple model fcor nonlinear climate response to insolation change

suggests that, in the absence of anthropogenic effects, the next full glacial

maximum could occur in approximately 60 ka (Imbrie and Imbrie, 1980). These

observations, combined with the climatic data discussed below, justify the

-. choice of the late Pleistocene full-glacial climate as a conservative upper

* limit for precipitation during the next 10 ka.

6. Pleistocene and Holocene Climates of Southeastern New Mexico

Early and middle Pleistocene paleoclimatic data for southeastern New

Mexico and the surrounding region are incomplete, and permit neither

continuous reconstructions of paleoclimates nor direct correlations between

climate and glaciation prior to the last glacial. maximum 22 to 18 ka BP.

Stratigraphic and pedologic data from several locations (Figure 6), however,

indicate that cyclical alternation of wetter and drier climates in

southeastern New Mexico had begun by the early Pleistocene. Fluvial gravels

in the Gatufla Formation exposed in the Pecos River Valley of eastern New

Mexico suggest relatively wetter conditions 1.4 Ma BP and again 600 ka BP

(Bachman, 1987). The Mescalero caliche, exposed locally over much of

southeastern New Mexico, has been interpreted as ind~icating relatively drier

conditions 510 ka BP (Lambert and Carter, 1987), and loosely dated spring

deposits in Nash Draw west of the WIPP imply wetter conditions again later in

the Pleistocene (Bachman, 1981, 1987). The Blackwater Draw Formation of the

southern High Plains of eastern New Mexico and western Texas, time-

correlative to both the Gatufia Formation and the Mescalero caliche, contains

alternating soil and eolian sand horizons that show at least six climatic

cycles beginning more than 1.4 Ma BP and continuing; t~o the present (Holliday,

1989a). The duration, frequency, and total number of Pleistocene climatic

cycles in southeastern New Mexico have not been established.
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Figure 6. Location map for paleoclimate data. Data from Bachman (1981); Markgraf and others
(1983); Harris (1987); Pierce (1987); Van Devender and others (1987); Waters (1989);
Bachhuber (1989); Holliday (1989a); Van Devender (1990); Alien (1991); Phillips and
others (1992).
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Data used to construct the more detailed climatic record for the latest

Pleistocene and Holocen~e come from multiple lines of evidence dated primarily
using carbon-14 techniques. Packrat middens examined at sites throughout the

southwestern United States, including locations in southeastern New Mexico,
preserve local plant ýcommunities and, in some cases, insect remains (Van

Devender, 1980, 1990; Van Devender and others, 1984, 1987; Elias, 1987; Elias

and Van Devender, 1990). Pollen assemblages have been analyzed from
lacustrine deposits in western.New Mexico, western Texas, and other locations

in the southwestern United States (Martin and Mebringer, 1965; Markgraf and
others, 1984; Bryant and Holloway, 1985; Van Devender and others, 1987).

Faunal data come from gastropod assemblages fromh western Texas (Pierce,
1987), ostracode assemblages from western New Mexico (Markgraf and others,
1984; Forester, 1987; Phillips and others, 1992), and vertebrate remains from

caves in southern NewMexico (Harris, 1987, 1988). Stable-isotope data are
available from ostracodes in western New Mexico (Phillips and others, 1992)

and groundwater samples in northwestern New Mexico (Phillips and others,
71986). Paleo-lake level data are available from sites throughout the

southwestern United States (Reeves, 1973; Smith and Anderson, 1982; Markgraf

and others, 1983, 1984; Benson and Thompson, 1987; Holliday and Allen, 1987;

SBachhuber, 1989; Waters, 1989; Wells and others, 1989; Enzel and others,

1989; Benson and others, 1990; Allen, 1991). Figure 6 shows the locations of
key sites discussed here and in the references cited.

Because decreases in temperature and increases in precipitation produce
similar environmental changes, not all data citE~d uniquely require the

paleoclimatic interpretation presented in this report (Figure 7). For
example, lake-level increases can, in theory, result solely from decreased

evaporation at lower temperatures. Interpretations drawn individually from
each of the data sets are consistent with the overall trends shown in Figure

7, however, and the pattern of change is confirmed by global general

circulation climate models (Kutzbach and Guetter, 1986; GOHMAP Members,

1988). Furthermore, specific floral and faunal assemblages are sufficiently

sensitive to precipitation and temperature effects to distinguish between the
two (e.g. , Van Devender and others, 1987; Pierce, 1987; Van Devender; 1990).

The paleoclimates described here are those that best explain data from all
sources.

Prior to the last glacial maximum 22 to 18 ka BP, evidence from mid-
Wisconsin faunal assemblages in caves in southern New Mexico, including the

presence of extralimital species such as the desert tortoise that are now
restricted to warmer climates, suggests warm summers and mild, relatively dry
winters (Harris, 1987, 1988) . Lacustrine evidence confirms the

interpretation that conditions prior to and during the glacial advance that

13
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Figure 7. Late Pleistocene and Holocene climate, southwestern United States. Time scale after Van
Devender and others (1987). Climate references cited in text.
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were generally drier than those at the glacial maximum. Permanent water did
not appear in what was later to be a major lake in the Estancia Valley in
central New Mexico until sometime before 24 ka BP (Bachhuber, 1989). Late-
Pleistocene lake levels in the San Agustin Plains in western New Mexico
remained low until approximately 26.4 ka BP, and the 61l80 record from
ostracode shells suggests that mean annual temperatures at that location did
not decrease significantly7 until approximately 22 ka BP (Phillips and others,
1992).

Ample floral and lacustrine evidence documents cooler and wetter
conditions in southeastern New Mexico and the surrounding region during the
glacial peak (Van Devender and others, 1987; Pierce, 1987; Bachhuber, 1989;
Allen, 1991; Phillips and others, 1992). These changes were not caused by
the immediate proximity of glacial ice. None of the Pleistocene continental
glaciations advanced farther southwest than northeaslern Kansas, and the most
recent, late Wisconsin, ice sheet reached its limit in South Dakota, roughly

10 km from the WIPP (Andrews, 1987). Discontinuous alpine glaciers formed( ~ I at the highest elevations throughout the Rocky Mountains, but these isolated
ice masses were symptoms, rather than causes, of cooler and wetter
conditions, and had little influence on regional climate at lower elevations.
The closest such glacier to the WIPP was on the northeast face of Sierra
Blanca Peak in the Sacramento Mountains, 220 km to the northwest (Richmond,

* 1962).

Global climate models indicate that the dominant glacial effect in
southeastern New Mexico was the disruption and southward displacement of the
westerly jet stream by the physical mass of the ice sheet to the north
(Figure 8) (Manabe and Broccoli, 1985; Kutzbach arnd Guetter, 1986; GOHMAP
members, 1988). At the glacial peak, climate models show that major Pacific
storm systems followed thie jet stream across New Mexico and the southern
Rocky Mountains, and winters were wetter and longer than either at the
present or during the previous interglacial period.

Field evidence does not support the suggestion (Galloway, 1970, 1983;
Brakenridge, 1978) that higher lake levels and changed faunal and floral
assemblages at the glacial maximum could have resulted solely from lowered
temperatures. Plant communities indicate that, regionally, the decrease in
mean annual temperatures; below present values was significantly less than the
7 to 12'C required by cold and dry climate models (Van Devender and others,
1987; Van Devender, 1990). Interpretation of stable-isotope data from
groundwater samples from northwestern New Mexico suggest mean annual
temperatures were 5 to 7*C colder than at present at that location (Phillips
and others, 1986). Isotopic data from ostracode shells in the San Agustin
Plains suggest mean annual temperatures there may have been 8.3'C colder than
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at present at approximately 21 ka BP, but hydrologic modeling of the basin

indicates lake levels were controlled by precipitation rather than

evaporation throughout the glacial advance and retreat (Phillips and others,
1992). Gastropod assemblages at Lubbock Lake in western Texas suggest mean

annual temperatures 5"C below present values (Pierce, 1987). High water

levels in playas in western Texas reflect ank increase in runoff best
explained by substantially higher levels of precipit~ation (Reeves, 1973).

Floral and faunal evidence taken together indicate that mean annual

precipitation throughout the region at the last glacial maximum was 60 to 100

percent more than today (Spaulding and Graumlich, 1986; Pierce, 1987; Van

Devender and others, 1987). Floral evidence also suggests that winters may
have continued to be relatively mild, perhaps because the glacial mass

blocked the southward movement of arctic air. Summers at the glacial maximum
were cooler and drier than- at present, without a strongly developed monsoon

(Van Devender and others, 1987). Pifions, oaks, ard junipers grew at lower

elevations throughout southern New Mexico (Van Devender and others, 1987; Van

"-- Devender, 1990), probably including the vicinity of the WIPP.

According to climatic modeling, the jet stream shifted northward

following the gradual retreat of the ice sheet after 18 ka BP (Figure 8), and

the climate responded accordingly. By the Pleistocene/Holocene boundary

approximately 11 ka BP, conditions were significant~ly warmer and drier than

previously, although still. dominated by winter storms and still wetter than

today (Van Devender and others, 1987). Major decreases in total

precipitation and the shift toward the modern monsoonal climate did not occur
until the margins of the ice sheet had retreated :into northeastern Canada in

the early Holocene.

Evidence for the l-ate Pleistocene and early Holocene drying trend comes

from several sources. In contrast to the northern Great Basin, where lake
levels continued to rise until between 15 and 13.5 ka BP (Benson and others,

1990), lake levels in southern New Mexico and the surrounding region

decreased following the glacial maximum. Permanent water disappeared from

late -Pleistocene lakes in the Estancia Valley between 12 and 11 ka BP,
following a series of fluctuations in lake levels with progressively lower

high stands at approximately 19, 17, and 13 ka BP (Allen, 1991). Lake

Cochise (the modern Willcox Playa) in southeastern Arizona was dry after 8.5

ka BP, following two high stands prior to 14 ka BP and a third between 14 and

13 ka BP (Waters, 1989). Modeling of lake levels in the San Agustin Plains

shows high stands at progressively lower elevations at approximately 22, 19,
17, and 14 ka BP (Phillips and others, 1992). Water remained in lakes in the

San Agustin Plains until 5 ka BP, but ostracodEi assemblages suggest an

increase in salinity by 8 ka BP, and the pollen record shows a gradual shift
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at that location from a spruce-pine forest 18 to 15 ka BP to a juniper-pine

forest by 10 ka BP (Markgraf and others, 1984). Packrat middens in Eddy

County, New Mexico, indicate that desert -grassland and desert-scrub

communities predominated at lower elevations between 10.5 and 10 ka BP (Van

Devender, 1980). Soil studies indicate drier conditions at Lubbock Lake

after 10 ka BP, although marshes and small lakes persisted at the site until

the construction of a dam and reservoir in 1936 (Holliday and Allen, 1987).

Based on a decrease in diversity of both terrestrial and aquatic gastropod

species, Pierce (1987) estimated a drop in annual precipitation at Lubbock

Lake from a high of 80 cm/yr (nearly twice the modern level at that location

of 45 cm/yr) at 12 ka BP to 40 cm/yr by 7 ka BP.

Coincident with this decrease in precipitation, evidence from vole

remains recovered from caves in southern New Mexico (Harris, 1988) and from

plant communities throughout the southwestern United States (Van Devender and

others, 1987) indicates a rise in summer temperatures. Mean annual

temperatures interpreted from the isotopic composition of groundwater samples

from northwestern New Mexico also show a sharp rise in the early Holocene

(Phillips and others, 1986).

By middle-Holocene time, the climate was similar to that of the present,

with hot, monsoon- dominated summers and cold, dry winters. The pattern has

persisted to the present, but not without significant local variations. Soil

studies show the southern High Plains were drier from 6.5 to 4.5 ka BP

(Holliday, 1989b) than before or since. Gastropod data from Lubbock Lake

indicate the driest conditions from 7 to 5 ka BP (precipitation approximately

90 percent of present, mean annual temperature 2.5*C higher than present), '-

with a cooler and wetter period at 1 ka BP (precipitation approximately 145

percent of present, mean annual temperature 2.5'C lower than present)

(Pierce, 1987). Plant assemblages from southwestern Arizona suggest steadily

decreasing precipitation from the middle Holocene to the present, except for

a brief wet period around 990 years ago (Van Devender and others, 1987).

Stratigraphic work at Lake Cochise shows two mid-Holocene lake stands, one

near or before 5.4 ka BP and one between or before 3 to 4 ka BP, but both

were relatively short-lived, and neither reached the maximum depths of the

late-Pleistocene high stand that existed before 14 ka BP (Waters, 1989).

Precipitation maxima during these Holocene wet periods were less in both

magnitude and duration than those of the late Pleistocene. Enzel and others

(1989) observed comparable Holocene wet periods recorded in playa deposits in

the Mojave Desert 3620 ± 70 and 390 ± 90 years ago, and related them to

short-term changes in global circulation patterns that resulted in increased

winter storm activity in the region. Historical records over the last

several hundred years indicate numerous lower intensity climatic
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fluctuations, some too short in duration to affect floral and faunal

0 ~assemblages, which may, also be the result of temporary changes in global
circulation (Neilson, 1986). Sunspot cycles and the related changes in the
amount of energy emitted by the sun have been linked to historical climatic
changes elsewhere in the world (e.g., Lamb, 1972), but the validity of the
correlation is uncertain (Robock, 1979; Stuiver, 1980). Correlations also
have been proposed between volcanic activity and climatic change (Robock,
1979; Palais and Sigurdsson, 1989; Bryson, 1989). In general, however,
causes for past short-term changes are unknown,, and it is impossible at
present to predict the amplitude or frequency of recurrence. Despite this
uncertainty, the past record does support the con~clusion that future short-
term fluctuations in southeastern New Mexico will not be as severe as the
long-term climatic changes created by major ice sheets in the northern
hemisphere. Full-glacial conditions remain a conservative upper limit for
mean annual precipitation at the WIPP during the next 10 ka.

7. Climatic Implications of Data from WIPP Groundwater Samples

'V A Isotopic data from groundwater samples collected in the vicinity of the
)'-_,1WIPP from the Late Permian Rustler and Dewey Lake Formations that overlie the
Salado Formation are generally consistent with the climatic changes described
above. Lambert (1986) and Lambert and Harvey (1987) concluded that although
deuterium/hydrogen and 180/160 ratios indicate a meteoric origin for water in
the confined aquifers, they are sufficiently distinct from modern surface
water values to suggest that the contribution of modern recharge to the
system is slight. Chapman (1986) disagreed with this interpretation, noting
similar ratios in the presumably young waters of the Roswell Artesian Basin
immediately to the north, and she concluded that stable-isotope data from the
WIPP area do not permit definitive interpretations about the age of the
groundwater. Tritium data are less ambiguous. Low tritium levels in all
WIPP-area samples indicate minimal contributions frfom the atmosphere since
1950 (Lambert, 1987; Lambert and Harvey, 1987). The four internally
consistent radiocarbon analyses currently availablE for water samples from
the Rustler and Dewey Lake Formations support this interpretation. Modeled
minimum ages in each case are between 12 and 16 ka, suggesting that both
units have had little recharge since the period inediately following the
late Pleistocene glacial maximum (Lambert and Harvey, 1987). Lambert and
Carter (1987) presented uranium isotope data that also support this
interpretation: observed high 2 3 4 U/ 2 3 8 U activity ratios require a
conservative minimum residence time in the Culebra Dolomite of several
thousands of years and more probably reflect minimumn ages of 10 to 30 ka.
Chapman (1988) questioned the validity of equating isotope residence times
with groundwater age, but agreed that high 2 34U/2 38U activity ratios occur in
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regions of low transmissivity, where flow is presumably slower and residence

times are longer.

Lambert (1991) used groundwater isotope data, along with supporting

evidence from 8 7 Sr/ 8 6 Sr ratios in vein fillings, to argue that the Rustler

Formation has been essentially a closed hydrologic system for the last 12 ka.

In his interpretation, significant recharge last occurred during the late

Pleistocene, and the present flow field reflects the slow draining of the

aquifer. If this interpretation is correct, recharge may not occur again

until precipitation levels are substantially higher than at present.

Other data suggest that, isotopic evidence notwithstanding, some

recharge may be occurring at the present. Anomalous increases in water

levels have been observed at seven WIPP-area wells since 1988 (Beauheim,

1989). Recharge from the surface cannot be ruled out as a cause for these

rises, although no specific link to precipitation events has been

demonstrated. Other possible causes include decreases in discharge, changes

in reservoir volume related to incomplete recovery from the transient

pressure changes associated with the pumping test itself, changes in

reservoir volume related to external changes in the regional stress field, or

undetected recharge from other aquifers or from the surface through existing

boreholes (Beauheim, 1989). Numerical modeling of groundwater flow in the

WIPP area indicates that, although it is hydraulically possible for present

flow to reflect late Pleistocene recharge (Davies, 1989), some component of

modern vertical recharge is also compatible with observed conditions (Haug

and others, 1987; Davies, 1989). Major ion chemical analyses of groundwater

samples support the interpretation of vertical recharge south of the WIPP,

where low salinities may be the result of mixing with fresh surface water

(Chapman, 1988). Lambert (1991) suggests instead that water chemistry has

"remained essentially unchanged from the late Pleistocene and is a function of SN

ost rock composition, noting that groundwater salinity correlates well with"

/the distribution of halite in the Rustler Formation.

Questions about recharge to the Rustler Formation and the true age of

WIPP-area groundwater remain unanswered. In the absence of definitive data,

this report makes no assumptions about groundwater age.

8. Discussion and Conclusions

Speculation about future climate variability must be based on observed

past fluctuations. The largest global climatic changes in the last 2.5 Ma

have been those associated with glaciation and deglaciation in the northern

hemisphere. The high degree of consistency in both frequency and intensity
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displayed in the glacial record indicates that an accurate interpretation of

past climatic cycles does provide a useful guide for estimating future

changes.

Geologic data from southeastern New Mexico and the surrounding region

show repeated alternations of wetter and drier climates throughout the

Pleistocene. Floral, faunal, and lacustrine clata permit detailed and

quantitative reconstructions of precipitation that can be linked directly to

glacial events of the late Pleistocene and Holocene. Figure 9 shows

estimated mean annual precipitation for the WIPP for the last 30 ka,
interpolated from the composite regionial data cited above and based on

present average precipitation at the site of 30 cma/yr (Brinster, 1991). This
plot should be interpreted with caution, because it~s resolution and accuracy

A^ are limited by the nature of the data used to construct it. Floral and
\faunal assemblages may change gradually and show only a limited response to

/climatic fluctuations that occur at frequencies higher than the typical life
span of the organisms in question. For long-lived species such as trees,
resolution may be limited. to hundreds or even thousands of years (Neilson,
1986). Sedimentation in lakes and playas has the potential to record higher

frequency fluctuations, including single-storm events, but only under a

limited range of circumstances. Once water levels reach a spill point, for

example, lakes show only a limited response to further increases in

precipitation. Dry p~layas generally show little response to decreases in
precipitation. A more complete record of precipitation would almost

certainly show far more variability than that implied by the plot presented

here. Specifically, Figure 9 may fail to record abnormal precipitation lows

during the Holocene, it may underestimate the number of high-precipitation

peaks during the same period, and it may underestimate the magnitude of

relatively brief precipitation maxima during the late Pleistocene. Although
the magnitude of the long-term shift in precipitation is adequately
documented by the data reviewed here, -the amplitude of the higher- frequency

j ~fluctuations in both the late Pleistocene and t~he Holocene is not well
constrained, and the climate may have been wetter or drier than show-n for
some intervals.

With these observations in mind, three significant conclusions can be
drawn from the climatic -record of southeastern New, Mexico and the surrounding
region. First, maximum precipitation in southeastern New Mexico in the past

coincided with the maximum advance of the North American ice sheet. Minimum
precipitation occurred after the ice sheet had retreated to its present
limits. Second, past maximum long-term average precipitation levels were
roughly twice present levels. Minimum levels may have been 90 percent of
present levels. Third, short-term fluctuations in precipitation have
occurred during both the glacial maximum and the present, relatively dry,
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interglacial period, but fluctuations during the present interglacial period

have not exceeded the upper limits of the glacial maximum.

It would be unrealistic to attempt a direct extrapolation of the

precipitation curve of Figure 9 into the future. Too little is known about

the relatively short-term behavior of global circulation patterns, and it is

at present impossible to predict the probability of a recurrence of a wetter

climate such as that of approximately 1000 years ago. The long-term

stability of patterns of glaciation and deglaciation, however, do permit the

conclusion that future climatic extremes are unlikely to exceed those of the

late Pleistocene. Furthermore, the periodicity of glacial events suggests

that a return to full glacial conditions is highly unlikely within the next

10,000 years.
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Figure 9. Estimated mean annual precipitation at the WIPP during the late Pleistocene and
Holocene. Amplitudes of relatively high-frequency fluctuations are less well constrained
than the amplitude of the shift from glacial conditions of the Pleistocene to interglacial
conditions of the Holocene. Data from Van Devender and others (1987); Pierce (1987);
Waters (1989); Allen (1991); Phillips and others (1992); and other sources cited in text.

23





L-ong-Term Climate Variability at the WIPP

9. LITERATURE CITED

Allen, B.D. 1991. "Effect of Climatic Change on Estancia Valley, New

Mexico: Sedimentation and Landscape Evolution in a Closed-Drainage

Basin," Field Guide to Geologic Excursions in New Mexico and Adjacent

Areas of Texas and Colorado. Eds. B. Julian and J. Zidek. New Mexico

Bureau of Mines and Mineral Resources Bulletin 137. Socorro, NM: New

Mexico Bureau of Mines and Mineral Resources. 166-171.

Anderson, R.Y. 1984. "Orbital Forcing of Evaporite Sedimentation,"

Milankovitch and Climate: Understanding the Response to Astronomical

Forcing, Proceedings of the NATO Advanced Research Workshop on

Milankovitch and Climate, Palisades, NY, November 30-December 4, 1982.

( ods. A Berger, J. Imbrie, J. Hays, G. Kukla, and B. Saltzman. Boston,

ý4:D. Reidel Publishing Company, Pt. 1, 147-162.

Andrews, J.T. 1987. "The Late Wisconsin Glaciation and Deglaciation of the

Laurentide Ice Sheet," North America and Adjacent Oceans During the Last

Deglaciation. Eds.. W.F. Ruddimen and N.E. Wright, Jr. The Geology of

North America Volume K-3. Boulder, CO: Geological Society of America,
Inc. 13-37.

.Bachhuber, F.W. 1989. "The Occurrence and Paleolimnologic Significance of
Cutthroat Trout (Oncorhynchus clarki) in Pluvial Lakes of the Estancia

Valley, Central New Mexico," Geological Society of America Bulletin.

Vol. 101 in no. 12, 1543-1551.

Bachman, G.O. 1981. Geology of the Nash Draw, Eddy %Ounty, New Mexico, U.S.

/ --. Geological Survey. Open-File Report 81-31. Denver, CO: U.S. Geological

Survey.
'N~

-- Bachman, G.O0. 1987. Karst in Evaporites in Southeastern New Mexico.

SAND86-7078. Albuquerque, NM: Sandia National Laboratories.

Barnola, J.M., D. Raynaud, Y.S. Korotkevich, and C. Lorius. 1987. "Vostok

Ice Core Provides 160,000-year Record of Atmospheric C02," Nature. Vol.

329, no. 6138, 408-414.

Beauheim, R.L. 1989. Interpretation of H-11b4 Hydraulic Tests and the H-11

Multipad Pumping Test of the Culebra Dolomite at the Waste Isolation

Pilot Plant (WIPP) site. SAND89-0536. Albuquerque, NM: Sandia National

Laboratories.

25



Long-Term Climate Variability at the WIPP

Benson, L. [V.], and R.S. Thompson. 1987. "The Physical Record of Lakes in

the Great Basin, " North America and Adjacent Oceans During the Last

Deglaciation. Eds. W.F. Ruddiman and H.E. Wright, Jr. The Geology of

North America Volume K-3. Boulder, GO: Geological Society of America,

Inc. 241-260.

Benson, L. V. , D. R. Currey, R. I. Dorn, K. R. Laj oie, C. G. Qviatt, S. W.

Robinson, G.I. Smith, and S. Stine. 1990. "Chronology of Expansion and

Contraction of Four Great Basin Lake Systems During the Past 35,000

Years," Palaeogeography, Palaeoclimatology, Palaeoecology. Vol. 78, no.

214, 241-286.

Berger, A.L. 1984. "Accuracy and Frequency Stability of the Earth's Orbital

Elements During the Quaternary," Milankovitch and Climate: Understanding

the Response to Astronomical Forcing, Proceedings of the NATO Advanced

Research Workshop on Milankovitch and Climate, Palisades, NY, November

30-December 4, 1982. Eds. A. Berger, J. Imbrie, J. Hays, G. Kukla, and

B. Saltzman. Boston, MA: D. Reidel Publishing Company. Pt. 1, 3-39.

Bertram-Howery, S.G., and R.L. Hunter. 1989. Plans for Evaluation of the

Waste Isolation Pilot Plant's Compliance with EPA Standards for

Radioactive Waste Management and Disposal. SAND88-2871. Albuquerque,

NM: Sandia National Laboratories.

Bertram-Howery, S.G., M.G. Marietta, R.P. Rechard, P.N. Swift, D.R. Anderson,

B.L. Baker, J.E. Bean, Jr., W. Beyeler, K.F. Brinster, R.V. Guzowski,

J.C. Helton, R.D. McCurley, D.K. Rudeen, J.D. Schreiber, and P. Vaughn.

1990. Preliminary Comparison with 40 CFR Part 191, Subpart B for the

Waste Isolation Pilot Plant, December 1990. SAND9O-2347. Albuquerque,

NM: Sandia National Laboratories.

Brakenridge, G.R. 1978. "Evidence for a Cold, Dry Full-Glacial Climate in

the American Southwest," Quaternary Research. Vol. 9, no. 1, 22-40/

Brinster, K.F. 1991. Preliminary Geohydrologic Conceptual Model of the Los

Medafios Region Near the Waste Isolation Pilot Plant for the Purpose of

Performance Assessment. SAND89-7147. Albuquerque, NM: Sandia National

Laboratories.

Bryant, V.M. , Jr. , and R. C. Holloway. 1985. "A Late-Quaternary

Paleoenvironmental Record of Texas: An Overview of the Pollen

Evidence," Pollen Records of Late-Quaternary North American Sediments.

Eds. R.G. Holloway and V.M. Bryant, Jr., Dallas, TX: American

Association of Stratigraphic Palynologists Foundation. 39-70.

26



Long-Term Climate Variability at the WIPP

.Bryson, R.A. 1989. "Late Quaternary Volcanic Modulation of Milankovitch

Climate Forcing," Theoretical and Applied Climatology. Vol. 39, no. 3,

115-125.

Caputo, M.V., and J.C. Crowell. 1985. "Migration of Glacial Centers Across

Gondwana During Paleozoic Era," Geological Society of America Bulletin.

Vol. 96, no. 8, 1020-1036.

Chapman, J.B. 1986. Stable Isotopes in Southeastern New Mexico Groundwater:

Implications for Dating Recharge in the WIPP Area. EEG-35. Santa Fe,

NM: Envirornental Evaluation Group, State of New Mexico.

Chapman, J.B. 1988. Chemical and Radiochemical Characteristics of

Groundwater in the Culebra Dolomite, Southeastern New Mexico. EEC-39.
Santa Fe, NM: Envirornental Evaluation Group, State of New Mexico.

11COHMAP Evaluation Group, [ Cooperative Holocene Mapping Project] Members.

1988. "Climatic Changes of the Last 18,000 Years: Observations and

Model Simulations," Science. Vol. 241, no. 4869, 1043-1052.

Cole, F.W. 1975. Introduction to Meteorology. 2nd ed. New York, NY: John

Wiley and Sons, Inc.

Crowell, J.C. , and L.A. Frakes. 1970. "Phanerozoic Glaciation and the

Causes of Ice Ages," American Journal of Science. Vol. 268, no. 3,
193-224.

Crowley, T.J. , D.A. Short, J.G. Mengel, and G.R. North. 1986. "Role of

Season ality in the Evolution of Climate During the Last 100 Million

Years," Science. Vol. 231, no. 4738, 579-584.

Davies, P.B. 1989. Variable-Density Ground-Water Flow and Paleohydrology in

the Waste Isolation Pilot Plant (WIPP) Region, Southeastern New Mexico.

United States Geological Survey Open-File Report 88-490. Albuquerque,

NM: U.S. Geological Survey.

Elias, S.A. 1987. "Paleoenvironmental Significance of Late Quaternary

Inspect Fossils from Packrat Middens in South-Central New Mexico," The

Southwestern Naturalist. Vol. 32, no. 3, 383-390.

Elias, S.A., and T.R. Van Devender. 1990. "Fossil Insect Evidence for Late

Quaternary Climatic Change in the Big Bend Region, Chihauhuan Desert.

Texas," Quaternary Research. Vol. 34, no. 2, 249-261.

27



Long-Term Climate Variability at the WIPP

Enzel, Y. , D.R. Cayan, R.Y. Anderson, and S.C. Wells. 1989. "Atmospheric

Circulation During Holocene Lake Stands in the Mojave Desert: Evidence

of Regional Climate Change," Nature. Vol. 341, no. 6237, 44-47.

Forester, R.M. 1987. "Late Quaternary Paleoclimate Records from Lacustrine

Ostracodes, " North America and Adjacent Oceans During the Last

Deglaciation. Eds. W.F. Ruddiman and H.E. Wright, Jr. The Geology of

North America Volume K-3. Boulder, CO: Geological Society of America,

Inc. 261-276.

Galloway, R.W. 1970. "The Full-Glacial Climate in the Southwestern United

States," Annals of the Association of American Geographers. Vol. 60,

no. 2, 245-256.

Galloway, R.W. 1983. "Full-Glacial Southwestern United States: Mild and Wet

or Cold and Dry?" Quaternary Research. Vol. 19, no. 1, 236-248.

Hansen, J., I. Fung, A. Lacis, D. Rind, S. Lebedeff, R. Ruedy, and G. Russel.

1988. "Global Climate Changes as Forecast by Goddard Institute for

Space Studies Three-Dimensional Model," Journal of Geophysical Research.

Vol. 93, no. D8, 9341-9364.

Harris, A.H. 1987. "Reconstruction of Mid-Wisconsin Envirornents in

Southern New Mexico, " National Geographic Research. Vol. 3, no. 2,

142-151.

Harris, A.H. 1988. "Late Pleistocene and Holocene Microtus (Pitynys)

(Rodentia: Cricetidae) in New Mexico," Journal of Vertebrate

Paleontology. Vol. 8, no. 3, 307-313.

Haug, A., V.A. Kelley, A.M. LaVenue, and J.,'. Pickens. 1987. Modeling of

Ground-Water Flow in the Culebra Dolou;_-e at the Waste Isolation Pilot

Plant (WIPP) Site: Interim Report. SAND86-7167. Albuquerque, NM:

Sandia National Laboratories.

Hays, J.D. , J. Imbrie, and N.J. Shackleton. 1976. "Variations in the

Earth's Orbit: pacemaker of the Ice Ages," Science. Vol. 194, no. 4270,

1121-1132.

Heckel, P.H. 1986. "Sea-Level Curve for Pennsylvanian Eustatic Marine

Transgressive -Regressive Depositional Cycles Along Midcontinent Outcrop

Belt, North America," Geology. Vol. 14, no. 4, 330-334.

28



Long-Term Climate Variability at the WIPP

Holliday, V.T. 1989a. "The Blackwater Draw Formation (Quaternary): A
l.4-plus-m.y. Record of Eolian Sedimentation and Soil Formation on the

Southern High Plains," Geological Society of America Bulletin Vol. 101,
no. 12, 1598-1607.

Holliday, V.T. 1989b. "Middle Holocene Drought on the Southern High Plains,"

Quaternary Research. Vol. 31, no. 1, 74-82.

Holliday, V.T., and B.L. Allen. 1987. "Geology and Soils," Lubbock Lake:
Late Quaternary Studies on the Southern High Plains. Ed. E. Johnson
College Station, TX: Texas A&M University Press. 14-21.

Houghton, J.T., G.J. Jenkins, and J.J. Ephraums. 1990. Climate Change: The

IPCC Scientific Assessment. New York, NY: Cambridge University Press.

4H1;nter, R.L.' 1985. A Regional Water Balance for the Waste Isolation Pilot

( ~ Plant (WIPP) Site and Surrounding Area. SAND84-2233. Albuquerque, NM:
Sandia National Laboratories.

Hyde, W.T., K-Y. Kim, T.J. Crowley, and G.R. North. 1990. "On the Relation
Between Polar Continentality and Climate: St~udies With a Nonlinear

Seasonal Energy Balance Model, " Journal of Geophysical Research. Vol.

95, no. Dll, 18653-18668.

Imbrie, J. 1985. "A theoretical Framework for the Pleistocene Ice Ages,"
Journal of the Geological Society. Vol. 142, pt. 3, 417-432.

Imbrie, J. , and J.Z. Imbrie. 1980. "Modeling the Climatic Response to

Orbital Variations," Science. Vol. 207, no. 44:34, 943-953.

Imbrie, J., J.D. Hays, D.G. Martinson, A. McIntyre, A.C. Mix, J.J. Morley,

N.G. Pisias, W.L. Prell, and N.J. Shackleton. 1984. "The Orbital
Theory of Pleistocene Climate: Support from a Revised Chronology of the

Marine 1808 Record," Understanding the Response to Astronomical Forcing

Proceedings of the NATO Advanced Research Workshop on Milankovitch and

Climate, Palisades, NY, November 30-December 4, 1982. Eds. A. Berger,
J. Imbrie, J. Hays:, G. Kukla, and B. Saltzman. Boston, MA: D. Reidel

Publishing Company. Pt. 1, 269-305.

Jouzel, J., C. Lorius, J.R. Petit, C. Genthon, N.I. Barkov, V.M. Kotlyakov,
and V.M. Petrov. 1987. "Vostok Ice Core: A Continuous Isotope

Temperature Record Over the Last Climatic Cycle (160,000 Years),"

Nature. Vol. 329, no. 6138, 403-418.

29



Long-Term Climate Variability at the WJPP

Kutzbach, J.E. , and P.J. Guetter. 1986. "The Influence of Changing Orbital

Parameters and Surface Boundary Conditions on Climate Simulations for

the Past 18,000 Years," Journal of the Atmosphere Sciences. Vol. 43,

no. 16, 1726-1759.

Lamb, H.H. 1972. Climate: Present, Past and Future. London: Methuen and

Co. Vol. 1.

Lambert, S.J. 1986. "Stable-Isotope Studies of Groundwaters in Southeastern

New Mexico," The Rustler Formation at the WIPP Site. EEG-34;

SAND85-1978C. Santa Fe, NM: Environmental Evaluation Croup, State of

New Mexico.

Lambert, S.J. 1987. Feasibility Study: Applicability of Geochronologic

Methods Involving Radiocarbon and Other Nuclides to the Groundwater

Hydrology of the Rustler Formation, Southeastern New Mexico.

SAND86-1054. Albuquerque, NM: Sandia National Laboratories.

Lambert, S.J. 1991. "Isotopic Constraints on the Rustler and Dewey Lake

Groundwater Systems," Hydrogeochemical Studies of the Rustler Formation

and Related Rocks in the Waste Isolation Pilot Plant Area, Southeastern

New Mexico. Eds. M.D. Siegel, S.J. Lambert, and K.L. Robinson.

SAND88-1096. Albuquerque, NM: Sandia National Laboratories.

Lambert, S.J., and J.A. Carter. 1987. Uranium-Isotope Systematics in

Groundwaters of the Rustler Formation, Northern Delaware Basin,

\ Southeastern New Mexico. I: Principles and Methods. SAND87-03.88.

~K2~Albuquerque, NM: Sandia National Laboratories.

Lambert, S.J. , and D.M. Harvey. 1987. Stable-Isotope Geochemistry of

Groundwaters in the Delaware Basin of Southeastern New Mexico, 7__ ,

SAND87-0138. Albuquerque, NM: Sandia National Laboratories.

Langway, C.C., Jr., H. Oeschger, and W. Dansgaard, eds. 1985. Greenland Ice

Core: Geophysics, Geochemistry, and the Environment. Geophysical

Monograph 33. Washington, D.C: American Geophysical Union.

Manabe, S. , and A.J. Broccoli. 1985. "The Influence of Continental Ice

Sheets on the Climate of an Ice Age, " Journal of Geophysical Research.

Vol. 90, no. Dl, 2167-2190.

Markgraf, V., J.P. Bradbury, R.M. Forester, W. McCoy, G. Singh, and R. [S].

Sternberg. 1983. "Pal eoenvi ronmental Reassessment of the 1.6-million-

year-old record from San Agustin Basin, New Mexico,"~ in Socorro Region

30



Loig-Term Climate Variability at the WIPP

II, New Mexico Geological Society Thirty-Fourth-, Annual Field Conference,

Socorro, NM, October 13-15, 1983. Ed. G.E. Chapin. New Mexico

Geological Society Guidebook. Volume 34. Roswell, NM: New Mexico

Geological Society. 291-297.

Markgraf, V., J.P. Bradbury, R.M. Forester, G. Singh, and R.S. Sternberg.
1984. "San Agustin Plains, New Mexico: Age and Pale oenvi ronmental

Potential Reassessed," Quaternary Research. Vc'l. 22, no. 3, 336-343.

Martin, P.S., and P.J. Mehringer, Jr. 1965. "Pleistocene Pollen Analysis
and Biogeography of the Southwest," The Quaternary of the United States.

Eds. H.E. Wright, Jr. and D.C. Frey. Princeton, NJ. Princeton

University Press. 433-451.

Milankovitch, M.M. 1941. .Canon of Insolation and the Ice-Age Problem.
Koniglich Serbische Akademie, Beograd. (English translation by the

Israel Program for Scientific Translations), U. S. Department of
Commerce and National Science Foundation. (Available from National

I/ Technical Information Service, Springfield, VA).

Mitchell, J.F.B. 1989. "The 'Greenhouse' Effect and Climate Change,"

Reviews of Geophysics. Vol. 27, no. 1, 115-139.

Mix, A.C. 1987. "The Oxygen-Isotope Record of Glaciation," North America

and Adjacent Oceans During the Last Deglaciation. Eds. W.F. Ruddiman
and H.E. Wright, Jr. The Geology of North America Volume K-3. Boulder,

GO: Geological Society of America, Inc. 111-135.

Neilson, R.P. 1986. "High-Resolution Climatic Analysis and Southwest

Biogeography," Science. Vol. 232, no. 4746, 27-34.

NOAA (National Oceanic and Atmospheric Administration). 1989. Climatological

Data, New Mexico. Vol. 93.

Palais, J.M., and H. Sigurdsson. 1989. "Petrologic Evidence of Volatile

Emissions from Major Historic and Pre-Historic Volcanic Eruptions,"

Understanding Climate Change. Eds. A. Berger, R.E. Dickinson, and J.W.

Kidson. Geophysical Monograph 52, IUGG Volume 7. Washington, D.C:

American Geophysical- Union. 31-53.

Phillips, F.M. , L.A. Peeters, M.K. Tansey, and. S.N. Davis. 1986.

"Paleoclimatic Inferences from an Isotopic Investigation of Groundwater

in the Central San Juan Basin, New Mexico," Quat~ernary Research. Vol.

26, no. 2, 179-193.

31



Long-Term Climate Variability at the WIPP

Phillips, F.M. , A.R. Campbell, C. Kruger, P.S. Johnson, R. Roberts, and E.

Keyes. 1992. A reconstruction of the water balance in Western United

States lake basins in response to climate change. New Mexico Water

Resources Research Institute Report 269. Las Cruces, New Mexico.

Pierce, H.G. 1987. "The Gastropods, with Notes on Other Invertebrates,"

Lubbock Lake: Late Qua ternary Studies on the Southern High Plains. Ed.

E. Johnson. College Station, TX: Texas A&M University Press. 41-48.

Reeves, C. C. , Jr. 1973. "The Full-Glacial Climate of the Southern High

Plains, West Texas," Journal of Geology. Vol. 81, no. 4, 693-704.

Richmond, G.M. 1962. Correlation of Some Glacial Deposits in New Mexico.

U.S. Geological Survey Professional Paper 450E. E121-E125.

Robock, A. 1979. "The 'Little Ice Age' : Northern Hemisphere Average

Observations and Model Calculations," Science. Vol. 206, no. 4425,

1402-1404.

Ruddiman, W.F. 1987. "Northern Oceans," North America and Adjacent Oceans

During the Last Deglaciation. Eds. W.F. Ruddiman and H.E. Wright, Jr.

The Geology of North America Volume K-3. Boulder, GO: Geological

Society of America, Inc. 13 7-154.

Ruddiman, W.F., and J.E. Kutzbach. 1989. "Forcing of Late Cenozoic Northern

Hemisphere Climate by Plateau Uplift in Southern Asia and the American

West," Journal of Geophysical Research. Vol. 94, no. D15, 18409-18427.

Ruddiman, W. F. , and H. E. Wright, Jr. 1987. "Introduction," North America

and Adjacent Oceans During the Last Deglaciation. Eds. W.F. Ruddiman

and H.E. Wright, Jr. The Geology of North America Volume K-3. Boulder,

CO: Geological Society of America, Inc. 1-12.

Schlesinger, M.E., and J.F.B. Mitchell. 1987. "Climate Model Simulationso

the Equilibrium Climatic Response to Increased Carbon Dioxide, " Reviews'."
of Geophysics. Vol. 25, no. 4, 760-798.

Schneider, S.H. 1990. "The Global Warming Debate Heats Up: An Analysis and

Perspective," Bulletin of the American Meteorological Society. Vol. 71,

no. 9, 1292-1304.

Smith, L.N., and R.Y. Anderson. 1982. "Pleistocene-Holocene Climate of the

Estancia Basin, Central New Mexico," Albuquerque Country 1I, New Mexico

32



Lonig-Term Climate Variability at the WIPP

Geological Society,, .33rd Annual Field Conference, Albuquerque, Nil,
November 4-6, 1982. Eds. J.F. Callender, JT.A. Grambling, and S.C.
Wells. New Mexico Geological Society Guidebook Vol. 33. Roswell, NM:
New Mexico Geological Society. 347-350.

Spaulding, W.G. 1986. Vegetation and Climates of the Last 45,000 Years in
the Vicinity of the Nevada Test Site, South-Central Nevada. United
States Geological Survey Professional Paper 1:329. [Reston, VA]: U.S.
Department of the Interior, Geological Survey.

Spaulding, W.G., and L.J. Graumlich. 1986. "The Last Pluvial Climatic
Episodes in the Deserts of Southwestern North America," Nature. Vol.
320, no. 6061, 441-4,44.

Stuiver, M. 1980. "Solar 'Variability and Climatic Change During the Current
Millenium," Nature. Vol. 286, no. 5776, 868-871.

Swift, P.N. 1991. "Long-Term Climate Variability at the Waste Isolation
Pilot Plant, Background Information Presented t~o the Expert Panel on
Inadvertent Human Intrusion into the Waste Isolation Pilot Plant." Eds.

>.R.V. Guzowski and M.M. Gruebel. SAND9l-0928. Albuquerque, NM: Sandia

)~ National Laboratories.

U.S. DOE (Department of Energy) and State of New Mexico. 1981, as modified.
Agreement for Consultation and Cooperation" on W7'PP by the State of New
Mexico and U.S. Department of Energy, modified 11/30/84 and 8/4/87.

U.S. EPA (Environmental Protection Agency) . 1985. 40 CFR 191:
"Environmental Standards for the Management and Disposal of Spent
Nuclear Fuel, High-Level and Transuranic Radioactive Waste: Final
Rule," Federal Register. Vol. 50, no. 182, 38066-38099.

University of New Mexico. 1989. New Mexico Statistical Abstract 1989.
Albuquerque, NM: University of New Mexico, Bureau of Business and
Economic Research.

Van Devender, T.R. 1980. "'Holocene Plant Remains from Rocky Arroyo and Lst
Chance Canyon, Eddy County, New Mexico,"1 The Southwestern Naturalist.
Vol. 25, no. 3, 261-372.

Van Devender, T.R. 1990. "Late Quaternary Vegetation and Climate of the
Chihuahuan Desert, United States and Mexico," Eds. J.L. Betancourt, T.R.
Van Devender, and P.S. Martin. Tucson, AZ: University of Arizona Press.
104-133.

33



Long-Term Climate Variability at the WIPP

Van Devender, T.R., J.L. Betancourt, and M. Wimberly. 1984. "Biogeographic

Implications of a Packrat Hidden Sequence from the Sacramento Mountains,

South-Central New Mexico, " Quaternary Research. Vol. 22, no. 3,

344-360.

Van Devender, T.R., R.S. Thompson, and J.L. Betancourt. 1987. "Vegetation

History of the Deserts of Southwestern North America; The Nature and

Timing of the Late Wiscons in- Holocene Transition," North America and

Adjacent Oceans During the Last Deglaciation. Eds. W.F. Ruddiman and

H.E. Wright, Jr. The Geology of North America. Volume K-3. Boulder,

GO: Geological Society of America, Inc. 323-352.

Washington, W.M. , and G.A. Meehl. 1984. "Seasonal Cycle Experiment on the

Climate Sensitivity Due to D doubling Of C02 With an Atmospheric General

Circulation Model Coupled to a Simple Mixed-Layer Ocean Model," Journal

of Geophysical Research. Vol. 89, no. D6, 9475-9503.

Waters, M.R. 1989. "Late Quaternary Lacustrine History and Paleoclimatic

Significance of Pluvial Lake Cochise, Southeastern Arizona," Quaternary

Research. Vol. 32, no. 1, 1-11.

Wells, S.G. , R.Y. Anderson, L.D. McFadden, W.J. Brown, Y. Enzel, and J-L.

Miossec. 1989. Late Quaternary Paleohydrology of the Eastern Mlojave

River Drainage, Southern California: Quantitative Assessment of the

Late Quaternary Hydrologic Cycle in Large Arid Watersheds. WRRI Report

No. 242. Las Cruces, NM: New Mexico Water Resources Research

Institute..

Wilson, C.A., and J.F.B. Mitchell. 1987. "A Doubled C02 Climate Sensitivity'

Experiment With a Global Climate Model Including a Simple Ocean, Journal%

of Geophysical Research. Vol. 92, no. Dll, 13,315-13,343. K

Winograd, I.J. , B.J. Szabo, T.B. Coplen, and A.C. Riggs. 1988. "A

250,000-Year Climatic Record from Great Basin Vein Calcite:

Implications for Milankovitch Theory," Science. Vol. 242, no. 4883,

1275-1280.

34



* PERFORMANCE ASSESSMENT DISTRIBUTION LIST

Federal Agencies US Department of Energy (4)
WIPP Project Integration Office

US Department of Energy (2) Attn: W.J. Arthur III

Office of Environmental Restoration L.W. Gage

and Waste Management P.i. Higgins

Attn: L.P. Duffy, EM-i D.A. Olona
C. Frank, EM-50 P0 Box 5400

Washington, DC 20585 Albuquerque, NM 87115-5400

US Department of Energy (3) US Department of Energy (11)

Office of Environmental Restoration WIPP Project Site Office (Carlsbad)

and Waste Management Attn: A. hunt (4)
Attn: M. Frei, EM-34 (Trevion II) V. Daub (4)

Director, Waste Managemen~t Projects-- J. Lippis
Washington, DC 20585-0002 K ~ne

US Dpartent f EnrgyR. 
Becker

US epatmet f Eerg - P0 Box 309C
Office of Environmental Restoration Carlsbad, KM 88221-3090

and Waste Management

Attn: J. Lytle, EM-30 (Trevion II) US Department of Energy, (5)

Washington, DC 20585-0002 Office of Civilian Radioactive Waste

Management
US Department of Energy Attn: Deputy Director, RW-2
Office of Environmental Restoration Associat~e Director, RW-10

and Waste Management Office of Program

Attn: S. Schneider, EM-342 Administration and

(Trevion II) Resources Management

Washington, DC 20585-0002' Associate Director, RW-20

Office of Facilities
US Department of Energy (3) Siting and Development

WIPP Task Force Associate Director, RW-30

Attn: G.H. Daly Office of Systems

S. Fucigna IntEgration and

J. Rhoderick Regulations

12800 Middlebrook Rd. Associate Director, RW-40
Suite 400 Office of External

Germantown, MD 20874 RelLations and Policy
Office of Geologic Repositories

US Department of Energy (4) Forrestal Building
Office of Environment, Safety and Washington, DC 20585

Health
Attn: R.P. Berube, EH-20 US Departmetnt of Energy

C. Borgstrum, EH-25 Attn: National Atomic Museum Library
R. Pelletier, EH-231 Albuquerque Operations Office
K. Taimi, EH-232 P0 Box 54001

Washington, DC 20585 Albuquerque:, NM 87185

Dist-1



US Department of Energy US Department of Energy (3)

Research & Waste Management Division Rocky Flats Area Office

Attn: Director Attn: W.C. Rask

P0 Box E G. Huffman

Oak Ridge, TN 37831 T. Lukow
P0 Box 928

US Department of Energy (2) Golden, CO 80402-0928

Idaho Operations Office

Fuel Processing and Waste US Department of Energy

Management Division Dayton Area Office

785 DOE Place Attn: R. Grandfield

Idaho Falls, ID 83402 P0 Box 66
Miamisburg, OH 45343-0066

US Department of Energy

Savannah River Operations Office US Department of Energy

Defense Waste Processing Attn: E. Young

Facility Project Office Room E-178

Attn: W.D. Pearson GAO/RCED/GTN

P0 Box A Washington, DC 20545

Aiken, SC 29802
US Bureau of Land Management

US Department of Energy (2) 101 E. Mermod

Richland Operations Office Carlsbad, NM 88220

Nuclear Fuel Cycle & Production

Division US Bureau of Land Management

Attn: R.E. Gerton New Mexico State Office

825 Jadwin Ave. P0 Box 1449

P0 Box 500 Santa Fe, NM 87507

Richland, WA 99352
US Environmental Protection

US Department of Energy (3) Agency (2)

Nevada Operations Office Office of Radiation Protection

Attn: J.R. Boland Programs (ANR-460)

D. Livingston Attn: R. Cuimond (2)

P.K. Fitzsimmnons Washington, DC 20460

2753 S. Highland Drive

Las Vegas, NV 87183-8518 US Nuclear Regulatory Commission
Division of Waste Management

US Department of Energy (2) Attn: H. Marson

Technical Information Center Mail Stop 4-H-3

P0 Box 62 Washington, DC 20555(

Oak idge TN 7831US Nuclear Regulatory Comiission\A1 -

US Department of Energy (2) Advisory Committee on Nuclear Waste

Chicago Operations Office Attn: D. Moeller

Attn: J.C. Haugen M.J. Steindler

9800 South Cass Avenue P.W. Pomeroy

Argonne, IL 60439 W.J. Hinze
7920 Norfolk Avenue

US Department of Energy Bethesda, MD 20814

Los Alamos Area Office

528 35th Street
Los Alamos, NM 87544

Dist-2



Defense Nuclear Facilities Safety New Mexico Energy, Minerals and
Board Natural Resources Department

Attn: D. Winters New Mexico Radioactive Task Force (2)

625 Indiana Avenue, NW (Governor's WIPP Task Force)
Suite 700 Attn: A. Lockwood, Chairman
Washington, DC 20004 C. Wentz, Coordinator/Policy

Analyst
Nuclear Waste Technical Review Board 2040 South Pacheco

(2) Santa Fe, NM 87505
Attn: D.A. Deere

S.J.S. Parry Bob Forrest
Suite 910 Mayor, City of Carlsbad
1100 Wilson Blvd. P0 Box 1569
Arlington, VA 22209-2297 Carlsbad, N11 88221

Energy and Science Division Executive Director
Office of Management and Budget Carlsbad Department of Development
Attn: K. Yuracko Attn: C. Bernard
725 17th Street NW P0 Box 1090O
Washington, DC 20503 -Carlsbad, NM 88221

US Geological Survey (2) New Mexico Environment Department
Water Resources Division 7 Secretary of the Environment
Attn: C. Peters Attn: J. Espinosa (3)
Suite 200 P0 Box 968.4501 Indian School, NE 1190 St. Francis Drive
Albuquerque, NM 87110 Santa Fe, NM 87503-0968

New Mexico Environment Department
State Agencies Attn: P. McCasland

WIPP Project Site Office
Environmental Evaluation Group (5) P0 Box 3090
Attn: R. Neill Carlsbad, NM 88221-3090
Suite F-2
7007 Wyoming Blvd., NE New Mexico State Engineer's Office
Albuquerque, NM 87109 Attn: M. Chudnoff

P0 Box 25102
New Mexico Bureau of Mines Santa Fe, NM 87504-5102

and Mineral Resources
Socorro, NM 87801

Advisory Committee on Nuclear
New Mexico Energy, Minerals and Facility Safety

Natural Resources Department
Attn: Librarian John F. Ahearne
2040 South Pacheco Executive Director, Sigma Xi
Santa Fe, NM 87505 99 Alexander Drive

Research Triangle Park, NC 27709

James E. Martin
109 Observatory Road
Ann Arbor, MII 48109

Dist-3



WIPP Panel of National Research Council's National Research Council (3)

Board on Radioactive Waste Management Board on Radioactive
Waste Management

Charles Fairhurst, Chairman RMHA5

Department of Civil and Attn: P.B. Myers,

Mineral Engineering Staff Director (2)

University of Minnesota G.J. Grube

500 Pillsbury Dr., SE 2101 Constitution Avenue

Minneapolis, MN 55455-0220 Washington, DC 20418

John 0. Blomeke

3833 Sandy Shore Drive Performance Assessment Peer Review Panel
Lenoir City, TN 37771-9803

G. Ross Heath

John D. Bredehoeft College of Ocean and

Western Region Hydrologist Fishery Sciences HN-15

Water Resources Division 583 Henderson Hall

US Geological Survey (M/S 439) University of Washington

345 Middlefield Road Seattle, WA 98195

Menlo Park, CA 94025
Thomas H. Pigford

Fred M. Ernsberger Department of Nuclear Engineering

1325 NW 10th Avenue 4159 Etcheverry Hall

Gainsville, FL 32601 University of California
Berkeley, CA 94720

Rodney C. Ewing

Department of Geology Thomas A. Cotton

University of New Mexico JI( Research Associates, Inc.

200 Yale, NE 4429 Butterworth Place, NW

Albuquerque, NM 87131 Washington, DC 20.016

B. John Garrick Robert J. Budnitz

PLG, Inc. President, Future Resources

Suite 400 Associates, Inc.

4590 MacArthur Blvd. 2000 Center Street

Newport Beach, CA 92660-2027 Suite 418
Berkeley, CA 94704

Leonard F. Konikow

US Geological Survey C. John Mann

431 National Center Department of Geology j , -

Reston, VA 22092 245 Natural History Bldg.
1301 West Green Street

Jeremiah 0'Driscoll University of Illinois

505 Valley Hill Drive Urbana, IL 61801

Atlanta, GA 30350
Frank W. Schwartz

Christopher Whipple Department of Geology and Mineralogy

Clement International Corp. The Ohio State University

160 Spear St. Scott Hall

Suite 1380 1090 Carmack Rd.

San Francisco, CA 94105-1535 Columbus, OH 43210

Dist-4



National Laboratories Savannah River Plant (2)
Attn: R.G. Baxter

Argonne National Laboratory (2) Building 704-S
Attn: A. Smith K.W. Wierzbicki

D. Tomasko Building 703-H
9700 South Gass, Bldg. 201 Aiken, SC 29808-0001
Argonne, IL 60439

Corporations/Members of the Public
Battelle Pacific Northwest Laboratory

(3) Benchmark Environmental Corp. (3)

Attn: R.E. Westerman Attn: C. Frederickson
S. Bates K. Lickliter

H.C. Burkholder 4501 Indian School, NE

Battelle Boulevard Suite 105
Richland, WA 99352 Albuquerque, NM 87110

Los Alamos National Laboratory \ Deuel and Associates, Inc.

Attn: B. Erdal, CNC-11 Attn: R.W. Prindle

P0 Box 1663 / 7208 Jefferson, NE

Los Alamos, NM 87545 Albuquerque, NM 87109

Los Alamos National Laboratory Disposal Safety, Inc.

Attn: A. Meijer Attn: B. Ross

Mail Stop J514 Suite 314

P0 Box 1663 1660 L Street, NW.Los Alamos, NM 87545 Washington, DC 20006

Los Alamos National Laboratory (3) Ecodynamics Research Associates (2)

HSE-8 Attn: P. Roache

Attn: M. Enoris R. Blamne
L. Soholt P0 Box 9229
J. Wenzel Albuquerque, NM 87119-9229

P0 Box 1663
Los Alamos, NM 87545 EC & G Idaho (3)

1955 FremonL Street

Los Alamos National Laboratory Attn: C. Atwood
EM- 7 C. Hartzler

Attn: S. Kosiewicz T.I. Clements

Mail Stop J595 Idaho Falls, ID 83415

P0 Box 1663
Los Alamos, NM 87545 Geomatrix

Attn: K. Coppersmith

Oak Ridge National Laboratory 100 Pine Street #1000

Martin Marietta Systems, Inc. San Francisco, CA 94111

Attn: J. Setaro
P0 Box 2008, Bldg. 3047 Colder Associates, Inc. (3)

Oak Ridge, TN 37831-6019 Attn: M. Cunnane
R. Kossik

Savannah River Laboratory (3) I. Miller

Attn: N. Bibler 4104 148th Avenue, NE

M.J. Plodinec Redmond, WA 98052
G.C. Wicks

Aiken, SC 29801

Dist-5



In-Situ, Inc. (2) RE/SPEC, Inc. (2)

Attn: S.C. Way Attn: W. Coons

C. McKee Suite 300

209 Grand Avenue 4775 Indian School, NE

Laramie, WY 82070 Albuquerque, NM 87110

INTERA, Inc. RE/SPEC, Inc.

Attn: A.M. LaVenue Attn: J.L. Ratigan

8100 Mountain Road, NE P0 Box 725

Suite 213 Rapid City, SD 57709

Albuquerque, NM 87110
Reynolds Elect/Engr. Co., Inc.

INTERA, Inc. Building 790, Warehouse Row

Attn: J.F. Pickens Attn: E.W. Kendall

Suite #300 P0 Box 98521

6850 Austin Center Blvd. Las Vegas, NV 89193-8521

Austin, TX 78731
Roy F. Weston, Inc.

INTERA, Inc. CRWM Tech. Supp. Team

Attn: W. Stensrud Attn: C.J. Noronha

P0 Box 2123 955 L'Enfant Plaza, SW

Carlsbad, NM 88221 North Building, Eighth Floor
Washington, DC 20024

INTERA, Inc.

Attn: W. Nelson Science Applications International

101 Convention Center Drive Corporation (SAIC)

Suite 54(. Attn: H.R. Pratt,

Las Vegas, NV 89109 10260 Campus Point Drive
San Diego, CA 92121

IT Corporation (2)

Attn: R.F. McKinney Science Applications International

J. Myers Corporation (2)

Regional Office - Suite 700 Attn: C. Dymniel

5301 Central Avenue, NE C.C. Pflum

Albuquerque, NM 87108 101 Convention Center Dr.
Las Vegas, NV 89109

MACTEC (2)

Attn: J.A. Thies Science Applications International

D.K. Duncan Corporation (2)

8418 Zuni Road, SE Attn: M. Davis

Suite 200 J. Tollison

Albuquerque, NM 87108 2109 Air Park Road, SE
Albuquerque, NM 87106

Pacific Northwest Laboratory

Attn: B. Kennedy Science Applications International

Battelle Blvd. Corporation (2)

P0 Box 999 Attn: J. Young

Richland, WA 99352 D. Lester
18706 North Creek Parkway
Suite 110

Bothell, WA 98011

Dist-6



.Southwest Research Institute Westinghouse Electric Corporation (5)
Center for Nuclear Waste Regulatory Attn: Library

Analysis (2) L. Trego
Attn: P.K. Nair C. Cox

6220 Culebra Road L. Fitch
San Antonio, TX 78228-0510 R.F. Kehrman

P0 Box 20-78

City of Albuquerque Carlsbad, N14 88221
Public Works Department
Utility Planning Division Westinghouse Hanford Company
Attn: W.K. Summers Attn: D. Wood
P0 Box 1293 P0 Box 1970

Albuquerque, NM 87103 Richland, WA 99352

Systems, Science, and Software (2) Western Water Consultants

Attn: E. Peterson Attn: D. Fritz
P. Lagus 1949 Sugarland Drive #134

Box 1620 Sheridan, W7Y 82801-5720

La Jolla, CA 92038
TASC ~Western Water Consultants
TASC Attn: P.A. Rechard

Attn: S.G. Oston P0 Box 41,28
55 Walkers Brook Drive Laramie, WY 82071

Reading, MA 01867
Neville Cook. Tech Reps, Inc. (6) Rock Mechanics Engineering

Attn: J. Chapman Mine Engineering Dept.
V. Gilliland University of California

D. Marchand Berkeley, CAk 94720
J. Stikar
P. Oliver P. Drez
D. Scott 8816 Cherry Hills Road, NE

5000 Marble, NE Albuquerque, NM 87111
Suite 222
Albuquerque, NM 87110 D.W. Powers

Star Route Box 87
Tolan, Beeson, & Associates -Anthony, TX 79821
Attn: T.L. Tolan
2320 W. 15th Avenue Shirley Thieda

Kennewick, WA 99337 P0 Box 2109, RPJ
Bernalillo, NM 87004

TRW Environmental Safety Systems
(TESS) Jack Urich

Attn: I. Saks c/o CARD
10306 Eaton Place 144 Harvard, SE

Suite 300 Albuquerque, NM 87106

Fairfax, VA 22030

Dist-7



Universities Hobbs Public Library
Attn: M. Lewis

University of California 509 N. Ship Street

Mechanical, Aerospace, and Hobbs, NM 88248

Nuclear Engineering Department (2)

Attn: W. Kastenberg New Mexico State Library

D. Browne Attn: N. MeCallan

5532 Boelter Hall 325 Don Gaspar

Los Angeles, CA 90024 Santa Fe, NM 87503

University of Hawaii at Hilo New Mexico Tech

Attn: S. Hora Martin Speere Memorial Librar-

Business Administration Campus Street

Hilo, HI 96720-4091 Socorro, NM 87810

University of New Mexico New Mexico Junior College

Geology Department Pannell Library

Attn: Library Attn: R. Hill

Albuquerque, NM 87131 Lovington Highway

Hobbs, NM 88240

University of New Mexico

Research Administration Carlsbad Municipal Library

Attn: H. Schreyer WIPP Public Reading Room

102 Scholes Hall Attn: L. Hubbard

Albuquerque, NM 87131 101 S. Halagueno St.

Carlsbad, NM 88220

University of Wyoming

Department of Civil Engineering University of New Mexico

Attn: V.R. Hasfurther General Library

Laramie, WY 82071 Government Publications Department

Albuquerque, NM 87131

University of Wyoming
Department of Geology

Attn: J.I. Drever NEA/Performance Assessment Advisory
Laramie, WY 82071 Group (PA.AC)

University of Wyoming P. Duerden

Department of Mathematics ANSTO

Attn: R.E. Ewing Lucas Heights Research Laboratories

Laramie, WY 82071 Private Mail Bag No. 1
Menai, NSW 2234, AUSTRALIA

Libraries Gordon S. Linsley
Division of Nuclear Fuel Cycle and

Thomas Brannigan Library Waste Management

Attn: D. Dresp International Atomic Energy Agency

106 W. Hadley St. P0 Box 100

Las Cruces, NM 88001 A-1400 Vienna, AUSTRIA

Dist-8



. Nicolo Cadelli M. Claude Ringeard
Commission of the European Communities Division de la S~curitd et de la

200, Rue de la Loi Protection de l'Environment (DSPE)

B-1049 Brussels, BELGIUM Commissari'al: A l'Energie Atomique
Agence Nationale pour la Gestion des

R. Heremans Ddchets Radioactifs (ANDRA)

Organisme Nationale des Deichets Route du Panorama Robert Schuman

Radioactifs et des Matie'res B. P. No. 313
Fissiles F-92266 Fontenay-aux-Roses Cedex

ONDRAF FRANCE
Place Madou 1, Boitec: 24/25
B-1030 Brussels, BELGIUM Gerald Ouzounian

Agence Nationale pour la Gestion des

J. Marivoet Dodchets Radioactifs (ANDRA)

Centre d'Etudes de l'Energie Nuclhaire Route du Panorama Robert Schuman

CEN/SCK B. P. No. 318

Boeretang 200 F-92266 Fonitenay-aux-Roses Cedex

B-2400 Mol, BELGIUM FRANCE

P. Conlon -Claudio Peseatore
Waste Management Division ) Division of Radiation Protection and

Atomic Energy Control Board (AECýB -Waste Management
P0 Box 1046 OECD Nuclear Energy Agency

Ottawa, Canada KIP 559, CANADA 38, Boulevard Suchet
F-75016 Paris, FRANCE. A.G*. Wikjord

Manager, Environmental and Safety M. Dominiqlue Greneche

Assessment Branch Commissariat; d l'Energie Atomique

Atomic Energy of Canada Limited IPSN/DAS/SASICC/SAED
Whiteshell Nuclear Research B. P. No. 6

Establishment F-92265 Fonltenay-aux-Roses Cedex,

Pinewa, Manitoba ROE lLO, CANADA FRANCE

Jukka-Pekka Salo Robert Fabriol
Teollisuuden Voima Oy (TVO) Bureau de Recherches Gdologiques et

Fredrikinkatu 51-53 B Minidres (BRGM)
SF-O0010 Helsinki, FINLAND) B. P. 6009

45060 Orleans Cedex 2, FRANCE

Timo Vieno
Technical Research Centre of Finland P. Bogorinski

(VTT) Gesellschafl; fO~r Reaktorsicherheit

Nuclear Energy Laboratory (ORS) mbH

P0 Box 208 Schwertnergasse 1

SF-02151 Espoo, FINLAND D-5000 Kol-n 1, GERMANY

Timo Aikas R. Storck

Teollisuuden Voima Oy (TVO) GSF - Institut f~dr Tieflagerung

Fredrikinkatu 51-53 B Theodor-Heuss-Strabe 4

SF-00100 Helsinki, FINLAN]D D-3300 Braunschweig, GERMANY

Dist-9



Ferrucio Gera Grimwood

ISMES S.p.A Waste Management Unit

Via del Crociferi 44 BNFL

1-00187 Rome, ITALY Sellafield
Seascale, Cumbria CA20 iPG

Hiroyuki Umeki UNITED KINGDOM

Isolation System Research Program

Radioactive Waste Management Project Alan J. Hooper

Power Reactor and Nuclear Fuel UK Nirex Ltd

Development Corporation (PNC) Curie Avenue

1-9-13, Akasaka Harwell, Didcot

Minato -ku Oxfordshire, OX11 ORB

Tokyo 107, JAPAN UNITED KINGDOM

P. Carboneras Martinez Jerry M. Boak

ENRESA Yucca Mountain Project Office

Calle Emilio Vargas 7 US Department of Energy

R-28043 Madrid, SPAIN P0 Box 98608
Las Vegas, NV 89193

Tonis Papp

Swedish Nuclear Fuel and Waste Seth M. Coplan (Chairman)

Management Co. US Nuclear Regulatory Commission

Box 5864 Division of High-Level Waste

S 102 48 Stockholm, SWEDEN Management
Mail Stop 4-H-3

Conny Hagg Washington, DC 20555

Swedish Radiation Protection Institute

(SSI) A.E. Van Luik

Box 60204 INTERA/M&O

S-104 01 Stockholm, SWEDEN The Valley Bank Center
101 Convention Center Dr.

J. Hadermann Las Vegas, NV 89109

Paul Scherrer Institute

Waste Management Programme

CH-5232 Villigen PSI, SWITZERLAND NEA/PSAG User's Group _

J. Vigfusson Shaheed Hossai:.

USK- Swiss Nuclear Safety Inspectorate Division of Nuclear Fuel Cycle and

Federal Office of Energy Waste Management

CH-5303 Wdrenlingen, SWITZERLAND International Atomic Energy Agency
Wagramerstrasse 5

D.E. Billington P0 Box 100

Departmental Manager - Assessment A-1400 Vienna, AUSTRIA

Studies

Radwaste Disposal R&D Division Alexander Nies (PSAC Chairman)

AEA Decommissioning & Radwaste Gesellschaft fair Strahlen- und

Harwell Laboratory, B60 Institut fur Tieflagerung

Didcot Oxfordshire OX11 ORA Abteilung far Endlagersicherheit

UNITED KINGDOM Theodor-Heuss-Strasse 4
D-3300 Braunschweig, GERMANY

Dist-1O



. Eduard Hofer NAGRA (2)
Gesellschaft fiar Reaktorsicherheit Attn: C. McCombie

(GRS) MBH F. Van Dorp

Forschungs gelande Parkstrasse 23

D-8046 Garching, GERMANY CH-5401 Baden, SWITZERLAND

Andrea Saltelli Daniel A. Ga~lson

Commission of the European Communities INTERA Information Technologies

Joint Resarch Centre of Ispra Park View House, 14B Burton Street

1-21020 Ispra (Varese), ITALY Melton Mowbray
Leicestershire, LE13, lAE

Alejandro Alonso UNITED KINGD)OM

Cdtedra de Tecnologia Nuclear
E.T.S. de Ingenieros Industriales Brian G.J. Thompson

Josd Guti~rrez Abascal, 2 Department: of the Environment

E-28006 Madrid, SPAIN Her Majesty's Inspectorate of
Pollution

Pedro Prado Room A5.33, Romney House

CI EMAT 43 Marsham Street

Instituto de Tecnologia Nuclear , London SWlP 2PY, UNITED KINGDOM

Avenida Complutense, 22

E-28040 Madrid, SPAIN pkRA/ECL 1 rln

Miguel Angel Cufiado Chiltern House

ENRESA 45 Station Road. Emilio Vargas, 7 Henley- on-Thames
E-28043 Madrid, SPAIN Oxfordshire RG9 lAT, UNITED KINGDOM

Francisco Javier Elorza US Nuclear Regulatory Commission (2)

ENRESA Attn: R. Codell

Emilio Vargas, 7 N. Eisenberg

E-28043 Madrid, SPAIN Mail Stop 4-H-3
Washington, DC 20555

Nils A. Kjellbert
Swedish Nuclear Fuel and Waste Battelle Pacific Northwest

Management Company (5KB) Laboratories (PNL)
Box 5864 Attn: P.W. Eslinger

S-102 48 Stockholm, SWEDEN P0 Box 9991, MS K2-32
Richland, WA 99352

Bj6rn Cronhjort
Swedish National Board for Spent Center for Nuclear Waste Regulatory

Nuclear Fuel (SKN) Analysis (CNWRA)

Sehlsedtsgatan 9 Southwest Research Institute

S-115 28 Stockholm, SWEDEN Attn: B. Sagar
P0 Drawer 28510

Richard A. Klos 6220 Culebra Road

Paul-Scherrer Institute (PSI) San Antonio, TX 78284

CH-5232 Villingen PSI
SWITZERLAND

Dist-11



Geostatistics Expert Working Group (GXG) C. Peter Jackson
Harwell Laboratory

Rafael L. Bras Theoretical Studies Department

R.L. Bras Consulting Engineers Radwaste Disposal Division

44 Percy Road Bldg. 424.4

Lexington, MA 02173 Oxfordshire Didcot Oxon 0X11 ORA

UNITED KINDGOM

Jesus Carrera
Universidad Polit~cnica de Catalufia Peter Kitanidis

E.T.S.I. Caminos 60 Peter Coutts Circle

Jordi, Girona 31 Stanford, CA 94305

E-08034 Barcelona, SPAIN
Ray Mackay

Gedeon Dagan Department of Civil Engineering

Department of Fluid Mechanics and Heat University of Newcastle Upon Tyne

Transfer Newcastle Upon Tyne NEl 7RU

Tel Aviv University UNITED KINGDOM

P0 Box 39040
Ramat Aviv, Tel Aviv 69978, ISRAEL Dennis McLaughlin

Parsons Laboratory

Ghislain de Marsily (GXC Chairman) Room 48-209

University Pierre et Marie Curie Department of Civil Engineering

Laboratorie de Geologie Applique Massachusetts Institute of Technology

4, Place Jussieu - T.26 - 5e etage Cambridge, MA 02139

75252 Paris Cedex 05, FRANCE
Shlomo P. Neuman

Alain Galli College of Engineering and Mines

Centre de Geostatistique Department of Hydrology and Water

Ecole des Mines de Paris Resources

35 Rue St. Honore University of Arizona

77035 Fontainebleau, FRANCE Tucson, AZ 85721

Steve Gorelick Christian Ravenne

Department of Applied Earth Sciences Geology and Geochemistry Division

Stanford University Institut Francais du P~trole

Stanford, CA 94305-2225 1 & 4, av. de Bois-Pr~au BP311

92506 Rueil Malmaison Cedex, FRANCE

Peter Grindrod

INTERA Information Technologies Ltd. Yoram Rubin

Chiltern House, 45 Station Road Department of Civil Engineering

Henley- on-Thames University of California

Oxfordshire, RG9 lAT, UNITED KINGDOM Berkeley, CA 94720

Alan Gutjahr

Department of Mathematics Foreign Addresses
New Mexico Institute of Mining and

Technology Studiecentrum Voor Kernenergie

Socorro, NM 87801 Centre D'Energie Nucleaire
Attn: A. Bonne

SCK/CEN7
Boeretang 200y
B-2400 Mol, BELGIUM

Dist-12



O Atomic Energy of Canada, Ltd. (3) Hahn-Mietnei-Institut fur
Whiteshell Research Estab. Kernforschung
Attn: M.E. Stevens Attn: W. Lutze

B.W. Goodwin Glienicker Strasse 100
D. Wushke 100 Berlin 39, GERMANY

Pinewa, Manitoba
ROE iLO, CANADA Institut fur Tieflagerung (2)

Attn: K. Kuhn
Esko Peltonen Theodor-Heuss-Strasse 4
Industrial Power Company Ltd. D-3300 Braunschweig, GERMANY
TVO
Fredrikinkatu 51-53 --'-,,Physikalisch-Technische Bundesanstalt
SF-00100 Helsinki 10, FINLAND .,-,"ttn: P. Brenneke

,/Postfach 33 45
Jean-Pierre Olivier ',_",7. /D-3300 Braunschweig, GERMANY
OECD Nuclear Energy Agency (2)
38, Boulevard Suchet Shingo Tashiro
F-75016 Paris, FRANCE Japan Atomic Energy Research

Institute

D. Alexandre, Deputy Director Tokai-Mura, Ibaraki-Ken
ANDRA 319-11, JAPAN
31 Rue de la Federation
75015 Paris, FRANCE Netherlands Energy Research

Foundation (ECN)
Claude Sombret Attn: L.H. Vans. Centre D'Etudes Nucleaires 3 Westerduinweg

De La Vallee Rhone P0 Box 1
CEN/VALRHO 1755 ZG Petten, THE NETHERLANDS
S.D.H.A. BP 171
302,05 Bagnols-Sur-Ceze, FRANCE Johan Andersson

Swedish Nuclear Power Inspectorate
Bundesministeriun fur Forschung und Statens Karnkraftinspektion (SKI)

Technologie Box 27106
Postfach 200 706 S-102 52 Stockholm, SWEDEN
5300 Bonn 2, GERMANY

Fred Karls son
Bundesanstalt fur Geowissenschaften Svensk Karnbransleforsorjning AB
und Rohstoffe SKB

Attn: M. Langer Box 5864
Postfach 510 153 S-102 48 Stockholm, SWEDEN

3000 Hanover 51, GERMANY
Nationale Cenossenschaft fur die

Gesellschaft fur Reaktorsicherheit Lagerung Radioaktiver Abfalle
(GRS) (2) (NACRA) (2)

Attn: B. Baltes Attn: S. Vomvoris
W. Muller P. Zuidema

Schwertnergasse 1 Hardstrasse 73
D-5000 Cologne, GERMANY CH-5430 Wettingen, SWITZERLAND

Dist-13



D.R. Knowles 6347 D.R. Schafer

British Nuclear Fuels, plc 6400 D.J. McCloskey

Risley, Warrington, Cheshire WA3 6AS 6400 N.R. Ortiz

1002607, UNITED KINGDOM 6613 R.M. Cranwell
6613 R.L. Iman

AEA Technology 6613 C. Leigh

Attn: J.H. Rees 6622 M.S.Y. Chu

D5W/29 Culham Laboratory 7141 S.A. Landenberger (5)

Abington 7151 G.C. Claycomb

Oxfordshire 0X14 3DB, UNITED KINGDOM 7613-2 Doc. Processing (10) DOE/OSTI
8523-2 Central Technical Files

AEA Technology 9300 J.E. Powell

Attn: W.R. Rodwell 9310 J.D. Plimpton

044/A31 Winfrith Technical Centre 9330 J.D. Kennedy

Dorchester
Dorset DT2 8DH, UNITED KINGDOM

AEA Technology
Attn: J.E. Tinson
B4244 Harwell Laboratory

Didcot, Oxfordshire OX11 ORA

UNITED KINGDOM

Internal

1 A. Narath
20 0.E. Jones
1502 J.C. Cunmmings
1511 D.K. Gartling

6000 D.L. Hartley

6119 E.D. Gorham
6119 Staff (14)
6121 J.R. Tillerson

6121 Staff (7)
6233 J.C. Eichelberger

6300 D.E. Miller

6301 E. Bonano
6302 T.E. Blejwas, Acting
6303 W.D. Weart
6303 S.Y. Pickering

6312 F.W. Bingham
6313 Supervisor
6313 L.S. Costin
631• Supervisor
6316 R.P. Sandoval
6320 R.E. Luna, Acting

6341 A.L. Stevens
6341 Staff (6)

6341 Sandia WIPP Central Files (100)

6342 D.R. Anderson

6342 P.N. Swift (10)
6342 Staff (30)
6343 T.M. Schultheis
6343 Staff (3)

6345 R. C. LincolnDst-4 tU.GOENETPITNOFCEi27412/00

6345 Staff (9) Ds-4US OENETPITN FIE19-7-2/05



APPENDIX CLP

CLOSURE PLAN





CHAPTER I

CLOSURE PLANS, POST-CLOSURE PLANS,
AND FINANCIAL REQUIREMENTS

(From the WIPP RCRA Part B Permit Application, Rev. 6)



-ft



WIPP RORA Part B Permit Application
DOEIWIPP 91 -005

Revision 6

CHAPTER I 1

CLOSURE PLANS, POST-CLOSURE PLANS, 2

AND FINANCIAL REQUIREMENTS 3

'TABLE OF CONTENTS 4

Introduction.........................................................I1-1 5

1-1 Closure Plan..............................................1-2 6

I-la Closure Performance Standard (20 NMAC 4.1, Subpart V, §264.111) ...... 1-3 7

I-la(1) Container Storage Units ................................. 1-3 8

1-1la(2) Miscellaneous Unit ..................................... 1-4 9
1-1la(3) Post-Closuire Care ..................................... 1-5 10

1-l b Requirements ............................................... 1-5 11
I-1ic Maximum Waste Inventory......................................1-5 12

I-i d Schedule for Closure..........................................1-6 13

I-ld(1) Schedule for Panel Closure...............................1-6 14

1-1ld(2) Schedule for Final Facility Closure..........................1-7 15

1-1ld(3) Extension for Closure Time. .. .. .. .. .. .. .. .. .. .. .. .. .. .... 1-8 16

l-ld(4) Amendment of the Closure Plan ........................... 1-9 17

I-le Closure Activities.............................................1-9 18

1-1le(1) Panel Closure ........................................ 1-9 19
1-1le(2) Decontamination and Decommissioning .................... 1-12 20

I-i e(3) Performance of the Closed Facility ........................ 1-20 21

1-2 Post-Closure Plan.................................................1-29 22

1-2a Post-Closure Plan after Final Facility Closure ....................... 1-30 23

l-2a(1) Active Institutional Controls .............................. 1-31 24

1-2a(2) Monitoring..........................................1-33 25

1-2a(3) Passive Institutional Controls ............................ 1-34 26

1-3 Notices Required for Disposal Facilities ................................. 1-41 27

l-3a Certification of Closure ....................................... 1-41 28

1-3b Survey Plat ................................................ 1-42 29

I-3c Post-Closure Certification......................................1-42 30

I-3d Post-Closure Notices.........................................1-42 31

1-4 Closure Cost Estimates.............................................1-42 32

1-5 Financial Assurance Mechanism for Closure .............................. 1-42 33

1-6 Post-Closure Cost Estimate..........................................1-42 34

1-7 Financial Assurance Mechanism for Post-Closure Care ...................... 1-43 35

1-8 Liability Requirement..........................................1-43 36

References .......................................................... 1-44 37

Appendix 11 Conceptual Design for Operational Phase Panel Closure Systems 38

Appendix 12 Repository Seals Program Baseline Position Paper 39

* Appendix 13 Co-Detection of Hazardous and Radioactive Waste Releases 40

Appendix 14 Post-Closure Archived Information and Distribution 41

I-i



WI PP RCRA Part B Permit Application
DOEANIPP 91-005
Revision 6

1 LIST OF TABLES
2

3 Table Title Page
4
5 1-1 Anticipated Earliest Closure Dates for the Underground HWMUs...........1-49
6 1-2 Anticipated Overall Schedule for Closure Activities ..................... 1-50
7 1-3 Governing Regulations for Borehole Abandonment.....................1-51
8 1-4 Average-Stoichiometry Gas Generation Model Parameter Values .......... 1-52
9 1-5 Salado Formation Halite Parameter Values .......................... 1-53

10 1-6 Salado Formation Anhydrite Interbeds A and B and MB 138 and 139
11 Parameter Values .......................................... 1-54
12 1-7 Shaft Materials Parameter Values ................................. 1-55
13



WIPP RCRA Part B Permit Application
DOEAWIPP 91 -005

Revision 6

LIST OF FIGURES 1

Figure Title Page 2

I-1 Location of Underground HWMUs and Anticipated Closure Locations ....... 1-59 3
1-2 WIPP Panel Closure Schedule....................................1-60 4

1-3 WIPP Facility Final Closure Schedule........... ................... 1-61 5

1-4 Design of a Panel Closure System.................................1-62 6

1-5 Typical Disposal Panel ......................................... 1-63 7

1-6 Approximate Locations of Boreholes in Relation to the WIPP Underground . .1-64 8
1-7 Predicted Change in Disposal Region Pressure Following Shaft Sealing ..... 1-65 9
1-8 Predicted Cumulative Volume of Gas Generated Per Drum of Waste ........ 1-66 10

1-9 Predicted Cumulative Brine Inflow into a Closed Waste Panel.............1-67 11
1-10 Predicted Change in Panel Pore Volume Due to Creep Closure ........... 1-68 12

I-1 1 Predicted Average Bdne Saturation Within the Repository................1-69 13

1-12 Predicted Change in the Quantity of Gas Generating Material in Each Drum 1-70 14



THIS PAGE LEFT BLANK INTENTIONALLY lie



WIPP RCRA Part B Permit Application
D0ENWIPP 91-005

Revision 6

CHAPTERI 1

CLOSURE PLANS, POST-CLOSURE PLANS, 2

AN4D FINANCIAL REQUIREMEN4TS 3

Introduction 4

This chapter contains the Closure Plan that describes the activities necessary to close the Waste 5
Isolation Pilot Plant (WIPP) facility after termination of the operating permit. Since the current 6

plans for operations extend over several decades, the Department of Energy (DOE) Will 7

periodically reapply for an operating permit in accordance With Title 20 of the New Mexico 8

Administrative Code, Chapter 4, Part 1 (20 NMAC 4. 1), Subpart IX, §270.1 0(h). Consequently, 9
this Closure Plan describes several types of closure. The first type is panel closure, which io
occurs as underground hazardous waste management units (HWMU) are filled. Secondly, final 11
closure at the end of the Disposal Phase is described. Finally, in~ the event a new permit is not 12

issued prior to expiration of an existing permit, a modification to this Closure Plan will be sought 13

to perform contingency closure. Contingency closure defers the final closure of waste 14

management facilities such as the Waste Handling Building (WHB), the conveyances, the shafts, 15

6 ~ and the haulage ways because these will be needed to continue operations with non-mixed 16

Transuranic (TRU) waste. 17

* The HWMUs addressed in tlhis Closure Plan include the aboveground HWMU in the WHB, the 18

parking area HWMU, and Panels 1 through 8, each consisting of seven rooms. In addition, the 19
disposal area access drifts shown as E-300, E-140, W-30, arid W-170 between S-1600 and 20

S-3650 on Figure I-1 may, at some time in the future, be needed lor waste disposal as discussed 21

in Section D-9a(3)(f). These access drifts, if used for disposal, are also subject to the contents 22

of this Closure Plan. 23

This plan is submitted to the New Mexico E nvironment Department (NMED) and the U.S. 24

Environmental Protection Agency (EPA) in accordance With 20 NMAC 4.1, Subpart IX, 25

§270.14(b)(13). Closure at the panel level will include the construction of barriers to limit the 26

emission of hazardous waste constituents from the panel into 'the mine ventilation air stream 27

below levels that meet environmental performance standards as described in Section D-9d(3) 1 28

1As discussed in Section D-9d(3), the mechanism for air emissions, prior to closure is different than the 29
mechanism after closure. Prior to closure, volatile organic compounds (VOC) will diffuse through drum 30
filters based on the concentration gradient between the disposal room and the drum headspace. These 31
VOCs are swept away by the ventilation system, thereby maintaining a concentration gradient that is 32
assumed to be constant. Hence, the VOCs in the ventilation streamn are a function of the number of 33
containers only. After closure, the panel air will reach an equilibrium- concentration with the drum 34
headspace and no more diffusion will occur. The only mechanism for release into the mine ventilation 35
system is due to pressure that builds up in the closed panel. This pressure arises from the creep closure 36
mechanism that is reducing the volume of the rooms and from the postulated generation of gas as the 37
result of microbial degradation of organic matter in the waste. Consequently, the emissions after panel 38
closure are a direct function of pressurization processes and rates within the panel. Details of these 39
factors are found in Appendix 11 and in Section D-9b. 40
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1 and to mitigate the impacts of methane buildup and deflagration that may be postulated for some
2 closed panels. Closure also includes the implementation of institutional controls to limit access,
3 the implementation of passive institutional controls, and the long-term monitoring to assess
4 disposal system performance. Until final closure is complete and has been certified in
5 accordance with 20 NMAC 4.1, Subpart V, §264.115, a copy of the approved plan and all
6 approved revisions will be on file at the WIPP facility and will be available to the Secretary of the
7 NMED or the EPA Region VI Administrator upon request.
8
9 I-1 Closure Plan

10
11 This Closure Plan is prepared in accordance with the requirements of 20 NMAC 4.1, Subpart V,
12 Closure and Post-Closure, Use and Management of Containers, and Miscellaneous Units. The
13 WIPP underground HWMUs, including Panels 1 through 8 and the disposal area access drifts,
14 designated as Panels 9 and 10 on Figure 1-1, will be closed to meet the performance standards
15 in 20 NMAC 4.1, Subpart V, §264.601. The WIPP surface facilities including Waste Handling
16 Building Container Storage Unit and the Parking Area Container Storage Unit will be closed in
17 accordance with 20 NMAC 4.1, Subpart V, §264.178. For final facility closure, this plan also
18 includes closure and sealing of the facility shafts in accordance with 20 NMAC 4.1, Subpart V,
19 §264.601.
20

21 Following completion of waste emplacement in each underground HWMU, the HWMU will be
22 closed. The DOE will notify the NMED of the closure of each underground HWMU. For the
23 purpose of this Closure Plan, panel closure is defined as the process of rendering HWMUs in
24 the underground repository inactive and closed according to the facility Closure Plan. The
25 Closure Plan addresses requirements for future monitoring that are deemed necessary for the
26 post-closure period, including monitoring closed panels prior to final facility closure.
27
28 For the purposes of this Closure Plan, final facility closure is defined as closure that will occurl
29 when all waste disposal areas are filled or when the WIPP achieves its capacity of 6.2 million
30 cubic feet (ft3) (175,600 cubic meters (in3 )) of TRU waste. At final facility closure, the surface
31 'container storage areas will be closed, and equipment that can be decontaminated and used at
32 other facilities will be cleaned and sent off site. Equipment that cannot be decontaminated plus
33 any derived waste resulting from decontamination will be placed in the last open underground
34 HWMU. Stockpiled salt may be placed in the underground; it may be used as the core material
35 for the berm component of the permanent marker system; or it must be otherwise disposed of
36 in accordance with Sections 2 and 3 of the Minerals Act of 1947 (30 U.S.C. §§602 and 603).
37 In addition, shafts and boreholes which lie within the WIPP Site Boundary and penetrate the
38 Salado will be plugged and sealed, and surface and subsurface facilities and equipment will be
39 decontaminated and removed. Final facility closure will be completed to demonstrate compliance
40 with the Closure Performance Standards contained in 20 NMAC 4.1, Subpart V §264.111, 178,
41 and 601. -

42
43 In the event the DOE fails to obtain an extension of the hazardous waste permit in accordance
44 with 20 NMAC 4. 1, Part IX, §270.51 or fails to obtain a new permit in accordance with 20 NMAC
45 4. 1, Part IX, §270.1 0(h), the DOE will modify this Closure Plan to accommodate a contingency
46 closure. Under contingency closure, storage units will undergo clean closure in accordance with

1-2
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20 NMAC 4.1, Part V, §264.178 waste handling equipment, shafts, and haulage ways will be 1
inpete fr azrduswateresidues (using, among other techniques, the principle of 2

co-detection in Appendix 13) and decontaminated as necessary, and underground HWMUs that 3

contain radioactive mixed waste will be closed in accordance with the panel closure design 4

described in this Closure Plan. Final facility closure, however, will be redefined and a request 5
for a time extension for final closure will be requested. A copy of this Closure Plan will be 6

maintained at the WIPP facility and at the DOE Carlsbad Area Office. The primary contact 7

person at the WIPP facility is: 8

Manager, Carlsbad Area Office 9

U.S. Department of Energy 10
Waste Isolation Pilot Plant 11
P. 0. Box 3090 12

Carlsbad, New Mexico 88221-3090 13

(505) 234-7300 14

I-la Closure Performance Standard (20 NMAC 4. 1, Subparts V 264.111) 15

The closure performance standard specified in 20 NMAC 4. 1, Subpart V, §264.111, states that 16

the closure must be performed in a manner that minimizes the need for further maintenance; that 17

minimizes, controls, or elimiinates the escape of hazardous waste; and that conforms to the 18

closure requirements of §264.178 and §264.601. These standards are discussed in the following 19.paragraphs. 20

1-1la(l) Container Storage Uniits 21

Closure of the container storage units on the surface will be accomplished by removing all waste 22

and waste residues. Identification of waste contamination will be based, among other 23

techniques, on the principle of co-detection as described in Appendix 13. Co-detection uses very 24

sensitive radiation detection equipment to determine if there has been a release of TRU waste, 25

including hazardous waste components, from a container. This allows the DOE to detect 26

releases that are not detectable from visible evidence such as stains or discoloration. Visual 27

inspection and operating records will also be used to identify areas where decontamination is 28

necessary. Contaminated surfaces will be decontaminated until radioactivity is below free 29

release limits. Once surfaces are determined to be free of radioactive waste constituents, they 30

' ,I will be tested for hazardous waste contamination. These surface decontamination activities Will 31

ensure the removal of waste residues to levels determined to bie protective of human health and 32

the environment. The facility is expected to require no decontamination at closure because any 33

waste spilled or released during operations will be contained and removed immediately. Solid 34

waste management units associated with the repository described in Chapter J of the permit 35

application will be subject to closure. In the event portions -of these units cannot be 36

decontaminated, they will be, remediated and the resultant waste's will be managed as derived 37

waste. 38

Once the container storage units are decontaminated and certified to be clean, no further 39

maintenance is required. The facilities and equipment in these units will be reused for other 40

purposes as needed. 41

1-3
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1 l-la(2) Miscellaneous Unit
2

3 Post-closure migration of hazardous waste or hazardous waste constituents to ground or surface
4 waters or to the atmosphere, above levels that will harm human health or the environment will
5 not occur due to facility engineering and the geological isolation of the unit. The engineering
6 aspects of closure are centered on the use of panel closures on each of the HWMUs in the
7 underground and final facility seals placed in the shafts. The design of the panel closure system
8 is based on the criteria that the closure system for closed HWMU panels will prevent migration -

9 of hazardous waste constituents in concentrations above health-based levels beyond the WIPP
10 land withdrawal boundary during the 35-year operational and facility closure period and to
11 withstand any flammable gas deflagration that may occur prior to final facility closure. The DOE
12 has developed a design which is flexible in that components may be added or deleted to
13 accommodate the conditions and waste characteristics encountered at the time of panel closure.
14

15 Consistent with the definitions in 20 NMAC 4. 1, Subpart 1, §260.10, the process of panel closure
16 is considered partial closure because it is a process of rendering a part of the repository inactive
17 and closed according to the approved HWMU partial closure plan. Panel closure will be
18 considered complete when the panel closure system is emplaced and operational, when that
19 HWMU and related equipment and structures have been decontaminated (if necessary), and
20 when the NMED has been notified of the closure.
21

22 Shaft seals are designed to provide effective barriers to the inward migration of ground water
23 and the outward migration of gas and contaminated brine over two discrete time periods.
24 Several components become effective immediately and are expected to function for 100 years.
25 Other components become effective more slowly, but provide permanent isolation of the waste.
26 The conceptual shaft seal design is discussed in Appendix 12. Final seal designs are now
27 undergoing final review and will be provided to the NMED by October 1, 1996. Preliminary
28 copies of the final seal design drawings are attached to this application in Appendix 12 for
29 NMED's review. The final seal design package, which will include final design drawings, will be'
30 certified by a professional engineer prior to submittal to the NMED.
31

32 The facility will be finally closed (i.e., decontaminated and decommissioned) to minimize the
33 need for continued maintenance. Protection of human health and the environment includes, but
34 is not limited to:
35

36 *Prevention of any releases that may have adverse effects on human health or the
37 environment due to the migration of waste constituents in the groundwater or in the,----,
38 subsurface environment.
39

40 *Prevention of any releases that may have adverse effects on human health or te~
41 environment due to migration of waste constituents in surface water, in wetlands, or on the
42 soil surface.
43

44 *Prevention of any release that may have adverse effects on human health or the
45 environment due to migration of waste constituents in the air.
46 

1
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Asprto final facility closure, surface recontouring and reclamation will establish a stable1
vegtatvecover, and further surface maintenance will not be necessary to protect human health 2

and the environment. Prior to cessation of active controls, monuments will be emplaced to serve 3

as long-term site markers to discourage activities that would penetrate the facility or impair the 4

ability of the salt formation to isolate the waste from the surface environment for at least 10, 000 5

years. The federal government will maintain administrative responsibility for the repository site 6

in perpetuity and will limit future use of the area. 7

If, during panel or final facility closure activities, unexpected events require modification of this 8

Closure Plan to demonstrate! compliance with closure performance standards, a Closure Plan 9
amendment will be submitted (see Section I-I dES]). 10

1-1la(3) Post-Closure Care 11

The post-closure care period will begin after completion of the first panel closure and will 12

continue for 30 years after final facility closure. The post-closure care period may be shortened 13

or lengthened at the discretion of the regulatory agency based on evidence that human health 14

and the environment are being protected or that they are at risk. During the post-closure period, 15

the WIPP shall be maintained in a manner that complies with the environmental performance 16

standards in 20 NMAC 4.1, Part V, §264.601. Post-closure activities are described in 17

Section 1-2. 18

>1-1lb Requirements 19

/;The DOE proposes a sequential process for the closure of individual HWMUs at the WIPP. Each 20

'~- 'underground HWMU will undergo panel closure when waste emplacement in that panel is 21

complete. Follow -ing waste emplacement in each underground HWMU, construction-side 22

ventilation will be terminated and waste-disposal-side ventilation will be established in the next 23

underground HWMU to be used, and the underground HWMUJ containing the waste will be 24

closed. The DOE will notify the NMED of the closure of each of the underground HWMUs as 25

they are sequentially filled on a HWMU-by-HWMU basis. The HIWMUs in the WHB and in the 26

parking area will be closed as part of final facility closure of the WIPP facility. 27

The DOE will notify the Secretary of the NMED in writing at least 60 days prior to the date on 28

which closure activities are scheduled to begin. 29

I-Ic Maximum Waste Inventory 30

The WIPP will receive no more than 6.2 million ft3 (175,600 in) of TRU mixed waste. 31

Excavations are mined as needed during operations to maintain a reserve of disposal areas. 32

The amount of waste placed in each room is limited by structural and physical considerations 33

of equipment and design. Waste volumes include waste rec~ived from off-site generator 34

locations as well as derived waste from disposal and decontamination operations. Maximum 35

waste volumes in the disposal panels are calculated as follows: for 100 percent 55-gallon drums- 36

-11,502 7-packs consisting of 80,514 drums and 591,800 ft3 (16,760 in) of waste; for 100 37

*percent standard waste boxes (SWB)--1 1,580 SWBs and 767,750 ft3 (21 ,740 Mn3) of waste; for 38

remote handled (RH)-730 canisters containing 22,940 ft (650 in) of waste. Since the waste 39
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1 can arrive in any combination of 7-packs and SWBs, a fixed volume is not set for each panel.
2 Furthermore, the placement of backfill materials to modify chemical nature of brines over the
3 long-term will likely result in fewer containers per panel as described in Section D-9a. For
4 planning purposes, a mix of 60 percent drums and 40 percent SWIBs is used. This equates to
5 662,400 ft3 (18,750 in) of contact handled (OH) TRU and 22,900 ft3 (649 Mn) of RH TRU per
6 panel. A number of 81,000 containers is used in design calculations since for air dispersion
7 modeling, it is important to maximize the number of container vents through which volatile
8 organic compounds (VOC) may be released. In reality, using the 40 percent-60 percent mix,
9 there would be only 51,000 containers in a panel, containing 56,000 vents (2 vents r~er SWIB).

10 The areas designated as Panels 9 and 10 in Figure 1-1 will not be used for RH waste.
11

12 The maximum extent of operations during the term of this permit is expected to be Panels 1
13 through 4 and Panels 9 and 10 as shown on Figure 1-1, the WHIB container storage unit, and the
14 parking area container storage unit. Note that panels 4, 9, and 10 are scheduled for excavation
15 only under this permit. If other waste management units are permitted during the Disposal
16 Phase, this Closure Plan will be revised to include the additional waste management units. At
17 any given time during disposal opera 'tions, it is anticipated that two rooms may be receiving
18 waste for disposal at the same time. The overlap is necessary because RH TRU mixed waste
19 emplacement in a room will precede OH TRU mixed waste emplacement in that room.
20 Consequently, OH TRU mixed waste may be emplaced in one room of a panel while RH TRU
21 mixed waste is emplaced in another room of the same panel. HWMU panels in which disposal
22 has been completed (i.e., in which RH and OH TRU mixed waste emplacement activities have
23 ceased) will undergo panel closure.
24
25 I-ld Schedule for Closure
26

27 For the purpose of establishing a schedule for closure, an operating and closure period of no
28 more than 35 years (25 years for disposal operations and 10 years for closure) is assumed. This -

29 operating period may be extended or shortened depending on a number of factors, including the
30 rate of waste approved for shipment to the WIPP facility and the schedules of TRU mixed waate-
31~ generator sites, and future decommissioning activities.
32

33 l-ld(1) Schedule for Panel Closure
34

35 The anticipated schedule for the closure of each of the underground HWMUs known as Panels
36 1 through 8, is shown in Figure 1-2. This schedule assumes there will be little contamination
37 within the exhaust drift of the panel. The following assumptions are made in estimating the time
38 that closure will be initiated at each HWMVU: RH emplacement precedes OH emplacement and
39 does not impede OH throughput; waste operations are assumed to begin in July 1998 for
40 planning purposes; throughput for OH waste is 784 drums per week (7 pallets per day, 4 days
41 per week, 28 drums per pallet); and the capacity of a panel is,84,000 drums. Under these
42 assumptions, a minimum of 104 weeks is needed to emplace the waste. Allowing a 25 percent
43 contingency for maintenance delays and time to transition from one room to another, it is
44 estimated that a panel will be filled 2.5 years after emplacement is initiated. This means that
45
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underground HWMUs will be ready for closure according to the schedule in Table 1-1. These1
dates are estimates for planning and permitting purposes. Actual dates may vary depending on 2

the availability of waste from the generator sites. Waste availability at maximum throughput is 3

not anticipated immediately as assumed here. 4

In the schedule in Figure 1-2, notification of intent to close occurs 30 days before placing the 5
final waste in a panel. Once a panel is full, the DOE will initially block ventilation through the 6

panel as described in Section D-1 Oa(3)(b) and then will assess the closure area for ground 7

conditions and contamination so that a definitive schedule and closure design can be 8
determined. If as the result of this assessment the DOE determines that a panel closure cannot 9
be emplaced in accordance with the schedule in this Closure Plan, a modification will be lo
submitted requesting an extension to the time for closure. 11

l-ld(2) Schedule for Final Facility Closure 12

The Disposal Phase for the WVIPP facility is expected to require a period of 25 years beginning 13

with the first receipt of TRU waste at the WIPP facility and follocwed by a period ranging from 14

seven to ten years for decontamination, decommissioning, and final closure. Assuming the first 15
waste receipt occurs in July '1998, the Disposal Phase may extend until 2023, and so the latest 16

expected year of final closure of the WIPP facility (i.e., date of final closure certification) would 17

be 2033. If, as is currently projected, the WIPP facility is dismantled at closure, all surface and 18

subsurface facilities (except the hot cell portion of the WHB, which will remain as an artifact of 19

& Ithe Permanent Marker System [PMS]) will be disassembled and either salvaged or disposed in 20
Waccordance with applicable standards. In addition, asphalt and -rushed caliche that was used 21

for paving will be removed, and the area will be recontoured and revegetated in accordance with 22

a land management plan. A detailed closure schedule will be submitted in writing to the 23

Secretary of the INMED, along with the notification of closure. Throughout the closure period, 24

all necessary steps will be taken to prevent threats to human health and the environment in 25

compliance with all applicable Resource Conservation and Recovery Act (RCRA) permit 26

requirements. Figure 1-3 presents the best estimate of a finall facility closure schedule . 27

The schedule for final facility closure is considered to be a best estimate because closure of the 28

facility is driven by policies and practices established for the deco ntam ination, if necessary, and 29

decommissioning of radioactively contaminated facilities. These required activities include 30

extensive radiological contamination surveys and hazardous constituent surveys using, among 31
other techniques, the principle of co-detection. Surveys will be performed at all areas of the 32

WIPP site where hazardous waste were managed. These surveys, along with historical 33

radiological survey records, will provide the basis for release of structures, equipment, and 34

components for disposal or decontamnination for release off site. Specifications will be developed 35

for each structure to be removed. A cost benefit analysis will be needed to evaluate 36

decontamination options if extensive- decontamination is necessary. Individual equipment 37

surveys, structure surveys, arid debris surveys will be required prior to disposition. Size-reduction 38

techniques may be required -to dispose of mixed or radioactive waste at the WIPP site. Current 39

D OE policy, as reflected in the WIPP facility Safety Analysis Report (SAR), requires the 40
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1 preparation of a final decommissioning and decontamination (D&D) plan immediately prior to final
2 facility closure. In this way, the specific conditions of the facility at the time D&D is initiated will
3 be addressed. Section l-le(2) provides a more detailed discussion of final facility closure
4 activities.
5

6 Figure 1-3 shows the schedule for the final facility closure consisting of decontamination, as
7 needed, of the TRU waste-handling equipment, and of the aboveground equipment and facilities,
8 including closure of surface HWMUs; decontamination of the shaft and haulage ways; disposal
9 of decontamination derived wastes in the last open underground HWMU; and subsequent closure

10 of this underground HWMU. Subsequent activities will include installation of repository shaft
11 seals.
12

13 An overall schedule for final facility closure, showing currently scheduled dates for the start and
14 end of final facility closure activities is shown in Table 1-2. The dates assume a start up date of
15 June 1998 and hazardous waste permit effective dates of September 1996, September 2006,
16 and September 2016. Details for panel closures are shown on Table 1-1.
17
18 1-1ld(3) Extension for Closure Time
19

20 As indicated by the closure schedule represented in Figure 1-3, the activities necessary to
21 perform facility closure of the WIPP facility will require more than 180 days to complete because
22 of additional stringent requirements for managing radioactive materials. Therefore, the DOE is
23 requesting an extension of the 180-day final closure requirement in accordance with 20 NMAC
24 4.1, Subpart V, §264.113. During the extended closure period, the DOE will continue to
25 demonstrate compliance with applicable permit riquirements and will take all steps necessary
26 to prevent threats to human health and the e rironment as a result of TRU mixed waste
27 management at the WIPP facility including all of the applicable measures in Chapter F of this
28 application.
29

30 In addition, according to the schedules in Figure 1-3, the final derived wastes that aregeead
31 as the result of decontamination activities will not be disposed of for 16 months after the initiation
32 of final facility closure. In accordance with 20 NMAC 4.1, Subpart V, §264.113(a), the DOE
33 requests an extension of the 90-day limit to dispose of final derived waste resulting from the
34 closure process. This request is necessitated by the fact that the radioactive nature of the
35 derived waste makes placement in the WIPP the best disposition, and the removal of these
36 wastes will, by necessity, take longer than 90 days in accordance with the closure schedules.
37 During this extended period of time, the DOE will take all steps to prevent threats to human
38 health and the environment, including compliance with all applicable permit requirements. These
39 steps include all of the applicable preparedness and prevention measures in Chapter F of this
40 permit application, including Section F-4g, Flammable Gas Control.
41

42 Finally, in the event the hazardous waste permit is not renewed as'assumed in the schedule, the
43 DOE will submit a modification to the Closure Plan to implement a contingency closure that will
44 allow the DOE to continue to operate for the disposal of non-mixed TRU waste. This
45 modification will include a request for an extension of the time for final facility closure. This
46 modified Closure Plan will be submitted to the NMED for approval.
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O -ld(4) Amendment of the Closure Plan 1

If it becomes necessary to amend the Closure Plan for the W'IPP facility, the DOE will submit, 2

in accordance with 20 NMAC 4.1, Subpart IX, §270.42, a written notification of or request for a 3

permit modification describing any change in operation or facility design that affects the Closure 4

Plan. The written notification or request will include a copy of t:he amended Closure Plan for 5

approval by the NMED. The DOE will submit a written notification of or request for a permit 6

modification to authorize a change in the approved plan, if: 7

. There are changes in operating plans or in the waste management unit facility 8

design that affect the Closure Plan 9

0 There is a change in the expected year of closure 10

0 Unexpected events occur during panel or final facility closure that require 11
modification of the approved Closure Plan 12

0 Changes in state or federal laws affect the Closure Plan 13

0 DOE fails to obtain permits for continued operations as discussed above 14

The DOE will submit a written request for a permit modification with a copy of the amended 15

*Closure Plan at least 60 days prior to the proposed change in facility design or operation or 16

within 60 days of the occurrence of an unexpected event that affects the Closure Plan. If the 17

unexpected event occurs during final closure, the permit modification will be requested within 18

30 days of the occurrence. If the Secretary of the NMED requests a modification of the Closure 19
Plan, a plan modified in accordance with the request will be submitted within 60 days Of 20

notification or within 30 days, if the change in facility condition coccurs during final closure. 21

IMie Closure Activities 22

Closure activities include those instituted for panel closure (i.e., closure of filled underground 23

HWMUs), contingency closure (i.e., closure of surface HWVMUs and decontamination of other 24

waste handling areas), and final facility closure (i.e., closure of surface HWMUs, D&D of surface 25

facilities and the areas surrounding the WHB, and placement of repository shaft seals). Panel 26

closure systems will be emplaced to separate areas of the facility and to isolate panels. 27

Appendices 11 and 12 provide panel closure system and shaft seal designs. All closure activities 28

will meet the applicable quality assurance (QA)/quality control (CC) program standards in place 29

at the WIPP facility. Facility monitoring procedures in place during operations will remain in 30

place through final closure, as applicable. 31

1-1le(1) Panel Closure 32

Following completion of waste emplacement in each underground HWMU, disposal-side 33

ventilation will be established in the next panel to be used, and the panel containing the waste 34

*will be closed. A panel closure system will be emplaced in the painel access drifts, in accordance 35
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1 with the design in Appendix 11 and the schedule in Figure 1-2 and Table 1-1. The panel closure
2 system is designed to meet the following requirements that were established by the DOE for the
3 design:
4
5 * the panel closure system shall limit the migration of VOCs to the compliance point
6 so that compliance is achieved by at least one order of magnitude
7

8 0 the panel closure system shall consider potential flow of VOCs through the -

9 disturbed rock zone (DRZ) in addition to flow through closure components
10

11 * the panel closure system shall perform its intended functions under loads
12 generated by creep closure of the tunnels
13

14 * the panel closure system shall perform its intended function under the conditions
15 of a postulated methane explosion
16
17 & the nominal operational life of the closure system is 35 years
18

19 0 the panel closure system for each individual panel shall not require routine
20 maintenance during its operational life
21

22 0 the panel closure system shall address the most severe ground conditions
23 expected in the waste disposal area
24

25 & the design class of the panel closure system shall be Illb (which means that it is
26 to be built to generally accepted national design and construction standards)
27

28 * the design and construction shall follow conventional mining practices
29
30 * structural analysis shall use data acquired from the WIPP underground
31

32 * materials shall be compatible with their emplacement environment and function
33

34 * treatment of surfaces in the closure areas shall be considered in the design
35

36 *thermal cracking of concrete shall be addressed
37

38 *during construction, a QA/QC program shall be established to verify material
39 properties and construction practices
40

41 *construction of the panel closure system shall consider shaft and underground
42 access and services for materials handling
43
44 The performance standard for air emissions from the WIPP facility is established in
45 Section D-9d(3) and Table D-6. These are reiterated in the detailed design report, Appendix 11,
46 Table A-1, as the closed panel release limits. Releases must be below these limits for the facility
47 to remain in compliance with standards to protect human health and the environment. The
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following panel closure design has been shown, through analysis, to meet these standards, if1
emplaced in accordance with the specifications in Appendix 11.2

The final panel closure design in Appendix 11 was prepared with~ the assumption that there would 3

be no backfill in the disposal rooms. With the inclusion of backfill, the design has been re- 4

examined and it has been determined that the changes are insignificant for several reasons. 5

First, the backfill has no effect on the gas generation rate so that the values used in the design 6

for gas generation and methane buildup remain the same. Second, the quantity of backfill is 7

sufficient to fill one-tenth of the void volume in the room. This results in more rapid 8
pressurization of the room, however, the effect is small and will only be important after the facility 9
is sealed. Third, the reduced volume will result in a faster accumulation of methane. This would io
not result in a revision of the design. Instead, it would change -the criteria for installing explosion 11
walls. The DOE believes the 20-year criterion is still appropriate, since the design report (Figure 12

2-14 in Appendix 11) shows that it takes 25-years to reach explosive limits. A ten percent 13

reduction in this time is still beyond 20 years. Furthermore, the chances that methane will be 14

generated initially are minimized by the fact that the closed panels will be initially oxic and may 15

remain so for a long time after facility closure. 16

The design for the panel closure system calls for a composite panel barrier system consisting 17

of a rigid concrete plug with cr without removal of the DRZ, and either an explosion-isolation wall 18
or a construction-isolation wall. The design basis for this closure is such that the migration of 19

hazardous waste constituents from closed panels during the operational and closure period 20

*would result in concentrations well below health-based standards. The source term used as the 21

design basis included the average concentrations of VOCs from CH waste containers as 22

Smeasured in headspace gases through January 1995. Appendix C2 discusses the methodology 23

(~7 or calculating average concentrations. The VOCs are assumed to have been released by 24

diffusion through the container vents and are assumed to be in equilibrium with the air in the 25

panel. Emissions from the closed panel occur at a rate determined by gas generation within the 26

waste and creep closure of' the panel. The derivation of the emission rate is discussed in 27

Appendix D9. Due to the relatively small amount of RH waste (approximately 5 percent of the 28

total waste volume), VOC enmissions from RH waste are assumed to contribute insignificantly to 29

total VOC emissions. Analysis in Appendix D9 shows that emissions result in VOC 30

concentrations at the site boundary below health-based limits; therefore, an adequate margin Of 131

safety also exists for potential RH waste VOC emissions. This design meets the environmental 32

performance standard. 33

Figures 1-4 and 1-5 show a diagram of the panel closure design and installation envelopes. 34

Appendix 11 provides the detailed. design and the design analysis for the panel closure system. 35

The panel closure design is such that components can be added or removed or their shapes 36

adjusted depending on the particular ground conditions at the tinle of installation. For example, 37

in Figure 1-4, Option A-represents the lik~ely closure of panels less than 20 years old at the time 38

of final facility closure and whose entries are sufficiently intact uch that DRZ removal is not 39

needed. These would likely include Panels 6 through 8. Option B represents the preferred 40

option for panels that will be closed for more than 20 years prior to final facility closure and 41

whose entries are reasonably intact at time of closure. These will likely be Panels 2 through 5. 42

Option C may be desirable for panels whose entries require DRZ removal and whose Closure 43

precedes final facility closure by less than 20 years. This is the likely configuration of the closure 44
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1 for Panels 9 and 10. Finally, Option D may be appropriate for panels whose entries require
2 significant removal of the DRZ and whose closure will precede final facility closure by more than
3 20 years. Panel 1 is the most likely candidate for this type of closure.
4

5 The 20-year limit in the design selection process is based on what the DOE believes to be
6 conservative analytical results that indicate methane, being generated by waste degradation at
7 the rate of 0.1 mole per drum per year, will not reach flammable concentrations for at least
8 20 years. As part of the decision making process on design selection, an investigation of the
9 DRZ would precede the selection of the concrete component and the specification of the amount

10 of excavation that is needed. These investigations, could be done using geophysical methods
11 (such as ground penetrating radar) or drill holes. Drill holes can be investigated using video
12 cameras or "scratchers".
13
14 The DOE believes that design Options A through D will function adequately as panel closures
15 given the current state of knowledge about gas generation, the understanding of the DRZ, the
16 expected characteristics of the waste, and the inability of monitoring techniques to accurately
17 detect extremely small concentrations of VOCs. However, in the event sufficient information is
18 collected that allows the DOE to make less conservative assumptions regarding these items, the
19 designs A through D may prove to be significantly more protection than is actually needed.
20 Consequently, the DOE has retained as a design concept, Option E, which is simply the
21 explosion wall portion of Options B and D. Option E represents a significantly simpler panel
22 closure system that the DOE would use if either of the following criteria are met as indicated:
23
24 *Gas generation rates are smaller. Current (unreported) work being performed
25 by Sandia National Laboratories indicates that microbial gas generation rates
26 under humid conditions are close to zero, and/or
27

28 Average headspace concentrations are less than the averages used in the
29 ;~'calculations. As new wastes are generated, the use of organic solvents is
30 expected to be reduced drastically. Some compounds, such as carbon
31. tetrachloride, have already been banned from use at some generator sites.
32
33 As stated previously, the DOE will evaluate these criteria at the time a panel closure is needed
34 and will select the proper closure design. If a design different from those listed above is
35 identified, the appropriate permit modification will be sought.
36
37 l-le(2) Decontamination and Decommissioningi
38
39 Decontamination is defined as those activities which are performed to remove contamination
40 from surfaces and equipment that are not intended to be disposed of. The policy at the WIPP
41 will be to decontaminate as many areas as possible, consistent with-- radiation protection policy.
42 Decontamination is part of all closure activities and is a necessary activity in the clean closure
43 of the surface container management units. Decontamination is performed using, among other
44 techniques, the principles of co-detection as described in Appendix 13.
45
46 Decommissioning is the process of removing equipment, facilities, or surface areas from further
47 use and rendering a facility to a final condition. Decommissioning is part of final facility closure
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only and will involve the removal of equipment, buildings, Closure. of the shafts, and establishing 1
active and passive institutional controls for the facility.2

The objective of D&D activities at the WIPP facility is to return the surface to as close to the 3

preconstruction condition as reasonably possible, while protecting the health and safety of the 4

public and the environment. D&D activities are discussed in the "Conceptual Decontamination 5

and Decommissioning Plan for the Waste Isolation Pilot Plant" (l)OE, 1995a). Major activities 6

planned to accomplish this objective include, but are not limited to the following: 7

1 . Review of operational records for historical information on releases 8

2. Visual examination of surface structures for evidence of spills or releases 9

3. Performance of site contamination surveys 10

4. Decontamination, if necessary, of usable equipment, mnaterials, and structures including 11

surface facilities and areas surrounding the WHB. 12

5ADisposal of equipme~nt/materials that cannot be deccontaminated but that meet waste 13

.'acceptance criteria in an HVVMU 14

6. Dismantling of surface facilities 15

7. Dismantling of underground facilities at the time the pianels are closed 16

8. Emplacement of final panel closure system 17

9. Emplacement of fill material in the underground, if requ mred 2  18

10. Emplacement of shaft seals3  19

11. Regr~ding the surface to approximately original contours 20

12. Initiation of active controls which includes monitoring arnd installation of the PMS 21

These activities, in addition to common techniques such as visIlal inspection and records, Will 22

be performed using the best technology available at the time of closure, and will be conducted 23
in a manner that maintains perso 'nnel exposure to radiation levels as low as reasonably 24

achievable and exposure to hazardous constituents to levels dE.emed acceptable by the DOE 25

as discussed in Section D-9d(3).. This Closure Plan will be amended prior to the initiation Of 26

closure activities to specify the D&D methods to be used, if appropriate. 27

2 Recent studies have shown that fill outside the waste emplacement region has negligible benefits for minimizing subsidence. 28
Consequently, this function has been deleted from the WIPP base design. Such fills; may, however, have long-term benefits and 29
may prove to be desirable in the future. If need be, they will be included in future revisions of the Closure Plan. 30
3 For the purposes of planning, the conclusion of shaft sealing is used by the DOE as the end of closure activities and the beginning 31
of the Post-Closure Care Period. 32
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1 Health and Safety
2

3 Before final closure activities begin, health physics personnel will conduct a hazards survey of
4 the unit(s) being closed. A release of radionuclides could also indicate a release of hazardous
5 constituents, in accordance with co-detection principles. If radionuclides are not detected,
6 sampling for hazardous constituents may still be performed if there is evidence that a spill or
7 release has occurred. The purpose of the hazards survey will be to identify potential
8 contamination concerns that may present hazards to workers during the closure activities and -

9 to specify any control measures necessary to reduce worker risk. This survey will provide the
10 information necessary for the health physics personnel to identify worker qualifications, personal
11 protective equipment (PPE), safety awareness, work permits, exposure control programs, and
12 emergency coordination that will be required to perform closure related activities.
13
14 l-le(2)(a) Determine the Extent of Contamination
15
16 The first activities performed as part of decontamination include those needed to determine the
17 extent of any contamination that needs to be removed prior to decommissioning a facility. This
18 includes activities 1 to 3 above and, as can be seen by the schedules in Figures 1-3 and 1-4
19 (Items B and C), these surveys are anticipated to take ten months to perform, including obtaining
20 the results of any sample analyses. The process of identifying areas that require
21 decontamination include three sources of information. First, operating records will be reviewed
22 to determine where contamination has previously been found as the result of historical releases
23 and spills. Even though releases and spills will have been cleaned up at the time of occurrence,
24 newer equipment and technology may allow further cleaning. Second, surfaces of facilities and
25 structures will be examined visually for evidence of spills or releases. Finally, extensivci detailed
26 contamination surveys will be performed to document the level of cleanliness for all surface
27 structures and equipment. If equipment or areas are identified as contaminated, a plan and
28 procedure(s) will be developed and implemented to address decontamination-related questions,
29 including:
30
31 *Should the component be decontaminated or disposed of as waste?
32

33 *What is the most cost-effective method of decontaminating the component?
34

35 W Vill the decontamination procedures adequately contain the contamination? .-

36

37 The principle of co-detection will be used in determining the presence of hazardous waste and
38 hazardous waste residues in areas where spills or releases have occurred. Co-detection is
39 described in Appendix 13 and simply means that if radioactive contamination is found, it will be
40 assumed that hazardous constituent contamination also occurs. Once cleanup of the
41 radioactivity has been- completed, the- surface will be sampled for--hazardous constituents to
42 determine that they, too, have been cleaned up. Sampling will be in accordance with written
43 procedures in the WIPP Site Effluent Hazardous Material Sampling Plans (Westinghouse, 1994),
44 which provides for sampling protocols including QAIQC, organizational responsibilities, sample
45 plan development, sample control, and laboratory selection and use. Sampling is established
46 consistent with EPA's document SW-846 (EPA, 1986).
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e l -ie(2)(b) Decontamination Activities 1

Once the extent of contarnination is known, decontamination activities will be planned. 2

Radiological control and the control of hazardous waste residues are the primary criteria used 3

in the design of decontamination activities. Radiation control procedures require that careful 4

planning and execution be used in decontamination activities to prevent the exposure of workers 5
beyond reasonable occupational levels and to prevent the -further spread of contamination. 6

Careful control of entry, cleanup, and ventilation are vital components of radiation 7

decontamination. The level of care mandated by DOE orders and occupational protection 8
requirements is what results in closure activities that will exceed the 180-days allowed in 9
20 NMAC 4.1, Subpart V. Decontamination activities are included as item 4 above and is shown lo
on the schedules for contingency closure and final facility clcosure (Figures 1-3 and 1-4) as 11
activities D, E, and F. These activities are anticipated to have a duration of 20 months for both 12

contingency closure and for final facility closure. The result of these activities is the clean 13
closure of the surface container management units. Under contingency closure, the other areas 14

that have been decontaminated will not be closed. Instead they will remain in use for continued 15
waste management activities, involving non-mixed waste. Under final facility closure, other areas 16

that are decontaminated are eligible for closure. 17

~-~ The "Start Clean-Stay Clean" operating philosophy of the WVIPP Project will provide for 18

(7~minimum need for decontamnination. However, the need for de contamination techniques may 19

arise. 20

Decontamination activities will be coordinated with closure activities so that areas that have been 21

decontaminated will not be recontaminated. All waste resulting from decontamination activities 22

will be surveyed and analyzed for the presence of contaminants. The waste will be characterized 23

as hazardous, mixed, or radioactive and will be packaged and handled appropriately. Mixed and 24

radioactive waste will be classified as TRU mixed waste m-anaged in accordance with the 25

applicable DOE Order(s) in place at the time of closure. Derived mixed waste collected during 26

decontamination activities that are generated before repository shafts have been sealed will be 27

emplaced in the facility, if appropriate, or will be managed together with decontamination derived 28

waste collected after the underground is closed. This waste will be classified and shipped off site 29

to an appropriate, permitted facility for treatment, if necessary, and for disposal. 30

Removal of Hazardous Waste Residues 31

Because of the type of waste management activities that will occur at the WIPP facility, waste 32

residues that may be encounitered during the operation of the facility and at closure may include 33

derived waste. Derived wastes result from the management of the waste containers or may be 34

collected as part of the closure activities (such as those during which wipes were used to sample 35

the containers and equipment for potential radioactive contamination.or those involving solidified 36
decontamination solutions, the handling of equipment designated ,for disposal, and the handling 37

of residues collected as a result of spill cleanup). Derived wastes collected during the operation 38

and closure of the WIPP facility will be identified and managed as TRU mixed wastes. These 39

wastes will be disposed of in the open-disposal HWMU. D&[ (derived wastes and equipment 40Cdesignated for disposal will be placed in the last HWMU panel before closure of that unit. 41
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1 Surface Container Storage Units
2

3 The procedures employed for waste receipt at the WIPP facility allow no opportunity for any
4 waste spillage to occur outside the WHB. TRU mixed waste is shipped to the WIPP facility in
5 approved shipping containers (e.g., TRUPACT-Ils or shielded road casks) that are not opened
6 until they are inside the WHB. Therefore, no soil in the parking area or elsewhere in the vicinity
7 of the WHB will become contaminated with TRU mixed waste constituents as a result of TRU
8 mixed waste management activities, and an evaluation of the soils in the vicinity of the WHB is
9 unnecessary.

10

11 The "Start Clean-Stay Clean" operating philosophy of the WIPP Project will minimize the need
12 for decontamination of the WHIB during decommissioning 'Id closure. Procedures for opening
13 shipping containers in the WHB limit the opportunity for vvaste spillage.
14

15 Should the need for decontamination of the WHB arise, the following methods may be employed,
16 as appropriate, for the hazardous constituent/contaminant type and extent:
17

18 * Chemical cleaning (e.g., water, mild detergent cleanser, and polyvinyl alcohol)
19

20 * Nonchemical cleaning (e.g., sandblasting, grinding, high-pressure water spray, scabbler
21 pistons and needle scalers, ice-blast technology, dry-ice blasting)
22

23 0 Removal of contaminated components such as pipe and ductwork
24

25 Waste generated as a result of WHB decontamination activities will be managed as derived
26 waste in accordance with applicable permit requirements and will be emplaced in the last ope~n
27 HWMU for disposal.
28

29 Equipment and Underground Waste Handling Areas
30

31 The waste hoist conveyance and associated waste handling equipment, as well as waste
32 handling areas outside the disposal areas in the underground, will be decontaminated as needed ---..

33 as part of both contingency and final facility closure. Procedures for detection and sampling will,', -
34 be as described above. Equipment cleanup will be as above using chemical or nonchemicail
35 techniques. Contaminated areas in the underground will be managed on a case-by-case basis'_
36 and may either be removed or entombed.
37
38 Personnel Decontamination
39

40 PPE worn by personnel performing closure activities in areas determined to be contaminated will
41 be disposed of appropriately. Disposable PPE used in such areas will be placed into containers
42 and managed as TRU mixed waste. Non-disposable PPE will be decontaminated, if possible.
43 Non-disposable PPE that cannot be decontaminated will be managed as TRU mixed waste.
44

45 In accordance with DOE policy, TRU mixed waste PPE will be considered to be contaminated
46 with all of the hazardous waste constituents contained in the containers that have been managed
47 within the unit being closed. Wastes collected as a result of closure activities and that may be
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.contaminated with radioactive and hazardous constituents will be considered TRU mixed wastes.1
These wastes will be managed as derived wastes, as described in Section D-l0a(3)(a). Such 2

waste, collected as the result of closure of the WIPP facility, will be disposed of in the final open 3

HWMU. 4

Cleanup Criteria5

Radiation decontamination will be less than or equal to the following levels, or to whatever lesser 6

levels that may be established by DOE Order at the time of cleanup: 7

Contamination Type Loose' Fixed plus removable 8

alpha contamination (a) 20 dpm/100 cm2  500 dpm/lOO cm2  9

beta-gamma contamination (ft-y) 200 dpm/100 cm2  1000 dpm/100 cm2  io

Hazardous waste decontamination will be conducted in accordance with standards in 40 CFR 11
Part 264, Subpart S. 12

Final Contamination Samplinig and Quality Assurance 13

Verification samples will be analyzed by an approved laboratory, that has been qualified by the 14

DOE according to a written program with strict criteria. The QA requirements of EPAISW-846, 15

"Test Methods for Evaluating Solid Waste," will be met for hazardous constituent sampling and 16

'analyses. 17

Quality Assurance/Quality Control 18

Because decisions about closure activities may be based, in part, oni analyses of potentially 19
contaminated surfaces and media, a program to ensure reliability of analytical data is essential. 20

Data reliability will be ensured by following a QAIQC program that mandates adequate precision 21

and accuracy of laboratory analyses. Field documentation will be used to document the 22

conditions under which each sample is collected. The documented QAIQC program in place at 23

*the WIPP facility meets DOE QA requirements. 24

Field blanks and duplicate samples will be collected in the field to determine potential errors 25

introduced in the data from sample collection and handling activities. To determine the potential 26

for cross-contamination, rinsate blanks (consisting of rinsate- from decontaminated sampling 27

equipment) will be collected and analyzed. At least one rinsate blank will be collected for every 28

20 field samples. Duplicate samples will be collected at a frequency of one duplicate sample for 29

every ten field samples. In no case will less than one rinsate. blank or duplicate sample be 30

collected for a field-sampling effort. These blank and duplicate samples will be identified and 31

4 The unit "dpm" stands for "disintegration per minute" and is the rate of emission by radioactive material as determined by correcting 32
the counts per minute observed by an appropriate detector for background, efficiency, and geometric factors associated with the 33
instrumentation. 3
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1 treated as separate samples. Acceptance criteria for QAIQC hazardous constituent sample
2 analyses will be compatible with the most recent version of EPA SW-846 or other applicable EPA
3 guidance.
4

5 l-le(2)(c) Dismantling
6

7 Final facility closure will include dismantling of structures on the surface and in the underground.
8 These are items 6 and 7 above and are represented as Activity G in the final facility closure -

9 schedule in Figure 1-4. During dismantling, priority will be given to contaminated structures and
10 equipment that cannot be decontaminated to assure these are properly disposed of in the
11 remaining open underground HWMU in a timely manner. All such facilities and equipment are
12 expected to be removed and disposed of 16 months after the initiation of closure. Dismantling
13 of the balance of the facility, including those structures and equipment that are not included in
14 the application and are not used for TRU mixed waste management, is anticipated to take an
15 additional 66 months. It should be noted that the placement of D&D waste into the final
16 underground HWMU may, by necessity, involve the placement of uncontainerized bulk materials
17 such as concrete components, building framing, structural members, disassembled or partially
18 disassembled equipment, or containerized materials in non-standard waste boxes. Such
19 placement will only occur if it can be shown that it is protective of human health and the
20 environment and all items are described in an amendment to the Closure Plan. Identification of
21 bulk items is not possible at this time since their size and quantity will depend on the extent of
22 non-removable contamination.
23

24 I-le(2)(d) Closure of Open Under-ground HWMU
25
26 The closure of the final underground HWMU is shown by Activity H in Figure 1-3. This closure
27 will be consistent with the description in Section 1-1le(l) and the design in Appendix 11. Detailed,
28 closure schedules for underground HWMUs are given in Figure 1-2 and Table 11.
29
30 l-le(2)(e) Final Facility Closure
31

32 Final facility closure includes several activities designed to assure both the short-term isolation
33 of the waste and the long-term integrity of the disposal system. These include the placement
34 of plugs in boreholes that penetrate the salt and the placement of the repository sealing system.
35 In addition, the surface will be returned to as near its original condition as practicable, and will
36 be readied for the construction of markers and monuments that will provide permanent marking
37 of the repository location and contents.
38
39 Figure 1-6 identifies where ten existing boreholes overlie the proximate area of the repository
40 footprint. Of these identified boreholes in Figure 1-6, all but ERDA-9 are terminated hundreds
41 of feet above the repository horizorr: Only ERDA-9, which is accounted for in long-term
42 performance modeling, is drilled through the repository horizon, hear the WIPP excavations.
43

44 To mitigate the potential for migration beyond the repository horizon, the DOE has specified that
45 borehole seals be designed to limit the volume of water that could be introduced to the repository
46 from the overlying water-bearing zones and to limit the volume of contaminated brine released
47 from the repository to the surface or water-bearing zones.
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* Borehole plugging activities have been underway since the 1 970Os, from the early days of the 1
development of the WIPP facility. Early in the exploratory phase of the project, a number Of 2

boreholes were sunk in Lea and Eddy counties. After the WIPP site was situated in its current 3

location, an evaluation of all vertical penetrations was made by Christensen and Peterson (1981). 4

As an initial criterion, any borehole that connects a fluid-producing zone with the repository 5
horizon becomes a plugging candidate. 6

Grout plugging procedures are routinely performed in standard oil-field operations; however, 7

quantitative measurements of plug performance are rarely obtained. The Bell Canyon Test 8
reported by Christensen and Peterson (1981) was a field test demonstration of the use of 9
cementitious plugging materials and modification of existing industrial emplacement techniques io
to suit repository plugging requirements. Cement emplacement technology was found to be 11
"generally adequate to satisfy repository plugging requirements." Christensen and Peterson 12

(1981) also report "that grouts can be effective in sealing boreholes, if proper care is exercised 13

in matching physical properties of the local rock with grout mixtures. Further, the reduction in 14

fluid flow provided by even limited length plugs is far in excess of that required by bounding 15

safety assessments for the WIflPP." The governing regulations for plugging and/or abandonment 16

of boreholes are summarized in Table 1-3. 17

The proposed repository sealing system design will prevent water from entering the repository 18

and will prevent gases or brines from migrating out of the repository. The proposed design 19
includes the following subsystems and associated principal functions: 20

" Near-surface: to prevent subsidence at and around the shafts 21

-Rustler Formation: to prevent subsidence at and ar'ound the shafts and to ensure 22

Kcompliance with federal and State of New Mexico groundwater protection requirements 23

" Salado Formation: to prevent transporting hazardous waste constituents from the WIPP 24

repository beyond the unit boundary 25

The repository sealing system will consist of natural and engineered barriers within the WIPP 26
repository that will withstand forces expected to be present because of rock creep, hydraulic 27

pressure, and probable collapses in the repository and will meet the closure requirements Of 28

20 NMAC 4.1, Subpart V. Appendix 12 presents the repository sealing system design basis and 29

performance evaluations. The design in Appendix 12 is conceptual. The DOE is currently 30

preparing a final seal design report. This report will be provided to the NMED by October 1, 31

1996. The design drawings that will be included in the final design report are included in 32

Appendix 12. These drawings are stamped preliminary because the final peer review has not 33

been conducted. These drawings, in their final form, will accomnpany the final design report. 34

Once shaft sealing is completed, the DOE will consider closure complete and will provide the 35

NMED with a certification of such within 60 days. 36
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1 I-e(2)(f) Final Contouring and Revegetation
2
3 In the preparation of its Final Environmental Impact Statement (DOE, 1980), the DOE committed
4 to restore the site to as near to its original condition as is practicable. This involves removal of
5 access roads, unneeded utilities, fences, and any other structures built by the DOE to support
6 WIPP operations. Provisions would be left for active post-closure controls of the site and for
7 the installation of long-term markers and monuments for the purpose of permanently marking the
8 location of the repository and waste. Section 1-1le(3) discusses the active and long-term controls -

9 proposed for the WIPP. Installation of borehole seals are anticipated to take 12 months, shaft
10 seals 52 months, and final surface contouring 8 months.
11
12 l-le(2)(g) Closure, Monuments, and Records
13
14 A record of the WIPP Project shall be listed in the public domain in accordance with the
15 requirements of 20 NMAC 4.1, Subpart V, §264.116. Active access controls will be employed
16 for at least the first 100 years after final facility closure. In addition, a passive control system
17 consisting of monuments or markers shall be erected at the site to inform future generations of
18 the location of the WIPP repository (see "Permanent Marker Conceptual Design Report" [DOE,
19 1995b]).
20
21 Closure of the WIPP facility will contribute to the following:
22
23 *Prevention of the intrusion of fluids into the repository by sealing the shafts,,
24
25 *Prevention of human intrusion after closure
26
27 *Minimization of future physical and environmental surveillance
28
29 Detailed records shall be filed with local, state, and federal government agencies to ensure that
30 the location of the WIPP facility is easily determined and that appropriate notifications and
31 restrictions are given to anyone who applies to drill in the area. This information, together with
32 land survey data, will be on record with the U.S. Geological Survey and other agencies. The
33 federal government will maintain permanent administrative authority over those aspects of land
34 management assigned by law. Details of post-closure activities are in Section 1-2.
35
36 I-i e(3) Performance of the Closed Facility
37
38 20 NMAC 4.1, Subpart V, §264.601 requires that a miscellaneous unit be closed in a manner
39 that protects human health and the environment. The following addresses the performance of
40 the closed facility during the 30-year post closure period.
41
42 The principal barriers to the movement of hazardous constituents from the facility or the
43 movement of waters into the facility are the halite of the Salado Formation (natural barrier) and
44 the repository seals (engineered barrier). Data and calculations that support this discussion and
45 presented The majority of the calculations performed for the repository are focused on long-term
46 performance and making predictions of performance over 10,000 years. In the short term, the
47 repository is reaching a steady state configuration where the hypothetical brine inflow rate is
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affected by the increasing pressure in the repository due to gas generation and creep closure.1

These three phenomena are related in the numerical modeling.2

I-Ie(3)(a) Gas Generation 3

Gas generation affects reposito~ry pressure, which in turn is ;an important parameter in other 4

processes such as creep Closure, interbed fracture, and two-phase flow. The computer 5

simulation of this process' uses an average-stoichiometry model to estimate the potential for 6 ;-

gas generation in the waste disposal region. Parameter values for the average-stoichiometry 7

gas generation model are summarized in Table 1-4 and detailed in Appendix D16, §D16-5. 8

Gas generation processes considered in the simulation include anoxic corrosion and microbial 9
degradation. Radiolysis is not included in the model on the basis of laboratory experiments and io
model calculations that demonstrate the process to be an insignificant gas generation 11

mechanism compared to corrosion and biodegradation. For the purpose of calculating 12

repository pressure and fluid flow, the properties of the generated gas are assumed to be those 13

of H2. 14

Specific to the simulation, anoxic corrosion of ferrous metals and microbial degradation of 15

cellulosics, plastics, and rubbers is assumed to occur and generate gas at rates limited only by 16

the availability of brine and solid reactants. Assuming that all celluosics, plastics, and rubbers 17

are available to degrade and participate in the gas generation process is a conservative 18

*assumption. This is because there are no reasonable mechanisms to mix microbes, moisture, 19

cellulosics and nutrients in order to sustain degradation. Biodegradation is considered to have 20

Na 50 percent chance of occurring, primarily due to uncertainties in the long-term survival Of 21

icrobes (Brush, 1995, pp. B-i 9 to B-24). These assumptions serve to maximize gas generation 22

(Z Vates. 2

Anoxic corrosion is represented by an equation that accounts for corrosion only of the steel 24

content in the repository by the two reactions expected to dominate corrosion rates. Because 25

the total quantity of aluminum and aluminum alloys is a small fraction of the quantity of iron- 26

based metals, corrosion of aluminum is omitted for simplicity. A~s corrosion proceeds the steel 27

content of the repository is depleted over time:' Brine is also consumed as gas generation 28

proceeds. Effects of wicking (the retention of brine in a capillaiy fringe) on the corrosion gas 29

generation rates are incorporated in the analysis through the Use of a wicking parameter, as 30

explained in Appendix D16, §D16-5. The DOE assumes no passivation of steel by interaction 31

with microbial degradation reactions, a process capable of preventing anoxic corrosion. 32

Important parameters in the corrosion equation are assigned fixed values, as summarized in 33

Table 1-4. 34

Similar to modeling anoxic corrosion, microbial degradation is represented by an equation with 35

the inventory of cellulosics, plastic, and rubber material also depleted with time. Biodegradable 36

materials are depleted at a rate dependent on the amount of liquid present. It is assumed that 37

5The DOE uses the code BRAGFLO to simulate repository. This code was develo,:ed by the Sandia National Laboratories 38

specifically for the WIPP and is being used for the DOE's demonstration of compliance to long-term repository performance 39

standards. 40
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1 the microbial degradation process neither produces nor consumes water. Depending on
2 parameter values, gas generation by microbial degradation in the computer simulation can
3 continue until all degradable materials or available brine are consumed. Important parameters
4 used to model microbial degradation are summarized in Table 1-4 and discussed further in
5 Appendix D16, §D16-5.
6
7 l-le(3)(b) Brine Inflow
8
9 For the computer simulation used in this analysis, the DOE conceptualized the Salado as a

10 porous medium composed of several rock types arranged in layers, through which fluid flow
11 occurs according to Darcy's Law. This model was chosen because it can be simulated using
12 standard numerical techniques and because it is the most conservative of the three mechanisms
13 in that is predicts the maximum rate and cumulative volume of brine inflow. Two rock types,
14 impure halite and anhydrite, are used to represent the intact Salado. Near the repository, the
15 DRZ has increased permeability compared to intact rock and offers little resistance to flow
16 between anhydrite interbeds and the repository. Except for the DRZ and anhydrite interbeds,
17 under certain circumstances, this simulation assumes spatially constant properties for Salado
18 rock types based on observations of compositional and structural regularity in layers exposed
19 by the repository. The inference is that there is little variation in large-scale averages of rock
20 or flow properties across the disposal system. Assumptions about Salado flow in general are
21 presented in Appendix D16, §D16-6. This model serves to maximize the potential brine inflow
22 to the repository.
23
24 Table 1-5 shows various parameter values used in modeling the impure halite. Supported by four
25 hydraulic tests in the WIPP underground believed to represent far-field conditions and
26 stratigraphic variation in the Salado, the median value for permeability calculated for this region
27 is 3.4 x 10-22 square feet (3.16 x 10-23 square meters [in2]) . Additional information on parameter
28 values is contained in Appendix D16, §D16-6, including the distinction between rock
29 compressibility and pore compressibility used in the simulation.
30
31 Gas may not be able to flow through or into intact, halite-rich strata of the Salado under realistic
32 conditions for the repository. As halite is modeled as 100 percent brine saturated, the capillary
33 resistance of the rock must be overcome to displace brine from pores and drive gas into the -

34 rock. This condition represents the concept of threshold pressure. While the permeability of
35 halite is known to be low, its threshold pressure has never been measured. An empirical
36 relationship between threshold pressure and permeability in non-WIPP rocks (Davies, 1991,
37 pp. 17-1 9) suggests that threshold pressure will be sufficiently high and gas will not be able to
38 flow into the halite-rich strata of the Salado under any conditions foreseeable for the WIPP.
39 Values used by the DOE for impu re halite threshold pressure are set to prevent the flow of gas
40 into this material. This is a conservative assumption, because gas flow into impure or pure halite
41 would decrease the pressure in the repository and the driving force available for flow.
42
43 Three distinct anhydrite interbeds are modeled in the computer simulation representing MB 138,
44 anhydrite layers a and b, and MB 139. The three interbeds are assigned identical parameter
45 values, and these values are initially spatially constant. The interbeds differ only in stratigraphic
46 location and thickness. The three interbeds are included in the model simulation, because they
47 exist in the disturbed region around the repository within which fluid is expected to be able to
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flow with relative ease compared to the surrounding formation., MB 139 and anhydrite layers a1
and b are present within the DRZ that forms around excavations; MB 138 may be above the 2

DRZ, and is of no consequence during the post-closure period.3

In the computer simulation, brine flows from the Salado and into the repository in response to 4

fluid potential gradients that form over time. Due to the low permeability of the impure halite and 5
relatively small surface area of the excavation, direct brine flow~ between the impure halite and 6

the repository is limited. The interbeds, however, can serve as conduits for brine flow between 7

the impure halite and the repository. Conceptually, brine flows laterally along higher-permeability 8
interbeds towards or away from the repository and vertically between the interbeds and the 9

lower-permeability halite. Because the interbeds have a very large contact area with adjacent io
halite-rich rock, even very small flux from the halite into the interbeds (for brine inflow) or to the 11
halite from the interbeds (for brine outflow) can accumulate into a significant quantity of brine. 12

In this manner, halite serves as a source or sink for brine in the repository. It is expected that, 13

due to density differences between gas and brine and their stratification within the repository, 14

brine outflow will dominate in underlying MB 139, and gas outflow will occur in anhydrite a and 15
b or overlying MB 138. Parameters associated with the interbeis are shown in Table 1-6. 16

I-i e(3)(c) Rock Properties 17

Creep closure is the focus of the computer model that implements the repository processes 18

associated with rock properties in the repository rooms and the shafts. The amount of waste 19

>consolidation resulting from creep closure, and the time it takes to consolidate the waste, are 20

"governed by properties of the waste (waste strength), properties of the surrounding rock, the 21

dimensions and location of the room, and the quantities and pressure of fluids present in the 22

room. Creep closure of waste disposal areas will cause their volume to decrease as the Salado 23

deforms to consolidate and encapsulate the waste, changing waste porosity and permeability. 24

Waste strength and fluid pressure may act to resist creep closure. 25

Fluids that could affect closure are brine that may enter the repository from the Salado, air 26

present in the repository when it is sealed, and gas produced by reactions occurring during 27

waste degradation. Closure and consolidation slowed by fluid pressure in the repository can be 28

quantified according to the principle of effective stress: 29

U'T = Ue+P ()30

*where UT is the stress caused by the weight of the overlying rock and brine (an essentially 31

constant value), p is the pressure of the repository pore fluid, and oUe is the stress that is applied 32

to the waste skeleton or matrix. In this formulation, the waste is considered a skeleton structure 33

immersed in pore fluids. As the pore pressure increases, an increasing amount of overburden 34

stress is supported by-pore -fluid pressure, and less overburden stress is supported by the 35
strength of the waste matrix. Due to waste strength, waste consolidation can cease even if pore 36

fluid pressures do not reach lithostatic. If gas and brine quantities in the repository stabilize, 37

creep closure will act to establish a constant pressure and void volume. 38
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1 Two material-response models are required for closure analyses within the disposal room. The
2 first describes how the halite in the formation surrounding the waste deforms (creeps) as a
3 function of time and stress. The second model describes the state of consolidation of the waste
4 as a function of applied stress.
5

6 Halite deformation is predicted using a multimechanism deformation (M-D) steady-state creep
7 model with workhardening/recovery transient response (Model 1). At the WIPP, there are
8 potentially three distinct creep mechanisms involved, which are governed by the temperature and
9 shear stress at a given location in the surroundings at any given time. WIPP conditions are

10 expected to be isothermal so temperature is treated as a constant value. All three mechanisms
11 can be active at the same time because of the large range of stress states that occur around
12 underground rooms and shafts.
13

14 The focus of the mechanistic part of the model is definition of steady-state creep strain, with
15 transient creep strain described through a multiplier on the steady-state rate, thus
16 accommodating both transient changes in stress loading and loading. More information is
17 presented in Munson et al. (1995).
18

19 The volumetric plasticity part of the model is the mathematical model for room closure and waste
20 consolidation. The experimental data used in this model are summarized and interpreted in
21 Butcher et al. (1991, pp. 65-76) and Luker et al. (1991). The volumetric plasticity model and M-
22 0 model are numerically implemented.
23

24 As a boundary condition, the computer code requires estimates of the fluid pressure and, hence,
25 the initial quantity of gas present in a disposal room. These estima" s are obtained using the
26 average-stoichiometry model of gas generation with different rates o, as generation that reflect
27 different assumptions about the quantity of brine that might be available in a waste disposal
28 room. The different rates of gas generation used in the analysis bound the possible conditions
29 for gas content in the repository. With the volumetric plasticity model and the fluid pressure
30 boundary condition, the code calculates the void volume of the disposal room through time.
31

32 In the computer simulation, the time-dependent effects of creep closure on volume are linked to
33 the fluid flow via a look-up table, which relates porosity or void volume to: a) time after sealing,
34 and b) gas pressure. At the beginning of a time step, the fluid flow code evaluates the pressure
35 of a cell in the waste disposal region. The code then consults the look-up table to find the void
36 v ime of the cell appropriate for a given time and pressure. The void volume in the cell is,/"
37 iteratively adjusted during a time step solution for consistency with gas generation, fluidi
38 movement, and repository pressure. The look-up table method of incorporating the dynamic
39 effect of creep closure in the simulation has been compared to more complex techniques that
40 are computationally impractical. In these comparisons, the porosity surface method was found
41 to be a reasonable representation of behavior observed in more complex models. Parameter
42 values used in the computer simulation for repository and panel closure are given in Appendix
43 D16, Section D16-7.
44

45 The four shafts connecting the repository to the surface are represented in the computer
46 simulation with a single shaft. This single shaft has a cross section and volume equal to the total

47 cross section and volume of the four actual shafts and is separated from the waste disposal
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Oregion in the model by the true north-south distance from the waste to the nearest shaft (the1
Waste Shaft). 2

Seal component materials and properties used in the simulation are given in Table 1-7. From 3

top to bottom, the seal system is represented in the simulation by the following materials (see 4

Appendix 12): 5

0 an earthen fill region above the Rustler Formation 6

* a clay region in the Rustler Formation (designated Rustler Compacted Clay in Table 1-7) 7

. an asphalt region at the top of the Salado 8

a three concrete sections (upper, middle, lower) within the Salado 9

. a thick section of compacted crushed salt within the Salado 10

. an upper compacted clay region within the Salado (designated Upper Salado 11

Compacted Clay in Table 1-7) 12

,~~*a lower compacted clay region within the Salado (designated Lower Salado Compacted 13

~ \ Clay in Table 1-7) 14

* *a basal clay component below MB 138 (designated Bcttom Clay in Table 1-7) 15

*a lower concrete section at the repository horizon (shaft station concrete monolith) 16

Conceptually, the simulation considers the maturation of the DRZ surrounding the shaft with 17

respect to variation in the rate of DRZ healing with depth, time, and the type of adjacent seal 18

material. For example, the DRZ in the halite adjacent to concrete members is assumed to heal 19

very rapidly because of the rigidity of the concrete and the high lithostatic stress. Against less 20

rigid seal components and at higher elevations in the shaft, the DRZ is assumed to heal more 21

slowly. Depending on shaft material properties and depth Of emplacement, the simulation also 22

considers potential time-dependent consolidation. 23

To reflect shaft material consolidation and DRZ maturation, effective permeabilities of selected 24

shaft regions are adjusted with time in a stepwise fashion (Table 1-7). In some halite shaft 25

regions enhanced flow is expected through the surrounding DRZ, before healing occurs. In this 26

case, the increased permeability is modeled by increasing the permeability of the adjacent shaft 27

seal component. In some cases, this adjustment acts to couinteract the expected decrease in 28

permeability resulting from consolidation. The increase in permeablity noted for concrete from 29

1.8 X 10-19 to 10-14 M2 is conservative; the permeability of concretb within the Salado section Of 30

the shaft is not expected to degrade to the permeability of silty-sand, and, in fact, physical and 31

hydraulic properties of concrete seals are expected to remain stable over the long-term. Note 32

that Appendix D1 6, §D1 6-8 lists only the initial permeability for, shaft materials within the Salado 33

and not the effective permeabilities calculated for each time step presented in Table 1-7. 34
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1 1-1le(3)(d) Contaminant Transport Calculations
2

3 A computer simulation of disposal system performance has been completed for the DOE's
4 demonstration of no-migration. This simulation, along with supporting documentation, is due to
5 be submitted to the EPA in June 1996. Those portions of the simulation that are applicable to
6 the closed panel and sealed shaft configurations, are summarized here as background for the
7 subsequent discussions of pathways and environmental protection and to support the DOE's
8 demonstration of compliance with the environmental performance standards in 20 NMAC 4.1,
9 Subpart V, §264.601.

10

11 The computer simulation for the no-migration determination was conducted to predict disposal
12 system performance over 10,000 years. Only the first 300 years are discussed here. This
13 period goes sufficiently beyond the post-closure period to depict trends in the calculations.
14

15 Caution should to be exercised in using this simulation for interpreting repository performance
16 prior to shaft sealing and during the first 100 years of the simulation. This is due to several
17 reasons:
18

19 0 The simulation assumes higher gas generation rates than anticipated in order to assure
20 sufficient gas is present to evaluate the disposal system performance.
21

22 0 The simulation assumes anoxic conditions exist from the outset and the gas generation
23 rates are those observed for anoxic conditions. It is anticipated that oxic conditions will
24 prevail during the initial closure period, during which time there will likely be no gas
25 generation.
26

27 *The model does not account for any dewatering of the DRZ that may have occurred
28 during operations when the excavated surfaces were exposed to the ventilation system.
29

30 *The model assumes the repository is filled instantaneously.
31

32 These limitations notwithstanding, the modeling process and the results, along with the raw and
33 interpreted data, are useful in the discussion of repository performance during the period covered
34 by the hazardous waste permits. A summary of the output for the first 300 years is shown in
35 Table 1-8.
36

37 The conceptual model used in this simulation includes creep closure of the waste-disposali
38 panels, a process that will act to consolidate waste in the disposal areas. The altered stress field', *
39 created by the excavation will also result in a system of fractures surrounding the excavation and
40 the shaft, referred to as a DRZ. The conceptual model considers brine inflow to the waste-
41 disposal panels in response to pressufre gradients created by the excavation. Opposing brine
42 inflow is the pressure increase expected in the repository resulting from creep closure and waste-
43 generated gas. In general pressure increases due to closure and gas generation, may retard
44 consolidation of the waste region and cause brine and gas to migrate away from the repository.
45 The conceptual model includes two-phase flow from the repository and dilation or fracturing of
46 interbeds, a process capable of accelerating the mass transport of contaminants.
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The primary software code used in the simulation is BRAG3FLO (BRine And Gas FLOw). 1
BRAGELO calculates the overall movement of gas and brine in the disposal unit formations and 2

defines the flow fields for contaminant migration post-processing codes. BRAGELO also 3

contains the submodels for estimating gas generation in the repository, disposal room closure 4

and consolidation, and interbed fracturing. Changes in void voIlume of the waste resulting from 5

creep closure are coupled to BRAGELO through SANTOS, a code that provides a look-up table 6

used as a reference to track changes in room volume. 7

Actual quantities of hazardous constituents in waste containers can only be approximated from 8
available waste characterization data. Furthermore, actual quantities available for transport are 9
controlled by both the waste form and hazardous constituent mobility or immobility in the post- io
closure environment. Mobility is in turn controlled by long-term physical and chemical processes 11i

(e.g., availability of transport media and release mechanisms). Given these constraints, this 12

simulation defines the source term, where appropriate, as the maximum concentration of 13

hazardous constituents in a particular phase. 14

For the sealed shaft configuration, weighted average concentration for each VOC is used as the 15

source term concentration in cases where waste characterization data are available. Weighted 16

headspace concentrations are corrected for void volume conditions expected in the repository. 17

In cases where no waste characterization data are available, saturated vapor concentrations are 18

used to represent source term concentrations for VOCs. Because waste characterization data 19
are also not available for semni-volatile compounds, saturated vapor concentrations are also 20

Sasmed for this class of organic constituents. Releases of gas 1o the soil is modeled, therefore 21

W ~~lbsed concentrations area calculated assuming gas-availale porosity within shaft seals and 22

__VAt i anhydrite markers beds at the subsurface disposal unit boundaries and then compared 23

to health based limits for soil. 24

The DOE concludes that an organic liquid-phase source term is required only if compliance 25

cannot be demonstrated for organic gas-phase compounds using bounding calculations. For 26

these bounding calculations, the assumptions of no partitioning between the gas and the liquid 27

phases ensures that maximum concentrations are used for the gas-phase source term. Because 28

organic constituents must partition into the liquid phase from the gas phase according to Henry's 29

Law, the concentrations in the brine phase must be less than that for the gas phase. If 30

compliance can be demonstrated for the organic gas phase, liquid-phase compliance is also 31

demonstrated. 32

The simulation results presented in Figures 1-7 to 1-12 and discussed below are based on a 33

conservative assumption of higher than expected gas generation rates. Gas generation is 34

purposely modeled in this manner to maximize the potential foir migration of brine and gas away 35

from the repository and into the anhydrite interbeds and sealed shaft. The modeling approach 36

implemented is conservative, based an the assumption that thE entire inventory of ferrous 37

metals, cellulosics, plastics, and rubbers in the waste is available'to generate gas. No credit is 38

taken for the 50 percent probability that biodegradation may not occur and result in lower gas 39

generation rates. 40

The simulation indicates that average pressure in the waste disposal region increases with time 41

(Figure 1-7). The pressure iincrease is primarily attributed to gas being generated more quickly 42
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1 than pressure can be relieved by fluids flowing out of the anhydrite layers or up the sealed shaft.
2 Smaller contributions to the pressure build-up occur through reduction of void volume by creep
3 closure. For the high gas generation conditions assumed, pressure rises rapidly from
4 atmospheric pressure to about 725 lbin.2 (5 MPa) over the first 100 years after shaft seal
5 placement. The total amount of gas generated by biodegradation and by anoxic corrosion during
6 300 years is shown in Figure 1-8. Approximately 420 moles of gas per drum are generated
7 during the first 100 years.
8
9 The simulation shows that brine flows into the repository from the DRZ and the far field

10 (Figure 1-9). At the same time, the pore volume (void space) present in the repository is being
11 reduced by creep closure, as shown in Figure 1-10. Eighty-nine percent of the brine inflow
12 occurs during the first 50 years, (562 M3 of brine per panel). Total void volume in a panel
13 decreases from 37,099 to 16,709 M3 during the first 50 years. The closure rate subsequently
14 slows. (The minimum pore volume is achieved after 1060 years.)
15

16 The average brine saturation in the panel is depicted in Figure 1-1 1. The initial increase in brine
17 saturation during the first 50 years is due to brine inflow, to rapid creep closure, and a sharp
18 reduction in pore volume in the waste. Once the repository ceases to close, brine consumption
19 due to corrosion causes brine saturation to decrease. Figure 1-1 1 shows this transition as a
20 sharp increase in average brine saturation to just above five percent (at 50 years) followed by
21 a steady decrease.
22

23 The simulation indicates the consumption of ferrous metals occurs by corrosion (Figure 1-12).
24 Figure 1-12 shows similar behavior involving consumption of the inventory of biodegradable
25 materials. In order for biodegradation and corrosion to take place sufficient brine must be
26 present to inundate the waste. However, microbial degradation is assumed to proceed at
27 inundated rates even in the absence of brine. The moisture originally present in the waste,
28 together with the brine flowing into the repository, are consumed by the ongoing corrosion but
29 is not consumed by biodegradation processes. Both processes eventually are limited by the lack
30 of brine and proceed at much lower rates. As noted earlier, the reduction in brine inflow (and
31 resulting brine availability) is a direct consequence of the pressure increase from gas generation
32 and creep closure.
33
34 The simulation indicates no brine leaving the waste disposal region during the post-closure
35 period. This conclusion results from two factors. First, the pressure never gets high enough to
36 drive brine or gas from the disposal zone. Second, a comparison of calculated brine saturation
37 in the waste region (see Appendix D1 6, §D1 6-7) with the estimated residual brine saturation (Sbr)
38 of the waste. As described in A ppendix D1 6, §D1 6-7, Sbr is the brine saturation required to
39 permeate the waste matrix sufficiently to create an incipient network of interconnected pores,
40 Wetting phase relative permeability begins at the residual brine saturation; below this point, brin
41 existing in the waste matrix remains immobile.
42

43 Appendix D1 6, §D1 6-7 discusses the bases for the residual brine saturation of the post-closure
44 waste region. Essentially, this demonstration takes advantage of literature-based data of
45 residual brine saturations measured for unconsolidated analog materials. As an analog, the
46 waste region is initially unconsolidated; the degree of consolidation increases rapidly with
47 decreasing pore volume relatively early into the simulation, as indicated in Figure 1-10.
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O1-2 Post-Closure Plan 1

The post-closure care period begins after completion of closure of the first HWMU unit and 2

continues for 30 years after final facility closure. The DOE's post-closure care period may be 3

shortened or lengthened at the discretion of the NMED, based on evidence that human health 4

and the environment are being protected or are at risk. During the post-closure period, the WIPP 5
shall be maintained in a mariner that complies with the environmental performance standards 6
applicable to the facility. During this period, the DOE will employ active institutional controls as 7 -

necessary. 8

This post-closure plan focuses on activities following final facility closure. However, some 9
discussion of post-closure following panel closure is warranted since some panel closures will lo
occur long before final facility closure. As discussed in Section l-le(1), panel closures have 11
been designed to require no post-closure maintenance. The DOE has defined a post-closure 12

care program for closed panels that has three aspects. These are routine inspection of the 13

openings in the vicinity of the closures, the sampling of ventilation air for harmful constituents, 14

and a VOC Confirmatory Monitoring Program. The rules of the Mine Safety Health and 15

Administration drive the implementation of the first two programs. These rules require that 16
underground mines monitor air, quality to assure good breathing air whenever personnel are 17

underground and that mine operators provide safe ground conditions for personnel in areas that 18

require access. Routine monitoring of the openings in the access ways to panels will be 19
continued and these openings will be maintained for as long as access into them is needed. 20

*This includes continued reading of installed geomechanical instrumentation, sounding the areas, 21

visual inspection and mainteniance activities such as scaling, mining, or bolting as required and 22

~>as described in Section D-l0d(1). In addition, all areas in the underground that are occupied 23

by personnel are checked prior to each day's work activities for- accumulations of harmful gases, 24

'/including methane. Action levels for increasing ventilation to areas that show high levels Of 25

--'harmful gases are specified as described in Section F-4g. 26

These monitoring programs will be carried out during the period between the closure of the first 27

panel and the initiation of final facility closure for the underground facility. The DOE has prepared 28

a VOC Confirmatory Monitoring Plan (VCMP) which will be implemented to confirm that the 29

assumptions and predictions used to demonstrate compliance to the environmental performance 30

standards are valid. Validity is shown when observed emissions are equal to or less than those 31

predicted. The VCMP is provided in Appendix D20. The VCMP includes monitoring design, 32

sampling and analysis procedures and quality assurance objectives. This plan is submitted in 33

compliance with 20 NMAC 4.1, Subpart. V, §264.602 and §270.23(a)(2). 34

In this application, the DOE demonstrates the theoretical compliance with the environmental 35

performance standards of 20 NMAC 4. 1, Subpart V, §264.601 (c). This VCMP describes a 36

sampling and analysis-program to confirm the theoretical calculations. The monitoring program 37

is capable of quantifying V01C concentrations in the ambient mri6 air at the WIPP. The VCMP 38

addresses the following information requirements: 39

*Rationale for the design of the monitoring program, based on possible pathways, 40

operations, engineered and natural barriers, and monitoring locations optimized for 41

detection. 42
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1 *Descriptions of the specific elements of the monitoring program including the type of
2 monitoring, the location of stations, the frequency of sampling, the target analytes, the
3 schedule for implementation, the equipment used, the sampling and analytical
4 techniques, and the data recording and reporting procedures.
5
6 The DOE's intent is to collect air samples upstream and down stream of Panel 1 beginning just
7 prior to waste emplacement and proceeding until at least six months following completion of
8 panel closure. The DOE will continue monitoring until the criterion for terminating monitoring are
9 met. These criterion are established in Appendix D20 for each target analyte.

10
11 The current VOC monitoring program uses EPA Compendium Method TO-14. The DOE has had
12 success with TO-14 at the WIPP if care is taken in placing sampler to avoid high dust and if
13 stringent cleaning requirements are imposed for the clean canisters. This is necessary because
14 of the extremely low concentrations that are being monitored. The DOE is evaluating the use
15 of the Fourier Transform Infra-Red (ETIR) technique for monitoring VOCs at WIPP. This method
16 is being used successfully at other locations and has recently been approved by the EPA for
17 measuring the concentration of VOCs in the headspace gases of drums of TRU waste. If ETIR
18 becomes viable, the monitoring plan will be revised and the revisions will be submitted to the
19 NMED for approval prior to implementation.
20
21 The VCMP will be run under a Quality Assurance Plan that conforms to the document entitled
22 "EPA Requirements for Quality Assurance Project Plans for Environmental Data Operations".
23 Quality Assurance criteria for the target analytes are presented in Table D-1 0. Definitions of
24 these criteria are given in Appendix D20 along with a discussion of other aspects of the Quality
25 Assurance Program including sar -l)e handling, calibration, analytical procedures, data reduction,
26 validation and reporting, performance and system audits, preventive maintenance, and corrective
27 actions.
28
29 l-2a Post-Closure Plan after Final Facility Closure 2
30
31, A number of regulations deal with the period of time that begins once the WIPP has undergone
32 final facility closure and decommissioning. Under 40 CFR Part 191, the period consists of an
33 active control period and a pa, ~e control period; only 100 years of the active control pe,'zd can
34 be used in performance ass,. -ent. Under the no-migration standard in 40 CFR §266...6, the
35 EPA is interested in the measufes the DOE will take in terms of long-term passive institutional
36 controls "...such as land withdrawal, records, and markers-to ensure that the likelihood of human
37 intrusion is appropriately reduced, even after active control of the facility has ceased and any
38 permits at the site may have terminated." (EPA, 1990) The Land Withdrawal Act (LWA) of192 '

39 requires that the DOE prepare and submit a post-decom mission ing land management plani.,
40 20 NMAC 4.1, Subpart V, §264.117 requires post-closure care, including monitoring, security,
41 and property use. Because of the n~umerous regulations, the DOE has prepared a single
42 strategy for post-closure management of the WIPP. This strategy consists of three elements:
43 1) active controls, 2) monitoring, and 3) passive controls. Although only the first and second
44 elements occur within the post-closure period covered by this permit, all three elements are
45 described.
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. -2a(1) Active Institutional Controls 1

Once a facility is decommissioned, positive actions (referred to as "active institutional controls") 2

should be taken to assure proper maintenance and monitoring. The EPA, in 40 CER Part 191, 3
§1 91.14(a) has specified that active controls should be maintained for as long as practicable and 4

that no more than 100 years of active institutional control can be assumed in predictions of 5
long-term performance. This assumption assures that future protection and control does not rely 6

on positive actions by future generations. 7 -

The DOE's active institutional control program has a primary objective of addressing all 8

applicable requirements, including restoring the WIPP site as; nearly as possible to its original 9
condition, and thereby equalizing any preference over other aireas for development by humans i o
in the future. Restoration of the WIPP site includes any necessary remedial actions or cleanup 11
of releases resulting from decommissioning. In addition, as part of the active institutional control 12

program, the DOE will implement monitoring systems suitable for assessing disposal system 13

performance if such monitoring is feasible. 14

The DOE currently plans to implement the active institutional control program in five steps, each 15

of which are described in more detail below: 16

Step 1 *-Identification of Active Institutional Control Measures 17

f, t"l first step in the process of implementing the active institutional control program is to identify 18

__- etains needed to satisfy the active institutional control requ: rements. It is anticipated that 19

___'1crti characteristics of active institutional control measures, such as minimizing bias toward 20

testwarning of potential hazards, providing meaningful data, preserving knowledge, using 21

state-of-the-art technology, implementing such measures for at least 100 years, addressing the 22

standards, and deterring systemnatic development, will be identified and used to judge the 23

usefulness of active institutional control programs. 24

A detailed explanation of the active institutional controls selected by the DOE as part of this first 25

step is provided in Appendix 14., entitled WIPP Active Access Controls after Disposal, Design 26

Concept Description. This is the DOE's reference design for active institutional controls. The 27

reference design will be reviewed periodically and updated as appropriate during WIPP disposal 28

operations. The ongoing review and evaluation ensure that the active institutional controls 29

implemented are appropriate for the conditions that may exist at that time. The DOE will review 30

the reference design prior to implementation and all affected regulatory agencies will be 31

consulted as part of this review. 32

As part of the active institutional controls program, the DOE has developed a set of design 33

criteria upon which the reference design is based. These design criteria provide a description 34

of how the active institutional controls will be implemented. Thege are as follows: 35

*A fence line shall be established to control access to the repository's footprint area 36

(the waste disposal area projected to the surface). A standard wire fence shall be 37

erected along the perimeter of the repository surface footprint. The fence shall have 38

gates placed approximately midway along each of the four sides. 39
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1 *An unpaved roadway along the perimeter of the barbed wire fence shall be
2 constructed to provide ready vehicle access to any point around the fenced perimeter,
3 to facilitate inspection and maintenance of the fence line, and to permit visual
4 observation of the repository footprint to the extent permitted by the lay of the land.
5 This roadway shall connect to the paved south access road.
6
7 *To ensure visual notification, the fence line shall be posted with signs having as a
8 minimum, a legend reading "Danger-Unauthorized Personnel Keep Out" and a -

9 warning against entering the area without specific permission of the DOE (or other
10 local authority such as the Eddy County Sheriff's Office).

11
12 *Contractual arrangements shall be developed to ensure that periodic inspe- -3n and
13 necessary corrective maintenance is conducted on the fence line, its as.. .ciated
14 warning signs, and the roadway. The DOE will maintain control over all contractual
15 work and will maintain, in the operating record, the results of all inspections and
16 maintenance activities.
17
18 *Through direct DOE staffing support and/or contractual arrangements, procedures
19 shall be established to provide routine periodic patrols and surveillances of the
20 protected area by personnel trained in security surveillance and investigation.
21
22 *Processes will be developed for monitoring and controlling the long-term testing
23 requirements of the PMS.
24
25 *Processes will be developed for implementing the perioc monitoring requirements of
26 the disposal system s monitoring program. Initially, the - cedures currently in place
27 in such documents as the Environmental Monitoring Plan (DOE, 1994) will be used.
28
29 *Recommendations will be developed for modifications to the active institutional
30 controls appropriate for access control and surveillance upon installation of the PMS.
31
32 *Guidelines will be _.ieloped for recommending mitigating actions to be taken to
33 address any abnormal conditions identified during periodic surveillance and
34 inspections.
35
36 R eports of activities associated with the post-disposal active access controls shall beq
37 prepared in accordance with regulatory requirements for submittal to the appropriate,
38 regulatory and legislative authority.
39
40 Details on meeting these criteria are found in Appendix 14.
41
42 Step 2 - Preparation of a Post-Decommissioning Land Mana-gemrent Plan
43
44 Section 13(b) of the LWA requires the DOE to prepare and submit by October 30, 1997, a plan
45 for managing the land withdrawal area after decommissioning the WIPP facility. This plan will
46 include a description of both the active and passive institutional controls that will be imposed
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after decomnmissioning is copee This plan will be prepared in consultation with the1

Deprtmntof nteio an th sateofNew Mexico.2

Step 3 - Gathering of Data Necessary for Implementing Active Institutional Control Measures 3

It may be useful to gather additional data to support implementation of the referenced Active 4

Institutional Control Design. This includes an ongoing assessment of conditions that could affect 5

active institutional controls. Information regarding land use and population trends gathered 6 :~

during the Disposal Phase wiill be taken into account in implemnenting post-closure surveillance. 7

Step 4 - Preparation of the Active Institutional Control Plan 8

An active institutional control plan will be prepared as part of the overall site D&D strategy. This 9
will be done in accordance with a written plan, which will be initiated prior to actual plant closure, io
and will contain all the information needed to implement the active and passive institutional 11
controls for the WIPP facility. Active institutional control plan niing will be based on the reference 12

design and will take into account the most current information regarding the facility and its vicinity 13

and will make use of state-of-the-art materials and techniques. This plan will include acceptable 14

decontamination levels, sampling and analysis plans, and QAICC specifications. 15

Step 5 - Implementation of Active Institutional Control Measures 16

*-;>Most of the active institutional control measures, such as long-term site monitoring and site 17

Il ? ,remedial actions, will be implemented simultaneously with decommissioning. However, it may 18

\~ be possible to implement some measures earlier. For example, salt disposal may begin prior 19
to final plant closure. Reclamation and restoration of unused disturbed surface areas has 20

already begun. Guarding and maintenance activities, which are already in place, could evolve 21

into an appropriate type of post-closure activity. 22

1-2a(2) Monitoring 23

Because the WIPP is a mined geological repository that is designed to permanently isolate 24

contaminants, no post-closure monitoring for the detection of releases is needed since the 25

migration of contaminants is unlikely during the disposal and Post-Closure Care Periods. This 26

is substantiated by the analysis of closure system performance as described in Section I-1 e(6). 27

However, the NMED has indicated that it is their policy to require the DOE to perform 28

groundwater monitoring regardless of whether or not the WIPP is eligible for a groundwater 29

monitoring waiver. Because of -this, the DOE has prepared a post closure groundwater 30

monitoring plan for implementation after the completion of final facility closure. Post-closure 31

groundwater monitoring will involve a continuation of the monitoring plan in Appendix D18 as 32

described in Section D-1 Od(1 )(a). Thefrequency will be changed to-biannually after final facility 33

closure is complete. In addition, the final target analyte list shown in Table D-12 may be 34

adjusted based on final volume of waste. 35
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1 1-2a(3) Passive Institutional Controls
2
3 Passive institutional controls include markers that warn of the presence of buried nuclear waste
4 and identify: 1) the boundary of the disposal area footprint, 2) external records about the WIPP
5 repository, and 3) continued federal ownership.
6
7 Passive institutional controls, as opposed to active institutional controls, are controls that once
8 established, can be expected to remain effective with minimal human surveillance and
9 maintenance, or maintenance resulting from normal governmental activities. Passive controls

io may be instituted at the site, a remote location, or both.
11
12 With regards to passive controls, the DOE interprets the phrase "federal ownership and
13 regulations regarding land or resource use" to mean that the DOE or some successor agency
14 with nuclear waste management expertise will retain administrative control over the land.
15 "Administrative control" means that the federal agency responsible for the land will institute
16 regulations that impose appropriate restriction on land use and developmenit. Regarding the
17 WIPP facility, the DOE interprets the term "markers" to include any on-site structures engineered
18 and constructed as a means of preserving knowledge of the location of the wastes and
19 conveying associated hazards. The DOE interprets "records" to include any written information
20 regarding, the site and its contents, which are maintained to preserve knowledge of the site. The
21 DOE intends to use passive institutional controls (ownership, markers, and records) throughout
22 the entire controlled area.
23
24 In the proposed No-Migration Determination for the WIPP facility (EPA, 1990), the EPA
25 discussed the use of passive controls as part of an overall strategy to protect a land disposal
26 facility and to decrease the likelihood of human disruption. The EPA believes that, in the context
27 of RORA no-migration variance decisions, the question of human intrusion, either during
28 operations or after closure, is best addressed through a consideration of the likelihood of
29 intrusion, and the imposition of controls to make such intrusions unlikely events. The EPA
30 emphasizes that this approach to human intrusion is consistent with its general approach under
31 RCRA, both in permitting and variances. Under RCRA, the EPA typically relies on institutional
32 controls (both active and passive) imposed through general regulatory standards and site-specific
33 conditions (e.g., in RCRA permits) to ensure that access to a hazardous waste disposal site is
34 appropriately restricted. The EPA believes that any permanent no-migration variance for the
35 WIPP will have to impose long-term passive institutional controls, such as land withdrawal,
36 records, and markers-to ensure that the likelihood of human intrusion is appropriately reduced,
37 even after active control of the facility has ceased and any permits at the site may havei
38 terminated.
39
40 The DOE is committed to retaining control over the WIPP site for as long as possible.
41 Accordingly, an extensive system of explanatory markers and records will be instituted to warn
42 future generations about the location and dangers of these wastes. The agency assumed that
43 society in general will retain knowledge about these wastes and that future societies should be
44 able to deter systematic or persistent exploitation of a disposal site.
45
46
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The objective of the DOE's passive institutional control program for the WIPP is to accomplish

the following:2

" Ensure a record of the disposal site and its contents are preserved 3

* Warn those who attempt to enter the disposal site vicinifty of the hazards associated with 4

activities that would disturb the subsurface 5

The DOE believes that passive institutional controls will render human intrusion sufficiently 6

unlikely so that the possibility need not be included in the long-term performance calculations. 7

A substantial amount of work has been completed in the area of passive institutional controls at 8
the WIPP facility. 9

*DOE Ownership. The DOE has been successful in gaining control of the entire surface lo
of the 16-section WIPP silte and the entire subsurface, except for Section 31 where DOE 11
control extends over the surface and the first 6,000 feet (ft) (1,829 meters [m]) of the 12

subsurface, including the acquisition of oil, gas, and potash leases. The area now under 13

the control of the DOE includes the following sections in Township 22 South, Range 31 14

\~East: 15, 16, 17, 18, 19, 20, 21, 22, 27, 28, 29, 30, 31,:32, 33, and 34. 15

~/Land Use Controls. Land use controls have been implemented addressing allowable 16

uses of the withdrawal area. 17

Beyond land ownership and implementation of use controls, which are the key preclosure 18

passive controls, there are six steps that have been identified for the WIPP passive institutional 19

control program. 20

Step 1 - Definition of Passive Institutional Controls Appropriat e for the WIPP 21

The process of defining the passive institutional controls for the'WIPP disposal site is based on 22

the controls identified in*40 CFR Part 191, §191.12. This includes items such as records, 23

markers, monuments, legal documentation, federal control, land use restrictions, and other 24

methods of preserving knowledge. 25

The current conceptual design for post-closure passive institutional controls is described in the 26

Permanent Marker Design Report (DOE, I1995b). The design includes: 27

* Large surface monuments and earthen structures to mark the repository footprint 28

* One or more on-site buried rooms for the long-term storage of messages describing the 29

nature of the repository 30

" Small subsurface markers 31

* Off-site archival storage of information pertaining to the WIPP, including its potential 32

hazards 33
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1 Shaft-Location Markers
2

3 The controlled area will be identified by these passive institutional controls. Markers showing
4 the locations of shafts will consist of permanent surveyor markings engraved with the site
5 elevation and coordinates. The markers will be firmly anchored to the shaft plug and will also
6 contain site description, date of closure, land survey data, and other information required by
7 applicable regulations. A uniform system of coordinates will be adopted. The definitions of these
8 coordinates will be included in the permanent records. -

9

10 Permanent Marker System
11

12 A PMS designed to minimize the possibility of inadvertent human intrusion into the repository
13 over the long-term, following the cessation of active controls, will be implemented at the WIPP
14 facility. The PMS will be comprised of messages, surface monument markers, small subsurface
15 warning markers, on-site rooms for long-term storage of messages, archival storage of WIPP
16 information off-site, and large earthen structures marking the WIPP repository footprint on the
17 surface. The PMS is still in the conceptual design process and will evolve prior to closure, based
18 on activities to test marker effectiveness during disposal, decommissioning, and active access
19 controls periods. Actual construction of the PMS will be completed 100 years following closure
20 of the WIPP facility, in accordance with WIPP Active Access Controls After Disposal Design
21 Concept Description (March 1995b).
22

23 The PMS will provide a durable record of the repository's existence, and its design will provide
24 reasonable assurance that it will endure for at least 10,000 years. The system will be clearly
25 visible from any portion of the repository's surface footprint. The current PMS design basis,
26 proposed for detailed design, consists of a large earthen berm enclosing the perimeter of the
27 repository's surface footprint. The design basis for the berm is for a minimum width of 100 ft (30
28 m) and a height of 31 ft (10 in), with a 1.3 horizontal to 1.0 vertical slope. The berm would be
29 designed to provide a dielectric or magnetic anomaly when compared to the local surface
30 characteristics. Large monoliths would be arranged just inside the berm. The number of
31 monoliths would be sufficient to allow future generations to reconstruct monolith orientation with
32 several monoliths missing. An information center would be placed at the center of the monoliths,
33 and two storage rooms would be buried about 20 ft (6 m) below the footprint. The PMS
34 components will be designed and constructed to resist erosional and depositional effects.
35 Construction materials will be selected for durability under the local climatic conditions and the -

36 predicted changes to those conditions in the long term.
37 g/

38 Monuments will be engraved with the most critical warning information in a concise format, --- '

39 inscribed to a minimum depth of 0.5 inches (1.3 centimeters). More detailed information
40 regarding the repository content, caution against intrusion, and the time of emplacement will be
41 provided in protected -vaults buried Underground and in a surface information center. The
42 information will be provided in multi-language translation and will include an assortment of
43 symbols, pictographs, and diagrams to convey danger of intrusion. Universal symbols will
44 enhance the likelihood of understanding by people of different backgrounds. To minimize the
45 likelihood of future salvaging, the marking system will use materials with as little intrinsic value
46 as is reasonable.
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Subsurface markers would be less than 2 ft (0.6 m) in the longest dimension, made of inert1
mtraand spaced so that they are likely to be discovered by drilling crews and professional 2

archaeologists. The warning message would be engraved so that slight erosion or fracture Of 3

the marker would not render it conmpletely unintelligible. In addition, the markers would be buried 4

at a greater depth than that used for plowing/tilling operations or for amateur archaeological 5

excavation, so that such activities would be unlikely to disturb them. Further details on the 6

subsurface markers may be obtained from the WIPP Active Access Controls After Disposal 7

Design Concept Description (March 1995b). 8

Written Records 9

Written documentation of the WVIPP will be placed in local, state, and federal agencies. lo
Documentation will also be providled to international entities and commercial organizations that 11
act as resource information centers for the petroleum and gas industries. Records will use the 12

most stable and durable media available at the time that the record deposits are made. These 13

records will describe the location of the repository; the nature and hazard of the waste; the 14

geologic, geochemical, and hydrologic data pertinent to waste containment; and environmental 15

monitoring data from preoperational baseline and summaries of data collected during D&D 16

activities.' Overall record selection for storage at the agencies selected will be in accordance with 17

federal, state, and local regulations. 18

Specific documents which will be included in the archived information portfolio include: 19

* Detailed maps describing the exact location of the repository 20

4' The SAR and the addenda which describes the disposal phase of the WIPP 21

* The Final Environmental Impact Statement for WIPP' and the Supplement(s) to the 22

Environmental Impact Statement 23

* The No-Migration Variance Petition and the No-Migration Determination for Disposal 24

0 The RCRA Permit 25

* The Certification of Compliance with 40 CFR Part 191 and associated application 26

* Environmental and ecological background data collected during the preoperational phase 27

of WIPP and summaries -of data collected during the disposal and decommissioning 28

phases of WIPP 29

* Records of the waste containers' contents and disposal locations within the WIPP 30
repository 31

* Drawings defining the construction and configuration of the repository and shafts 32
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1 *Drawings, procedures, and the design report(s) describing how the waste was emplaced;
2 how the repository was decommissioned, closed and seated; and how the shafts were
3 sealed
4

5 The organization identified as the record holder responsible for the permanent storage of this
6 information is the National Archives. In addition, other locations for this information will include
7 publicly funded organizations which may expend the resources necessary to preserve the
8 documents in well-controlled environments. However, the most likely strategy for long-term
9 protection of the information is through widespread distribution. The information will be

10 submitted to the following facilities and organizations for archiving:
11

12 0 Library of Congress
13

14 0 Within the states of New Mexico and Texas
15

16 - The state archives
17 - The state library
18 - The city libraries of population centers exceeding 15,000 within 150 miles of Carlsbad
19

20 * The state libraries of the remaining 48 states
21

22 * The local office of the Bureau of Land Management
23

24 * The local office of the Bureau of Mines
25

26 * The local cffice of the Bureau of Reclamation
27

28 * The national library and national archives of the nations worldwide which possess nuclear
29 weapons and/or operate nuclear power generating plants
30 1

31 0 The archive of the United Nations
32

33 0 The national archive and libraries of the signatory nations to the nuclear non-proliferation
34 treaty
35

36 *The U.S. Nuclear Regulatory Commission
37

38 *The 53 federal regional depository libraries
39

40 *The American Nuclear Society
41

42 This list of receiving organizations will be reviewed and expanded, as appropriate, as the time
43 of the actual transfer of the information approaches.
44

45 Location and hazards information will be submitted to various federal and state of New Mexico
46 mapping agencies to ensure that the WIPP location and drilling or mining restrictions are
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identified on widely distributed maps used by almost all public and private organizations. These1
agencies include: 2

* Bureau of Land Management 3

* U.S. Geological Survey 4

" Library of Congress 5 '

* National Archives and Records Service 6

* Defense Mapping Agency 7

* International Boundary Commission 8

" Federal Highway Administration 9

-. *New Mexico State Highway Department Planning and Research Division, Cartography lo

Section 11

3 ensure widespread of location information on the WIPP site and the hazards associated with 12

the emplaced waste, detailed maps and descriptions of the hazardous material will be sent to 13

*national and international professional societies of cartographers and geographers. Weitzberg 14

(1982) suggests the following organizations and societies receive this location and hazards 15

information: 16

* The American Congress on Surveying and Mapping 17

* The American Society of Cartographers 18

* The Commission for the Geological Map of the World 19

* The International Cartographic Association 20

* The American Geographical Society 21

* The Association of American Geographers 22

" The International Geographical Union 23

* The Society of-Women Geographers 24

" The American Geological Institute 25

* The American Geophysical Union 26

'.The American Society of Professional Geographers 27
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1 The National Geographic Society
2

3 0 The Federal Aviation Administration
4

5 Step 2 - Development of a Passive Institutional Control Implementation Plan
6
7 Once the appropriate passive institutional controls have been defined, a strategy will be prepared
8 that includes final design, construction, and implementation. The strategy will identify site-
9 specific information needs and approaches to obtaining needed technical and non-technical

10 information.
11
12 There are some passive institutional control activities that can be implemented prior to the end
13 of operations. For example, once wastes are permanently placed in the repository, appropriate
14 notations can be made in land records.
15
16 Step 3 - Design and Implementation of Pre-decommissioning Passive Controls
17
18 Pre-decommissioning passive controls, such as land records, will be implemented and evaluated
19 to the extent possible. For example, the effectiveness of DOE's land management plans will be
20 assessed periodically to assure only acceptable land use is in effect. Closure records and plots
21 for panel closures will be filed with Eddy County, New Mexico.
22

23 Step 4 - Implementation of Programs to Collect Needed Information
24

25 Programs may be necessary to support implementation of passive institutional control activities
26 with site-specific information.
27
28 Planned Evaluations. Upon closure of the WIPP at the conclusion of the Disposal Phase,
29 active controls will be implemented to control access to the site. In addition, monitoring systems
30 will be managed to detect significant deviations in repository performance. With active control
31 provided over the site, the schedule for construction of the PMS is a management option which
32 could be extended for decades. In that the design of the PMVS has a 1 0,0OC-year lifetime goal,
33 it is prudent that the DOE conduct some testing of the construction materials planned for use as
34 permanent marker material.
35
36 Berms. One aspect of the testing is the construction of a section of the berm. The overall size
37 (height and width) of the test section of the berm will match the design of the permanent marker
38 berm. However, the test berm length will be shorter than the full-sized berm. A section
39 approximately 164 to 328 ft (50 to 100 m) long will be sufficient to test a number of different
40 configurations. Included within the test section will be varying thicknesses of the salt core, the
41 caliche layer, and the top layer of riprap and soil material. The DOE will construct a section of
42 the berm for the purpose of evaluating materials and construction techniques. Actual
43 construction and testing will be initiated during the Disposal Phase to provide sufficient time for
44 testing.
45
46 Monuments. Another aspect of passive institutional controls to be evaluated during testing is
47 monuments. The major considerations that will be evaluated include the following:
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* Procuring, shipping, erecting test monuments, and evaluating long-term environmental1
effects of wind, rain, and shifting sand for various types of dimensional stone 2

* Evaluating the magnetic signature provided by sample permanent magnets buried within 3

the berm to determine optimum locations and spacing 4

* Evaluating the affects, of various soils used as protective backfill for dimensional stone 5

- Evaluating the effects of chemical interaction with the backfill material 6

* Evaluating the environmental effects on the berm caused by wind, rain, and shifting sand 7

* Evaluating the effects of plant root intrusion into the berm and potential for salt 8
dissolution and berm slumping 9

* Evaluating the effectiveness of sample radar reflectors buried within the berm at various lo
\ distances 11

liessages. Messages will also need to be evaluated during the testing program. The primary 12

aspects of the messages program to be evaluated include the following: 13

e Evaluation of message text by presenting it to groups indigenous to the countries whose 14

language is represented in the message 15

* Evaluation of message text by presenting it to linguists to assess the likelihood that the 16

messages will continue to be understood through time 17

Step 5 - Design of Post-Decommissioning Passive Institutional Controls 18

This activity will use results derived from information gathering programs to make final decisions 19
on passive institutional control measures. Passive institutional control implementation plans Will 20

be included as a portion of the WIPP long-term protection strategy and will include maintaining 21

federal ownership, markers and monuments, surface modifications and controls, permanent 22

written records, legal records, and land use identification and restriction. 23

Step 6 - Implementation of Post-*Decommissioning Passive Institutional Controls 24

The final step involves constructing and installing the post-decommissioning passive institutional 25

control measures. Additionally, a system for reviewing and approving the markers and other 26

passive measures would be established. 27

1-3 Notices Required for Disposal Facilities 28

1-3a Certification of Closure 29

*Within 60 days after completion of closure activities for an H\NMU, the DOE will submit to the 30

Secretary of the NMED, via certified mail, a certification that the unit (or, at final closure, the 31
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1 facility) has been closed in accordance with the specifications of this Closure Plan. The
2 certification will be signed by the cognizant DOE Manager and by an independent registered
3 professional engineer. Documentation supporting the independent registered engineer's
4 certification will be furnished to the Secretary of the NMED with the certification.
5

6 l-3b Survey Plat
7

8 Within 60 days of closure activities for an HWMU or within 60 days of final facility closure, the
9 DOE will submit to the Secretary of the NMED, via certified mail, a survey plat indicating the

10 location and dimensions of hazardous waste disposal units with respect to permanently surveyed
11 benchmarks. The plat will be prepared and certified by a professional land surveyor and will
12 contain a prominently displayed note that states the DOE's obligation to restrict disturbance of
13 the hazardous waste disposal unit. In addition, the land records in the Eddy County Courthouse,
14 Carlsbad, New Mexico, will be updated through filing of the final survey plats.
15

16 l-3c Post-Closure Certification
17

18 Within 60 days of completion of the post-closure care period for each hazardous waste disposal
19 unit and for final facility closure, the DOE will submit to the Secretary of the NMED, via certified
20 mail, documentation that post-closure care was performed in accordance with the specifications
21 of the approved post-closure plan. The certification will be signed by the cognizant DOE
22 Manager and by an independent registered professional engineer. Documentation supporting
23 the independent registered engineer's certification and a copy of the certification will be furnished
24 to the Secretary of the NMED.
25

26 I-3d Post-Closure Notices
27

28 Within 60 days after certification of closure of each hazardous waste disposal unit or final facility,
29 closure, the DOE will submit to the Secretary of the NMED, and other applicable local and
30 federal government agencies, a record of the type, location, and quantity of hazardous wastes."l
31. disposed of in the disposal unit of the facility. Plans exist for extensive archiving of records
32 beyond those required in 20 NMAC 4.1, Subpart V, §264.119. These are discussed in 1-2a(3).
33

34 1-4 Closure Cost Estimates
35

36 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility,
37 is exempt from the requirement to provide cost estimates for closure actions.
38

39 1-5 Financial Assurance Mechanism for Closure
40

41 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP- facility, as a federal facility,
42 is exempt from the requirement to provide financial assurance mechanisms for closure actions.
43

44 1-6 Post-Closure Cost Estimate
45

46 In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility,
47 is exempt from the requirement to provide cost estimates for post-closure actions.
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1-7 Financial Assurance Mechanism for Post-Closure Care I

In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the WIPP facility, as a federal facility, 2

is exempt from the requirement to provide financial assurance! mechanisms for post-closure 3

actions. 4

1-8 Liability Requirement 5

In accordance with 20 NMAC 4.1, Subpart V, §264.140(c), the W'IPP facility, as a federal facility, 6

is exempt from the requirement to provide liability insurance. 7
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* TABLE 1-1
ANTICIPATED EARLIEST CLOSURE DATES FOR

THE UNDERGROUND HWMUS

HWMU OPERATIONS OPERATIONS CLOSURE CLOSURE END

START END START

PANEL 1 7/98 1/01 2/01 6/01

PANEL 2 1/01 7/03 8/03 12/04

PANEL 3 7/03 1/06 2/06 6/06

PANEL 4 1/06 7/08 8/08 12/09

PANEL 5 7/08 1/11 2/11 6/11

PANEL6 1/111 7/13 8/13 12/14

PANEL 7 7/13 1/16 2/16 6/16

PANEL 8 1/16 7/18 8/18 12/19

SPANEL 9 7/18 1/21 2/21 SEE NOTE 4

WPANEL 10 1/21 7/23 8/23 SEE NOTE 4

NOTE 1: Only Panels 1 to 3 will be closed under the permit covered by this application.
Closure schedules for Panels 4 through 10 are projected assuming new permits will be
issued in 2005 and 2015.

NOTE 2: The point of closure start is defined as 60-days following notification to the NMED
of closure.

NOTE 3: The point of closure end is defined as 180-days following placement of final waste
in the panel.

NOTE 4: The time to close these areas may be extended depending on the nature and
extent of the disturbed rock zone. The excavations that constitute these panels will have
been opened for as many as 40 years so that the preparation for closure may take longer
than the time allotted in Figure 1-2. If this extension is needed, it will be requested as an
amendment to the Closure Plan.
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TABLE 1-2
ANTICIPATED OVERALL SCHEDULE FOR CLOSURE ACTIVITIES

FINAL FACILITY CLOSURE
ACTIVITY

START STOP

Notify NMED of Intent to Close WIPP (or to August 2023 N/A
Implement Contingency Closure)

Perform Contamination Surveys in both Surface August 2023 February 2024
Storage Areas

Sample Analysis October 2023 May 2024

Decontamination as Necessary of both Surface Aprii 2024 November 2024
Storage Areas

Final Contamination Surveys of both Surface December 2024 July 2025
Storage Areas

Sample Analysis April 2025 November 2025

Prepare and Submit Container Management December 2025 March 2026
Unit Closure Certification

Dispose of Closure-Derived Waste September 2023 November 2024

Closure of Open HWMU Panel December 2024 July 2025

Install Borehole Seals August 2025 July 2026

Install Repository Seals April 2026 July 2030

Recontour and Revegetate August 2030 March 2031

Prepare and Submit Final (Contingency) August 2030 March 2031
Closure Certification

Post-closure Monitoring May 2031 N/A

N/A--Not Applicable
Refer to Figures 1-3 and 1-4 for precise activity titles.

*This assumes the final waste is placed in this unit in November 2024 and notification of N

closure for this HWMU is submitted to the NMED in October 2024.
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TABLE 1-3
GOVERNING REGULATIONS FOR BOREHOLE ABANDONMENT

Federal or Type of Governing Summary of Requirements
State Well or Regulation
Land Borehole

Both Groundwater State a nd Monitor wells no longer in use shall be plugged in such a manner as to
Surveillance federal preclude migration of surface runoff or groundwater along the length of

regulation in the well. Where possible, this shall be accomplished by removing the
effect at time of well casing and pumping expanding cement from the bottom to the top
abandonment of the well. If the casing cannot be removed, the casing shall be

ripped or perforated along its entire length if possible, and grouted.
Filling with bentonite pellets from the bottom to the top is an
acceptable alternative to pressure grouting.

Federal Oil and Gas 40 CFR Part The operator shall promptly plug and abandon, in accordance with a
Wells 3160, §§ plan first approved in writing or prescribed by the authorized officer.

3162.3-4

Federal Potash 40 CFR Part (b) Surface boreholes for development or holes for prospecting shall
3590, § 3593.1 be abandoned to the satisfaction of the authorizing officer by

cementing and/or casing or by other methods approved in advance by
', the authorized officer. The holes shall also be abandoned in a manner

to protect the surface and nol endanger any present or future
* / underground operation, any deposit of oil, gas, or other mineral

substances, or any aquifer.

State Oil and Gas State of New B. Plugging
Well Outside Mexicc, Oil (1) Prior to abandonment. the well shall be plugged in a manner to
the Oil-Potash Conservation permanently confine aill cil, gas, and water in the separate strata
Area Division, Rule where they were originally found. This can be accomplished by

202 (eff. 3-1-91) using mud-laden fluid, cement, and plugs singly or in combination
as approved by the Division on the notice of intention to plug.

(2) The exact location of plugged and abandoned wells shall be
marked by the operator with a steel marker not less than four
inches (4") in diameter, set in cement, and extending at least four
feet (4') above mean ground level. The metal of the marker shall
be permanently engraved, welded, or stamped with the operator
name, lease name, arid well number and location, including unit
letter, section, township, and range.

State Oil and Gas State cf New F. Plugging and Abandonment of Wells
Wells Inside Mexicco, Oil (1) All existing and future wells that are drilled within the potash area,
the Oil-Potash Conservation shall be plugged in accordance with the general rules established
Area Division, Order by the Division. A solid cement plug shall be provided through the

No. R-1 11 -P salt section and any water-bearing horizon to prevent liquids or
(ieff. 4-21-88) gases from entering the lole above or below the salt selection.

It shall have suitable proportions-but no greater than three (3)
percent of calcium chioride by weight-of cement considered to
be the desired mixture when possible.
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TABLE 1-4
AVERAGE-STOICHIOMETRY GAS GENERATION

MODEL PARAMETER VALUES

Parameter (units) Values Used in

Calculation a

Inundated Corrosion Rate for Steel without CO 2 Present (mis) 7.94 x 10-15

Inundated Corrosion Rate for Steel with 002 Present (mis) 1.03x1013

Humid Corrosion Rate for Steel 0

Gas Generation Rate for Microbial Degradation Under Humid
Conditions (mol/kg * s) 6.34 x 10-10

Gas Generation Rate for Microbial Degradation under Brine- 4.92 x10-9
Inundated Conditions (mol/kg * s)

Factor p for Microbial Reaction Rates (unitless) 0.5

Anoxic Corrosion Stoichiometric Factor X (unitless) 1.0

Average Density of Cellulosics in CH Waste (kg/in 3) 54.0

Average Density of Cellulosics in RH Waste (kg /M3) 17.0

Average Density of Iron-Based Materials in CH Waste (kg/in 3) 170.0

Average Density of Iron-Based Materials in RH Waste (kg/in 3) 100.0

Average Density of Plastics in CH Waste (kg/in3) 34.0

Average Density of Plastics in RH Waste (kg/in3) 15.0

Average Density of Rubber in CH Waste (kg/in 3) 10.0

Average Density of Rubber in RH Waste (kg/i 3  3.3

Bulk Density of Iron Containers, CH Waste (kg/in 3) 139.0 .2

Bulk Density of Iron Containers, RH Waste (kg/in3) 2.59x 103 -

Bulk Density of Plastic Liners, CH Waste (kg/in 3) 26.0

Bulk Density of Plastic Liners, RH Waste (kg/in 3) 3.1

BIR Total Volume of RH Waste (in) 7.08x 103

BIR Total Volume of CH Waste (in3 ) 1.69x105

Wicking Saturation (unitless) 0.5

aMedian values were used based on the data and parameter distributions contained in Appendix
D16, §D16-5
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* TABLE 1-5
SALADO FORMATION HALITE PARAMETER VALUES

Parameter (units) Value Used in Calculation'

Permeability (in') 3.16 x 10-23

Effective Porosity ()1.0

Threshold Pressure, Pt (Pa)b 3.41 X 107

Residual Brine Saturation, Sbr (unitless)c 0.3

Residual Gas Saturation, Sqr (unitless)c 0.2

Pore Distribution, A (unitless)c 0.7

Maximum Capillary Pressure (Pa) 108

Rock Compressibilityd (1 /Pa) 9.75 x 10-1

aMedian values were used based on the data and parameter distributions contained in

Appendix D1 6, Sectioin D1 6-6.

bThreshold pressure (Pr) determined from the relationship: P, = PCT-A - PT-X where

PCTA and PCTEXP are constants and k is the permeability.
CTwo-phase flow: Brooks-Corey model used in this simulation.

d Pore compressibility FlRock compressibility/effective porosity.
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TABLE 1-6
SALADO FORMATION ANHYDRITE INTERBEDS A AND B
AND MARKER BEDS 138 AND 139 PARAMETER VALUES

Parameter (units) Value Used in
Calculationa

Permeability (in2) 1.29x10-'9
Effective Porosity ()1.1
Threshold Pressure, P, (Pa)b 9.74 x105

Residual Brine Saturation, Sbr (unitlessfc 0.084

Residual Gas Saturation, Sg, (unitlessfc 0.077

Pore Distribution, A (unitless)0  0.644

Maximum Capillary Pressure (Pa) 108~

Rock Compressibilityd (1 /Pa) 8.26 x 11

a Median values were used based on the data and parameter distributions contained in

bAppendix D16, Section D16-6. C-
bThreshold pressure (Pr) determined from the relationship: P, = PCTA A* kPcT xP where

PCTA and PCTEXP are constants and k is t"-- permeability.
cTwo-phase flow: Brooks-Corey model used in b . simulation.

d Pore compressibility =Rock compressibility/effective porosity.
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* TABLE 1-7
SHAFT MATERIALS PARAMETER VALUES

Parameter (units) Value Used in Calculation a

All Shaft Materials
Residual Brine Saturation, Sbr (unitless)c 0.2

Residual Gas Saturation, Sgr (unitlessfc 0.2

Pore Distribution, A (unitless)c 0.94

Maximum Capillary Pressure (Pa) 108l

Clay Shaft Materials
Permeability (in) - Rustler Compacted Clay CF 0 - 10,000 yrs.) 5.00xl19

Permeability (in) - Upper Salado Compacted Clay (T = 0 - 10 yrs.) 7.65 x10-17

Permeability (in) - Upper Salado Compacted Clay (T = 10 - 25 yrs.) 5.02 x 10-17

Permeability (in) - Upper Salado Compacted Clay (T = 25 - 50 yrs.) 3.02 x1 0-17

Permeability (in) - Upper Salado Compacted Clay (T = 50 - 100 yrs.) 1.16x 0-17

Permeability (in) - Upper Salado Compacted Clay (T > 100 yrs.) 5.00x10-17

Permeability (in) - Lower Salado Compacted Clay CF = 0 - 10 yrs.) 9.32 10-17

Permeability (in) - Lower Salado Compacted Clay (T = 10 - 25 yrs.) 1.74x 10.17

Permeability (n)- Lower Salado Compacted Clay CTV 25 - 50 yrs.) 7.07x0019

Permeability (in) - Lower Salado Compacted Clay (T > 50 yrs.) 5.00x10-19

Permeability (in) - Bottom Clay (T = 0 - 10,000 yrs.) 5.00 x10-'9

Thickness (in) - Rustler Compacted Clay 94.3

Thickness (in) - Upper Salad o Compacted Clay 104.85

Thickness (in) - Lower Salado Compacted Clay 23.9

Thickness (in) - Bottom Clay 9.24

Effective Porosity ()-Rustler Compacted Clay 24.0

Effective Porosity ()-Upper and Lower Salado Compacted Clays and
Bottom Clay 24.0

Threshold Pressure P, (Pa) - All ClaySb 2.0x 105 to 1.20xl06

Pore-Volume Compressibility (1/Pa) -Rustler Compacted Clay I .96x10-9

Pore-Volume Compressibility (li'Pa) - Upper Salado Compacted Clay 1.81 x 10-'

Pore-Volume Compressibility (1/'Pa) - Lower Salado Compacted Clay and
Bottom Clay 1.59 X 10-9

Salt Shaft Material

Permeability (in) - Salt (T = 0 -. 10 yrs.) 1.74xl10'-

Permeability (in) - Salt (T 10 - 25 yrs.) 1.66x 1015

Permeability (in) - Salt (T = 25, - 50 yrs.) 1.65x10-15

Permeability (in) - Salt .CT = 50 - 100 yrs.).-- 6.830 018

Permeability (in) - Salt (T = 100 - 200 yrs.) 5.27x 0-20

Permeability (in) - Salt (T > 200 yrs.) 5.35 x 1 021

Thickness (in) - Salt 171.37

Effective Porosity (%) - Salt 5.0

Threshold Pressure Pt (Pa) - Salt CF =0 -10 yrs. )b 7.16x 104

Threshold Pressure Pt (Pa) - Salt (T 10 - 25 yrs.)' 7.28x 104
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TABLE 1-7
SHAFT MATERIALS PARAMETER VALUES

(CONTINUED)

Parameter (units) Value Used in Calculation'

Threshold Pressure P, (Pa) - Salt (T = 25 - 50 yrs .)b 7.29xl104

Threshold Pressure P, (Pa) - Salt (T = 50 - 100 yrs.)b 4.87 x10

Threshold Pressure P, (Pa) - Salt (T = 100 - 200 yrs.) 2.62 10

Threshold Pressure P, (Pa) - Salt (T > 200 yrs .)b 5.78 x 106

Pore-Volume Compressibility (1/Pa) - Salt 1.60x10-9
Concrete Shaft Materials
Permeability (in) - Concrete (T = 0 - 400 yrs.) 1.78x0019

Permeability (in) - Concrete CT > 400 yrs.) and Concrete Monolith
(T 0 - 10,000 yrs.) 10.14

Thickness (in) - Concrete 45.72
Thickness (in) - Concrete Monolith 9.08
Effective Porosity (%) 5.00
Threshold Pressure P, (Pa) -Concrete (T 0 - 400 yrs.) b1.720 06

Threshold Pressure P, (Pa) -Concrete (T > 400 yrs .)b and Concrete Monolith
(T = 0 - 10,000 yrs.) 3.91 X104

Pore-Volume Compressibility (1/Pa) - Concrete and Concrete Monolith 2.64 x10-9
Asphalt Shaft Material
Permeability (Mn) _ (T 0 - 10,000 yrs.) lXi 10-20

Thickness (in) 37.28
Effective Porosity (%) 1.00
Threshold Pressure P, (Pa)b 0.00 .-

Pore-Volume Compressibility (1/Pa) 2.97xl 108

Earthen Fill Material Above Rustier
Permeabilt (TC = 0 - 10,000 yrs.) 10.14

Thickness (in) 165.06
Effective Porosity ()32.0
Threshold Pressure P1 (Pa)b 3.91 X104

Maximum Capillary Pressure (Pa) 10ll
Pore-Volume Compressibility (1/Pa) 3.1 x 10-'

aMedian values were used based on the data and parameter distributions contained in Appendix D16,
Section 16-8.

bThreshold pressure (Pt) determined from the relationship: P,1 PCTA - k PCT ~x where PCTA and
PCT_-EXP are constants and k is the permeability.

cTwo-phase flow: Brooks-Corey model is used in this simulation.
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Location of Underground HWMUs and Anticipated Closure Locations
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CONCRETE BARRIER CONSTRUCTION -ISOLATION WALL

WASTE DISPOSAL SIDE

A ISOLATION ZONE

OPTION A. CONSTRUCTION ISOLATION WALL AND
CONCRETE BARRIER WITHOUT DRZ REMOVED

CONCRETE BARRIER EXPLOSION -ISOLATION WALL

WASTE DISPOSAL SIDE

A ISOLATION ZONE

OPTION B. EXPLOSION ISOLATION WALL AND
CONCRETE BARRIER WITHOUT DRZ REMOVED

CONCRETE BARRIER
CONSTRUCTION -ISOLATION WALL

WASTE DISPOSAL SIDE

OPTION C. CONSTRUCTION ISOLATION WALL AND K
CONCRETE BARRIER WITH DRZ REMOVED

CONCRTE BARIEREXPLOSION-ISOLATION WALL

WASTE DISPOSAL SIDE

OPTION D. EXPLOSION ISOLATION WALL AND
CONCRETE BARRIER WITH DRZ REMOVED

WASTE DISPOSAL SIDE

OPTION E. CINDERBLOCK BARRIER/EXPLOSION -ISOLATION WALL

Figure 1-4
Design of a Panel Closure System
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Predicted Change in Disposal Region Pressure Following Shaft Sealing
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CUMULATIVE BRINE INFLOW (PANEL)
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Predicted Change in Panel Pore Volume Due to Creep Closure
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Executive Summary

Scope. Under contract to Westinghouse Electric Corporation (Westinghouse), Waste

Isolation Division (WID), IT Corporation has prepared a detailed. design of a panel-closure

system for the Waste Isolation Pilot Plant (WIPP). Preparation of this detailed design of an

operational-phase closure system is required to support a Resource Conservation and

Recovery Act (RCRA) Part B permit application and a no-migration variance petition. This

report describes the detailed design for a panel-closure system specific to the WIPP site. The

recommended panel-closure system will adequately isolate the waste-emplacement panels for

at least 35 years.

Purpose. This report provides detailed design and material engineering specifications for

the construction, emplacement, anid interface-grouting associated with a panel-closure system

at the WIPP repository, which would ensure that an effective panel-closure system is in place

for at least 35 years. The panel-closure system provides assurance that the limit for the
Smigration of volatile organic compounds (VOC) will be met at the point of compliance, the

WIPP site boundary. This assurance is obtained through the inherent flexibility of the panel-

closure system. The panel-closure system will be located in the air-intake and air-exhaust

drifts (Figure ES-l). The system components have been designed to maintain their intended

functional requirements under loads generated from salt creep, internal pressure, and a

postulated methane explosion. The design complies with regulatory requirements for a panel-

closure system promulgated boy RCRA and the Mine Health and Safety Administration

(MSHA). The design uses commnon construction practices according to existing standards.

Background The engineering design considers a range of expected subsurface conditions

at the location of a panel-closure system. The geology is predominantly halite with

interbedded anhydrite at the repository horizon. During the operational period, the panel-

closure system would be subject to creep from the surrounding host rock that contains trace

amounts of brine.

During the conceptual -design stage, two air-flow models were evaluated: (1) unrestricted

flow and (2) restricted flow through the panel-closure system. Thie "unrestricted" air flow

model is defined as a model in which the gas pressure that develops is at or very near

atmospheric pressure such that there exists no back pressure in the disposal areas. Flow is

unrestricted in this model. The "restricted" air flow model is defined as a model in which the

AL/I 1-95/WP/WIP:R3830 ES-1 762447.04.05.00.00 01/11/96 12: 10pm
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back pressure in the waste emplacement panels develops due to the restriction of flow through

* the barrier, and the surrounding disturbed rock zone. The analysis was based on an assumed

gas generation rate of 8,200 moles per panel per year (0.1 moles per drum per year) due to

microbial degradation, an expected volumetric closure rate of 28,000 cubic feet (800 cubic

meters) per year due to salt creep, the expected headspace concentration for a series of nine

VOCs, and the expected air dispersion from the exhaust shaft to the WIPP site boundary.

The analysis indicated that the panel-closure system would limit the concentration of each

VOC at the WIPP site boundary to a small fraction of the health-based exposure limits during

the operational period.

Alternate Designs. Various options were evaluated considering active systems, passive

systems, and composite systems. Consideration of the aforementioned factors led to the

selection of a passive panel-closure system consisting of: (1) -a standard concrete barrier,

rectangular in shape, or (2) an enlarged tapered concrete barrier. Options (1) and (2) will be

grouted at the interface and may contain an explosion-isolation wall or a construction-

isolation wall. This system provides flexibility for a range of ground conditions likely to be

encountered in the underground repository. No other special requirements for engineered

components beyond the normal requirements for fire suppression and methane explosion or

deflagration containment exist for the panel-closure system during the operational period.

The panel-closure system design incorporates mitigative measures to address the treatment of

fractures and therefore minimnizes the potential migration of contaminants. The design option

for mitigating fractures includes excavating the disturbed rock zone (DRZ) and emplacing an

enlarged concrete barrier.

To be effective, the excavation and installation of the panel-closure system must be completed

within a short time frame to minimize disturbance to the surrounding salt. A rigid concrete

barrier will promote interface stress buildup, as fractures are expected to heal with time. For

this purpose, the main concrete barrier would be tapered to reduce shear stress and to increase

compressive stress along the interface zone. If ground conditions are more favorable, the

design can be simplified to a standard concrete barrier with an explosion-isolation or

construction-isolation wall without DRZ removal.'

'DRZ removal is used in the context of the removal of fractured rock.
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Design Classification. Procedure WP 09-CN3023 (Westinghouse, 1995a) was used to

establish a design classification for the panel-closure system. It uses a decision-flow-logic

process to designate the panel-closure system as a Class IIIB structure. This is because

during the methane explosion the concrete barrier would not fail.

Design Evaluations. To investigate several key design issues, design evaluations were

performed. These design evaluations can be divided into those that satisfy (1) the operational

requirements of the system and (2) the structural and material requirements of the system.

The conclusions reached from the evaluations addressing the operational requirements are as

follows:

" Based on an air-flow model used to predict the mass flow rate of carbon
tetrachloride through the panel-closure system for the alternatives, the air-flow
analysis suggests that the fully enlarged barrier provides the highest protection
for restricting VOCs during the operational period of 35 years.

" Results of the Fast Lagrangian Analysis of Continua (FLAC) analyses show that
the recommended enlarged configuration is a circular rib-segment excavated to
Clay G and under M[B 139. Interface grouting would be performed at the upper

boundary of the concrete barrier.

* The results of the transver plane-strain models show that hig j-er stresses would
form in MEB 139 following ;=xavation, but that after installation of the panel-
closure system, the barrier confinement will result in an increase in barrier-
confining stress and a reduction in shear stress. The main concrete barrier
would provide substantial uniform confining stresses as the barrier is subjected
to secondary salt creep.

" The removal of the fractured salt prior to installation of the main concrete barrier
would reduce the potential for flexure. The fracturing of MB 139 and the
attendant fracturing of the floor could reduce structural load resistance (structural
stiffness), which could initially result in barrier flexure and shear. With the
removal of MB 139, the fractured salt stiffens the surrounding rock and results
in the development of more uniform compression.

* The trade-off study also showed that a panel-closure system with an enlarged
concrete barrier with the removal of the fractured salt-roof and anhydrite in the
floor was found to be the most protective.

The conclusions reached from the design evaluations addressing the structural and material

requirements of the panel-closure system are as follows:
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* Existing information on the heat of hydration of the concrete supports placing

concrete with a low cement content to reduce the temperature rise associated

with hydration. Plasticizers might be used to achieve the required slump at the
required strength. A thermal analysis, coupled with a salt creep analysis,
suggests installation of the enlarged barrier at or below ambient temperatures to
adequately control hydration temperatures.

* In addition to installation at or below ambient temiperatures, the concrete used in

the main barrier would exhibit the following:

- An 8 inch (0.2 meter) slump after 3 hours of intermittent mixing

- A less-than-25-degree Fahrenheit heat rise prior to installation

- An unconfined compressive strength of 4,000 pounds per square inch (psi)
(28 megapascals [MPaI) after 28 days

- Volume stability

(4r - Minimal entrained air.

*The trace amounts of brine from the salt at the repository horizon will not
degrade the main concrete barrier for at least 35 years.

*In 20 years, the open passage above the waste stack would be reduced in size.

Further, rooms with bulkheads at each end would be isolated in the panel. It is

unlikely that a long passage with an open geometry would exist; therefore, the
dynamic analysis considered a deflagration with a peak explosive pressure of
240 psi (1.7 MPa).

* The heat-transfer analysis shows that elevated temperatures would occur within
the salt and the explosion-isolation wall; however, the elevated temperatures will

be isolated by the panel-closure system. Temperature gradients will not
significantly affect the stability of the wall.

" The fractures in the roof and floor could be affected by expanding gas products
reaching pressures on the order of 240 psi (1.7 MPa). Because the peak internal
pressure from the deflagration is only one fifth of the pressure, fractures could
not propagate beyond the barrier.

A composite system is selected for the design with various components to provide flexibility.

These design options are described below.
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Design Options. Figure ES-2 illustrates the options developed to satisfy the requirements

for the panel-closure system. The basis for selecting an option depends on conditions at the

panel-closure system locations as would be documented by future subsurface investigations.

These design options provide flexibility in satisfying the design migration limit for the flow

of VOCs out of the waste-emplacement panel. An enlarged concrete barrier would be

selected for the air-intake and air-exhaust drifts that have fractured rock to eliminate

significant flow of VOCs. Several methods are available for detecting the location and extent

of fractures in the DRZ for optimum placement of an enlarged concrete barrier. These

detection methods include ground-penetrating radar (GPR) and inspection of observation

boreholes.

For future waste panels, GPR would be used to monitor fracture development. Radar surveys

would be conducted shortly after excavation to provide a baseline for comparison to future

radar surveys. GPR would be used periodically to monitor the development of brittle

deformation in the new air-intake and air-exhaust drifts of a panel.

Observation boreholes would be drilled into the roof or floor of an excavation and would be

inspected for fractures and bed separation. Observations in the boreholes can be made with a

small video camera, or a simple scratch rod.

While no specific requirements exist for barricading inactive waste areas under the MSHA,

their intent is to safely isolate these abandoned areas from active workings using barricades of

"substantial construction." A previous analysis (DOE, 1995) examined the issue of methane

gas generation from transuranic waste and the potential consequence in closed areas. The

principal concern is whether an explosive mixture of methane with an ignition source would

result in deflagration. If a methane explosion is considered possible, a concrete uiock wall of

sufficient thickness will be used to ;ist dynamic and salt creep loads. A construction

isolation wall will be used in the absence of explosive conditions.

It was shown (DOE, 1995) that an explosive atmosphere may exist after approximately

20 years. A panel-closure system with a closure life less than 20 years would not require an

explosion-isolation wall, because an explosive mixture could not accumulate. A construction-

isolation wall will suffice to provide isolation during construction of the main concrete

barrier.
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Design Components. The enlarged concrete barrier will be located at the optimum

location in the air-intake and akr-exhaust drifts following observation of subsurface conditions.

The enlarged concrete barrier will be composed of plain concrete with sufficient unconfined

compressive strength. The barrier will consist of a circular rib segment excavated into the

surrounding salt where the central portion of the barrier will extend just beyond Clay G and

MB 139. FLAG analyses showed that plain concrete will develop adequate confined

compressive strength.

The enlarged concrete barrier will be placed in four cells, with construction joints formed

perpendicular to the direction of potential air flow. The concrete will be placed through 6-

inch (15.2 centimeter) diameter steel pipes and will be vibrated from outside the formwork.

The formwork is. designed to withstand the hydrostatic loads that would occur during

installation with minimal bracing onto exposed salt surfaces. This will be accomplished by a

series of steel plates that are stiffened by angle iron, with load reactions carried by spacer

rods. Some exterior bracing will be required when the concrete is poured into the first cell at

the location for the enlarged concrete barrier. All structural steel will be American Society of

Testing and Materials [grade] A36 in conformance with the latest standards specified by the

American Institute for Steel Construction. After concrete placement, the formwork will be

left in place and will stiffen the enlarged concrete barrier if nonuniform reactive loadings

should occur after panel closure.

After completion of the enlarged concrete barrier installation, it will be grouted through a

series of grout supply and air return lines that terminate in grout boxes. The boxes will be

mounted near the top of the barrier. The grout will be injected through one set of lines and

returned through a second set of air lines.

An explosion-isolation wall, constructed with concrete-blocks, will mitigate the effects of a

methane explosion. The explosion-isolation wall would consist of 3,500 psi (24 MPa)

concrete blocks mortared together with a bonding agent. The concrete-block wall design

complies with MSHA requirements, be-cause it consists of noncombustible materials of

"substantial construction." The concrete-block walls will be keyed into the salt. For the

WIPP, an explosion-isolation wall is designed to resist loading from salt creep.
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The compliance of the detailed design was evaluated against the design requirements

* established for the panel-closure system. The design complies with all aspects of the design

basis established for the panel-closure system.
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1.0 Introduction

The Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy (DOE) research facility

located near Carlsbad, New Mexico, was established to demonstrate the safe disposal of

defense-generated transuranic (TRU) waste. The WIPP repository is approximately 2,150 feet

(ft) (655 meters [in]) below the surface, in the Salado Formation. The WLPP facility consists

of a northern experimental area, a shaft-pillar area, and a waste-emplacement area.

One important aspect of future repository operations at the WLPP is the activities associated

with closure of waste-emplacement panels. Each panel consists of air-intake and air-exhaust

drifts, panel-access drifts, and seven rooms (Figure 1-1). After completion of waste-

emplacement activities, each panel will be closed, while waste emplacement may be occurring

in the other panel(s). The closure of individual panels during the: operational period will be

conducted in compliance with project-specific health, safety, and environmental performance

criteria.-

1. 1 Scope
This report provides information on the detailed design and material engineering

specifications for the construction, installation, and interface grouting associated with a panel-

closure system for a minimum operational period of 35 years. The panel-closure system

design provides assurance that the limit for the migration of volatile organic compounds

(VOC) will be met at the point of compliance, the WIPP site boundary. This assurance is

obtained through the inherent flexibility of the panel closure system. The panel-closure

system will be located in the air-intake and air-exhaust drifts to each panel (Figure 1-1). The

panel-closure system design maintains its intended functional requirements under loads

generated from salt creep, internal panel pressure, and a postulated methane explosion. The

design complies with regulatory requirements for a panel-closure system promulgated by the

Resource Conservation and Recovery Act (RCRA) and Mine Safety and Health

Administration (MSHA).

Figure 1-2 illustrates the design process used for preparing the detailed design. The design

process commenced with the evaluation of the performance requirements of the panel-closure

system through review of the work performed in developing the conceptual design and the

"Underground Hazardous Waste Management Unit Closure Criteria for the Waste Isolation

* Pilot Plant Operation Phase" (Westinghouse, 1995b). The various design evaluations were
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performed to address specific design-implementation issues identified by the project. The

results of these design evaluations are presented in this report.

1.2 Design Classification
Procedure WP 09-CN3023 (Westinghouse, 1995 a) was used to establish a design

classification for the panel-closure system. The design classification for the panel-closure

system evolved from addressing the short-term operational issues regarding the reduction of

VOC migration. Figure 1-3 shows the decision flow logic process used to designate the

panel-closure system as a Class IJIB structure.

1.3 Regulatory Requirements
The following subsections discuss the regulatory requirements specified in RCRA and MSHA

for the panel-closure system.

1.3.1 Resource Conservation and Recovery Act (40 CFR 264, 268, and 270)
In accordance with Title 40, Code of Federal Regulations (CFR), Part 264, Subpart X

(40 CER 264, Subpart X), "Miscellaneous Units," and 40 CER 270.23, "Specific Part B

Information Requirements for Miscellaneous Units," a RCRA Part B permit application has

been submitted for the WIPP facility. According to 40 CFR 268.6, the DOE has opted to

pursue a no-migration variance petition (NMVP) instead of treating waste to meet the lar I

disposal restrictions (40 CFR 268) (EPA, 1995).

1.3.2 Protection of the Environment and Human Health
Both the draft NMVP and the WIPP RCRA Part B permit application indicate that VOCs

must not exceed health-based standards beyond the WIPP site boundary. Worker exposure to

VOCs, and VOC emissions will not pose greater than a 10-6 excess cancer risk to the nearest

resident in order to meet health-based standards. The panel-closure system design

incorporates measures to mitigate VOC migration for compliance with these standards.

1.3.3 Closure Requirements (20 New Mexico Administrative Code 4. 1,
Subpart V)

The DOE will notify the Secretary of the New Mexico Environm~ent Department in writing at

least 60 days prior to the date 01; which partial and final closure activities are scheduled to

begin.
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Figure 1-3
Design Classification of the Panel-Closure System

(Modified from Westinghouse, 1995a)
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1.3.4 Mining Safety and Health Administration
The significance of small natural-gas occurrences within the WIPP repository is within the

classification of Category IV for natural gas under the MSHA (30 CFR 57, Subpart T)

(MSHA, 1987). These regulations include the hazards of methane gas and volatile dust.

Category IV "applies to mines in which non-combustible ore is extracted and which liberate a

concentration of methane that is not explosive nor capable of forming explosive mixtures with

air based on the history of the mine or the geological area in which the mine is located." For

"barriers and stoppings," the regulations provide for noncombustible materials (where

appropriate) for the specific mine category and require that "barriers and stoppings" be of

"substantial construction." Substantial construction implies construction of such strength,

material, and workmanship that the barrier could withstand air blasts, methane detonation or

deflagration, blasting shock, and ground movement expected in the mining environment.

1.4 Report Organization
This report presents the engineering package for the detailed design of the panel-closure

system. Chapter 2.0 presents the design evaluations. Chapter 3.0 describes the design and

Chapter 4.0 presents the Constructability Design Calculations Index. Chapter 5.0 shows the

technical specifications. Chapter 6.0 presents the design drawings. The conclusions are

presented in Chapter 7.0 and the references presented in Chapter 8.0. Appendices to this

report provide detailed information to support the information contained in Chapters 2.0

through 7.0 of this report.
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2.0 Design Evaluations

This chapter presents the results of the various design evaluations that support the panel-

closure system: (1) analyses addressing the operational requirements, and (2) analyses

addressing the structural and material requirements. The first group includes air-flow

analyses, an advection/dispersion analysis, and stress analyses using the Fast Lagrangian

Analysis of Continua (FLAG), (Itasca, 1995), which support a trade-off study comparing

grouting to removal of fracture zones in both the roof and floor. The second group addresses

the issue of material compatibility with the host rock and heat-generation that may cause

thermal cracking in the main concrete barriers during cement hydration. The second group

also includes methane-explosion and fracture-propagation evalualions to -address the dynamic

pressure and subsequent temperatures generated by a postulated methane explosion.

2.1 Analyses Addressing Operational Requirements
The panel-closure system incorporates design features to address a range of ground

conditions, including the most severe ground conditions expected[ in the air-intake and air-

exhaust drifts. The alternatives for dealing with the most severe ground conditions include

6xcavating the fractured disturbed rock zone (DRZ)2 and installing an enlarged concrete

']?arrier or partially enlarged concrete barrier with interface grouting or emplacing a standard

concrete barrier with formation grouting. To evaluate the effectiveness of these alternatives

for a panel-closure system, air-flow analyses and structural analyses were performed. The air-

flow analyses examined the flow of VOCs through the panel-closure system for these

alternatives.

The flow of VOCs is influenced by interface stress development, At the interface, the flow

was assumed to be equivalent to a fracture zone. To investigate interface-stress development

and the influence of barrier shape, structural analyses were performed for the main concrete

barrier. These structural analyses were then used to determine: the loads on the main concrete

barrier.

The following sections address the air-flow analyses, the advection/dispersion analysis, and

the stress analyses that support the trade-off study for designs with or without DRZ removal

for overall protection of human health and the environment and co mhpliance at the WIPP site

boundary.

2 DRZ removal is used in the conte xt of the removal of fractured rock in the'DRZ.
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2.1. 1 Air-Flow Analyses

The purpose of the air-flow analysis was to evaluate the trade-offs among a standard concrete

barrier with formation grouting, a partially enlarged concrete barrier with partial DRZ

removal (roof), and a fully enlarged concrete barrier with complete DRZ removal.

Subsequent analyses were performed to evaluate air flow for these alternatives. The air-flow

model (DOE, 1995) was used to evaluate the effective intrinsic barrier permeability of the

main concrete barrier for these alternatives and to assess VOC flow performance.

In previous studies (DOE, 1995), two air-flow models were evaluated: 1) unrestricted flow,

and 2) restricted flow through a panel-closure system. Unrestricted air flow is defined as

flow in which the gas pressure develops at or very near atmospheric pressure. No back

pressure exists in the waste emplacement areas. Restricted flow is defined as flow in which a

back pressure develops due to the restriction of flow through the barrier and the surrounding

disturbed rock zone. The analyses were based on an assumed gas generation rate of 8,200

moles per panel per year (0. 1 moles per drum per year) due to microbial degradation, an

expected volumetric closure rate of 28,000 ft3 (800 mn3 ) per year due to salt creep, the

expected headspace concentration for nine VOCs, and the expected air dispersion from the

exhaust shaft to point of compliance, the WILPP site boundary. The previous analyses

indicated that the panel-closure system would limit the concentration (Figures 2-1 and 2-2) of

each VOC to a small fraction of the health-based exposure levels during the operational

period at the WIPP site boundary.

2.1.1.1 Evaluation Procedure

In the following analysis, the gases generated in the waste-emplacement area are in part

compressed in the void space within a panel and in part flow into the main return air. The

following assumptions were made in this model:

That the gases (including VOCs) within the void space will obey the ideal gas

law. The gases will be generated at a rate of 0. 1 moles per drum per year and
will be stored by an increase in gas pressure. The rate of pressure buildup will

be so gradual that it occurs at constant temperature.

*That volumetric reduction-due to creep will reduce the void space at a rate,/of

28,000 ft3 (800 in3 ) per year and will result in pressurization. j
0 That the flow of gas out of the panel will obey Darcy's law under quasisteady-

state conditions. Under quasisteady-state conditions, the air pressure within the

panel-closure system will change so gradually that the compressive storage of

the air within the void space of the panel-closure system could be neglected.
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a That the rates of gas generation, air outflow, and change in compressive storage

will balance.

* That hydrodynamic dispersion will be neglected in the analysis.

0 That the analysis will consider the superposition of -flow rates from individual

panels according to the operating schedule for an operational life of at least
35 years.

The air flow under these assumptions follows a nonlinear first-order ordinary differential

equation. The model is characterized by molar gas generation and a reduction in void volume

that results in an increase in air pressure.

The problem can be stated by solving the system of nonlinear ordinary differential equations

as derived in Appendix A:

P dV
dPg =RTC *V-n..

RT T dt
dt 2

dn P CP-Pam

where
dt = Change in time (years)
R = Universal gas constant
T = Absolute temperature
n = Moles of gas in the panel that is a function of time
P = Pressure
Patxn = Atmospheric pressure

C =Conucanc o th pnelclour syte :=KA

Cs = Aconductce of the panel-closure system

A = Cross :sectional -area of the panel-closure system
L = Flow path length of the panel-closure systedm

Y = Air density

gr = Gas generation rate

V = Panel volume
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dV = Panel volumetric-closure rate

dP = Panel-pressure rate

dn = Panel-molar storage rate.

The above relationships are subject to the following initial conditions: (1) that the pressure in

the panel will be atmospheric, and (2) the moles equals the moles of gas occupying the initial

panel void volume at the temperature of the repository.

The analysis assumed that the volume of the waste is equal to the total waste capacity of a

panel (600,000 ft3 [16,990 m3 ]1) (DOE, 1994a) times the assumed average solid volume of the

waste drums (23 percent) (IT, 1994). The analysis uses a solid waste volume equal to

138,000 ft3 (3,910 in3) for the panel and this volume remains constant during the operational

life of the panel. The analysis then evaluates the void volume at panel closure, approximately

four years after panel excavation.

The waste-emplacement capacity of a panel includes the seven rooms and the panel-access

drifts from Room 1 to Room 7. The analysis uses closure rate and total closure data from the

Geotechnical Analysis Report (DOE, 1994b). A combination of field data and empirical

analysis is used to determine long-term closure rates for 35 years as presented in Appendix B.

The effective conductivity (Ks) can be further expressed in terms of an effective intrinsic

panel-closure system permeability as (Freeze and Cherry, 1979):

K- k*P 1g
KS( -

where

Ks = Air conductivity2
ks = Effective concrete barrier permeability (in)
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p = Mass density
g = Acceleration due to gravity
P = Absolute viscosity.

The calculations assumed that the cross-sectional area for flow through the DRZ and the

panel-closure system will equal 9 times the air-intake and air-exhaust area or that the DRZ

extends out 3 radii from the center. Case and Kelsall (1986) evaluated permeability

measurements performed by Peterson et al. (1985). These data showed a zone of increased

permeability (10-18 to 10-20 ft2 [10-19 M2 to 10-21 in2 ]) from (3 to 42 ft [I to 14 ml). The

boundary of the DRZ used in the analysis falls within their range.

The effective intrinsic permeability was calculated by considering the permeabilities over their

respective areas of the various media, as presented in Table 2-1. The assumed flow path

length equaled 26 ft (7.92 in). The effective permeability was equal to 1 X 10-15 ft2

(10-16 in2 ) for the standard concrete barrier with formation grouting. For an enlarged

concrete barrier with complete DRZ removal, the effective permeability would equal

1 X 10-16 ft2 (10-17 Mn2).

Table 2-1
Intrinsic Permeability of Flow Components

Intrinsic Permeability I
Component ft2  T _M2  Reference

Dilated salt 11018 119 Cook and Case, 1991

Fractured salt (grouted) 10-15 10-16 DOE, 1995

Clay seams 10-16 10-17 Freeze and Cherry, 1979

Concrete barrier 10"18 10-19 Gulick and Wakeley, 1989

Marker Bed 139 10,15 10-16 DOE, 1995

Interface zone 10-10 101-11 Fernandez et al., 1994

2.1.1.2 Modeling Results

Figure 2-3 shows that, after closure, the pressure within the panel will build up gradually, due

to the large compressibility of the panel void space relative to thie air flow rate out of the
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panel. The panel-closure system will be effective in restricting flow to a value less than the

* unrestricted flow rate during this period.

2.1.1.3 Conclusions
The air-flow model (DOE, 1995) was used to predict the performance of a grouted standard

concrete barrier, a partially enlarged concrete barrier, and a fully enlarged concrete barrier for

the mass flow rate of carbon tetrachloride. The analysis suggests that the alternate barrier

systems would be effective in restricting air flow over the operational period and that the

panel-closure system will restrict flow to at least 1 order of magnitude below the health-based

migration limit in preventing the release of VOCs (Figure 2-3).

2.1.2 Advectionl~ispersion Evaluation
The purpose of the advectioni'dispersion evaluation was to assess contamninant transport time

through various media. The panel-closure system will be constructed to reduce the air flow-

rate by using compressive storage in the panel void space. The model (DOE, 1995) showed

that the panel-closure system will restrict transient flow for at least the operational period to

an effective gas-generation rate that is substantially less than the steady state flow rate of

kot35,000 ft3 (1,000 in
3 ) per year.

2.1.2.1 Evaluation Procedure
As panel pressure develops with time, the gases generated from the waste will travel through

the panel-closure system to the active underground workings. The model (DOE, 1995)

considered that the VOC concentration front will instantaneously develop in the active

underground workings and the gases would advect due to velocity variations as panel

pressures increased. The more detailed analysis presented below considers the flow

distribution and how the concentration of VOCs would be affected by the mechanisms of

advection and dispersion. If movement were slow through the panel-closure system, the

breakthrough would be delayed.

The relative significance of each of the air-flow zones can be evaluated by studying flow

conductance. The flow conductance through the panel-closure system is given by the

equation:

C EKi *Ai
Li
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where:

C = Flow conductance A
K,- Air conductivity of the jfi component
Ai = Cross sectional area of the ith component
Li = Length.

The conductance through the panel-closure system will depend on the cross-sectional area and

the length. Table 2-2 summarizes the values for each component. The calculations show that

flow through fractured salt and MB 139 will dominate the conductance.

Table 2-2
Air Conductance Through System Components

Conductance
Approximate per Unit

Cross-Sectional Length
Effective Air Conductivity Area (meter3 per

Component Porosity (meters per second)_ (meter 2) second)

Dilated salt 0.001 6.2 x 10-14 170 1.0 x 10-11

Fractured salt 0.040 6.2 x 10 1 16 9.9 x le~

Clay seams 0.400 6.2 x 107 12 0.09 5.6 x 101

Marker Bed 139 0.040 6.2 x 101 11 6.8 x 101

Concrete barrier 0.200 6.2 x iO-1 4  27 1.7 x 10-12

The contaminant breakthrough of VOCs through the panel-closure system under the

assumption of advection will occur when the contaminant front traversed the length. The

average linear velocity equals the Darcy flux divided by the effective porosity for the various

flow components. The average linear velocity that varies with time is given by:

Ki (p (t) patm,)_

V(P~t))avg f*L*,y
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where:

V(P(t)avgi =Average linear velocity for the jffi component

Y-= Air conductivity
p(t) =Panel pressure as a function of time

Patm -Atmospheric pressure
L =Length of the barrier

Y Air density
ne -Effective porosity.

The second evaluation of the air-flow modeling evaluated the effe~cts of hydrodynamic

dispersion on contaminant transport, using a one-dimensional dispersion model. This model

was chosen to evaluate the effects of dispersion on VOC migration rates through the panel-

closure system. To isolate the effects of mechanical dispersion, molecular diffusion was

considered insignificant. The advection-dispersion equation is given by Freeze and Cherry

(1979):

CO L - V * t VL+V x* t
C= . [e rfc( )+exp( x erYfc(

22~ DL,5 t 2 DL* t

DL =aLVx +D

and

erfc =Complimentary error function
DL =Longitudinal coefficient of dispersion
aL =Dispersivity

=x Average linear velocity
C =Concentration of contaminant at time t

D Molecular diffusion
CO = Initial concentration
t = Time
L = Length.
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" That the air-flow velocity will be constant.

* That the gases (including VOCs) within the void space will obey the ideal gas

law.

* That the flow of air out of the panel will obey Darcy's law under quasisteady-

state conditions. Under quasisteady-state conditions, the air pressure within the

panel-closure system will change so gradually that the compressive storage of air

within the void space of the air-intake and air-exhaust drifts will be neglected.

* That two-phase flow and interactions between air and brine will be neglected,

although the resaturation of salt would tend to reduce the flow of VOCs through

the barrier system.

The air-flow velocity was calculated for each component of the panel-closure system using

the maximum pressure determined from the air-flow model (DOE, 1995). Once a constant

velocity was calculated for each component, the concentration as a function of time was

determined for each of the panel-closure system components: fractured salt, fractured

anhydrite, clay seams, and the standard concrete barrier.3 To study the effects of dispersion,

a range of different dispersivities was used. Mass flow as a function of time was then

determined for carbon tetrachloride and was summed over all components of the panel-closure

system.

2.1.2.2 Modeling Results
In the model presented for air flow, the pressure varies as a function of time for flow through.

the panel-closure system. This will result in a change in the average linear velocity as a

function of time that was calculated for each of the various components: fractured salt,

MB 139, clay seams, and the panel-closure system. The average linear velocity was then

integrated over time.

Breakthrough times for a panel-closure system length of 40 ft (12 m) were computed

(Figure 2-4). The analysis suggests that contaminant breakthrough through fracture zones

may occur within one to several years, while contaminant breakthrough in the barrier and the

dilated salt would not be expected during the WIPP operational period. The analysis shows

that for fractured components with high air conductivity and low fracture porosity, large

linear velocities result, with breakthrough occurring within months of panel closure. For the

3No credit is taken for the explosion isolation or construction isolation wall which is a conservative assumption.
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other components, with much lower air conductivity and higher effective porosity the

breakthrough would occur many years after panel closure.

In summary, the results of more detailed air-flow modeling suggest the appropriateness of the

model for the instantaneous breakthrough of contaminants and the insignificance of

dispersion. The results of the air-flow model emphasize the importance of treating fracture

zones, either by removal or by grouting for restricting the flow of VOCs.

The results from the second evaluation support the conclusion that breakthrough of VOCs will

occur rapidly through the dominant paths of the fractured salt and fractured anhydrite.

Because of this, the effects of dispersion will be insignificant on the VOC mass flux.

2.1.2.3 Conclusion
In conclusion, because air-flow modeling results show that breakthrough will occur rapidly

and that the effects of hydrodynamnic dispersion will be insignificant, the air-flow model

(DOE, 1995) is conservative and appropriate.

2.1.3 Stress Analysis
The purpose of the stress analysis was to evaluate the interaction of the main concrete barrier

of the panel-closure system with the surrounding salt for different combinations and

geometries. The panel-closure system will consist of: (1) a standard concrete barrier or (2)

an enlarged concrete barrier. Options (1) and (2) will contain interface grouting and be

combined with an explosion-isolation or construction-isolation wall. The walls will isolate/

the concrete barrier from the waste-emplacement panel and the effects of a postulated

methane explosion. Stresses are expected to develop in the concrete-barrier component due to-

continued primary and secondary creep closure of the air-intake and air-exhaust drifts after

installation of the concrete barrier. An estimate of the stress levels expected in the concrete

barrier determined the deformability and strength required for the concrete. The development

of stresses in the salt around the concrete barrier was also evaluated to estimate the time

required for DRZ healing for these options.

2.1.3.1 Evaluation Procedure
The evaluation was performed using the FLAG computer code (Itasca, 1995). Six detailed

structural-analysis models were prepared to evaluate the salt/structural interaction of the

proposed system. These models included two transverse-plane strain models across the air-

intake and air-exhaust drifts associated with a waste-emplacement panel, two long
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* axisymmetric models, and two short axisymmetric models. The properties used in these

models were taken from the Backfill Engineering Analysis Report (IT, 1994) as presented in

Appendix C.

2.1.3.2 FLA C Models
Since 1991, FLAG has been used to model underground excavations at the WLPP. FLAG is a

two-dimensional, explicit finite difference code that simulates the behavior of rock and soil-

like structures. The WIPP Reference Creep Law is built into IFLAG and has been verified to

U.S. Nuclear Regulatory Commission standards (Itasca, 1995). lIn addition, FLAG has been

verified against the WJPP Second Benchmark Problem (Krieg, 1984). The following

subsections describe the geometry and boundary conditions of the model used in the FLAG

analysis.

Plane-Strain Model Geomiety. Two cross-sectional transverse plane-strain models were

'> nusing the air-intake and air exhaust drift geometries. These models used a simplified

. t~tigraphy for approximately 250 ft (75 m) above and below the excavation horizon

_-(Pigure 2-5). The models included the interaction of the excavation and the main concrete

* barrier with MEB 139 over time. 'The cross-sectional dimension of the air-intake drift is 13 by

20 ft (4 by 6 in), while the air-exhaust drift is 12 by 14 ft (3.6 m by 4.3 in). Each model was

run with the initial excavation and allowed to creep for a period of 5 years, 4 the time

expected for panel excavation and waste emplacement. After 5 years, the drift at the concrete

barrier location was excavated just beyond Clay G and Clay E, removing M[B 139, and the

ribs were excavated to curved segments between these clays. Each model was then run for an

additional month simulating the time required to excavate the enlarged area and install the

concrete barrier. After the enlarged excavation was open for one month, the model was

continued with the installed concrete barrier. The actual construction schedule may be longer

for the enlarged barrier; however, the effects on long-term interface stress buildup will be

insignificant. As the stresses increased in the concrete barrier and the surrounding salt the

model was run for an additional 35 years, representing the required period of performance for

a concrete barrier.

4 For Panel One, the period between excavation and barrer emplacement would be greater than 5 years. A

longer period of time might result in more bed separation. However, since fractured salt is removed to Clay G
and the barrier is placed aver a short period, the design is considered robust, and the effects of a longer period

for Panel One are insignificant.
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Axis ymmetric Models. Four axisymmetric models were run to evaluate the long-term

loadings expected on the ends of the concrete barrier. The models (Figure 2-6) were

simplified using a homogeneous salt and radial loading. The miodel for the concrete barrier

was symmetrical around the central axis. The cases illustrate that: the presence of the barrier

ends will result in a longer cylindrical barrier, and that the shorter barrier with the two plug

ends will result in a more tapered shape.

Material Properties Used in Modeling. The material properties used for the reference

stratigraphy presented in the Backfill Engineering Analysis Report (IT, 1994) were used in the

FLAG analysis. These properties (Appendix C) included the elastic, primary creep, and

secondary creep constitutive properties of the halite, polyhialitic halite, and argillaceous halite.

They also included the elastic properties of the anhydrite and the concrete.

Modeling Results-Transiverse Plane-Strain Models. The results of the transverse

plane-strain models suggest that higher stresses will form in MB 139 following excavation,

but that after barrier emplacement, an increase in barrier-confining stress and a reduction of

-serstress will occur in and around the barrier. The results fbrther suggest that substantial

qn l>orm confining stresses will develop as the barrier is subjected to the secondary salt creep.

Modeling Results-Axis yrnmetric Models. The results of the axisyminetric models

agree with the results of the transverse models for the prediction of interface stress and

suggest the appropriateness of an axisymmetric model to evaluate the long-term stress

* abutment zone effects. The modeling results for the longer cylindrical barrier suggest that the

radial stresses increase by a factor of 2 at the ends of the barrier. The high-stress

concentration at the ends of the barrier extends a distance of several meters. Tensile stress

develops at the ends of the longer cylindrical barrier. The short axisyminetric barrier, with

the design achieving a more tapered configuration, shows that a more uniform state of

compression develops all around the barrier. The principal stress results after a period of

30 years for this barrier with DRZ removal are presented in Figure 2-7. These results show

that the barrier is in a state of overall compression.

2.1.3.3 Stress Analysis of the Concrete Barrier on an Elastic Foundation

An analysis was performed treating the concrete barrier as a beam on an elastic foundation.

After several years it is expected that loads would develop uniformly in the concrete barrier;

however, the concrete barrier may be subjected initially to nonuniform loading (Figure 2-8).
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The analysis of the concrete barrier on an elastic foundation shows that, for various assumed

loadings that will develop, the amount of flexure and transverse shear was minimal and would

result in insignificant nonuniform load reactions and failure of plain concrete in flexural

tension or shear (Figure 2-9). The only manner in which flexure will develop would be

through nonuniform loading. The assumed approximate stress gradient for the first room for

the Chabannes solution (DOE, 1995) at a distance of 80 ft (24 m) equals 300 pounds per

square inch (psi) (2.1 megapascals [MPa]) over 50 ft (15 in). The analysis evaluated the

effects of varying the modulus of subgrade reaction for the barrier (equal to 500,000 psi

[3,500 MPa]). The results suggest that the potential for flexural tension and shear will be

greater whet; oads were resisted by fractured salt. The removal of fractured salt from the

central portion of the excavation should result in a more uniform loading on the barrier and

stiffer resistance in reaction that reduces short-term flexural tension and shear.

2.1.3.4 Interface Stress Buildup
Previous small-scale sealing studies (Case and Kelsall, 1986) showed that stress in seals in

contact with salt develop rapidly (Figure 2-10). As an example, in the 3 ft- (91- centimeter

[cm])-diarneter plug for the Small Scale Seal Performance Test, interface stress developed to

about 1,000 psi (7 MPa) within 1,000 hours. An analysis was conducted to evaluate the

effects of concrete barrier stiffness on the recovery of the DRZ for the alternatives. The

technical appro.- to the -'andard analysis considered an infinitely le, cylindric.ý concrete

barrier' in an mntnite medium (DOE, 1995). Figure 2-11 illustrates tri-L interface stresses for

the standard concrete barrier with formation grouting would develop more slowly than the

enlarged concrete barrier, resulting in less healing of the surrounding DRZ for at least the

35-year operational period.

2.1.4 Tradeoff Study of Formation Grouting versus DRZ Removal........
The purpose of this study was to evaluate the tradeoffs of formation grouting versus DRZ

removal for the alternatives for overall protection of human health and the environment. The

tradeoff study considered compliance with the design migration limit, barrier effectiveness,

and implementability of the design at the WIPP. This evaluation was performed qualitatively

through examination of the results of air-flow and stress analyses as presented in previous

sections. The alternatives included a standard concrete barrier withf formation grouting, a

5 A cylindrical concrete barrier develops interface stress less rapidly than a spherical concrete barrier. However,
the analysis of a cylindrical barrer provides a relative comparison of the effects of fractured salt on the
development of interface stress for a long cylindrical barrier.
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partially enlarged concrete barrier with DRZ removal in the roof, and a fully enlarged barrier

with complete DRZ removal. In all cases, the most severe ground conditions were

considered. Existing information and the previous modeling efforts were combined to

provide insight to the performance of the alternatives.

Bench-scale tests done by Terra-Tek showed the importance of interface zone permeability

(Fernandez, et al., 1994). For sealed boreholes, flow occurs either through the seal matrix or

through the interface zone. These tests showed that the "effective barrier permeability" for

flow through the interface zone to be 1 to 2 orders of magnitude greater than the permeability

of the plug material. This result supports the theory that the interface zone behaves like a

fracture, in that at low effective stress levels, the interface opens and exhibits high

conductivity. At higher stress levels, the interface closes and exhibits a much lower

conductivity that is independent of effective stress. These studies suggest that the excavation

of a more circular shape that reduces stress concentrations and the emplacement of a

sufficiently strong barrier that would reduce shear stresses, and increase confining stresses at

the interface zone is preferable.

The discussion presented above allows an evaluation of the compliance of the alternatives

with the design migration limit and a qualitative evaluation of the effectiveness of the

alternatives in light of the previous stress analyses performed. The stress analyses performed

suggested that for the barrier with formation grouting, there is a greater potential for barrier

flexure when fractures in the surrounding rock are present, and that the interface stress would

develop more slowly because of the compliance of these fractures. This will then result in

potentially higher VOCs flow through the interface zone, and reduced effectiveness. The

development of lower interface stresses would result in lower confining stresses in the

surrounding DRZ, and a slower rate of DRZ healing.

In evaluating the tradeoffs among the alternatives, it was noted that all three alternatives

could be implemented. Technologies exist for the placement of a barrier with formation

grouting (DOE, 1995). Further, methods are available for the excavation of an enlarged

barrier with DRZ removal. Fernandez et al., 1989 evaluated various techniques for

enlargement of barriers. These included the use of expansive agents, and hydraulic splitters

in addition to the methods for continuous mining. The use of expansive agents could be used

in the floor to excavate to below M[B 139. Whlile the use of these more labor intensive

methods would take longer and make barrier emplacement more difficult, the techniques are
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nevertheless available. The alternatives involving rock removal can be implemented in the

underground WIiPP repository.

In conclusion, the evaluations addressing the operational requiremenmts of the panel-closure

system show that, for the most severe ground conditions to be encountered, the maximum

protection is provided when an. enlarged concrete barrier is used. The severity of the ground

conditions relate to the size and age of the air-intake and air-exhaust drifts, and the distance

to the room intersections. The longer the time period between excavation, and panel closure,

the greater the degree of fracturing that could occur. For example, the period of time for

Panel 1 has been much longer than the four year period currently planned for other panels.

Where the time between excavation and panel is short, fracturing may be absent or

inconsequential, and the design can be simplified to a standard barrier with no DRZ removal.

2.2 Structural and Material Requirements
This section presents evaluations relating to the structural and material requirements for the

panel-closure system.

1Material-Compatibilify Evaluations
epurpose of the material-compatibility evaluations is to select the most suitable concrete

and grout materials for a panel-closure system. This section evaluates the concrete and grout

compositions and their geochemnical compatibility with the host rock and brine. This section

also evaluates the geotechnical properties and permeabilities of a concrete/grout to liquid

phase and gaseous phase contamuinants (brine and VOCs, respecti'vely).

2.2.1.1 Evaluation Procedure?
Proj ect information was reviewed for appropriate concrete-barrier materials that would

minimize VOC migration and cement hydration for candidate mnaterials.

2.2.1.2 Concrete-Barrier Material Candidates

The selection of candidate materials for use as concrete and grout in a panel-closure system

requires that numerous criteria be satisfied in terms of the 35-year period of performance.

The materials must be chemically compatible with the host rock and brine (Salado Formation)

without chemical degradation. C oncrete used in the main concrete barrier must be

sufficiently strong enough to support lithostatic: loads and resist the compressive stress of the

creeping salt. The concrete must cure at a low heat of hydration. If the concrete evolves

heat too rapidly (i.e., greater than 14 degrees celsius (0CQ (25 degrees Fahrenheit [OF]), it may
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experience rapid slump loss before hardening and excessive thermal stress after hardening.

Slump loss directly affects the workability and pumpability of the concrete. The workability

of the concrete must allow ample time and the pumnpability must be adequate for installation.

The most desirable characteristics for achieving adequate pumnpability were a 4-hour working

time (Wakeley et al., 1994). The concrete must perform under large-scale installation

conditions. Grout must form a tight seal between the concrete barrier and the host rock.

Wakeley et al. (1993) studied and developed (Gulick and Wakeley, 1989) salt-saturated

concrete and grout in the floor of the WIPP repository for six years (Appendix D). Then the

concrete and grout plugs along with some host rock were overcored. The study concluded

that little or no deterioration occurred to the concrete or grout. Overall the compressive

strengths increased with time with the lowest values from samples taken in the DRZ.

Reaction rims with increased permeability were noted on anhydrite surrounding the plugs,

suggesting interaction between the grout or concrete and host rock. There was also evidence

of halite dissolution in the anhydrite zone near the plugs; however, the presence of halite

facilitated better bonding between the grout or concrete and the host rock. Crystallization of

new phases was also noted on free surfaces, indicating that strongly ionic, magnesium-bearing

fluids were present and moving. The movement of the fluid improved the bonding with the

host rock.

Gulick and Wakeley (1989) proposed expansive salt-saturated concrete (ESC) (Appendix E)

and grout mixtures that yielded favorable results for suitability in a panel-closure system.

The formulation for their grout mixture is indicated in Table 2-3.

Table 2-3
Salt-Saturated Grout (BCT-1 F)

[Component F Percent of Total Mass

Class H cement 48.3

Class C fly ash 16.2

Cal seal® (plaster) 5.7

Sodium chloride 7.9

Dispersant 0.78

Defoamer 0.02

Water 21.1
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Class H cement is a standard oil-well cement that has been used extensively in grouts and

concretes in underground applications. Class C fly ash contributes expansive properties to

concrete. Cal Seal® (a plaster of paris, manufactured by Halliburton) also develops expansive

properties in mixtures containing Class H cement. Expansive components that are added to

the concrete or grout mixtures enhance bonding with the host rock.

Wakeley et al. (1993) later researched concrete mixtures that would behave optimally under

the type of large-scale installation conditions associated with the panel-closure system. The

concrete mixture was also designed to keep the temperature due to heat of hydration less than

14'C (25*F). The concrete mixture that resulted from this study was termed the Salado Mass

Concrete (SMC), and it superseded ESC as the performance mixture (Wakeley et al., 1993).

Table 2-4 summarizes the SMC composition.

Table 2-4
Salado Mass Concrete

[Component Percent of Total Mass

Class H cement 4.93

Chem Comp 111 2.85

Class F fly ash 6.82

Fine aggregate _______ 33.58

Coarse aggregate ____________ 43.02

Sodium chloride 2.18

Defoaming agent _____ ______0.15

Sodium citrate _______0.09

Water F _6.38

Class F fly ash increases the aluminum content of the concrete mixture, which decreases the

heat of hydration and increases the setting speed. A mixture of Ine. and coarse aggregate

decreases the porosity of the concrete, and the fine aggregate contributes more silica over

time.
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For Class M cement and Class F fly ash addition of sodium chloride to the mixture ensures

that the water content of the concrete is in equilibrium with the host rock to minimize

dissolution, and inhibit deterioration of the concrete. The use of defoaming agents inhibit air

entrainment in the concrete mixture.

Wakeley et al. (1994) studied under laboratory conditions the effects of various compositions

of brines and concretes, including the SMC formulation. The study evaluated the

susceptibility of concretes to chem-,ical degradation by brines. Both pastes containing no

aggregate, and mortars containing fine aggregate were formulated and tested in simulated

brines containing magnesium and sulfate concentrations representing the brines at the

repository horizon. The study concluded that high-magnesium brines exacerbated the

deterioration of pastes and mortars; mortars deteriorated more rapidly than pastes. This study

concluded that loss of calcium was the primary cause of weakened concrete materials. The

use of salt in mortars with an expansive component slowed the rate of deterioration. These

experiments were carried out under extreme experimental conditions unrepresentative of the

trace amount of brine that will be encountered during large-scale installation of the concrete

barriers.-

2.2.1.3 VO Interaction
Theoretically, if the pH of the VOCs is too low, it could negatively impact the structural

integrity of the concrete barrier. The higher the VOC pH, the less likelihood for physical

degradation of the concrete barrier. Using a portland cement with a pH greater than 12

should ensure the integrity of the concrete barrier.

2.2.1.4 Cement Hydration
Mathewson (1981) reported that the aggregate mineralogy significantly affects the

curing/hydrating process by generating heat and alkali fluids, which can have delet'- -bus

effects on the strength of the concrete. Minerals susceptible to an alkali-aggregat, -action

are hydrated silicates, opaline shale, chert, siliceous limestones, rhyolite, and dacite.

Nonreactive minerals include quartz, feldspar, calcite, and the ferromagnesium minerals.

2.2.1.5 Conclusions
Previous studies suggest the application of the SMC to the design of the panel-closure system.

This concrete possesses characteristics of low heat of hydration and workability. Because of

the trace amounts of brine and the impermeable nature of the concrete, a standard concrete

with a low heat of hydration and similar workability was considered acceptable. Therefore ,
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the design specifies a plain cement concrete mix that must be verified with testing. The

* cement will be Portland cement, type I[[ modified, with pozzalan or type IV, to limit the heat

of hydration of the resultant mix.

2.2.2 Heat-Generation Evaluations
Heat-generation studies evaluated the effects of the heat of hydraion for the installation of the

concrete barrier. The curing of concrete is facilitated by hydration in that the water present in

the mixture reacts with calcium and silica to incorporate water into the resulting mineral

phase. This process is an exothermic reaction, resulting in a temperature increase in the

concrete barrier and host rock. This temperature increase causes a thermal expansion of the

concrete barrier and increases the interface stress. As the concrete cools, the interface stress

decreases, and tensile strain inay occur at the interface.

2.2.2.1 Evaluation Procedure
The one-dimensional radial numerical and analytical model SHAF.-T.SEAL (Case et al., 1992)

solves for temperature and stress as a function of radial position, in either the barrier or the

s rrounding host rock. The model uses the implicit finite-ifrnemto(Cnanetl,

~~* 990) to analyze the temperature rise and fall following complion othhyrtion The

model assumes radial conductive, heat transfer to the surrounding host rock.

The analysis used thermal and thermnomechanical properties from previous modeling efforts

(Case and Kelsall, 1986; Van Sambeek and Stormont, 1987). The proposed concrete mixture

exhibits a double-humped hydration curve (Figure 2-12) (Van Sarnbeek. and Stormont, 1987).

The first "hump" results from a reaction that occurs shortly after the mixing of the concrete.

The double-hump manifestation in the temperature-versus-time data of the expansive salt-

based concrete reduces the maximum temperature by increasing the time over which the

hydration takes place. This is beneficial in large volumes of concrete where the dissipation of

heat in the interior of the concrete barrier is slow. The analyses used input properties for the

candidate material as determined from laboratory studies (Van Samlbeek and Stormont, 1987),

with modifications made to account for a reduced heat of hydration for the SMC. Table 2-5

summarizes the properties used in the analysis. The placement temperature was selected at

ambient temperature.
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Table 2-5
Thermal and Thermomnechanical Properties

for SHAFT.SEAL Analysis

Property JValuej
Barrier properties:

Plug diameter 10 meters

Concrete placement temperature ______ 280C

Concrete Properties:
Specific heat 980 joules/(kilogram-Celsius)
Thermal conductivity 2.1 watts/(meters-Celsius)
Density 2,280 kilograms/cubic meter
Young's Modulus 28,000 MPa
Poisson's ratio 0.20
Thermal expansion coefficient '12.6 x 10-6 1 rc

Rock properties:
Specific heat 860 joijles/(kilogram-Celsius)
Thermal conductivity 4.9.4 wvatts/(meters-Celsius)
Density 2,300 kilogramstcubic meter

pRock temperature 280C
Young's Modulus 31,000 MPa
Poisson's ratio 0.25

'- Thermal expansion coefficient .45.0 x 10-6 iirc

2.2.2.2 Modeling Results
The modeling results include the temperature and stress distributions in the concrete barrier

and the surrounding host rock at various times (Figure 2-13). The thermal analysis shows

that temperatures initially rise uniformly due to cement hydration, maintaining a high radial

thermal gradient within the interface zone. Thermal gradients diecreased with time as

hydration nears completion, and the heat thermally diffuses to the surrounding rock. After

28 days, temperatures rose to about 45'C (102'F), inducing a theimal gradient and thermal

stress at the interface zone. After this time, the temperatures fell and approached the in situ

rock temperature after an additional 28 days. The temperatures suggest that the heat pulse

will be short and that the placement of the concrete, combined with the high thermal

diffusivity of the salt, will control hydration temperatures to an acceptable level. The stress

analysis suggests that tensile stress in the concrete will be offset by the rapid buildup of

compressive stress, due to salt creep of the host rock.

AL/I I -95/WP/WIP:R3830 2-32 762447.04.05.00.00 01/10/96 4: l5pm



Temperature Distributions
after 28 and 180 Days

- 40

C,

E

0 2 4 6 8 10 12 14 16

Radius (meter)

Stress Distributions
after 28 and 180 Days

1.5

0.5

- 28 Day Radial Expansive .. -=

28 Day Tangential Expansive--
(a 0 - 28 Day Radial Nonexpansive
cc 28 Day Tangential Nonexpansive

CL.........180 Day Radial Expansive
C13- 180 Day Tangential Expansive -

0 05D 180 Day Radial Nonexpansived) 0.5180 Day Tangential Nonexpansive

~ -1 ~. .... . .
. . . . . . . . . . . . . . . . . . . . . . . .

-1.5 - - - - - - - - - - - - - - - - - - -

-2
0 12 3 4 5

Radius (meter)

Figure 2-13

Temperature and Stress Distributions for Concrete Barrier

762447.04.05.00.001zc A53 2-33 10118/95



2.2.23 Conclusions
Hydration temperatures will be controlled through the selection of an appropriate concrete to

reduce the potential for tensile cracking and separation at the interface zone. A thermal

analysis using information on -the heat of hydration of the concrete coupled with a salt-creep

analysis suggests that, for the size of pour, placing the concrete at ambient temperature will

control hydration temperatures. Finally, because steel formwork will be used during

installation, such formwork will conduct heat away from the face of the concrete and thereby

cool the concrete.

2.2.3 Explosion Evaluations
The methane-explosion evaluation focused on the pressure and thermal effects of such an

explosion on the explosion-isolation wall. The DOE (1995) suggests that gas-generation

Srates, due to microbial degradation, might range from 0.0 1 to 0. 1 moles per drum per year,

Swith methane comprising 70 percent of the gas. It is estimated that the potential for a

methane explosion would not occur prior to closure of the first waste-emplacement panel for

a gas generation rate of 0.1 moles per drum per year. Such an explosion could occur

approximately 20 years after closure of the first panel. This time is determined by comparing

the percent volume concentration to the explosive limits for methane as shown in Figure 2-14.

If the composition of the air in the closed panel were 18 percent oxygen, the explosive range

will be from about 5 to 15 percent methane by volume. Above 15 percent methane, the

atmosphere in an abandoned waste-emplacement panel would be "fuel rich" and would not be

capable of sustaining an explosion. With a reduction in the amount of oxygen available, the

explosive range narrows, and the potential will be nonexistent below a 12 percent oxygen

composition.

A methane explosion would generate an initial pressure transient that would impinge on the

explosion-isolation wall. Subsequently, temperatures would rise in the panel, as well as raise

the temperature in the explosion-isolation wall.

2.2.3.1 Evaluation Procedure
Two analyses were conducted to evaluate methane-explosion effects: 1) a dynamic analysis,

and 2) a thermal heat-transfer analysis of the explosion-isolation wall. After an explosion, the

explosion-isolation wall would be subjected to short-term dynamic loading. The design

pressure can be calculated as the maximum pressure times the dynamic load factor (Biggs,

1964). The dynamic load factor will depend on the shape of the pressure-time transient. An
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explosion will result in a wave front that will rise instantaneously and then drop gradually. In

3 this study, the transient pressure pulse is idealized as having an instantaneous rise and an

exponential decay (Figure 2-15).

In the event of a hydrocarbon explosion: either (1) deflagration will result in a rapid rise of

pressure, with no transition to a detonation, or (2) a detonation wave front will propagate as a

supersonic shockwave. The transition to a detonation is a function of two parameters:

(1) the methane concentration at the time of the explosion, and (2) the ability for a wave front

to form. In underground excavations, the latter condition typically requires a reasonably long

passage through which the combustion wave travels and transforms to a detonation. After

20 years, the open passage above the waste stack will be reduced in size, and it is unlikely

that a long passage with an open geometry will exist. Further, individual rooms will be

isolated by bulkheads at each end. Therefore, the dynamic analysis considers a deflagration.

The second analysis involves a thermal analysis with a heat-transfer model (Appendix F).

,'T e heat-transfer model under the postulated explosion within the panel considers the heat

O~bance between the gas and the walls of the panel for a stoichiometric mixture of methane.

~The rate at which the gas temperature will rise within the panel. depends on (1) the number of

W moles of methane, (2) the specific heat capacity of the gas and the heat transfer to the salt

and the walls through radiation, (3) convection along the vertical and horizontal surfaces, and

(4) conduction within the salt and walls. Because the properties involved in the heat transfer

analysis are temnperature-dependent, a numerical model was run, using the explicit finite

difference method. The model provided the necessary information for evaluating thermal

effects in selecting the size of the explosion-isolation wall.

2.2.3.2 Analysis Results

The peak explosive pressure was taken from the pressure rising from a deflagration that is

about 8 times the ambient pressure (2 atmospheres) at the time of the explosion. This results

in a peak pressure of 240 psi (1.7 MPa).6

The dynamic load factor will depend on the natural frequency of the explosion-isolation wall.

The value for the dynamic load factor approaches a value of 2~, withf increased natural

6 The analysis is conservative in that the presence of the waste drums would result in dampening of the

explosion.
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frequency for a variety of exponential curves (Figure 2-16). Based upon this loading, an

* explosion-isolation wall was designed to adsorb the energy from such an explosion.

The thermal-analysis results are presented in Figures 2-17 through 2-19. Figure 2-17 shows

the gas temperature, the salt-wall temperature, and concrete wall temperature following the

explosion. In the analysis, the gas reached a temperature of 2,500 Kelvin after about

20 seconds and then declined with time. The gas approached ambient temperatures after

about 1.5 hours. Figures 2-18 and 2-19 show the temperature distribution as a function of

distance into the walls. The results show that, at the initial time, the heat transfer from

combustion gas to the salt and walls will result in a large temperature gradient at the wall.

At later times, heat will be conducted through the wall, and the salt and the thermal gradient

will be reduced. After 2 hours, the elevated temperature in the wall will propagate a

maximum of 6 inches (15 cm') into'the wall. Because the explosion-isolation wall is designed

to resist creep deformation, temperature gradients will not significantly affect the stability of

the wall.

2.2.3.3 Conclusions
* The explosion-isolation wall was designed for a peak deflagration pressure of 240 psi

(1.7 MPa) under pseudostatic conditions, with a dynamic load factor of 2.0. Because the

(7'N xplosion-isolation wall is designed to resist creep deformation, temperature gradients will not

Ssignificantly affect the stability at the wall.

2.2.4 Fracture-Propagation Studies
The fracture-propagation studies evaluated the potential for fracture propagation, using the

results of previous analyses. These analyses included a stress analysis and explosion

evaluations.

2.2.4.1 Evaluation Procedure
The results of the thermal analysis suggest that elevated temperatures within an explosion-

isolation wall and salt will be a localized phenomenon. During an explosion, which may

potentially occur 20 years after Closure of the first panel, two phenomena could affect the

potential fracturing of the salt: (1) the expansion of the explosion piroducts into existing

fractures and (2) the potential reflection of sonic waves off free surfaces around the barrier.

These effects were evaluated.
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2.24.2 Evaluation Results
The fractures in the roof and floor could be affected by the expansion of the gas products on

the order of 240 psi (1.7 MPa), which decay rapidly with time and attenuate with distance.

Around the wall, the confining stress on the order of 1,450 psi (10 MPa) could develop after

20 years, as presented in Section 2.1.3. Horizontal fracture propagation could occur around

the concrete barrier only if the internal gas pressure exceeded the confining pressure.

Because the peak internal pressure from the deflagration is only about one-fifth of the

confining pressure, fractures would not propagate through or around the main wall.

Following an explosion, the wall would be subject to sonic waves that would impinge on the

wall. As the sonic wave encountered a contrast in wall stiffness, a portion of the sonic wave

would be refracted, and a portion would be reflected (Jaeger and Cook, 1972). This would

result in minor tensile spalling of the isolation wall.

2.2.4.3 Conclusions
At the time of a potential explosion, the development of confining stress relative to the

explosion pressure would prevent fracturing around the main concrete barrier. With the

selection of a thick enough wall, the effects of a postulated methane explosion can be isolated

from the main concrete barrier.
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3.0 Design Description

This chapter presents the final design selected from the evaluations performed in the previous

chapter. It presents design modifications to cover a range of con~ditions that may be

encountered in the underground and describes the design components for the panel-closure

system. Finally, information is -presented on the proposed construction for the panel-closure

system.

3.1 Design Concept
The composite panel-closure system selected is (1) a standard concrete barrier, rectangular in

shape, or (2) an enlarged tape-red concrete barrier. Options (1) and (2) will be grouted along

the interface and may contain, explosion- or construction-isolation walls. Figure 3-1 illustrates

these design components. The construction methods and materials to be used to implement

the design have been proven in previous mining and construction projects. The standard

concrete barrier without DRZ removal will most likely apply to future panel air-intake and

air-exhaust drifts where the time duration between excavation and barrier emplacement is

short. The enlarged concrete barrier with DRZ removal would apply to Panel I where a

significant time lapse will occur between excavation and barrier emplacement. The design

concept for the enlarged concrete barrier incorporates:

0 A concrete barrier that is tapered to promote the rapid stress buildup on the host

rock. The stiffness was selected to provide rapid. buildup of compressive stress

and reduction in, shear stress in the host rock.

K__~ - The enlarged barrier requires DRZ removal just beyond Clay G and MB 139,
and to a corresponding distance in the ribs to keep the tapered shape

approximately sp hefical. The design includes DRZ removal and thereby limits

VOC flow through the panel-closure system.

* The design of the panel-closure system includes either a construction- or an

explosion-isolation wall designed to provide strength and deformational

serviceability during- the operational period. The length was selected to assure

that uniform compression develops over a substanti~al portion of the structure and

that end-shear loading that might result in fracturing of salt into the back is
reduced.-

3.2 Design Options
* The design options consist of the following:
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Figure 3-1

Main Concrete Barrier with Wall Combinations
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* An enlarged concrete barrier with the DRZ removed
and a construction-isolation wall

" An enlarged concrete barrier with the DRZ removed
and an explosion-isolation wall

" A rectangular concrete barrier without the DRZ removed
and a construction-isolation wall

" A rectangular concrete barrier without the DRZ remnoved -

and an explosion-isolation wall.

In each case, interface grouting will be used for the upper barrier/salt interface. The process

---for selecting these options would depend on the subsurface conditions at the panel-closure

(L~7tem locations described in the following subsections.

3.2.1 Selection of the Concrete Barrier

The design provides flexibility to satisfy the design migration limait for the flow of VOCs out

of the panel. An enlarged concrete barrier will be selected where air-intake and air-exhaust

drifts have fractured with age resulting in significant flow of VOCs. These conditions apply

to the most severe ground conditions in the air-intake and air-exhiaust drifts of Panel 1. If

ground conditions are more favor-able such as might be the case for future panel entries, then

the panel-closure system can be simplified to a standard concrete barrier, rectangular in shape,

with a construction-isolation wall.

Several methods are available for detecting the location and extent of fractures in the DRZ

(DOE, 1995). These methods include ground-penetrating radar and observation boreholes,

which have already been used for underground fracture detection at the WIPP (DOE, 1995).

These methods will be used lEo determine when conditions are favorable, and the standard

concrete barrier can be used to limit/restrict VOC flow.

The GPR methods and other exploratory methods show where fractures are minimal in order

to select an optimum location for the panel-closure system. Ini such areas, the design can be

simplified to a standard concrete barrier without DRZ removal. The area with the least

number of fractures as determined by these exploratory methods would mean that

compressive stresses increase on the standard concrete barrier. The effective concrete barrier

permeability will be reduced with time as stresses increase on the standard concrete barrier.
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GPR is a nondestructive electromagnetic reflection technique that is sensitive to variations in

the dielectrical constant of rock salt. The use of GPR is a proven technology for detecting

shallow fracture zones in the underground and will have practical value in determining the

location of a panel-closure system (IT, 1993). GPR surveys perpendicular to the long axis

and axial surveys of the drift would provide data to determine the optimum location for the

main concrete barrier. Fractured rock will be removed as necessary for installation of the

concrete barrier.

For future waste-emplacement panels, GPR will be used to monitor fracture development.

Radar surveys could be conducted shortly after excavation to provide a baseline with which to

compare future radar surveys. GPR will be used periodically to monitor the development of

brittle deformation occurring in the new air-intake and air-exhaust drifts.

Observation boreholes will be drilled into the roof or floor of the new air-intake and air-

exhaust drifts and will be used for observation of fractures and bed separation. Observations

can be made in the boreholes using a small video camera, or a scratch rod. A scratch rod

survey will be performed in accordance with the current Excavation Effects Program (EEP)

procedure.

The EEP was initiated in 1986 with the occurrence of fractures in Site and Preliminary

Design Validation Room 3. The purpose of the EEP is to study fractures that develop as a

result of underground excavation at the WLPP and to monitor those fractures. Borehole

inspections have been successful for determining the fracturing and bed separation in the host

rock. These inspections have been performed since 1983 (Francke and Terril, 1993). This

technique in addition to the above will be used to determine the optimum location for the

panel-closure system. -/~

3.2.2 Selection of an Explosion- or Construction-isolation Wall
While no requirements for barricading waste areas exist under the MSHA, the intent of the

regulations is to safely isolate abandoned areas from active workings using barricades of

"substantial construction." The previous analysis (DOE, 1995) examined the issue of methane

gas generation from TRU waste and its potential consequence in closed areas. The principal

concern is the occurrence of an explosive mixture of methane and an ignition source, which

would result in deflagration. If a methane explosion is considered possible, an explosion-

isolation wall of sufficient thickness will be used to resist dynamic and creep loads. In the

absence of explosive conditions, a construction-isolation wall will be used.
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3.3 Design Components
The following subsections present system and components design features.

3.3.1 Concrete Barrier
The enlarged concrete barrer consists of plain concrete, with sufficient unconfined

compressive strength and with an approximately circular cross-section excavated into the salt

over the central portion of the barrier (Figure 3-2). The enlarged concrete barrier will be

located at the optimum locations in the air-intake and air-exhaust drifts with the centralA

portion extending just beyond Clay G and MB 139.

The enlarged concrete barrier will be placed in four cells, with construction joints

perpendicular to the direction of potential air flow. The concrete strength will be selected

according to the. standards specified by the latest edition of the ACI code for plain concrete.

The concrete will be placed through 6-inch- (15-cm)-diameter steel pipes and vibrated from

outside the formwork. The formwork is designed to withstand the hydrostatic loads during

construction, with minimal bracing onto exposed salt surfaces. This will be accomplished by

placing a series of steel plates that are stiffened by angle iron, with load reactions carried by

spacer rods. The spacer rods will be staggered to reduce potential flow along the rod surfaces

~ji through the barrier. Some exterior bracing will be required when the first cell is poured. All

structural steel will be ASTM A36, with detailing, fabrication, and erection of structural steel

in conformance with the latest edition of the AISC steel manual (AISC, 1989). After

concrete placement, the formwork will be left in place.

The above design is for the most severe conditions expected to be encountered at the WIPP.

If actual conditions are found to be more favorable (i.e., if the age of the entries at the time

of emplacement is less, and if the fractured DRZ does not develop, or there is adequate

design margin for the flow of VOCs), the design can be simplified to a rectangular barrier

without DRZ removal (Figure 3-3).

3.3.2 Explosion- and Construction-isolation Walls

An explosion-isolation wall, consisting of concrete-blocks, will mitigate the effects of a

postulated methane explosion. The explosion-isolation wall consists of 3,500-psi (24-MPa)

concrete blocks mortared together with cement (Figure 3-4).

The concrete block wall design complies with MSHA requirements (MSHA, 1987) because it

uses incombustible materials of substantial construction. The explosion-isolation wall will be
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placed into the salt for support. The explosion-isolation walls are designed to resist creep

loading from salt deformation. "In the absence of the postulated methane explosion, the design

will be simplified to a construction-isolation wall. The construction-isolation wall design

provides temporary isolation during the time the main concrete: barrier is being constructed.

3.3.3 Interface Grouting
After construction of the main concrete barrier, the interface between the main concrete

barrier and the salt will be grouted through a series of grout-supply and air-return lines that

will terminate in grout distribution collection boxes. The openings in these boxes will be

protected during concrete placement (Figure 3-5). The grout boxes will be mounted near the

top of the barrier. The grout will. be injected through one distribution system, with air and

return grout flowing through a second distribution system.

3.4 Panel-Closure System Construction
The construction methods and materials to be used to implement the design have been proven

in previous mining and construction projects. The design uses common construction practices

according to existing standards. 'The proposed construction sequence follows completion of

the waste-emplacement activities in each panel: (1) Perform subsurface exploration to

determine the optimum location for the panel closure system, (2) select the appropriate design

option for the location, (3) prepare surfaces for the construction- or explosion-isolation walls

~>(if required), (4) install these walls, (5) excavate for the enlarged concrete barrier (if

required), (6) install concrete formwork, (7) emplace concrete for the first cell, (8) grout the

completed cell, and (9) install subsequent formwork, concrete and grout until completion of

the enlarged concrete barrier.

The explosion-isolation or construction-isolation walls will be located at some distance from

the main concrete barrier. 'The host rock will be excavated 6 inches (15 cms) around the

entire perimeter prior to installing the explosion-isolation wall. The surface preparation will

produce a level surface for placing the first layer of concrete blocks. Excavation may be

performed by either mechanical or manual means.

Excavation for the enlarged concrete barrier will be performed using mechanical means, such

as a cutting head on a suitable boom. The existing roadheader at the main barrier location in

each drift is capable of excavating the back and the portions of the ribs above the floor level.

Some manual excavation may be required in this situation as well. If mechanical means are

not available, drilling boreholes and an expansive agent can be used to fragment the rock
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(Fernandez et al., 1989). Excavation will follow the lines and grades established for the

design. The roof will be excavated to just above Clay G and then the floor to just below

MB 139 to remove the DRZ. The tolerances for the enlarged concrete-barrier excavation are

+6 to 0 inches (+15 to 0 cm). In addition, loose or spalling rock from the excavation surface

will be removed to provide ant appropriate surface abutting the enlarged concrete barrier. The

excavations will be performed according to approved ground control plans.

Following completion of the roof excavation for the enlarged barrier, the floor will be

excavated. If mechanical means are not available, drilling boreholes and using an expansive

agent to fragment the rock (Fernandez et al., 1989) is a method that can be used. Expansive

agents would load the rock salt anid anhydrite, producing localized tensile fracturing in a

controlled manner, to producpe a sound surface.

A batch plant at the surface or underground will be prepared for batching, mixing, and

delivering the concrete to the underground in sufficient quantity ito complete placement of the

concrete within one form cell. Thle placement of concrete will be continuous until

completion, with a target time for completing one section of 8 to 10 hours, allowing an

* additional 2 hours for cleanup of equipment.

Pumping equipment suitable for placing the concrete into the forms will be provided at the

main concrete barrier location. After transporting, and prior tc' pumping, the concrete will be

~',.$,remixed to compensate for segregation of aggregate during transport. Batch concrete will be

,)checked at the surface at the time of mixing and again at the point of transfer to the pump for

slump and temperature. Admnixtures may be added at the remi~x stage in accordance with the

batch design.
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4.0 Design Calculations

Table 4-1 summarizes calculations to support the construction details for an explosion-

isolation wall, construction-isolation wall, and structural steel formnwork for concrete barriers

up to a 29-ft high. The codes for the explosion-isolation and construction-isolation wall are

specified by the Uniform Building Code (International Conference of Building Officials,

1994), with related seismic design requirements. The external loads for the solid block wall

are as developed in the methane-explosion and fracture propagation design evaluations.

Table 4-1
Constructability Design Calculations Index

L Section - Design Area [ Categor

1.0 Explosion-isolation wall W

2.0 Explosion-isolation wall seismic check S

3.0 Formwork design F

* The structural formwork for all cells is designed in accordance with the AIISC guidelines on

allowable stress (AISC, 1989). Lateral pressures are developed Using ACI 347R-88, using a

7standard concrete weighing 150 pounds per cubic foot (2,410 kg/rn3) with a slump of 8 inches

j~(20 cm) or less. Design loadings reflect full hydrostatic head of concrete, with lifts spaced at

4 ft (1.2 m) intervals from bottom to top through portals, with no external vibration. All

forms will remain in place.
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5.0 Technical Specifications

The specifications are in the engineering file room at the WIPI? and are the property of

Westinghouse Wit). These specifications are included as an attachment in Appendix G and

summarized in Table 5-1.

Table 5-1
Technical Specifications for the WIPP Panel-Cl.osure System

Division 1 - General Requirements_____________

Section 01010 Summary of Work

Section 01090 Reference Standards

Section 01400 Contractor Quality Control

Section 01600 Material and Equipment

Division 2 - Site Work ______________

__ Section 02010 Mobilization and Demobilization

ýection 02222 Excavation____________

~~ "Section 02722 Grouting _____________

Division 3 - Concrete

Section 03100 Concrete Formwork ____________

Section 03300 Cast-in.-Place Concrete

Division 4 - Masonry_____________ _____________

Section 04100 Mortar

Section 04300 Unit Masonry System
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6. 0 Drawings

The drawings (Appendix H) are in the engineering file room at the WJEPP and are the property

of the Westinghouse WID and summarized in Table 6-1.

Table 6-1
Panel-Closure System Drawings

[ Drawing Number [ ___________Title

762447-El Title Sheet

762447-E2 Underground Waste Disposal Plan

762447-E3 Air Intake Drift Construction Details

762447-E4 Air Exhaust Drift Construction Details

762447-E5 Construction and Explosion Barrier Construction Details

762447-E6 Grouting and Miscellaneous; Details

04
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. 7.0 Conclusions

This chapter presents the conclusions for the detailed design activities of the panel-closure

system. A design basis, including the operational requirements, the structural and material

requirements, and the construction requirements, was developed that addresses the governing

regulations for the panel-closure system. Table 7-1 summarizes the design basis for the

panel-closure system and the compliance with the design basis. The panel-closure system

design incorporates mitigative measures to address the treatment of fractures and therefore

counter the potential migration of VOCs. Several alternatives were evaluated for the

treatment of fractures. These included excavation and emplacement of a fully enlarged

barrier with removal of the DRZ, excavation of the roof and emplacement of a partially

enlarged barrier, and emplacement of a standard barrier with formiation grouting.

To investigate several key design issues and to implement the design, design evaluations were

performed. These design evaluations can be divided into evaluations satisfying the

operational requirements of the system and evaluations satisfying the structural and materials

requirements of the system. The conclusions reached from the evaluations addressing the. operational requirements are as follows:

0Based on an air-flow model used to predict the mass flow rate of carbon

tetrachloride through the panel-closure system for the alternatives, the air-flow

analysis suggests that the fully enlarged barrier is the most protective for

(7 restricting VOCs during the operational period of 35 years.

- Results of the FLAC analyses show that the recommended enlarged
conigraio i acicular rib-emn excavated to Clay G and under MB 139.

Interface grouting would be performed at the upper boundary of the concrete
barrer.

* The results of the transverse plane-strain models show that high stresses would

form in MEB 139 following excavation, but that after installation of the panel-

closure system, an increase in barrier-confmning stress and a reduction in shear

stress would result. The concrete barrier would provide substantial uniform

confining stresses as the barrier is subjected to secondary salt creep.

* The removal of -the fractured salt prior to installation of the main concrete barrier

would reduce the potential for flexure. With the removal of MEB 139, the

fractured salt stiffens the surrounding rock and results in the development of

more uniform compression.
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*The trade-off study also showed that a panel-closureI system with an enlarged
concrete barrier with the removal of the fractured salt roof and anhydrite in the
floor was found to be the most protective.

The conclusions reached from the design evaluations addressing the structural and material

requirements of the panel-closure system are as follows:

0 Existing information on the heat of hydration of the concrete supports placing
concrete with a low cement content to reduce the temperature rise associated
with hydration. The slump at the required strength would be achieved through
the use of plasticizers. A thermal analysis coupled with a salt creep analysis
suggest installation of the enlarged barrier at or below ambient temperatures to

adequately control hydration temperatures.

0 In addition to installation at or below ambient temperatures, the concrete used in

the main concrete barrier would exhibit the following:

- An 8 inch (0.2, meter) slump after 3 hours of intermittent mixing
- A less-than-.25-degree Fahrenheit heat rise prior to installation

~ - An unconfined compressive strength of 4,0(0) psi (28 MPa) after 28 days
- Volume stability

M Ninimal entrained air.

0 The trace amounts of brine from the salt at the repository horizon should not
degrade the main concrete barrier for at least 35 years.

* In 20 years, the open passage above the waste stack would be reduced in size.
Further, rooms with bulkheads at each end would be isolated in the panel. It is
unlikely that a long passage with an open geometry would exist; therefore, the
dynamic analysis considered a deflagration with a peak explosive pressure of
240 psi (1.7 MPa).

* The heat-transfer analysis shows that elevated temperatures would occur within
the salt and the explosion-isolation wall; however, the elevated temperatures will
be isolated by the panel-closure system. Temper-atuire gradients will not
significantly affect the stability of the wall.

* The fractures in the roof and floor could be affected by expanding gas products
reaching pressures of the order of 240 psi (1.7 MPa). Because the peak internal
pressure from the deflagration is only one fifth of th~e pressure, fractures could
not propagate beyond the wall.

The design options to satisfy the design requirements for the panel-closure system include

(1) a standard barrier, rectangular in shape, or (2) an enlarged concrete barrier, approximately
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spherical in shape. Options (1) and (2) will be grouted at the interface and may contain

explosion- or construction-isolation walls.

The design provides flexibility to satisfy the design migration limit for the flow of VOCs out

of the panels. An enlarged concrete barrier would be selected where the air-intake and air-

exhaust drifts have aged and where there is fracturing resulting in significant flow of VOCs.

These conditions apply to the most severe ground conditions in the air-intake and air-exhaust

drifts of Panel 1. If ground conditions are more favorable, such as might be the case for

future panel entries, the design can be simplified to a standard concrete barrier rectangular in

shape, with a construction isolation wall. GPR and observation boreholes are available for

detecting the location and extent of fractures in the DRZ. These methods will be used to

select the optimum location and appropriate panel-closure system.

The design is presented in this report as a series of calculations, engineering drawings, and

technical performance specifications. The drawings illustrate the construction details for the

system. The technical performance specifications cover the general requirements of the

system, site work, concrete, and masonry. Information on the proposed construction method

is also presented.

The design complies with all aspec! of the design basis established for the WLPP panel-

closure system. The design can be constructed in the underground environment with no

special requirements at the WIPP.
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APPENDIX A
* DERIVATION OF RELATIONSHIPS FOR THE

AIR-FLOW MODELS

A1.0 Introduction_______________
This appendix shows the unrestricted and restricted air-flow models used to determine the

performance of the panel closure system alternatives. These analyses are order-of-magnitude

estimates of the volume of gas that might flow through the panel seal systems at the Waste

Isolation Pilot Plant (WIPP).

A2.0 Model for Unrestricted Flow of VOCs________
A model for the unrestricted flow of volatile organic compounds (VOC) was developed to

predict the mass flow rates of VOCs and to compare this mass flow rate to the design

migration limit for VOCs. As gas generation and panel volumnetric creep closure proceed, a

mixture of gases containing the VOC concentrations flows from each waste container. It is

assumed for the unrestricted flow model that the headspace concentrations serve as a constant

source of VOCs. This assumption is highly conservative, because most containers only have

trace quantities of VOCs either trapped in the headspace or adsorbed on the surfaces of the

various waste forms. It is believed that only a small number of waste containers have

significantly greater sources of VOCs, such as a solvent-soaked rag or a can containing

residual partially dried paint. Only these waste containers have a likelihood of maintaining a

> constant headspace VOC concentration as gas generation proceeds. However, the exact

/< proportion of waste containers with higher VOC concentrations versus those with trace

7 quantities is currently unknown. These data are based on results of the characterization of

approximately 500 transuranic (TRU) mrixed waste drums at the Idaho National Engineering

Laboratory (IINEL) and Rocky Flats.

The VOCs migrate due to advection from volumetric closure of the panel void space at a rate

of about 28,250 ft3 (800 in') per year. Gas generation for the waste inventory at a rate of

0. 1 mole per drum per year (8,200 moles per panel per year) results in a volumetric flow rate

of 7,060 ft3 (200 in') per year. Because flow is unrestricted, the, VOCs migrate under a

pressure of one atmosphere. Other assumptions in the unrestricted model are as follows:
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*Any gases released into the mine atmosphere would be reduced in concentration

by 460,000' cfm of uncontaminated air. The mass flow rate of individual

VOCs from individual panels following their closure is summed to determine the

mass flow rate of VOCs through the exhaust shaft.

*This calculation considers the schedule for closure of individual panels as

illustrated in Figure A-i during the operational life of the WIEPP. The VOC
mass flow rate changes with time, with the maximum mass flow release

occurring after 10 panel equivalents have been closed, about 25 years.

" Each VOC is analyzed in the calculations. Carbon tetrachloride is the most

restrictive VOC in terms of satisfying the health-based levels for individual
VOCs.

" Open panels of waste will not be considered as a source contributing to the

emissions for a no-migration demonstration.

Considering only advection to result in the migration of VOCs, the mass-balance relationship

is:

where -

CP = Head space concentration for an individual VOC

QP = Flow rate of VOCs from the panel that may vary with time

es= Concentration of VOCs at the exhaust shaft.

Q = Underground ventilation flow rate for the exhaust shaft

Air dispersion modeling is used for evaluating the receptor concentrations at the WIPP site

boundary based upon the exhaust shaft source term. The air dispersion modeling considers

such factors as meteorological data, release velocity, release temperature, and proximity of the

WIPP site boundary to the exhaust shaft. The results of the modeling are expressed as a ratio

R of the concentration at the exhaust shaft to the concentration at at the WIPP site boundary:

CBS, : RChbI

This inequality can be-expressed in terms of mass flow rate:

'The design ventilation rate for the WIPP underground is 425,000 standard cfm (12,000 standard m'3 per minute)

under standard temperature and pressure conditions of 25 degrees Celsius and 1 atmosphere. The ventilation flow

rate of 460,000 cfm (13,025 in' per minute) is the observed ventilation rate at the repository horizon under actual

temperature and pressure conditions.
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CP* QP *1<Chb,

where

R =Ratio of the concentrations at the exhaust shaft to the concentrations at the

WIPP site boundary

CbbI = Concentration to satisfy the health-based level for the individual VOC.

The ratio of the concentrations at the WIPP site boundary, R equals 10,753, reflecting the

substantial atmospheric dispersion in reducing the concentration of VOCs.

The flow rates of VOCs from the panels are calculated for two mechanisms, gas generation

and volumetric closure, using the following:

Q = Q+ Q

where

gr= Volumetric flow rate due to gas generation' (200 M3 per year per panel)

= panuel). c flow rate due to panel volumetric closure (800 M3 per year per
panl)

Table A- I presents the closed panel release limits (migration limits) for VOCs based upon the

health-based concentrations of individual VOCs. This inequality can be rewritten as:

Table A-2 presents for a single closed panel and ten equivalent closed panels, the release rate

for individual VOCs at the end of the 35-year operating period.

For the WIPP site boundary, the VOC concentrations are reduced substantially in the

atmosphere. The above analysis shows that the concentration at the WIPP site boundary

would be approximately 4 orders of miagnitude lower than the concentration at the exhaust

shaft The predicted VOC mass flow rates due to unrestricted flow suffice to comply with the

'The volumetric flow due to gas generation is calculated as the gas generation rate (0.1 moles per drum per year)

times the number of drums within a panel times the specific volume under atmospheric pressure.
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Table A-i
Closed Panel Release Limits for VOCs

WIPP Site Boundary Health- Exhaust Shaft Concentration Closed Ten Panel

Based Exposure Levela Migration Limit Migration Limit

Compound J(micrograms per cubic meter) (micrograms per cubic meter) (grams per minute)

Carbon disulfide 10.00 107,530 1,400

Carbon tetrachloride 0.13 1,398 18

Chlorobenzene 20.00 215,060 2,801

Chloroform 0.09 968 13

1,1 -dichloroethylene 0.40 4,301 56

Methyl ethyl ketone 1000.00 10,753,000 140,045

Methylene chloride 4.26 45,808 597

1, 1,2,2-tetrachoroethane 0.35 3,764 49

Toluene 400.00 4,301,200 56,018

Table A-2
Closed Panel Release Rates for VOCs

Single-Panel Ten-Panel TTen-Panel*ouerc Vlmti SigePnlMs-lae
Average Headspace Release Rate Release Rate Mass-Release Rate

Concentration (milligrams (cubic meters (cubic meters Rate (grams (grams per
Compound per cubic meter)a per minute) per minute) per minute) minute)

Carbon disullide 0.41 0.0019 0.019 7.80 x 10-7 7.80 x 10-6

Carbon tetrachloride 3625.77 0.0019 0.019 6.90 x 10-3 6.90 x 10-2

Chlorobenzene 63.99 0.0019 0.019 1.22 x 10 - 1.22 X 10-3

Chloroform 76.79 0.0019 0.019 1.46 x 10 - 1.46 x 10-3

1 ,1-dichloroethylene 48.68 0.0019 0.019 9.26 x 10-5 9.6 4 0

Methyl ethyl ketone 241.73 0.0019 0.019 4.60 x 10 - 4.60 x 10-3

Methylene chloride 3387.03 0.0019 0.019 6.45 x 10-3 6.45 x 10-2

1,1,2,2-tetrachloroethane 69.65 0.0019 0.019 1.33 x 10 13 x 10-

T oluene 105.51 0.0019 0.019 2.01 x le 2.01:X 103

aWestinghouse Electric Corporation, 1995, "Underground Hazardous Waste Management Unit Closure Criteria for the Waste Isolation

Pilot Plant Operational Phase,' WIDM'IPP-2038, Westinghouse Electric Corporation, Waste Isolation Division, Carisbad, New Mexico.
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closed ten-panel migration limit based upon the health-based levels at the WIPP site boundary

over the operational life of the repository.

A3.0 Air Model__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

The modeling assumptions for the restricted air-flow model are as follows:

"The gases are generated at a specified rate (0.10 moles per drum per year).

* The gases flow out of the panel entries according to Darcy's law under quasi-
steady state conditions.

* The gases within the pore space obey the ideal gas law

" The rates of gas generation, gas outflow, and change in compressive storage
must balance.

* Hydrodynamic dispersion is neglected in the analysis.

After panel closure, the volume, moles of gas, and pressure are changing as functions of time.

The ideal gas law (Hiller and Herber, 1960) is written as:

P n*R*T
V

where

p = Pressure/

n = Moles of gas in the panel

R = Universal gas constant
T = Absolute temperature

V = Volume

Differentiating with respect to t and using the chain rule, we obtain the following relationship:

dn * V-ndV

5P R* d t dt

dt v

The volumetric closure rate is negative and constant as discussed below. The rate at which

gas enters the panel minus the rate that gas leaves the panel must equal the change in moles

stored. We obtain the mass-balance relationship:
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dn r P*S A * P-Patm

where ~S

gr Panel gas generation rate

Patrn Atmospheric pressure

y = Air density

Ks Effective panel closure system conductivity

A = Cross-sectional area

L = Length of flow path

We define the conductance (C) as:

and substituting into the ordinary differential equations (ODE), we obtain

dr g P *C* PPatrn -ndV
dP =R T*. R*T 7dt
dt v

dn = gr CP-Patm

dt R*T Y

These two first-order coupled ODEs can be solved by a simple explicit finite difference

technique:

Pj-i C ~P'i-i Patm *V

Pj = Pj1+ R * T * RTy- dt * At
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nj = nji-i + gr 4 C* cPji- Patm A

where

pj, nj = the pressure and moles of gas at the current time step

Pi11 . njI = the pressure and moles of gas at the previous time step

subject to the boundary condition that the initial pressure equals atmospheric pressure, and the

initial moles of gas can be determined by the ideal gas law at initial volume and pressure.

Further note that the volume can be expressed as the linear function:

V(t) = a * t +

where

a = slope of the volume-time relationship

P = intercept of volume-time relationship

t = time

These expressions can be substituted into the above explicit finite difference relationships, and

the pressure and molar air flow rates determined as functions of time.

dV ' '

dt
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APPENDIX B
* CALCULATIONS IN SUPPORT OF PANEL GAS

PRESSURIZATION DUE TO CREEP CLOSURE

8. 1.0 Introduction________________
This appendix presents the closure mechanisms and supporting calculations for panel

volumetric closure for the analysis of gas pressurization within a closed panel at the Waste

Isolation Pilot Plant (WIPP). The volume reduction is due to the panel volume change from

viscoplastic creep closure of the walls, roof, and floor. As the walls, roof, and floor of the

excavations converge, the total volume of the panel decreases. The volumetric closure of a

panel is the result of several different mechanisms working in tandem. These mechanisms

include:

" Viscoplastic creep of the salt toward the excavation

" Fracturing in the roof and floor caused by the deviatoric stresses

around the excavation

* Bed separation at the clay seams in the roof and the floor.

The combination of these three mechanisms causes the observed convergence rates in

Panel 1. Of these mechanisms, only creep of the salt reduces the total volume of the panel

and pore space in the surrounding disturbed rock zone (DRZ). Fracturing in the roof and

floor and bed separation transfer the void volume within the excavation to the DRZ. This

void volume within the DRZ is assumed to be interconnected with the open excavation.

Therefore the total reduction in volume within the panel, based simply on room closure,

overestimates the effective reduction in void volume. However, quantifying the amount of

interconnected void space within the DRZ would require a much more detailed analysis. The

total volume change calculated from the room closure measurements is therefore considered

conservative.

Other assumptions made in this calculation are:

" The volumetric closure rates are constant after panel closure.

" The waste in the panel provides no significant resistance to creep closure during

the initial 35 years.
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" The air volume is the total volume of the excavations minus the solid volume of

the waste in drums or other waste packages. This is estimated to equal
138,000 ft3 (3,908 in').

" The closure rate of each room in the panel equals the closure rate at the

midpoint of the room.

" The length of each room or drift is constant; to simplify the calculations, only
the width and height change with creep closure.

" The panel is comprised of seven rooms and two panel access drifts.

8.2.0 Panel Volume Change Calculation________
The panel volume change calculation is performed by first calculating the initial panel

volume, then calculating the room and drift closure rates, and finally calculating the panel

volumetric closure rate. Following is a detailed description of each part of the calculation.

B.2. 1 Initial Panel Volume
The initial panel volume is determined immediately after completion of excavation. The total

volume is calculated by summing the individual room and drift volumes within the panel.

These volumes are based on the as-built dimensions of the excavated rooms and drifts in

Panel 1 (DOE, 1993). Table B-1 presents the room and drift dimensions and the calculated

volume of each room and drift. The volume of the air-intake and air-exhaust drifts is not

included. The total initial volume of Panel 1 is 1,669,434 ft3 (47,273 Mn).

The total solid volume of the waste in a filled panel is 138,000 f19 (3,908 Mn) (DOE, 1994;

Butcher, et al., 1991). Subtracting the waste volume from the total panel volume gives the

Stotal initial air volume (1,531,434 ft3 [43,365 Mn3 ]) in the panel.

B.2.2 Closure Rates
Using convergence data from Panel 1 the average closure rates of the rooms and drifts are

determined (DOE, 1993). Closure rates within the rooms and drifts are higher in the first five

years after excavation. The roof-to-floor and wall-to-wall closure rates for each of the rooms

and drifts are presented in Table B-2.

Because all of the excavations in Panel 1 are approximately 13 x 33 ft (4 x 10 in), the closure

rates for each room or drift are the same.
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Table B-i

Initial Room and Drift Dimensions and Volume
of Panel I

Initial Initial 1 Initial l nftial
Width Height Length I Volume

Room or Drit (ft) (f) (ft) (ift)

Room 1 33 13 300 128,700

Room 2 33 13 300 128,700

Room 3 33 13 300 128,700

Rom433 13 300 128,700

Rom533 13 300 128,700

Rom633 13 300 128,700

Rom733 14 300 138,600

South 1950 panel access 33 14 848 391,776

drift__ _ _ _ _ _ _ _ _ _

South 1600 from Room i to 33 13 573 245,817

Room 5__ _ _ _ _ __ _ _ _ _ __ _ _ _ _

South 1600 from Room 5 to 33 14 262 121,044
Room 7

Total Initial -Panel Volume 1,669,437

8.2.3 Volumetric Panel Closure Rate
Using the closure rates from Table B-2, the dimensions of the rooms and drifts in Panel 1 can

be calculated at the end of each progressive year or for subsequent years using the following

equations.

For 0 to 5 years after excavation:_

V= -(wi -RHt) x(h, -Rvot) xI
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Table B-2

Room and Drift Closure Rates
(DOE, 1993)

I Vertical Closure Rate Horizontal Closure Rate

0Oto 5Years > 5 Years 0Oto 5Years 1 >5 Years
Room or Drift M tY) j (ft/yr) (ft/yr) j (ft/yr)

Room 1 0.3194 0.2109 0.2234 0.1160

Room 2 0.3194 0.2109 0.2234 0.1160

Room 3 0.3194 0.2109 0.2234 0.1160

Room 4 0.3194 0.2109 0.2234 0.1160

Room 5 0.3194 0.2109 0.2234 0.1160

Room 6 0.3194 0.21 09 0.2234 0.1160

Room 7 0.3194 0.2109 0.2234 0.1160

South 1950 panel access drift 0.3194 0.2109 0.2234 0.1160

South 1600 from Room i to 0.3194 0.2109 0.2234 0.1160
Room 5

South 1600 from Room 5 to 0.3194 0.2109 0.2234 0.1160
Room7 ____

For greater than 5 years after excavation:

V, (i -RH t x h, Rv5t-5 - R05)x 1

where

Vt = Volume of the room at time t

t =Time (in years)
wj= Initial room width
hi= Initial room height
li = Initial room length

RH = Horizontal closure rate (ft/year)
Ro= Vertical closure rate for first 5 years (ft/year)

Rv5 = Vertical closure rate -after 5 years (ft/year).

We obtain the incremental change in volume:
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AV= V,-V2

where

V, = Volume of room at time t1 (ft3)

V2 = Volume of room at time t2 (ft3)

AV =Change in volume of room between time tj and t2 (ft3)

t1 , t2 = Years after excavation

The volume of all the rooms within the panel is calculated at the time of four years after

excavation, when the waste is assumed to have been emplaced the amount of time required

for waste emplacement (Table B-3). The total volume of the panel after four years is

1,469,112 ft3 (41,601 in3 ) . The volume of the panel is then calculated at five years after

excavation or one year after panel closure (Table B-3). This volume is 1,420,312 ft3

(40,219 Mn) , and the volume reduction in that year is 48,800 ft3 (1,382 in).

The initial volume in a closed panel after approximately four years is obtained ftom the total

volume at four years (1,469,112 fW [41,601 M3 ]1) minus the solids volume (138,000 ft3

W[3,908 in 3 ]), or 1,331,112 ft3 (37,693 in). This volume is used as the initial volume for the

restricted air-flow model calculations.

The rate of change for panel volume is assumed to be constant for the first five years after

excavation, because the vertical and horizontal closure rates are constant during this period.

(Actually, rate of volume change over time decreases slightly with each year due to "corner

effects," but this error is less than 2 percent and is considered insignificant.) Table B-3 also

shows the panel volumes at 15 and 16 years after excavation and the change in volume

between those years. The volumetric panel closure rate is 28,673 ft3 per year (812 M3 per

year). This is the rate in volume change per year in the panel from five to approximately 35

years after excavation.

At approximately 16 years after excavation, the roof comes in contact with the waste stack.

Only 35 years after excavation does the waste stack begin to provide significant resistance to

creep (approximately 2 MPa). This resistance is expected to slow the vertical convergence

rate by some amount.
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Table B-3
Panel Volume at Various Times

Volume of Room (ft3) _____

Room or Drift At 4 Years At 5Years At 15 Years At 16 Years

Room 1 112,914 109,069 85,662 83,401

Room 2 112,914 109,069 85,662 83,401

Room 3 112,914 109,069 85,662 83,401

Room 4 112,914 109,069 85,662 83,401

Room 5 112,914 109,069 85,662 83,401

Room 6 112,914 109,069 85,662 83,401

Room 7 122,545 118,633 94,879 92,583

South 1950 panel access 346,395 335,337 268,191 261,702
drift _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

South 1600 from Room 1 215,665 208,321 163,614 159,296
to Room 5

South 1600 from Room 5 107,023 103,607 82,861 80,856
to Room 7 _____

Total Volume of Panel 1 1,469,112 1,420,312 1,123,529 1,094,856]

Change in Volume 48,800 _______j 28,673 ]

B.3O Reference

Butcher, B. M., T. W. Thompson, R. G. Vanfluskirk, N. C. Patti, 1991, "Mechanical

Compaction of Waste Isolation Pilot Plant Simulated Waste," SAND9O-1206, Sandia National

Laboratories, New Mexico.

U.S. Department of Energy (DOE), 1993, "Geotechnical Analysis Report, July 1991 through

June 1992," DOE-WIPP 93-019, U.S. Department of Energy, Washington D.C.

U.S. Department of Energy (DOE), 1994, "Panel One Utilization Plan," WIPP/WID-94--2027,

Westinghouse Electric Corporation, Carlsbad, New Mexico.
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APPENDIX C
* FLAC MODELING OF THE PANEL CLOSURE SYSTEM

Numerical modeling is considered one of the better methods available for quantifying the

interaction of concrete barriers with the surrounding media. Therefore, a series of models

have been developed for this report to evaluate the interaction of the main concrete barrier of

the panel closure system with the surrounding salt for different alternatives and concrete

barrier geometries. This appendix discusses the code used and describes the material

constitutive models used in the stress analysis.

C.1.O0 The FLA C Code____________
FLAC software has been used for numerical modeling of the underground excavations at the

WIPP since 1991. FLAC is a two-dimensional explicit finite difference code that simulates

the behavior of rock and soil-like structures. The WIPP Reference Creep Law is built into

FLAC and has been verified to Nuclear Regulatory Commission standards (Itasca, 1995). In

addition, all versions of FLAC used by the Westinghouse Waste Isolation Division have been

verified against the WLEPP Second Benchmark Problem (Krieg, 1984).

C.2.0 Material Constitutive Models__________
The material properties associated with the material constitutive models are given in

Tables C-1 through C-3. These properties are the standard properties which have been used

in previous WII'P geotechnical FLAC modeling such as the Backfill Engineering Analysis

Report (BEAR) (IT, 1994). Note that the stress analysis of the concrete barrier also uses the

same stress-strain relationship for the uncompacted crushed salt as was used in the BEAR.

The stress analysis in Figure 4-4 used uncompacted crushed salt on one side of the enlarged

concrete barrier and open void space on the other side. The crushed salt has subsequently

been eliminated from the panel closure system final design. The symmetry in the principal

stress plots for the enlarged concrete barrier analysis indicated that the presence or absence of

the crushed salt does not significantly affect the stresses within the enlarged concrete barrier.

Therefore, the FLAC analysis results presented in Figure 4-4 apply'to the'panel closure

system final design.
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Table C-18

FLACb Model Time-Dependent Material Properties

Property IIHalite -T Argillaceous Halite Halite, 10% Polyhallite

Bulk modulus (GPa) 20.7 20.7 22.1

Shear modulus (GPa) 12.4 12.4 13.2

Density (kg/rn3) 2,300 2,300 2,300

Activation energy (cal/mol) 12,000 12,000 12,000

A 4.56 4.56

B 127 127 _ __

D (Pa' 8 /s) 5.79x 0-" 1.74xl103 5.21 x1 1--

n 4.9 4.9 4.9

Gas constant (cal/mol K) 1.987 1.987 1.987

Critical strain rate 5.39x1 0- 5.39x10Cr 5.39x10-3

Table C-28

FLACb Elastic Material Properties

ProprtyAnhydrite Polyhalite ] Concrete J
Bulk modulus (GPa) 83.4 65.8 11.6W

Shear modulus (GPa) 27.8 20.3 9.0

Density (kg/rn3 ) 2,300 2,300 2320

Cohsion (MPa) 
27 17.2

Friction (degrees) 29 46.5

Table C-3a

FLACb Clay Seam Material Properties

Property T. Value

Normal stiffness (Pa/rn) 1.0X10 12

Shear stiffness (Pa/rn) 5.0x1010

Cohesion (Pa) 0.0

Friction (degrees)5

*IT, 1994
bFLAC =Fast Lagrangian Analysis of Continua A,B,n = unitless model factors

GPa = Gigapascal(s) D = model factor

kg/rn3  = Kilogram(s) per cubic meter Pa/rn = Pascal(s) per meter
cal/mol = Calorie(s) per mole MPa. = Megapascal(s)
Pa74

9 /S = Pascal(s) to the negative 4.9 per second
cal/mol K = Calorie(s) per mole Kelvin
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APPENDIX D
BRINE/CEMENT INTERACTIONS

Concern about potentially deleterious constituents in the Waste Isolation Pilot Plant (WIPP)

brines were initially raised when evidence of some minor concrete deterioration in the waste

shaft key was noted. The cause is geochemidcal alteration of the concrete shaft liner and shaft

grout by the brine present at the Rustler-Salado contact. Chemical constituents detected in

brine samples included both organic and inorganic compounds that probably originated from

dissolution of the concrete liner and grout materials'used in the shaft construction. The

presence of large amounts of organics that likely originated from the chemidcal grout appeared

to have complexed the calcium present in the brine, interfering with the inorganic chemidstry

of the naturally occurring brine. The brines in contact with the waste shaft key were also

found to be significantly higher in both chlorides and magnesium than the Salado Formation

brine. These factors probably resulted in a Rustler/Salado brine chemistry more aggressive

than that of the naturally occurring Salado brines that may contact the panel barrier.

Lankard Materials Laboratory (LML) (1992) concluded that there has been both a "physical

* attack" component and a "chemical attack" component acting upon the waste shaft key by

brines. A "worst-case" scenario proposed by LML indicated that deterioration from both

chemical and physical factors could result in a loss of material on the shaft side of the

concrete liner at a rate of approximately 12 centimeters (5 inches) over a 50-year period.

The very local deterioration of the waste shaft key concrete resulted in some reduction in its

load-bearing capacity and some increase in its permeability to brine infiltration. In addition,

exposure of chemical residue deposits to the air within the shaft may have created a spalling

effect that also facilitated local concrete deterioration on the interior (shaft opening) side of

the liner.

Sandia National Laboratories/New Mexico (SNL/NM) studied the effect of high-magnesium

brine interactions on various candidate barrier materials (SNL/NM, 1994). High-magnesium

brines are characteristic of the Rustler-Salado contact, which is the -location of the waste shaft

key. The study was intended to evaluate chemidcal impacts to mass-concrete barriers in the

WLPP panels and to the Salado Formation. However, the results of the study were also used

to evaluate the cause of the deterioration of the waste shaft key. IT Corporation (IT) (1994),
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in a separate study, also evaluated the geochemnistry of brines associated with the waste shaft

key near the Rustler-S alado Formation contact.

Both studies concluded that the brines have chemically reacted with the constituents in the

concrete and grouts used in the waste shaft key liner. The SNL/NM (SNL/NM, 1994) study

theorized that the loss of the liner's strength was facilitated by the loss of calcium from the

concrete liner. SNL/NM noted that the magnesium present in the brine replaced calcium in

the concrete, but the replacement process occurred as a delayed reaction. Magnesium

replacement did not occur until after the structural integrity of the waste shaft key liner was

already impacted negatively by the loss of calcium, which increased the porosity of the liner.

This resulted in a more open and permeable microstructure not attributable solely to a

weakening effect from magnesium replacement. Both the IT and SNL/NM studies supported

the conclusion that the waste shaft key liner deterioration occurred only locally and in the

outermost reaction zone of the liner, so that the structural integrity of the liner as a whole was

not significantly impacted. SNL/NM proposed that further deterioration of the liner may be

limited only to areas of the concrete liner that develop stress fractures.

Wakeley et al. (1993) studied salt-saturated concrete and grout emplaced in the floor of the

WIPP repository six years before its retrieval. The concrete and grout used in the study were

cementitious, rather than organic. In retrieving the concrete and grout plugs, the plugs were

overcored to also retrieve some host rock.

The study concluded that little to no deterioration occurred to the concrete or grout and that

general compressive strengths of the concrete and grout increased over time. The lowest

compressive strength values were observed in samples taken from the disturbed rock zone.

Reaction rims with increased permeability were noted on anhydrite surrounding the plugs,

suggesting interaction between the grout or concrete and host rock. However, comparable

evidence of a reaction with the concrete or grout was not seen. There was also evidence of

dissolution of halite in the anhydrite zone near the plugs; however, the evidence also indicates

that the presence of the halite facilitated better bonding between the grout or concrete and the

host rock. Crystallization of new phases was also noted on free surfaces, indicating that

strongly ionic magnesium-bearing fluids were present and moving. The fluid movement

appeared to have no effect on the host rock other than to improve bonding.

The differences in the appearances, strengths, and phase assemblages between the

grout/concrete plugs in the study discussed above and the waste shaft key liner concrete are
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different enough that two extremely different service environments can be inferred. The

magnesium level and fluid transport are apparently much greater in the waste shaft key

location, facilitating a greater degree of deterioration of the waste shaft key concrete than was

noted in the plugs studied by Wakeley et al. (1993). The waste shaft key concrete liner was

also composed of organic constituents, which appeared to be more reactive with the brine

chemidstry. The main concrete barrier will be located in a service environment similar to that

studied by Wakeley et al. (1993), where very midnor amounts of brine would contact the main

concrete barrier.
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APPENDIX E

* PREVIOUS STUDIES OF
PANEL-CLOSURE SYSTEM MATERIALS

In researching the available literature relating to panel-closure system designs and materials,

studies on both long-term and short-term barrier performance were evaluated. The intended

function of the main concrete barrier described in this report is to provide short-term

(35 years) barrier capability until the repository host rock reconsolidates around the barrier.

However, studies on long-term barrier performance were found useful for the panel-closure

system material compatibility evaluation performed for this document. The results of these

studies provided insight into the complex issues to be considered for selecting an appropriate

concrete and grout for the panel-closure system.

Stormont (1987) studied small-scale seal performance tests (SSSPT). The SSSPTs were

designed as in situ experiments to evaluate the performance of candidate seal materials.

Barrier systems consisted of the barrier itself, the barrier-rock interface, and the surrounding

rock. The system performance was evaluated using thermal/mechanical and fluid flow (both

gas and brine) data generated by testing under expected repository conditions. Thermal,

mechanical, and hydrologic performance of the barriers was evaluated. Test Series A

consisted of a bulkhead constructed of salt-based concrete. Regarding hydration of the

concrete, stresses and strains induced in the rock and the barrier were a result of hydration.

Stresses and strains also resulted from the salt creep and from the panel-closure system

material. Evaluation of these stresses and strains yielded information about the stability of

-* the barrier system and the structural/fluid flow relationship. The permeabilities of the barrier

material with respect to gas and brine were important for evaluating the potential for a

repository breach scenario. Test Series A was conducted in geologic horizons that included

bedded halite and interbeds of clay and anhydrite.

Three types of concrete were evaluated for the Test Series A study: salt-free concrete, salt

concrete, and expansive salt-based concrete. The latter proved to yield the most favorable

results due to its significant expansive properties, which create a ight interface; its

workability (about 4 hours); and for its ability to inhibit dissolution of surrounding salt during

cement hydration.
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Stormont (1988) also studied the performance of grout and concretes as constituents of main

concrete barriers for the panel-closure system. The use of cementitious grouts within the

disturbed rock zone adjacent to the main barrier was determiined to be detrimental at times, as

it could facilitate fracture propagation. To prevent the load reaction causing the fracture

propagation, Stormont proposed the emplacement of rigid concrete at the main barrier

location. Stormont's investigations of concrete to form the actual main barrier indicated that

concrete is impermeable, and any associated leakage across the barrier would occur at the

concrete/rock interface zone. Leakage could be attributed to concrete shrinkage and the

integrity of the rock itself. However, Stormont noted that the presence of halite in the host

rock would result in compressional forces exerted on the concrete barrier over time, with little

or no leakage occurring.

SSSPT performed by Stormont (1988) and Finley and Tillerson (1992) evaluated salt-based

concrete, bentonite, and salt blocks for barrier performance. In the salt-based concrete

barriers, both brine and gas migration across the barrier-rock interface were retarded by salt

creep adjacent to the barrier and the expansive properties of the salt-based concrete. The salt-

based concrete barriers also withstood significant back-pressure forces. Bentonite and salt

blocks did not perform as satisfactorily with respect to their load-bearing capacities or fluid

permeabilities.

Hansen et al. (1994) discussed barrier materials for vertical shaft environments in terms of the

barriers' long- and short-term components. The single long-term component envisaged in N

their studies was reconsolidated salt, especially engineered to achieve a barrier function in

approximately 100 years. However, short-term materials included concrete, bentonite, grout,

chemical seal rings, and potential alternatives, although the alternatives were not included in a

reference barrier design. Each barrier component had a functional requirement to prevent the

passageways from becoming the preferred passageways for transport of brines or gases to or

from the repository. Short-term components provided barriers to brine and groundwater

inflow to the consolidating and long-term members and to the repository. The composition of

each selected barrier was based on experience in the mining industry, assurance of function

through test results, and compatibility _with the stratigraphy in which the baffler was placed.

The authors looked at specific geologic horizons with respect to their ability to prevent brine

and gas flow.

Test Series B (Peterson et al., 1987) more likely approximated the configuration of the

proposed panel baffler, which will be emplaced in a horizontal drift leading to the waste-
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emplacement panels. The type of material used in the testing was a salt-saturated expansive

V concrete, as was used in Test Series A.

In both the A and B test series, the parameter of primary interest was the barrier permeability.

For calculational purposes, it was assumed that all flow goes through the barrier. However,

some flow may enter the surrounding formation as well, although it is difficult to determine

and quantify. Factors affecting measured flow rates through the barrier would include the

pressure under which the brine was flowing. If a brine was saturated with respect to its

liquid phase at ambient conditions, added pressures may decrease its saturation and encourage

dissolution of the surrounding halite.

In one test, barrier brine flow rate decreased slowly with time; this is an important

consideration when modeling long-term response. Possible mechanisms causing this decrease

include precipitation, healing, or creep closure of open pore spaces. Estimates of brine and

gas permeabilities depend strongly on the degree of pore saturation.

Only gas-flow tests were performned in the B Series. All of the barriers leaked (though at

slow rates) in the B Series tests. No leakage occurred at the barrier/formation interface.

Leaks were associated with a small formation fracture and with an instrumentation bundle.

Gas-flow tests performed approximately one year later indicated no leakage associated with

the barriers.

Test Series C (Stormont et al., 1987) consisted of salt and salt-bentonite block baffler material

emplaced in a horizontal drift within almost pure halite. Four bafflers were composed of salt

* blocks, and four bafflers consisted of salt-bentonite blocks. Four of the bafflers, two

representing each type of material described above, were evaluated without instrumentation,

for fluid flow and permeability testing. Instrumentation and cabling are often leak paths for

such testing. The instrumentation used in the other barriers measured deformations and

pressures and provided other important data. The data suggest that crushed salt provides very

little resistance to closure until the crushed salt is very dense. Deformation experiments were

designed to verify or refute this evidence.

Principal advantages to salt-block emplacements as opposed to mechanical or pneumatic

backfilling were that initial porosity of the crushed or granular salt was minimized, reducing

the time required for effective or complete salt consolidation. This in turn reduced the

likelihood of brine influx from the surrounding strata that could impede the consolidation
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process. Block emplacements also allowed considerable control over production and

emplacement. Blocks could be tailored to achieve certain properties, such as addition of

bentonite or moisture.

Experiments with different types of blocks indicated that the relative density of the blocks

increased with the maximum particle size used. Further, blocks cured in humid environments

became extremely friable and unviable. Within the Waste Isolation Pilot Plant (WIPP)

facility, the humidity of the ventilation air is below the critical humidity of 75 percent (the air

will take moisture from the salt).

Blocks cured at ambient conditions were the most resilient in that they resisted chipping and

shattering. Their "toughness" was a result of the development of an indurated "skin" from

particle caking. Caking occurs when moisture at particle contacts is evaporated, resulting in

bridging and midcrocrystalline growth that essentially cements the particles together. However,

an indurated skin may also hinder consolidation at the interfaces between blocks from a lack

of available water believed necessary for rapid consolidation.

The purpose of adding bentonite to salt blocks was to reduce the permeability without

requiring extensive consolidation. Data collected indicated that permeabilities to brines and

water fell off to microdarcy values somewhere between 25 and 50 percent bentonite by

weight. For this experiment, a 1: 1 ratio of salt to bentonite was used. Over 90 percent of the

bentonite was composed of the clay mineral montmorillonite. Water was also introduced into

the mixture.

Salt/bentonite blocks cured in the humid environment took sufficient moisture from the air to

become extremely friable, and therefore, unviable. Under covered conditions, less moisture

was lost. Salt/bentonite blocks were also tougher than salt-only blocks. Also, greater

amounts of moisture contributed to a tougher block than the addition of less moisture.

The use of mortars was necessary to fill the voids between the blocks and the borehole wall.

Mortar was generally only emplaced into the interface and not between blocks. The mortars

were composed of the same materials as the blocks.

In summary, both types of blocks were found to lose excessive moisture to the dry mine

atmosphere unless they were covered between the time of production and the time of

emplacement. Initial fluid flow testing of the salt/bentonite barriers revealed that erosion
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along the block/rock interface occurred when the brine was introduced too rapidly to allow

the bentonite to take up the water and swell to shut down flow paths. Subsequent testing

with slower introduction of brine confirmed this result, that is, salt/bentonite blocks could be

effective barriers to brine flow. Structural measurements provided data to test laboratory

models of salt consolidation. To date, the measurements do not contradict model predictions

of the barriers providing little resistance to hole closure until they become very dense.

The concrete and grout used in the above-referenced study were developed by Gulick and

Wakeley (1989). They proposed expansive salt-saturated concrete (ESC) and grout midxtures

that yielded favorable results for suitability as panel baffler and grout materials during the

in-place testing at the WIPP repository. The grout composition was summarized in the text

of this report in Section 2.2.1. The formulation for the ESC is shown in Table E-1.

Table E-1
Expansive Salt-Saturated Concrete

Component Percent of Total Mass.Class H cement 9.03

Chem comp 111 6.03

Cal seal (plaster) 1.80

Class C fly ash 5.10

Fine aggregate 34.11

Coarse aggregate 34.58

Sodium chloride 2.50

Defoaming agent 0.21

Sodium citrate 0.11

Water (iced) 6.60

Class H cement is a standard oil-well cement. It has been used extensively in grouts and

concretes in underground applications:- Class C fly ash contributes-expansive properties to the

concrete. Cal Seal (a plaster of paris manufactured by Haliburton) also develops expansive

properties in midxtures containing Class H cement. Expansive components that are added to

the concrete or grout mixtures enhance bonding between the concrete or grout and the host

rock. The addition of sodium chloride to the mixture is necessary to assure that the water
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content of the concrete or grout is in equilibrium with the host rock. This prevents

dissolutioning, and also inhibits or reduces deterioration of the concrete or grout. Defoaming

agents inhibit air entrainment in the concrete or grout mixture.
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APPENDIX.F
* HEAT TRANSFER MODEL DERIVATION

METHANE EXPLOSION

Under the conditions of a postulated methane explosion within the panel, the temperature of

the gas is raised by the combustion process to an initial value Tg init with time t = 0

corresponding to initial conditions in the panel. Subsequently, the gas temperature in the

panel decreases as heat is transferred to the surrounding salt and to the two explosion-

isolation walls in the air-intake and air-exhaust drifts of each panel.

At time t = o the pressure in the panel is Pni based on panel closure due to creep and the

elevation in pressure resulting from the explosion. Thus, the rise time of the temperature is

not considered in the model.

At time t = 0, the volume of the panel is Vini and is assumed to remain constant throughout

the cooling of the gas in the panel because of the short duration of the explosion. This means

that the effect of creep on the panel volume is assumed negligible during the postulated

explosion. The initial volume is given by:

Viit = panel - waste Ycreep

where

int = Initial volume

V anel = Volume of the panel
VP = Volume of the waste

Vcrep =Volume reduction due to creep

and is taken as given at the start of the heat transfer analysis and assumed to remain constant

during the transfer of heat to the panel walls, roof, and floor.

F. 1.0 Heat Balance__________________
Assuming a constant volume is equivalent to stating that any creep closure of the panel

volume during the explosion and subsequent cooling can be neglected.
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dQvolume of gas = Owls floor, roof

where Qvoiume of gas represents the heat contained in the hot gases subsequent to an

explosion, q is the heat flux rate at the boundaries of the panel volume, and Awaiis, floor, roof

is the surface area of the panel volume.

Following D'Appolonia (1978) it is conservatively assumed that the heat transfer to the

surrounding walls, floor, roof, is related to the rate of change of enthalpy of the reaction

products gas. Thus, the heat content of the room is given by:

dQvolume of gas -nC -dT

dt P dt

where n is the number of moles of gas in the room subsequent to the explosion, Tg9 is the gas

temperature, and Cpis the heat content of the gas at constant pressure.' Thus,

nC~ ..2g = qAwalls5 floor, roof (1)W

F.2.0 Moles of Gas_________________
The gas in the panel subsequent to the explosion is a mixture of the combustion products of

the explosive gas which is taken to be a mixture of methane, CH4 and air. Because methane

can explode with other than a stoichiometric air/methane mixture (i.e., the methane

concentration in air for an explosion to occur is a range as opposed to a single value), it is

impossible to determine the number of moles of combustion product gas precisely. Thus, it is

assumed that the explosion occurs with a stoichiomnetric air/methane mixture.

'The specific beat at constant volume is used even though the explosion or rapid combustion of the methane-air

mixture occurs at constant volume because the rate of change of enthalpy as opposed to internal energy has been

used.
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* F.2 1 Mixture
The stoichiometric reaction for methane is (Bodartha, 1980):

CH4 + 202 = CO 2 + 2H20

with the moles of air given by:

n =i 4.77(2) = 9.54 mole air/mole methane

or 9.54 moles of air are required to provide 2 moles of oxygen. Using a ratio of 9.54 moles

of air per mole of methane, the total moles of gas at the time of the explosion would be:

n= (9.54 + I)n CH4

The number of moles of nitrogen in the air and in the combustion products gas is 3.77(2)

7.54 moles/mole of methane (Bodartha, 1980). Thus,

7.54 moles N2 + 2 moles 02 + 1 mole Gil4 =

7.54 moles N. + 1 mole CO2 + +2 moles 1120

On a molar basis the reaction products are 7 1.5% nitrogen, 9.5% carbon dioxide, and 19%

water vapor. This compares with a reaction product that is 72.9% nitrogen, 11.6% carbon

dioxide and 15.5% water vapor when propane is burned at a stoichiometric ratio

(D'Appolonia, 1978). Also, 10.54 moles of the methane-air mixture produces 10.54 moles of

reaction products. Thus, the number of moles of air/methane prior to the explosion is the

same as the number of moles of the product gas and the above relation for n will be used to

compute the heat content in a panel prior to cooling.

n = 10.54 nCH4 (2)

Substituting (2) into ()

lO.~nC 4 C d
10.5 n H4 CP d g =qA alls florroof
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g - ~ als loor,. roof 

(3)

_U 10.54 nCH4 C,,

is the differential equation for the time rate of change of the gas temperature in the panel

following an explosion.

F.2.2 Specific Heat
The specific heat, Cp, of the combustion products of the explosion is required by equation

(3). In general, the specific heat is a function of temperature over large temperature ranges.

Figure c-i shows plots of specific heats of the combustion products of stoichiometric:

propane-air mixtures and methane-air mixtures based on data from D'Appolonia (1978) and

Reid, et al., (1977). The curves for propane-air mixtures are shown for comparison between

the Reid, et al. data and the D'Appolonia data.

For an explosion temperature on the order of 2400 degrees kelvin (*K), and using an average

of the wall temperature and gas temperature to evaluate the specific heat, the temperature

dependence curve will be evaluated in the region of 1400 *K which is about the maximum

useful temperature for the Reid, et al. data.

As shown on Figure F-i, the Reid et al. (1977) and D'Appolonia (1978) data agree well up to

a temperature of approximately 1400 OK. At the greater temperatures Reid et al. (1977), and

other data indicate a decrease in specific heat with greater temperatures which is not

consistent with expectation.

Figure F-2 shows a comparison of Reid et al. (1977) and the D'Appolonia (1978) data

multiplied by 0.96 1, the ratio of specific heats for a methane-air mixture to a propane-air

mixture at 300 'K. Below 1400 'K the agreement is very good. Above 1400 'K the curve

based on the D'Appolonia data remains valid. Therefore, the specific heat of the combustion

products formed from a stoichiometric methane air mixture as a function of temperature is2

=1.29- X 10-3 T + 7.3353 - 32682- (4)

P T 2

'Equation (4) was obtained by multiplying Equation (9) of Appendix B of D'Appolonia [1978] by 0.961.
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F.3.0 Heat Transfer to the Walls, Floor, Etc._ ______
Heat is transferred from the gas to the surrounding walls, floor and roof of the panel rooms

by both convection and radiation. Heat is then transferred into the walls, floor, roof, via

conduction. Thus, the rate of heat conduction into the salt or the wall is governed by the rate

at which heat can be conducted into the solids.

F.3. 1 Radiation Heat Transfer
Heat transferred from the gas to the walls, floor, roof, is given by:

where qrs is the heat flux to the walls, floor, roof, cy is the Stefan-Boltzmann constant

(1.35 x 10"2 cal/cm2ý-sec-oK), and Tw is the temperature of the walls, floor, and roof.

The majority of the surface area of the panel available for heat transfer via both radiation and

convection is salt. However, a small portion of the total area will be the inner face of the

explosion-isolation wall (or construction-isolation well). Because the wall, floor, roof

temperature is controlled by the time dependent conduction of heat into either the walls, floor,

roof or the wall faces, and the diffusivities and conductivities of the salt and wall, floor, roof

material may be different, the radiation heat transfer is divided into two components.

The radiative heat transfer to the salt (Tws) is:

qr, = (T; 4_T 4~

and the radiative heat transfer to the explosion-isolation wall (TWb) is:

qrb 9 a(T-TA

The combined radiative heat transfer to the walls, floors, roof is:

Q, = q$,+ q~

or
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Qr=((AT-A]+AE4-T4b] 
(5)

where Ab = Area of the walls, and A, = area of the salt.

Equation (5) comprises the radiation portion of the right hand side of the differential equation,

(3), for the rate of gas temperature in the panel.

F.3.2 Convection Heat Transfer
In addition to radiation, heat is transferred to the walls, floor, roof, and explosion-isolation

walls by natural convection. In subsequent discussion, walls denote all exposed surface area

of salt within a panel. Explosion-isolation walls denote the surface area of the expendable

walls placed in the sealed air-intake and air-exhaust drifts of the panel.

F.3.2. 1 Heat Transfer from Gas to the Walls
In addition to radiation, heat is transferred to the walls, floor, roof, and explosion-isolation

walls via natural convection. The heat flux due to convection (q) is given by:

q,= (Tb -TW)

where h = Film coefficient.

As for the case of radiation, the majority of heat transfer by convection will occur to the

surrounding salt. However, a portion will be transferred to the explosion-isolation wall.

Because the temperature of the explosion-isolation wall may be different from the temperature

of the salt, the convective heat transfer is divided into the two components analogous to the

radiation heat transfer. For the salt, the convection heat transfer is:

and for the explosion-isolation walls:

q~b /(T -Tb)

The combined radiative heat transfer (Q) to the walls, floors, roof, and explosion-isolation

walls is:
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qcb '- h(Tg, -T~b)

The combined radiative heat transfer (Qc) to the walls, floors, roof, and explosion-isolation

walls is:

assuming that the heat transfer coefficient does not change with location or material.

=c qc NaCi As + c~

Theoretically the convective heat transfer coefficient is different for the face of the explosion-

isolation walls, which are vertical compared with the heat transfer coefficient for the roof and

floor faces of the panel which are horizontal. Neglecting the difference in heat transfer

coefficient due to geometric differences, the above two equations for the heat flow to the

walls, floor, roof, and explosion-isolation walls can be combined to give

QC=h(As[Tg**-Tws] + Ab[TgT~b] (6)

Equation (6) gives the convective heat transfer portion of the right hand side of Equation (3).

Combining (3), (5) and (6),

dTg _ ________

dt -c~Qr(7)
dt 10.54 ncH4 CP

where the negative sign indicates that Qc and Q. represent heat transferred out of the system

consisting of the gas in the room. These same quantities then represent heat transferred into

the surrounding salt and explosion-isolation wall.

F.3.2.2 Convection Coefficient
Assuming the convection coefficient is the same at all surfaces and following the methods

developed in D'Appolonia (1978), with all units in the centimeter-gram-second (cm-g-sec)

system of units,
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N= 0.13[PG,]113

where P, is the Prandtl number and G, is the Grashof number. The Prandtl number is

essentially constant and is taken as 0.71 regardless of pressure and temperature. The Grashof

number is given by

G g PL ____

where g is the acceleration of gravity, P3 is the volume coefficient of thermal expansion and v

is the kinematic viscosity of the gas. For ideal gases,

1

and the kinematic viscosity is given by

where p is the absolute viscosity p =mass density. Substituting for n and P in the expression

for the Grashof number,

G=gp2L 3 (T9-~
GTp 2

where

T +T

is the average of the gas and surface temperature.

Substituting for the Grashof number and Prandtl number in the expression for the Nusselt

number,
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N= 0.1310. 71 gpL 3[Tg -T-1 jI/

UN 0. 146LffP ::
and substituting for the Nusselt number in the expression for the convection coefficient,

h =0. 146k t gp TT

Since the thermal conductivity of the gas is given by3

k= 6.4 x105i)

9.34 10-6 _ _ gP 2 
___ 

(8)

Figure F-3 shows h as a function of surface temperature based on a gas temperature of

2400'K and density and viscosity consistent with conditions at the time of an explosion.

Assuming that no additional gas is generated subsequent to the explosion, the density of the

gas after the explosion is the same as before the explosion since mass is conserved. Thus, the

gas density after the explosion is the molecular weight of n moles of methane plus 9.54n

moles of air divided by the initial volume,

. 3D'Appolonia [1978].
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p= ; C4+9.54M airj

p 16 + 9.54(2j

_292.66n (9)

.67

p=1.85 x 10{T 
10

and the viscosity is given by (D'Appolonia, 1978), where the viscosity is evaluated at the

* average of the surface and gas temperatures.

Because there will be two different surface temperatures, one corresponding to the salt, and

one for the explosion-isolation wall, there will be different convective heat transfer

coefficients as well.

F.3.3 Conduction Into the Walls, Floor, Roof, and Explosion-isolation Walls

The temperature which controls the heat transfer from the gas via radiation and convection is

controlled by the rate at which heat is conducted into the walls, roof, floor, and explosion-

isolation walls. The diffusion of heat into the walls, floor, roof, and explosion-isolation walls

is assumed to be governed by a one-dimensional, semni-infinite thermal diffusion model. If

the temperature penetrates the explosion-isolation walls, the model is changed to be thermal

diffusion across a slab of finite thickness with an ambient gas temperature on the side in the

isolation zone.

Thermal diffusion into the walls, floor, roof, and explosion-isolation walls is governed by the

partial differential equation,
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ax 2  at

where a is the thermal diffusivity, T is the temperature, x is the distance into the wall, floors,

roof, or explosion-isolation walls, and t is time. At x = 0 the flow of heat into the walls,

floor, roof, or explosion-isolation walls is governed by the boundary condition,

=kL q,.

where q. is the heat flux into the walls, etc. from the gas via convection and radiation and k

is the thermal conductivity. Because the thermal diffusivity and conductivity for salt is

different from that of the explosion-isolation wall, two conduction models are required.

F.3.3. 1 Heat Conduction to the Salt
The first involves the heat transferred from the gas to the salt and is governed by the partial

differential equation,

S.ý2 at,(li

where a, is the thermal diffusivity of salt which is a function of temperature. Figure F-3

shows plots of thermal diffusivity for halite, anhydrite, argillaceous halite and polyhalite

(Krieg, 1983). Figure F-4 also shows data from D'Appolonia (1978) that used the relation

10
a

for salt. The D'Appolonia temperature dependence yields slightly higher values compared

with the Waste Isolation Pilot Plant (WLEPP) data, but indicates a consistency in the data. For

purposes of the post-explosion heat transfer analysis the temnperatur.e dependent data for salt

has been used.
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I.2 300 I(12i)

The boundary condition at the surface of the salt is:

-k = s +s (1 3i)

where k, is the thermal conductivity of the salt. Figure F-4 shows plots of thermal

conductivities for the same materials as a function of temperature. Again, the thermal

conductivity from D'Appolonia (1978):

is also shown on Figure F-5 to check the consistency of the WIPP data. Again, the thermal

conductivity for halite was used for the post-explosion heat transfer analysis.

[ .14
300 I(14i)k =0.01 T.,

The terms q3r and q,,, in (13i) couple the heat conduction into the salt with the rate of cooling

of the gas via equations (7) through (10). In addition to the boundary conditions given by

(12i), initial conditions at time t = 0 are required. It is assumed that at t = 0 the salt is at the

ambient temperature in the panel, T~b. Equations (11i) through (14i) with the initial

conditions form the complete problem for the temperature in the salt as a function of time as

the gas cools following the explosion.

F.3.3.2 Heat Conduction to the Explosion-isolation Walls

The second model involves the heat transferred from the gas to the explosion-isolation walls

and is governed by the partial differential equation,
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where axb is the thermal diffusivity of explosion-isolation walls. If the explosion-isolation

walls are concrete, the thermal diffusivity does not vary with temperature (D'Appolonia,

1978),

=0.005 (l2ii)

The boundary condition is:

-k b aTb = ,+ qb (l3ii)

where qb,, = heat flux for the salt, qb, = heat flux for explosion-isolation walls, and kb is the

thermal conductivity of the walls. Again, if the explosion-isolation walls are concrete, the

thermal conductivity is constant (D'appolonia, 1978).

k, b=0.002 (1 4ii)

Analogous to the case for salt, the terms qbr, and q1,~ in (l3ii) couple the heat conduction into

the salt with the rate of cooling of the gas via equations (7) through (10). At t = 0 the

explosion-isolation walls are at the ambient temperature at the panel level, T~b.

FA4O Numerical Model_______________
Equations (1) through (14) were solved using a computer program based on an explicit finite

difference representation of the equations. In subsequent discussion the following symbols

are used,

Ir = time step At
6 = distance between mesh points, Ax, in finite difference representation of

semi-infinite solid used to model the explosion-isolation walls.
n = subscript denoting the value of a variable at time t.

n+1 = subscript denoting the value of a variable at time t+tc.

m = subscript denoting the value of a variable at mesh point m in a finite

difference representation of a semi-infinite solid. m = 0 corresponds to the
boundary x = 0.

T gi = gas temperature at timfe t.
T o = temperature at x = 0 in salt.

T bo = temperature at x = 0 in an explosion-isolation wall.
T Sm = temperature in salt at mesh point m and time n.

T , = temperature in explosion-isolation walls at mesh point m and time n.

a Sm = thermal diffusivity in salt at mesh point m (function of temperature).
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a b. = thermal diffusivity of explosion-isolation wall material at mesh point m
(may be constant or a function of temperature).

q = heat flux to wall (salt) via radiation at time point n.

q ,b = heat flux to explosion-isolation wall via radiation at time point n.

q,, = heat flux to wall (salt) via convection at time point n.

q cbn = heat flux to explosion-isolation wall via convection at time point n.

Where symbols are used for parameters that are a function of temperature and consequently

also a function of time, the subscripts n and n+1 refer to whether the parameter is evaluated

at t or t + At.

FA4A Overview of Computer Program
Figure F-6 provides a simplified flow chart of the computer program used to solve the

equations in the model in explicit finite difference form.

F.4.2 Finite Difference Formulation
For the first past through the calculational loop n = 0 and the gas temperature is set to Tgo,

the initial temperature. Based on the assumption of constant volume during the explosion, the

* temperature is related to the pressure by,

T go = T abP 8T g amib (15)

where

Tgamb = the gas temperature prior to the explosion

pamb = the gas pressure prior to the explosion (taken as 2 atm)

P0  = the gas pressure caused by the explosion (taken as 16 atm)

Tgo = the gas temperature caused by the explosion which is the initial gas
temperature for the cooling analysis.

The initial temperature of the salt (Tsm.) and explosion-isolation walls (Tbma) for the heat

conduction calculations are set to the ambient temperature at all mesh points.
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Tb0 = .,, m =1 ... M

where M is the maximum mesh point number used in the finite difference representation of

the semi-infinite solid. T.,, is the ambient temperature of the salt and explosion-isolation

wall at the time of the explosion.

F.4.2. 1 Program Section 1

Section 1 of the program (Figure F-3) calculated the parameters required for the determination

of the heat fluxes from the hot gas to the cooler walls. These calculations are performed

initially based on values for n = 0, initial conditions. Subsequently, they are evaluated based

on the temperature values at~ time point n.

Thus,

1.85 x 10'+Ob.6

Pbn . 5 = 0O

where

p = viscosity of the salt

Pb. = viscosity of the explosion-isolation wall

TP = gas temperature at'time point n

T,.= wall temperature of the salt at time point n, which is the m =0 mesh point of

the finite difference representation of the semi-infinite solid used to model heat

conduction into the salt

Tb~n = surface temperature of the explosion-isolation wall.

Since the initial surface temperatures of the salt and the walls are the same, the initial value

of p will be the same at both the salt and the walls. However, with time as the surface

temperature of the explosion-isolation walls varies from the surface temperature of the salt,

the values of p will be different for the salt compared with the walls. This plays a role in
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having different convection heat transfer coefficients at the salt compared with the explosion-

isolation walls.

The convection heat transfer coefficients are given by (8) below.

=~ ~ 9.3 x 1ýsn)gp 2 T -Ts~ 1
Sn 600 2 _T_+ Tn

75 /3

h. 9.34 x_ __ _ 106 +g P 2  T gn - 1b~
lOP6oo + Tgn

The density, p, remains constant by virtue of the constant volume and constant number of

moles. The acceleration of gravity, g, also remains constant for all time points.

The specific heat of the gas which is required for Section 3A of the program is given by (4)

below.

C = 6.45 x 10~' (Tg. + T.O)+ 7.33-_130728 (19)
(T8,. + TsOn.)2

Because the specific heat is a bulk property of all of the gas in the panel, it is affected by all

of the surface area in the panel. Because the surface area of the salt is orders of magniture

larger than the surface area of the explosion-isolation walls, the specific heat at each time is

based solely on the surface temperature of the salt.

F.4.2.2 Program Section 2
The heat flux rates to the walls as well as the total heat transfer rates to the walls via

convection and radiation are calculated in Section 2 of the program. Flux is required for the

boundary condition for the heat conduction analysis of Section 3B and total heat flow is

required for the change in gas temperature calculation in Section 3A.

The total heat flow values are given by (5) and (6) which for time -step n become

where h,. and h.fl are given by (18). The total heat flows are used in Section 3A of the

program evaluates the time rate of change of the gas temperature using equation (7).
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(T A '.]+ AF4T 41_TO. (0

Q AfiSn (Tgn - T O)+ A bh b(T. - Tbfl)

The total heat flows at time step n given by (20) are heat flow out of the gas occupying the

panel volume and into the explosion-isolation walls. For the heat flow into the explosion-

isolation walls, the areas, A. and Ab cancel from the equations representing the boundary

conditions at x = 0 for the transient heat conduction problems solved in Section 3B of the

program. Thus, for Section 3B, the heat flux values are required. These are the same as (20)

without the areas.

q,. 4T= T.(ITA + [Tgi; - Tboj (21)

qc -s(g sn + hbfl(Tbfl - Tbfl)

where q,. and q,. are the heat fluxes due to radiation and convection.

For the total heat flow and heat flux due to radiation, the Stefan-Boltzmann constant is taken

to be constand for all values of temperature and hence time.

(T = 1.355 x 10-12 (22)

F.4.2.3 Program Section 3
Section 3 comprises the main body of the program.

F.4.2.3. 1 Program Section 3A
Equation (7) governs the rate of change of gas temperature in the panel volume. Using the

explicit finite difference approximati on,

dT 'Tnl - Tbfl)
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where c = At is the time increment, Equation (7) becomes

T8~i=T - cn+ r (23)
105 CH4 p

where Q,,, Qm., and Cpn are given by (20) and (19) and ncH4 is an input representing the moles

of methane in the panel volume at the time of the explosion. Equation (23) gives the gas

temperature in the panel at time t + At in terms of the gas temperature at time t and the total

heat flow values at time t.

F.4.2.3.2 Program Section 3B
Section 3B of the program is the most complex. It solves two transient heat conduction

problems assuming that the walls, floor, roof, and explosion-isolation walls are semi-infinite

solids having thermal conductivities and diffusivities that may or may not be temperature

dependent. In the case of the walls, floor and roof, the panel volume the conductivity and

diffusivity of salt is dependent on temperature. Assuming that the explosion-isolation wall

material is concrete, the conductivity and diffusivity of the explosion-isolation wall are

independent of temperature.

Because of the temperature dependence of the conductivity and diffusivity of the salt, and the

time-dependent spatial temperature distribution into the walls, floor and roof, the conductivity

that is required for the boundary condition at x = 0 varies with time and the thermal

diffusivity varies in both time and space. The partial differential equation for transient heat

conduction when the diffusivity varies spatially is given by:

a aaT T (a)
TJX ax at

which can be expanded as: Ca +( aT a2T aT (b)
ax__J (T~ aX 2 a

Using the finite difference approximations,
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Da a.1 (ci)

a2T a mr 2 + T+,)(cii)

DT 1 T) (cii)

where e =Ax, the left hand side of equation (b) becomes

(aT (aT OC T _

rax ) ax ) ax 2  (d)
1([am a()m-il [T 1 -T 1 1 ]+4aT _-8aT,+4aT+)

or

=.a~ +i -am+ITrni -a1 T +, +aT m1 ) +
4C2 + (e)

1i.(4amj mi -8amjm+4ajm+I)

4eD + H (f)
1xLax J ax 2 )

v 1-(am1 +4 am - am+,) - 8am7 m +Tm+I(am+i +4 am - a.-)

Using an explicit finite difference representation of the time derivative as used in Section 3A.

aTm =I.( 1 T(g

Substituting (f) and (g) into the partial differential equation (a),
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T- 1 n(c m-i+4cm-at.+I) 8a m n+Tm+j ,z(clrn+l +4clm-ar.-I) =(h)

(T .+ TM

where

N At()
4e"

is analogous to the modulus for the case of constant diffusion. Solving (h) for T. j

Tm n+I=(j

T 1- N(oct 1, + 4Cam-am)-(81)amTm -iT I.N(qL++4xm-ami)

For the case of constant diffusivity,

rn"-I = O M (C+1=a

with

M =r at 4aN (k)
C2

equation ()becomes

Tm n+1 M (T 1+ .~ + T 1 ,)- (2M-1)Tmn 1

which is the finite difference equation for the case of constant diffusivity (Carsiaw and

Jaeger, 1959). Thus, equation (j) reduces to the correct equation when the diffusivity is

constant and is the finite difference equation for the case of variable diffusivity.

For a numerical stability criteria,

M<0.5 (in)

the corresponding relation for the case of variable diffusivity becomes equation (n) for all m.

AL/i 1-1-95/WPfl62447:Appendix.F F-26



MAX(CamN)<O* 125 (n)

The thermal conductivity and thermal diffusivity at each time point are evaluated from the

temperature at that time and space as given previously for the temperature variation of the

conductivity and diffusivity.

The boundary condition at x = 0, is the same as for the case of constant diffusivity,

ax q,.. q,(o

where qc. and q,. are determined in Section 2. Using the finite difference relationship

(Carslaw and Jaeger, 1959),

equation (o) becomes:

3TO n -4TI . + T2 ~ 2e= + q,)(q)
kn

Substituting for qm and q,,.:

3T0 . -4T 1 . + T 2 n = T.7 - TO.) + -Y(8 _TO)

where

" -k~

and

* Using the identity

and defining
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-2eay (s)

T,- T04 = (Tgn T Ton )T gn +T0,,)(Tg2 +To2)

=o (T ,2 + T02(t

3On Tn+T2 (u)
3T -T + = +'Ynn)(Tgn -TOn)

For the case of both convection and radiation equation (u) is a fourth order equation in To.

and has to be solved using a numerical technique such as Newton-Raphson iteration. Since

the effect of radiation heating of the walls, floor, roof, and explosion-isolation walls leads to a

more rapid cooling of the combustion gas following the explosion, and temperatures effects

on the salt or explosion-isolation material is worse for longer durations, it is conservative to

neglect radiation heat transfer. In this case, equation (u) becomes linear:

3T0n - 4T1 . + T2 = (T.-To.) (v)

which can be solved directly for To.~:

4In - 2,i+rlnTgn

At each time the field equations are solved based on the previous time. The boundary

condition (w) is then applied.

Equations (j) and (u) are formulated for both the salt comprising the walls, floor, and roof and

for the explosion-isolation walls. As noted, the field equations for variable diffusivity reduce

appropriately to the special case of a constant diffusivity so the above equations are

sufficiently general to handle both the material of the explosion-isolation wall and the salt.

F.4.2.4 Program Section 4
In Section 4 of the program, the temperature values at time t+At (n+l) become the new

values at time t (n). The time counter, n, is incremented by 1 and the program returns to

Section 1 to compute the solution at the subsequent time step.
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F.4.3 Initial Volume, Surface Area and Number of Moles

The volume of gas to be cooled via heat transfer to the walls, roof, floor, and explosion-

isolation walls following an explosion is taken to correspond to the effective panel volume at

the time when the air-methane mixture in the panel enters the explosive range. The effective

volume is defined as:

Vff = V

where V is the panel volume considering closure of the panel and (D is the porosity which

accounts for the waste emplaced in the panel. Figure F-7 shows a plot of the effective

volume as a function of time.

Based on Figure 4.2 of the Conceptual Design Report (DOE, 1995), the methane-air mixture

in the panel volume enters the explosive range at 25 years. From Figure F-7 this corresponds

to a panel volume of 1.6 x 1010 cm' at the time the postulated explosion occurs.

The surface area at the time of the postulated explosion was obtained from the volume at the

time the methane air mixture enters the explosive range at 25 years and the initial ratio of

surface area to volume.

(AA"

Figure F-8 shows a plot of panel surface area as a function of time.

Based on the air-methane mixture entering the explosive range at 25 years, the surface area at

the time of the explosion is 1.6 x 108 cm'. The area of two 14 foot x 14 foot explosion-

isolation walls is 1.82 x 105 cm2. Thus the area of the explosion-isolation walls is

1.82 x 10' = 0.0014 = 0.14%
1.6 x 10'

of the total surface area.
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The number of moles of combustion gas is found using the ideal gas law based on an initial

pressure of 16 atmospheres (atm) and an initial temperature of 2,400 'K.

n = PV(24)
RT

with

R = 82.06 cm'-atnilmol-'K (ideal gas law constant)
p = 16 atm
V = 1.6 x 1010
T = 2400 'K

16 x (1.6 x 1010)

82.06 x 2400

n =1.3 x 106 moles

The program uses the number of moles of methane and air independently to calculate the

d e s t y h u ,1 . 54  n C H 4 = 1 .3 x 1 0 6 ( 2 5 )

nCH4 1.233 x 10'

nair ~ 9.4xnH4 = 1.176 x 106

The density is given by

(1.233 x 10')(16) +(1.176 x 106)(29) = 0.002255
1.6 x 1010

F.5.0 Results_____________________
The numerical formulation discussed in Section 4.0 was executed using a spatial grid size,

F- - 1 cm and a time increment, tr = 10 seconds. No problems with numerical stability were

encountered using these values.
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At time t = 0, the initial heat transfer from the combustion gas to the salt and explosion-

isolation walls results is a large temperature gradient at the surface. To represent this

gradient accurately using a finite difference formulation would require an extremely small

grid spacing as the initial temperature gradient extends only an infinitesimal distance into the

surface. Using a grid spacing sufficiently small to accurately characterize the initial gradient

would be prohibitive, relative to the number of mesh points and time steps required.

The initial conditions for the finite difference calculations were determined by using an exact

solution for the case of constant convective heat transfer coefficient and constant gas

temperature. The use of the closed form solution to determine the initial conditions assumes

that the change in gas temperature over small initial times is small and that the heat transfer

coefficient is weakly dependent on the temperature difference between the gas and the

surfaces of the salt and explosion-isolation walls. Based on the closed form solution, the

initial conditions for the finite difference model were taken at a time of 12.7 seconds

following the explosion. For shorter initial times, the gradient had not propagated sufficiently

far into the surfaces to be represented with a 1 cm. grid spacing. Thus, the initial time for

the finite difference calculations was 12.7 seconds with initial temperatures based on the. closed form solution.

Figure F-9 shows the gas temperature, salt temperature (walls, floor, and roof) and explosion-

isolation wall temperature as a function of time following the explosion. Figure F- 10 shows

the temperature distribution into the explosion-isolation walls at various times following the

explosion. Figure F-li1 shows the temperature distribution into the salt at various times

following the explosion.

Figure F-9 shows that the temperature of the gas has nearly reached the initial ambient

conditions after about 2 hours. Over that span of time, elevated temperature in the explosion-

isolation wall has a maximum extent of 15 cm (about 6 inches) into the explosion-isolation

wall. Since the explosion-isolation wall is at least 36 inches (91.4 cm) thick, the elevated

temperature will not reach the opposite side of the wall. Thus, the assumption of a

sem-i-infinite body in the numerical model is not violated.

A comparison of the results shown on Figure F-9 with the results given in D'Appolonia

(1978) is favorable. The ratios of surface area and volume used in D'Appolonia (1978) as

well as the initial pressures are not the same as used for this analysis. The temperatures

shown on Figure F-9 are slightly higher than those predicted for a pressure of 9 atm as shown
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in D'Appolonia [1978]. This is as expected since the initial pressure affects the number of

moles which determines the rate of temperature decay in the gas. This is illustrated by

comparison of the results for 9 atm with those for 27 atm shown in D'Appolonia (1978). The

favorable comparison of the results shown on Figure F-9 with those of D'Appolonia (1978)

provides verification of the numerical model used in these analyses.
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SECTION 01010

SUMMARY OF WORK

PART 1 - GENERAL

1.1 Scope
This section includes:

* Scope of Work
* Definitions and Abbreviations
" Drawings
" Work by Others
" Contractors Use of Site
" Contractors Use of Facilities
" Work Sequence
* Work Plan
" Submittals

1.2 Scope of Work
The Contractor shall furnish all labor, materials, equipment and tools to perform operations in

connection with the construction of two (2) panel closure systems for each panel, one of each

to be installed in the air intake drift and the air exhaust drift of a waste-emplacement panel,

as shown on the drawings and called for in these specifications.

Four (4) possible arrangements of the concrete barrier and isolation walls are shown on the

attached Figure 1 "Plan Variations." The specific requirements for the panel closure system

will be determined by the Westinghouse WED prior to the time of installation and will be

defined in the contract documents.

* Concrete barrier with disturbed rock zone (DRZ) removal up through clay seam G and

down through marker bed 139 (MB 139) in combination with a construction isolation wall

(Sketch A).

* Concrete barrier with DRZ removal in combination with an explosion isolation wall

(Sketch B.)

* Concrete barrier without DRZ removal in combination with construction isolation wall

(Sketch C).

" Concrete barrier without DRZ removal in combination with an explosion isolation wall

(Sketch D).
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The scope of work shall include but not be limited to the following units of work:

" Develop work plan, health and safety plan (HASP) and contractors quality control plan

(CQCP)

" Prepare and submit all plans requiring approval

" Mobilize to site

" Coordinate construction with operations

* Perform the following for the air intake entry and the air exhaust entry.

- Excavate the surface preparation for the explosion (or construction) isolation wall

- Construct the explosion, (or construction) isolation wall

- Excavate the DRZ if required by contract

- Install the form work for the concrete barrier
- Place concrete for the concrete barrier

- Grout the interface of concrete barrier/back wall

- Provide contact grouting along the contact surface (if required by the engineer)

" Clean up construction areas in underground and above ground

* Submit all required record documents

" Demobilize from site

1.3 Definitions and Abbreviations

Definitions

Contact-handled waste-Contact-handled defense transuranic (TRU) waste with a surface dose

rate not to exceed 200 millirem per hour.

Concrete barrier-A barrier placed in the access drifts of a panel to restrict the mass flow rate

of volatile organic compounds (VOC).

Concrete block-Concrete used for construction of either an explosion-isolation wall or a

construction-isolation wall.

Con struction-isolation wall-A wall immediately adjacent to the panel waste-emplacement

area that is made of concrete block, with mortar or of steel to isolate construction personnel

from comning into contact with the waste.
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Creep-Plastic deformation of salt under deviatoric stress.

Design migration limit-A mass flow rate that results in an exposure of the affected

individual that is at least 1 order of magnitude below the health-based exposure levels for

VOCs during the Waste Isolation Pilot Plant (WIPP) operational period.

Disturbed rock zone (DZ -A zone surrounding underground excavations where stress

redistribution occurs with attendant dilation and fracturing.

Explosion-isolation wall-A concrete-block wall adjacent to the panel waste-emplacement

area with mortar that can sustain the pressure and temperature transients of a methane

explosion.

Health-based concentration level-The annual average concentration level for a VOC in air

that must not be exceeded at the point of compliance.

Health-based migration limit-The mass flow rate of a VOC from all closed panels that

results in the health-based concentration level at the point of compliance.

Hydration temperature-The transient temperature developed by a cementitious material due

to the hydration of the cement.

Interface grouting-Grouting performed through grout boxes and pipe lines to fll the void at

the concrete barrier/back-wall interface.

Methane explosion-A postulated deflagration caused by the buildup of methane gas to

explosive levels.

Partial closure-The process of rendering a part of the hazardous waste management unit in

the underground repository inactive and closed according to approved facility closure plans.

The partial-closure process is considered complete after partial-closure activities are

performed in accordance with approved Resource Conservation and Recovery Act (RCRA)

partial closure plans.

Point of complance-The operating point of compliance for VOC health-based exposure

levels at the WJIPP, which is the WIPP site boundary.

Remote-handled waste-Any of the various forms of high beta-gamma defense TRU waste

requiring remote-handling due to a surface dose rate exceeding 200 millirem per hour.

Standard barrier-A concrete barrier emplaced into the panel-access drifts without major

excavation of the surrounding rock.
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Volatile Organic Compound (VOC) Any VOC comprising the land-disposal-restricted

* indicator VOC constituents in the WIPP waste inventory.

Westinghouse-Westinghouse Electric Corporation, Waste Isolation Division (WID) as the

construction management authority.

Abbreviations/Acronyms

ACI American Concrete Institute
AISC American Institute for Steel Construction
ANSI American National Standards Institute
ASTM American Society for Testing and Materials
AWS American Welding Society
CER Code of Federal Regulations
DOE U.S. Department of Energy
DRZ disturbed rock zone
EPA U.S. Environmental Protection Agency

MB 139 Marker Bed 139
MSHA U.S. Mining Safety and Health Admidnistration
NMAC New Mexico Administrative Code
NMvED New Mexico Environment Department
RCRA Resource Conservation and Recovery Act

*SMC Salado Mass Concrete
USACE U.S. Army Corps of Engineers
WID Waste Isolation Division
WIPP Waste Isolation Pilot Plant

1.4 List of Drawings
The following drawings are made apart of this specification:

762447-El Panel closure system, air intake and exhaust drifts, title sheet

762447-E2 Panel closure system, underground waste-emplacement panel plan

762447-E3 Panel closure system, air intake drift, construction details

762447-E4 Panel closure system, air exhaust drift, construction details

762447-E5 Panel closure system, construction and explosion walls, construction details

762447-E6 Panel closure system, air intake and exhaust drifts, grouting and miscellaneous
details

1.5 Work by Others

Survey
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.All survey work to locate the barriers and walls, control and confirm excavation, and

complete the work will be supplied by Westinghouse. All survey measurements for record

purposes will also be performed by Westinghouse. Thie Contractor shall be responsible for

verifying the excavation dimensions to develop the form work to fit the excavation.

Excavation

The Westinghouse WID may elect to perform certain portions of the work, notably the

excavation. The work performed by the Westinghouse will be defined prior to the contract.

1.6 Contractor's Use of Site

Site Conditions

The site is located near Carlsbad, New Mexico, as shown on the site location maps and the

title sheet drawing. The underground arrangements and location of the WIPP waste-

emplacement panels are shown on the plan view drawing. The work described above is to

construct the concrete barriers in the air intake and exhaust drifts of one of the panels upon

completion of the disposal phase of that panel. The waste-emplacement panels are located

approximately 2,150 feet below the ground surface. The Contractor shall visit the site and

become familiar with the site and site conditions prior to preparing his bid proposal.

Contractor's Use of Site

Areas at the ground surface will be designated for the Contractor's use in assembling and

storing his equipment and materials. The Contractor shall utilize only those areas designated.

Limited space within the underground area will be designated for the Contractor's use for

storage of material and setup of equipment.

Coordination of Contractor's Work

The Contractor is advised that on-going wa 'ste emplacement and excavation operations are

being conducted throughout the period of construction of the panel barrier system. The

Contractor shall coordinate his construction operations with that of the waste emplacement

and mining operations. All coordination shall be through Westinghouse WID.

1.7 Contractor's Use of Facilities
Existing facilities at the site which are available for use by the Contractor are:

" WLPP roadheader
" Waste shaft conveyance

*Salt skip hoist
*(1) 20 ton forklift
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*(1) 40 ton forklift. 0 460 volt AC, 3 phase power
*Water (underground, at waste shaft only) (above ground, at location designated by

Engineer)

Additional information on these facilities is presented in Section 02010.

1.8 Work Sequence
Work Sequence shall be as shown on the drawings and directed by Westinghouse WID

1.9 Work Plan
The Contractor shall prepare and submit for approval by Westinghouse Wil) a Work Plan

fully describing his proposed construction operation. The work plan shall define all proposed

equipment. The work plan shall also include the method of excavation, grouting, and

pumping concrete. The work plan shall also contain such items as control of surface dust

emissions. No work shall be performed prior to approval of the Work Plan.

1.10 Health and Safety Plan (HASP)
The Contractor shall obtain, review, and agree to applicable portions of the existing WIPP

Safety Manual, WP 12-1. The Contractor shall prepare and submit for approval to

Westinghouse, a project-specific HASP taking into account all applicable sections of the

WIPP Safety Manual. The Contractor shall also perform a Job Hazard Analysis in. accordance with WP 12-111.

1.11 Contractor Quality Control Plan (CQCP)
The Contractor shall prepare and submit for approval to Westinghouse a CQCP identifying all

personnel and procedures to produce an end product which complies with the contract

requirements. The CQCP shall comply with all Westinghouse WI]) requirements and Section

01400, Contractor Quality Control, of this specification.

1.12 Submittals
Submittals shall be in accordance with Westinghouse WID Submittal Procedures and as

required by the individual specifications.

PART 2 - PRODUCTS

(Not used)

PART 3 - EXECUTION

(Not Used)
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SECTION 01090

REFERENCE STANDARDS

PART 1 - GENERAL

1.1 Scope

This section includes:

* Provision of Reference Standards at Site.

" Acronyms used in Contract Documents for Reference Standards. Source of Reference

Standards.

1.2 Quality Assurance

For products or workmanship specified by association, trade, or Federal Standards, comply

with requirements of the standard, except when more rigid requirements are specified or are

required by applicable codes.

Conform to reference by date of issue current on the date of the owner-contractor agreement.

The Contractor shall obtain copy of the standards referenced in the individual specification

sections. Maintain a copy at jobsite during submittals, planning, and progress of the specific

work, until completion of work.

Should specified reference standards conflict with the contract documents, request clarification

from the Engineer before proceeding.

1.3 Schedule of References
Various publications are referenced in other sections of the specifications to establish

requirements for the work. These referenced are identified by documents number and title.

The addresses of the organizations whose publications are referenced are listed below.

ACI ACI International
P.O. Box 19150
Detroit,MI 48219-0150
Ph: 313-532-2600
Fax: 313-533-4747
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AITC American Institute of Timber Construction
7012 So. Revere Parkway, Suite 140
Englewood, CO 80112
Ph: 303-792-9559
Fax: 303-792-0669

AISC American Institute of Steel Construction
One E. Wacker Dr., Suite 3100
Chicago, IIL 60601-2001
Ph: 312-670-2400
Fax: 312-670-5403

ANSI American National Standards Institute
I11 West 42nd St.
New York NY 10036
pH: 212-642-4900
Fax: 212-302-1286

API American Petroleum Institute
1220 L. St., NW
Washington, DC 20005
Ph: 202-682-8375
Fax: 202-962-4776

ASTM American Society for Testing and Materials
1916 Race St.
Philadelphia, PA 19103
Ph: 610-832-9585
Fax: 215-977-9679

AWS American Welding Society
550 LeJeune Road
Miami, FL 33135
Ph: 800-443-9353
Fax: 305-443-7559

CFR Code of Federal Regulations
Government Printing Office
Washington, DC 20402
Ph: 202-783-3238
Fax: 202-223-7703
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EPA Environmental Protection Agency
Public Information Center
401 M St., SW
Washington, DC 20460
Ph: 202-260-2080

FTM-STO Federal Test Method Standards
Standardization Documents Order Desk
Bldg. 4D
700 Robbins Ave.
Philadelphia, PA 19111-5094
Ph: 215-697-2179
Fax: 215-697-2978

NRMCA National Ready-Mixed Concrete Association
900 Spring St.
Silver Spring, MD 20910
Ph: 301-587-1400
Fax: 301-585-4219

NTIS National Technical Information Service
U.S. Department of Commerce
Springfield, VA 22161
(703) 487-4650

PCA Portland Cement Association
5420 Old Orchard Road
Skokie, IL 60077

USACE U.S. Army Corps of Engineers
U.S. Army Engineer Waterway Experiment Station

ATTN: Technical Report Distribution Section, Services Branch, TIC
3909 Halls Ferry Rd.
Vicksburg, MS 39180-6199
Ph: 601-634-2355
Fax: 601-634-2506

WID Westinghouse Electric Corporation
Waste Isolation Division
Carlsbad, New Mexico 88221

End of Section
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SECTION 01400

CONTRACTOR QUALITY CONTROL

PART 1 - GENERAL

1.1 Scope
This section includes:

" Contractor Quality Control Plan (CQCP)
* Reference Standards
* Quality Assurance
" Tolerances
" Testing Services
* Inspection Services
" Submittals

1.2 Related Sections

0 01090 - Reference Standards
* 01600 - Material and Equipment. * 02222 - Excavation
0 02722 - Grouting
* 03100 - Concrete Formwork
0 03300 - Cast-in-Place Concrete
* 04100 - Mortar
* 04300 - Unit Masonry System

1.3 Contractor Quality Control Plan
The Contractor shall prepare and submit for approval by Westinghouse WID, a Quality

Control Plan, as described in Section 3.2. No work shall be performed prior to approval of

the Contractor's Quality Control Plan.

1.4 References and Standards
Refer to individual specification sections for standards referenced therein, and to Section

01090 - Reference Standards for general listing.

Standards referenced in this section are as follows:

ASTM C1077-95a Practice for Laboratories Testing Concrete and Concrete Aggregates
for Use in Construction and Criteria for Laboratory Evaluation
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ASTM C1093-88 Practice for Accreditation of Testing Agencies for Unit Masonry

ASTM E329-95 Practice for Use in the Evaluation of Inspection and Testing Agencies
as Used in Construction

ASTM E543-95 Practice for Determining the Qualification of Nondestructive Testing
Agencies

ASTM E548-94 Practice for Preparation of Criteria for Use in the Evaluation of
Testing Laboratories and Inspection Bodies

1.5 Quality Assurance

" Monitor quality control over suppliers, manufacturers, products, services, site conditions,

and workmanship, to produce work of specified quality
" Comply with specified standards as minimum quality for the work except where more

stringent tolerances, codes, or specified requirements indicate higher standards or more

precise workmanship
* Perform work by persons qualified to produce required and specified quality
" Verify that field measurements are'as indicated on shop drawings
" Secure products in place with positive anchorage devices designed and sized to withstand

stresses, vibration, physical distortion, or disfigurement.

1.6 Tolerances
Monitor excavation fabrication and installation tolerance control of work and products to

produce acceptable work. Do not permit tolerances to accumulate.

Adjust products to appropriate dimensions; position before securing products in place.

1.7 Testing Services
Unless otherwise indicated by Westinghouse WID, the Contractor shall employ an

independent firm to perform the testing services and other services specified in the individual

specification sections, and as required by Westinghouse WID. Testing and source quality

control may occur on or off the project site.

The testing laboratory shall comply with applicable sections of the reference standards and

shall be authorized to operate in the state in which the project is located.

Testing equipment shall be calibrated at reasonable intervals with devices of an accuracy

traceable to either the National Bureau of Standards or accepted values of natural physical

constants.
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* 1.8 Inspection Services
The Contractor shall employ an independent firm to perform inspection services as a

supplement to the Contractor's quality control as specified in the individual specification

sections, and as required by Westinghouse WID. Inspection, may occur on or off the project

site.

The inspection firm shall comply with applicable sections of the reference standards.

1.9 Submidttals
The Contractor shall submit a Contractors' Quality Control Plan as described herein.

Prior to start of work, the Contractor shall submit for approval, the testing laboratory name,

address, telephone number and name of responsible officer of the firm. He shall also submt

a copy of the testing laboratory compliance with the reference ASTM standards, and a copy

of report of laboratory facilities inspection made by Materials Reference Laboratory of

National Bureau of Standards with memorandum of remedies of any deficiencies reported by

the inspection.

Prior to start of work, the Contractor shall submit for approval the inspection firm name,

address, telephone number and name of responsible officer of the firm. He shall also submit

the personnel proposed to perform the required inspection, along with their individual

qualifications and certifications (Example: Certified AWS Welding Inspector.)

PART 2 - PRODUCTS

Not used.

PART 3 - EXECUTION

3.1 General
The Contractor is responsible for quality control and shall establish and maintain an effective

quality control system. The quality control system shall consist of plans, procedures, and

organization necessary to produce an end product which complies with the contract

requirements. The system shall cover all construction operations, both on site and off site,

and shall be keyed to the proposed construction sequence. The project superintendent will be

held responsible for the quality of work on the job. The project superintendent in this context

shall mean the individual with the responsibility for the overall management of the project

including quality and production.
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3.2 Quality Control Plan

3.2.1 General
The Contractor shall furnish for review and approval by Westinghouse WID, not later than 30

days after receipt of notice to proceed, the Contractor Quality Control (CQC) Plan proposed

to implement the requirements of the Contract. The plan shall identify personnel, procedures,

control, instructions, test, records, and forms to be used. Construction will be permitted to

begin only after acceptance of the CQC Plan.

3.2.2 Content of the CQC Plan
The CQC Plan shall include, as a minimum, the following to cover all construction

operations, both on site and off site, including work by subcontractors, fabricators, suppliers,

and purchasing agents:

" A description of the quality control organization, including a chart showing lines of

authority and acknowledgment that the CQC staff shall implement the control system for

all aspects of the work specified. The staff shall include a CQC System Manager who

shall report to the project superintendent.

* The name, qualifications (in resume format), duties, responsibilities, and authorities of each

person assigned a CQC function.

* Description of the CQC System Manager's responsibilities and delegation of authority to

adequately perform the functions of the CQC System Manager, including authority to stop

work which is not in compliance with the contract. The CQC System Manager shall issue

letters of direction to all other various quality control representatives outlining duties,

authorities, and responsibilities.

" Procedures for scheduling, reviewing, certifying, and managing submidttals, including those

of subcontractors, off site fabricators, suppliers, and purchasing agents. These procedures

shall be in accordance with Westinghouse WIl) Submittal Procedures.

* Control, verification, and acceptance testing procedures for each specific test to include the

test name, specification paragraph requiring test, feature of work to be tested, test

frequency, and person responsible for each test. (Laboratory facilities will be subject to

approval by Westinghouse WID.)

" Procedures for tracking construction deficiencies from identification through acceptable

corrective action. These procedures will establish verification that identified deficiencies
have been corrected.

" Reporting procedures, including proposed reporting formats.
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*A list of the definable features of work. A definable feature of work is a task which is

separate and distinct from other tasks and has separate control requirements. It could be

identified by different trades or disciplines, or it could be work by the same trade in a

different environment. Although each section of the specifications may generally be

considered as a definable feature of work, there are frequently more than one definable

feature under a particular section. This list will be submitted to Westinghouse WID for

approval.

3.2.3 Acceptance of Plan
Acceptance of the Contractor's plan is required prior to the start of construction. Acceptance

is conditional and will be predicated on satisfactory performance during the construction. The

Owner reserves the right to require the Contractor to make changes in his CQC Plan and

operations including removal of personnel, as necessary, to obtain the quality specified.

3.2.4 Notification of Changes
After acceptance of the CQC Plan, the Contractor shall notify Westinghouse WIT) in writing

of any proposed change. Proposed changes are subject to acceptance by Westinghouse WIT).

3.3 Quality Control Organization

3.3.1 General
The requirements for the CQC organization are a CQC System Manager and sufficient

number of additional qualified personnel supplemented by independent testing and inspection

firms as required by the specifications, to ensure contract compliance. The Contractor shall

provide a CQC organization which shall be at the site at all times during progress of the work

and with complete authority to take any action necessary to ensure compliance with the

contract. All CQC staff members shall be subject to acceptance by Westinghouse WID.

3.3.2 CQC System Manager
The Contractor shall identify as CQC System Manager an individual within his organization

at the site of the work who shall be responsible for overall management of CQC and have the

authority to act in all CQC matters for the Contractor. The CQC System Manager shall be a

graduate engineer, with a minimum of five years construction experience on construction

similar to this contract. This CQC System Manager will be employed by the prime

Contractor. The CQC System Manager shall be assigned no other duties. An alternate for

the CQC System Manager will be identified in the plan to serve in the event of the System

Manager's absence. The requirements for the alternate will be the same as for the designated

CQC System Manager.

3.3.3 CQC Personnel
In addition to CQC personnel specified elsewhere in the contract, the Contractor shall provide

as part of the CQC organization specialized personnel or third party inspectors to assist the

CQC System Manager. These individuals shall be employed by the prime Contractor; be
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responsible to the CQC System Manager, have the necessary education and/or experience.

These individuals shall have no other duties other than quality control.

3.3.4 Organizational Changes
The Contractor shall maintain his CQC staff at full strength at all times. When it is necessary

to make changes to the CQC staff the Contractor shall revise the CQC Plan to reflect the

changes and submit the changes to Westinghouse WID for acceptance at the Contractors'
expense.

3.4 Tests

3.4.1 Testing Procedure
The Contractor shall perform specified or required tests to verify that control measures are

adequate to provide a product which conforms to contract requirements. Upon request, the

Contractor shall furnish to Westinghouse WID duplicate samples of test specimens for

possible testing by Westinghouse WID. Testing includes operation and/or acceptance tests

when specified. The Contractor shall procure the services of an approved testing laboratory.

The Contractor shall perform the following activities and record and provide the following

data:

" Verify that testing procedures comply with contract requirements.

" Verify that facilities and testing equipment are available and comply with testing standards.

" Check test instrument calibration data against certified standards.

" Verify that recording forms and test identification control number system, including all of

the test documentation requirements, have been prepared.

" Results of all tests taken, both passing and failing tests, will be recorded on the CQC report

for the date taken. Specification paragraph reference, location where tests were taken, and

the sequential control number identifying the test will be given. If approved by
Westinghouse WID, actual test reports may be_ submitted later with a reference to the test

number and date taken. An information copy of tests performed by an off site or

commercial test facility will be provided directly to Westinghouse WED. Failure to submit

timely test reports as stated may result in nonpayment for related work performed and

disapproval of the test facility for this contract.

3.5 Testing Laboratory
The testing laboratory shall provide qu~alified personnel to perform specified sampling and

testing of products in accordance with specified standards, and ascertain compliance of

materials and mixes with requirements of Contract Documents. The testing laboratory shall

promptly notify Westinghouse WI]) and Contractor of any observed irregularities or non-

conformance of Work or Products.
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Reports indicating results of tests, and compliance (or noncompliance) with the contract

documents will be submitted in accordance with Westinghouse WID submittal procedures.

The Contractor shall cooperate with the independent testing firm, furnish samples, storage,

safe access, and assistance by incidental labor as required. Testing by the independent firm

does not relieve the contractor of the responsibility to performn the work to the contract

requirements.

The laboratory may not:

" Release, revoke, alter, or enlarge on requirements of the contract

" Approve or accept any portion of the work
" Assume any duties of the Contractor.

The laboratory has no authority to stop the work.

3.6 Inspectionf Services
The inspection firm shall provide qualified personnel at site to supplement the Contractor's

Quality Control Program to perform specified inspection of Products in accordance with

specified standards. He shall ascertain compliance of materials and mixes with requirements

of Contract Documents, and promptly notify the CQC System Manager, Westinghouse WID

and the Contractor of observed irregularities or non-conformance of Work or Products. The

inspector does not have the authority to stop the work. The inspector shall refer such cases to

the CQC System Manager who has the authority to stop work (see Section 3.2.2).

Reports indicating results of the inspection and compliance (or noncompliance) with the

contract documents will be submitted in accordance with Westinghouse WID submittal

procedures.

The Contractor shall cooperate with the independent inspection firm, furnish samples, storage,

safe access and assistance by incidental labor, as requested.

7 Inspection by the independent firm does not relieve the Contractor of the responsibility to

perform the work to the contract requirements.

3.7 Completion Inspection

3.7.1 Pre-Final Inspection
At the completion of all work the CQC System Manager shall conduct an inspection of the

work and develop a "punch list" of items which do not conform to the approved drawings and

specifications. Once this is accomplished the Contractor shall notify Westinghouse WID that

the facility is complete and is ready for the "Prefinal" inspection. Westinghouse WID will

perform this inspection to verify that the facility is complete. A "Final Punch List" will be

developed as a result of this inspection. The Contractor's CQC System Manager shall ensure
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that all items on this list have been corrected and notify Westinghouse WID so that a "Final"

inspection can be scheduled. Any items noted on the "Final" inspection shall be corrected in

a timely manner. These inspections and any deficiency corrections required by this paragraphW

will be accomplished within the time slated for completion of the entire work.

3.7.2 Final Acceptance Inspection
The final acceptance inspection will be formally scheduled by Westinghouse WII) based upon

notice from the Contractor. This notice will be given to Westinghouse WIl) at least 14 days

prior to the final acceptance inspection and must include the Contractor's assurance that all

specific items previously identified to the Contractor as being unacceptable, along with all

remaining work performed under the contract, will be complete and acceptable by the date

scheduled for the final acceptance inspection.

3.8 Documentation
The Contractor shall maintain current records providing factual evidence that required quality

control activities and/or tests have been performed. These records shall include the work of

subcontractors and suppliers and shall be on an acceptable form that includes, as a minimum,

the following information:

" Contractor/subcontractor and their area of responsibility.

* Operating plant/equipment with hours worked, idle, or down for repair.

* Work performed each day, giving location, description, and by whom.

* Test and/or quality control activities performed with results and references to

specifications/drawings requirements. List deficiencies noted along with corrective action.

* Quantity of materials received at the site with statement as to acceptability, storage, and

reference to specifications/drawings requirements.

" Submittals reviewed, with contract reference, by whom, and action taken.

* Off-site surveillance activities, including actions taken.

* Instructions given/received and conflicts in plans and/or specifications.

" Contractor's verification statement.

These records shall indicate a description of trades working on the project; the number of

personnel working; weather conditions encountered; and any delays encountered. These

records shall cover both conforming and deficient features and shall include a statement that

equipment and materials incorporated in the work and workmanship comply with the contract.

The original and one copy of these records in report form shall be furnished to Westinghouse
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WID daily. Reports shall be signed and dated by the CQC System Manager. The report

U from the CQC System Manager shall include copies of test reports and copies of reports

prepared by all subordinate quality control personnel.

3.9 Notification of Noncompliance
Westinghouse WID will notify the Contractor of any detected noncompliance with the

foregoing requirements. The Contractor shall take immediate corrective action after receipt of

such notice. Such notice, when delivered to the Contractor at the worksite, shall be deemed

sufficient for the purpose of notification. If the Contractor fails or refuses to comply

promptly, Westinghouse WID may issue an order stopping all or part of the work until

satisfactory corrective action has been taken. No part of the time lost due to such stop orders

shall be made the subject of claim for extension of time or for excess costs or damages by the

Contractor.

End of section.
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SECTION 01600

MATERIAL AND EQUIPMENT

PART 1 - GENERAL

1.1 Scope
This section includes:

* Equipment
" Products
" Transportation and handling
* Storage and protection
* Substitutions

1.2 Related Sections

* 01010 - Summary of Work
0 01400 - Contractor Quality Control
* 02010 - Mobilization and Demobilization
* 02222 - Excavation. * 02722 - Grouting

*03100 - Concrete Formwork
*03300 - Cast-in-Place Concrete
*04100 - Mortar
*04300 - Unit Masonry System

1.3 Equipment
The Contractor shall specify his proposed equipment in the Work Plan. Power equipment for

use underground shall be either electrical or diesel engine driven. All diesel engine

equipment shall be certified for use underground.

1.4 Products
The Contractor shall specify in the Work Plan, or in subsequently required submittals the

proposed products including, but not limited to the grout mix. and its components, concrete

m-ix and its components, mortar mix and its components, formwork, and masonry. The

proposed products shall be supported by laboratory test results as required by the

specifications. All products shall be subject to approval by Westinghouse WID.
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1.5 Transportation and Handling

* Transport and handle products in accordance with manufacturer's instructions.

* Promptly inspect shipments to ensure that products comply with requirements, quantities

are correct, and products are undamaged.

* Provide equipment and personnel to handle products by methods to prevent soiling,

disfigurement, or damage.

1.6 Storage and Protection

" Store and protect products in accordance with manufacturers' instructions.

* Store with seals and labels intact and legible.

* Store sensitive products in weather tight, climate controlled, enclosures in an environment

favorable to product.

" For exterior storage of fabricated products, place on sloped supports above ground.

" Cover products subject to deterioration with impervious sheet covering. Provide ventilation

to prevent condensation and degradation of products.

* Store loose granular materials on solid flat surfaces in a well-drained area. Prevent mixing

with foreign matter.

* Provide equipment and personnel to store products by methods to prevent soiling,

disfigurement, or damage.

* Arrange storage of products to permit access for inspection. Periodically inspect to verify

products are undamaged and are maintained in acceptable condition.

1.7 Substitutions

1.7.1 Equipment Substitutions
The Contractor may substitute equipment for that proposed in the Work Plan subject to

Westinghouse WID's approval. The Contractor shall demonstrate the need for the

substitution, and the applicability of the proposed substitute equipment.

1.7.2 Product Substitutions
The Contractor may not substitute products after the proposed products have been approved

by Westinghouse WMD unless he can demonstrate that the supplier/source of that product no

longer exists in which case he shall submit alternate products with lab test results to
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Westinghouse WID for approval. In the case that product is a component in a mix, the

Contractor shall perform mix testing using that component and submit laboratory test results.

PART 2 - PRODUCTS

Not used.

PART 3 - EXECUTION
Not used.

End of section.
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SECTION 02010

MOBILIZATION AND DEMOBILIZATION

PART 1 - GENERAL

1.1 Scope
This section includes:

" Mobilization of equipment and facilities to site
" Contractor use of site
* Use of existing facilities
* Demobilization of equipment and facilities
* Site cleanup

1.2 Related Sections

0 01010 - Summary of Work
* 01600 - Material and Equipment

PART 2 - PRODUCTS

Not used.

PART 3 - EXECUTION

3.1 Mobilization of Equipment and Facilities to Site

Upon authorization to proceed, the Contractor shall mobilize his equipment and facilities to

the jobsite. Equipment and facilities shall be as specified, and as defined in the Contractor's

Work Plan. The Contractor shall erect the batch plant and assemble his equipment and

materials in the areas designated by Westinghouse WID. Facilities shall be located as near as

practical to the existing utilities.

Westinghouse WID will provide utilities (460 volt AC, 3 phase, and water) at designated

locations. The Contractor shall be responsible for all hookups and tie-ins required for his

operations.

The Contractor shall be responsible for providing his own office, storage, and sanitary

facilities.
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Areas will be designated for the Contractor's use in the underground area in the vicinity of

the panel closure system installation. These areas are limited.

3.2 Use of Site
The Contractor shall use only those areas specifically designated for his use by Westinghouse

WID. The Contractor shall limit his on-site travel to the specific routes required for

performance of his work, and designated by Westinghouse WID.

3.3 Use of Existing Facilities
Existing facilities at the site which are available for use by the Contractor are:

* WIPP roadheader
* Waste shaft conveyance
0 Salt skip hoist
* (1) 20 ton forklift
* (1) 40-ton forklift
* 460 Volt AC, 3 phase power
* Water (in mine, at waste shaft only-above ground at location designated by Westinghouse

WII)).

The Contractor shall arrange for use of the facilities with Westinghouse WID and coordinate

his actions/requirements with that of the ongoing operations.

Use of water in the underground will be restricted. No washout or cleanup will be permitted

in the underground. Above ground washout/cleanup or eouipment will be allowed in the

areas designated by Westinghouse WID.

The Contractor is cautioned to be aware of the physical dimensions of the waste conveyance

and the air lock (see Figures 2 and 3, attached).

The Contractor shall be responsible for any damage incurred by the existing site facilities as a

result of his operations. Any damage shall be reported immediately to Westinghouse WID

and repaired at the Contractor's cost.

3.4 Demobilization of Equipment and Facilities
At completion of this work, the Contractor shall demobilize his equipment and facilities from

the job site. The batch plant shall be disassembled and removed along with any unused

material. All Contractor's equipment and materials shall be removed from the mine and all

disturbed areas restored. Utilities shall be removed to their connection points unless

otherwise directed by Westinghouse WID.
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NOTES
(1) CAGE DIMENSIONS SHOWN ARE INSIDE.

(2) WASTE HOIST DESIGN CAPACITY IS 80,000 LBS.

Figure 2
Waste Handling Shaft Cage Dimensions
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Figure 3
Waste Shaft Collar and Airlock Arrangement
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3.5 Site Cleanup
At conclusion of the work, the Contractor shall remove all trash, waste, debris, excess

W construction materials, and restore the affected areas to its prior condition, to the satisfaction

of Westinghouse WID. A final inspection of the areas will be conducted by Westinghouse

WID and the Contractor before final payment is approved.

End of section.
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SECTION 02222

EXCAVATION

PART 1 - GENERAL

1.1 Scope
This section includes:

" Excavation for main concrete barrier
* Excavation for surface preparation and levelling of base areas for isolation walls
" Disposition of excavated materials.

1.2 Related Sections

* 01010 - Summary of Work
* 01600 - Material and Equipment
* 03100 - Concrete Form Work
* 04300 - Unit Masonry System.

1.3 Reference Documents
"Reference Stratigraphy and Rock Properties for the Waste Isolation Pilot Plant (WIPP)

Project" by R.D. Krieg-Sandia National Laboratory Document Sand 83-1908. [Available

through National Technical Information Service (NTIS).]

1.4 Field Measurements and Survey
All survey required for performance of the work will be provided by Westinghouse WID. To

develop the concrete formwork to fit the excavation, the Contractor shall be responsible for

verifying the excavation dimensions.

PART 2 - PRODUCTS

Not used.

PART 3 - EXECUTION

3.1 Excavating for C oncrete Barrier
Excavation for the main concrete barrier shall be performed to the lines and grades shown on

the drawings. Excavate the back a minimum of 1 inch to 3 inches beyond clay seam G, and

the floor a minimum of 1 inch to 3 inches below the anhydride marker bed 139 (MB-139) to
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assure removal of the disturbed rock zone (DRZ). Excavation shall be performed utilizing

mechanical means such as a cutting head on a suitable boom, by drilling boreholes and using

an expansive agent to fragment the rock or other competent equipment or methods submitted

to Westinghouse WILD for review and approval. The use of explosives is prohibited. The

existing WIPP roadheader mining machine may also be available for use. The Contractor is

to determine availability and coordinate proposed use of the roadheader with Westinghouse

WILD. The existing roadheader is capable of excavating the back and the portions of the ribs

above the floor level. However, it is not capable of excavating the portion below floor level.

The tolerances for the concrete barrier excavation shall be +6 inches, to 0 inch. In addition,

the Contractor is to remove all loose or spalling rock from the excavation surface to provide a

sound surface abutting the concrete barrier. The Contractor shall provide and install roof

bolts for support as required for personnel protection and approved ground control plans.

3.2 Excavating for Surfac 'e Preparation and leveling of Base Areas for Isolation Walls

The Contractor shall excavate a 6-inch surface preparation around the entire perimeter of the

isolation walls. The surface preparation in the floor shall be made level to produce a surface

for placing the first course of block in the isolation walls. Tolerances for the leveled portion

of the surface preparation are ±1 inch. Excavation may be performed by either mechanical or

manual means. Use of explosives is prohibited.

3.3 Dis position of Excavated Materials
The Contractor shall remove all excavated materials from the panel-access drift where they

are excavated. Excavated materials shall be removed from the mine via the salt skip to the

surface, where they will be disposed on site at a location as directed by Westinghouse WIT).

3.4 Field Measurements and Survey
All survey required for performance of the work will be provided by Westinghouse WILD.

The Contractor shall protect all survey control points, bench marks, etc., from damage by his

operations. WII) will verify by survey that the Contractor has excavated to the required lines

and grades. The Contractor shall be responsible for verifying the excavation dimensions to

develop concrete formwork to fit the excavation. No form work or block work is to be

erected until this survey is completed. The Contractor is to coordinate the survtr. work with

his operations to assure against lost time. The Contractor shall notify Westinghouse WI) at

least 24 hours prior to the time surveying is required

- End of section.
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SECTION 02722

GROUTING

PART 1 - GENERAL

1.1 Scope
This section includes:

0 Grouting of concrete barrier.

1.2 Related Sections

* 01010 - Summary of Work
* 01400 - Contractor Quality Control
* 01600 - Material and Equipment
* 03 100 - Concrete Form Work
* 03300 - Cast-in-Place Concrete

1.3 References

ASTM Cl 107-91a Standard Specification for Dry, Hydraulic Cement Grout (Nonshrink)

ASTM C109/ Test Method for Compressive Strength of Hydraulic Cement Mortars

C 109M-95

1.4 Submittals for Review and Approval

Thirty days prior to the initiation of grouting, the Contractor shall submidt to Westinghouse

WID for review and approval, the following:

* Type of grout proposed

* Product data:

- Manufacturer's specification. and certified laboratory tests for the manufactured grout, if

proposed

- Certified laboratory tests for the §alt- saturated grout, if proposed, using project- specific

materials
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* Proposed grouting method, including equipment and materials and construction sequence in

Work Plan.

1.5 Submittals for Construction
Daily grouting report indicating the day, date, time of midxing and delivery, quantity of grout

placed, water used, pressure required, problems encountered, action taken, quality control

data, testing results, etc., no later than 24 hours following construction.

PART 2 - PRODUCTS

2.1 Grout Materials

Grout used for grouting in connection with fresh water/plain cement concrete shall be

nonshrink, cement-based grout, Five Star 110 as manufactured by Five Star Products Inc.,

425 Stillson Road, Fairfield, Connecticut 06430 or approved equal. Mixing and installation

shall be in accordance with the manufacturer's recommendations.

As an alternate to the above grout, in connection with the Salado Mass concrete mix, the

Contractor shall use, subject to the approval of Westinghouse WID, a salt saturated grout.

The following formulation is suggested to the Contractor as an initiation point for selection of

the grout mix. Salt saturated grout strength shall be 4500 psi at 28 days.

Salt-Saturated Grout (BCT-1 F)

Component ( P2ercent of total Mass (wt.)

Class H cement 48.3

Class C fly ash 16.2

Cal Seal (plaster - from Halliburton) 5.7

Sodium chloride 7.9

Dispersant 0.78

Defoamer 0.02

Water 21.1

Water for mixing shall be of potable quality, free from injurious 'amounts of oil, acid, alkali,

salt, or organic matter, sediments, or other deleterious substances, as specified for concrete,
Section 03300-2.3.
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2.2 Product Data
If the Contractor proposes to utilize a manufactured nonshrink cement-based grout, he shall

submit complete manufacturer's specifications for the product, along with certified laboratory

test results of the material.

If the Contractor proposes to utilize the salt-saturated grout in connection with the Salado

Mass concrete mix, he shall submidt manufacturer's/supplier's specifications for the component

materials, and certified laboratory test results for the resultant mix.

PART 3 - EXECUTION

3.1 General
The Contractor shall furnish all labor material, equipment, and tools to perform all operations

in connection with the grouting.

Grout delivery and return lines for interface grouting shall be installed in the form work or in

the area to be grouted to provide uniform distribution of the grout as shown on the drawings.

The exact location of the boxes and lines shall be determined in the field. Additional grout

delivery -and return lines and boxes may be required by Westinghouse WED.

Pumps shall be positive displacement piston type pump designed for grouting service capable

of operating at a discharge pressure of 100 psi. The Contractor shall supply a standby pump

to be utilized in the event of a breakdown of the primary unit

Mixers shall be high velocity "colloidal" type with a rotary speed of 1,200 to 1,500 rpm.

Grout shall be mixed to a pumpable mix as per the manufacturer's recommendations.

Mixing water shall be accurately metered to control the consistency of the grout.

The Contractor shall provide all necessary valves, gages, and pressure hoses.

Water for mixing is available at the waste shaft. The Contractor is cautioned that no free

water discharges or spills are -pemitted in the mine. All cleanup and washout operations

shall be performed at the ground surface.

Potential spill areas in the underground shall be identified by the Contractor in the work plan.

The Contractor shall provide measures to contain suitable containment. Isolation measures

shall include, but are not limited to, lining with a membrane material (PVC, hypalon, HDPE),

draped curtains (polyethylene,PVC, etc.), corrugated sheet metal protective walls or a

combination of these and other measures.

If salt-saturated grout is selected for use, the Contractor shall make provisions to accurately

proportion the components. Proportioning shall be by weighing. Sufficient quantities of dry
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components shall be developed prior to initiation of the grouting to perform the work so as

not to incur delays during the mixing/placing sequence.

3.2 Interface Grouting of Concrete Barrier
After each cell of the concrete barrier has been allowed to cure for a period of seven days, or

as directed by Westinghouse WID, the Contractor shall interface grout the remaining space

between the back wall and the top surface of the concrete barrier.

Each cell of the concrete barrier shall be grouted before the next adjacent cell is formed and

concrete placed. Grout delivery and return lines shall be installed with the form work as

shown and called for on the drawings, or as directed by Westinghouse WID.

The placing of grout, unless otherwise directed by Westinghouse WII) shall be continuous

until completed. Grouting shall progress from lower to higher grout pipes. Grouting shall

proceed through a single delivery line until grout escapes from the adjacent return line. The

Contractor shall then secure these lines and move to the next adjacent set of delivery and

return lines. Pressure shall be adjusted to adequately deliver the grout to the forms, as

witnessed by grout in the return line.

The grouting operation shall be conducted in a manner such that it does not affect the

stability of the concrete barrier structure.

3.3 Contact Grouting
After completion of interface grouting if directed by Westinghouse WLD, the Contractor shall

contact grout to fill any remaining voids at the concrete barrier/back wall interface. Contact

grouting includes all operations to drill, clean, and grout holes installed in the concrete
barrier.

The Contractor shall drill and grout the interface zone to the main concrete barrier as directed

by Westinghouse WID.

The location, direction, and depth of each grout hole shall be as directed by Westinghouse

WID. The order in which the holes are drilled and the manner in which each hole is drilled

and grouted, the proportions of the water used in the grout, the time of grouting, the pressures
used in grouting, and all other details of the grouting operations shall be as directed by
Westinghouse WID.

Wherever required, contact grouting will entail drilling the hole to a limited depth, installing a
packer, and performing grouting.

3.3.1 Drilling
The holes shall be drilled with rotary-type drills. Drilling grout holes with percussion-type
drills will not be permitted except as approved by Westinghouse Wfl).
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The requirements as to location, depth, spacing, and direction of the holes shall be as directed

by Westinghouse WID.

The minimum diameter shall be approximately 11/2 inches.

When the drilling of each hole or stage of has been completed, compressed air will be used

to flush out drill cuttings. The hole shall then be temporarily capped or otherwise suitably

protected to prevent the hole from becoming clogged or obstructed until it is grouted.

3.3.2 Materials for Contact Grouting
Standard weight black steel pipe conforming to ASTM A-53 shall be set in the concrete in

the locations as directed by Westinghouse WED. All pipe and fittings shall be furnished by

the Contractor.

The size of the grout pipe for each hole and the depth of the holes for setting pipe for

grouting shall be as directed by Westinghouse WID. Care shall be taken to avoid clogging or

obstructing the pipes before being grouted, and any pipe that becomes clogged or obstructed

from any cause shall be cleaned satisfactorily or replaced.

The packers shall be furnished by the Contractor and shall consist of expansible tubes or rings

of rubber, leather, or other suitable material attached to the end of the grout supply pipe. The

packers shall be designed so that they can be expanded to seal the drill hole at the specified

locations and when expanded shall be capable of withstanding without leakage, for a period

of 5 minutes, air pressure equal to the maximum grout pressures to be used.

3.3.3 Grouting Procedures
Different grouting pressures will be required for grouting different sections of the grout holes.

Pressures as high as necessary to deliver the grout but which, as determined by trial, are safe

against concrete displacement shall be used in the grouting.

If, during the grouting of any hole, grout is found to flow from adjacent grout holes or con-

nections in sufficient quantity to interfere seriously with the grouting operation or to cause

appreciable loss of grout, such grout holes and connections shall be capped temporarily.

Where such capping is not essential, holes shall be left open to facilitate the escape of air as

the grout is forced into other holes. Before the grout has set, the grout pump shall be

connected to adjacent capped holes and to other holes from which grout flow was observed,

and grouting of all holes shall be completed. If during the grouting of any hole, grout is

found to flow from points in the barrier, any parts of the concrete structure, or other

locations, such flows or leaks shall be plugged or caullked by the Contractor as directed by

Westinghouse WID.

As a safeguard against concrete displacement, excessive grout travel, or while grout leaks are

being caulked, Westinghouse WID may require the reduction of the pumping pressure,

intermittent pumping, or the discontinuance of pumping.
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The consistency of the grout midx shall be varied, as directed by Westinghouse WID,

depending on the conditions encountered. Where the grout hole or connection continues to

take a large amount of grout after the mix has been thickened, Westinghouse WID may

require that pumping be done intermittently, waiting up to 8 hours between pumping periods

to allow grout in the barrier to set. After the grouting is complete, the pressure shall be

maintained by means of stopcocks, or other suitable valve that it will be retained in the holes

or connections being grouted.

3.4 Cleanup
No clean-up or washing of equipment with water is allowed in the underground. No free

water spills are permitted. All clean out or wash out requiring water will be performed above

ground at the location approved by Westinghouse WID. See note above regarding potential

spill areas in Section 3.1 - General.

3.5 Quality Control
The Contractor shall provide a third-party quality control inspector at the site throughout the

grout placement operations. The inspector shall determine that the grout mix is properly

proportioned and properly mixed to the approved consistency. The inspector shall sample and

make one set of grout cubes for compression testing for every 50 cubic feet of grout placed,

or fraction thereof, for each day of grout placement.

End of section.
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SECTION 03100

CONCRETE FORMWORK

PART 1 - GENERAL

1.1 Scope
This section includes:

" Formwork for cast-in-place concrete with shoring, bracing, and anchorage

" Accessory items, grout pipes, concrete delivery pipes.

1.2 Related Sections

0 01010 - Summary of Work
0 01400 - Contractor Quality Control
* 01600 - Material and Equipment
0 02722 - Grouting
* 03300 - Cast-in-Place Concrete
* 04300 - Unit Masonry System

. 1.3 References

ACI 30 1-89 Specifications for Structural Concrete for Buildings

ACI 318-89(92) Building Code Requirements for Reinforced Concrete

ACI 347-94 Recommended Practice for Concrete Formwork

ASTM A-36/ Standard Specification for Structural Steel
A36M-9 1

ASTM A-53-90b Standard Specification for Pipe, Steel, Black, and Hot-Dipped Zinc Coated

Welded and Seamldess

ASTM A-325-91c Standard Specification for Structural Bolts, Steel, Heat-Treated 120/105
ksi Minimum Tensile Strength

ASTM A-615-95b Standard Specifications for Deformed and Plain Billet-Steel Bars for

Concrete Reinforcement

AWS A3.0-94 Welding Terms and Definitions
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AWS A5.1-91 Specification for Mild Steel Covered Arc Welding Electrodes

AWS D1.1-94 Structural Welding Code-Steel

AISC Manual of Steel Construction Latest Edition

1.4 Submittals
The Contractor shall submit the following supporting documentation for the adequacy of the

formwork 30 days prior to initiation of work at site:

" Shop detail drawings with appropriate calculations to support the adequacy of the

formwork.

" Mill test certification of materials utilized in construction of the forms.

" Details of installation contained in the Contractor's Work Plan.

1.5 Quality Assurance
The design and detail of the formwork shall be conducted under direct supervision of a

professional structural Engineer experienced in design of this work. Responsibilities include:

* Fabricating formwork in accordance with AISC manual of steel construction.

* Performing all welding in accordance with AWS Dl.l structural welding code.

- Performing all bolting in accordance with AJSC specification for structural joints using

ASTM A325 or A490 bolts.

* Performing work in accordance with ACI 301, 318, and 347, AISC and AWS standards.

Maintain one copy of all standards at site.

PART 2 - PRODUCTS

2.1 Form Materials
Forms for the concrete barrier shall be constructed of ASTM A-36 steel.

Pipe inserts shall be ASTM A-53- black standard weight pipe.

Form spacers shall be ASTM A-36 round stock.

Bolts shall be ASTM A325 high strength structural bolts.
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Grout pipes shall be ASTM A-53 standard weight pipe or flex conduit as shown on the

drawings.

Rock anchors shall develop strength equal to or greater than ASTM A-36 round stock.

Welding electrodes shall conform to AWS A5.1.

PART 3 - EXECUTION

3.1 General
The Contractor shall furnish all labor material equipment and tools to perform all operations

in connection with the design, detail, fabrication and erection of the formwork and the fabri-

cation and installation of grout pipes for the main concrete. barrier. All work shall be

performned according to standards referred to in Paragraph 1.3.

The Contractor may, at his option submit an alternate design or modify the design shown on

the drawings, subject to the approval of Westinghouse WID. All designs must be supported

by design calculations stamped and sealed by a registered professional engineer.

The Contractor shall furnish, fabricate and install all grout pipes and grout boxes for both the. concrete barrier and the isolation walls.

3.2 Shop Drawings
The Contractor shall design and detail all formwork for the concrete barrier, complete with

any required bracing and shoring for the concrete barrier as shown on the drawings, in

accordance with ACI 318 and 347 and the AISC manual of steel construction.

The details shall incorporate provision for adjusting and modifying the formwork to suit the

excavation. Excavation tolerances are given in Section 02222 Excavation.

The Contractor shall be responsible for verifying the excavation dimensions to develop the

concrete formwork to fit the excavation.

Prior to fabrication, the Contractor shall submit shop drawings complete with supporting

calculations for review/approval by Westinghouse WII) 30 days prior to initiating work. The

contractor shall incorporate all Westinghouse WID's comments, revisions, resolve all

questions and resubmit drawings for final approval prior to proceeding with fabrication.

3.3 Fabrication
The Contractor shall fabricate all formwork and ancillary items in accordance with the latest

edition of the AISC Manual of Steel Construction and the approved detail drawings.
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Formwork shall contain all inserts for grouting and pumping concrete. Sufficient valving

shall be provided on inserts to allow shut off of concrete and grout to prevent back flow

through the form work.

All welding shall be in accordance with AWS D1.1 structural welding code including operator

and procedure certifications. Elements shall be welded using E-7018 low hydrogen

electrodes. Panels shall be piece marked to correspond to the erection drawing(s) and

sequence at fabrication.

3.4 Installation

3.4.1 Grout Pipes
The Contractor shall furnish, fabricate, and install all grout pipes and boxes as appro ved by

Westinghouse WID. Grout pipes and boxes shall be attached to the back surface using

masonry anchors as shown on the drawings or other approved methods. Grout pipes shall be

connected to the inserts installed in the permanent forms and securely fastened to the

formwork. All grout pipes will be blown out with compressed air after installation and prior

to closure of the formwork to assure they are clean and free from debris or obstructions.

Grout pipes shall then be temporarily capped to prevent entry of foreign matter until ready for

grouting. The Contractor shall apply masking tape to the grout box openings to prevent

concrete infiltration during concrete placement.

3.4.2 Formwork
The steel formwork for the concrete barrier is to remain in place at completion of each

segment of the barrier, therefore all formwork shall be free from oil, grease, rust, dirt, mud or

other material that would prevent bonding by the concrete. Forms will not be oiled or receive

application of release agent

The Contractor shall install formwork at the locations shown on the drawings to the lines and

grades shown. Forms are to be mortar tight. The Contractor shall adjust the formwork to

suit the contour of the excavation. Rock may be trimmed or chipped to suit where

interferences are encountered. Where overexcavation has occurred in excess of the designed-

in adjustability of the formwork, modifications shall be proposed to Westinghouse WID for

his approval prior to installation. Installation of the formwork shall be reviewed and

approved by Westinghouse WID prior to proceeding with concrete installation.

The Contractor shall provide a sealant or gasket material subject to the approval of

Westinghouse WID.

3.5 Quality Control
The Contractor shall arrange for and contract with an approved third party inspector to

provide inspection/testing services for the fabrication and installation of the formwork and

ancillary items, as required by the QA/QC plan.
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The Contractor shall furnish certified mill test reports for all materials utilized in the. fabrication.

All welding shall be in accordance with AWS D1. 1 structural welding code. The Contractor

shall furnish welding operator and procedure certifications for all operators and procedures

utilized.

Fabricated components shall be inspected for dimension and overall quality. Welds shall be

inspected by an AWS certified welding inspector.

The inspector shall visually inspect the installation for fit-up and dimensionally for location.

3.6 Handling, Shipping, Storage
The Contractor shall handle, ship, and store fabricated components with care to avoid damage.

Stored components shall be placed on timbers or pallets off the ground to keep the units

clean. Components shall be tarped while in outdoor storage. Components that become

spattered or contaminated with mud will be thoroughly cleaned during erection, and prior to

concrete emplacement. Damaged components will be rejected by the inspector and replaced

by the contractor at his cost.

End of section.
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SECTION 03300

CAST-IN-PLACE CONCRETE

PART 1 - GENERAL

1.1 Scope
This section includes:

* Cast-in-place concrete for concrete barrier
" Concrete mix design.

1.2 Related Sections

* 01010 - Summary of Work
* 01400 - Contractor Quality Control
* 01600 - Material and Equipment
* 02222 - Excavation
* 02722 - Grouting

-03100 - Concrete Formwork

. 1.3 References

ACI 211.1-91 Standard Practice for Selecting Proportions for Normal, Heavy

Weight, and Mass Concrete

ACI 318.1-89(92) Building Code Requirements for Structural Plain Concrete

ACI 304R-89 Guide for Measuring, Mixing, Transporting, and Placing Concrete

ASTM C 33-93 Standard Specification for Concrete Aggregates

ASTM C 39-94 Standard Test Method for Compressive Strength of Cylindrical
Concrete Specimens

ASTM C 94-94 Standard Specification for Ready-Mixed Concrete

ASTM C 136-95a Standard Test Method for Sieve Analysis-of Fine and Coarse

Aggregates

ASTM C 143-90a Standard Specification for Slump of Hydraulic Cement Concrete
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ASTM C 150-95 Standard Specification for Portland Cement

ASTM C 186-94 Standard Test Method for Heat of Hydration of Hydraulic Cement

ASTM C 403/ Standard Test Method for Time of Setting of Concrete Mixtures by

C 403M-95 Penetration Resistance

ASTM C 494-95 Standard Specification for Chemical Admixtures for Concrete

ASTM C 618-94a Standard Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolarn for Use as an Admixutre in Portland Cement
Concrete

ASTM C 845-90 Standard Specification for Expansivce Hydraulic Cement

ASTM D 22 16-92 Standard Test Method for Laboratory Determination of Water
(moisture) Content of Soil and Rock

USACE CRD-C 36 Method of Test for Thermal Diff-usivity of Concrete

USACE CRD-C 48 Standard Test Method for Water Permeability of Concrete

API 10 Cements

NRMCA Check List for Certification of Ready Mixed Concrete Production
Facilities

NRMCA Concrete Plant Standards

Westinghouse WID Standards

WIPP-DOE-7 1 Design Criteria Waste Isolation Pilot Plant, Revised Mission
Concept -- HIA (DOE, 1984)

WP 03-1 WLPP Startup and Acceptance Test Program (Westinghouse, 1993b)

WP 09-010 Design Development Testing (Westinghouse, 1991)

WP 09-CN3021 Component Numbering (Westinghouse, 1994a)

WP 09-024 Configuration Management BoardIEngi~neering Change Proposal

(ECP) (Westinghouse, 1994b)
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1.4 Submidttals for Review/Approval
The Contractor shall submit the following for approval 30 days prior to initiating any work at

the site:

Type of concrete proposed

Product Data - Laboratory test data and trial mix data for the proposed concrete to be utilized

for the concrete barrier.

Proposed method of installation, including equipment and materials in work plan.

1.5 Submidttals at Completion
Laboratory test data developed during the installation of the concrete barrier.

1.6 Quality Assurance
Performn work in accordance with the Contractor's Quality, Control Plan and referenced ACI

and ASTM standards.

Acquire cement, aggregate and component materials from the same source throughout the

work.

PART 2 - PRODUCTS

2.1 Cement
Portland cement shall conform to ASTM C150 Type II modified with Pozzolan or IV for

plain cement concrete or API 10 Class H oil well cements. Cement utilized in the mix shall

be Portland cement, Type HI modified with pozzolan or type IV, to limit the heat of hydration

of the resultant mix. The source of the cement to be used shall be indicated and

manufacturer's certification that the cement complies to the applicable standard shall be

provided with each shipment.

2.2 Aggregates
Aggregates shall be quartz aggregates conforming to the requirements of ASTM C33.

Fine aggregate shall meet the requirements of ASTM C33 having a fineness modulus in the

range of 2.80 to 3.00.

Coarse aggregate maximum size shall be 1 1/2 inches and shall be clean, cubical, angular,

100 percent crushed aggregate without flat or elongated particles.

The source of the aggregate is to be indicated and test reports certifying that the aggregate

complies with the applicable standard are to be submitted for approval with the trial mix data.
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2.3 Water
Water used in mixing concrete shall be of potable quality, free of injurious amounts of oil,

acid, alkali, organic matter, or other deleterious substances.

Water shall conform to the provisions in ASTM C94, and in addition, shall conform to the

following:

" pH not less 6.0 or greater than 8.0

" Carbonates and/or bicarbonates of sodium and potassium: 1000 ppm maximum

" Chloride ions (C 1): 250 ppmn maximum

" Sulfate ions (SO,): 1000 ppm maximum

" Iron content: 0.3 ppmn maximum

" Total solids: 2000 ppm maximum

When ice is used in concrete mix, the water used for making ice shall meet all of the above

requirements.

The source of water is to be indicated and certified copies of test data from an approved

laboratory confirming that the water to be used meets the above requirements shall be

submitted for approval with the trial mix data.

2.4 Admixtures
Pozzolan shall conform to ASTM C618. Sampling and testing of pozzolans shall conform to

ASTM C31 1. Approximately 5 percent by weight of pozzolan may be used to replace cement

in the mixes when approved.

All admixtures shall conform to ASTM C-494. The source of any admixtures proposed are to

be indicated and certified copies of test data from an approved laboratory shall be submitted

for approval with the trial mix.

2.5 Target Properties of the Concrete Mix
The Contractor shall develop and proportion a plain cement concrete mix for use in

constructing the concrete barrier. -The Contractor shall demonstrate by trial mix that the

proposed concrete meets the following properties:
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PrpryTarget properties for Barrier ConcreteComn

4-hr working time Indicated by 8-inch slump (ASTM C 142)
after 3-hr intermittent mixing. Max 10-inch

slump at mixing.

Less than 25 'F heat rise prior to placement Difference between initial condition and
temperature after 4 hr.

4,000 psi compressive strength (f c) At 28 days after casting (ASTM C 39)

Volume stability Length change between +0.05 percent and

-0.02 percent (ASTM C 490)

Minimal entrained air 2 percent to 3 percent air

The Contractor shall use water reducing agents, plasticizers and other admixtures to achieve

the slump and workability of the mix without adding excessive mixing water or excessive

water-cement ratio. All admixtures shall conform to ASTM C-294.

The Contractor shall provide certified copies of test data from an approved laboratory

demonstrating compliance with the above target properties.

In addition to the target properties the Contractor shall provide certified test data for the trial

mix for the following properties:

" Heat of hydration ASTM C-186
" Concrete Set ASTM C-403
" Thermal Diffusivity USACE CRD-C36
" Water Permeability USACE CRD-C43

2.6 Salado Mass Concrete
The Contractor may elect to utilize the Salado Mass concrete in preference to developing a

plain cement concrete. If Salado Mass concrete is selected, the Contractor shall demonstrate

that the Salado Mass concrete meets the target properties shown above. Recommended initial

proportioning of the Salado Mass concrete is as follows:
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Component Percent of Total Mass

Class H cement (API 10) 4.93

Chem Comp III (ASTM C-845 Type K) 2.85

Class F fly ash (ASTM C-618) 6.82

Fine aggregate 33.58

Coarse aggregate 43.02

Sodium chloride 2.18

Defoaming agent 0.15

Sodium citrate 0.09

Water 6.38

The Contractor shall prepare a trial mix and provide certified test data from an approved

testing laboratory for slump, compressive strength, heat rise, heat of hydration, concrete set

time, thermal diffusivity, and water permeability as indicated above for the plain concrete

mix.

PART 3 - EXECUT[ON

3.1 General
The Contractor shall provide all labor material, equipment and tools necessary to develop,

supply, mix, transport and place mass concrete in the forms as shown on the drawings and

called for in these specifications. All work shall be according to the standard references in

paragraph 1.3.

The Contractor will be required to provide and erect on the site a batch plant, suitable to

store, handle, weight and deliver the proposed concrete mix. The batch plant shall be

certified to NRMCA standards. The batch plant shall be erected on site in the location as

directed by Westinghouse WID.

The Contractor shall batch, mix, and deliver to the underground, sufficient quantity of

concrete to complete placement of concrete within one form section, as shown on the

drawings. Once begun, placement of concrete in a section shall be continuous until

completed. Target time for concreting--one section is eight to ten hours allowing an additional

two hours for clean up of equipment, for a total 10- to 12-hour shift.
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It is expected that addition of water to the dry materials and mixing of the concrete will occur

at the ground surface with transport of wet concrete to a pump at the underground level

W where it will be pumped into the forms.

The Contractor is to provide all transport vehicles or means to transfer the wet concrete from

the mixer truck to the pump. It is expected that the Contractor will use the waste conveyance

hoist to transfer from the ground surface to the mine level. The Contractor is to familiarize

himself with the dimensions of the waste conveyance and the airlock in order to provide

suitable transport vehicles. The Contractor is also to familiarize himself with the capacity and

speed of the conveyance to allow transfer of sufficient concrete to sustain the continuing

placement of concrete. (See Figures 2 and 3 attached to Section 02010 - Mobilization and

Demobilization).

The Contractor shall determnine the horizontal distance to the entry where placement of the

concrete barrier is to occur, and develop a route, with the approval of Westinghouse WID for

traffic flow within the underground.

Details of the logistics for handling the concrete shall be included in the Contractors' Work

Plan, and submitted to Westinghouse Will for approval prior to start of work at the site.

Potential spill areas in the underground shall be identified by the Contractor in the Work

Plan. The Contractor shall provide measures to contain and isolate any water from contact

with the halite in these areas. Suitable containment isolation measures shall include but are

U not limited to, lining with a membrane material (PVC, hypalon, HDPE), draped curtains
(polyethylene, PVC, etc.), corrugated sheet metal protective walls or a combination of these

and other measures.

3.2 Pumping Concrete
The Contractor shall provide pumping equipment suitable for placing the concrete into the

forms. The Contractor at a minimum, shall provide an operating and a spare pump, to be

used in the event of breakdown of the primary unit. After transporting and prior to pumping

the concrete shall be remixed to compensate for segregation of aggregate during transport.

The Contractor shall indicate the equipment proposed for pumping (manufacturer, model,

type, capacity, pressure and remixing at the point of delivery in the Work Plan).

Each batch of concrete shall be checked at the surface at the time of mixing and again at the

point of transfer to the pump for slump and temperature, and shall conform to the following:

" Max. slump at mixing - 10 inches
" Max. slump at delivery to pump - 8 inches
" Max. temperature at placement = 76'F

Note: No water is to be added to the mix after the initial mixing and slump are determnined.
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The Contractor shall connect to the pipe ports fabricated into the forms for delivery of the

concrete, beginning with the lowest ports first. Pumping shall continue until concrete is seen

in the adjacent port at which time the delivery hose will be transferred to that port and the

first port capped.

Pumping shall continue moving laterally then upward until the entire form is filled and the

pour is completed.

3.4 Coordination of Work
The Contractor is to coordinate his work mixing, transporting, and placing the mass concrete

with the on-going operations in the underground. Coordination of use of the facilities and

existing equipment shall be through Westinghouse WI]).

3.5 Clean-Up
No clean up or washing of equipment with water will be allowed in the underground. No

free water spills are permitted in the underground. All clean-out or wash-out requiring water

will be performed above ground at the location approved by Westinghouse WID.

3.6 Quality Control
The Contractor shall provide a third-party quality control inspector at the site throughout the

concrete placement. The inspector shall be responsible for determining that the batch plant is

proportioning the mix according to the approved proportions. The batch plant shall provide a

print out of batch quantities for each truck delivered to the mine. The inspector shall also

determine the slump for each batch as it is miixed and allow additional water to be added until

the initial slump is achieved. No additional water is to be added after this time. Temperature

will also be recorded at this time.

The inspector shall also determnine the slump and temperature following the remixing when

concrete is transferred to the pump. Concrete not meeting or exceeding the specification is to

be rejected and removed from the underground.

Concrete test cylinders to determine unconfined compression strength shall be taken by the

inspection at the delivery from remixer to the pump in the underground. Four (4) cylinders

shall be made for each 50 cubic yards of concrete placed. Cylinders shall be sealed with

polyethylene and taped and field cured at ambient temperatures in the mine adjacent to the

concrete barrier area. Two (2) samples shall be tested at 7 days and the remaining two (2) at

28 days.

End of section.

vrii 1-17-95 (12.40)/WP/762447:03300.spc 03300-8



SECTION 04100
* MORTAR





SECTION 04100

MORTAR

PART 1 - GENERAL

1.1 Scope
This section includes:

0 Mortar for Isolation Wall Construction.

1.2 Related Sections

* 01010 - Summary of Work
* 01400 - Contractor Quality Control
- 01600 - Material and Equipment
* 04300 - Unit Masonry System

1.3 References

ASTM C91-95 Standard Specification for Masonry Cement

ASTM C 144-93 Standard Specification for Aggregate for Masonry Mortar

ASTM C 150-95 Standard Specification for Portland Cement

ASTM C207-91 Standard Specification for Hydrated Lime for Masonry Purposes

ASTM C270-94 Standard Specification for Mortar for Unit Masonry

ASTM C780-94 Standard Test Method for Preconstruction and Construction Evaluation of

Mortars for Plain and Reinforced Unit Masonry

ASTM C1 142-94 Ready-Mixed Mortar for Unit Masonry

ASTM E447-92 Test Methods-for Compressive Strength of Masonry Prisms

1.4 Submittals for Review and Approval
The Contractor shall submit for approval the following 30 days prior to the initiation of work

at the site.

Design mix.
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Certified laboratory tests for the proposed design mix,. indicating conformance of mortar to

property requirements of ASTM C270, and test and evaluation reports to ASTM C780.

1.5 Submittals at Completion
Certified laboratory test results for the construction testing of mortar mix.

1.6 Quality Assurance
Perform work in accordance with the Contractor's Quality Control Plan and referenced ASTM

standards. Acquire cement, aggregate, and component materials from the same source

throughout the work.

1.7 Delivery Storage Handling
Maintain packaged materials clean, dry and protected against dampness, freezing and foreign

matter.

PART 2 - PRODUCTS

2.1 Mortar Mix
The Contractor shall provide mortar for Isolation Walls, which shall be in conformance with

ASTM C270 type M, using the property specification (3,000 psi at 28 days).

Sand for mortar shall conform to ASTM C144.

Water used for mixing mortar shall be of potable quality, free of injurious amounts of oil,

acid alkali, organic matter, sediments, or other deleterious substances, as specified for

Concrete, Section 03300 2.3.

The supply of materials as defined in the design mix shall remain the same throughout the

job.

PART 3 - EXECUTION

3.1 General
The Contractor shall furnish all labor material equipment and tools to perform all operations

in connection with supplying and mixing mortar for constructing the isolation walls.

The Contractor shall fully describe his proposed mortar mixing operation, including proposed

equipment and materials in the Work-P'lan.
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3.2 Mortar Mixing
* Mortar shall be machine-mixed with sufficient water to achieve satisfactory workability.

Maintain sand uniformly damp immediately before the mixing process. If water is lost by

evaporation, retemper only within one and one half hours of mixing. Use mortar within two

hours of mixing at ambient temperature of 850 in the mine.

3.3 Installation
The Contractor shall install mortar to the requirements of Section 04300 Unit Masonry

System.

3.4 Field Quality Control
The Contractor shall provide a third party Quality Control Inspector to perform all sampling

and testing to confirm that the mortar mix conforms to the proposed mix properties developed

in the design midx.

Construction testing of mortar mix shall be in accordance with ASTM C780 for compression

strength. Four (4) prism specimens shall be taken for each 50 cu. ft. of mortar or fraction

thereof placed each day.

End of Section.
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SECTION 04300

UNIT MASONRY SYSTEM

PART 1 - GENERAL

1.1 Scope
This section includes:

* Concrete Masonry Units

1.2 Related Sections

* 01010 Summary of Work
0 01400 Contractor Quality Control
0 01600 Material and Equipment
* 02722 Grouting
* 03100 Concrete Formwork
0 04100 Mortar

1.3 References

ASTM C55-94a Standard Specification for Concrete Building Brick

ASTM C140-94a Standard Method of Sampling and Testing Concrete Masonry Units

1.4 Submittals for Revision and Approval
The Contractor shall submit for approval the following 30 days prior to initiation of the work

at the site.

Certified laboratory test results for the proposed solid masonry units.

1.5 Quality Assurance
Perform the work in accordance with the Contractor's Quality Control Plan.

PART 2 - PRODUCTS

2.1 Concrete Masonry Units

Concrete masonry units shall be solid (no cavities or cores), load bearing high-strength units

having a midnimum compressive strength of 3500 psi. Concrete masonry units shall be tested
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in accordance with ASTM C140. All other aspects of the concrete masonry units shall

comply with ASTM C55, Type I Moisture Controlled.

Nomidnal modular size shall be 8 x 8 x 16 inches, or as otherwise approved by Westinghouse
WID.

Concrete brick shall comply with ASTM C55, Grade N, Type I (moisture controlled) having a

minimum compressive strength of 3500 psi (Avg. 3 units) or 3000 psi for individual unit.

2.2 Mortar -

Mortar shall be as specified in Section 04100 Mortar.

PART 3 - EXECUTION

3.1 General
The Contractor shall furnish all labor, material, equipment and tools to perform all operations

of installing Unit Masonry Isolation Walls to the lines and grades shown on the drawings.

The Contractor shall examine the excavation of the entry to affirm that the keys have been

properly leveled and cut to the appropriate depths, at the proper locations prior to any to any

work.

3.2 Installation
The Contractor shall install the isolation walls using concrete masonry units as specified

above. Masonry units shall be installed with 3/8-inch mortar joints with full mortar bedding

and full head joints. Masonry units shall be installed in running bond with headers every

third course. Masonry units shall be mortared tight to the ribs and the back wall to provide a

seal all around the isolation wall.

Concrete brick may be used as required for fit-up around grout pipes, or minimizing the

dimensional fit-up at the top or sides of the isolation walls as approved by Westinghouse
WID. The interface between the top of the isolation wall and the back wall shall be

completely mortared to provide full contact between the back and the block wall.

3.3 Field Quality Control
The Contractor shall provide a third-party Quality Control Inspector to inspect the installation

of the Concrete Masonry Unit Isolation Walls. Inspection and testing of the mortar shall be

in accordance with Section 04100 Mortar.

End of Section
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WIPP Sealing System Design Report

DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the
United States Government Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warrant, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. References herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer or
otherwise, does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessary state or reflect those of the
United States Government or any agency thereof.

This document has been reproduced directly from the best possible copy. It is
available to DOE and DOE contractors at the following address:

Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831

Prices available from (615) 576-8401; FTS 626-8401

Available to the public from the
National Technical Information Service

U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

20 Oct 1995 iiDOF! WIPP-95-3 117



* ~Certification_________________

I certify under penalty of law that the document DOE/W1PP-95-3 117 entitled "Sealing
System Design Report," was prepared under my supervision for Sandia National
Laboratories according to the Sandia National Laboratories Waste Isolation Pilot Plant
Quality Assurance Program Description, Revision P. This quality assurance program is
designed to assure that qualified personnel properly gathered and evaluated the information
submitted. Based on my inquiry of the persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true,
accurate, and complete.

Albert W. Dennis, P.E.
New Mexico
Certificate No. 5971
Expires December 31, 1995
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WIPP Sealing System Design Report

ABSTRACT

This report documents the Waste Isolation Pilot Plant shaft sealing system design. The

seals are designed to limit the release of radionuclides and hazardous constituents from an

underground nuclear waste repository in salt. Design concepts documented in this report

will form the basis for no-migration variance petition modeling. In addition, these

concepts are the basis for detailed sealing system design development and evaluations

that will be completed in 1996 in support of the planned Compliance Certification

Application. The report describes the geologic and hydrologic setting for the seals,

presents qualitative and quantitative design guidance, describes the design, documents the

sealing materials and their properties, and discusses evaluations of sealing system

performance. The design uses a variety of common materials that have very low

permeability, demonstrated technologies for construction processes, multiple components

to perform each intended function, and the entire length of the shafts to effect a seal

system that will meet the performance requirements. For the permanent or long-term seal

that resists both gas and brine flow, more then 500 ft of highly compacted crushed salt is

used in series with more than 400 ft of clay barriers. The design retards gas flow in the

short term using a combination or a rigid concrete barrier (enhanced by an asphalt

waterstop) and a compacted clay barrier approximately 100 ft high. Short-term brine flow

down the shaft is limited by a clay barrier within the overlying formation and by a

combination of more than 500 ft of asphalt, clay, and concrete barriers within the salt.
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Introduction

Purpose of this Report
This shaft seal report documents the Waste Isolation Pilot Plant (WIPP) shaft sealing

system design. Panel closure systems and borehole seal designs will be documented separately.
It is intended that the design concepts documented in this report form the basis for no-migration
variance petition modeling and detailed design development and evaluations that will be
completed in 1996. The detailed design will be documented in a topical report and included as
appropriate in the Compliance Certification Application to the Environmental Protection Agency
(EPA).

Report Organization

The remainder of this report comprises 6 sections and 4 appendices. The body of the
design report does not generally contain detailed backup information; this information is
incorporated by reference or in the appendices. This introduction identifies the purpose of the
report, explains how the report is organized, and briefly describes the design development
process.

Site characteristics that provide the setting into which the seals would be placed are
documented in Section 1; these characteristics include the WIPP geology and stratigraphy for
both the region and the shafts along with the hydrologic setting for the seals.

Section 2 presents the design guidance used for the shaft seal program. Both qualitative
and quantitative guidance are described; the quantitative guidance related to the desired effective
permeability of the sealing system is described based on the more detailed discussions presented
in Appendix C. Seal-related guidance from applicable regulations is briefly described. The time
frame is identified for the performance of various components since some components meet
short-term needs while other components are specifically intended to meet long-term
(permanent) considerations.

The shaft sealing system is documented in Section 3; somewhat-more detail is provided
for these design concepts in the drawings provided in Appendix B. The basis for the current
concepts is briefly described along with why the Air Intake Shaft (AIS) is used as the model
shaft for the sealing system design discussions. For each of the elements of the design guidance
identified in Section 2, the approach taken in the design and the related design uncertainties are
described. Finally, design alternatives considered during the course of the development of this
design are briefly discussed.

Section 4 discusses the materials used in the various seal components and explains why
they are expected to function as intended. The material used to seal the shaft cross section is
described along with discussions of both interface considerations between the material and the
host rock and seal-related considerations in the disturbed rock near the shaft. Material properties
including permeability, strength, and mechanical constitutive response are given for each
material. Brief discussions of expected performance, construction techniques, longevity, and
other characteristics relevant to the WIPP setting are also given.

The performance of the shaft sealing system design is evaluated in Section 5.
Performance measures for the shaft sealing system are discussed along with preliminary analyses
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of the sealing system. Both brine and gas flow considerations are described briefly while more
details of some of the analyses are provided in Appendix D.

The sealing system discussions are concluded in Section 6 by sumrzn the basis for
the conclusion that an effective, iniplementable design concept has been presented. A section is
then provided that documents principal references used in developing this design; the references
provide additional information related to discussions contained in the report.

Seal Design Development Process
This report presents a conservative approach to shaft sealing system design. Shaft sealing

system performance plays a crucial role in meeting regulatory radionuclide and hazardous
constituents release requirements. Although all engineering materials have uncertainties in
properties, a combination of available, low-permeability materials can provide an effective
sealing system. To reduce system uncertainties and to provide additional assurance of
compliance, additional components have been added to this sealing system. Components in this
design include long columns of clay, densely compacted crushed salt, a water stop of asphaltic
material sandwiched between massive low-permeability concrete plugs, and a column of asphalt
Different materials perform identical functions within the design, thereby adding confidence in
system performance.

The design is based on common materials and construction technologies available today.7;
In choosing materials, emphasis was given to permeability characteristics and mechanical
properties of seal materials. However, the system is also chemically and physically compatible
with the host formations, enhancing long-term pefomac. Advancements on several fronts
have demonstrated that the specified materials can be engineered to create a very low
permeability seal while enabling healing of disturbed rock zones (1)RZs) within the host Salado
Formation. Dense, compacted seal components and rigid concrete components are particularly
effective in rapidly enhancing healing of the DRZ in the Salado Formation.

Recent laboratory experiments, construction demonstrations, and field test results have added to
the broad and credible database and have supported advances in modeling capability. Results from a
series of multi-year, in situ, small-scale seal performance tests show that bentonite and concrete seals
maintain very low permeabilities and show no evidence of deterioration in the WIPP evrment. A
large-scale dynamic compaction demonstration established that crushed salt can be successfully
compacted. Laboratory tests show that compacted crushed salt consolidates through creep closure of the
shaft from initial conditions achieved in dynamic compaction to a dense salt mass with nearly the sam.
permeability as in situ salt These technological advancements now allow more credible analysis of the
shaft sealing system.

The design was developed through an interactive process involving a design team
consisting of technical specialists in the design and construction of underground facilities,
materials behavior, rock mechanics analysis, and fluid flow analysis. The design teamn included
specialists drawn from the staff of Sandia National Laboratories, P~arsons Brinckerhoff Quade
and Douglas, Inc., RE/SPEC Inc., and INTERA Inc. The three contractors were managed by
Sandia National Laboratories through a single point of contact The contractors were required to
develop a quality assurance program consistent with the Sandia National Laboratories Quality
Assurance Program Description, Revision P and Quality Assurance Procedure 19-1, Computer
Software Requirements. All three contractor received quality assuranice support visits and wereW
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audited through the Sandia National Laboratories audit and assessment program. Quality

assurance documentation is maintained in the Sandia National Laboratories WIPP Central Files.

In addition to the contractor support technical input was obtained from consultants in various

technical specialty areas.

Technical, management, and QA reviews have been performed on this report under the

auspices of the DOE Carlsbad Area Office Management Procedures for Document Review

(MP4.2, Rev. 0). Staff from DOE (compliance; operational and experimental program),

Westinghouse Waste Isolation Division, the WIPP Technical Assistance Contractor, and Sandia

National Laboratories conducted this review. Documentation is in the WIPP Central File.

NOTE

Both English and Standard International (SI) units are used in this report. The

construction industry uses English units during preliminary considerations and design, whereas

the scientific community uses SI. In general the engineering informiation is retained in English

units consistent with available drawings for WIPP shafts, and SI units are used in the text where

the conversion makes sense. Laboratory and field measurements of density, permeability, water

* content, and discussion of technical results are all in SI units.

20 Oct 1995 3 DOEIWIPP-95-3 117



WIPP Scaling System Design Report

20 Oct 1995 4 DOEAVEPP-95-3 117



WIpp Sealing Systemn Design Report

1.0 Site Geologic and Hydrologic Setting

1.1 Regional WIPP Geology and Stratigraphy

Geologically, the WIPP is located in the Delaware Basin, which began fanning

approximately 300 million years ago. Rapid subsidence in the early Permian Period resulted in

deposition of a sequence of deep-water sandstones, shales, and limestones rimmed by shallow-

water limestone reefs. Subsidence slowed during the late Permian Period. Evaporite deposits of

the Salado Formation (which hosts the WIFF underground workings) filled the basin and

extended over the reef margins. The evaporites, carbonates, and clastic rocks of the Rustler

Formation and the Dewey Lake Red Beds were deposited above the Salado Formation near the

end of the Permian Period. The Santa Rosa and Gatufia Formations were deposited after the close

of the Permian Period.

From the surface downward, the stratigraphic units in the WIPP vicinity above the

repository are the Quaternary surface sand sediments, Gatufia Formation, Santa Rosa Formation,

Dewey Lake Red Beds, the Rustler Formation, and the Salado Formation. Detailed stratigraphic

information on these formations is provided in Holt and Powers (1990). The stratigraphic profile

for the Air intake Shaft (AIS) from the surface to the repository horizon is illustrated in Figures

I -I and 1-2. The principal stratigraphic units, the Dewey Lake Red Beds, the Rustler Formation

and the Salado Formation comprise all but the upper 56 ft (17m) of the geologic section above

the WLPP facility.

The Dewey Lake Red Beds, which extend from a mean sea level (MSL) elevation of

approximately 3353 ft MSL to 2879 ft MSL, a distance of 474 ft (144 in), consist of alternating

layers of reddish-brown, fine-grained sandstone and siltstone cemented with calcite and gypsum

(Vine, 1963). The Rustler Formation lies below the Dewey Lake Red Beds and extends from

approximately 2879 ft MSL to about 2569 ft MSL, a distance of 310 ft (94 in). This formation,.

the youngest of the Late Permian evaporite sequence, includes units that provide potential

pathways for radionuclide migration from the WIPP. Five units of the Rustler have been

described (from youngest to oldest): (1) the Forty-Diner Member, (2) the Magenta Dolomite

Member, (3) the Tamarisk Member, (4) the Culebra Dolomite member, and (5) an unnamed

lower member.

The 250-million-year-old Salado Formation lies below the Rustler Formation. It is about

2000 ft (600 m) thick and consists of three informal members (from youngest to oldest): (1) an

upper member (unnamed) composed of reddish-orange to brown halite interbedded with

polyhalite, anhydrite, and sandstone, (2) a middle member (the McNutt Potash Zone) composed

of reddish-orange and brown halite with deposits of sylvite and langbeinite; and (3) a lower

member (unnamed) composed of mostly halite with lesser amounts of anhydrite, polyhalite, and

glauberite, with some layers of fine clastic material. These lithologic layers are nearly horizontal

at the WIPP, with a regional dip of less than one degree. The WIP!P repository is located in the

unnamed lower member of the Salado Formation. The facility station level varies between the

shafts; however, it is located between 1306 and 1316 feet (398 and 401 m) below the top of the

Salado Formation.
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1.2 Local WIPP Stratigraphy and Groundwater I Brine Occurrence
To establish the geologic framework required for the design of the WIPP facility shalt

seating system, an evaluation was performed to assess the geologic conditions existing in and
between the shafts, where the individual shaft sealing systems will eventually be emplaced. The
study evaluated shaft stratigraphy, regional groundwater occurrence, brine occurrence in the
exposed Salado Formation section, and the consistency between data recorded on shaft as-built
drawings and the actual field data. The following sections discuss shaft stratigraphy, regional
groundwater occurrence, and brine occurrence in the exposed Salado Formation section. The
complete report of the stratigraphic evaluation results is included in Appendix A.

1.2.1 Shaft Stratigraphy
Four shafts connect the WIPP underground workings to the surface. These shafts are

currently identified as the

" Air Intake Shaft (AIS),
* Exhaust Shaft,
* Salt Handling Shaft (formerly referred to as the Exploratory Shaft or the Construction

and Salt Handling Shaft), and

* Waste Shaft (formerly referred to as the Ventilation Shaft).

Stratigraphic correlation and evaluation of the unit contacts present in the four shafts
indicates that the lithologic units mapped within each shaft during the geologic mapping of the
shafts typically have vertical consistency and horizontal continuity, which is demonstrated by the
occurrence of lithologic units at approximately the same level in all four shaft locations. Some
stratigraphic contact elevations vary because of regional structure and the stratigraphic thinning
and thickening of units. However, the majority of the stratigraphic contacts used to date are
suitable for engineering design reference because they intersect all, four shaft. This stratigraphic
consistency is beneficial because it will allow the shaft sealing system to be designed based on
the AIS and then applied to the other three shafts with minor adjustments for stratigraphic
variations. The ten stratigraphic contacts unsuitable for design reference, because they are not
present in all four shafts, are listed in Table 1- 1.

Table 1- 1. Stratigraphic Contacts Unsuitable for Engineering Design Reference

Stratigraphic Contact Comment
Mescalero Caliche Not mapped in air intake and waste shafts.
Gazufia Formation Not mapped in waste shaft.

Dewey Lake Red Beds Erosional contact - highly irregular upper surface.
Marker Bed 100 Not present in all four shafts.
Marker Bed 119 Not present in all four shafts.
Marker Bed- 120 Not present in alLfour shafts.
Marker Bed 125 Not present in all four shafts.
Marker Bed 133 Not present in all fourshafts.
Marker Bed 137 Not present in all four shafts.
Anhydrite -b- Not present in all four shafts.

Marker Bed 139 Not present in all four shafts.
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Figures 1-3 and 1-4 are structural cross sections based on MSL elevations that illustrate

the typical consistency of stratigraphic unit contacts both vertically and horizontally among the

four shafts. With the exception of the 11I lithologic units listed above in Table I -1, all of the unit

contacts and marker beds shown in Figures 1-3 and 1-4 are suitable for reference for the shaft

sealing system design. It should be noted that there is a 440-ft (122-rn) north-south offset

between the Salt Handling Shaft and the Waste Shaft, as indicated on the figure legends.

1.2.2 Regional and Local Groundwater Occurrence in the Rustler Formation and
Shallower Units

Geohydrological surveys of the W[PP site have identified six regional intervals of

groundwater occurrence (Beauheini and Holt, 1990). These intervals are listed in Table 1-2.

Table 1-2. Regional Intervals of Groundwater Occurrence

Stratigraphic Unit Remarks

Rustler Formation

Forty-niner Member Aquitard; water producing unit is a claystone
interbedded with anhydrite and or gypsum units.

Magenta Dolomite Member Regional aquifer, consists of fine grained gypsiferous
arenaceous dolomite.

Tamarisk Member Aquitard; consists of claystone sandwiched between
two anhydnites.

Culebra Dolomite Member Regional aquifer, consists of a finely crystalline,
locally argillaceous and arenaceous, vuggy dolomite.

Unnamed Lower Member Aquitard; consists of interbedded siltstone, sandstone,
halite, and anhydrite. Regionally has two water
producing units; however only one is present at the
WIPP site. It is characterized by low permeability.

Rustler/Salado Formation Contact Groundwater seeps at formation contact; general area

Iof "brine aquifer" at Nash Draw

The Dewey Lake Red Beds geologic unit is not a regionally productive source of water.

Drilling has identified only a few localized zones of relatively high permeability (Mercer, 1983;

Beauheim, 1987). In the Rustler Formation most groundwater flow occurs in the Culebra

Dolomite and Magenta Dolomite members, as well as in the Rustier-Salado contact residuum or

"brine aquifer" in the vicinity of Nash Draw (Beauheim and Holt,.1990). The other units (the

Forty-niner Member, Tamarisk Member, and Unnamed Lower Member) are considered aquitards

(a confining bed that retards but does not prevent the flow of water to or from an adjacent

aquifer) because of their low permeability throughout the area. Groundwater near the WIPP

usually contains large concentrations of total dissolved solids. Moisture at the Rustler-Salado

contact was observed in the Salt Handling Shaft but not the other three shafts. The only

discussion of seepage rates in the references used for the stratigraphic evaluation was related to

the Rustler Formation.
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Figure 1-3. Structural cross section through excavated shafts (based on stratagraphic unit top),
ground surface to top of Salado Formation.
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1.2.3 Regional and Local Groundwater and Brine Occurrence in the Salado Formation

The Salado Formation has not been disturbed by post-depositional processes such as
structural deformation and dissolution in the WIPP area. The formation is assumed to be brine-
saturated throughout the WIPP area because of the presence of a regional hydrostatic pressure
gradient (Mercer, 1983). Groundwater (brine) flow within it is extremely low because primary
porosity and open fractures are lacking in the salt (Mercer, 1983) and low permeability,
averaging 5.0 x 10.20 i, allows for little groundwater movement (Powers et al., 1978).
Groundwater found in the Salado Formation appears in the form of seeps and weeps and is salt
saturated.

The shafts were evaluated for intervals of brine seepage occurrence below the Rustler-
Salado Formation contact within the exposed Salado Formation section. Of the four shafts, brine
seepage in this interval was observed and noted only in the AIS during shaft mapping. However,
the identified brine seepage intervals in the AIS have been projected to the other shafts-for shaft
sealing system design purposes-in anticipation that these seepage intervals may be present in all
four of the shafts (see Appendix A). There were no notations indicating volume quantities of
brine seepage in the references used for the stratigraphic evaluation. Four of the seventeen
intervals observed in the MIS (MB 103, MB 124, Vaca Triste siltstone, and Union Anhydrite)
were identified during the MIS mapping as primary brine-producing intervals in the Salado
Formation (Holt and Powers, 1990). Ten of the seventeen seepage intervals were not named
when the shaft was mapped. These intervals have subsequently been designated as zones A
through J (see Appendix A). Seepage (i.e., seeps and weeps) observed in the exposed Salado
Formation MIS has not been quantified but can be contrasted with recorded water-inflow data
from the Rustler Formation water bearing units, which flowed less than a total of 1.5 gallons per
minute into the shaft prior to liner installation. After liner installation, the inflow rate dropped to
less than 0. 1 gallon per minute (Jarolimek et al., 1983). The terms weeps and seeps, which refer
to low volume fluid flow, such as water oozing from the rock, are used to describe brine
occurrence in the Salado Formation exposed in the MIS. The unuantified seepage in the Salado
Formation is minor in comparison to the Rustler Formation flow rates after liner installation.

The identified intervals from the MIS lithologic log are presented in Table 1-3. A recent
observation (July 1994) of seepage intervals within the MIS was conducted as part of the Brine
Sampling and Evaluation Program (BSEP). Thes e recent observations indicated the presence of
salt encrustations in 73 locations, including the surfaces of the brine seepage intervals identified
during shaft mapping; however, only the salt encrustations on the surface of Marker Bed 103
were observed to be wet (Deal et al., 1995).
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* Table 1-3. Observed Brine Seepage Intervals (Salado Formation) Logged during the Mapping of
the Air Intake Shaft

Stratigraphic Unit/Feature Unit/Feature Comments
Unit/ Engineering Top Bottom

Feature (ft-MSL) (ft-MSL) __________________

Saladlo Formation 2569.3 Did not Regional potential for groundwater (brine) occurrence at the
penetrate Rustler/Salado Formation contact; (Holt & Powers, 1990). No

groundwater at contact noted on lithologic log. Shaft did not
__________ _______ _______penetrate base of unit.

Marker Bed 103 2397.0 2380.5 Brine; Weeps - moist surface in lower 4 ft; Anhydridic
dolomite overlying claystone where weeps occur (Holt &
Powers, 1990).

Marker Bed 109 2268.5 2243.1 Brine; Weeps: weep symbol on log with no weep description.
Weeps occur in mudstone with anhydrite nodules (Bolt &

_________Powers, 1990).

Vaca Triste 2070.0 2062.0 Brine (Bolt & Powers, 1990). Composed of halitic siltstone
and mudstone.

Zone A 1925.0 1915.5 Brine; Some weeps, halite with a trace of polyhalite: MS log
_________(Bolt & Powers, 1990).

Marker Bed 121 1915.5 1914.0 Brine; Weeps: AIS log. Weep symbol on log near base of
unit (polybalite) - no description. 2-3" clay at base (Holt &
Powers, 1990).

Union Anhydrite 1881.0 1873.5 Brine; Unit as a whole bears fluid. Weeps parallel to strata are
very common around zones with clastic halite. Weeps occur
also around firactures and contacts. MS log (Bolt & Powers,

__________1990).

Marker Bed 124 1788.0 1779.1 Brine; Recent weeps parallel to fractures and bedding planes
in anhydrite: AIS log (Holt & Powers, 1990).

Zone B 1736.5 1733.5 Brine; Abundant weeps, halite argillaceous to trace clay: MIS
____________ ________log (Bolt & Powers, 1990).

Zone C 1709.0 1700.0 Brine; Modest amount of weeps, halite, trace clay and
_________polyhalite: MS log (Bolt & Powers, 1990).

Zone D 1650.5 1640.0 Brine; Weeps in lower most part, interbedded polyhalite and
_________argillaceous halite: MIS log (Holt & Powers, 1990).

Zone E 1640.0 1638.0 Brine: Weeps in pits, argillaceous halite: DOE-AIS log (Holt
& Powers, 1990).

Zone F 1638.0 1635.0 Brine; Moderate weeps in unit, halite with trace polyhalite
and clay: AIS log (Bolt & Powers, 1990).

Zone G 1635.0 1633.0 Brine; Abundant weeps from pits, argillaceous halite and
halitic claystone: MIS log (Bolt & Powers, 1990).

Zone B 1633.0 1627.1 Brine; Moderate weeps, halite and polyhalite: MS log (Holt
_________& Powers, 1990).

Marker Bed 129 1627.1 1625.6 Brine; Abundant weeps: AIS log (Bolt & Powers, 1990).

Zone 1 1625.0 1619.3 Brine; Weeps, halite with polyhalite and claystone interbeds.
AIS log (Bolt & Powers, 1990).

Zone J1 1546.9 1542.9 Brine; Abundant weeps, halite trace to some clay and
_________polyhalite: MIS log (Bolt & Powers,_1990).
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is 2.0 Design Guidance
The WIPP is subject to numerous regulatory requirements. The use of both engineered

and natural barriers to isolate wastes from the accessible environment is required by 40 CFR
191.14(d). Quantitative requirements for potential releases of radioactive and other hazardous
materials from the repository system are specified in 40 CER 191 and 40 CFR 268. The
regulations do not impose quantitative requirements on individual components of the repository
sealing system.

The absence of regulatory requirements at the component level allows repository
designers to identify and assess the components and component parameters that have the greatest
impact on potential releases from the repository. For example, a preliminary assessment of the
"undisturbed performance" of the WIPP (WIPP PA Department, 1993) identified four parameters
associated with the waste form, one parameter associated with the site, and the shaft sealing
system permeability as "very important " when repository performance is compared to the
regulatory requirements.

The guidance described for the design of the shaft sealing system in this section addresses
the need for the WIPP to comply with system requirements noted above and to follow accepted
engineering practices using demonstrated technology. The design guidance addresses the need to
limit:

1 . radiological or other hazardous constituents reaching the regulatory boundaries,
2. groundwater flow into and through the sealing system,

3. chemical and mechanical incompatibility,
4. structural failure of system components,
5. subsidence and accidental entry,
6. development of new construction technologies and/or materials.

Qualitative design guidance and design approach for the shaft sealing system are
presented in Section 2. 1. Quantitative design guidance for fluid flow is presented in Section 2.2.
Qualitative as well as quantitative guidance is applicable to the design described in Section 3.0,
but quantitative guidance serves as the basis for the evaluation of the sealing system presented in
Section 5.0. Because the shaft sealing system depends in part on assumptions made in other
parts of the repository system, the quantitative design guidance for the shaft sealing system may
change as the evaluation of the total repository system performance progresses. For example, the
need to retard gas flow is dependent on assumptions related to waste form, brine availability, etc.

2.1 Qualitative Design Guidance and Design Approach
T-able 2-1 contains qualitative design guidance and the desigir approach used to

implement it
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Table 2-1. Shaft Sealing System Design Guidance

Qualitative Design Guidance Design Approach

The shaft sealing system shall limit: The shaft sealing system shall be designed to
meet the qualitative design guidance in the
following ways:

1. the migration of radiological or other 1. brine migrating from the repository
hazardous constituents from the repository horizon to the Rustler Formation must pass
horizon to the regulatory boundary during through a low permeability sealing system;
the 1 0,000-year regulatory period
following closure;

2. groundwater flowing into and through 2. groundwater migrating from the Rustler
the shaft sealing system; Formation to the repository horizon must pass

through a low permeability sealing system;

3. chemical and mechanical 3. the sealing system materials are
incompatibility of seal materials with the chemically and mechanically compatible with
seal environment; the seal environment or can be protected,

4. the possibility for structural failure of 4. structural analysis shows that each
individual components of the sealing component is adequate to withstand the forces
system; expected from rock creep and hydraulic

pressure;

5. the possibility for subsidence of the 5. the shaft is completely filled with low
ground surface in the vicinity of the shafts porosity materials, and construction equipment
and accidental entry after sealing; would be needed to gain entry;

6. the need to develop new technologies 6. construction of the shaft sealing system is
or materials for construction of the shaft feasible using available technologies and
sealing system. materials.

2.2 Quantitative Design Guidance for Fluid Flow
Quantitative guidance is derived from 40 CFR 191 and 40 CFR 268. These design

concerns involving fluid flow are design-specific. The shaft sealing system has been designed to
control migration of radionuclides and other hazardous materials from the time of repository
closure. The shaft sealing system_ is depicted in Figure 2-1. Control is achieved by utilizing
shaft sealing system components constructed of asphalt, clay, and concrete that will be effective
upon emplacement and a compacted salt component that will become effective during the 100
years following emplacement The upper clay component and the, consolidated salt component
constitute long-term barriers (Lasting through the I10,000-year regulatory period and beyond) to
fluid flow for the sealing system. (The 100 years following repository closure are referred to as
the "short term"; the 100 to 1 0,000-year period is referred to as the "long term.") The asphalt
and concrete components provide additional assurance that the sealing system will be effective
during the consolidation period for the salt component (the 100 years following closure).

200Oct 1995 18 DOEIWIPP-95-31 17



WIPP Sealing System Design Report

Sealing System Components

01 Near-surface Units. 1. Clay or earthen fill
56'

2. Concrete plug
Dewey T.Ae

Redbeds
3. Clay or earthen fill

530' -

Rustler 4. Rustler compacted clay column
Formation

W94. 5. Freshwater concrete plug

6. Asphalt column

7. Upper concrete component

-8. Upper Salado compacted clay column

-9. Middle concrete component

Salado
Formation

10. Compacted salt column

-11. Lower concrete component

-12. Lower Salado compacted clay column

2,150'__ 13. Shaft station monolith

Figure 2-1. Arrangement of the Air Intake Shaft Sealing System.
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Fluid flow Provides the Principal mechanism for radiological or other hazardous

constituents to be transported from the repository to the regulatory boundaries. As a

consequence, the approach taken, to isolate these materials is limiting fluid flow through the

sealing system.

The Rustler Subsystem consists of Components 4 and 5. It extends from the base of the

Near-Surface Subsystem to within 16 ft (5 m) of the Rustler-Salado Contact, a distance of 255 ft

(79 in). In both the short term and long term, this subsystem shall limit the flow of groundwater

from the Rustler Formation into and through the shaft and assist in limiting accidental entry and

subsidence. The Rustler compacted clay column (Component 4) shall provide short-term and

long-term separation of water bearing zones in the Rustler.

The Salado Formation Subsystem is divided into two elements, hereafter referred to as

the upper seal system and the lower seal system. The upper seal system consists of Components

6 through 9 and extends from the bottom of the Rustler Subsystem to the bottom of the middle

concrete component, a distance of 5 82 ft (177 mn). In the short term, the upper seal system shall

limit the flow of Rustler-Salado Contact groundwater into and through the shaft. In the long

term, the upper Salado clay column (Component 8) shall act as a permanent barrier to the flow of

brine and gas. The lower seal system consists of Components 10, 11, and 12. It extends from

the bottom of the upper seal system to the shaft station monolith (Component 13), a distance of

707 ft (215 in). The monolith is the structural component that stabilizes and limits deformation

of the shaft station area. In the short term, the lower concrete component (Component 11) and

the lower Salado compacted clay column (Component 12) shall retard the flow of brine and gas

from the repository into the compacted salt column. The compacted salt column will consolidate

during the short term and shall serve as a permanent (long-term) barrier to the flow of brine and

gas. The lower Salado compacted clay column shall also act as a barrier to the flow of brine andW

gas during the long term.

Modeling studies have provided quantitative design guidance for limits of brine or gas

flow through the total sealing system. These studies (presented in Appendix C) have shown for a

shaft sealing system having the equivalent of 100 m in length:

a apermeability of 10-1 mn limits brine flow, and
* permeabilities of less tha 10'1 m2 reduce gas flow.

In addition, a design assumption has been made that gas generation in the waste region during

the 100 years following seal construction will not result in pressure differences in excess of

2 MWa through the shaft sealing systems.
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3.0 Design Description

The design presented in this section was developed to limit the release of radioactive
materials and hazardous constituents to levels that are below regulatory limits. This design is
based on the design guidance outlined in Section 2.0, past designs, the desire to reduce the
uncertainties associated with the performance of sealing system, and the need to effectively seal
the shaft wall disturbed rock zone (DRZ) at the time the sealing system is installed. Knowledge
related to the ability to compact salt to high densities, which was gained from recent
experimental results, has also been used in the design.

The past designs are:

* the initial reference seal system design (Nowak et al., 1990),
* the seal design alternative study (Van Sambeek et al., 1993), and

* the sealing system for a representative WEPP shaft (Hansen et al., 1995).

The sealing system design has progressed over the past five years from the initial concepts
presented by Nowak (1990) to the concepts presented in this document. The design changes
were implemented to take advantage of knowledge gained from small scale seals tests conducted
at the WIPP, salt compaction tests and laboratory determination of the permeability of compacted
salt samples conducted by Sandia National Laboratories, advances in the ability to predict the
time-dependent mechanical behavior of the intact salt rock, and technical studies.

Reduction of the uncertainty associated with long-term performance is addressed by
replacing the upper and lower Salado Formation salt columns used in the earlier designs with
compacted clay columns and by adding an asphalt sealing component in the Salado Formation.
Use of different materials for sealing system components reduces the uncertainty associated with
a common-mode failure. The compacted salt column provides a seal with an initial permeability
several orders of magnitude higher than the clay or asphalt columns but with long-term
properties approaching those of the host rock. The use of clay also allows testing of the "as-
emplaced" material to verify that the values for permeability used in design are achieved in the
field. Asphalt provides an assured seal of the shaft cross section and the interface at the time of
installation. Sealing of the DRZ at the time of installation is addressed by grouting in the Rustler
Formation and including an asphalt waterstop in each of the concrete components in the Salado
Formation. Recent experimental results (Ahrens and Hansen, 1995) established that crushed salt
can be compacted to an initial density that is at or near 90 percent of the density of undisturbed
salt. These materials are used in concert to reduce overall uncertainty of the seal systemn.

3.1 Use of the Air Intake Shaft Sealing System Design as a Representative
Design for all Shaft Sealing Systems
The siraigraphy at the WIPP site is uniform from shaft to shaft. As noted in Section 1. 1,

a few of the marker beds are not present in all shafts, and some thinning and thickening of
lithologic units exist, but typically the units have vertical consistency and horizontal continuity.
Vertical consistency is demonstrated by the fact that shaft mapping shows relatively little change
in the elevation of marker beds and thickness of units when all four shafts are considered, and
horizontal continuity is demonstrated by the fact that the shaft mapping reports show all major
geologic formations and almost all marker beds to be present at all four shaft locations. The
sources for potential groundwater (Appendix A, Sect. 3) are the same for all four WIEPP shafts, as
is the source for gas and brine. Groundwater sources are the Culebra and Magenta Members of
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the Rustler Formation, the Rustler-Salado Contact Zone, and several Marker Beds in the Salado
Formation. The waste emplacement area of the repository is the source for gas and brine. The
waste emplacement area is connected to the shafts by the access drifts, marker beds, and the
DRZ. Because the stratigraphy is consistent and the sources for groundwaters, gas, and brine are
the same; a sealing system developed for the Air Intake Shaft (AIS) can be used to seal the
remaining W1PP shafts. Adjustments in the diameter of components and minor adjustments in
component locations, to suit shaft-specific variations in the stratigraphy, will be required in each
of the remaining shafts. The AIS was selected as the model shaft for design of the sealing
system because the shaft mapping report (Holt and Powers, 1990) describes the stratigraphy in
greater detail than the mapping reports for the other shafts.

The Waste Shaft and Salt Handling Shaft have sumps, while the AIS and Exhaust Shaft
do not have sumps. The sumps will be backflhled at closure to provide a base for construction of
the shaft sealing system. This backfill. is not relied on to perform a sealing fuinction. Therefore,
the absence of a sump in the AIS does not adversely impact the design of the shaft sealing
system.

3.2 Air Intake Shaft Sealing System

The general arrangement of the shaft sealing system is shown in Figures 3-1 and 3-2. A
complete set of design drawings is included in Appendix B. The AIS sealing system design was
developed to meet the design guidance presented in Section 2.0 of this document. This section
discusses, qualitatively, how each of the elements of design guidance is addressed by the design.
In Section 5.0 an evaluation of the design's ability to meet the objectives is presented. To
facilitate discussion, each of the sealing system components has been assigned a unique number
and a descriptive name. The component numbers and names are presented in Figure 2-1.

Each of the elements of the design guidance is addressed in this discussion. The
migration of groundwater into and through the sealing system is discussed first because it offers
an opportunity to introduce each of the sealing system components in order from the surface to
the repository horizon. The guidance on brine reaching the accessible environment is discussed
next, and the remaining guidance elements are discussed in the same order as they are listed
above in Table 2-1.

3.2.1 Groundwater Migration into the Sealing System

a. Design Guidance. The shaft sealing system shall limit groundwater flowing into and
through the shaft sealing system.

b. Source of Groundwater. During the mapping of the AIS, brine was observed entering the
shaft from the Magenta and Culebra members of the Rustler Formation, the Rustler-Salado
Formation contact zone, and 17 brine seepage intervals in the Salado Formation (Section
1.2). The region between the surface and the upper Salado Formation was mapped in the
fall of 1988, and the remainder of the Salado Formation was mapped in the fall of 1989.
The quantity of brine migrating into the shaft was small: the Rustler Formation water
bearing zones were estimated to have an inflow rate of 1 .5 gpm before the shaft lining was
installed and 0. 1 gpm after liner installation. Only one of the 17 brine seepage intervals; in
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the Salado Formation, Marker Bed 103, was found to be moist during a July 1994
inspection. Moisture was observed in the uppermost section of the Dewey Lake Red Beds.
For design purposes the following assumptions were used:

*migration of brine into the shaft occurs only at the locations identified in the MIS
mapping report, and

* MB 121, 124, and 129; Zones A through J; and the Union Anhydrite will not produce
sufficient inflow to affect the consolidation of the compacted salt column.

c. Potential Pathways for Groundwater Infiltration. Three potential pathways for
groundwater infiltration are addressed by the sealing system design:

1. the material sealing the shaft,
2. the interface between materials sealing the shaft and the surrounding rock, and

3. the DRZ surrounding the shafr

d. Design Approach. Infiltration of groundwater is limited in the following ways:

Rustir Bines. The shalt through the Rustler Formation will be sealed with compacted
clay (Component 4 shown in Appendix B Dwg. 33-SNL-005, Sh. 9 of 10). This component
is 235 ft long. The clay will be compacted using conventional methods. The existing shaft
liner and shaft liner plate will be removed over the length of the Magenta and Culebra
Members and over a portion of the aquitards above, between, and below these water bearing
zones. Removal of the shaft liner in these regions permits the clay to seal the interface and
interrupts pathways along or through the existing liner. The DRZ will be grouted in areas
scheduled for liner removal before the existing liner and liner plate are removed to assure
shaft wall stability. A concrete plug (Component 5 shown in Appendix B Dwg. 33-SNL-
005, Sh. 8 of 10) will be installed below the compacted clay column to serve as a base for
compaction of the clay. The concrete plug will be placed using standard construction
methods, and the interface and DRZ will be grouted, if necessary.

Brines passing through the compacted clay column and concrete plug will be intercepted
by the sealing system located at and just below the Rustier-Salado Contact zone.

*Rustler-Salado Interface Brines. The shaft through the Rustler-Salado Contact and
immediately below this contact will be filled with asphalt (Component 6 shown in
Appendix B Dwg. 33-SNL-005, Sh. 5 of 10). To assure an interface seal through this zone,
a portion of the existing shaft key (shown in Figure 3-2) will be removed. The asphalt
column is 138 ft long. The asphalt is discussed in Section 4.5. The asphalt will provide a
complete seal across the shaft -and along the shaft interface. The shaft walls are unlined in
the Salado Formation below the existing shaft key. Brines passing the asphalt columnn will
be confined to the Salado DRZ.

The shaft will be sealed by the upper concrete component (Component 7 shown in
Appendix B Dwg. 33-SNL-005, Sh. 3 of 10), which will be located immediately below the
asphalt column. This component is 50 ft long and will be composed of upper and lower
salt-saturated concrete plugs and an asphalt waterstop located at its midpoint This
component will effect a DRZ seal through twomehis:

1. Healing of the DRZ. The DRZ in the salt surrounding the concrete plugs Will heal as
its stress state approaches that of undisturbed salt. By resisting inward creep of the salt,
the concrete plugs will help reestablish a more uniform stress field. As the deviatoric
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portion of the stress tensor diminishes and the mean stress increases, damaged salt will

begin to heal. The concrete plugs will promote rapid healing of the DRZ.

2. Asphalt The asphalt waterstop (shown in Figure 3-3 and Appendix B, Drawing 33-W
SNL-005, Sh. 3 of 10) will effect a seal in the DRZ by interrupting the flow path
through the DRZ. The waterstop consists of a tapered slot cut 10 ft beyond the existing

shaft wall and filled with a flowable high density sand-asphalt mixture. The slot is 2-ft

high at the shaft wall and tapers tolI-ft high at its tip. The slot will be cut using

equipment similar to that used in coal mining to undercut coal seams. Upon excavation
of the slot a DRZ will form around the slot The DRZ beyond the tip of the slot will

heal shortly after the slot is filled with the flowable sand-asphalt mixture and the upper
element of the concrete plug is placed.

The san. isphalt mixture will be continuous across the shaft cross section, the interface, and

the slot. Thus, this component will effectively seal all brine migration pathways. The upper

element of this concrete component also provides a base for the asphalt column.
Any brine passing this seal from above will encounter the upper Salado compacted clay

column (Component 8) and the middle concrete component (Component 9) before it reaches

the compacted salt column (Component 10).

*Marker Beds 103 anid 109 and the Vaca Triste. The shaft through this region will be sealed

by the upper Salado compacted clay column (Component 8 shown in Appendix B Dwg. 33-
SNL-005, Sh. 6 of 10) and the middle concrete component (Component 9 shown in

Appendix B Dwg. 33-SNL-005, Sh. 3 of 10). The clay column will be 344 ft long. The

middle concrete component is identical to the upper concrete component (Component 7).

MB 103 is the only unit within the Salado that is currently moist and therefore a potential

source of groundwater within the Salado Formation. MB 109 and the Vaca Triste also

intersect this component. These units were moist when the AIS was mapped, but did not

appear moist when the shaft was inspected in 1994. The upper Salado compacted clay

column will control inflow (if any) from these units. The upper Salado compacted clay

colulmn will be constructed in the same manner as the Rustler compacted clay column

(Component 4). Because the shaft is not lined in the Salado, this component will seal both

the shaft and the interface.
Moisture in this location migrating downward through the DRZ will be controlled by the

middle concrete component (Component 9).

*Marker Beds 121. 124- and 129: Zones A through J: and the Union Anhydrite. The shaft

through this region will be sealed by the compacted salt column (Component 10 shown in

Appendix B Dwg. 33-SNL-005, Sh. 7 of 10). The compacted salt column will be

constructed to obtain approximately 90 percent of the density of the intact WIPP salt. The

salt column will be approximately 564 ft long.
Moisture was observed on the shaft wall at MB 121, 124, and 129; Zones A through J;

and the Union Anhydrite when the shaft was mapped in 1989. Only salt encrustations were

observed at these locations when the shaft was inspected in 1994. The absence of

observable moisture indicates that either: (1) the moisture observed during shaftmapn
resulted from limted area drainage of these units, which has ceased, or (2) the inflow is

very low and evaporation prevents visible brine accumulation.

The salt column will offer limited resistance to brine migration immediately after
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emplacement, and become less permeable as creep closure further compacts the salt and

induces healing. Because the shaft is not lined in the Salado, this component will seal both

the shaft and the interface. The compacted salt does not provide sufficient initial stiffniess to
bring about early healing of the DRZ.

9Groundwaters Between the Compacted Salt Column and the Repository. No sources of

groundwater were identified below Zone J in the MIS. Groundwater reaching this region
must pass the lower concrete component (Component I1I shown in Appendix B Dwg. 33-
SNL-005, Sh. 3 of 10) and the lower Salado clay column (Component 12 shown in
Appendix B Dwg. 33-SNL-005, Sh. 6 of 10) before gaining access to the repository horizon.

The lower concrete component is identical to the upper concrete component
(Component 7). The lower concrete component provides a base for compaction of the
compacted salt column.

The lower Salado clay column is approximately 94 ft long. Because the shaft is not lined
in the Salado, this component will seal both the shaft and the interface.

9 Shaft Station Monolith. The shaft station monolith (Component 13 shown in Appendix B

Dwg. 33-SNL-005, Sh. 4 of 10) is the bottom component of the MIS sealing system. Its
function is to stabilize the shaft station area. The shaft station monolith also provides a base

for compaction of the lower clay column. The shaft station monolith will completely fill the

station area. The interface between the monolith and the surrounding rock will be grouted.

0 ';mg The Waste Shaft and Salt Handling Shaft have sumps that extend 126 ft. and 1140 ~ft., respectively, below the shaft station level. The sumps wil be filled prior to construction
of the shaft station monoliths in these shafts. Seepage has been observed at M[B 139 and

MB 140 in the sumps of the Waste Shaft and Salt Handling Shaft.

e. Design Uncertainties. The design uncertainties fall into three categories:

I1. Uncertainties associated with present conditions in the Salado Formation, for example:
the current availability of groundwater for infiltration and the extent and permeability of
the DRZ in the various units and marker beds penetrated by the shaft.

2. Uncertainties associated with future conditions, for example: the fiuture availability of

groundwater for infiltration and changes in the extent and permeability of the DRZ with

time.

3. Uncertainties associated with the long-term properties of certain sealing materials, for

example: the useful life of the concrete components and the permeability of compacted
crushed salt as a function of time.

These design uncertainties are addressed in the design by:

1 . using all available space in the shafts for sealing;

2., using multiple components so poor performance of a single component will not lead to
system failure;

3. using different materials so poor performance of one material does not lead to system
failure.0 The performance of the shaft sealing system is discussed in Section 5, Evaluation of Shaft

Sealing System Design.

20 Oct 1995 29 DOEIWIPP-95-3 117



W[PP Scaling System Design Report

3.2.2 Brine Reaching the Regulatory Boundaries

a. Design Guidance. The shaft sealing system shall Unmit the migration of radiological or
other hazardous constituents from the repository horizon to the regulatory boundary during
the 1 0,000-year regulatory period following closure.

b. Source of Brine. After brine has migrated into the repository disposal areas, they are then
modeled as the source of the brine for regulatory concerns.

c. Potential Pathways for Brine. The pathways for brine forced upward from the repository
level upward to the Culebra level (a vertical distance of approximately 1,370 ft) are the
same as those for groundwater migration downward to the repository (i.e., the shaft,
interface zone, and DRZ).

d. Design Approach. Migration of brine is limited in the following ways:

"Mfl 138. Brine entering the sealing system at and below MB 138 must pass through the
lower clay column (Component 12). The lower clay column serves to limit migration of
brine into the shaft and interface zone. The clay will be placed and compacted in a moist
condition to assure good contact along the shaft walls and thus seal the interface zone.
Brine migrating upward through this clay column, along the interface, and/or through the
DRZ will be controlled by the lower concrete component (Component 11) during the first
100 years following closure.

" Th oe oceeCmnetadSbc=Cmm . The lower concrete
component and the remaining components between this component and the Culebra'
Member will limit the upward flow of brine in the same manner that they limit the
downward flow of groundwater.

e. Design Uncertainties. In addition to the design uncertainties identified in Section 3.3.1,
uncertainties associated with the location of the entry point(s) and pressure history for brine
into the sealing system have been identified.

This design uncertainty is addressed by placing sealing components with properties
suffcient to resist fluid flow under WIPP conditions at and above MB 138.

3.2.3 Design Ufe

a. Design Guidance. The shaft sealing system shall limit chemical and mechanical
incompatibility of sealing materials with the seal environment

b. Design Approach. The design is composed of clay and salt components that will be stable
throughout and beyond the 1 0,000-year regulatory period, asphalt components that may be
stable throughout this period, and concrete components that are expected to degrade during
this period. The design initially relies on the concrete, asphalt, and clay components to seal
the shafts. After the first 100 years, the design relies on the clay-and salt components to seal
the shafts. The clay and salt shaft sealing system components are constructed of materials
that are chemically compatible with the host rock and brine that may come in contact with
them.

c. Design Uncertainties. The permeability-density relationship used to predict the
permeability of the compacted salt column as a flmnction of time is a major uncertainty
associated with meeting this design guidance item. Other, lessor uncertainties are

20 Oct 1995 30 DOE/WIPP-95-3 117



WIPP Sealing System Design Report

associated with the prediction of the useful iffe of the concrete and asphalt components.
These design uncertainties have been addressed by (1) replacing the upper and lower
compacted salt columns used in previous designs with compacted clay columns and (2)
restricting the design (required) life of the concrete and asphalt components to 100 years.

3.2.4 Structural Adequacy

a. Design Guidance. The shaft sealing system shall limit the possibility for structural failure
of individual components of the sealing system.

b. Design Approach. The structural adequacy of the components will be demonstrated using
standard approaches and techniques. Structural analysis of the upper, middle, and lower
concrete components was performed. The analysis showed that these components are
primarily subjected to compressive loads. The analysis of these concrete components

included analysis of the surrounding salt and predicted both the initial increase in the extent
of the DRZ surrounding the concrete components and waterstops, and the subsequent

healing of this DRZ. These concrete components are structurally adequate. Analyses have

also been performed to predict the consolidation of the compacted salt column and clay

columns. These analyses show that the compacted salt column will consolidate sufficiently
during the 100 years following closure to form a low permeability seal. Healing of the DRZ
surrounding the lower portion of the compacted salt column and the lower clay column will

also be accomplished during the 100 years following closure. Healing of the upper portion

of the DRZ surrounding the compacted salt column and the upper clay column may not be
completed during the 100 years following closure. A discussion of the mechanical response
of the sealing system is presented in Section 5.2.2.

c. Design Uncertainties. The method used to address this design guidance item is the
accepted approach where applicable codes and standards are not available. When
uncertainties are identified by either design reviews or analyses, the design will be modified
to reduce the uncertainties and to resolve issues of structural adequacy.

3.2.5 Subsidence and Accidental Entry

a. Design Guidance. The shaft sealing system shall limit the possibility for subsidence of the

ground surface in the vicinity of the shafts and accidental entry after sealing.

b. Design Approach. The potential for subsidence is limited by complete filling of the shafts

with low porosity materials. The potential for accidental entry is limited by installation of

sealing system components whose removal would require construction activities similar to
those used to sink the shaft.

c. Design Uncertainties. None identified.

3.2.6 Development of New Construction Technologies and/or Materials

a. Design Guidance. The shaft sealing system shall limit the need to develop new
technologies or materials for construction of the shaft sealing system.

b. Design Approach. The sealing system can be constructed using currently available

technologies and materials. Obviously, adapting these available technologies for use at the

WIPP will require development of construction procedures specific to the WIPP shafts.
Current construction practices will be employed to:
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* prepare the shaft walls prior to emplacement of sealing components. For
example, the shaft walls will be cleaned, scaled back to sound surfaces, and all
loose materials, and shaft fittings will be removed prior to emplacement of sealing
components in the Salado Formation;

* grout the Rustler Formation and units above the Rustler to limit groundwater
inflow and to assure shaft stability in those regions where the existing shaft liner
will be removed prior to emplacing sealing materials;

* grout the interface between concrete components and surrounding rock;
* emplace asphalt and concrete and both compact clay and salt components.

c. Design Uncertainties. The following design uncertainty has been identified: The asphalt
column may be subject to intrusion of brine from the Rustler-Salado contact zone.

When asphalt was used to seal the annulus between old leaking shaft linings and new
shaft linings in Germany, the hydraulic head in the asphalt column was maintained at a
higher level than the hydraulic head in the surrounding formation to prevent the
displacement of asphalt by groundwater. The hydraulic head in the Rustler-Salado Interface
is higher than that in the asphalt column. The higher hydraulic head in the Rustler-Salado
brine may initially result in brine intrusion into the asphalt column- However, the asphalt
column is completely contained and the asphalt is not free to displace either vertically or
horizontally. Therefore, the asphalt in the column would quickly reach an equilibrium
pressure with the brine if brine initruision occurs.

This design uncertainity will be addressed by assessing the potential effect of brine
inrtrusion into the asphalt column. If this uncertainty cannot be satisfactorily resolved, the
design will be revised to place the top of the asphalt column below the Rustler-Salado
contact zone.

3.3 Design Alternatives
During the course of the development of this design, a number of alternatives were

considered. In this section a number of these design alternatives are presented and discussed.
During final design, detailed analyses of the system and its components may identify the need to
incorporate some of the alternatives presented below. The alternatives are presented for the
components starting at the surface and proceeding downward. In each case the current
component is identified and then alternatives are identified which could be used in place of the
current component.

Component 1. Clay or earthen fill is used for Component 1.- Alternatives considered were:

a. A concrete plug could be installed at the surface (e.g., in the AISplenum) and the shaft
could be filled below the plug. Thbe plug design would be different for each shaft because
each of the four shaft terminate differently at the surfalce.I

b. The plenum could be dismantled and acap could be placed over the shaft collar ora plug
could be placed in the shaft collar area. For the purpose of this discussion, a cap is slab of
concrete capable of supporting a specified superimposed load, and a plug is a mass of
concrete that fills the shaft and whose thickness is equal to or greater than the shaft
diameter. The collars of the Waste Shaft and AIS are located approximately 20 ft below the
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ground surface, while the collars of the Salt Handling Shaft and Exhaust Shaft are located at
the surface.

c. The clay or earthen fill could be replaced with compacted clay. This alternative would
provide fill with higher density and lower permeability than that provided by clay or earthen
fill.

d. The existing concrete shaft liner could be removed. (Note: This alternative applies to all
components located in the lined portion of the shafr) This alternative would eliminate any
compromise of the sealing system integrity by liner condition.

Component 2. A concrete plug is used for Component 2. Alternatives considered were:

a. The existing shaft liner could be removed and the plug could be keyed into the surrounding
rock. This alternative could be chosen at the time of shaft closure if the concrete shaft liner
in this region is not sufficiently sound.

b. Compacted clay or earthen fill could be used instead of concrete. This alternative would be
used if a concrete cap or plug is placed at or near the ground surface.

Component 3. Clay or earthen fill is used for Component 3. Alternatives considered were:

a. Compacted clay could be used instead of clay or earthen fill.

b. Asphalt could be used instead of compacted clay or earthen fill. In Germany, asphalt has
been used to seal leaking shaft liners (Valk, 1989; Stoss and Braum, 1983). New steel liners
were installed in the German shafts and asphalt was placed in the void between the new
liners and the leaking liners. The asphalt effectively sealed the leaking liner and permitted
continued use of the shaft. The hydrostatic pressure in the asphalt must exceed that of the
groundwater to effectively exclude groundwater from a shaft. The specific density of the
asphalt fill and the height of the asphalt column would be chosen so that the hydrostatic
pressure in the asphalt is higher than that in the water bearing units of the Rustler Formation
and the Rustler-Salado contact zone.

c. The existing concrete shaft, liner could be removed. (See Component 1, Item d for
discussion.)

Component 4. A compacted clay column is used for Component 4. Alternatives considered
were:

a. Asphalt could be used instead of a compacted clay. (See Component 3, Item b for
discussion.)

b. The existing concrete shaft liner could be removed. (See Component 1, Item d for
discussion.)

Component 5. A freshwater concrete plug is used for Component 5. Alternatives considered
were:

a. If asphalt is used for Component 4, the freshwater concrete plug would be deleted and
replaced by asphalt.

b. The plug design could be modified so excavation is not required. The DRZ and interface
would be grouted. The plug would develop resistance to displacement through mechanical
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interlock with the surrounding rock. A longer plug may be required to assure adequate

support, but there would be no need for excavation after removal of the existing shaft liner.

Component 6. An asphalt column is used for Component 6. Alternatives considered were:

a. A compacted clay column could be used instead of the asphalt column- Compacted clay

would provide a shaft fill with low permeability. This low permeability material would
limit migration of groundwater from the Rustler-Salado Interface into the shaft. If
Component 5 were retained and a sodium bentomte clay (for example, American Colloid
Co., type MX-80) was emplaced in this location the clay would be completely contained. If
brine entered this region local swelling of the bentonite would occur, developing pressures
that would seal the interface between the clay and the surrounding rock and force the clay
into fissures in the surrounding rock (Pusch, 1982).

b. Pelletized dry bentonite could be placed in this region. The bentonite would be confined by

the concrete plugs above and below the surrounding shaft wall. If brine entered this region

local swelling of the bentomte would occur, sealing the region.

c. The freshwater concrete plug (Component 5) could be relocated below the existing key (a

movement of approximately 80 ft downward) and the Rustler compacted clay column

(Component 4) extended through the key. This would reduce the length of the asphalt
column (Component 6) from 138 ft to 38 ft. An asphalt column 38 ft long would also

effectively seal the shaft and interface.

Component 7. A concrete plug with an asphalt waterstop is used for Component 7.
Alternatives considered were:

a. Tis component could be removed and replaced by eith;:r of the adjacent components. If a

rigid plug is not emplaced, healing of the DRZ would take longer. Thbe transition between
the asphalt column and the clay column could be maintained by a concrete cap over the
clay.

b. The plug design could be modified so excavation is not required. The plug would develop

resistance to displacement through mechanical interlock with the surrounding salt rock. A
longer plug may be required to assure adequate support, but there would be no need for
additional excavation.

c. The waterstop could be eliminated or modified by not extending it into the surrounding salt
rock. Upon installation, the asphalt provides assured sealing of the shaft cross section and

interface. Sealing of the DRZ would be through creep closure and additional time would be

required to achieve sealing of the DRZ.

Component 8. A compacted clay colunmn is used for Component 8. The alternative considered
was a compacted salt column.

Previous designs used a salt column in this region. The salt column was replaced by a clay

column to (1) provide a medium that is less permeable during the 100 years following

closure and (2) reduce the uncertainty associated with using the same material in each of the

long-term seal components.
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* Component 9. A concrete plug with an asphalt waterstop is used for Component 9. The

alternatives considered for this component are discussed under Component 7.

Component 10. A salt column is used for Component 10. Alternatives considered were:

a. This component could be replaced with a compacted clay column. Initially the compacted

clay column would have a permeability lower than a compacted salt column. However,

during the 100 years following closure, the salt column permeability is reduced by creep

closure and by the end of the period the permeability of the salt column would be less than

that of the clay column.

b. Compressed salt blocks or quarried salt blocks with salt-mortared joints could be used. The

use of either of these materials would assure a salt column with a high value for its initial

average density. Uncertainties exist with regard to the ability of the mortar joints to

consolidate in a uniform manner.

Component 11. A concrete plug with an asphalt waterstop is used for Component 11. The

alternatives considered for this component are discussed under Component 7.

Component 12. A compacted clay column is used for Component 12. The alternative for this

component is discussed under Component 8.

Component 13. Shaft Station Monolith

This Component could be replaced by compacted crushed salt. Compacted crushed salt

would be less rigid than the concrete and would therefore allow greater rock mass

movement into the station area.
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4.0 Materials

The basic design guidance for WIPP shaft seals is: prevent the shafts from becoming a

pathway that compromises the repository's ability to meet performance objectives. Implicit in

the fundamental design criteria is the assumption that if seal components are less permeable than
the host rock, the sealing system will be adequate. This section discusses the materials used in

the various seal components and explains why they are expected to function as intended. To
return an open shaft to a state of low permeability, the seal design must account for three cross
sectional elements:

1 1. the massive plug material that fills the opening,
2. the interface between the plug and the host rock, and

1 3. the disturbed rock around the shaft.

In this section pertinent material properties of the several seal elements are described. In

general, the materials were selected for seal design elements because they are compatible with

the stratigraphy, available, constructable, and have desired performance characteristics. The

materials have been used widely or studied in detail to provide the basis for use within the WIPP

sealing system. Material properties including permeability, strength, and mechanical constitutive

response are given for each material as well as brief discussions of expected performance,
construction techniques, longevity, and other characteristics relevant to the WIPP setting.

The terms "short-term" and "long-term" in this design report refer to the first 100 years

after closure and from 100 to 10,000 years, respectively. The functional periods for some

components such as concrete plugs, clay columns, and asphalt begin immediately upon
L construction. Each of these materials is expected not to degrade for very long periods; clay and

asphalt are likcely to be geochemically stable beyond the regulatory period of 10,000 years. Salt-

3 saturated concrete within the Salado is likely to remain intact for hundreds of years, but

guarantee of survival is more problematic. Nonetheless, design guidance for longevity of

- concrete, grout, and asphalt is for the first 100 years after closure. The crushed salt long-term

* component will become functional well within that period and will function in tandem with the
clay column.

3 The seal materials include:

* Freshwater Portland cement concrete

Salt-saturated concrete (Salado Mass Concrete)

Compacted salt
. Compacted clay

Asphalt
.Cemnentitious grout1 *- Clay or earthen fill.

Each material possesses particular favorable attributes. In the following discussion, all these

materials except earthen fill, an optional material, will be examined with respect to their intended

functions.
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4.1 Freshwater Concrete
Concrete is perhaps the most common structural material used in the United States. For

this seal design, fr-eshwater concrete is differentiated from salt-saturated concrete. All good
quality concrete possesses the highly desirable attributes of strength, ease of construction,
rigidity, and a wide range of properties that can be tailored to specific functions. Concrete also
has a very low permeability if it remains uncracked. These properties combine to make concrete
the material of choice for hydraulic applications such as water storage tanks, water and sewer

pies, tunnel and shaft linings, massive darns, and countless other applications.

Use of concrete as a shaft seal component takes advantage of the exceptional performance
of concrete in compressional states of stress. Reinforced concrete design is based on
compressional volumes of concrete balanced by tensile stresses within reinforcing steel. Within
the shaft setting, no tensile states of stress will exist, allowing use of unreinforced concrete.
Vertical placement has the obvious advantage of no formwork and ready access during
placement In addition, concrete within the sealing system will not experience freeze-thaw
cycles, which give rise to cracking in normal surface structural elements.

Freshwater concrete will be used within the non-Salado formations as a plug above the
asphalt column straddling the Rustler/Salado contact (Component 5) and as a concrete plug near
the top of the shaft (Component 2). These concrete plugs are designed to function as structural
members possessing low permeability. Construction conditions are very favorable for a full face
plug because hydration will be completed at 100% relative humidity. Preservation of water for
hydration ensures a dense cementing paste. Well designed and properly cured mass concrete, a
used in dams, typically will not achieve equilibrium pore pressure inits usual life (Neville,
1975), which is qualitative affirmation of extremely low permeability. The concrete elements of
the seal design are expected to be structurally competent and much less permeable than the host
rock.

4.2 Salt-Saturated Concrete
Salt-saturated concrete contains a sufficient amount of salt as an aggregate to saturate the

water for hydration with respect to NaCi. Salt-saturated concrete will be used within the Salado
Formation (Components 7, 9, 11, and 13) because freshwater concrete would dissolve part of the
host rock. Dissolution would result in a poor bond or perhaps a more porous interface. Salt-
saturated concrete, on the other hand, will bond tightly with the Salado host rock as it cures
(Wakeley et al., 1993). Salt-saturated concrete has been used since the 1940s for completion of
oil wells in salt domes and for decades in salt and potash mines. Use within these industries is
quite wide but performance measures and properties of the salt-saturated concretes are not well
published or documented. The sl-sauae concrete proposed for the WIPP sealing system
(called Salado Mass Concrete, orSMC) is the result of severalyears; of otmzion and

chaaceriaton of a preferred mix design. In addition, salt-saturated concrete has been used in
experimental investigations at the WIPP. Therefore, the specification of SMC for WIPP seal
components is well founded in experience and recent technical experimental results.

The Waterways Experiment Station (WES), operated by the US Army Corps of
Engineers, has served the WIPP in concrete and grout development for about 20 years.
Experience includes grout development and the grouting of a deep borehole in the Bell CanyonW
Formation (Gulick et al., 1980), a series of small-scale tests underground at the WIPP (Wakeley
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et al., 1993; Finley and Tillerson, 1992) and recent optimization studies and mass concrete trial
batches of SMG (Wakeley et al., 1995). In addition, the WES performed chemical degradation

- studies of cementitious materials including grouts, salt-saturated samples extracted from the

1 WIPP horizon after several years in situ, and SMC. Some of the basic applicable results of these
studies are given here.

Concrete permeability is an important design parameter. Studies show that the intrinsic

permeability of SMC is extremely low, approaching 1 x 10-21 m2 when 1 00-mm-diameter
samples are tested with nitrogen and permeability decreases as a function of time. This

I measurement corroborates the results of the Small Scale Seal Performance Tests (SSSPTs),

which used another mixture of salt-saturated concrete. The salt-saturated concrete plugs in the

SSSPTs were situated horizontally in a pillar and vertically in the WIPP horizon floor. They

were subjected to stress and associated deformation, including floor heave, for about 9 years

between performance tests. The SSSPT permeabilities measured on I -m concrete plugs ranged

from 4 x 10-'9 rn2 when initially tested in 1986 to less than 4 x 10-19 mn2 when retested in 1995.

I ~The permeabilities measured during the SSSPT are system values that include transinissivity of

the concrete, the interface, and any DRZ around the seal.

I A smaller database of structural material properties exists for salt-saturated concrete than

for the well-documented normal freshwater concrete. However, SMC concrete is expected to

perform (based on laboratory measurements) as well or better than freshwater concrete in the

Salado section of the shaft seals. Strength and deformational characteristics of SMC are

equivalent to a very good quality freshwater concrete, and the stress state is compression. When

batched in bulk volumes, SMC has a strength around 6000 psi (40 M[Pa) and a modulus of

I elasticity of over 5 x 106 psi (35 GPa) (Wakeley et al., 1995). Volume stability was found to be

excellent: -0.0002 to -0.0004 after about a year of testing at 50% relative humidity, following

ASTM standard procedures. It is expected that SMC used in situ will not shrink because curing

conditions will eliminate moisture loss (i.e., concrete hydration will occur at 100% relative

3 The constitutive model for concrete is integral to analysis of the shaft sealing system. It

is expected that a rigid inclusion such as a massive plug of 5MC will exert a backstress against

the host salt formation. In turn, the reestablished state of stress will. tightly compress the

I interface and close fractures and promote healing within the DRZ. For modeling purposes, SMC

is assigned an isothermal creep law fit to long-term creep test data. The elastic modulus is time

(age) dependent, but reaches a constant value after about a year.

Another consideration with respect to the use of concrete within the Salado Formation is

the potential of degradation if the concrete is exposed to replenished supplies of caustic brines.

3 Salt-saturated concretes have been shown to resist brine attack better than ordinary Portland

cement concrete (Wakeley et al., 1994). Based on the most representative field examples to date

(Wakeley et al., 1993), degradation of salt-saturated concrete exposed to natural WIPP brines for

over six years was found to be insignificant After six years in situ, the bond between the salt-

saturated concrete and the host rock was excellent and the phase assemblages were unaffected by

the brine. The specified SMC for seal components in the Salado Formation is also more resistant

to degradation by brine than is freshwater concrete. In addition, sources of brine within the

Salado are limited and exposure of massive concrete structures to brine would be limited.

Degradation of cementitious materials and concrete structures in the Salado portion of the shaft

I seal design is most unlikely.
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4.3 Compacted Salt

Reconstituited salt comprises a major seal element (Component 10) located between MSL

2002 and 1440 ft (170 mn in length). The concept of using crushed salt as a seal material

originated in the 1 950s when the National Academy of Sciences originally proposed storage of

nuclear waste material in salt formations. It was assumed that the shafts could be filled with

crushed salt, which would then consolidate naturally into a nearly impermeable seal by creep of

the host rock. Chemical, physical, and mechanical compatibility was intrinsically assured.

Laboratory testing over the last decade has shown that pulverized salt can be compressed into

very dense blocks possessing very low permeability. Demonstrations of large-scale dynamic

compaction and associated laboratory testing have established construction feasibility and

measured several crucial performance parameters. Recent data establish that compacted crushed

salt is a viable seal material.

Crushed salt will provide a seal that will funrction essentially forever once it has

consolidated. This is demonstrated by establishing initial conditions, a constitutive response of

the crushed salt as it consolidates, and a permeability/density function for the consolidating salt.

Initial characteristics of dynamically compacted salt have now been measured (Ahrens and

Hansen. 1995). A full-scale demonstration successfully compacted mine-rn WIPP salt to a

uniform density of 90% of intact salt Compaction was relatively simple and involved dropping

a 9000-kg weight into a structural steel test chamber containing mine-run salt. The

demonstration did not attempt to optimize control parameters by grinding or sizing the salt

and/or by optimizing the initial moisture content. The compacted mass (40 mn) was preblt

tested using a borehole gas flow tool. The mass was determined to have an average nitrogen

permeability of 9 x 10" in2. This unique application of construction practices provides a

baseline for predictions involving the shaft seal element comprising 170 m, of compacted salt

A significant effort has been made to establish a constitutive model for crushed salt

because modeling of the sealing system is one means of evaluating performance through time.

The model is used to predict performance of the salt after it is compacted in the open shaft.

Initial technical evaluation of potential crushed salt constitutive models has been completed

(Callahan et al., 1995). In this study, ten models with the potential to describe phenomenological

and micromechanical processes of crushed salt were selected from a literature search. Three of

the ten candidate models were screened for rigorous comparisons to a specially developed but

somewhat limited database. The database contained hydrostatic consolidation tests, shear

consolidation tests, and a combination of shear and hydrostatic tests. Based on the fitting

statistics and the ability of the models to predict the test data, a model proposed by Spiers; and

coworkers (Spiers and Brzesowsky, 1993; Spiers; and Schutens, 1990; Spiers et al, 1989) was

judged superior to other candidate models. The constitutive model work is fuindamental to

performance calculations of a crushed salt seal.

The constitutive model for consolidating crushed salt will'be used in future calculations

as part of seal design and system performance analysis. Conceptually, computer models Will

simulate the shaft after it has been filled with compacted salt. Constitutive relationships dictate

how the host salt material creeps into the former shaft volume and how the crushed salt responds

(i~e., by volume reduction and by change in the stress state). Volume reduction isacopne

b'y decreasing permeability within the salt component.
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1 Other advancements in the basic understanding of crushed salt consolidation have

occurred in the laboratory. This ongoing testing will develop a relationship between density andI permeability as well as measure elastic constants. An initial test shows that permeability is
reduced substantially and quickly at pressures5 5 MWa. The experimental response of a sample

of dynamically compacted salt is shown in Figure 4-1. A hydrostatic pressure of 2 M[Pa reduced
permeability of the compacted salt sample by an order of magnitude. Further compression to

5 MIPa reduced permeability to 3 x 10. m8n and increased sample density to approximately 0.97
of the density of intact salt. Using these data to formulate a preliminary permeability/density
function, together with the appropriate constitutive relationship, allow an estimation of the

permeability of the compacted salt column as a function of time.

Compacted Salt Sample
12' DC -5-3/1

iO' 4  Hydrostatic Pressure
EliMPa &2MPa

* 5MPa

cV 10.15

CL 1-16

I Ch~ange W IMpa Changeto 5M We

Confining Pressure Confining Pressure

0 100 200 300 400 S00

I Time (hours)
TU4121-3140

Figure 4-1. Permeability of compacted salt at low hydrostatic stresses.
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Figure 4-2 plots the expected permeability range of the Salado salt column 100 years afte@e
placement at an initial density of 0.9 of intact salt. A range of values reflects differences between
parameters for clean and argillaceous; salt. This particular calculation includes the effect of
backstress on the crushed salt. Under these modeling assumptions it is shown that 70 m of the
salt column is tighter than 1 x 10-" rn2 at 100 years. These magnitudes of permeabilityr and
effective lengths of salt column are consistent with those used for design evaluation (Appendix
D). Tests currently being conducted will generate additional permeability data with stress path
deviation to characterize elastic properties as a function of density. These additional calculations -

will refine the information plotted in Figurie 4-2.

lo 1

icrM Compacted Salt Permeability at 100 Years
1 O'~Spectrom 32 with Spiers model

-. ~...for reconsolidating salt.

10.16

S10718 ihk crBm

Band represents

io.19 differences in material

- and clean halite.

Length of Compacted Salt
10.21 Seal Component

10.22
400 500 600

Depth (in)

Figure 4-2. Estimated permeability of the Salado salt column at 100 years.
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4.4 Compacted Clay

Clay comprises major components of the shaft sealing system at five locations: (1) near

the surface between 3410 ft and 3353 ft MSL, (2) in the Dewey Lake between 3313 ft and 2840

ft MSL, (3) between 2840 ft and 2605 ft MSL in the Rustler, (4) between 2397 ft and 2053 ft

MSL in the Salado Formation (Component 8), and (5) near the bottom of the shaft between 1340

ft and 1296 ft MSL (Component 12). Bentonite clay is chosen here because of its

overwhelmingly positive sealing characteristics. Relative to other clay minerals, such as illite or
kaolinite, bentonite is perhaps two orders of magnitude less permeable (see Section 4.5).

3 Bentonite is widely used as a sealing component in a variety of geotechnical applications. In

particular, bentonite is considered a primary sealing material in several international nuclear

waste repository programs. Studies on sealing with bentonite have been conducted in Canada,

England, France, Germany, Sweden, Switzerland, and the United States.

Bentonite is an excellent seal material because of its many positive attributes for the

WIPP environment: low permeability, swelling potential, strength and mechanical properties,

compatibility and longevity, as well as reasonable construction requirements. Generation of

significant gas pressure (as much as 2 MWa) is not expected for the first several hundred years

after waste emplacement. Nonetheless, the proposed design will quickly and effectively

minimize gas migration. Compacted bentonite is an effective gas barrier because of a threshold

pressure that is required to displace water in the larger pores. This performance characteristic

coupled with the low permeability of the lower concrete component is sufficient to protect the

consolidating salt column from gases generated by the repository.

In situ tests of bentonite at the WIPP, involving about a cubic meter of material,

* corroborate the expected sealing funaction. Blocks of bentonite were stacked in vertical and

horizontal 1-rn-diameter boreholes. Mýicrodarcy permeability (1 x 10*"m 2n ) was measured after

about two months of brine testing. Subsequently, permeability continued to decrease. After

6 years of brine flow testing at 0.67 M~a (100 psi), no brine has been observed to have passed

through the 1-mn seal. A test of threshold pressure using gas and the same bentonite seal was

5 completed in 1995. A pressure over 500 psi (>3 M~a) was required to initiate flow.

-in addition to its inherent low permeability, clay can also be expected to resist creep of

the host Salado Formation salt into the shaft. By resisting inward creep of the salt, the clay

component will help reestablish a more uniform stress field. As the deviatoric portion of the

stress tensor diminishes and the mean stress increases, damag ed salt will begin to heal. The clay

component near the bottom of the shaft will promote rapid healing of the DRZ. Compaction data

from Lambe and Whitman (1969) was used to develop a density-dependent bulk modulus. When

this material model is used to represent clay placed in the lower Salado compacted clay column,

the DRZ over the length of the clay component is eliminated in less than 25 years after

construction. Figure 4-3 is a plot of DRZ healing as a flmaction of time for the shaft column filled

with compacted clay. Based on the most recent creep and fracture finite-element model (Chan et

N al., 1995), if 50 years are assumed to elapse before construction of the shaft seals, the potential

exists for a DRZ to develop up to 0.8 shaft radii into the rock mass. Rigidity of the clay is

suffcient to heal the DRZ in salt between 10 and 25 years after construction of the seal

component. Any stiff seal material, such as concrete, would likewise heal a DRZ in salt within

the same period of time.
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Figure 4-3. Extent of DRZ at various depths within the shaft.

Elsewher in the seal column, clay can be expected to possess equally low permeability.

ithin the Rustler, the clay sal component will be less permeable than most of the surrounding

rock no matter which clay mineralogy is selected. The anhydrite layers in the Rustler have very

low permeabiities. Thbe overall permeability of the Rustler is about 1 X 10-14 to 1-5M

(Beuhim, 19S7 . As illustrated in Figure 4-4, clays can readily achieve permeabilities lower

than 10- m- n. The Compacted Clay Componer,- within the uppe Salado Will inhibit fud

flow just like other clay component would, but the L Zwithin the salt would not heal as

quickly as around components at greate depth because of smaller stres magnitudes. Bentonite

and other clays act as aquitards in the geologic setting. This means clay remains relatively

impemeale over time periods far exceeding the regulJatory period for the WIPP.
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4.5 Asphalt

An asphalt column is proposed as an extensive seal component from MSL 2585 to
2447 ft (Component 6). In addition, asphalt is proposed to act as a waterstop between concrete
members at three locations within the Salado Formation. Asphalt or bitumen is commonly used
in Europe as a seal component around concrete shaft liners and is considered a viable sealI material for radioactive waste programs in England and Germany. Asphalt has been considered
as an alternative seal material within the WIPP seals program for several years. Asphalt has been
added to the present shaft seal design to increase redundancy and confidence in performance of
the system and to add assurance that transport of brine down the sealed shaft is precluded.
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Figure 4-4. Relationship between hydraulic conductivity, intrinsic permeability, and effective
clay dry density for selected clay minerals (from Johnson et al., 1994).
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Technical specifications for asphaltic components have not yet been completed, but
considerations center on use of an asphalt mastic mix (AMMfv) in contrast to hot-mix asphalt

concrete or liquid asphalt options. AM~vs for hydraulic structures are mixtures of asphalt, sand,

and mineral filler. The asphalt content of AMM is much higher than that used in typical hot-mix

asphalt concretes such as pavements.

High asphalt contents (10-20% by weight) and fine, well graded aggregate comprising

sand and mineral fillers are used to minimize interconnected porosity. Equipment available from

vertical barrier-construction and well-drilling technologies can be adopted to build an AMM seal

successfully under WIPP construction conditions. In place densities should approach 98% of

maximum theoretical density with a permeability of 1 x 10211in1

The viscosity of the AMM is an important physical property of the design specification.

The AMM must be pourable at application temperatures, able to penetrate into voids or fractures,

and viscous enough to control long-term flow. Hydrated lime is a possible additive to decrease

moisture susceptibility and to act as an antimnicrbial agent.

For calculations, asphalt in the shaft is assumed to behave elastically. Elastic properties

of asphalt are sensitive to temperature, which is held constant at 270 C. Elastic properties for

current analysis are taken from Yoder and Witczak (1975).

4.6 Cementitious Grout
Grouting is an option for sealing interfaces and the DRZs of nonsalt units within the

Salado Formation. Portland cement is the most widely used grouting material because of its low W
cost, availability, engineering properties, and long history of use. Neat (without aggregate)

cement grout consists of Portland cement and water, but admixtures are commonly employed to

alter its characteristics. There are five types of Portland cement, and any may be used for grout.

The choice of cement type depends on the application. Grout can be formulated to attain certain

specific properties, such as low heat of hydration, chemical resistance, and high early strength.

Within the shaft sealing system, grout is proposed to seal interfaces and penetrate

IMCicrfatures within the DRZ of nonsalt lithologies or other zones where microfractures are not

expected to heal naturally. All cemnentitious grouts contain particles, so the maximum particle

dimension should be no larger than one-third of the aperture of the microcracks. A cementitious

grout has been developed at Sandia National Laboratories (Ahrens, 1995) and demonstrated to be

suited for producing, mixing, and injecting at the WIPP. Th~e grout, called "ultrafine," has 90%

of its particles smaller than 6 microns. Utrafine consists of Type V sulfate-resistant Portland

cement, a pozzolan of amorphous silica, and superplasticizer. Pozzolan replaces much of the

Portland cement, reducing heat of hydration. Ultrafine is the specified grout for the sealing
system-

4.7 Materials Summary

A recap of the materials used in the seal design, the potential zones they treat, and their

performance period are given in Table 4-1. The primary design function expected of the

materials is to prevent the sealed shaft and the surrounding DRZ from becoming a preferred

pathway for the trasmission of fluids; therefore, Table 4-2 sumrzsthe permeabilities of the is'

components.
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Table 4-1. Seal Materials for the Salado Formation

Short-term Period Long-term Period

Material .1Cross Interface DZ Cross Interface DRZ..
Section :____ _____ Section _____ ____

Concrete X X X _ _ _ _ x

Compacted Salt ____ ____ XXX
Compacted Clay xX __ X X x
Asphalt Column X X __ XX

Asphalt Water Stop X X X X x x

Table 4-2. Material Permeabilities
2

Seal Material Permeability (in)

Freshwater/Salt-Saturated Concrete 1

0Oto 10years 5.0 x10

100 to 10,000 years 1.0 x 1-1

Consolidated Salt
0 years 9.0 X104

100 years 
1.0 x101

100 to 10,000 years <1.0 x 1

*Clay/Compacted Clay 1.0 x108

-Asphalt 
1.0 x 10-21

Cementitious Grout 3.0 x 1-

Earthen Fill 1.0 x104

3Salado Halite 1.0 x 10,21

Salado DRZ 1.0 x 10.1 to 1.0 x 1

- -#~~ tncA7 DOE/WIPP-95-3117
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5.0 Evaluation of Shaft Sealing System Design

In this section, the performance of the shaft sealing system is compared to the design

guidance presented in Section 2. The design is evaluated with respect to this comparison and

also with respect to the functions of the shaft sealing system. The performance expectations for

the shaft sealing system are discussed, as well as analyses conducted to evaluate the sealing

3 system. This section presents a summary of the analyses which demonstrate that the sealing

system meets the design guidance and performance expectations. Further evaluation of the

sealing system with respect to fluid flow is currently under way using two-phase flow models.

These analyses will be available for the compliance certification package.

in general, the sealing system is divided into two functional regions: the upper seal

system and the lower seal system. The compacted salt column comprises a member of the lower

seal system. Performance expectations of the upper seal system are to separate water bearing

zones and to retard the downward migration of brine into the compacted salt column. Design

performance of the lower seal system is divided into short-term and long-term functions. In the

short-term, the lower concrete component (Component 11) and the lower Salado compacted clay

column (Component 12) are expected to retard the flow of brine and gas from the repository into

3 the compacted salt column. The compacted salt column will consolidate during the short-term

and will act as a permanent barrier to the flow of brine or gas through the sealing system to the

regulatory boundary during the long-term.

There are two major long-term seal materials for the WIPP shaft sealing system: the

upper and lower clay columns (Components 8 and 12), and the compacted salt column

'3 (Component 10). Redundancy of function is incorporated into the system to assure the salt is

adequately protected while it consolidates. From above, asphalt, concrete, and clay protect the

salt column. From below, clay and concrete with an asphalt waterstop protect the salt. After the

3 salt column consolidates, the clay and perhaps the asphalt will also continue to provide long-term

performance redundancy.

5.1 Structural Performance
- Analyses were performed to evaluate structural considerations for seal components in the

Salado formation. Components comprising the WIPP sealing system will be subjected to

favorable, compressive stress conditions. Uniform compressive stresses will decrease void

space, tighten any interfaces, heal microfiractures in salt, and reduce permeability of the entire

seal system. At this point in the design process, structural properties are available for materials

that will be used for evaluating the configuration and locations of each sealing component. The

materials are discussed in Section 4.0., and the configurations are shown in Drawing 33-SNL-

005, sheets 1 through 10 (Appendix B3). During the next phase of design, additional component

analyses will be conducted to verify that they are adequate to witad the forces expected from

rock creep and hydraulic pressure. Analyses used in the design of components are discussed

below.J The principal structural considerations associated with the compacted salt column are:

e.- the rate at which the compacted salt consolidates, and

.~the ability of the consolidating salt to create a compressive load (backstress) on the

3 shaftiwalls.
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Both the consolidation rate and the backstress are dependent on the initial density of the

compacted salt, depth of emplacement, and elapsed time after emplacement As the density ofW

the emplaced salt increases, the consolidation rate decreases and backstress increases. Increase

in backstress is desirable because it promotes healing of the DRZ. Analysis showed that

compacted salt emplaced at a density approaching 90 percent of intact salt would consolidate

sufficiently to meet the quantitative design guidance for long-term seals. Examples of results

from these analyses are presented in Appendix D and Section 4.

The principal structural consideration associated with the clay and asphalt components

was the determination of the time necessary to heal a portion of the DRZ adjacent to the

components. Figure 4-3 shows the extent of the DRZ as a function of depth and time when

compacted clay is used as the sealing material. This particular analysis demonstrates that the

DRZ is healed near the lower Salado clay component in less than 25 years. Similar rapid healing

of the DRZ is expected for other rigid or relatively incompressible seal materials used in this

design.

The principal structural considerations associated with the concrete components are:

* determination of the effects that notches excavated in the shaft wall have on DRZ,

* time (after installation) required to heal the DRZ around the waterstop,

* time (after installation) required to heal the DRZ around the concrete plugs, and

0 ability of the concrete plugs and host rock to accommodate shear and bearing stress

imposed by overlying fill materials and/or pressure that may be imposed by brine or

gas.

Th~ese analyses were used to choose the sizes and shapes of the asphalt waterstop and the

concrete plugs. The analyses also identified stres levels in the concrete plugs as a function of

time.

5.2 Fluid Flow Evaluation

Qualitative guidance on the performance of the system indicates the need to limit brine

flow-'down the shaft and limit brine or gas flow up the shaft Both considerations have impact on

the time necessary for consolidation of the compacted salt column (Component 10). This

component is therefore used to evaluate the performance of the remaining components during the

firs 100 years. If the compacted salt column is protected from the flow of brine from above,

then the repository will be isolated from that brine flow as well. Similarly, the consolidating salt

must be protected from upward flow of brine or gas during that period. Limitation of fluid flow

into the salt column inherently limits upward migration of brine or gas through those components

that overlie the salt column and, consequenttly, to the regulatory boundary. Quantitative design

guidance (Section 2) has provided estimates of seal properties required to limit the flow Of fluids

in the shaft sealing system, and Section 3 gives specific purposes of each design component-

A comparative analysis of flow potential is described in Appendix D. This analysis

compares flow potential, as defined by hydraulic conductance for both the cross-sectional seal

material and the expected disturbedý rock zone (DRZ), to the quantitative design guidance.

Details of the single-phase fluid flow analysis are described in section D.3 along with the

analysis assumptions and the associated parameters. Tables D-1 and D-2 provide both the

absolute and normalized hydraulic conductance values for the lower and upper seal system
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components. Results in these tables allow an evaluation of the degree to which the sealing

system meets the design guidance; the quantitative guidance is met if the sumn of the normalized

conductances for the components of a system exceed unity. The degree to which an individual

U component can meet the quantitative system requirement for that function by itself can also be

evaluated. Readers should not necessarily draw the conclusion (based solely on a low

normalized conductance) that a particular component/mnaterial is ineffective because component

length and the extent of the DRZ are both included in the conductance values, as discussed in

Appendix D.

1 5.2.1 Upper Seal System
This section summarizes an evaluation of the upper seal system as compared to the design

I guidance for flow. A scoping analysis will also be provided in this section on the expected brine

flow into the compacted salt column from the Rustler formation.

Both the qualitative and the quantitative design guidance for the upper seal system given

in Section 2 are met at all times. Additionally, system confidence is very high because, at

emplacement, two components meet the design guidance for the system and, within 50 years

after emplacement, all components meet the design guidance by themselves. The total

normalized conductance for the upper seal system is greater than 4.0 immediately after
installation and improves with time because of DRZ healing. This result is not surprising

because extensive lengths of very low permeability materials are used, and the permeability of

the DRZ is not much higher than the needed system permeability. The upper seal system

therefore meets the design guidance and offers redundancy for the regulatory period.

I The following discussion presents a conservative approximation of brine flow down to

the compacted salt column. Using Darcy's Law and assuming that the shaft above the upper

I compacted clay (Component 8) is filled with water, the predicted flow is:
flow = (conductance) x (height of water column) (5-1)

The conductance for the clay seal material and surrounding DRZ is, from Table D- 1, time-

dependent for the first 100 years. Using the appropriate conductance at times 0, 10, and 50 years,

a conservative calculation predicts a maximum of 30 in 3 of brine can flow through the clay

j column in 100 years (it is assumed that the conductance remains constant for the period between

50 and 100 years). The initial pore volume of the compacted salt column is approximately

500 in3. As the salt consolidates, the pore volume is reduced. Brine saturation of the available

pore volume will impede the consolidation rate. From Figure D-3 it is seen that, at 100 years, the

fractional density-at the midpoint of the salt column is approxim~ately 95% of the density of intact

halite. Based on this figure, a first-order approximation of the available pore volume at 100

years is 150 in3 . This pore volume is significantly greater than 30 In3. This quantity of brine is

not sufficient to impede consolidation of the salt column- This analysis takes no credit for seal

components that overlie the clay seal material or the concrete component with an asphalt

waterstop, which underlies the compacted clay. Therefore, it can be concluded that the upper

seal system will meet the performance expectation of limitation of brine flow down into the salt

column.
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5.2.2 Lower Seal System

This section summarizes an evaluation of the lower seal system as compared to the design

guidance for gas flow. Table D-1I identifies the effective conductance of various components that

can limit gas or brine flow. With the exception of initial emplacement (t = 0), the system is

effective at all times in meeting the quantitative design guidance for this system. The lower seal

components comprising concrete with a water stop (Component 11) and compacted clay

(Component 12) do not need to immediately meet the quantitative design guidance because gas

pressure is expected to be minimal in the first few years after repository closure.

The lower compacted clay column will be capable of providing an effective gas seal.

Two-phase flow dynamics are not considered in these calculations. The compacted clay column

will be moist when emplaced. The current design specifies a gas threshold pressure of 2 MWa.

Three physical characteristics of the sealing system control the flow of gas. These are the

difference in fluid pore pressures across the seal (driving force), the gas threshold pressure of the

seal, and the relative permeability of the seal (gas permeability). Because the clay column will

be emplaced at a brine saturation approaching unity, the gas permeability of the clay seal will

approach zero and at most will be one-tenth or one-hundredth of the intrinsic permeability of the

clay (intrinsic permeability is used in the analyses presented in Appendix D). Substituting an

intrinsic permeability one order of magnitude smaller than the one used for the clay column

reveals that the normalized hydraulic conductance for the clay column and DRZ would be greater

than 1 and would meet the guidance. For the seal to be an ineffective gas barrier at early times,

the gas pressures at the base of the shaft would have to increase to pressures exceeding the pore

pressure in the seal plus the gas threshold pressure of the seal material Gas threshold pressure

can be related to permeability (Davies, 1991). For a seal with a permeability of 1 x 10" m% the

gas threshold pressure could be several Na. Therefore, even though the single-phase

calculations show that the lower seal does not meet the quantitative design guidance at closure,

two-phase flow dynamics will result in an effective gas seal.

0 /
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6.0 Conclusions

The WIPP shaft sealing system design documented in this report is an effective,

3 implementable design concept. The design concepts were developed through an interactive

process involving technical specialists in the design and construction of underground facilities,

materials behavior, rock mechanics analysis, and fluid flow analysis. The design uses (1) a

I variety of common materials that have very low permeability, (2) demonstrated technologies for

construction processes, (3) multiple components to perform each intended function, and (4) the

entire length of the shafts to effect a sealing system. In addition, the design incorporates recent

I developments related to:

0 successful demonstrations of compaction technology for salt compaction;

3 attainment of high densities and accompanying low permeabilities in consolidating

crushed salt;

0 development of a constitutive model for crushed salt consolidation;

0 design guidance that better quantify performance goals for, and the importance of, seal

permeability;3 design guidance on functional requirements for seal components;

0 development of improved capabilities for simulating WIPP salt creep behavior and

potential DRZ development and healing;

0 successful retesting (-10 years after emlcmn)of WIPP small-scale concrete seal

performance, which shows permeability -I0 0 e n; and

0 additional information from WIPP studies, international studies, and construction

experience related to the very low permeabilities of salt-saturated concrete, asphalt, and

clay.

The designers have provided a shaft sealing system that is an effective barrier to brine and

gas flow. For the permanent or long-term seal that resists both gas and brine flow, robustness is

3 achieved by providing more than 500 ft of a highly-compacted crushed salt barrier in series with

more than 400 ft of clay barriers. The design retards gas flow in the short-term using a redundant

combination of a rigid concrete barrier (enhanced by an asphalt waterstop included as an

1 additional DRZ barrier) and a compacted clay barrier approximately 100 ft in length. Finally,

short-term brine flow down the shaft is limited by a clay barrier within the Rustler Formation and

by a combined length of more than 500 ft of asphalt, clay, and concrete barriers within the

I Salado Formation. These design concepts form the basis for No-Migration Variance Petition

modeling, initiation of the detailed design development, and evaluations that will be completed

g in 1996 for incorporation, as appropriate, into the Compliance Certification Application.
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Appendix A:
Results of the Shaft Stratigraphy and Geohydrology Evaluation
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Appendix A:

Results of the Shaft Stratigraphy and Geohydrology Evaluation

The purpose of evaluating the shaft stratigraphy and geohydrology at the Waste Isolation

Pilot Plant (WIPP) is to establish the geologic and hydrologic information base required for

design of the WIPP Facility Shaft Sealing System. The evaluation was completed in two phases.

Phase I included:

* Confirmation of previously determined elevations of named stratigraphic unit contacts

and marker beds from surface to total depth of the shafts, as ascertained from

geotechnical reports on geologic mapping of each shaft during construction.

* Summary of regional groundwater occurrence intervals, as well as intervals of

groundwater! brine seeps logged during the geologic mapping of each shaft.

" Summary of clay presence in marker beds as logged during the geologic mapping of each

shaft.

* Compilation of the stratigraphic data into a data base of named stratigraphic unit contacts

W and their mean sea level (MSL) elevations that intersect all four WIPP shafts.

* Construction of geologic structural cross-sections through the excavated shafts utilizing

the compiled stratigraphic data base (SDB).

Phase II focused on further evaluation of brine occurrence within the exposed Salado Formation

section and survey control for determining a reference point for use when determining subsurface

depths. The Phase 11 evaluation of each shaft included:

1. Detailed correlation and projection of brine seepage intervals between the shafts, which was

accomplished by compiling and evaluating data from available geotechnical shaft inspection

reports, shaft geotechnical reports, and recently published groundwater reports to identify

additional intervals of brine seepage that were not analyzed in previous shaft design studies.

2. Research of survey information to secure copies of the original survey plats, which document

ground surface elevation for each shaft.

*3. Review of shaft as-built diagrams to determine

*-a consistent surveyed datum, based on mean sea level (MSL), for reference when

computing below-surface depths of named stratigraphic unit contacts and other relevant

J intervals of engineering design interest and

* consistency between elevations of engineering and lithologic features in the shafts

j recorded on as-built drawings and shaft geotechnical reports.

A.1 Stratigraphic Evaluation

U A.1 .1 Correlation of Stratigraphic Contacts

Correlated stratigraphic unit contacts presented in the four shafts are expressed in MSL

elevations. Figures 1 and 2 are geologic structural cross-sections based on MSL elevations. It
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should be noted that there is a 400 ft (122 m) north-south offset between the Salt Handling shaft
and the Waste Shaft as indicated on the figure legends. The cross-sections are presented here in a
straight line format for ease of comparing stratigraphic consistency between adjacent shafts.
These figures illustrate that the stratigraphic unit contacts are consistent both vertically and
horizontally between the shafts. Some stratigraphic contact elevations vary because of regional
structure and the stratigraphic thinning and thickening of units. However, the majority of the
stratigraphic contacts used to date are suitable for the shaft stratigraphy correlation project
because they intersect all four shafts. The exceptions are the following marker beds, listed in
Table 1, which (1) do not correlate among all four shafts because of localized thinning and pinch-
outs, (2) are erosional surfaces, or (3) simply were not recorded during the geologic mapping of
the shaft wall.

Table 1. Marker beds unsuitable for correlation

Stratigraphic Contact Comment

Mescalero Caliche Not mapped in air intake and waste shafts.

Gatunia Formation Not mapped in waste shaft.

Dewey Lake Red Beds Erosional contact - highly irregular upper surface.

AM-iO Not present in all four shafts.

MB-i 19 Not present in all four shafts.

h0-120 Not present in all four shafts.

MAB-125 Not present in all four shafts.

AM-133 Not present in all four shafts.

MAB-137 Not present in all four shafts.

Anhydrite b Not present in all four shafts.

MB3-139 Not penetrated by all four shafts.
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A.1 .2 Sources of jnformationlMethodology of Stratigraphic Correlations

Lithologic logs, surface elevation references, and previous stratigraphic interpretation

were secured from the sources listed in Table 2. It should be noted that, since its construction, the

Salt Handling Shaft has had several names. At various times it has been called the Exploratory

Shaft, the Construction and Salt Handling Shaft, and the Salt Handling Shaft. Currently, and

therefore in this report, it is called the Salt Handling Shaft. Also note that the Waste Shaft was

called the Ventilation Shaft during the initial phases of its construction.

Table 2. Stratigraphic information sources

Shaft Document Number Document Title
(Author)

Exhaust DOE-WIPP-86-008 Geotechnical Activities in the Exhaust Shaft

(Holt and Powers, 1986)

DACW47-83-B-O01 0 Contract Drawings-CCP- I F6/l D Underground
Experimental Areas/Waste Shaft and Exhaust

Shaft (Drawing 35-R-004-O1D)

Waste WTSD-TME-038(Holt Geotechnical Activities in the Waste Handling

(formerly called and Powers, 1984) Shaft

Ventilation (TSC-D'Appolonia, Geologic Mapping and Water Inflow Testing

Shaft) 1983) GFDR No. 4 in the SPDV Ventilation Shaft

WTSD-TME-3 179 Correlation of Drillhole and Shaft Logs Waste

(Jarolimek et al., 1983b) Isolation Pilot Plant (WIPP) Project
Southeastern New Mexico

Salt Handling TME 3178 (Jarolimek, Geotechnical Activities in the Exploratory

(forerl caledTimnmer, and McKinney, Shaft-Selection of the Facility Interval

Exploratory or 18a

Construction & WTSD-TME-3 179 Correlation of Drillhole and Shaft Logs Waste

Salt Handling) (Jarolimek, Timmer, and Isolation Pilot Plant (WIPP) Project

Powers, 1983b) Southeastern New Mexico

DOE-WIPP-86-010 (US Waste Isolation Pilot Plant Design Validation

DOE, 1986) Final Report Appendices

Air Intake DOE-WIPP-90-051 Geologic Mapping of the Air Intake Shaft at

(Holt and Powers, 1990) the Waste Isolation Pilot Plant

DACW47-83-B-0O10 Contract Drawings - CCP-IF6/lD

* Underground Experimental Areas/Waste Shaft
and Exhaust Shaft (Drawing 35-R-004-OID)
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To confirm previous correlations, each shaft lithologic log was enlarged or reduced to a
consistent scale of 1 in. = 10 ft. The lithologic log from the Air Intake Shaft (AIS) was used as
the control log for correlations because it recorded the vertical occurrence of named stratigraphic
unit contacts from ground surface to total depth at the facility level.

Correlation of the shaft logs required a side-by-side comparison with the AIS log. The
tops and bases of the stratigraphic units were marked or confirmed and recorded as elevations
relative to MSL. Several named stratigraphic unit contacts were not recorded on all four shaft
logs during the original mapping program. Unrecorded named stratigraphic units were correlated
with adjacent shaft logs. The newly correlated named stratigraphic unit contacts are listed in
Table 3.

Table 3. Newly correlated named stratigraphic unit contacts

Shaft Stratigraphic Unit Unit Top (ft-MSL)

Exhaust MB-125 Not Present (Pinched out)

Waste MB-i 19 Not Present (Pinched out)
MB-120 Not Present (Pinched out)

MB-125 Not Present (Pinched out)

Salt Handling MB-130 1613.5

MEB-133 Not Present (Pinched out)

Air Intake MB-106 2335.5

MOB-i 13 2150.0

MB-I 14 2127.0

MB-125 Not Present (Pinched out)

__________________Anhydrite a 1287.5

Ground surface (finished grade) MSL elevations and the survey control were recorded
and evaluated for reliability. The surveyed ground surface (finished grade) MSL evaluations and
reference sources are listed in Table 4.

A.1.3 Clay Associated with Marker Beds
Clay layers, when continuous, often form impermeable seams upon which water will

mgrate. When shafts are excavated, seeps or increased moisture content are often observed
immediately above a clay layer. In some instances, if the clay was buried prior to dewatering,
the clay layer can yield some water as it dewaters and consolidates after being exposed
subsequent to shaft construction (Deal et al., 1995).

Clay was observed in association with a majority of the designated marker beds; it was
located typically at the marker bed base and ranged from thin clay blebs (small, usually rounded
inclusions of clay) to thicknesses of 1 ft. Most clay layers fall into a thickness range between I
and 6 in. Occurrence of clay related to marker beds has been entered into the shaft SDB.
Information relaing to clay occurrence was secured from the lithologic logs in the following
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reports: Holt and Powers, 1986; Holt and Powers, 1984; Jarolimek et al., 1983b; Holt and

Powers, 1990.

Table 4. Surveyed ground surface (finished grade) MSL evaluations and reference sources

Shaft Ground Surface Information Source
(Elevation: ft-MSL)

Exhaust 3410.0 Contract Drawings - CCP-1F6/1D;/ Drawing 35-R-

004-OlD. Based on USGS Survey Reference.

Waste 3407.5 Construction Survey; Table 1 WTSD-TM-038 (Holt
and Powers, 1984) and Waste Shaft 311 General
Arrangement Plans and Sections: Bechtel Job No.

12484 Drawing 31-R-013-O1D Revision A

Salt Handling 3410.5 Surveyed Elevation tied to CWI Benchmark No. CW-
1. DOE-WIPP 86-010 (US DOE, 1986)

Air Intake 3409.0 Contract Drawings CCP- IF6/1 D:/ Drawing 3 5-R-
004-0lD based on USGS Survey Reference.

Although benchmark references were not noted for each shaft, each survey referenced a

USGS Survey Reference.

A.1.4 Shaft Stratigraphic Data Base

The stratigraphic unit top and bottom MSL surface elevation, ground surface elevation

(finished grade), and elevations of selected engineering features were recorded in a spreadsheet-

based data base, the SDB. The SDB records the following information for each shaft:

1 ~i . Engineering features (top of concrete, base of key, and station level)

* Ground Surface (finished grade)

I ~ * Stratigraphic unit contact name
Unit top MSL elevation

II * Unit bottom MSL elevation
Groundwater/brine observance

* - Clay observance

.- Comments relating to the straigraphic unit or engineering feature.

- The MSL elevations were rounded to the nearest 0.10 &t Values from 0.05 to 0.09 were

I I rounded up, and values less than 0.05 were rounded down. SDB summaries for each shaft are

provided in Section A4.0 of this appendix.

A.2 Groundwater I Brine Occurrence

'UA.2-1 Regional Groundwater Occurrence Intervals within the Shaft
A review of the regional geohydrology of the WIPP site and surrounding are identified

six. regional intervals of groundwater occurrence (Beauheim and Holt, 1990). These intervals are

listed in Table 6.
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Table 6. Regional Intervals of Groundwater Occurrence

Stratigraphic Unit Remarks

Rustler Formation

Forty-niner Member Aquitard; water producing unit is a claystone interbedded
with andhydrite and or gypsum units.

Magenta Dolomite Member Regional aquifer, consists of fine grained gypsiferous
arenaceous dolomite.

Tamarisk Member Aquitard; consists of claystone sandwiched between two
anhydrites.

Culebra Dolomite Member Regional aquifer consists of a finely crystalline, locally
argillaceous and arenaceous, vuggy dolomite.

Unnamed Lower Member Aquitard; consists of interbedded siltstone, sandstone,
halite, and anhydrite. Regionally has two water
producing units; however only one is present at the WIPP
site. It is characterized by low permeability.

Rustler/Salado Formation Groundwater seeps at formation contact; general area of

Contact "brine aquifer" at Nash Draw

A.2.2 Groundwater I Brine Occurrence in the Salado Formation

A literature and data search was performed to identify groundwater/brine occurrence

intervals in the Salado Formation. This search included review of geotechnical shaft reports,

geotechnical shaft inspection reports, and WIPP site-specific published hydrologic/groundwater~

reports. Groundwater encountered in the Salado Formation appears in the form of seeps and

weeps (i.e. small volumes of water oozing from the rock that produce a damp, moist, or wet

surface). There has been no quantification of fluid flow associated with weeps or seeps. The

groundwater is salt saturated and is identified in the literature as brine.

'MTe geotechnical reports and associated lithologic logs for the Salt Handling, Waste, and

Exhaust shafts did not include notations of observed brine seepage intervals within the Salado

Formation section. The AIS geotechnical report (Holt and Powers, 1990), documenting the

geologic mapping of the shaft, provided excellent data for identifying brine seepage intervals

occurring within the Salado Formation section.

Within the AIS, seventeen intervals (excluding the potential seepage interval at the

Rustier/Salado interface) are identified as producing brine seepage. The ex~ct of seepage varied

from the mention of recent weeps to abundant weeps. Two other zones of seepage below the

repository (MB 139 and MB 140) that intersect shaft sumps in the waste and salt handling shafts

were identified through personal communications with experimenters at Sandia National

Laboratories for a total of 19 seepage intervals within the Salado Formation. The intervals

located above the repository are listed in Table 7. Seepage intervals that did not correspond to a

previously named lithologic unit were assigned zone designations for the purpose of conveying

information in this report.

There were no notations indicating volume quantities of brine seepage from the identifiedW

seepage intervals. Four of the seventeen intervals observed in the MIS (MB 103, MB1 124, Vaca
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Triste siltstone, and Union Anhydrite) were identified during the AIS mapping as primary brine-

producing intervals in the Salado Formation (Holt and Powers, 1990). Quantities of seepage

observed in the AIS can be placed into perspective by contrasting the Salado Formation seepage

notations with the recorded water-inflow data from the Rustier Formation aquifers in the Salt

Handling Shaft. The Rustler Formation aquifers flowed less than a total of 1.5 gallons per minute

into the shaft prior to liner installation. After liner installation, the inflow rate dropped to less

than 0.1 gallons per minute (Jarolimek et al., 1983a). The Geotechnical Shaft reports for the

Exhaust, Waste, and Salt Handling shafts did not indicate intervals of brine seepage deeper than

the Rustier/Salado Formation interface; however, Saulnier and Avis (1988) conducted pulse

injection tests using a multipacker tool at the 850 ft and the 1320 ft intervals within the Waste

Handling Shaft. Within these intervals hydraulic conductivity values for halite, polyhalite, and

anhydrite were determined. The hydraulic conductivities and associated derived intrinsic

permeabilities (in parentheses) are recorded as follows:

0 Halite: 1.OE-13to3.OE-14D15 (Ilx 102 m' to 4x 10-2 m)

01 Polyhalite: 2.OE-14 mi 3x 10-2 m)

* Anhydrite: 3.OE-14 ni/s (4 x 10-21 in).

-J To anticipate that the brine seepage intervals documented in the ALS have lateral extent

and potentially intersect all four shafts, these intervals were projected through correlation of the

shaft lithologic logs, from the AIS to the other four shafts, as illustrated in Figure 3. The cross-

sections in Figures 4 through 7 illustrate the relationship of the newly designated brine seepage

intervals (seepage zones) to the identified marker beds. These identified brine seepage intervals

are recorded in the 5DB for each shaft which is presented in Section A4.0 of this appendix.

Table 7. Brine seepage intervals occurring within the Salado Formation section

I;Marker Bed/Zone Unit Top (ft-MSL) Unit Bottom (ft-MSL)

MEB103 2397.0 2380.5

MIB109 2268.5 2243.1

Vaca Triste 2070.0 2062.0
Zone A 1925.0 1915.5

MEB121 1915.5 1914.0

Union Anhydrite181087.
MEB124 1788.0 1779.1
Zone B 1736.5 1733.5

Zone C 1709.0 1700.0
Zone D 1650.5 1640.0

Zone E 1640.0 1638.0
ZoeF138013.
Zone G 1638.0 1635.0

Zone H 1633.0 1627.1

M[B129 1627.1 1625.6
Zone 1 1625.0 1619.3
Zone J 1546.9 1542.9

~ N-ote: Zones E through H ame identified separately because of variable lithologies within that section of the MIS.
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To evaluate current brine seepage conditions, Westinghouse Waste Isolation Division

staff were contacted in January of 1994 concerning the availability of the shaft geotechnical

inspection reports for each shaft. Staff members indicated that the reports are available for

U review; however, these inspection reports concentrate on groundwater conditions within the

Rustler Formation (Lower Seal System) and that the reports do not denote brine seepage intervals

in the Salado Formation (Salado Salt Column). During trips in and out of the shafts, some damp

clay seams within the Salado Formation have been observed (conversation with Westinghouse

engineering staff; January 1994). These intervals have not been logged in the shaft inspection

reports. Westinghouse staff mentioned that the best records of brine seepage intervals in the

Salado Formation are the lithologic logs that were assembled during the lithologic mapping of

each shaft (Jarolimek et al., 1983b; Holt and Powers, 1984; Holt and Powers, 1990; Holt and

3 Powers, 1986). These reports were obtained and used to assemble the SDB. Copies of the shaft

inspection records were not requested because they do not note the brine seepage intervals in the

Salado Formation penetrated by the shafts.

Subsequent to contacting Westinghouse Waste Isolation Division staff concerning

availability of recent geotechnical inspection reports, an inspection- which emphasized

observance of brine seepage and associated salt encrustations- was performed in the AIS (Deal

et al., 1995). This inspection was conducted during July 1994 as part of the Brine Sampling and

Evaluation Program (BSEP). As reported in Deal et al. (1995), the AIS observations were made

from the shaft mann cage which moves vertically approximately 9 feet from the shaft wall. The

Salado section was initially observed on the way down to the repository level. A more detailed

inspection was conducted during the ascent On the ascent salt encrustations, indicating seepage

when moist or previous seepage when dry, were marked according to their location on the

lithologic log developed during shaft mapping (Holt and Powers, 1990). Seventy-three salt

encrustations were logged during the observation. The encrustations observed were related to

rock bolts, thin localized argillaceous (clayey) intervals and previously identified seepage

intervals. Pictures taken of significant salt encrustations during the observations indicate that

seepage associated with the encrustations was primarily localized (i.e. point source) with the

I exception being encrustations located in zones that were originally mapped as producing brine.

MR 103 was the only encrustation interval that was observed to be wet indicating active brine

seepage. From the man cage it was not possible to determine if there was moisture present

beneath encrustations observed to be dry at the exposed surface. Most of the sulfate beds

(anhydrite and polyhalite) and especially the polyhalite units showed no weeps or encrustations

(Deal et al, 1995).

Observations were also conducted in the Waste and Salt Handling shafts (Deal et al.,

1995). In these shafts the Salado section above the shaft sump wyas obscured primarily by grout

I spillage from shaft key and liner installation. Observations in the sump of the Waste and Salt

Handling Shafts did not show moisture at the surface or in the open fractures of Marker Bed 139

(Deal et al, 1995).

U A.2.3 Typical Rustler and Salado Formation Hydraulic ConductiviyrrnsisiiSfty
Values

The literature was searched for hydraulic conductivity values associated with different

lithologies encountered within the Salado Formation (Salado Salt Column Interval), as well as

transmissivity data for water bearing units of the Rustler Formation. Such values will assist in

relating the documented occurrences of brine seepage to potential fluid (brine) inflow to the
I lt 00%A-15 DOEINWP-95- 3117
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Salado Formation Subsystem. The hydraulic conductivity data for various lithologies
encountered within the Salado Formation, and the transmissivity data for water bearing units

encountered in the Rustier Formation (Forty-niner Member, Magenta Dolomite Member,

Tamarisk Member, Culebra Dolomite Member, and the unnamed lower member), are profied in

Table 8.

Table 8. Typical Rustler and Salado Formation hydraulic conductivity/tansmissivity values

Stratigraphic Uthology Hydraulic Transmissivity Relevant Reports/

Unit Conductivity (m2lday) Comments
(rn/day)

Futynier Clystoner L7E0 o SND87-0039 (Beautheim,, 1987)

Me r Clay 3IA6E-04
...Ma ge nt a Dol- dolomite 9.23E-03 or less SAND90-2035J (Beauheim and Holt,

omite Member up to 9.29E-02 1990)

Tamrs lytn 9.29E.0 or less. SAND9O-231 (Beaubhimand Holt,
Member1990)

Culebra Dol- dolomite Less than SAND90-2035J (Beanheim and Holt,

omite Member 3.72E-04 to 1990)
1. 16E+02

Un name "11 1E0 ADO2035(eahianHot

Liower Member tlaystoie. to.-5.75EO 19M); Potnilwt
:::::'Culebr. Three zonescomposethis uni~a

howeve, -only zone VUispresent withn
: t .:he: W.Pboamdary.

Salado 1+it, .22E-09 to SA ND90-2035J (Beauheim and Holt,

Formation argillacious 2.13E-08 1990)

i0244E-14 toSN -7001(Sanliiruand Avis, 1988)

polyhalite 1 .92E-09 SAND89-0462 (Lappin et al., 1989);
Table 3-2 Waste Shaft

1.73E-09 SAND8-7001 (Saulnier and Avis, 1988)
anhydrite USE-OS to SND9O.20353(Beauheifd lt

3105E.0 to()M 1 9,apo i ael fti
........ u tw ty ~ p ~ d Ua n t

untctrng~yP~e

40m b.l0O shw
ic so3 trRLSw ~ tO3

*Note: Salado brines which flow into the WIPP Facility am not derived from fluid inclusions, but instad are grain botudary

fluids with residence times of at least several million year (Stemn and Krumhansi, 1986).

*Note- Permeability increases aroud the facility within 5 to 10 ft becauise of flucturing and possible matrix dilation
(Beauhecim and Halt, 1990).
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A.3 Shaft Survey Data

A.3.1 Original Survey Coordinates and Surface Elevations

Westinghouse staff were contacted concerning the availability of the original survey plats

that show the coordinates and the surface elevation of each shaft location prior to shaft

construction. The original survey plats are not available; however, the shaft coordinates and

3 surface elevations are recorded on the as-builts for each shaft. A comparison was made between

the ground surface (finished grade) elevations secured from the Bechtel and Westinghouse as-

built drawings for each shaft and those recorded in the SDB. Results of the comparison are

presented in Table 9.

Table 9. Comparison between ground surface (finished grade) elevations secured from Bechtel

and Westinghouse as-built drawings and those recorded in the SDB

Shaft Ground Surface Surface Elevation Difference In
Elevation (Finished Bechtel/Westinghouse Elevation Data

Grade) SDB As-Built (SDB less As-Built)
_______ (ft-MSL) (ft-MSL) (ft)

Air Intake 3409.0 3409.0 0.0

Exhaust 3410.0 3409.9 0.1

4Salt Handling 3410.5 3411.0 -0.5

Wse3407.5 3407.5 0.0

h The comparison of surface elevation data illustrates relative consistency between (1)

surface elevations reported in geotechnical reports and working drawings, and (2) the data.

3 recorded on the Bechtel/Westinghouse as-built drawings for each shaft. Th1e two minor

discrepancies noted are in the Exhaust Shaft and the Salt Handling Shaft, which reflected

I differences of 0. 1 ft and 0.5 ft respectively.

A.3.2 Review of Shaft As-Built Drawings to Determine a Consistent Surveyed Datum

Current shaft as-built drawings were secured from Westinghouse. These drawings were

I reviewed to determine a consistent surveyed datumn, based on MSL, for reference when

computing below-surface depths of named stratigraphic unit contacts and other relevant intervals

of engineering design interest- The shaft as-built drawings for each of the shafts utilized a

surveyed reference datum elevation of 3409.0 ft MSL based on the 1927 USGS North American

Datum. For computing below-surface depths in the shafts, the reference datum of 3409.0 ft MSL

is equated to a reference level 0'-0" (i.e., reference level 0'-0" = 3409.0 ft-MSL based on the

USGS North American Datum). Elevations of selected features and/or objects within each shaft,

and the reference drawings used to determine these elevations, are incorporated into the SDB

(Attachment 1). The as-built drawings reviewed for each shaft and general survey information

are marked "Info Only" and are current to February 18, 1994. The survey information and shaft

as-built drawings reviewed are outlined in Tables 10 through 14.
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Table 10. Site Work/Site development overall plans

Drawing Number Title

24-C-053-005 Rev. B Sheet 1/2 and 2/2 Site Work, Site Development Overall Plan.
(Inactivated per ECO#5667)

24-C-060-005 Rev. A Sheet 1/2 and 2/2 Site Work - Rough Grading Plan.
(Inactivated per ECO#5567)

24-C-075-005 Rev. B. Sheet 112 and 2/2 Site Work - Rough Grading Plan and Sections.
(Inactivated per ECO#5567)

24-C-078-005 Rev. B Sheet 1/2 and 2/2 Site Work - Rough Grading Sections.

2 1-C-0I l-SF9 Rev. 10 Base Line Monuments Plans & Sections.

21-V-002-W Rev. B WIPP Site Surveys and Subsidence
Monuments.

21-C-0012-SF9 Rev. 6 Subsidence Monuments Plans and Details.

Table 11. Air Intake Shaft as-builts: reviewed

Drawing Number Title

33-R-00l-34A Rev. 4 Air Intake Shaft 3310
General Arrangement Plans and Sections.

33-D-002-W Air Intake Shaft 331
I leShaft Collar/Air Intake Platform Plan, Sections

and Details (new).
33-C-0Ol-W Air Intake Shaft 331

Shaft Collar/Air Intake Platform Plan, Sections
and Details (new).

33-C-004-Wl and W2 Air Intake Shaft 331
Shaft Key Plan, Sections and
Details (new).

33-D-O08-W Air Intake Shaft 331
General Arrangement (new).

51-W-212-W Air Intake Shaft 331
Shaft Station Plans, Sections and Details.
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Table 12. Salt Handling (Exploratory Shaft) as-builts reviewed

3Drawing Number Title

37-R-010 Rev. A Key and Shaft Station Location Section.

U37-R-023 Rev. A General Arrangement at Surface Plan and
Section.

*37-R-012 Rev. A Key Sections and Details.

*24-C-202-05A Rev. A C&SH Shaft Collar Modification Plan
Sections & Details.

24-C-202-I1Fc-4 Rev. G p.7 C&SH Shaft Collar Area. C&SH ShaftI Collar Modification Plan Section & Details.

37-R-019 Rev. A Station Develop. - Experimental Level Plan
and Sections.

37-R-010 Rev. A Key and Shaft Station Location Section.

I Table 13. Waste Shaft as-builts reviewed

Drawing Number Title

31l-R-001-O11) Rev. B Waste Shaft 3 11 Shaft Development
Sections.

31-R-002-OlD Rev. A Waste Shaft 311 Shaft Lining and Key
Section and Details.

31-R-013-01D) Rev. B Waste Shaft 311 General Arrangement PlansI and Sections.
A-0001 As-Built for Waste Shaft Collar.

U Table 14. Exhaust Shaft as-builts reviewed

U Drawing Number Titde

S-020 Exhaust Shaft with Collar Layout.

S-024 Detail Exhaust Shaft Layout.

35-R-004-O1D Rev. B Exhaust Shaft 3 51 General Arrangement
Plans and Sections.

35-R-002-O ID Rev A. Exhaust Shaft 351 Shaft Living and Key
Section and Details.

35-R-OO4-01D Rev. A Exhaust Shaft 3 51 General Arrangement
Plans and Sections.
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A.3.3 Designation of Surface Reference Point

A physical surface reference point needs to be designated for the shafts to facilitate

completion of the sealing system design drawings and final seal emplacement. It was

recommended that the designated surface reference point elevation chosen for the shaft seal

design drawings be the "top of concrete" for each shaft. 'Top, of concrete" is defined as the top of

the collar for the Waste and Exhaust shafts, and the top of the existing shaft for the Salt Handling

Shaft. "Top of concrete" for the AIS is defined as the top of the plenum. Table 15 identifies the

designated surface reference, surface reference elevation (ft-MSL), and the distance above or
below the current WIPP reference level 0'-0" (3409.0 ft MSL).

Table 15. Designated surface reference, surface reference elevation (ft-MSL), and distance
above or below current WIPP reference level 0'-0" (3409.0 ft MSL).

Designated Surface Distance (ft) Above or

01-0"Desigated Reference Elevation Below Current WI1PP

Surfac D eesinate (ft MSL) Reference Level 0'-0"

Shaft SraeRfrne(3409.0 ft-MSL)

MIS Top of Plenum 3410.0 1.0 Above

Waste Top of Pad 3463.5 0.5 Below

Exhaust Top of Collar 3411.5 2.5 Above

Salt Handling Top of Existing Shaft 3411.5 2.5 Above

Designating the surface references as outlined in Table 15 will:

1. allow shaft seal designs to be developed with depth measurements measured from a
consistent reference point that is specific to each shaft,

2. provide an easily identifiable reference that should still ;.-: in existence at the time the

shafts are sealed, and

3. avoid the confusion created during shaft sealing operations that can arise from taking
measurements from a reference level that is not tied to a physical shaft object.

To avoid fuiture confusion when comparing existing shaft as-builts and final shaft seal design
drawings, the seal design drawing notes should clearly identify the designated surface reference

point and its relationship to the WIPP Standard Reference Level 0'-0" at 3409.0 ft-MSL.

A.3.4 Comparison of Stratigraphic Data Base and As-Built Elevations

Information from the SDB and the shaft as-built drawings were compared to determinte

discrepancies that may exist between the geologic data secured from the lithologic logs and the

geologic data recorded on the shaft as-built drawings.

Elevation comparisons were made for select shaft and geologic features that were

identified in both data sources. Features compared are specifically outlined for each shaft in

Sections 3.4.1 through 3.4.4 and their associated tables.

In general, elevations were compared for the following geologic/shaft features:

0.Ground surface (finished grade)

-Mescalero caliche
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0 Gatufia Formation

* Magenta Dolomite Member

* Culebra Dolomite Member

0 Salado Formation

* Base of Key

* Shaft Station level.

If the feature and associated MSL elevation were identified in both data sources, the feature will

be included in the comparison table for that specific shaft. Comparisons of elevations from both

data sources showed differences varying from a minimum of 0.0 ft to a maximum of 9.0 ft as

outlined in the following sections. The major discrepancies between the two data sources are

found in the comparisons of the AIS and the Salt Handling Shaft. None of the data discrepancies

in any single shaft was consistent enough to suggest that application of a single correction factor

to either data set would reconcile the data.

Idniying lithologic contacts, especially when the contacts are gradationa, can be a

highly interpretive process. The difference in elevation values between the data sets

(approximately ft or less) indicates a general consensus about the locations of the geologic

features/objects relative to MSL. The as-built drawings should reflect the lithologic contacts

mapped after the construction of each shaft. These differences in elevation indicate that some of

the as-built lithologic contact elevations may have been transferred from preconstruction shaft

design drawings to the final as-built drawings.

A.3.4.1 Air Intake Shaft

Ground surface (finished grade) elevations are consistent between the two data sources.

The as-built elevations for the Magenta Dolomite Member, Salado Formation, and the base of the

Shaft Key are consistent to within 0.3 ft relative to elevations secured from the shaft lithologic

log. The Culebra Dolomite Member elevation recorded on the as-builts is 9.0 ft low relative to

elevations secured from the shaft lithologic log. Conversation with Westinghouse staff revealed

that the elevation for the as-built elevation for the Culebra Dolomite member should reference

the elevation recorded in Holt & Powers (1990). By referencing this report and placing the unit

in its proper scaled position on the drawing this discrepancy is eliminated. Table 16 compares

the MIS lithologic log to the as-built elevations.

Table 16. Air Intake Shaft lithologic log versus as-built elevations

Geologic lithologic Log As-built Difference in Elevation:

Feature/Object Elevation Elevation Lithologic Log less As-
(ft-MSL) (ft-MSL) built (ft MSL)

Ground surface (finished grade) 3409.0 3409.0 0.0

Magenta Dolomite Member 2817.6 2817.6 0.0

Culebra Dolomite Member 2705.0 2696.0 9.0

Salado Formation 2569.3 2569.0 0-3

Base of Key 2513.0 2513.0 0.0
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AA.4.2 Exhaust Shaft

The ground surface (finished grade) elevation and the elevations of the Magenta
Dolomite Member and Culebra Dolomite Member are consistent to within 0. 1 &L The Mescalero

Caliche and the Gatufta, Member elevations differ by 2.5 ft and 2.0 ft respectively. Table 17

compares the Exhaust Shaft lithologic log to the as-built elevations.

Table 17. Exhaust Shaft lithologic log versus as-built elevations

Geologic Feature/Object Lithologic As-built Difference in
Log Elevation Elevation Elevation:

(ft-MSL) (ft-MSL) Lithologic Log less
As-built (ft-MSL)

Ground surface (finished grade) 3410.0 3409.9 0.1

Mescalero, Caliche 3401.5 3399.0 2.5

Gatufia Formation 3391.9 3389.9 2.0

Magenta Dolomite Member 2806.4 2806.5 -0.1

Culebra Dolomite Member 2695.4 2695.5 -0.1

Salado Formation 2558.5 2558.5 0.0

A.U..3 Waste Shaft

The ground surface (finished grade) elevation and the elevations of the Magenta

Dolomite Member and the Culebra Dolomite Member are consistent Elevations for the Salado

Formation and the Shaft Station Level differ by 0.3 ft and 2.0 ft respectively. Table 18 comparesV

the Waste Shaft lithologic log to the as-built elevations.

Table 18S. Waste Shaft lithologic log versus as-built elevations

Geologic FeaturelObject Uthologic As-built Difference in
Log Elevation Elevation Elevation:

(ftMSL) (ft-MSL) Lithologic Log.
less As-built (ft

MSL)

Ground surface (finished grade) 3407.5 3407.5 0.0

Magenta Dolomite Member 2813.0 2813.0 0.0

Culebra Dolomite Member 2702.5 2702.5 0.0

Salado Formation 2565.3 2565.0 0.3

Shaft Station Level 1247.0 1249.0 -2.0

A.3.44 Salt Handling Shaft

Ground surface (finished grade) elevations are consistent to within 6 in. The Magenta

Dolomite Member, Culebra Dolomite Member, and the Salado Formation elevations vary from 2

to 8 ft Discrepancies in data result from, recording as-built lithologic data from borehole ERDA-

9 (see note on drawing 3 7-R-0 10, Rev. 7), which is an offset to the shaft Table 19 compares the __

Salt Handling Shaft lithologic log to the as-built elevations.W
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Table 19. Salt Handling Shaft lithologic log versus as-built elevations

Geologic Feature/Object Lithologic As-built Difference in
Log Elevation Elevation Elevation:

(ftMSL) (ft-MSL) Lithologic Log less
As-built (ft MSL)

Ground surface (finished grade) 3410.5 3411.0 -0.5
Magenta Dolomite Member 2808.0 2816.0 -8.0

Culebra Dolomite Member 2711.0 2705.0 6.0

Salado Formation 2560.0 2558.0 2.0

A.4 Stratigraphic Database

The Stratigraphic database presents geologic and hydrogeologic information for each

individual shaft along with select engineering features (i.e., top of concrete, base of key, and
station level). Specifically, information recorded for each shaft includes:

0 Engineering features (top of concrete, base of key, and station level)

0 Ground Surface (finished grade)

* Stratigraphic unit contact name

0 Unit top and bottom MSL elevation

* Groundwater/brine observance

* Clay observance

* Comment relating to stratigraphic unit or engineering features.
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A.4.1 Air Intake Shaft Stratigraphic Database

Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-msl) (ft-msl) _______________

Top of Concrete 3410.0 Bechtel Drawing 33-R-001-34A Rev. 4,
Air Intake Shaft 331 General
Arrangement Plans and Sections and 33-
R-0 12-34A Rev. 5, Air Intake Shaft 3 31
Shaft Development 16'-0" Diameter Shaft
Sections

Ground Surface 3490Ground surface (finished grade): 3409.00
(SURF) /Finished ft insi based on USGS survey Marker;
Grade Shaft Development Drawing # 33R-0 12-

34A. Stratigraphic contacts are from
lithologic log; DOE-WIPP-90-05 1

Quaternary Sd. 3409.0 Not
(QSD) mapped___

Mescalero Galiche Not Not
(MES) mapped mapped ____________________

Gatuna Fm. (GAT) 3387.5 3378.5
Santa Rosa Fm. 3378.5 3353.1
(SR)______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Dewey Lk Rb. 3353.1 2878.7 Top contact is an erosional surface
(DLR)___ ___ ___

Rustler Fm. (RUS) 2878.7 2569.3

49-er mbr (49R) 2878.7 2817.6 x Groundwater, regional aquitard; at some
locations a thin claystone has a
trnsinissivity comparable to the
Magenta. SAND90-2035J

Magenta D. mbr 2817.6 2792.0 x Groundwater, regional; SAND90-2035J
(MAG) & DOE-WIPP 90-051

Tamarisk mbr 2792.0 2705.0 x Groundwater, regional aquitard;
(TAM) SAND90-2035J

Culebra D. mbr 2705.0 2681.1 x Groundwater, regional; SAND90-2035J
(CLJL) & DOE-W[PP 90-051

Unnamed L. mbr 2681.1 2569.3 x Groundwater, regional aquitard (siltstone

(ULM) unit at H- 16); SAND90-203 5J

Salado Fm. (SAL) 2569.3 Did not x Regional potential for Groundwater
penetrate (brine) occurrence at the Rustler /Salado

Fmn. contact; SAND9O-2035J. No
Groundwater at Fm. contact noted on
lithologic log. Shaft did not penetrate
base of unit.
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Stratigraphic unit/ Unit/ Water/ Clay Comments
Unit/Engineering feature Feature Brine Obs.

Feature Top Bottom Obs.
(ft-msl) (ft-insl)_______ ________

Key (See 2513.0 Elevation 2513.0 ft.-msl from
Comments) Westinghouse Isolation Division (WID)

Drawing 3 3-C-004-WL1, Air Intake Shaft
331 Shaft Key Plan, Sections and Details.
This elevation is seven (7) feet higher
than the base of Key concrete reported on
the AIS lithologic log.

MB 100 * Not marked on log

MB 101 2450.5 2447.1

M[B 102 2409.1 2408.0

MB 103 2397.0 2380.5 x Brine; Weeps - moist surface in lower
4ft; DOE-WIPP-90-051; Anhydridic
dolomite overlying claystone where
weeps occur.

MB3 104 2373.5 2372.5

M[B 105 2356.6 2355.5.MB 106 2335.5 2335.0 Correlated with exploration shaft.

MB 107 2301.0 2300.5

MB3 108 2291.1 2290.5

MEB 109 2268.5 2243.1 x Brine; Weeps: DOE-WIPP-90-05 1, weep
symbol on log with no weep description.
Weeps occur in mudstone with anhydrite
nodules.

MB 110 2203.1 2202.0

MB 111 2194.5 2193.9

MB 112 2176.4 2174.4 x Thin laminae.

MB 113 2150.0 2149.0 Correlated with exploration shaft.

MB 114 2127.0 2126.0 Correlated with exploration shat

MB 115 2091.5 2088.0

MB3 116 2078.5 2076.0

Vaca Triste (VACA 2070.0 2062.0 x Brine; DOE-WIPP-90-05 1. Composed of

TR) halitic siltstone and mudstone.

MB 117 2001.0 1999.5

MB3 118 1977.6 1975.0

M[B 119 1950.4 1948.4

*MB 120 1929.9 1929.0 x Thin clay layers/blebs.

Zone A 1925.0 1915.5 x Brine; Some weeps, halite with a trace of

I I Ipolyhalite: DOE-WIPP-90-051I - AIS log
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Stratigraphic Unitl Unitl Water/ Clay Comments
Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-msl) (ft-msl)

MB 121 1915.5 1914.0 x x Brine; Weeps: DOE-WIPP-90-051 - AIS
log. Weep symbol on log near base of
unit (polyhalite) - no description. 2-3"

________clay at base.

MB3 122 1907.9 1906.9

Union Ahh. 1881.0 1873.5 x Brine; Unit as a whole bears fluid. Weeps
parallel to starat are very cc:--mon around
zones with clastic halite. Weeps occur
also around fractures and contacts. DOE-
WIPP-90-05 1 - MIS log

MB 123 1801.5 1795.0

MB 124 1788.0 1779.1 x Brine; Recent weeps parallel to fractures
and bedding planes in anhydrite: DOE-

_______W[PP-90-05 1 - AIS log

Zone B 1736.5 1733.5 x Brine; Abundant weeps, halite
argillaceous to trace clay- DOE-W[PP-
90-051 - MIS log

Zone C 1709.0 1700.0 x Brine; Modest amount of weeps, halite,
trace clay and polyhalite: DOE-WIPP-90-
1051 - AISlog

MB 125 Absent Absent Section absent (Pinched out).

MB 126 1690.6 1689.5

MB 127 1664.6 1662.0 x Thin clay layers/blebs in upper 1 ft

MB 128 1654.0 1650.5 x Thin clay layers at base.

Zone D 1650.5 1640.0 x Brine; Weeps in lower most part,
interbedded polyhalite and argillaceous
halite: DOE-WIPP-90-051I - AIS log

Zone E 1640.0 1638.0 x Brine: Weeps in pits, argillaceous halite:
______DOE-VAPP-90-051 - MIS log

Zone F 1638.0 1635.0 x Brine; Moderate weeps in unit, halite
with trace polyhalite and clay- DOE-
WIPP-90-051 - MIS log

Zone G 1635.0 1633.0 x x Brine; Abundant weeps from pits,
argilaceous halite and balitic claystone:
DOE-WIPP-90-051 - MIS log

Zone H 1633.0 1627.1 x Brine; Mdderatweeps, halite and
______polyhalite: DOE-WIEPP-90-051I - MIS log

MB 129 1627.1 1625.6 x - Brine; Abundant weeps: DOE-WIPP-90-
051 -MAS log

Zone 1 1625.0 1619.3 x x Brine; weeps, halite with polyhalite and
claystone interbeds: DOE-WIPP-90-051 -

MIS log
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Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering feature Feature Brine Obs.

Feature Top Bottom Obs.
(ft-msl) (ft-msl)

MB3 130 1617.2 1615.1 x Thin clay layers/blebs at base.

MB 131 1547.9 1546.9

Zone J 1546.9 1542.9 x Brine; Abundant weeps, halite trace to
some clay and polyhalite: DOE-WIPP-
90-051 - AIS log

MB 132 1516.0 1515.0

MB 133 1497.1 1495.6

MB 134 1454.0 1441.9

MB 135 1426.0 1425.01
MIB 136 1387.2 1373.1

MB 137 1356.3 1355.0

MIB 13 8 1311.1 1310.6

Anhydrite "a" 1287.5 1286.5
(ANH "a") ____

Anhydrite "b" Not Not. (ANH -b") mapped mapped ________________

Brow 1279.5 Excavated brow at facility level. M33-139
thru 142 were not penetrated by the shaft.

Station Level 1259.0 Westinghouse Isolation Division (WID)
DWG. 33-D-008-W Air Intake Shaft 331
General Arrangement and WID DWG.
5 1-W-212-W Air Intake Shaft Station
Plans, Sections and Details. Station
level not on lithologic log.

M[B- 139 thru 142 were not penetrated by
the Air Intake Shaft.
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A.4.2 Exhaust Shaft Stratigraphic Database

Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-msl) (ft-msl) ____________

Top of Concrete 3411.5 Bechtel Drawing 3 5-R-00 1-01 D Rev. B,
Exhaust Shaft 351 Development Plan
Sections and Detail

Ground Surface 3410.0 Ground Surface (finished grade) 34 10 ft.
(SURF) /Finished MSL. Based on survey-USGS 1927
Grade North American datum.

Contract Drawings-CCPI Fb/l D,
Underground Experimental Areas/Waste
Shaft and Exhaust Sha&t Drawing 35-R-
004-OlD. Str-atigraphic contacts from
lithologic log; DOE-WIPP-86-008.

Quaternary Sd 3410.0 3401.5
(QSD)__ _ __ _ __ ___ _ _ _ _ _ _ _ _ _ _

Mescalero Caliche 3401.5 3391.9
(MES)_ __

Gatuna Fmn. (GAT) 3391.9 3375.0

Santa Rosa, Fmn. (SR) 3375.0 3355.4

Dewey Lk. Rb. 3355.4 2862.5 x Top contact is an erosional surface.
(DLR) Occasional thin clay layers (<6" thick)

Rustler FM. (RUS) 2862.5 2558.5

49-er mbr (49R) 2S62.5 2806.4 x Grundwatr regional aquitard; at some
locations a thin claystone has a
transmissivity comparable to the
Magenta. SAND90-2035J

Magenta mbr 2806.4 2782.0 X Grundwater, regional; Sand90-2035J;

(MAG) DOE-WIPP-86-008

Tamarisk mbr 2782.0 2695.4 x x Groundwater, regional aquitard;
(TAM) SAND9O-203 53. Occasional thin clay

layers < 6" thick.

Culebra D mbr 2695.4 2673.0 x Groundwater, regional; SAND9O-2035J;

(CTJL) DOE-WIPP-86-009

Unnamed L mbr 2673.0 2558.5 x X Groundwater, regional aquitard (siltstone

(ULM) unit at H- 16); SAND90-203 5J.
Occasional thin clay layers (< 6" thick)

Salado Fmn. (SAL) 2558.5 Did not X Regional potential for Groundwater
penetrate (brine) occurrence at the Rustier /Salado

Fm. contact; SAND9O-203 5J. No
Groundwater at Fmn. contact noted on
lithologic log. Shaft did not penetrate
base of unit.
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Stratigraphic Unit/ Unit/ Water/ Clay Comments

Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-msl) (ft-msl) ______(level__ 907__00)

Key (See 2502.0 -- Elevation 2502 ft.-ml(ee 0.0

Comments) 
calculated from Bechtel Drawing 35-R-
002-OLD Rev. A, and Exhaust Shaft 351

Shaft Lining and Key Section and Detail.

MB3 100 * 
Not marked on log

MEB 101 2436.5 2433.5

MB 102 2394.8 2393.6 x Clay near base (3" thick)

MB~~~ 1328. 2370potential brine seepage interval-inferred
MB 10 238.0 267.0from AIS brine seepage conditions

MB 104 23T59.0 2358.7-

MB 105 2342.9 2341.8 x Ca tbs

MEB 106 2322.5 2321.8 K lya as 1tik

M[B 107 2289.0 2288.5

MEB 108 2279.7 2277.5 x Clay at base (2" thick)

MB 109 2256.0 2230.5 Potential brine seepage interval-inferred

MIB 110 2191.8 2189.6 K Clay at base

M1B 111 21818 21814 ____k)

MB 112 2 164.2 2161.9 K Clay at base (I" -2.5" thik

MB 113 2137.8 2136.4 K Clay at base (2" thick)

MB 114 2114.6 2113.8 a ae("tik
M3B115 2078.9 2075.5 K Clayatae1tik

M1B 116 2066.3 2064.0 K Clay at base (1" thick)

VacaTrite VAC 205.3 0510 Ptenial brine seepage interval-infered
V a.Tr se V C 0 53 2 5 . from AIS brine seepage conditions

MB 117 1988.6 1987.3

MB 118 1965.0 1962.7 K Clay (I" -2" thick)

MB 119 1938.9 1937.0

MB 120 19190 191.

Zone 191.5 105 6Potential brine seepage interval-inferred
ZoneA I 9135 195.6from AIS brine seepage conditions

MB111913.5 1905.6 Potential brine seepage interval-inferred
MB 121from AIS brine seepage conditions

MB 1227 1898.5 1897.0 -oeta -rn epg, lifr

Union Anhydrite, 1872.0 1866.0 - - Poetabrnsepgitrvlnfrd
from AIS brine seepage conditions

MB 123 1793.0 1786.0-
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Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-msl) (ft-ins!

MB3 124 1779.3 1770.0 x Potential brine seepage interval- inferred
from MIS brine seepage conditions. Clay
(I" - 2" thick)

Zone B 1727.8 1724.3 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone C 1700.3 1690.8 Potential brine seepage interval-inferred
from AIS brine seepage conditions

MEB 125 Absent Absent Section absent (Pinched out).

MEB 126 1682.0 1681.5

MEB 127 1657.5 1655.3

MB3 128 1646.0 1644.3

Zone D 1634.8 1633.0 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone E 1633.0 1631.0 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone F 1631.0 1628.3 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone G 1628.3 1626.3 Potential brine seepage interval-inferred
fr-om MIS brine seepage conditionsW

Zone H 1626.3 1620.8 - Potential brine seepage interval-inferred
from MIS brine seepage conditions

MB 129 1620.8 1619.0 x Potential brine seepage interval- inferred
from MIS seepage conditions. Clay at
base (1/4" thick)

Zone 1 1619.0 1614.0 Potential brine seepage interval-inferred
from MIS brine seepage conditions

MB 130 .1609.0 160823 x Clay at base (1tIc

M[B 131 1541.5 154023

Zone J 1540.3 1536.0 Potential brine seepage interval-winferred

MB 13 151.2 109.4from MIS brine seepage conditions

MB 133 1491.9 1488.6

MB 134 11446.5 1434.7--

MB 135 1419.0 1418.2

M[B 136 13742 1363.4

MB 137 1349.8 1348.9

M(B 138 1302.6 1302.1

Anhydrite "a" (ANH 1279.6 1278.9
"a") - -I -
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Stratigraphic Unit/ Unit] Water/ Clay Comments
Unit/Engineering feature Feature Brine Obs.

Feature Top Bottom Ohs.
(ft-msl) (ft-msl) ___

Anhydrite "b" (ANHl 1272.1 1271.8

Station Level 1262.5 1252.0 Elevation 1252.00 ft-msl calculated from
Bechtel drawings (level 2157.00 ft)
Approximate-Bechtel Drawing 35-R-
001-OlD Rev. B, Exhaust Shaft 351
Development Plan Sections & Detail.
MB3-139 thru 142 were not penetrated by'
the exhaust shaft.
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A.4.3 Salt Handling Shaft Stratigraphic Database

Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering Feature Feature Brine Obs.

Feature ITop Bottom Ohs.
(ft-msl) (ft-msl) _______________

Top of Concrete 3411.5 Bechtel Drawing 3 7-R-0O10 Rev. A,
Exploratory Shaft Key and Shaft Station
Location Section (Top of Existing Shaft)

Ground Surface 3410.5 Ground surface (finished grade) elevation

(SURF)fFinished is tied to CWI benchmark No. CW- 1

Grade outside the exploratory shaft at an
elevation of 3410.080 ft MSL; DOE-
WIPP 86-010. Stratigraphic contacts are
from lithologic log; TME 3178.

Quaternary Sd 3410.5 3399.0 Stratigraphic units behind casing were

(QSD) not mapped. Mapping started in the basal
portion of the Santa Rosa Fmn.. Unit tops
behind casing are secured from gamma
ray log interpretation and the Bechtel
drill log. DOE- WIPP-86-01 10.

Mescalero Caliche 3399.0 3394.5

(MES)______ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Gatuna Fmn. (GAT) 3394.5 3374.0

(SR)

Dewey Lk. Rb. 3319.0 2868.0 - Top contact is an erosional surface.

(DLR) Contact secured through gamma ray log
interpretation.

Rustler.Fnm.(RUS) 2868.0 2560.0 - Total inflow from rustler aquifers was
less than 1.5 gallons per minute prior to

tv, liner installation. Subsequent to liner

installation inflow rate dropped to less
than 0. 1 gallon per minute. TME 3178

49-er mbr (49R) 2868.0 2808.0 x Groundwater, regional aquitard; at some
locations a thin claystone has a
transinissivity comparable to the
Magenta. SAND90-2035J

Magenta mbr 2808.0 2789.0 x Groundwater, regional; SAND90-2035J

(MAG) I__

Tamarisk mbr 2789.0 2711.0 x Groundwater, regional aquitard;

(TAM) ISAND9O-:2035J

Culebra D mbr 2711.0 2694.0 X Groundwater, regional; SAND90-2035J

(CUIL) I___ I___

Unnamed L mbr 2694.0 2560.0 x Grudwtr regional aquitard (siltstne

(ULM) I uit at H-1 6); SAND90-2035J
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Strat igrpi Unit/ Unit/ Water/ Clay Comments

Feature Top Bottom Ohs.
* _________(ft-msl) (ft-msl)

Salado Fm. (SAL) 2560.0 *x Regional potential for Groundwater
(brine) occurrence at the Rustler /Salado
Fmn. contact; SAND9O-2035J.
Groundwater seeps at Fmn. contact noted
on lithologic log; TMEE-3 178. Shaft did

3 ___________ ____________not penetrate base of unit.

Key (See 2529.0 Elevation 2529.00 ft.-mnsl calculated from
Comments) level 880.00 ft. Bechtel Drawing 37-R-3 012 Rev. A, Exploratory Shaft Key

Sections and Details

MB 100 2488.0 *Top from stratigraphic survey; WTSD-

TMIE-3 179
MB 101 2439.1 2435.1

3MB 102 2400.0 2398.7 x Clay at base

M[B 103 2386.4 2372.6 x Potential brine seepage interval-inferred
from AIS brine seepage conditions. Clay

I ___________ ____ _____at, base..MB 104 2364.6 2363.9
bMB 105 2348.2 2347.8 X Clay at base
bMB 106 2328.7 2327.3 x Clay at base

M[B 107 2294.0 2293.3 x Clay at base

3MB 108 2284.8 2283.9 x Clay at base

MB3 109 2263.5 2237.0 x Potential brine seepage interval-inferred
from AIS brine seepage conditions.

Interbedded, Clay
MB 110 2205.4 2204.3 x Clay atbase

M[BI111 2189.1 2188.2

MB 112 2171.6 2168.9 x Clay at base

MB 113 2144.4 2142.6 X Clay at base

MB 114 2120.7 2120.0
MB 115 2084.5 2081.8 x IClay at base

1M[B 116 2073.5 2071.0 x Clay at base

Vaca Triste (VACA 2061.8 2060.0 Potential brine seepage interval-inferred
j TR.) ____ - from AIS brine seepage conditions

10MB 117 1994.2 1993.3 x Clay at base'MB 118 1965.5 1963.0
MB 119 1945.1 1943.3 x

MB 120 1925.5 1924.4 x Clay at base
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Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering Feature Feature Brine Ohs.

Feature Top Bottom Ohs.
____________(ft-msl) (ft-unsl)__ ______________

Zone A 1923.0 1913.8 Potential brine seepage interval-inferred
from MIS brine seepage conditions

MM 121 1913.7 1911.5 x Potential brine seepage interval-inferred
from AIS brine seepage conditions. Clay
at base.

MEB 122 1903.7 1902.4

Union Anhydrite 1874.5 1870.5 Potential brine seepag ,,nterval-infened
from MIS brine seepa4. conditionsj

MB 123 1791.8 1789.6

MEB 124 1783.8 1776.4 X Potential brine seepage interval-inferred
from MIS brine seepage conditions. ClayI
at base.

Zone B 1732.5 1729.3 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone C 1705.0 16963 Potential brine seepage interval-inferred
from MIS brine seepage conditionsI

MB125 1724.6 1722.9 x Clay at base

MB 126 1688.2 1687.1 x Clay - total section

MB 127 1662.3 1659.3 x Clay at base
MB 128 1649.6 1648.2 X Clay at base

Zone D 1639.5 1637.0 Potil brine seepage interval-inferred3
from MIS brine seepage conditions

Zone E -1637.0 1634.3 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone F ', 64.3 1632.1 Potential brine seepage interval-inferred
/ from MIS brine seepage conditionsI

Zone G 1632.1 1630.0 Potential brine seepage interval-inferred
from MIS brine seepage conditions-

Zone H 1630.0 1625.0 Potential brine seepage interval-inferred3
from MIS brine seepage conditions-

MB129 1625.0 1622.9 x Clay at base
Zone 1 1621.8 1613.0 Potential brine seepage interval-inferredI

from MIS brine seepage conditions

MB 130 1613.5 1612.5 Correlated-with Air Intake and Exhaust3
Shafts.

MB 131 1545.5 1544.6

Zone J 1544.6 1540. Potential brine seepage interval-inferred5
from MIS brine seepage conditions

MB 132 1511.1 1510.7 x Clay -total section O
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Stratigraphic Unit/ Unit/ Water/ Clay Cmet

Unit/Engineering Feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-mDSl) (ft-M3l)

MB 133 Absent Absent Pinched out

MB 134 1453.7 1442.3 x Ca tbs

MB3 135 1425.7 1424.2 X Clay at top

MB 136 1382.3 1374.4 x Clay at base

MB 137 1358.7 1357.5 - -

MB 138 1311.8 1311.1 - x Clay at base

Anhydrite "a" 1288.4 1287.1 x Clay at base

(ANH "a") ____ _____________________

Anhydrite "b" 1281.6 1280.7 x Clay at base

(ANH "b")____ ____

Station Level - 1247.0 Elevation 1247.00 ft.-msl calculated from
level 2162.00 ft. (approximate) - Bechtel
Drawing 37-R-010 Rev. A, Exploratory
Shaft Key and Shaft Station Location
Section. This level measurement needs
to be confirmed with new measurement

as it locates the station level below
Marker Bed 139.

MB 139 1243 1252.3 x Potential brine seepage interval -

Anhydrite. Clay at base.

Base of lithologic log terminates above
MB 140. Total depth elevation is 1105.0
ft msl.

M33 140 - Potential brine seepage interval -

Anhydrite
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AAA. Waste Shaft Stratigraphic Database -**-

Stratigraphic Unit/ Unit/ Water/ Clay Comments
Unit/Engineering feature Feature Brine Ohs.@1

Feature Top Bottom Ohs._
(ft-msl) (ft-msl) _______________

Top of Concrete 3408.5 Bechtel drawing 3 1-R-00O1-0O1D Rev. B, f
Waste Shaft 311 Development Sections

_______(Top of Pad)

Ground Surface 3407.5 Ground surface (finish grade) elevation
(SURF) /Finishied 3407.5 ft MSL, surveyed. Upper section
Grade of the shaft was not logged lithologically.

Logging started at 3310.2 ft msl in the
Dewey Lake Red Beds. Stratigraphic
contacts are fr-om lithologic log; WTSD-

Quaternary Sd 3407.5TM-3

(QSD) __________________

Mescalero Caliche Not Not
(MES) mapped mapped _____ _________

Gatuna Fmn. (GAT) Not Not
mapped mapped _ _ _ _ _ _ _ _ _ _

Santa Rosa Fmn. (SR) Not Not
mapped mapped ___ _ _ _ _ _

Dewey Lk. Rb. 2871.5 x Top contact is an erosional surface. Clay
(DLR) ________(<6" thick)

Rustler Fmn. (RUS) 2871.5 2565.3-I

49-er mbr (49R) 2871.5 2813.0 x Groundwater, regional aquitard, at some
locations a thin claystone has a
transmissivity comparable to theI
Magenta. SANDO-2035J

Magenta D mbr 2813.0 2788.0 x Groundwater, SAND9O-2035i. Weeps
(MAG) WTSD - TME - 038

Tamarisk mbr 2788.0 2702.5 x x Groundwater, regional aquitard-

(TAM) SAND90-2035J Thin clay layers (< 6"
thick)

Culebra D mbr 2702.5 2680.7 x - Groundwater, regional; DOE-WIPP 90-
(CUL) _____ __051 

f
Unnamed L mbr 2680.7 2565.3 x x Groundwater, regional aquitard (siltatone

(ULM) unit at H-16); SAND90-2035J, Thin clay
layers (< 6" thick)

Salado Fm. (SAL) 2565.3 Did not x - Regional potential for Groundwater
penetrate (brine) occurrence at the Rustler /Salado

GrondaatF. contact noted20J Non
Fmudara i. contact noted20J Non
lithologic log. Shaft did not penetrate
base of unit.A
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Stratigraphic Unit/ Unit/ Water/ Clay Comments

Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.
(ft-msl) (ft-msl) 00__ _________calculatedfrom

Key (See 2509.0 Elevation 2509.0ftmscauaedro

Comments) level 900.00 ft. Bechtel drawing 3 1 -R-

j 001-OID Rev. B, Waste Shaft 311
Development Sections and 3 1 -R-002-
OlD Rev. A, Waste shaft 311 Shaft

j __________ ____ _____Lining and Key Section and Details

M[B 100 * Not marked on log

MB 101 2444.0 2442.0

M[B 102 2402.0 2401.0 x Thin clay (<6" thick)

MB3 103 2389.0 2374.0 Potential brine seepage interval-inferred

j ____________ _____ ____I from AIS brine seepage conditions

MJB 104 2367.0 2366.01

MB 105 2350.1 2349.0 x Clay at base (<I " thick)

M[B 106 2329.3 2328.5 x Clay at base (<2" thick)

MB 107 2295.5 2295.0

MB108 2285.9 2285.3 - x Clay at base (<0.5" thick)

IM B 109 2262.9 2236.9 x Potential brine seepage interval-inferred
fr-om AIS brine seepage conditions. 1 ft.
clay in middle of section

MB 110 2199.3 2196.0

MB 111 2188.3 2188.0

MIB 112 2170.8 2168.5 x Clay at base (<2" thick)

MB 113 2144.0 2142.3 x Clay at base (<0.5" thick)

MB 114 2120.5 2119.5

MB 115 2084.8 2081.5

MB 116 2071.8 2069.0 x Clay at base (<0.5" thick)

Vaca Triste (VACA 2060.5 2052.5 potential brine seepage interval-winferred

TR.) ________from 
AIS brine seepage conditions

jMB 117 1993.2 1992.0 x Clay at base (<3" thick)

MEB 118 1969.8 1-967. x Clay at base (<0.5" thick)

MB 119 Absent Absent Section absent (pinched out).

MB 120 Absent Absent Section absent (pinched out).

Zone A ----- 1923.8 1910.0 potential brine seepage interval-uiferre

MB 121 1910.0 1907.1 x Potential brine seepage intervalinfefred
from MIS brine seepage conditions

MB 122 1900.3 1899.0

Union Anhydrite 1874.3 1867.0 Potential brine seepage interval-inferred
from MIS brine seepage conditions
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Stratigraphic Unit/ Unit/ Water/ Clay Comments

Unit/Engineering feature Feature Brine Ohs.

Feature Top Bottom Ohs.a
(ft-uzsl) (ft-nzsl) ____________

MEB 123 1794.0 1787.0

MB 124 1780.2 1771.5 - x Potential brine seepage interval - inferred
from AIS brine seepage conditions. Clay

at base (< 0.5' thick)

Zone B 1725.8 1720.3 potential brine seepage interval-inferred
from AIS brine seepage conditions

Zone C 1701.0 1691.0 Potential brine seepage interval-inferred
from AIS brine seepage conditions3

MB 125 Absent Absent Section absent (pinched out).

MB 126 -1682.2 1681.2 x Clay at base (<4" thick)

MB 127 -1655.7 1653.5

MB 128 1644.2 1642.2 nev-ifrd
Zone D 1634.5 1632.5 Potential brine seepageinevlnfrd

from AIS brine seepage conditions

Zone E 1632.5 1630.0 potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone F 1630.0 1627.0 -- Pttalbie seepage interval-infere
from AIS brine seepage conditions

Zone G 1627.0 1625.0 Potential brine seepage interval-inferred
from MIS brine seepage conditions

Zone H 1625.C 1619.5 Potential brine seepage interval-inferred
from MIS brine seepage conditions

MB 129 1619.5 1617.7 x Clay at base (I & thick)

Zone 1 1616.5 1612.3 Potential brine seepage interval-inferred
fr-om MIS brine seepage conditions

MB 130 1608.1 1606.9 --
I

MB 131 1539.3 1538.5 x Thin clay layer at base.

Zone J 1538.0 1531.0 - Potential brine seepage interal-inferred
from MIS brine seepage conditions

MB 132 1508.0 1507.0 X clay at base (<0.5" thick)

M[B 133 1489.8 1487.7 x Thin clay layer at base.

MB 134 1445.3 1433.5 x Clay at base (<4" thick)

MB 135, 1417.2 1411.5 -- __________________

MB 136 1373.3 1362.1 x Thin clay layer at base.

MB 137 -ben -ben Section absent (pinched out).

MB 138 12-99.5 1289.9 x Clay at base (<1.5" thick)

Anhydrite "a" (AIJH 1276.1 1275.3 x Clay at base (.2"thick)

"a")I 
* 9
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Stratigraphic Unit/ Unit/ Water! Clay Comments
UnitEngneeing feature Feature Bie O3

Feature Top Bottom Obs.

jM______ (ft-msl) (ft-ins)_ _

Anhydrite "b AH 1268.6 1268.4 x Clay at base (<0.25" thick)

INStation Level- 1259.0 1249.0 Elevation 1249.0 ft.-msl calculated from
level 2160.0 ft. Bechtel drawing 3 1I-R-

-001-OD Rev. B, Waste Shaft 311
Development Sections__ _ _ _

MB- 139 thru 142 were not noted on
_____________ ______lithologic log.

MB3 13 9 Potential brine seepage interval -

_____________________Anhydrite

MB 140Potential brine seepage interval -
M33____140 __ Anhydrite
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AX5 Conclusions5
The evaluation of shaft stratigraphy and geohydrology at the WIPP has provided

extensive information about shaft stratigraphy, shaft groundwater/brine occurrence, and shaft
survey data. This information is outlined as follows:
A.5.1 Shaft Stratigraphy

" The SDB records the following information relevant to each shaft:
* Engineering features (top of concrete, base of key, and station level)

* Ground Surface (finished grade)S
* Stratigraphic unit contact name

*-Unit top MSL elevation
*Unit bottom MSL elevation
*Groundwater/brine observance
*Clay observance,
*Comments relating to stratigraphic unit or engineering features.

The evaluation has I" confirmed the vertical and lateral continuity of the majority of the named stratigraphic
units among the four shafts; I" identified occurrences of clay in marker beds (as logged during the geologic mapping of
each shaft) that could serve as impermeable layers upon which brine may migrate, or in
some instances, if the clay was buried prior to dewatering, the clay layer can yield some '
water as it dewaters and consolidates after being exposed subsequent to shaft construction
(Deal et al., 1995).

" provided a graphical display in the form of structural cross sections, derived from the
compiled data base, that illustrate the horizontal and vertical relationships of named
stratigraphic units among the WIPP shafts.

A.5.2 Shaft Groundwater I Brine Occurrence
The evaluation of WIPP geohydrology performed to identify regional intervals of

groundwater occurrence in the Rustler Formation and shallower stratigraphic units, as well as
brine seepage intervals in the Salado Formation penetrated by the shaft

* identified regional groundwater occurrence intervals in the Rustler Formation as well as
19 intervals of brine seepage within the Salado Formation penetrated by the four shafts;

* identified intervals of brine seepage through recent observations (July 1994) of the Salado
Formation in the MS. Currently, the surface Marker Bed 103 is the only seepage interval
where the salt encrustations are visibly wet;
identified typical hydraulic conductivity values for the primary lithologies encountered in
the Salado Formation section penetrated by the shafts;

* provided a graphical display in the form of structural cross sections, derived from the
compiled data in the 5DB, that illustrate the vertical and potential lateral distribution Of
brine seepage intervals within the Salado Formation.

20 Oct 1995 A-40 DOE/WIPP-95-3 117



WIPP Sealing System Design Report

A.5.3 Shaft Survey Data
The shaft survey data were reviewed to evaluate the MSL elevations secured from the

shaft as-built drawings relative to those recorded in the SDB and to determine a surface reference
point to facilitate completion of sealing system design drawings and final seal emplacement. This
review

" demonstrated relative consistency (within 6 in.) between surface elevations reported in
geotechnical reports and working drawings and the data recorded on the Bechtel and
Westinghouse as-built drawings for each shaft;

" identified the WTPP surveyed reference level 0'-O" (elevation of 3409.0 ft-MSL) used for
computing below-surface depths (i.e., 3409.0 ft-MSL = Reference level 0%'-0";

* identified the "top of concrete" for each shaft as a consistent surface reference point to be
utilized for the development of the shaft seal design drawings;

* identified discrepancies between lithologic data obtained from geotechnical shaft reports
and as-built data, by comparing the shaft SDB elevations to shaft as-built drawing
elevations.
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Appendix B:

Shaft Sealing System Drawings
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Appendix C: *
A Modeling Study on Shaft Seal Permeability

This appendix summarizes a modeling study conducted to evaluate the sensitivity of

repository performance to permeability of the shaft seal system. The simulations as discussed

here show that, for a composite shaft of 100 m length:
0 to limit brine flow, a seal permeability of about 1 x 10-16 m is sufficient and

1 reduction of gas flow requires a seal permeability on the order of 1 x 10-" rn2 or tighter.

C.1 Conceptual Models

3 A conceptual model of the repository comprises a tool used to evaluate the repository, the

enclosed waste, and the surrounding geologic media. A conceptual model is the aggregate of

processes, properties, and geometries considered within an analysis. It encompasses process3 models, which are verbal or mathematical descriptions of the conceptual model, a numerical

model consisting of the computer code used to conduct simulations of the process model, and

parameters. Parameters required for this conceptual model consist of data derived from field and

laboratory experiments, and numerical quantities necessary for computer code implementation.

The following sections identify the computer codes used for the simulations and briefly discuss

the process models and parameter derivations for this study.

C.2 Computer Codes

3 All simulations were performed using BRAGFLO, a two-phase flow simulator developed

by SNL. It has been designed to accommodate conceptual, model changes and to be robust and

numerically stable over a wide range of flow conditions. BRAGFLO is used by the WIPP

3 Performance Assessment Group in the conduct of assessments for the program.

Fluid flow processes at the WIPP horizon are physically coupled to the creep closure of

the surrounding salt. Implementation of a fully coupled system results in significant technical

difficulties that cannot be practically overcome at the present time. A simplified approach has
been used in this modeling study. The principal effects of disposal room closure on two-phase

3 flow are captured through the use of a separate calculation for the effective porosity of a waste-

ifiled room as a function of time and total moles of gas generated. The computer code SANCHOI was used for the calculation. Results of the calculation are implemented in BRAGFLO through

the use of a "look-up". table of porosity values.

C.3 Parameter Values

I The calculations presented in this appendix were conducted to provide a baseline for a
subsequent set of simulations used in a Systems Prioritization study. Parameter values and ranges

* were derived from the Position Papers and elicitation interviews with WIPP Principal

Investigators. The parameter ranges used for the simulations incorporated both conservative and

optimistic estimates of parameter values. Within the context of a sensitivity study, this

parameter variation provides an excellent opportunity to investigate the system response to a

wierange of inputs.
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The physical properties for the geologic media, as well~ as those parameters governing gasq
generation, have significant quantitative variation. This variation is addressed through the use of
a probabilistic, Latin Hypercube Sampling (LHS) method. The LHS approach generates a set of
input vectors from the distribution of input parameters, which cover the space of parameter
variation.

The sensitivity study presented here used a total of 75 input vectors, with seal
permeabilities ranging from 10,1 to 10-11M2. The equivalent Shaft region is subdivided into10
upper and lower regions. Each region consists of a Seal element and a Shaft element. These
simulations assumed that only the Lower Seal element (length of 100 m) functioned as a fluid
flow barrier. The remainder of the shaft regions were assumed to consist of a permeable fill
(intrinsic permeability of 1 0-2 m) material.

CA4 Simulation Results

The performance measures used to assess the sensitivity of the system to material
permeabilities are: (1) brine flow up or down the shaft and (2) gas flow up the shaft. These .
measures are consistent with design guidance that the shafts limit flow to acceptable levels. A
scatter plot of the cumulative brine flow through the shaft is illustrated in Figure C-i. Results for

all 75 input vectors are depicted on this plot. The cumulative brine flow was calculated at the top
of the lower seal element These results show that brine flows through the seal are not
significantly reduced until the Lower Shaft permeability is reduced to 1 0" m. Zero brine flow
is achieved with a permeability of 10 1 m. i 2 . The cumulative gas flow for all input vectors is
shown in Figure C-2. These results show that a reduction of gas flow up the shaft does not begin
until the lower shaft permeability is reduced to I 0"sm 2 .

oi
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Figure C-i. Predicted cumulative brine flow through lower seal.
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APPENDIX D:
Comparative Analysis of the Seal System Design

D.1 introduction

The calculations presented in this appendix are scoping in nature. Verification of the

I performance of the seal system is currently being performed through detailed multi-phase flow

simulations which model the donminant flow processes expected in the seal system. The

comparison presented in this appendix provides evidence that the seal system described in this

report meets the design guidance described in Section 2.

This appendix is organized into four sections in addition to the introduction. Section D.2

presents the quantitative design guidance for the WILPP shaft seal system as provided by

modeling studies of the seal system. Section D.3 provides the specifics behind the analysis

approach applied, as well as a discussion of analysis assumptions and inputs. Section D.4

~ presents the comparison of the design relative to the design guidance.

D.2 Design Guidance

The general requirement of limiting fluid flow through the seal system can be divided

I into specific functions based on the physical characteristics of the WIFP shaft sealing system and

the surrounding media. The Rustler Formation is considered the primary source of brine to the

3 shaft sealing system. The Salado Formation, although saturated, has a very low permeability and

I thus a low potential as a significant brine source. As currently conceptualized, the repository will

produce significant quantities of gas capable of inducing significant pressure build-up at the base

of the shaft over time. The WIPP shaft sealing system is designed to restrict the flow of gas at

pressures less than lithostatic.

I The primary source of significant groundwater flow to the shaft sealing system is the

Rustier Formation. The upper shaft seal system must limit Rustler brine migrating down the

shaft. The reasons for limiting brine migration in the seal system from the Rustler are: (1) to

I block water from reaching the repository; and (2) to limit the development of significant pore

pressures in the compacted salt columni.

The lower shaft seal system must also limit fluid flow. The lower seal system must limit

gas or brine released from the repository horizon from migrating up the seal system. The reasons

for limiting gas and brine from migrating up the shaft from the repository are: (1) to prevent the

release of radionuclides or hazardous constituents; (2) to prevent significant pore pressures from

building up in the compacted salt column during the 100 years following closure; and (3) to

20 Oct 1995 D-3 DQE/WIPP-95-311 7
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prevent possible seal degradation from active circulation of fluids. The release of gas from the 0
repository horizon through the shaft may not directly influence compliance. However, because
gas has the potential to impede consolidation of the compacted salt column, the lower seal will
need to prevent significant gas pressures from building in the compacted salt column for a period
of 100 years.

Sensitivity modeling has recently been performed with the objective of determining the
sensitivity of brine and gas flow within the WIPP shaft sealing system to shaft seal permeability. -
This sensitivity study has provided preliminary design guidance for the shaft sealing system.
The sensitivity study modeled the four existing WIPP shafts as one equivalent shaft with an area
equal to that of the four shafts. Results from the sensitivity study determined that, for a shaft seal
to limit migration of brine, the seal must have an intrinsic permeability of less than or equal to I
X 10-16 Mn2 over an effective seal length of 100 mn or greater. The simulation results also showed
that to significantly impede gas migration from the repository, the lower seal must have an
intrinsic permeability less than or equal to 10" in2 over an effective seal length of 100 mn or
greater.

In this appendix, a comparative analysis will be performed based on the quantitative
design guidance provided by the sensitivity analyses. This analysis does not represent a hydraulic
analysis and seal system flow rates are not calculated. The analysis will compare each component
of the seal system to the quantatative design guidance described above. This analysis will
provide a method to determine if the sealing system design provides adequate sealing properties

as compared to the design guidance.

D.3 Analysis Approach

The analysis compares flow potential as defined by hydraulic conductance for both the
design cross-sectional seal and the expected disturbed rock zone (DRZ) and compares this to the:~
quantitative design guidance. Seal material and rock permeabilities; are also required as input.
This section will define the analytical approach used, the analysis inputs, and the assumptions.

D.3.1 Analysis Methodology

Single-phase fluid flow through a porous medium is governed by Darcy's Law. Darcy's

Law for steady-state flow can be expressed as:

Q dh-A~ (D-1)
dl

where Q is the volumetric flow rate (m/s), K is the hydraulic conductivity of the porous medium
(mis), dh is the difference in hydraulic head across the porous medium (in), dl is the length
across which dh is measured (in), and A is the cross-sectional area normal to the flow direction
(in2 ). The hydraulic conductivity is a property of the porous medium and of the fluid saturating 0

20 Oct 1995 D-4 DOEAVIPP-95-3 117
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the pore space. Hydraulic conductivity is equal to:

K - kP9(D-2)

where k is the intrinsic permeability of the porous medium (in2 ), p is the fluid density (kg/rn3), g

is the acceleration of gravity (mis 2), and pL is the fluid viscosity (Pa - s). Using WIPP reference

values for a brine, hydraulic conductivity is equal to intrinsic permeability multiplied by a factor

equal to 6.69 x 106.

The design guidance for seal permeability and seal length resulting from model

sensitivity calculations cannot be directly compared to the seal design for the Air Intake Shaft

(AIS). The model combines all four WIFP shafts as one equivalent shaft with an area of 100 in2 .

To compare sensitivity results to the seal design, one must consider permeabilities, lengths, and

areas, which are different between the seal design and the model. The AIS has an area of

approximately' 30 in2 , which is approximately 30% of the shaft area modeled in the simulations.

Therefore, a method of couching the results from modeling (design guidance) into a form

which can be compared to a seal design with variable length, permeability, and area relative to

V the model seal guidance is required. The term which allows this is the hydraulic conductance.

The hydraulic conductance is a measure of a system's ability to transmit water and is equivalent

to thermal conductance in heat flow problems. The hydraulic conductance of a porous medium

is derived from area, length, and hydraulic conductivity, and is the inverse of the hydraulic

resistance. The hydraulic conductance, defined in terms of intrinsic permeability, can be

expressed as:

C A pRg .KA (D-3)
L g L

where C is the hydraulic conductance (m2Is), k is the intrinsic permeability (in2 ), A is the area

(in2 ), L is the component length (mn), p is the fluid density (kg/rn3 ), g is the acceleration of gravity

(mis2), and g is the fluid viscosity (Pa.- s).

By using equation D-3, the -design guidance for the upper and lower seals can be

expressed as hydraulic conductance and can be used for direct comparison with the seal design

presented in this report. ' To limit brine flow in the shaft, modeling indicated that a seal length of

100 m, permeability of 1 x m0-6i2 and area of 100 m2 must exist in the shaft. Assuming a

viscosity of 0.00 18 Pa * s, a fluid density of 1230 kg/rn3 , and an acceleration of gravity constant

of 9.792 mis2 , the brine seal guidance translates into a hydraulic conductance equal to 6.7 x 10"1

m2/s. For limiting gas flow in the shaft, modeling indicated that a seal length of 100 in,

permeability of 1 x 10`1 in2 , and area of 100 in2 must exist in the shaft. Assuming fluid

W ~properties representative of a WIPP brine (see above), the gas seal guidance tranlates into a

hydraulic conductance equal to 6.7 x 10-12 m2/s. Because the AIS contributes 30% of the area of

20 Oct 1995 - D-5 DOEIWIPP-95-3 117
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the equivalent shaft, these hydraulic conductances should be reduced to 30% for comparison to
the AIS seal dimensions. This results in a brine seal guidance hydraulic conductance of 2..Oxl10-10 4
m2Is and a gas seal guidance hydraulic conductance of 2.0 x 10"1 m2Is. In the calculation of
hydraulic conductance, brine properties are assumed for both brine and gas. This assumption is
justified because the analysis is comparative and the physical properties of the permeating fluid
are unimportant as long as they are the same as those used to calculate the design guidance
hydraulic conductance. Calculations predicting performance of the shaft sealing. system require
rigorous application of multiphase properties and are beyond the scope of this appendix.

To determine if the seal design meets the design guidance provided by modeling results,
the hydraulic conductance of the AIS seal design is computed and compared to the design[
guidance. The computation of seal hydraulic conductance is based on a component-by-
component basis consistent with the seal design description found in Section 3 of this report.

The hydraulic analysis considers the cross-sectional area of the seal for flow plus the
cross-sectional area of the DRZ normal to the axis of the shaft. The hydraulic conductance of the
cross-sectional seal and the DRZ are added to get the total hydraulic conductance of a specific
component of the seal design, as illustrated in Figure D-1. For parallel flow, the appropriate law
of composition is simply to add the hydraulic conductances of the seal and the DRZ. The zone
with the largest hydraulic conductance dominates the total hydraulic conductance. The total seal
system (seal plus DRZ) hydraulic conductance is then compared to the guidance hydraulic
conductance.

314^Fl XI T

Hydaun a ducmo of shat

kA~r PRO

C 0 Auty~ilo CaImci dW

Figure D-1. Schematic of Seal System and Definition of

Hydraulic Conductance
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The determination of the DRZ hydraulic conductance: is based on the assumption that the

permeability is greatest in the DRZ near the excavation face and decreases log-linearly as one

approaches the outer extent of the DRZ. Figure D-2 shows a schematic of a shaft with a DRZ of

inner radius r1 and outer radius r,. It is assumed that the permeability k,- at ri is several orders of

magnitude higher than the intact undisturbed permeability defined at r,. The functional

relationship between the variation in permeability as a function of radius is unknown. The

calculations in this appendix assume that the change in permeability within the DRZ can be

described by a linear change in log permeability. Therefore, for a given ri, Ic1., r., and k.0, an

effective DRZ permeability is calculated which accounts for both the decrease in DRZ

permeability and the increase in flow area as a function of radius away from the excavation. The

equation for the effective DRZ permeability is

kD 2 l.(n(kd- In(k))-Ar k. r1(ln(k)-In(k1 ))-Ar 1,

where &r is equal to the outer DRZ radius minus the inner DRZ radius.

OPEN SHAFT DISTURBED INTACT
ROCKZONE ROCK

REPRESNTS MAXIMUM DILATION

k. REPRESENTS INTACT CONDIIONS
EXCAVAION FACENE Ma MUS OF ORZ

Figure D-2. Log-linear model for the calculation of
an effective permeability of the DRZ.
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WIpp Sealing System Design Report

D.3.2 Analysis Assumptions

There are several assumptions inherent in the calculation of hydraulic conductance.

These assumptions are listed below.

* Reference fluid properties representative of WIpp brine are used in calculations of

hydraulic conductance. Because the analysis is a comparative study, these Properties are

unimportant to the analysis.

* Flow through the seal system is limited to the cross-sectional seal and the DRZ. Interface

flow is not considered; therefore the hydraulic conductance is calculated for the seal plus

the DRZ only.

* The comparative analysis is performed for the AIS . The dimensions of the seal

components and the DRZ components are representative of the MIS.

* Properties of the seal materials are described in Section 4. Transient seal permeabilities

are used for concrete and for the compacted salt column. The concrete components are

not assigned a sealing function after 100 years. They are replaced by a silty sand with a

permeability of 1 X 10-14 in. The consolidated salt permeability varies as a fuinction of

relative density according to the Knowles-Hansen (Figure D-8) funactional relationship;

* The Salado is modeled as argillaceous;

* Salt creep can be defined by the modified Munson-Dawsonl (M-D) creep material model

(Munson et al ., 1989). The salt DRZ can be described by the Multi-Deformation

coupled-Fracture (MDCF) material constitutive model which provides a continuum

K description of the response and the associated damage evolution of rock salt;

Asphalt, for purposes of these calculations, is considered a porous medium. This is

necessitated by the assumptions of the hydraulic evaluation. It is understood that asphalt

is a separate phase from waler or gas. The water permeability of asphalt liquid is

effectively zero; therefore, this assumption is considered conservative;

* The seal system is evaluated at 0, 10, 50, and 100 years. In this analysis, hydraulic

properties of the seal and DRZ are considered constant beyond 100 years.

D.3.3 Analysis Parameters

Several analysis inputs are required for the hydraulic conductance calculations. These

include: (1) compacted salt column fractional density as a furnction of time; (2) DRZ radius as a

funaction of time, depth, and sealing material; and (3) the intrinsic permeability of the seal

materials and the Salado DRZ. These parameters are discussed below.

20 Oct 1995 D-8 DOEIWIPP-9 5-3117
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D.3.3.1 Reconsolidatd Salt Fractional Density

The salt in the compacted salt column will continue to consolidate after emplacement in

the shaft as a result of salt creep. RE/SPEC (1995) calculated the fractional density of a salt

column in the Salado for various depths over a 1,000 year time period. The calculations were

performed with a series of "pineapple slice" models at depths of 250 mn, 350 in, 450 mn, 550 mn,

and 650 m. These five depths were considered adequate to define the functional relationship

between salt fractional density, depth, and time. The primary assumptions of the analysis are:

* The calculations are based upon finite deformation solutions;

0 The initial fractional densities of the salt are 0.80, 0.85, 0.90, and 0.95;

0 The stratigraphy of the Salado is not considered; instead the Salado is considered

homogeneous as a clean or argillaceous halite;

0 The shaft has a uniform diameter of 6.1 m.;

0 The initial stress state prior to excavation is lithostatic;

* The excavation occurs at -50 years and remains open for 50 years until time zero, when

the salt seal material is emplaced instantaneously.

The crushed salt consolidation is governed by the constitutive model described by

Callahan and DeVries (1991) and Callahan (1993). For the calculations presented in this

appendix, the initial emplacement fractional density is 0.90. Using calculations presented in

RE/SPEC (1995), the fractional density as a function of depth and tine was determined for an

initial fractional density of 0.90 through linear interpolation. Figure D-3 provides the fractional

density relationship based on an initial emplacement density of 0.90 and the salt is argillaceous.

These parameters are used to estimate the compacted salt column fractional density. Fractional

density is then used to define the permeability of the salt seal (see Section D.3.3.3).

20 Oct 1995 D-9 DOE/WIPP-95-3117
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considered in the RE/SPEC analysis are asphalt, compacted clay, crushed salt, asphalt concrete,

L and salt-saturated concrete. Asphalt concrete is not used in the shaft sealing system.

The calculations were performed with the finite-element program SPECTROM-32. Thea calculations assume that a material model describing salt creep can be defined by the Multi-
Deformation, Coupled-Fracture (MDCF) material constitutive model, which provides a
continuum description of the response and the associated damage evolution of rock salt. This
model gives a measure (i.e., the damage stress) of the shear- and tensile-induced damage. The
damage stress measure can be used as an indicator of the potential for damage, although it is not
actual damage. These calculations indicate that the initial. DRZ may extend as much as 80% ofI the shaft radius into the surrounding argillaceous salt, or may be nonexistent if the shaft is
surrounded by clean salt. The healing of the DRZ is directly related to the stiffness of theI material filling the shaft. The stiffer the material, the quicker the DRZ heals. In the Dewey Lake
Redbeds and the Rustler Formation, the DRZ is not expected to heal since the rock types found
in these formations do not exhibit time-dependent behavior. The assumptions of the analysis are:

I The calculations are based upon finite deformation solutions;

1 The stratigraphy of the Salado is considered homogeneous as either a clean or an
argillaceous halite;

@ The initial stress state prior to excavation is lithostatic;

0 Permeability changes in the salt DRZ are conservatively assumed to extend as far as theI damage;

*The excavation occurs at -50 years and remains open for 50 years, when the salt sealI material is emplaced instantaneously;

*The calculations were performed with a series of pineapple-slice models at depths of 250I m, 350 m, 450 m, 550 in, and 650 mn.

Figures D-4 through D-7 show the DRZ extent (expressed as a multiple of the shaft
radius) as a function of depth and as a function of backfill material for times 0, 10, 50, and 100
years after closure, respectively. At time zero, the DRZ is independent of backfill. Also at time

j zero, the asphalt waterstop DRZ radii are considered to be equivalent to the excavation radii plus
0.5 m. After 10 years, the DRZ is considered to have healed against the waterstops, and the DRZ
radii will be equal to zero.

20 Oct 1995 D-1 I DOE/'WIPP-95-3117
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Figure D-4. Maximum DRZ extent at 0 years after closure.
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Figure D-5. Maximum DRZ extent at 10 years after closure.
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increases in density and decreases in permeability. Permeability measurements have been made

for several samples of WIPP crushed salt at various fractional densities to describe the

relationship between fractional density and permeability (Brodsky, 1994). The fractional

density-permeability relationship used in these calculations is the Knowles-Hansen relationship

which is shown in Figure D-8. This relationship is linear for argillaceous crushed salt at

fractional densities from 0.88 to 1.0. The permeability varies from 1 x 1011 m2  at 0.85 to 1 x 10-

21 M2 at 1.0. The relationship is considered conservative in that it would over-predict

permeability more often than under-predict permeability of WJIPP crushed salt samples.

1E-11
*o sire Penmwui* Labwun r

1E-12 Cm Penmwy Lawbm 8

1E-13 ~

IE-14

1g5IE11

1E-18

1E-19 -

1&20

IE-21

0.85 --0.90 0.95 1.00
Fradional DWesity

Figure D-8. Knowles-Hansen fractional density versus Permeability relationship
for WIPP crushed salt.
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The effective DRZ permeability is estimated from. the maximum disturbed permeability

and the intact (undisturbed) rock permeability which can be found listed in Table 4-2. The

effective DRZ permeability accounts for the decreasing DRZ permeability and the increasing

flow area as a fuinction of radius away from the excavation or into the DRZ.

q D.4 Comparative Analysis of Seat System Design

q The following sections discuss the current seal system design in regards to the design

guidance. Because uncertainty is inherent in any engineered system, the design takes advantage

of redundancy to minimize overall system uncertainty and to require multiple failure modes. As

will be demonstrated, the current seal design offers redundancy in meeting the design guidance

for seal hydraulic conductance.

The comparison to the design guidance is discussed in terms of an upper seal and a lower

seal consistent with the functional needs of the sealing system. For purposes of this comparative

analysis, the upper Salado seal is defined as the seal system between the Rustier-Salado interface

and the bottom of the upper Salado compacted clay column. The lower Salado seal is defined as

the seal system between the top of the compacted salt column and the bottom of the lower Salado

compacted clay column.

D41Lower Salado Seal Components

D41The hydraulic conductance for each component comprising the lower seal was calculated.

The hydraulic conductance for each component accounts for both the capacity for flow through

the cross-sectional seal and the adjacent DRZ (if there is one predicted for the seal material at the

time of interest). Table D-1 presents the hydraulic conductance calculated for each seal

U- component comprising the lower seal at 0, 10, 50 and 100 years after closure. Hydraulic

q conductance is calculated for the cross-sectional seal, the DRZ, and the combination of the two

(referred to as the total). In order to make comparisons to the design guidance easier, Table D-1

also contains the hydraulic conductance normalized to the lower seal guidance value of 2.0 x 10-U 12 M2. The normalized hydraulic conductance is defined as the guidance hydraulic conductance

divided by the calculated hydraulic conductance for the specific seal component. A calculated

normalized hydraulic conductance with a value greater than or equal to unity indicates the

guidance criteria are satisfied.

After 100 years, it is assumed that the concrete components fully degrade to the

permeability of a silt to silty sand (1 x 10-11 rn2). This is considered~a conservative asmton.

By 100 years, the compacted salt column has healed to a permeability which provides a hydraulic

conductance which by itself meets the lower seal criteria by a factor of 13. From 100 to 10,000

years, the permeability (i.e. hydraulic conductance) of the compacted salt column will continue. to decrease approaching an intact salt magnitude. The clay will be stable in the WIPP

environment and will maintain its sealing properties throughout the 1 0,000-year time fr-ame. The

asphalt may also be stable in the WIPP environment throughout the regulatory period. However,

either the clay or consolidated salt components are sufficient to meet the design guidance.
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Table D-1. Absolute and Normalized Hydraulic Conductance - Lower Seal Component

Seal component Normalized DRZ Normalized TOWa Normalized

Material K7. Seal Component L&JL DRZ KA/L Total

Element I Type (frs1Is) (KAIL) (ml) KAIL (m3/s) KAAL

TIME -0 YEARS

9a salt-saurated concrete 3.20-11 0.061 2.50E-09 0.001 2-53E-09 0.001

9b, asphalt 4.26E-13 4.69 1.68E-09 0.001 1.69E-09 0.001 j
9c salt-sannried concrete 2.47E-11 0.031 1.90E-09 0.001 1.92E-09 0.001

10 reconsolidated salt 5.19E-09 0.0004 4.622-1 1 0.043 5.24E-09 0.0004

1Ila salt-saturated concret 3.2SE-1 1 0.061 2.94E-09 0.001 2.87E-09 0.001

1 lb asphalt 4.26E-13 4.69 1.68E-09 0.001 1.63E-09 0.001

I Ic salt-saturated concrete 2.472-11 0.031 2.15E-09 0.001 2.17E-09 0.001

12 com acted clay 7.30E-12 0.274 3.19E-10 0o.006 3.26E-10 0.006

TIME- I oYEARS

9a salt-saturated concrete 3.28E-1 1 0.061 2.99E-10 0.007 3.32E-10 0.006

91, asphalt 4.26E-13 4.69 -- 4.26E-13 4.69

9c salt~satratcd concrete 7-47E-1 1 0.011 2..13E-10 0.009 2.33E-10 0.003

10 reconsolidated salt 1.30E-09 0.0015 5.91E-12 0.339 1.31E-09 0.0015

1Ila salt-Auraled concrete 3.2SE-1 1 0.061 3.13E-1 1 0.064 6.41E-1 1 0.031

Ilb asphalt 4.26E-13 4.69 -- 
42a2-13 4.69

Hec salt-Aagd concrete 2.47E-1 1 0.031 1.132-1 1 0.170 3.652-1 1 0.055

12 -compacted clay 7.30E-12 0.274 5.63E-1 1 0.036 6.36E-11 0.I

jfIM -50 YEARS

91 salt-satrated concrete 3.262-11 0.061 -.- 
3.2U-1 1 0.061

9b, asphalt 4.26E-13 4.69 -- 
4262-13 4.69

9c salt-satura concrete 2.472-1 1 0.031 -- 
2.472-11 0.061

10 reconsolidated salt 1.30E-1 1 0.153 -- 
1.30E-1 1 0.153

Ila saltsatrated conlcrete 3.232-11 0.061 -- 
3.21E-1 1 0.061

Ilb asphat 4.26E-13 4.69 -- 4.26E-13 4.69

liIc sait-sanuated concrete 2A7E-I 1 0.081 -- 
2.47E-1 1 0.031

12 -cmatd clay 7.30E-12 0.274 -- 7.30E-12 0274

TIME - 100OYEARS

9, salt-aturated cocee 323E-1 1 0.061 --
3.211E-11 0.061

9b, asphalt 4.26E-13 4.69 --
4.26E-13 4.69

9c salt-saturated concrete 2.472-1 1 0.091 ---
2.47E-11I 0.81

10 reconsolidated salt 1.77E-13 11.3 --
1.77E-13 11.3

U&, sait-astmated concrete 3.285-11 0.061 -
32X-1 1 0.061

1 lb asphalt 4262-13 4.69 - -4262-13 
4A69

Ilec salt-saturated concrete 2.47E-Il1 0.061 -
2.47E-1 1 0.061

Note: Design guidance hydraulic conductance is equal to 2.OE-12 m%/
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rable D-1. Absolute and Normalized Hydraulic Conductance - Lower Seal Component (concluded)

ISeal Component Normalized DRZ Normalized Total Normalized

Matenald KA/L Seal component KAdL DRZ KA/L Total

Element I TYPe (mzels) (KA/L) (mal2s) KAIL (m&/S) KAIL

5 TINE > 100YEARS

9a sait-saturated con-ree 6.57E-07 0 -- 6.57E-07 0

9b asphalt 4.26E-13 4.69 -- 4126E-13 4.69

9c salt-samrsted concrt 4.95E-07 0 -- 
4.95E-070

10 reconsolidated salt 1.77E-13 11-3 -- 1.77E-13 11.3

Ila salt-saturated concrete 6.S7E.07 0 - - 6.57E-07 0

1 lb asphalt 4.26E-13 4.69 - - 4.26E-13 4.69

I Ic salt-saturated concfPrete 4.95E-07 0 - - 4.95E-07 0

12 compacted clay 7.30E-12 0.274 - - 7.30E-12 0.274

Note: Design guidance hydraulic conductance is equal to 2.OE- 12 m2Is

D.4.2 Upper Salado Seal Components

The hydraulic conductance for each material comprising the upper seal component was

calculated. The hydraulic conductance for each component accounts for both the capacity for

flow through the cross-sectional seal and the adjacent DRZ (if there is one predicted for the seal

material at the time of interest).

I Table D-2 presents the hydraulic conductance calculated for each seal material

comprising the upper seal at 0, 10, 50 and 100 years after closure. Hydraulic conductance is

3 calculated for the cross-sectional seal, the DRZ, and the combination of the two. In order to

* make comparison to the PA guidance easier, Table D-2 also contains the hydraulic conductance

normalized to the guidance value of 2.0 x 10'10 in2 .
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Table D-2. Absolute and Normalized Hydraulic Conductance - Upper Seal Component

Seal component Normalized IR =omlzDo ToaIl Nra~

Material KAIL Seal Component LU&IL FR AL oa

Element I Type (m,)(KA/L) (trils) KAIL (flels) KA/I.

TIME - 0 YEARS

6 asphalt 5.52E-15 36200 1.74E-10 1.15 1.74E-10 1.15

7a salt-aimrated concrete 3.23E-1 1 6.09 2-14E-09 0.094 2.17E-09 0.092 *

7b asphalt 4.26E-13 469 i.62E-09 0.119 I.6E-09 0.119

7c salt-saturated concrete 2.47E-1 1 3.033 1.62E-09 0.123 1.65c-09 0.122

8 compacted clay 1.84E-12 109 6.56E-1 1 3.05 6.75E-1 1 2.96

TIME - 10 YEARSI

6 asphalt 5.52E-15 36200 1.72E-10 1.16 1.72E-10 1.16

7a salt-samrated concrete 3.28E-1l1 6.09 5-39E-10 0.371 5.71E-10 0.350

absphalt 4.26E-13 469 -- 
4126E-13 469

7c salt-atud concrete 2.47E-1 1 3.09 3.93E-10 0.509 4.1SE-10 0.478

3 compacted clay 1.94E-12 109 4.27E-1 1 4.69 4ASE-1 1 4.49

TIME - 50 YEARS1.9-0 1116E-0.8

6 asphat 5.52E-15 36200 1.9-1 .8 .9-101 6.09

7a salt-atuated concrete 3.2SE-1 1 6.09 4 326E-13 4609

7b asphalt 4.26E-13 469 2--472E-13 4689

7c sat-saturad concret 2.47E-1 1 8.09-- 7E1180

Scompacted clay 1.94E-12 109 9.71E-12 20.6 1.16E-11 17.3

TrIME - 100YEARS

6 asphat 5.52E-15 36200 1.69E-10 1.13 1.69E-10 1.18

7a salt-sawuated cocee3.2E-1 1 6.09 -- 
3.2U-1 1 6.09

7b asphalt 4.26E-13 469 --
4.26E-13 469

7c saltsaturated concrete 2.47E-1 1 8.09 -- 
2.47E-1 1 8.09

gcomipacted day 1.94E-12 109 9.71E-12 20.6 1.16E-11 17.3

T M 6 10 Y AR phalt 5 M5E-15 36200 .65E-10 1.21 .65E-10 121

7& salt-saturated concrete 6-57E-07 0 4.2 -6.E-13 06

7b asphalt 4.26E-13 469 --
42E1 6

7c salt-saturated conrete, 4.95E-07 0 --
4.95E-07 0

9 compacted clay 1.94E-12 109 -1.94E-12 
109

Note: Design guidance hydraulic cnutnei qa o2O-Om/

20 Oct 1 995 D-20 DOE/WIPP-95- 3 117



WIPP S. tiing System Design Report

D.5 References

b Brodsky, N.S., 1994. Hydrostatic and Shear Consolidation Tests With Permeability

Measurements on Waste Isolation Pilot Plant Crushed Salt, SAND93 -705 8, prepared by

I RE/SPEC Inc., Rapid City, SD, RSI-0453, for Sandia National Laboratories,

Albuquerque, NM.

I Butcher, B.M., and F.T. Mendenhall, 1993. A Summary of the Models Used for the Mechanical

Response of Disposal Rooms in the Waste Isolation Pilot Plant with Regard to

Compliance with 40 CFR 191, Subpart B. SANI)92-0427, Sandia National Laboratories,

Albuquerque, NM.

Callahan, G.D., 1993. Crushed Salt as a Seal Material, invited presentation to technical meeting

on consolidation of salt, prepared by RE/SPEC Inc., Rapid City, SD, for Sandia National

j Laboratories, Albuquerque, NM, March.

Callahan, G.D., and K.L. DeVries, 199 1. Analyses of Backfilled Transuranic Waste Storage

Rooms, SAND91-7052, prepared by RE/SPEC Inc., Rapid City, SD, RSI-0384, for

Sandia National Laboratories, Albuquerque, NM.

Davies, P.B., 199 1. Evaluation of the Role of Threshold Pressure in Controlling Fow of Waste-

Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant, SAND9O-3 246,

j Sandia National Laboratories, Albuquerque, NM, June.

Munson, D.E., K.L. DeVries, D.M. Schiermeister, W.F. DeYonge, and R.L. Jones, 1992.

j "Measured and Calculated Closures of Open and Brine Filled Shafts and Deep Vertical

Boreholes in Salt," Proceedings, 33rd US. Rock Mechanics Symposium, Santa Fe, NM,

June 3-5, 1992. Eds. J.R. Tillerson and W.R. Wawersik. SAND9I -1869. Brookfield,

VT: A.A. Balkema. 439-448.

Munson, D.E., A.F. Fossumn, and P.E. Senseny, 1989. Advances in Resolution of Discrepancies

Between Predicted and Measured In Situ WIPP Room Closures, SAND88-2948, Sandia

National Laboratories, Albuquerque, NM, February.

RE/SPEC Inc., 1995. Structural Analysis of the Air Intake Shaft Preliminary Seal Design,

Calculation No. 3 55/11/105, prepared for Sandia National Laboratories, Albuquerque, NM.

RE/SPEC Inc., 1995a. Effect of Crushed-Salt Initial Density on WIPP Shaft Seals, Volume 1,E Calculation No. 325/05/04, prepared for Sandia National Laboratories, Albuquerque, NM.

20 Oct 1995 D-21 DOEIWIPP-95-3117



I
WIPP Sealing System Design Report I

I?
I
I
I
p

A

I

I
I

A I

I
I
I
I
I

20 Oct 1995 - DQE/WIPP-95-3 117 @11
I



0

0d U)L. V) U) W (n V) Ln .4 IN=-I

0 .w 2" H2C u U0A 0 0 0"

Z WE u . 0 WOZ .4U 4z0 .

00 0 0 o 0 t0 tuz 118 L"
La w z -- 2 0 V-)C -O M lU) V) HO HO (n C -OZ4

Ol 0 : 0 0Q006 0 0 , 0

a S, 14g 0 a I in 4. 0
E-0 2-0 0A 0 W)0 0

4 <E 0 ) "a 0 0 0 0 0 0

14 U) V,)
0 0 0

U, (n U)). 0 U) U)0 U ) Z II.U
U) H U) H0) ~ U HI., U, ) ~ U

0 ~ 0 OA 0 0 A C ~ 0 0 ~ 0.

(n W V) AZ 4. 0U) Z OU) Z

H U) r4 ulu 4 H W

t3. 0. uf 0.4 0 0 Q.E--C
z.~ w-a HH Z H1>EI)H~E-~ w 4 E Hz w m z E.U VI~. )

z U) 0 0 0 0 0 0 E0
0) 8. :c2 A A U)xU)0VH0 M WI WI 4IIWIE- m =l Il w a

wooI In ) A. I " U
g~ 0 00 0 0 " 0

04ulL 0 0 E-
u. E.. . lull.

- V L.2 U) 4 UJ 1. L vin V)
w 0 wZ o "" 0 WH A (2 tA :: .< n0E

ZE- . H O I- U) E.- E-> E

Em x Hn x H H 1 -
H.9 0 Hn4u W 4 W W =In HZ VU) W) HZ z 4 04

a.U) V) 0. .U

0 000 0 0 0 0

0 0A 0U 0 0

0 0 H 0 E. 0
0.~~> ' Z) U)z )U)U

In t 4n a H al H In I4 lC ))

0 .

a. V)wI > o
t I 04 o

94~C E.ca a

*a. " ,u , - i

0 0
.4.c

00



zz

0

Z 

z0-0
nJ m0

Lu 0o z

LJ0 UaO0

zu z J W -JJ z-~
0~ z 0 0 z L

Lu 0 1 i LLJZtI
zu a " C=_ oz 0

2oj L o z 0 w _~O LJ

-~ Lu 2 u 4 ~ ~ 0
w z M 0 E 2 < 0 0 00 0 J

w400 Lu Lu Lu L o

0 a Lua:u Ln z 0, CZ) z ) 0 a

V' Z- E -t z . S

zjLi w L 2 z (n )0 -D * 3 : :11 1 1-

Iy 00 W z V)u~

0< Q 0 W 5~ W 0A z Lu V n

Lu~ 0

V~z 0 01 z

0 0 : 0 r-: !; < jrV
z Z ')) -r ZL

0 Z 0 Z50 L fl i0~ Liu C)

0 u 0L 0 0) L> 0 Lu Lu: Lu

< 00

Lu M- V) -J, z 0Z Lm 0 3 I)

L0 j -- I 0u~j m L, 
aa -

LI)(),

* uI= 0 lL. n 2 0- L -
u Lu<

0  tu 0 uI 0 :3 Li 2 ~ 0 0

V)~ <0) a:) ML
~00 -1 0 zLI TI- g

Ln V)~~ zi L)0/u -
>... < 0 Lu 

0
a L i OF m u L *
LuZ0 a:u

4
- ti

>i 0 Z u C)~~< 0 0 0 Oz CLo- 5u" a 'nL~()u 0 Inx Lu0LLu/ 00 0 ) (x Li0 N
;-- -T~ 0 II'

C00>I Oi Tm o 00 .
Zz 02 a i :z V) o z zc I L

0, z -. Lu-u ZLu 0 wj -a0 =) ) LL I' l L)O
-Z L < z 2 ~ QZ 6 2 0 C* 0 Li II ww~ ~04V 

Lu-Li

0
u0zo

m< 8 -1L-0 I K0 0L 01. 0l 4n L-Z 00w~L o. 0
w Ln u

"I -V CLJo - I w S1
?. > LJ uw

0i 021. zz

o 00LL05-S 0 j J
0~~ ~~ iL r :I~:r zz oJ:_

0
cn~ w

06-S 0
Li.

z wv



000.

0 0 0 0 0 0

zi 0 0z~i~

Z< ~ U ., -0 0 4

0' 0) 0 i - -L
-.n Z. 5(5 C)0 0zu ;7- x 0: Z0L 0 - Z <-<

00 M <01 1 u 0 I
C, 11 0L 00 0l 6 0 >z 00~

IEl Z 0 ~ O i ~0u )o < <Z L zO<2. w
00 0i Li Zu = 0- Coa " - "-

<.~k~-:z w00I z CC--~ < -' <~0~Z ~ I z

'ji~ L0~ MOL'

.' .< <JQI - > Z 0 Zu~
x z 0 z LL

0U-Z 2z < CL 0~ z~ z
0~~~ 20 Z 0 0 < 0 a > '*

Li~~~~C 
00L>-L iZ .

Li m d Lo w P7 W0 L) 0 <
0L 00u J 1 i 'U- iJ 0n L Jw -(r < = :~

3' 05 m < -- 0 ,U 0<0 a- ozL
Li . < <0 Li <0 Li 0 C' 3:
LiU 0Eo~ Li V)i 0v' 0 0 0DL

C3 ui 'j 0~ 3: > -.
25 <- - OWI J0 0. ij )<u

x i O ~ W Z* z zI- z J< n W m z W
Li~~o 0 i~ 0 5-;~~~ z~~1

0J -0 0< o' Li I2 <o -0 x~

1< 00-I~ ~i< ~ ~ <L 0 0-----

0R -0 :,: c 0 Z' a v a <It

V) Li0 < <Z L0 0LL; z cnI~

mz

wi o0 0 0 -:
=0 al V~ C)

CL - ' , o ' L 0
>- C z U j > L' 'i 0 : K 8 m(I ( :DLX'> z M 0 j C Lr (1 z0

ccU) C

I
U5 00L < )I' z____ _____ ____ ____<____

c'S CUILi 3
0000

00 -0 i
ML L) V ) < C i V) zLw< < VV;<0-0

0 LLJ I --" - g (n < l i 0 )0LoDU

<LiJ

L) o

SO38Q 3>4~ A3Mj

*U



I i5i

(A 0

0~

0h

10J

S Z I Ln oN--
0 LA >- N

0 o

0z0Uz -
<~ 00 Ln

z L
0 000C,

61 < Z

0 01V
m 0i

z, Z

0c

Ui 0z L)

U--

00

u0 0

Z Iu

LiJ LuJC

2 = 2 ~ ~ ~~~ 0, 2.02 4 '100 00 2z

00

LO 0O ~ 0 0

02 I~N~ OVV

x
x x xxx

0x 
x x ~ x x x 

0 0 
10 ~ (

.1 . : I II I II x xo

Fo - ~0 o 02~~

NOIIVV460J OCQV1VS

l0

< Z , 0

0 - = D 0

0I V) 0

coIkd.~O~V



1w ;5 ot z

C)z
zoz

oJ 4 W-
z 0

) 0 d-O
V) w

z -~ T r0z LLJ

<Y LUa.
z L- in V

0z u, V,

zz

z z -

0d C)Li

0 )0 0 L)

0 0

0-1-

C 74-

< 3V3 ..........J .........IV d8I~~ M~ ~ VN f
)* .. . .. ... ..

..........
___________________

....... .... .. .. ......... ......... ........ T 110n

1.1a.

w I

m-J

o-JJ

IL)

OLLi

<L'<

u-ii

00



0
0: - 1Lli 1_

-L L--- - F- 0

2uQ V) 0 6Z

z< m 

3: <O~ V
0 0<

< --- - -- - -9 .0

U) m
If -j z

0_ 0

.. . . .. (L 0

< C

0 60

z z o 0

< < (
1 0 m:

< ~ z f
N V) 0) C

N~~0 " ' "

2I 3

'CO 0

zr NC NCI6N -. CYC -

U0 z
< w~o
M U)o

o -N"C C C NM

V) - - -j

a:0

00

ox 0

x ~00
x" x

ill. lix
I'l x,1, xll hlt xhh~hr~hhllIIl'~lh h hrI~~~

hi rrieiti r~irI r,,i ii~gr hIl.hi~hrrIIIIIII~~t~~iIh~i0

0 0n V) 0 2
00 C C C C Cz

-q. II zy I. b ; i. bI C?

NOIJVY460J~ OOYIVS



00

0 0

~ 0
IL

91 <N, t Cf)

LiL

< U

00

7 V) w

Z,

V)-

mU) 0

00

-JJ 0.

U.L)
L0z

Lo4 Li

z

LUJzz
LUI

0
-

0Z

00

05<

CR
<

00

U) Z 0

Ln z 0

uj 00

C-)
Lii

ocC,)
611

LO, 11

.0-0c .0-)



z 3: 3c 3:. 3

v) 
<) C) 

I I

Z9 0 f~

(nC; < <.. Z ~o~_
) z o0 C) 3 0 

3tZ,

4ý7 0 (9 - 0 o9 
-z - o

0 E, <~-r =O 0< V,0

71 V) 0- CD 0 LzL

< a. 0 L ,o I
CL 

0 )
j, 02 ~ 0

E)- 0L C,< .a

L)I-O (, ! < o ,,, -
0j 0) 10< 0 > CZz

V)~ 0 U -< 4d o z P z' 0 U- (A - L/
01 n 7= 0n 0 rozZ 0 C

00 LO CL N4 -) Z LLJ W z
0r 0~ CL( M ~ > 3 z (5L -

Lj 5, C) tj ix 0) o D CL 0i _ .. j 0. ugo~ N_ _
0LV -0 w~ w Z Z- 'F F 'F

5- < -CLz- =

(9-, c-¾- O . < n i ,t

L-- ci 0F< < L

Z 0 Q , a, 00 )U

w3IN~ U3I-10 M 
V J u MS~~ Z)r4~ K30 CrIN W

00-0W *l L, O2=W1fClD :;

LL, =V~d~ 3: hLJfl

z~ z I

U- - I -I i

n V), 0 IL 01
aI. z

lit Z )0I o0V~ ___ __ ___ __ __

0J <M inM VS) G
V)flN <V V)UlL n nw

.9-z c-~l

(90

'0I Ir L
IL

ZI) L)zz:

....... ...... ...... ...... ...... ...... ...... ...... ...... ......

V))

6-Ur

I-~~~~~~~~~~. L' L alýVS~VNSS~O~ >' 3~

U) >

NOI1VN30vv VV483'iVO

~~H~NflVN80 63-lisQV NVn6fl



iii~

o

z0 <

Lia z
(xm

V) Z CN

- ~ ~ L o-~ C/Zj

<_ 1z o z

Z40
Z4 CI@4Lx I Lo

CL CL

Q . <

o' 0
Li U

o 1)

oV)-

-- ~ V) z

IN I0+ Ii
X. 1x 4 

xl x x
Ix It +i x

II 4 ~ 4 + I I x ~ 4 l

IxI I x I
x _j1 II I I

o b b -2 q(4 ; b tiC ~ 6 * CC6

X C C NNCNC

CCC CwC
ssN m- 0-@@

1l LiI~+ 4 4 11 _

- CCJ _

xI I II II I x xI

0I + ~~4pq~- O 66
Li x IC I IC 0 x404N

z In



~Cf) ozLaJ7,

z

zV V)

zI Mz
Z ___< _ 0-

z <

z <z-J
z-

< 0 z L
En0 <>

Li

6 tz (f

C-)Cu

C-C)

0 V) V C No ( d

0. L-9 6 1 <

z CL, 0

(I-,I

~LLi
-zz

C!V)

*0 0 9



LLJWLJ

z 2 ~ z

-< I i

z0 0 I -

:24 t z - O
I (A <-

UI C) 0z / , )L

M. -- ) II I< I -, z t L

CD < I L) 0 cL <L

C,, 0, C-

a- < a

72i L

-~~ CCL0 C ~ - N 

i

0 2

z z "I In

U) >

iL W

- - - - - - - - 0 < z V )Z

FTF0

1 1 + < ~ FF ~ X 1 4 1 F F ~ I 1 ~ ' ~ ~ L XI F +

~F FF FI ___________________________________________ _____x__

N C C V- -0

2 2 2~ u C u 0 00cNN .W~J~I4 - w 2 - 7 7Zx

zz

LJ V)

Li-L)

r0.-1

T _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ l

FV) FI F

ix F x FxFP, .
x FX"Ij x1 + Fx + xxF>Wx.

0+ I- Ix I

C C 00 0
2 23 2 2 2

2 2T2

0 0 0 *4I 
Z9C

ZN 00 CC N0N:2

V) iu 0 LI

-jI LL <

CL 0 i 0

- - - - - - - - -

... .. .. . .

-~~ F I I , ~ 0

+2 +

x.. I x
x -x I C C C 0

11 . ... ... ... ...

I. I xO >ON ON *. NO' NO 1 1

+O1 V O +Ox'I I IS

S I Ix



0t
z

uj F- LuJ
0 -JJ(

VL) z~
0 -

z 02

Li~ ww

zz

0 < -c (V
m9

Z0V-S

L i> U
0-L C 0

< C

z

0 4

m 0
LO U

T-U

LLI

CY) Co



ILL)-

0 0

DA- 01 C 0 1 1 0-

z C - O f Iy 0
0< LJ j 0 U)~ 0

V, Li CL R) S

0~ (-)L"
u~~~ 75-()0< <LZ W

(A(.I0 u . -, F, 'o z. < ~ 0
>-i w~ - - Li V)0 z m

,-I < 0 Z~ LiLn. L.~0 ~~
0n Ln u1 0 i

Z LI Li~il V)z~ m 0 '

(VZ V) D1 -jA Z
Li .

-Z o 0 z L 0 Lo u- m- Li <j 0 " ~ ~ I
0l 0 -4j O'-f L m

m 0 V)~~ 0

0 jz Li L) -0 00u(
LiZ z z. o L-,Li 0 ~ Q i 0i c

0 0 S,. <V ln 0 ZoQ < _j o t

OZ 00 z a. > m v

=-L 0 0 -Z0,
Li w 0 0, Lw0 -m L(A Z0 z (

Li Li Li LiZL)
z~ zj CLi<n 0 ~ .

(V) Lii 
CL~~i Z ~* ~

Z Lo ,.ja-I Z

Ij -4 0 -z

>- 0 0- V) .. 0 L j ~ 00. 0< 0 -- - - u V < z0

D~W Li m~ -j0 Li L- s- -2 0M -LizLL
V)C -J >Oi, 1A 1  

-j.( ,000 W 0W (Z (

1-J 
z-0 z0 V) z (0

cLiIw - ii V)L ~ ~~ ~~ND(lLni Li xz xz I 1~~~)(AL V)A 0-~ L)W-. V) Li W ui.

U CL 
0

0.0 (0 Lu

LU xz

z' (mzC) U LLJ Ln LJ Li w LCj L 0
CL L01

0-i 
0
z

0~ Z
.. .. .. .. ....

.........

I I** ~ * I- I**-I I *I 1*I I I .....................i...

I ii 'i Iii1' Iii i 11111 i-i ..........................L.....
1
I~i

I _____________________________________................____

NOLLUVV480A 6311sn6

* 0)



0n 0 0

- N 16 L,

C.I 0 Z al z-

(01 0z - <> Li (

0 L0L

(AV
-L 00

00
<t 0-

Z 0)Z

0 0

z

2 zzz
(X
LII

A~ 0 0

10 Z)

0Z 0

LU J

z.

x

x I0

0~- II IT5 F F. FO H5 6o II! T5I i0 o z
4 9

I I xI <1 x

x x 0x xC >t C 0 0 0O N0 0 .0
x x > 0

00

<Z- z

00

xI 00L

-Z u IV) 11 LO I x!
111010lix 10C'4

1+11 cox 0

a. ~. I 01 1 0 I v,

+11 ~-i L-9 -CII i I I "

99liI 11lx _____ _____________

+-L + x 0 0 x 2.7
1i 1 ,I I0 00 0 N

No~~ xttt N N Nt (e e ec O1VOd ~ V

x x x l'9 x x xe> x 1 x xx x0



z of

00

z z<

cr << -J O .- 2 Z)q
V) 0

F- D- L -

0 z - z U)0

<> -, < L <-~

U, <z z0 CL w U- x m z-;V) C)Z)w W
0. - ~ Z or) CA

0 002 51)

z z

Z0
i z

> a:
0 0

0 LLj M (

0 W L0

0C,.
0 .... ... ......

0 ,0

838N3YI 83NlN-k.±1O.J d83n'h Oe~3N )IS18VVi 8eY3Y A9VG 83MOI G3VVNNfl
*ViN39Vr4 V68~f31z

NO IVN80d d13-i1sf

0 L-
0

LUz

< -C

h I ' l I l ' II I' I !I 1 1 , 1

0 U

LU LUJ

wL LUJ 0 wL

I0-
0 -I

(Of) ou.

LL r -0- -
< ~ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

LU(AIllII!I!!~III

.Iz.. .

jjjII I- ***' III

bw

T.~
NO0-O S~ IV Q a ~W1 ,~~

w~jYO ~lV



wzz 0L 0I UJO

0 00 ,LL <1~ nLLo Z 0- m L
cr 0 <L"0I

3: L z
<I 0

< L) 0 :

oo ) -------

0- z< -- -- -- -- -j L ) .

IT LU
I 0 < o V> z tz

0 CL 0 j C

V)1 -J

CC~L 0 ,-

00 0 -

z I L)UL pI
<0 -<

4 CCD

Izz

x~ Ij
x I I

x 0 <

C 0

0~~~~~~~~0 00 0O N NC0NOON t

I 
Zz 

0

<C> w)

3: 0D

<l 0 Llo 0L I I

o~~ 
-

00-

C 0 Cn C1 C0

2~~ 2z

< I- I

zz~o Z
o 2A 0U Fo E 20

ifo I I I.I I if

0 z0

LL

LL 0

0 N CL<

C C) CCLCC

LU 2 2 :2 2 2U

a- 04 0 ON CC -C 0- Q3 - 0 0 - V
DN U C N CC

0~~~~~~X NO10 0 4* O C O

0 N O N O NN.. .O N.. . .N N.

Li) 10NN N N N NN O N N

_j i~~d a-v



Ld

- 0

0 -J

Iz

IL

0v , L-) <

LI

LiiJ

LiJ

U. lU- 0

M z

0)-Ly LiJ V) 0

c-iz

ti

z

Li

z

00

CO r,

uIun

0O

00
0 z

00i 03
.. .. .. .. .... .. ... ... .. .. ..

ON (C)

u-ii

+D



(f)1
10 CI

Z) z111111Z

En ) <0 C) t=0 Lo 0 0 r) 
ZL 

>

< <- z mzi.). 0~ ;W- 0L 1:a ~'o . Las Z 0I < 00 a o
0. CL 0L) U5 ZLU L < 01 0

Li~Z0Z< 0) 11 0
cr < uj L" z .n 0 L 0 Li Z- z 0 L) -J 0 -~w _5~ E:jj z CLjL

m< i? EZ5 L- F5 3ý U 01 Cý , r 0 D :31

-LJ M -- 11o 0r x-W1 ) Z <1- M_ 
Cl)r0)~2 L,

0  
Li < 0  o1-~- LL t-, ) f <

0 V) z I 1Liu 2- 0 Z U z L) -7 _, 0. < __ _ _ 0

u + x wo V)w~0~O'

z 0 uw Z L-, 0L L.) <- -" L

o) Cc) w0 < 0 <. Lo~3~
F. L~~ zo~ 'o CL 0 L) 001z

01Lzi Z'o. 0, m00 20 .2 fz-

Li L Li

C'S ozo 0 a: <(
.11 <0) - 0< . -

Li, F0-Lia L _L
LLJ0 z ,. V)I

z z
ui 0 :b .

0rr 03l-iO -~V I YV w)I~V~. :5V1Y Li t7MO M i v1z<VnL)C) 0U- 3

j' m I' ;z V c j6 - -

Lo,01 L" Li

V) 0_____ 
'0 (N (N (N)N

__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ < z CI-
-i w T-10101

o~~~~I 0,) M~ (N (3 :s m(N' , z)m ' z =

z0Zw 0 Li Q
C)~~~~~~~~0 0Z 0) V) < 00L0)zML Q YZZ i-j::)

cr) 0 W<(~ 0I:u00O

CC,

zLi

=~ 90 0 = -S rI' .
0L 

bL ' 0LJa

z :z
-0- ~ SO 8O L>1I L)U) < o0-CL C

o. zOIr~. zSO 0 VINxxVS 
I

0OI~~. 0 w w w z 13: V)L V L

L HZ fl Od1JSV

ONYS A~N~Icfl

e~qe~eA~Ado 3 ~so



bzz

r.:j 0

* bjz

W 0-

b 0 (f ZW L

_ _ - -
:1 - Z Q-I-5

o

V) 

ol

I ?I V) 0
__ __ __ __;___ <~ a- (n

a a 00___ 0l
0

x z
0 LJ

x zo

ww

wcn c;

C 0
CL -I I

*474

xII I I I I xI xI xI II I I x, I xI

x x x
x l x

x xx I I .x 1i IxIBIIIC x N
x IIC1 1f

~~I I xl 

x x X. x x -
x x ax ~

x 2 x x 2 x xx

w
Z L," C z

Wa 6 mz:
0z

cr w 8 2L

.W.

-x I

x1 0x
x 0

0'
zS

*~ L2



zz

0

< .0

z Z
z 2< ui

) V) w

0 a.
u 0 FRz

CC x 0 wL L)

-~~ 0< Z~I >

Ln 0

0U., v) 00 C

I-J

LL4 I(

LiU V :(r

a--

0 m OM

0 < x 0

00
> zz

u L) )p

8, 8

'0 0

O03ddWH iON

A

-JL

o-z-

(1ddIN iON

IL

z' -' a b

0-U -, -,J C) o L

L) Z
NOW O -SO VINS

NOLrO. VLflI

<RfV O0 <V(;L04

CLV =N Z =)lz:
Ln 0 -1 a

0 CL



0 V)-~

Z <

z 
0D

0 < ~ L2z

LLJ~~ z in:,(
0 V)Q

______ 
0 P~ Z 0~

C)cn J z :
V)) mV).

00 Q

~~ I

V) 
0

L -1 
0

0
x

Lx x±~ I0 Z

0191V

00

-I 
C) 0

2 C C 0 m
2 2 2 20

- ~-0
0~0

C, DOz
/J

FL 
CD

zI

x. x2 
xz >

I x x x

2- 7 - - 7 7

0 4j

0 
eW 

0 z



wl

LLJ 
z

o
- ___- -z( q~ . b b<

N- 

0

CM LL - --

Z~ 0

zz
LiJ

bz 
00

0 01

r_ Li N

LiD

CC-

LL
zz

ZZ

0 CL

06-S 00

<I
zz,

L) 0z LO

.J 0 z0

zl o
uLi

O L

LLO

0-S

LiL

V))

zD



oCL

i 0z 0

0z I V) z

< 0 L-JJ?~0< r
00

t~t7

ULi

LiCL

0
V)/

LLLJ

(/V) ir
zL D

.fl CLUD

Li Li~ 0.O_ 0.

u~ z

zo 0.
N ~L)

C, 0.10.
......N. .... ..

10 10r'
0. 0.V)

0.0..O

V) Li

.0 OLg.-L.-.10 L0

C3J~ ~ L

Oc Ir CL
w w~

C!l 00.

C44

0- CL _j0

0.>Du

LCj DL .0C 0C

CL CLz.-C 0.L .- C

0 0ý w

Lix 
LiPC

0. .JWO

~ N

j2



zC

(1' 00
Cz

0
mC

z < L

-j~ D 0

0 C ,
3LATMM <-D 0 -1If

Uz D
< LI U

Z Qi

a.~ m

() 0

L) z V)< . I-

00 0 ui -J-

16.L.. w. z -1

C 4o o ' -4C O ~
C< ZUWJ10

~- <z

u 0

iC

CEI~ -4-

0 zi

6 20 z

C'4 (N x(Q
0 W) 0

LO~~ < <

II

V) I 1 10 1 . -

- II - __ _ __ _ .-....... D

)

W ~

If)I

0 U) 0

42 - L - - - -



oz
I- -0z

0~ (n z D

0jL ~z < v (A 0
0i z_ (" >- Z ,

-0 0 0 0 _ W

<I

a-U 0

0 Dn 0

0o 0 m ~ 00- a) c c )
C14 04C4C) uu C(

In t0 0 0

V) CL

h-*C 0

t~0 0
:-3 LJ 0- 0; 0
0 0-~ OD No 00 (0

0 O0

U) 0 CD

0t w rl)

:2 Lii

0 00

>-)I m

:00 CL 0 ) 0 c0 fl) e) fl
C14 04 C14

LOC

m =< IL- c; II u "'

z :5

LL)_ - L (n1 1 1 zC

t111y11
-~ 11 111 I 11111 11-J

LL-- __-<-0

-i < ; m <0

UJ~ CL LAJ

1 ~00 0 --
CCL

0 ;n

mm

DE00

.j

0 0L



SL.J z

z

0 0

0~ ~
z o )
0 CL , 0~

:1 00U A A L

-U-

z 0 w~ 0 0

-Ag m. -

z 
-

0~ L__

0~0

0 LAJU tr )N

O r) 0 0 0

Z 0) 0 a) 0
a) 0 LA -

0

V)
U) Z 0 CN c

zz

-C) LL V

0<0

UJ-0

C) 0

-j -

00

00

* 0



00cn

z <, L5

7.Y 00c D

..o-.ot .0o-.01 z0U

Il~ 2 1
W~ Lfl 0 /

C.0 <on

0~ 0

'j-V) 
LL

:L-'7~~ -0- r

V)0

UU

Li

'fll

-~ JLL.

*j 0

0

t.1 000 -'

01

r4 -J

LLJ~

-

CL

L&LA

10

-j-

-IT

CO w Y



~z

00 0

Cf 'f
AT. .sc.

(00 LI) If
00

0,

00

zz,<
0t"

I0 o

< tI < u

V) ZV)

LUV) CL
0zz

000

-JI

L)-J

0 0 a)

L))

uj 0 0



LI-n

00z - z

-M z
0 C) V) Z 0

0 -
r<a z- V) cj

00

w5 Zw

C)<
z

-. ~C X. < ~ ~
0)Ll 00

CLJ -L

V)/

000

V))

cwcz

LU

z E-3.L F-.z
0~-) LJ J U-

On a- (1) 0

0~.10

V)) LL
<

LLUJ

O
C)2
z
L)6 _ 0I
0', w-zLJC
0 IL m

MI b) ZI)0 1

0 0i 0 aJ
on 0~ L

(N

II

CtV)
Ln_ -10

< tL

00I ZJ
N211 M

.. .... .. ..o .. . .... ....

i -J I - l7

Ww

060
(N C

IL V)

0 -



APPENDIX 13. CO-DETECTION OF HAZARDOUS AND RADIOACTIVE WASTE RELEASES





W1PP RCRA Part B Permit Application
DOE/W1PP 91 -005

Revision 6

APPENDIX 13 1

TABLE OF CONTENTS 2

List of Tables ........................................................ 13-il 3

13-1 Purpose ...................................................... 13-1 4

13-2 Definition..................................................... 13-1 5

13-3 Discussion.................................................... 13-1 6

13-3a Nature of the Hazardous Waste Portion of TRU Mixed Waste .......... 13-1 7

13-3b Nature of the TRU Mixed Waste ....................... 13-3 8

13-3c Nature of the Releases .............................. 13-3 9

13-4 Application of Co-detection........................................ 13-4 10

13-5 Summary ..................................................... 13-5 11

13-i



WNPP RCRA Part B Permit Application
DOEIWIPP 91-005
Revision 6

1 List of Tables
2

3 Table Title Page
4

5 13-1 Summary of Waste Generation Processes and Waste Forms...........13-6
6

13-ii



WVPP RCRA Part B Permit Application

DOEMI1PP 91 -005

Revision 6

APPENDIX 13 1

CO-DETECTION OF HAZARDOUS AND RADIOACTIVE WASTE RELEASES 2

13-1 Purpose 3

Within the Resource Conservation and Recovery Act (RORA) Permit Application for the Waste 4

Isolation Pilot Plant (WIPP), the concept of radiological monitoring is used to determine whether 5

a release of hazardous constituents has occurred. This method is used in addition to the visual 6

examinations and container inspections mandated by the RCRA. The purpose of this paper is 7

to provide a justification for this approach. 8

13-2 Definition 9

Co-detection is used to describe the detection of hazardous waste releases from containers by io

virtue of detection of a radioactive constituent release. Co-detection assumes the co-release of 11

hazardous and radioactive materials and applies to all releases except the release of volatile 12

organic compounds (VOC) from transuranic (TRU) mixed waste containers. Co-detection is used 13

to identify the presence or absence of hazardous waste constituents based on the presence or 14

absence of radioactivity. Co-detection does not provide any assessment with regard to 15.concentration. 16

13-3 Discussion 17

Co-detection provides the WIPP facility with a very sensitive method of detecting the release of 18

non-VOC hazardous waste constituents through the use of surface sampling (swipes) and 19

radioactivity counting. The feasibility of this approach depends on the nature of the hazardous 20

waste portion of the TRU mixed waste, the nature of the TRU mixed waste, and the nature Of 21

the spills. The sections below discuss each of these factors. 22

13-3a Nature of the Hazardous Waste Portion of TRU Mixed Waste 23

Based on the waste codes listed in the Part A and discussed in the WIPP Waste Analysis Plan 24

(Chapter C of the permit application), the hazardous waste constituents consist mainly of EPA 25

F-coded solvents and metals that exhibit the toxicity characteristic. The wastes that are to be 26

shipped to the WIPP facility during the Disposal Phase have been placed into waste categories 27

based on their physical and chemical properties. Waste category information is summarized in 28

Table 12-1 with emphasis on the protess that generated the waste. The waste generating 29

processes can be described in five general categories: 30

1. Wastes (such as combustible waste) that result from cleaning and decontamination 31

activities in which items such as towels and rags become contaminated 32

simultaneously with hazardous constituents and radioactivity. In these cases, the 33

13-1
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1 hazardous constituent and the radioactive constituent are intimately mixed, both on
2 the rag or towel used for cleaning and as residuals on the surface of the object being
3 cleaned. These waste forms are not homogeneous in nature; however, they are
4 generated in a fashion that ensures that the hazardous and radioactive contaminants

5 coexist throughout the waste matrix.
6

7 2. Wastes generated when materials that contain metals that are believed to exhibit the
8 toxicity characteristic become contaminated with radioactivity as the result of
9 plutonium operations (leaded rubber, some glass, and metal waste are typical

10 examples). These materials may also become contaminated with solvents during
11 decontamination or plutonium recovery activities.
12

13 3. A class of processes where objects that are not metals are used in plutonium
14 processes and become contaminated with radioactivity. They are subsequently
15 cleaned with solvents to recover plutonium. Surfaces of these objects (such as
16 graphite, filters, and glass) are contaminated with both radioactive constituents and
17 hazardous constituents.
18

19 4. Waste generating processes involving foundry operations where impurities are
20 removed from plutonium. These impurities may result in the deposition of toxicity
21 characteristic metals on the surfaces of objects, such as firebrick, ceramic crucibles,
22 pyrochemical salts, and graphite, which are contaminated with residual quantities of
23 radioactivity.
24

25 5. In all of the process waste categories in the lower half of the attached table, the
26 hazardous constituent and the radioactivity are physically mixed together as a result
27 of the treatment process. In these wastes, the release of any portion of the waste
28 matrix will involve both the hazardous waste and the radioactive waste components,
29 because the treatment process generates a relatively homogeneous waste form.
30

31 Some waste forms only contain radioactive contamination on the surface, because they are not
32 the result of a treatment process or are not porous in form. These include glass, leaded rubber,
33 metals, graphite, ceramics, firebricks, and plastics. In theory, a hazardous waste release could
34 occur if the interiors of these materials became exposed and were involved in a release or spill.
35 Such an occurrence is not likely during operations, because no activities are planned or
36 anticipated that would result in the breaking of these materials to expose fresh surfaces.
37

38 Based on the information in the attached table and the discussion above, hazardous constituent
39 releases could potentially occur in only one of two forms: 1) VOYC and 2) particulate resulting
40 from the catastrophic failure of a container. Mechanisms that can initiate releases in these forms
41 are discussed subsequently. Regardless of how the release occurs, the nature of the waste and

13-2
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10 the processes that generated it is such that the radioactive and hazardous components are1
intimately mixed. A release of one without the other is not feasible. 2

13-3b Nature of the TRU Mixed Waste 3

TRU mixed waste is defined as waste in which radioactive waste constituents and hazardous 4

waste constituents exist as co-contaminants. The processes that placed the radioactivity in the 5
waste are, for the most part, the same processes that placed the hazardous constituent in the 6

waste. Therefore, the TRU mixed waste forms are described in terms of both classes Of 7

constituents. The WIPP Waste Acceptance Criteria (WAC) document places limits on the waste 8

that can be shipped to the WIPP facility based on the characteristics of the waste form. 9

According to the WAC, certain waste forms with specific characteristics are not allowed at the Io
WIPP facility. Liquid waste is one waste form that is not allowed. Waste forms with greater that 11
1 percent respirable fines (particulates less than 10 microns in diameter) are not allowed. Other 12

limitations include a prohibition on pyrophoric materials, corrosive materials, ignitable waste, and 13

compressed gases. Furthermore, TRU waste must contain 100 nanocuries or more of 14

transuranic elements per gram of waste, which means that the radioactive component of the 15
waste will always be present within the waste in significant concentrations. The limitations and 16

restrictions are provided to ensure any waste form handled at the WIPP facility is stable and can 17

be managed safely. 18

.One benefit of waste form restrictions, such as no liquids or limited particulates, is that they limit 19

the kinds of releases that could occur to those that would be readily detectable through visual 20

inspection (i.e., large objects that fall out of ruptured containers) or through the use of radiation 21

monitoring either locally or within the adjacent area to detect materials that have escaped from 22

containers. 23

13-3c Nature of the Releases 24

The fundamental operating philosophy at the WIPP facility is to handle only sealed containers 25

of waste. This practice minimizes the opportunity for releases or spills. For the purposes Of 26

safety analysis, it was assumed that releases and spills during operations occur by either Of two 27

mechanisms: 1) surface contamination and 2) accidents. 28

Surface contamination is documented in the WIPP Final Safety Analysis Report (FSAR) to be 29

the only credible source of contamination external to the containers during normal operations. 30

Surface contamination is assumed to be caused by waste management activities at the 31

generator site that result in the contamination of the outside of a waste container. (Note: There 32

are WAC limits on surface contamination; however, conservative assumptions were made 33

regarding the occurrence of minor contamination.) Contamination would most likely be 34

particulates (dirt or dust) that would be deposited during generator-site handling/loading 35

activities. This contamination would not be detected by visible inspections. Surface 36

contamination is monitored upon arrival at the WIPP facility through the use of swipes and 37

radiation monitoring equipment. U.S. Department of Energy (DOE) Orders require that off-site 38
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1 shipments of radioactive waste be checked to assure that the radioactive surface contamination
2 is below very low levels. Consequently, any surface contamination that may be detected at the
3 WIPP facility will be very minor. Because the hazardous constituents, if present, also occur in
4 minor concentrations as residues and traces within the waste, they represent very small health
5 risks.
6

7 It should be noted that, with respect to surface contamination, detection using radioactivity is very
8 sensitive and allows for the detection of contamination that may not be visible on the surface of
9 the container. This exceeds the capability required by the RCRA, which is generally limited to

10 inspections that detect only visible evidence of spills or leaks.
11

12 Releases due to accidents are modeled in the WIPP FSAR. Significant accidents within the
13 waste handling process are assumed to result in the release and dispersion of particulate
14 radioactive contaminants and VOCs. Radioactive releases of particulates are detectable using
15 surface-sampling (swipe) techniques and the extensive network of radiation sensors located
16 throughout the facility. An accidental release would be detected immediately by the operator or
17. the health physics technician. The impact of VOC releases is discussed in Chapter D.
18

19 In summary, releases that are most likely at the WIPP facility involve the dispersion of
20 particulates containing radioactivity. This radioactivity is readily detectable. On the other hand,
21 the presence of hazardous constituents in these releases would likely go undetected due to their
22 extremely low concentrations without conservative co-detection practices.
23

24 13-4 Application of Co-detection
25

26 The use of co-detection applies to any situation calling for sampling or monitoring for nonvolatile
27 releases. This includes initial sampling for surface radiological contamination upon receipt,
28 sampling for contamination during waste handling activities, monitoring for releases of
29. particulates or liquids during testing, sampling for contamination during decommissioning,
30 sampling for contamination during packaging for off-site shipment, and sampling to demonstrate
31 the effectiveness of decontamination activities that follow a release or spill and retrieval.
32 Radiation monitoring and sampling are mandated by DOE Orders and provide an immediate
33 indication of a release or spill, even when they are not visibly detectable. The basis for
34 accepting co-detection is that the radioactivity is intimately mixed with the hazardous constituents
35 to the extent that both are present in the waste. It can be assumed that a release or spill
36 involving hazardous constituents (except VOCs) will also involve a release or spill of radioactivity.
37 This assurance that hazardous and radioactive contaminants are mixed is based on the
38 processes that generated the waste and the physical form of the waste. These processes mixed
39 the hazardous and radioactive components, as described in S'ection 3.1, to the extent that
40 detection of the radioactive component can lead to the conclusion that the hazardous component
41 is also present. Conversely, the absence of the radioactive component indicates that no release
42 or spill has occurred. The assumption that hazardous and radioactive materials are released
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*together is appropriate in that no reasonable release mechanisms that can be postulated which
would separate the different types of contamination. 2

13-5 Summary 3

The use of co-detection at the WIPP facility as a means of detecting both radioactive and 4

hazardous waste constituents can be summarized as follows: 5

1 . Two waste components are intimately mixed such that a release of one will be 6

accompanied by a release of the other (except for gaseous releases of regulated 7

VOCs). 8

2. Without the ability for co-detection using radiological sampling and monitoring, the 9

hazardous constituents would likely go undetected because of their extremely low lo
concentrations, unless visible evidence of a spill or release is present. 11

3. Radiation detection is sensitive enough to detect hazardous contamination, even in 12

cases where the contamination is not visible. 13

4. Radiation sampling and monitoring provides easy and immediate detection of 14

contamination. 15

5. The use of radiation for detection and the assumption that the hazardous constituents 16

are also present lead to a conservative RORA classification of spills and releases. 17

6. The use of radiation detection can be used to detect releases and contamination 18

during all phases of operations, including retrieval and decontamination. 19

7. Even with the use of radiation detection to identify spills and releases, required RCRA 20

inspections activities will be performed to assure that containers are not deteriorating. 21
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TABLE 13-1
SUMMARY OF WASTE GENERATION PROCESSES AND WASTE FORMS

Waste 1 Hazardous Description of TDescription of
Category JWaste Codes Processes FWaste Form

Combustibles F001, F002, Cloth and paper wipes are used to Materials such as metals may retain
F003, 0008, clean parts and wash down traces of organics left on surfaces that
D01 9 gloveboxes. Wood and plastic parts were cleaned. Waste may remain on

are removed from gloveboxes after the cloth and paper that was used for
they are cleaned. Lead may occur cleaning or for wiping up spills.
as shielding tape or as minor
noncombustible waste in this
category.

Graphite Graphite molds, which may contain Surfaces may retain residual solvents.
impurities of metals, are scraped and Lead may be used as shielding or may
cleaned with solvents to remove the be an impurity in the graphite.
recoverable plutonium.

Filters .. F001, F002 Filters are used to capture Filter media may retain organic
radioactive particulate in air streams solvents that were present in the air or
associated with numerous plutonium liquid streams.
operations and to filter particulate
from aqueous streams.

Benelex®5 and F001, F002, Materials are used in gloveboxes as Surfaces may retain residual solvents
Plexiglas® D008 neutron absorbers. The glovebox from wiping operations. Leaded glass

assembly often includes leaded may also be present.
glass. All surfaces may be wiped
down with solvents to remove
residual plutonium.

Firebrick and F001, F002, Firebrick is used to line plutonium Metals deposited during plutonium
Ceramic Crucibles F005, D006, processing fumnaces. Ceramic refining or analytical operations could

0007, 0008 crucibles are used in plutonium remain as residuals on surfaces.
analytical laboratories. Both may Surfaces may retain residual solvents.
contain metals as surface
contaminants.

Leaded Rubber 0008 Leaded rubber includes lead oxide The leaded rubber could potentially
impregnated materials such as exhibit the toxicity characteristic.
gloves and aprons.

Metal FO01, F002, Metals range from large pieces Solvents may exist on the surfaces of
0008 removed from equipment and metal parts. The metals themselves

structures to nuts, bolts, wire, and potentially exhibit the toxicity
small parts. Many times, metal parts characteristic.
will be cleaned with solvents to
remove residual plutonium.

Glass FO0l, F002, Glass includes Raschig rings Solvents may exist as residuals on
0006, 0007, removed from processing tanks, glass surfaces and in empty
D008, 0009 leaded glass removed from containers. The leader glass may

gloveboxes, and miscellaneous exhibit the toxicity characteristic.
laboratory glassware.

Inorganic Wastewater FO001-F003, Sludge is vacuum filtered and Traces of solvents and heavy metals
Treatment Sludge 0006-0009, stabilized with cement or other may be contained in the treated sludge

P015 appropriate sorbent prior to which is in the form of a solid dry
packaging. monolith, highly viscous gel-like

Imaterial, or dry crumbly solid.
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TABLE 13-1 (CONTINUED)
SUMMARY OF WASTE GENERATION PROCESSES AND WASTE FORMS

Waste I Hazardous 1Description of 1Description of
Category Waste Codes Processes J Waste Form

Organic Liquid and F001, F003 Organic liquids such as oils, Solvents and metals may be present

Sludge solvents, and lathe coolants are within the matrix of the solids created
immobilized through the use of through the immobilization process.
various solidification agents or
sorbent materials.

Solidified Liquid F001, F003, Liquids that are not compatible with Solvents and metals may be present
D006, D008 the primary treatment processes and within the matrix of the solids created

have to be batched. Typically these through the immobilization process.
liquids are solidified with portland or
magnesium cement.

Inorganic Process F001, F002, Solids that cannot be reprocessed or Solvents and metals may be present
Solids and Soil F003, D008 process residues from tanks, within the matrix of the solids created

firebrick fines, ash, grit, salts, metal through the immobilization process.
oxides, and filter sludge. Typically
solidified with portland or gypsum-
based cements.

Pyrochemnical Salts 0007 Molten salt is used to purify Residual metals may exist in the salt
plutonium and americium. After the depending on impurities in the
radioactive metals are removed, the feedstock.
salt is discarded.

Cation and Anion 0008 Plutonium is sorbed on resins and is Feed solutions may contain traces of

Exchange Resins eluted and precipitated. solvents or metals depending on the
preceding process.
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* 1.0 INTRODUCTION

This document describes the confirmatory monitoring plan for

volatile organic compounds (VOC) which may be entrained in the

exhaust air from the Waste Isolation Pilot: Plant (WIPP), Carlsbad,

New Mexico, during the disposal phase at the facility. This

Monitoring Plan is designed to confirm the demonstration contained

in the No-Migration Variance Petition (NMVP) that there will be no

migration of VOCs from WTPP exceeding concentrations that pose

unacceptable risks to human health and the environment. This

Monitoring Plan includes the monitoring design, a description of

sampling and analysis procedures, and quality assurance (QA)

objectives and reporting activities.

1.1 BCGON

The WIPP project was authorized by the U.S. Congress to provide a

research and development facility to demonstrate the safe disposal

of radioactive wastes resulting from national defense activities

and programs. The WIPP facility is constructed in a massive under-

ground salt bed formation, with its design characterized as a "room

and pillar" arrangement, allowing containerized solids or

solidified waste to be placed in the excavations. Waste, equipment,

and personnel enter the underground facility through designated

shafts.

The hazardous waste management units, defined as waste panels, are

located 2150 feet (ft) (655 meters(m)) below ground surface, in the

WIPP underground. The waste panels consist of seven rooms and two

access drifts each. Each room is approximately 300 ft (91 m) long,

33 ft (10 m) wide, and 13 f (4 m) high. Access drifts connect the
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rooms and have the same cross section. The U.S. Department of

Energy (DOE) intends to operate the facility in a manner that

minimizes the number of panels that are open at any one time.

The panels provide room for 6.2 million cubic feet

(f t') (175, 600 cubic meters (in3 )) of transuranic (TRU) waste, of

which 250,000 ft'( 7080 mn3) may be remote handled (RH) TRU waste.

The remainder will be contact handled (CH) TRU waste. The CH TRU

waste package assemblies will be stacked up to three containers

high across the width of the room in an interlocking triangular

pitch. The RH TRU waste canisters will be inserted into predrilled

horizontal holes bored into the room wall of the disposal area.

The facility performance objectives are derived from 40 Code of

Federal Regulations (CFR) Part 268 and are directed at permanently

isolating the waste from the biosphere.

The NMVP (DOE, 1996) demonstrates theoretical compliance with the

requirements of 40 CFR Part 268.6, which allows the disposal of

wastes prohibited from land disposal only if it can be demonstrated

that, to a reasonable degree of certainty, there will be no

migration of hazardous constituents from the disposal unit for as

long as the wastes remain hazardous. This Confirmatory Monitoring

Plan describes a sampling and analysis program to confirm the

theoretical no-migration calculations contained in the NMVP. The

monitoring program will be capable of quantifying VOC concen-

trations in ambient mine air at WIPP. As demonstrated in the NMVP,

other media are not considered viable contaminant transport

pathways during the WIPP operational time frame and are therefore

not addressed in this program. By the nature of WIPP operations,

there is no credible mechanism for direct release of hazardous

constituents to water or soil during the operational time frame.
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For the disposal phase, the mine ventilation system is the only

Wpossible migration pathway.

Accordingly, this Confirmatory Monitoring Plan is designed to

confirm that there will be no migration of VOCs from disposed

wastes in the WIPP repository via the air pathway during the

Disposal Phase. This plan addresses the following information

requirements:

1. Rationale for the design of the monitoring program, based

on:

* Possible migration pathways from WIPP during the

active life of the facility

* Operations at WIPP

* Strength of engineered and natural material components

at WIPP

* Optimum location of the hazardous constituent

monitoring stations to confirm the migration

calculations contained in the NMVP

2. Descriptions of the specific elements of the monitoring

program, including:

* The type of monitoring conducted

* The location of the monitoring stations

* The monitoring interval
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* The specific hazardous constituents monitored

* The implementation schedule for the monitoring program

* The equipment used at the monitoring stations

* Sampling and analytical techniques used

* Data recording/reporting procedures

The results of baseline VOC monitoring at WIPP were used, in part,

to refine the monitoring program that will be established for the

Disposal Phase, during which full-scale waste emplacement

activities will occur. The baseline VOC monitoring results are

presented in Appendix BAD of the NMVP, and the environmental

monitoring currently anticipated during both the operational and

post-closure phases are presented in Chapter 6 of the NMVP.

1.2 WASTE DISPOSAL

The DOE will operate and maintain WIPP so that it is free of both

chemical and radiological contamination. Therefore, as allowed by

New Mexico Administrative Code 4.1, Subpart V §264.13, and

consistent with joint U.S. Environmental Protection Agency (EPA)

and U.S. Nuclear Regulatory Commission guidance, all waste sampling

and analyses are conducted by DOE generator sites in accordance

with established procedures. The generator conducts the required

waste characterization activities for each container of waste to be

sent to WIPP under a QA program. The reports resulting from waste

characterization activities are then reviewed for completeness and

acceptability at WIPP prior to transport of the wastes.
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* Waste will be disposed of in the seven rooms of a panel. Each

panel will be closed when it is full using, a panel closure system

installed in each of the two panel access drifts as described in

Appendix CLP of the NMVP. The closure system conceptual design

consists of concrete block bulkheads and a poured concrete bulk-

head. The concrete block bulkheads provide a ventilation barrier

while the concrete bulkhead is being installed. The concrete

component provides strength and stability for maintenance-free

service during the operational period. The DOE's analysis of the

bulkhead shows that the structure has sufficient rigidity and com-

pressive strength to remain stable for creep and short-term dynamic

loadings. Once a panel has been filled and closed, it will be

managed per the requirements of the WIPP RORA Part B Permit and a

No-Migration Determination.

1.3 OBJECTIVES OF THE VOIATILE ORGANIC COMPOUND CONFIRMATORY

MONITORING PLAN

As described in the NMVP, minute quantities Of VOCS could be

released from open and closed panels located at WIPP during the

disposal phase of the project. Chapter 5 of the NMVP contains a

demonstration that any VOCs released from panels would be below any

concentrations of concern (COC). This plan describes how VOCs

released from waste panels will be monitored to confirm the VOC

concentration estimates contained in the NI4VP. This plan is respon-

sive to requirements of 40 CFR Part 268.6 and addresses

* confirmatory monitoring of waste management activities during the

WIPP disposal phase.
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2.0 TARGET VOLATILE ORGANIC COMPOUNDS

The wastes proposed for disposal at WIPP are described in Chapter 4

of the NM\TP. Approximately 60 percent of the waste proposed to be

emplaced at WIPP during the entire lifetime of the facility is

classified as TRU mixed waste, which consists of waste that

contains both radioactive and Resource Conservation and Recovery

Act (RCRA)-regulated hazardous chemical components.

Generator knowledge of the wastes and the processes by which they

are generated, as well as available analytical data, indicate that

the VOCs most commonly present in the wastes and responsible for

approximately 99 percent of the calculated RCRA-constituent posed

human health risk (Appendix WAP of the NMV'P) are as follows:

* 1, 1-Dichloroethylene

* Carbon tetrachloride

* Methylene chloride

* Chloroform

* 1, 1,2, 2-Tetrachloroethane

* 1,1, 1-Trichloroethane

* Chlorobenzene

* 1, 2-Dichloroethane
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Toluene

Physical and chemical data for these target VOCs are presented in

Table 2.1.

2.1 SOURCES OF VOIATILE ORGANIC COMPOUND EMISSIONS

Figure 2.1 depicts the initial WIPP underground facility configu-

ration. Potential waste-related sources of VOCs include: 1) open

panels containing vented waste drums, and 2) closed panels of

disposed waste. Any VOC emissions from emplaced waste will pass by

a monitoring system as it is directed to the exhaust shaft. Other

activities not related to normal waste management activities may

also lead to VOC emissions.

Nonwaste-related sources of VOCs at WIPP include background sources

and emissions from operational activities in ambient mine air.

Background sources of VOCs include any sources that emit VOCs to

the ambient air that are drawn into the air intake shaft of the >*

underground WIPP facility. Examples of background sources are oil

and gas exploration and petroleum production activities in the WIPP

vicinity, potash production, and motor vehicle emissions in the

WIPP parking lot and on nearby roads. Sources of VOC emissions

also exist below ground surface that are related to WIPP mine

operational activities. Fuel combustion, painting activities,

cleaning solvents, equipment exhaust, and air conditioners are

potential sources of VOCs.

Chapter 5 of the NMVP establishes COCs for the VOCs from waste in

open and closed panels. Therefore, the VOC Confirmatory Monitoring
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* Plan is designed to differentiate VOC concentrations attributed to

open and closed panels from other potential sources. Accordingly,

VOC monitoring performed to confirm the calculations in the NI4VP

will begin when waste emplacement commences in the first panel.

Potential VOC sources other than open and closed panels will not be

directly monitored at WIPP.

2.2 MIGRATION PATHWAY

The only pathway for migration of VOCs to the unit boundary during

the operational phase is via airborne transport. Any VOCs released

in the underground facility would become entrained in the

underground ventilation air and released to the atmosphere through

the exhaust shaft (Figure 2.1).

Chapter 5 of the NMVP identifies COCs in tlie Drift E-300 air

* pathway for the target VOCs. COCs at the panels have been

extrapolated from the levels of concern at the unit boundary using

a mathematical dispersion model and facility ventilation design

data.
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3.0 MONITORING DESIGN

Detailed design features of the VOC Confirmatory Monitoring Plan

are presented in this section. The purpose of this program is to

confirm that there is no migration of specific target VOCs

exceeding any COC. This monitoring plan uses available sampling

and analysis techniques to measure VOC concentrations. Available

sampling equipment includes the standard WIPP VOC canister samplers

with minor modifications.

3.1 SAMPLING LOCATIONS

Air samples will be collected at two locations in the facility to

quantify airborne VOC concentrations. VOCs emanating from Panel 1

* will be measured by placing one VOC monitoring station just

downstream from Panel 1 at VOC-A and another station upstream from

Panel 1 at VOC-B (Figure 2.1). In this configuration VOC-B will

measure VOC releases from the upstream sources (i.e., Panel 2) and

other background sources of VOCs, and VOC-k will measure upstream

VOC releases plus any additional releases from Panel 1. A sample

will be collected from each station on designated sample days. For

each quantified target VOC, the concentration measured at VOC-B

will be subtracted from the concentration measured at VQC-A to

assess any release from Panel 1. Measurements from the first panel

will confirm estimates of releases from all panels since the

releases will be cyclic from panel-to-panel.

The sampling locations were selected based on operational consider-

ations and the calculations presented in Chapter 5 of the NMVP. As

discussed in Section 2.0, there are several different potential
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sources of release for VOCs. These sources include incoming air

from above ground, facility support operations, open waste panels,

and closed waste panels. In addition, because of the ventilation

requirements of the underground facility and atmospheric dispersion

characteristics, any VOCs that are released from Panel 1 may be

difficult to detect and differentiate from other sources of VOCs at

any underground or above ground location further downstream of

Panel 1. By measuring VOC concentrations close to the potential

source of release (i.e., Panel 1), it will be possible to differen-

tiate potential releases from background levels and confirm the

theoretical calculations included in the NMVP.

3.1.1 E-300 Panel 1 Air Outlet (Station VOC-A)

Panel 1 will be the first open panel, and it will become the first

closed waste panel once it is filled and the panel closure systems

are installed and certified. Waste disposal activities will

continue in Panel 2 during closure of Panel 1. Because Panel 1 is

a potential source of VOC releases to the ventilation air traveling

to the exhaust shaft, sampling station VOC-A has been established

in the Drift E-300 downstream of the Panel 1 air outlet

(Drift S-1600) . The purpose of this station is to evaluate whether

the concentrations of VOCs measured at this point are sufficiently

higher than upstream concentrations to indicate potential migration

from Panel 1. Therefore, concentrations of VOCs measured upstream

of Panel 1 will be subtracted from those measured at station VOC-A

and the resulting differences will be compared to the calculated

COCs for Drift E-300.

The COCs for releases from waste panels have been calculated for

each of the target VOCs in the Drift E-300 under normal operational

conditions (see Chapter 5 of the NMVP). The calculated COC
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* difference between VOC-A and VOC-B, is presented in Table 3.1 for

each of the nine target compounds, in terms of micrograms per cubic

meter (pg/in3 ) and parts per billion by volume (ppbv) . As presented

in Appendix BAD of the NNVP, baseline VOC monitoring has been

performed at WIPP for three of the target VOCs (i.e., carbon

tetrachloride, methylene chloride, and 1,l,,l-trichloroethane). The

average measured concentrations of these compounds entrained in the

facility exhaust air are less than 2 percent of the COC presented

in Table 3.1. These data demonstrate that it will be possible to

differentiate between the VOC concentrations measured at VOC-A and

VOC-B for comparison to the COCs presented in Table 3.1.

3.1.2 E-300 Panel 2 Air Outlet (Station...MQ-B)

To quantify VOC concentrations upstream of Panel 1, another

sampling station will be established in Drift E-300 downstream of

* the Panel 2 air outlet. Results from this monitoring station will

allow target VOC concentrations in the ventilation air upstream of

Panel 1 to be distinguished from any target VOCs that may be

released from Panel 1. VOC concentrations measured at this

location will consist of background concentrations entering the

facility through the Air Intake Shaft, concentrations attributed to

upstream facility operations, and concentrations from waste

disposal activities in open Panel 2 after Panel 1 is closed. For

each sampling event, target compound concentrations detected at

VOC-B will be subtracted from those measured at VOC-A to assess VOC

releases from Panel 1.
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. 3.2 ANALYTES TO BE MONITORED

Based on acceptable knowledge, previous analytical data, and recent

risk calculations (Appendix WAP and Chapter 5 of the NVMP), nine

VOCs have been initially identified for monitoring. These

compounds are listed in Table 2.1. The analysis will focus on

routine detection and quantification of these compounds in

collected samples. Other compounds may also be present in the

samples. As part of the analytical evaluations, the presence of

other compounds will be investigated. The analytical method will

allow semi-quantitative evaluation of these compounds as

tentatively identified compounds (TIC).

3.3 SAMPLING AND ANALYSIS METHODS

A technically sound, reliable, and versatile sampling method is

Srequired for the VOC monitoring program. The selected method must

Wbe able to definitively identify and quantify the initial nine

target compounds. Another consideration is the desire to use EPA

approved or recommended methods that provide data of known and

documented quality. In addition, the present WIPP program includes

a comprehensive VOC monitoring program established at the facility;

equipment, training, and documentation for, VOC measurements are

already in place.

The method selected for VOC sampling is EPA Compendium Method TO-14

(EPA, 1988b; Winberry and others, 1990). The TO-14 sampling

technique uses 6-liter SUMMA® passivated stainless-steel canisters

to collect integrated air samples at each sample location. This

method will be used for guidance in collecting the samples at WIPP.

The samples will be analyzed using gas chromatography/mass

spectrometry (GC/MS) under an established Quality Assurance/Quality
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Control (QA/QC) program (WP 12-7) following guidance from the Draft

EPA CLP-SOW for Volatile Organics Analysis of Ambient Air in

Canisters (EPA, 1991). The Quality Assurance Project Plan (QAPP),

WP 12-7, was prepared for the baseline monitoring program at the

WIPP. It will be updated once the confirmatory monitoring plan is

finalized.

The TO-14 method is an EPA-recognized sampling procedure for VOC

sampling and speciation. It can be used to provide integrated

samples, or grab samples, and compound quantitation for a broad

range of concentrations. The sampling system can be operated

unattended but requires detailed operator training.

As presently designed, the field sampling systems will be operated

in the pressurized mode. In this mode, air is drawn through the

inlet and sampling system with a pump. The air is pumped into an

initially evacuated SUMMA® passivated canister by the sampler,

which regulates the rate and duration of sampling. The passivation

process forms a pure chrome-nickel oxide on the interior surfaces

of the canisters. This type of container has been used routinely

at WIPP in the past and has demonstrated sample storage stability

for a wide variety of VOCs. At the end of each sampling period,

the canisters will be pressurized to about two atmospheres

absolute. In the event of shortened sampling periods or other

sampling conditions, the final pressure in the canister may be less

than two atmospheres absolute. Sampling duration will be

approximately six hours, so that a complete sample can be collected

during a single work shift.

The canister sampling system and GC/MS analytical method are

particularly appropriate for the VOC Confirmatory Monitoring

Program because a relatively large sample volume is collected, and

3-6



multiple dilutions and reanalyses can occur to ensure identifica-

Wtion and quantification of target VOCs within the working range of

the method. The contract required quantitation limits (CRQL)

proposed by EPA are 5 ppbv or less for the nine target compounds

(EPA, 1991), so that low concentrations can be measured. CRQLs are

the EPA-specified levels of quantitation for EPA contract

laboratories that analyze canister samples by GC/MS. The CLP-SOW

expressly states how instrument detection limits are demonstrated.

For the purpose of this monitoring plan, tlie CRQLs are defined as

the method reporting limits (MRL). The MRL is a function of

instrument performance, sample preparation, sample dilution, and

all steps involved in the sample analysis process.

Detailed analytical standard operating procedures (SOP) and a QAPP

have been prepared for EPA Method TO-14 canister analysis as part

of the baseline VOC monitoring at WIPP. Revisions to these docu-

* ments will be made as necessary to meet the QA/QO objectives

described in Section 5.0. In addition, canister and sampling

system cleaning and certification SOPs and QAPPs have been

prepared. These procedures and plan will be consistent with the

QA/QC objectives defined for the program.

Alternative sampling methods will be considered for deployment.

One option will be to use subatmospheric samplers rather than

pressurized sampling systems for stations VOC-A and VOC-B. In

addition, remote sensing by proposed draft EPA Method TO-16, open-

path fourier transform infrared spectroscopy (OP-FTIR) and

extractive FTIR, may constitute supplemental or alternative methods

for detecting VOCs released from waste panels at WIPP. WIPP

personnel will continue to follow the development of emerging FTIR

technology, and other potentially applicable technologies for

assessing VOCs in the WIPP environment. Real-time monitoring with
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a FTIR system may be a feasible future option for the VOC

Confirmatory Monitoring Program.

3.4 Sampling Schedule

Many tasks will be completed prior to the initiation of VOC

monitoring according to the monitoring plan. For example, power

will be run to the monitoring station locations, engineering

drawings will be created/revised for the monitoring stations, and

program QAPP and SOP documentation will be finalized. Some

sampling will be conducted prior to waste emplacement to

troubleshoot the monitoring system. The purpose of collecting data

during this phase will be to evaluate whether the monitoring

systems and analytical methods are properly functioning. The

troubleshooting period will be determined by VOC monitoring group

personnel.

Confirmatory VOC sampling at Stations VOC-A and VOC-B will begin

with initial waste emplacement in Panel 1. Sampling will continue

during Panel 1 operations and will end no earlier than 6 months

after the certified closure of Panel 1.

/ The environment within Panel 1 is not expected to vary

substantially from day to day. If releases from Panel 1 do occur,

concentrations in Drift E-300 may increase gradually over time as

the panel is filled. Once the panel is filled and closed, the

panel closure systems are designed to minimize air leakage from the

relatively static panel environment. For these reasons, routine

sampling will be conducted twice a week during the time Panel 1 is

filled and for the first 6 months after the closure of Panel 1 has

been certified.
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* VOC concentrations will be evaluated quarterly to assess whether

the sampling results represent adequate confirmation of the

emission calculations. If the average measured concentrations for

the Panel 1 monitoring period confirm the calculations, no

additional sampling will be performed. Confirmation will be

achieved if the annual average concentration is below the predicted

value. Monitoring will be extended for at least 12 months if no

emissions are detected. However, the sampling frequency will be

decreased to one per week. In addition, if a 12-month average

target compound concentration exceeds the concentration of concern,

additional sampling will be considered.
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4.0 SAMPLING AND ANALYSIS PROCEDURES

This section describes the equipment and procedures that will be

implemented during sample collection and analysis activities for

VOCs at WIPP.

4.1 SAMPLING EQUIPMENT

The sampling equipment that will be used during the study includes

the following: 6-liter (L) stainless-steel SUMMA® canisters, and

VOC canister samplers. A discussion of each of these items is

presented below.

4.1.1 StJMMA Canisters

* Six-liter, stainless-steel canisters with SLUMMA passivated

interior surfaces will be used to collect and store all ambient air

and gas samples for VOC analyses collected as part of the

monitoring processes. These canisters must be cleaned and

certified prior to their use, as described by Compendium

Metho -d TO-14 and the draft EPA CLP-SOW for Analysis of Ambient Air

in Canisters. A SOP describing this process in detail has been

prepared by the analytical laboratory. Compendium Method TO-14 and

the CLP-SOW (EPA, 1991) were used as guidance documents in the

preparation of this SOP.

4.1.2 Volatile Organic Cmpound Canistgr Samplers

A conceptual diagram of a VOC sample collection unit is provided in

Figure 4.1. Unless an alternate sampling method is selected, two
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* such systems, VOC-A and VOC-B, will be operational at the time

waste disposal operations begin in Panel 1. The sampling system

consists of a sample pump, flow controller, sample inlet, two inlet

filters in series to remove particulate matter, vacuum/pressure

gauge, electronic timer, inlet purge vent, two sampling ports, and

sufficient collection canisters so that any delays attributed to

laboratory turnaround time and canister cleaning and certification

will not result in canister shortages. Knowledge of sampler flow

rates and duration of sampling will allow calculation of sample

volume. The set point flow rate will be verified during sample

collection by monitoring the mass flow indication. Prior to use,

the sample collection units, including inlet line, will be tested

and certified to demonstrate that they are free of contamination

above the reporting limits of the VOC analytical method (see

Section 5.0). Ultra high purity humidified zero air will be pumped

through the sampling unit and collected in previously certified

* canisters as sampler blanks for analysis, as described in WP 12-7.

W A SOP describing in detail the cleaning and certification procedure

for samplers (including pressure testing and target compound

recovery evaluation) has been prepared.

4.2 SAMPLE COLLECTION

Samples collected from the underground facility should be

representative of routine operations; therefore, six-hour

integrated samples will be collected on each sample day.

Alternative sampling durations may be defined for experimental

purposes. The VOC canister sampler at each location will sample

ambient air on the same programmed schedule. The sample pump will

be programmed to sample continuously over a six-hour period during

the work day. The units will sample at a nominal flow rate of

33.3 actual milliliters per minute over a six-hour sample period.
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This schedule will yield a final sample volume of approximately

12 L. Flow rates and sampling duration may be modified as

necessary for experimental purposes and to meet the data quality

objectives.

Sample flow will be checked each sample day using the in-line mass

flow controller. These flow controllers are initially factory-

calibrated and specify a typical accuracy of better than 10 percent

full scale. Additionally, each air flow controller is calibrated

at a manufacturer-specified frequency using a National Institute of

Standards and Testing (NIST) primary flow standard. Existing SOPs

have been revised to address the specific calibration requirements

of the VOC monitoring equipment.

Upon initiation of waste disposal activities in Panel 1, samples

will be collected twice each week (at Stations VOC-A and VOC-B).

Samples collected at the panel locations should represent the same

matrix type (i.e., elevated levels of salt aerosols). To verify

the matrix similarity, duplicate samples will be collected from

each sampling station (stations VOC-A and VOC-B) during the first

sampling event and at an overall frequency of five percent

thereafter (see Section 5.1).

4.3 SML MAGEMENT

Field sampling data sheets will be used to document the conditions

under which each sample is collected. These data sheets have been

developed specifically for VOC monitoring at the WIPP facility.

The individuals assigned to collect the specific samples will be

required to fill in all of the appropriate sample data and to

maintain this record in sample logbooks. The program team leader

will review these forms for each sampling event.
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* All samples will be maintained, and shipped if necessary, at

ambient temperatures. Collected samples will be transported in

appropriate containers. Prior to leaving 'the underground for

analysis, all sample containers must undergo radiological

screening. No potentially contaminated samples or equipment will

be transported to surface.

Additional QA requirements for sample management contained in the

sitewide Quality Assurance Program Description, WP 13-1, will be

followed as appropriate. Chain-of-custody procedures will be

followed closely, and additional requirements imposed by the

laboratory for sample analysis will be included as necessary.

Individuals collecting samples will be responsible for the

initiation of custody procedures. The chain of custody will

include documentation as to the canister certification, location of

sampling event, time, date, and individual handling the samples.

W Samples will be collected and handled in accordance with WP 12-7
and approved SOPs. Deviations from procedure will be considered a

variance. Variances must be preapproved by the program manager and

recorded in the project files. Unintentional deviations, sampler

malfunctions, and other problems are nonconformances. Nonconfor-

mances must be documented and recorded in the project files. All

field logs/data sheets must be incorporated into WIPP's records

management program.

More detailed documentation of sample management is presented in

WP 12-7, the QAPP for the VOC Monitoring Program (to be updated as

described in Section 3.3).
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4.4 SAMPLER MAINTENANCE

Routine sampler maintenance will be the responsibility of the

sampling personnel. This maintenance will include, but not be

limited to, replacement of damaged or malfunctioning parts without

compromising the integrity of the sampler, filter changes, leak

testing, and minor cleaning. Major cleaning and sampler

cleanliness certification will be the responsibility of the

sampling and analytical laboratory personnel. Additionally,

complete spare units will be maintained onsite to minimize downtime

because of sampler malfunction. A sampler preventative maintenance

schedule has been developed and is included in WP 12-7. At a mini-

mum, samplers will be certified for cleanliness initially, after

any parts that are included in the sample flow path are replaced,

or any time analytical results indicate potential contamination.

All sample canisters will be certified prior to each usage.

4.5 ANALYTICAL PROCEDURES

Analytical procedures used in the analysis of VOC samples from

canisters are based on EPA guidance in Compendium Method TO-14

(EPA, 1988b) and in the Draft CLP-SOW for Analysis of Ambient Air

(EPA, 1991). Specific analytical SOPS and method validation data

are in place at the program analytical laboratory for the

performance of canister sample analyses. The technical approach

for canister sample analysis is summarized below.

4.5.1 SazT-ple Preparation

Because canisters will be pressurized during the sampling proce-

dure, laboratory pressurization will not be necessary for analyses.

Canister pressures will be verified by the laboratory when they are
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* received to confirm that significant losses did not take place

during shipping and storage.

4.5.2 Analytical System Requirements

The GC/MS analytical system will consist of three major components:

the sample introduction system, analyte separation system (GC), and

the analyte detector system (MS).

* Sample Introduction System for Canisters: This system will

include a drying tube to remove moisture from the gas stream.

One or more cryogenic traps may be used to focus and desorb

trapped material. Transfer lines within the introduction unit

will be heated as necessary so that volatile compounds are not

actively absorbed. Valves and solenoids will be heated and be

of a low dead volume type. The introduction system will have

an in-line mass flow controller. The introduction unit will

be capable of introducing internal standards directly into the

sample flow path.

* Analyte Separation: Analyte separation will be achieved by

GC. The GC will be capable of subainbient temperature

programming.

* Detection System: Analyte detection will be accomplished by

MS. The MS must be capable of scanning from 35 to 300 mass to

charge ratio in one second or less, be fitted with a gas jet

separator, a data system capable of storing all raw data, and

a computer algorithm for analyte quantitation and forward

library searching. All raw and processed GC/MS data must be

stored on magnetic tape or disk and kept for the duration of

this project.
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4.5.3 Standard Preparation

Primary analytical standards will be prepared by the laboratory

from commercially available, certified calibration gases.

Alternatively, primary standards may be generated internally by the

laboratory. Primary standards of analytes that are gases at

standard temperature and pressure (STP) may be internally prepared

in a static gas dilution bottle. For analytes that are liquid or

solid at STP, a mixture may be made and loaded directly into a

standard preparation cylinder. These internally generated

standards will be checked against EPA audit cylinders or other

reference materials to verify the accuracy of their concentrations.

Primary standards will be prepared for the nine target compounds as

well as the internal standards. Secondary standards used for

instrument calibration will be prepared from dilution of the

primary standards.

4.5.4 Calibration Procedures 7

Prioft to the analysis of a standard curve, the GC/MS system must

undergo a mass calibration check. This check is performed by

injecting 50 nanograms (ng) of 4-bromofluorobenzene (BFB) directly

onto the capillary column. The requirements (criteria) for

relative ion abundances for BFB, listed in Table 4.1, must be met

before analyses may proceed. BFB requirements must be met for each

12 hours of operation.

Quantitative standards for the nine target analytes will be

analyzed at five concentrations. These concentrations should
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* define the linear range of the instrument for these nine compounds;

however, if some nonlinearity exists, concentrations may be

determined by curve fitting or physically plotting the data. One

standard concentration shall be at or near a concentration

corresponding to the required MRL for each target compound.

Relative response factors will be generated for each target

compound. These response factors must meet the requirements listed

in Section 5.1.3. As discussed above, if low concentration

standards do not meet the linearity requirement, then a curve-

fitting routine may be used. The method used to quantify the data

must be reported with the analytical results.
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. 4.5.5 Library Searches

In every sample analyzed, a forward search of the NIST library of

mass spectra must be performed for all chromatographic peaks

greater than 10 percent of the nearest internal standard.

4.5.6 Data Reporting

Sample target analyte concentrations will be quantified using the

mid-range calibration standards and will be reported in ppbv. Non-

target sample contaminants identified by NIST library searches will

be reported as TICs, and concentration calculations will be based

on the response of the nearest internal standard. The relative

response factor used for quantitation, as well as copies of spectra

with the library search results (purity and fit), will be submitted. with the results. A table listing the run sequence with the

corresponding internal standard area counts must be reported with

the analytical results. A narrative describing any problems with

sample analysis must be included. Any nonconformances must be

included with the reporting of the data. Data reporting and

documentation requirements are discussed in greater detail in

WP 12-7.

4.6 LABORATORY SELECTION

Sample analyses will occur at the WIPP onsite analytical laboratory

and/or at a suitable contract analytical laboratory. Upon

selection of an offsite contract laboratory, measures shall be

taken, in accordance with the current Westinghouse Waste Isolation

Division procurement policies and procedures, to ensure that

procured services conform to specified requirements. These measures
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will generally include one or more of the following: 1) evaluation

of the supplier's capability to provide services in accordance withW

requirements, including a history of providing similar services;

2) evaluation of objective evidence of conformance, such as

laboratory document submittals; and 3) examination of delivered

services.

4.7 LABORATORY PROCEDURES

Analytical laboratories that perform analyses for the VOC

Confirmatory Monitoring Plan are required to develop and maintain,

at a minimum, the following SOPs:

* Canister cleaning and certification

* Sampler cleaning and certification

* Analysis of VOCs in SUNMA canisters

* Data QA and reporting

Laboratories are also required to maintain an internal program QA

Manual, and to develop and prepare a QAPP covering cleaning and

certification of canisters and laboratory analysis of canister

samples. In addition, laborator-es will be required to review and

comply with WP 12-7.
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5.0 QUALITY ASSURANCE

Many quality assurance objectives for the'VOC Confirmatory

Monitoring Plan have been addressed in Sections 3.0 and 4.0. For

example, sample collection procedures are discussed, including

justification of sampling location selection. Additional topics

include discussions of sampling program operations, preparation of

sampling equipment and sample containers, redundancy in sampling

equipment and sample containers (including canister certification),

a general sample management/control scheme, and the selection of

analytical procedures. More detailed descriptions of these func-

tions, as well as additional quality-related objectives, are

addressed in WP 12-7. WP 12-7 has been prepared in accordance with

the document entitled "EPA Requirements for Quality Assurance

* roject Plans for Environmental Data 
Operations" (EPA, 1994) and

the "Interim Guidelines and Specifications for Preparing Quality

Assurance Project Plans" (EPA, 1983), and QA criteria listed in

Table 5.1. This section addresses the methods to be used to

evaluate the components of the measurement system and how this

evaluation will be used to assess data quality. In addition,

proje~ct activities will be performed in conformance with QA

requirements described in WP 12-7.

5.1 QUALITY ASSURANCE OBJECTIVES FOR THE MEASUREMENT OF

PRECISION, ACCURACY, SENSITIVITY,_ AND COMPLETENESS

Quality assurance objectives for the VOC Confirmatory Monitoring

Plan will be defined in terms of the following data quality para-

meters:
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* Precision. For the duration of this project, precision

will be defined and evaluated by the relative percent

difference (RPD) values calculated between field

duplicate samples and between laboratory duplicate

samples.

RPD =(A - B) x 100

(3)

[(A + B)/2]

where:

A = Original sample result

B = Duplicate sample result

Accuracy. Analytical accuracy will be defined and eval-

uated through the use of analytical standards. Because

recovery standards cannot reliably be added to the

sampling stream, overall system accuracy must be based on

analytical instrument performance evaluation criteria.

These criteria will include performance verification for

instrument calibrations, laboratory control samples, and

sample internal standard areas. These criteria will

constitute the verification of accuracy for target

analyte quantitation (i.e., quantitative accuracy).

Evaluation of standard ion abundance criteria for BFB

will be used to evaluate the accuracy of the analytical

system in the identification of targeted analytes, as

well as the evaluation of unknown contaminants

(i.e., qualitative accuracy).
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Sensitivity. Sensitivity will be defined by the required

MRLs for the program. Attainment of required MRLs will

be verified by the performance of statistical method

detection limit (MDL) studies in accordance with

40 CFR Part 136. The MDL represents the minimum

concentration that can be measured and reported with

99 percent confidence that the analyte concentration is

greater than zero. An MDL study will be performed by the

program analytical laboratory prior to sampling and

analysis.

Completeness. Completeness will be defined as the

percentage of the ratio of the number of valid sample

results received versus the total number of samples

collected. Completeness may be affected, for example, by

sample loss or destruction during shipping, by laboratory

sample handling errors, or by rejection of analytical

data during data validation.

5.1.1 Evaluation of Laboratory Precision

Laboratory sample duplicates ar blank spike/blank spike dupli-

cates (BS/BSD) will be used to evaluate laboratory precision.

Quality assuarance objectives for laboratory precision are listed

in Table 5.1, and are based on precision criteria proposed by EPA

for canister sampling programs (EPA, 1991). These values will be

appropriate for the evaluation of samples with little or no matrix

effects. Because of the potentially high level of salt-type

aerosols in the WIPP underground environment, the analytical

precision achieved for WIPP samples may vary with respect to the
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* EPA criteria. RPDs for BS/BSD analyses will be tracked through

the use of control charts. RPDs obtained for laboratory sample

duplicates will be compared to those obtained for BS/BSDs to

ascertain any sample matrix effects on analytical precision.

BS/BSDs and laboratory sample duplicates will be analyzed at a

frequency of 10 percent or one per analytical lot, whichever is

more frequent. Precision windows and outlier criteria are

addressed in WP 12-7.

5.1.2 Evaluation of Field Precision

Field duplicate samples will be collected at a frequency of

five percent for both monitoring locations. Like the laboratory

duplicate data, field duplicate data will be compared to the EPA

precision criteria presented in Table 5.1, and matrix and sampling

effects on precision will be assessed through comparison with. internal laboratory precision data.

5.1.3 Evaluation of Laboratory Accuragy

Quantitative Accuracy

Quantitative analytical accuracy will be evaluated through

performance criteria on the basis of: 1) relative response factors

generated during instrument calibration, 2) analysis of laboratory

control samples (LCS), and 3) recovery of internal standard

compounds. The criteria for the initial calibration (5-point

calibration) is that any single relative response factor for a

particular target compound can differ by no more than 30 percent

from the average of the five. After the successful completion of

the 5-point calibration, it is sufficient to analyze only a

midpoint standard for every 12 hours of operation. The midpoint
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standard must pass the 30 percent difference acceptance criteria

before sample analysis may begin.

A blank spike or LCS is an internal QC sample generated by the

analytical laboratory by spiking a standard air matrix (humid zero

air) with a known amount of a certified reference gas. The

reference gas will contain the target VOCs at known

concentrations. Percent recoveries for the target VOCs will be

calculated for each LCS relative to the reference concentrations.

objectives for percent recovery are listed in Table 5.1, and are

based on accuracy criteria proposed by EPA for canister sampling

programs (EPA, 1991). LCSs will be analyzed at a frequency of

10 percent or one per analytical lot, whichever is more frequent.

Recovery windows and outlier criteria are addressed in WP 12-7.

Internal standards will be introduced into each sample analyzed,

and will be monitored as a verification of stable instrument

performance. In the absence of any unusual interferences, areas

should not change by more than 40 percent over a 12-hour period.

Deviations larger than 40 percent are an indication of a potential

instrument malfunction. If an internal standard area in a given

sample changes by more than 40 percent, the sample must be

reanalyzed. If the 40 percent criterion is not achieved during

the reanalysis, the instrument must undergo a performance check

and the midpoint standard must be reanalyzed to verify proper

operation. Response and recovery of internal standards will also

be compared between samples, LCSs, and calibration standards to

identify any matrix effects on analytical accuracy.
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. Qualitative Accuracy

Qualitative accuracy in the identification Of target VOCs will be

evaluated by the relative ion abundance criteria established for

the internal standard compound BFB. For each 12 hours of sample

analysis, a 50-nanogram (ng) injection of BFB must be made, and

the requirements listed in Table 4.1 must be met before the

instrument may be used to analyze samples.

5.1.4 Evaluation of Sensitivity

The presence of aerosol salts in underground locations may affect

the MDL of the samples collected in those areas. The intake

manifold of the sampling systems will be sufficiently protected

from the underground environment to minimize salt aerosol inter-. ference.

The MDL for each of the nine target compounds will be evaluated by

the analytical laboratories before sampling begins. The initial

MDL evaluation will be performed in accordance with

40 CFR Part 136 and with EPA/530-SW-90-02.1, as revised and

retitled, "Quality Assurance and Quality Control" (Chapter 1 of

SW-846) (1986).

5.1.5 Completeness

The expected completeness for this project is greater than or

equal to 90 percent. Data completeness will be tracked monthly.
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5.2 SAMPLE HANDLING AND CUSTODY PROCEDURE S

Sample packaging, shipping, and custody procedures are addressed

in WP 12-7 (see Sections 7.4 and 8.0).

5.3 CALIBRATION PROCEDURES AND FREQUENCY

Calibration procedures and frequencies for analytical instrumen-

tation are listed in Section 4.5.4.

5.4 ANALYTICAL PROCEDURES

The analytical procedures for the VOC Confirmatory Monitoring

Program, which are based on the draft CLP SOW for Analysis of

Ambient Air in Canisters (EPA, 1991) and EPA guidance Method TO-14

(EPA, 1988b), are outlined in Section 4.5.

5.5 DATA REDUCTION, VALIDATION, AND REPORTING

Data reduction -nd validation are addressed in the WP 12-7. A

brief descriptio~.. of data reporting is given in Section 4.5; more

detail on data reporting is provided in WP 12-7.

A dedicated logbook will be maintained by the operators. This log

will contain documentation of all pertinent data for the sampling.

Sample collection conditions, maintenance, and calibration

activities will be included in this log. Additional data

collected by other groups at WIPP, such as ventilation airflow,

temperature, pressure, etc., will also be obtained to document the

sampling conditions, as necessary.

Data validation procedures will be specified in the monitoring

program QA protocols. At a minimum, all field data forms and
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* sampling logbooks will be checked for completeness and correct-

ness. Sample custody and analysis records will be routinely

reviewed by the QA officer and the ldboratory supervisor.

Data will be summarized quarterly. Data summaries will include

target VOC results for each sample collected as well as overall

statistical summaries. Graphical summaries may also be included.

5.6 PERFORMANCE AND SYSTEM AUDITS

System audits will initially address startup functions for each

phase of the project. These audits will consist of onsite

evaluation of materials and equipment, review of canister and

sampler certification, review of laboratory qualification and

operation, and may, at the request of the QA officer, include an

onsite audit of the laboratory facilities. The function of the

* system audit is to verify that the requirements in this plan and

the QAPP, have been met prior to initiating the program. System

audits will be performed prior to the initiation of the monitoring

program.

Performance audits will be accomplished as necessary through the

evaluation of analytical quality control data, by performing

periodic site audits throughout the duration of the project, and

through the introduction of third-party audit cylinders (labora-

tory blinds) into the analytical sampling stream. Performance

audits will also include a surveillance/review of all data

associated with canister and sampler certification, a project-

specific technical audit of field operations, and a laboratory

performance audit. Field logs, logbooks, and data sheets will be

reviewed weekly. Blind-audit canisters will be introduced once
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during the sampling period. Details concerning scheduling,

personnel, and data quality evaluation are addressed in WP 12-7.

5.7 PREVENTATIVE MAINTENANCE

A brief description of sampler maintenance is described in

Section 4.4. Maintenance of analytical equipment will be ad-

dressed in the analytical SOP.

5.8 CORRECTIVE ACTIONS

Nonconformances and corrective actions of noncomformances will be

processed as outlined in the Quality Assurance Program Description

(DOE 1994).

5.9 QUALJITY ASSURANCE REPORTS TO MANA.GEMENT

The results of audits will be reported in accordance with sitewide

Quality Assurance Plan (QAP) and WP 13-005. Audit reports will

include identification of findings and/or observations, as well as

an assessment of the effectiveness of the QAP elements review.
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6.0 ACRONYMS

BFB 4-Bromofluorobenzele

BS/BSD Blank spike/blank spike duplicate

CFR Code of Federal Regulations

OH Contact handled

CLP Contract Laboratory Program

CCC Concentration of concern

* CRQL Contract required quantitation limit

DOE U.S. Department of Energy

EPA U.S. Environmental Protection Agency

g/mol Grams per mole

GC/MS Gas chromatography/mass spectroscopy

LCS Laboratory control samples

MDL Method detection limit

mmnlg Millimeters of mercury
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MDL Method detection limit

MRL Method reporting limit

m/z Mass to charge ratio

ng Nanogram

NIST National Institute of Standards and Testing

NMAC New Mexico Administrative Code

NMVP No-migration variance petition

OP-FTIR Open-path fourier transform infrared spectroscopy

ppbv Parts per billion by volume

QA/QC Quality assurance/quality control

QA Quality assurance

QAPD Quality Assurance Program Description

QAPP Quality Assurance Project Plan

QC Quality control

RCRA Resource Conservation and Recovery Act

RH Remote handled
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. RPD Relative percent difference

SOP Standard operating procedure

sow Statement of work

STP Standard temperature and pressure

TIC Tentatively identified compound

TRU Transuranic

UHP Ultra high purity

VOCS Volatile organic compounds

* WAC Waste acceptance criteria

WAP Waste analysis plan

WID Waste Isolation Division

WIPP Waste Isolation Pilot Plant

lag/in3  Micrograms per cubic meter

OC Degrees Celsius
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0 CHAPTER G
2 ApRCRA CONTINGENCY PLAN
3
4
5 Introduction
6
7 The Waste Isolation Pilot Plant (WIPP) Project was authorized by the National Security and
8 Military Applications of the Nuclear Energy Authorization Act of 1980 (Public Law 96-164). Its
9 legislative mandate is to provide a research and development facility to demonstrate the safe

10 disposal of radioactive waste resulting from United States defense activities and programs. The
11 U.S. Department of Energy (DOE) is developing the WIPP facility to demonstrate the efficacy of
12 an underground geologic repository for the safe disposal of transuranic (TRU) waste and TRU
13 mixed waste currently stored at or generated by DOE defense installations.
14
15 The WIPP facility is owned and operated by the DOE and co-operated by its designated
16 Management and Operating Contractor (MOC).
17
18 This Contingency Plan is prepared in accordance with the Resource Conservation and Recovery
19 Act (RCRA) requirements codified in Title 20 of the New Mexico Administrative Code, Chapter
20 4, Part 1 (20 NMAC 4.1), Subpart V, §264.50 to §264.56, "Contingency Plan and EmergencyO Procedures," and submitted in compliance with 20 NMAC 4.1, Subpart IX, §270.14(b)(7). The

purpose of this document is to define responsibilities, to describe coordination of activities, and
23 to minimize hazards to human health and the environment from fires, explosions, or any sudden
24 or nonsudden release of hazardous waste, or hazardous waste constituents to air, soil, or
25 surface water (20 NMAC 4.1, Subpart V, §264.51 [a]). This plan consists of descriptions of
26 processes and emergency responses specific to hazardous substances, contact-handled (CH)
27 TRU mixed waste, remote-handled (RH) TRU mixed waste, and other hazardous waste handled
28 at the W1PP facility.
29
30 G-1 General Information
31
32 The WIPP facility is located 26 miles (mi) (42 kilometers [kni]) east of Carlsbad, in Eddy County
33 in southeastern New Mexico, and includes an area of 10,240 acres (ac) (4,144 hectares [ha]).
34 The facility is located in an area of low-population density, with fewer than 30 permanent
35 residents living within a 10 mi (16 kin) radius of the facility. The area surrounding the facility is
36 used primarily for grazing, potash mining, and mineral exploration. Resource development that
37 would affect WIPP facility operations or the long-term integrity of the facility is not allowed within
38 the 10,240 ac (4,144 ha) that have been set aside for the WIPP Project.
39
40 The WIPP facility is designed to receive containers of TRU, waste, which will be transported to

41 the WIPP facility from the ten major and other minor DOE TRU mixed waste generator and/or
42 storage sites. The waste will be emplaced in the bedded salt of the Salado Formation,
* ~2,150 feet (ft) (655 meters [in]) below ground surface.
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1 As a geologic facility for the management of TRU mixed waste, the WIPP repository is regulated
2 as a "miscellaneous unit," as defined under 20 NMAC 4.1, Subpart V, §264.601 to §264.603.
3 The areas at the WIPP facility subject to RCRA permitting include the surface container storage
4 areas in the Waste Handling Building (WHB) and the parking area south of the WHB, and the
5 areas below ground in which waste will be emplaced.
6
7 The WI PP facility includes other surface structures, shafts, and underground areas (Figures G-1,
8 G-2, and G-3). Surface structures other than the WHB, that support TRU mixed waste
9 management include:

10
11 Exhaust Filter Building - houses the filter banks to which the underground ventilation
12 can be diverted in the unlikely event of a release of radionuclides.
13
14 Guard and Security Building - houses the facility security personnel and
15 communications equipment necessary for them to perform their duties. Section G-4a
16 specifies the duties of the security officers relative to contingency actions.
17
18 Safety and Emergency Services Building - houses the surface emergency response
19 vehicles (fire truck, rescue truck, ambulance), Health Services (first aid), Emergency
20 Operations Center, and the Dosimetry Laboratory. Table G-6 describes emergency
21 equipment and associated locations.
22
23 Support Building - houses the Central Monitoring Room (see section G-4a).
24
25 (i Transuranic Package Transporter-IlI (TRUPACT-Il) Maintenance Facility -located west
26 of the CH bay, houses equipment required for conducting preventive maintenance
27 and other activities required by the Nuclear Regulatory Commission (NRC) to
28 maintain the Certificate of Compliance. No TRU waste management activities will
29 occur in this facility.
30
31 Surface facilities used for storage of support equipment are identified in Table G-6.
32
33 Building 452, Safety and Emergency Services Facility, houses the emergency response vehicles,
34 emergency equipment, the mine rescue room, mine rescue team equipment, and the Emergency
35 Operations Center (EOC). The Hazardous Material Response Trailer is staged in the west
36 parking area adjacent to Building 452.
37
38 A RCRA Operating permit is sought for TRU mixed waste management activities in the WHB,
39 the parking area, and the disposal areas within the miscellaneous unit. The provisions of this
40 Contingency Plan apply to hazardous waste management units (HWMU) in the underground
41 waste disposal rooms, the WHB, the parking area, the Waste Shaft, and supporting TRU mixed
42 waste handling areas. The remainder of the facility will not manage TRU mixed waste.
43 However, hazardous substances in the remainder of the facility are included as possible triggers
44 of the Contingency Plan. Inclusion is based on their National Fire Protection Association (NFPA)
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@1 ratings in addition to their storage quantities. The majority of hazardous substances on-site are
2 not expected to trigger the contingency plan because they are present in the same form and
3 concentration as the product packaged for distribution and iuse by the general public or are used
4 in a laboratory under the direct supervision of a technically qualified individual. Superfund
5 Amendments and Reauthorization Act (SARA) Title Ill excludes these from emergency planning
6 reporting. The list of hazardous substances in large enough quantities to constitute a Level 11
7 incident (Section G-3) is provided in Table G-1. In addition to TRU Waste, these are the only
8 hazardous substances currently on site which, if spilled, may be of sufficient impact to cause
9 this Contingency Plan to be implemented. Magnesium Oxide (MgO) will be stored on-site in

10 large quantities once CH-Waste emplacement begins. It will be used as backfill in the waste
11 emplacement rooms as a pH buffer. The pH buffer will limit the solubility of radionuclides after
12 the underground rooms are filled and closed. MgO is not a hazardous substance, a release of

13 MgO will not create hazardous waste and poses no threat to human health or the environment,
14 and is therefore not addressed in the Contingency Plan.
15
16 Wastes generated as a result of maintenance or response actions will be categorized into one
17 of three groups and disposed of accordingly. These are: 1) nonhazardous wastes to be
18 disposed of in an approved landfill, 2) hazardous nonradioactive wastes to be disposed of at an
19 off-site RCRA permitted facility, and 3) TRU mixed waste to be disposed of in the underground
20 HWMUs. Disposal of TRU mixed waste in the WIPP facility is subject to regulation under' 20 NMAC 4.1, Subpart V. As required by 20 NMAC 4.1, Subpart V, §264.601, the DOE must

demonstrate that the environmental performance standards for a miscellaneous unit, which are
23 applied to the HWMUs in the underground, will be met. In addition, the technical requirements
24 of 20 NMAC 4.1, Subpart V, §264.170 to §264.178 are applied to the operation of the container
25 storage units in the WHB and in the parking area south of the WHB. Liquid wastes that may
26 be generated as a result of the fire fighting water or decontami nation solutions will be managed
27 as follows:
28
29 Non-Mixed - Hazardous waste liquids contaminated only with hazardous constituents
30 will be placed into containers and managed in accordance with 20 NNMAC 4.1,
31 Subpart 111, 262.34 requirements. The waste will be shipped to an approved off-site
32 treatment, storage, or disposal facility.

34 Mixed - Liquids contaminated with mixed waste (inside the WHB) will be solidified as
35 they are placed into containers with cement, Aquaset, or absorbent material in them
36 and solidified in the WHB. The solidified materials will be disposed of in the

37 underground WIPP repository as derived waste.
38
39 This chapter of the permit application describes the HWMUs, the TRU waste management
40 facilities and operations, compliance with the environmental performance standards, and with the
41 applicable technical requirements of 20 NMAC 4.1, Subpart V, §264.170 to §264.1789 and
42 §264.601, respectively. The configuration of the WIPP facility consists of completed structures;

*4 including all buildings and systems for the operation of the facility.
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1 Disposal Phase Overview
2

3 The Disposal Phase will consist of receiving both CH and RH TRU mixed waste shipping
4 containers, unloading and transporting the waste containers to the underground HWMUs,
5 emplacing the waste in the underground HWMUs, and subsequently achieving closure of the
6 underground HWMUs in compliance with applicable state and federal regulations. The DOE is
7 seeking a permit to perform these disposal and closure activities.
8

9 Panel closure and final facility closure activities will be performed in accordance with Chapter I
10 of this permit application.
11

12 The TRU mixed waste that will be disposed at the WIPP facility results primarily from activities
13 related to the reprocessing of plutonium-bearing reactor fuel and fabrication of plutonium-bearing
14 weapons, as well as from research and development. This TRU mixed waste consists largely
15 of such items as paper, cloth, and other organic material; laboratory glassware and utensils;
16 tools; scrap metal; shielding; and solidified sludges from the treatment of wastewater. Much of
17 this TRU mixed waste is also contaminated with substances that are defined as hazardous under
18 20 NMAC 4.1, Subpart 11, Subparts C and D, and subject to the land disposal restrictions of
19 20 NMAC 4.1, Subpart ViII.
20

21 Waste Description
22

23 Waste destined for WIPP are, or were, produced as a byproduct of weapons production and
24 have been identified in terms of waste streams based on the processes that produced them.
25 Each waste stream identified by generators is assigned to a Waste Summary Category to
26 facilitate RCRA waste characterization, and reflect the final waste forms acceptable for W1PP
27 disposal.
28

___ 0hs at umr aeoisae
302 ThsWatSumrCaeoisae
31 S3000-Homoaeneous Solids
32 Solid process residues defined as solid materials, excluding soil, that do not meet the

33 applicable regulatory criteria for classification as debris (20 NMAC 4.1, Subpart ViII,
34 §268.2[g] and [h]). Included in solid process residues are inorganic process residues,
35 inorganic sludges, salt waste, and pyrochemical salt waste. Other waste streams are
36 included in this Waste Summary Category based on the specific waste stream types

37 and final waste form. This category includes wastes that are at least 50 percent by
38 volume solid process residues.
39

40 S4000-Soils/G ravel
41 This waste summary category includes waste streams that are at least 50 percent by
42 volume soil. Soils are further categorized by the amount of debris included in the
43 matrix.
44
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S5000-Debris Wastes I
This waste summary category includes waste that is at least 50 percent by volume 2

materials that meet the criteria for classification as debris (20 NMVAC 4.1, Subpart VIII, 3

§268.2) as follows: 4

Debris means solid material exceeding a 2.36 inch (60 millimeter) particle size 5

that is intended for disposal and that is: 1) a manufactured object, 2) plant or 6

animal matter, or 3) natural geologic material. 7

Included in the S5000 Waste Summary Category are metal debris, lead containing 8

metal debris, inorganic nonmetal debris, asbestos debris, combustible debris, graphite 9
debris, heterogeneous debris, and composite filters, as well as other minor waste io
streams. 11

Examples of waste that might be included in the S5000 Waste Summary Category 12

are asbestos-containing gloves, fire hoses, aprons, flooring tiles, pipe insulation, 13

boiler jackets, and laboratory tabletops. Also included are combustible debris 14

constructed of plastic, rubber, wood, paper, cloth,, graphite, and biological materials. 15

Examples of graphite waste that would be included are crucibles, graphite 16

components, and pure graphite. 17

* Wastes may be generated at the WIPP facility as a direct result of managing the TRU and TRU 18
mixed wastes received from the off-site generators. Such generated waste may occur in either 19
the WHB or the Underground. For example, when TRU mixed wastes are received at the WHB, 20

the shipping containers (TRUPACT-Il and the RH cask) arid the TRU mixed waste containers 21

are checked for surface contamination. Under some circumstances,' if contamination is 22

detected, the shipping container and/or the TRU mixed waste containers will be decontaminated. 23

In the underground, waste may be generated as a result of radiation control procedures used 24

during monitoring activities. The waste generated from radiation control procedures will be 25

assumed to be TRU and/or TRU mixed waste. Throughout the remainder of this plan, this waste 26Ois referred to as "derived waste." All such derived waste will be placed in the rooms in HWMUs 27

along with the TRU mixed waste for disposal. 28

Containers 29

The waste containers that will be used at the WIPP facility qualify as "containers," in accordance 30

with 20 NMAC 4. 1, Subpart 1, §260.10. That is, they are "portable devices in which a material 31

is stored, transported, treated, disposed of, or otherwise handled." 32

1'Typically contamination that is less than six square feet in area and less than 2000 disintegrations per minute (dpm) alpha 33
or 20,000 dpm beta/gamma, may be decontaminated. Containers that exceed these thresholds will be returned to the point of 34

origin for decontamination. 3
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1 TRU waste containers, containing off-site waste, are not opened at the WIPP facility. Derived

2 waste containers are kept closed at all times unless waste is being added or removed.
3

4 Liquid waste will not be emplaced in the WIPP. TRU waste for emplacement in the WIPP shall

5 contain as little residual liquid as is reasonably achievable. All internal containers (e.g., bottles,
6 cans, etc.) must be well-drained, but may contain residual liquids. As a guideline, residual

7 liquids in well-drained containers will be restricted to approximately one percent of the volume

8 of the internal container. In no case shall the total liquid equal or exceed one volume percent

9 of the waste container (e.g., drum or standard waste box [SWB]).
10

11 Special requirements for ignitable, reactive, and incompatible waste are addressed in 20 NMAC
12 4.1, Subpart V, §§264.176 and 177. The WIPP Waste Acceptance Criteria (WAC) precludes

13 ignitable, reactive, or incompatible TRU mixed waste at the WIPP.
14

15 Description of Containers
16

17 CH TRU mixed waste containers will be either 55-gallon (gal) (208-liter (L)) drums singly or

18 arranged into seven (7)-packs, 85-gal (321 -L) drums (used as overpacks) singly or arranged into

19 four (4)-packs, ten-drum overpacks (TDOP), or 66.3 ft3 (1.88 in) SWBs. RH mixed waste

20 containers will be 31.4 ft:3 (890-L) canisters.
21 __0

22 Description of Surface Hazardous Waste Managiement Units
23

24 The WHB is the surface facility where waste handling activities will take place. The WHB has

25 a total area of approximately 84,000 square feet (ift) (7,803 square meters [in2]) of which

26 33,175 ft:2 (3,083 Mn2) are designated for the waste handling and container storage of CH TRU

27 mixed waste, and 21,318 ft2 (1,981 in2) are designated for the waste handling and container

28 storage of RH TRU mixed waste. These areas are being permitted as a container storage unit.

29 The concrete floors are sealed with an impermeable coating that has excellent resistance to the

30 chemicals in TRU mixed waste and, consequently, provide secondary containment for TRU

31 mixed waste. In addition, a parking area south of the WHB will be used for storage of waste in

32 sealed shipping containers awaiting unloading. This area is also being permitted as a container

33 storage unit. The sealed shipping containers provide secondary containment in this HWMVU.
34

35 CH Bay and RH Bay Operations
36

37 The maximum processing rate for CH waste is 14 TRUPACT-Ils per day. Two shifts per day are

38 planned; four days per week. The fifth day is for equipment maintenance with weekends

39 available for more extensive maintenance, when necessary.
40

41 Once unloaded from the TRUPACT-Ils, CH waste containers (7-packs or SW Bs) are placed in

42 one of two positions on the facility pallet. The 7-packs or SWBs are stacked, as they arrive in

43 the TRUPACT-Il, on the facility pallets (one- or two-high, depending on weight considerations).

44 The use of facility pallets will elevate the waste approximately 6 inches (in.) (15 centimeters [cm])
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from the floor surface. Pallets of waste will then be relocated to the northeast area of the CH 1

bay for normal storage. This storage area will be clearly marked to indicate the lateral limits Of 2

the storage area. This storage area will have a maximum capacity of seven facility pallets Of 3

waste during normal operations. These pallets will typically be staged in this area for a period 4

of one to four days.5

In addition, four TRUPACT-Ils, containing up to eight 7-packs or SWBs, may occupy the staging 6

positions at the TRUPACT-11 Unloading Docks (TRUDOCK). 7

The amount of RH TRU mixed waste disposal planned is two canisters per day, or eight per 8

week, on the same shifts as CH waste operations. 9

During normal operations, a maximum of five RH canisters will be stored in the Hot Cell and a io
maximum of seven canisters will be stored in the Transfer Cell. The combined storage capacity 11

of the Hot Cell and the Transfer Cell is 77 ft:3 (2.18 in) . The floor and wall coatings provide an 12

impermeable surface that serves as secondary containment in the Hot Cell and the Transfer Cell. 13

The storage positions that hold the canisters have openings and stand-offs which keep the 14

canisters from standing in liquid. 15

Aisle space shall be maintained in all CH Bay waste storage areas. The aisle space shall be 16

* adequate to allow unobstructed movement of fire response personnel, spill-control equipment, 17

and decontamination equipment that would be used in the event of an off-normal event. An aisle 18

space between facility pallets will be maintained in all CH TRU waste storage areas. Aisle space 19

requirements shall not be met for RH canisters, since only one is expected to be processed at 20

a time. Because of the high radiation fields, inspections and cleanup of spills and releases Will 21

not be conducted while waste is located in these storage areas. If a release were to occur, all 22

waste canisters would be removed from the Hot Cell prior to initiating any clean up activities. 23

Parkinq Area 24

The area extending south from the WHB across the rail sidings is defined as the parking area 25®container storage unit. This area provides space for 12 loaded TRUPACT-Ils and three loaded 26

road casks or four rail casks, corresponding to 1,536 ft3 (43.5 in) of CH waste and 125.6 ft3 27

(3.56 in) of RH waste. Secondary containment and protection of the waste containers from 28

standing rainwater are provided by the transportation containers. 29

The maximum number of TRUPACT-Ils that will be stored in the parking area is 20 percent Of 30

the TRUPACT-Il fleet. This is equivalenitto 12 TRUPACT-lIs, containing a maximum of 24 SWBs 31

or 168 drums of CH waste. The TRUPACT-11 safety criteria require that they be opened and 32

vented at a frequency of at least once every 60 days. In addition, three road casks or four rail 33

casks containing RH waste may be stored in this area. During normal operations the maximum 34

residence time of any one container in the parking area storage area is four days. Therefore, 35

* during normal waste handling operations, TRUPACT-Ils will not require venting while located in 36

the parking area storage area. Any off-normal event that drives residence times to 60 days or 37
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1 greater in this storage area shall be mitigated by returning the shipment to the generator prior
2 to the expiration of the 60 day NRC venting period or by moving the TRUPACT-Ils or casks
3 inside the WHB where the waste will be removed and placed in one of the permitted storage
4 areas.
5

6 Off-Normal Events
7

8 Off-normal events could interrupt normal operations in the waste management process line.
9 Additional storage capacity is available on the west side of the CH bay for use during off-normal

10 events. If such off-normal events occur, the New Mexico Environment Department (NMED) will
11 be informed of: 1) how much waste is to be stored, 2) where the waste will be placed, 3) how
12 any applicable secondary containment requirements will be met, and 4) how long the waste is
13 expected to be located in the designated storage area. Waste stored in this area will be
14 inspected at a frequency of at least once weekly, with the exception of the Hot Cell and the
15 Transfer Cell, as previously noted. Any off-normal storage of hazardous waste, beyond the
16 capacity of the WHB3 permit, will occur under an emergency permit issued by NMED under 20
17 NMAC 4.1, Subpart IX,§270.61. The DOE will not store RH waste at the facility outside the
18 shipping cask beyond the permitted capacity of the Hot Cell and transfer cell.
19

20 Shipments of waste from the generator sites will be stopped in any event which results in an
21 interruption to normal waste handling operations that exceeds three days. This will minimize the
22 potential for large quantities of waste requiring storage in the parking area for extended periods
23 of time.
24

25 Containment
26

27 The WHB has concrete floors, which are sealed with an impermeable coating that resists all but
28 the strongest oxidizing agents. Such oxidizing agents do not meet the WAC and will not be
29 accepted in TRU mixed waste at the WIPP facility. Therefore, TRU mixed wastes pose no
30 compatibility problems with respect to the WHB floor.
31

32

33 During normal operations, the floor of the normal storage areas within the CH Bay shall be
34 visually inspected on a weekly basis to verify that it is in good condition and free of cracks and
35 gaps. Floors in the Hot Cell and the Transfer Cell can only be inspected when no waste is
36 present. Inspections will occur at least annually when these areas undergo routine maintenance.
37 However, limited camera inspections can be conducted when the Hot Cell contains waste. This
38 less frequent inspection schedule is justified because of the high radiation fields that are present
39 when waste is present and because these floors are not subjected to vehicle traffic.
40

41 Floor areas of the WHB used during off-normal events will be inspected prior to use and weekly
42 while in use. Containers located in the permitted storage areas shall be elevated from the
43 surface of the floor. Facility pallets provide about 6 in (15 centimeters [cm]). of elevation. Waste
44
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.containers that have been removed from TRUPACT-11 shipping containers shall be stored at a 1

designated storage area inside the WHB so as to preclude exposure to the elements. 2

Secondary containment at permitted storage areas inside the WHB shall be provided by the floor. 3

These areas include the CH Bay floor, the Hot Cell, and the Transfer Cell. The parking area and 4

TRUDOCKs do not require engineered secondary containment, since waste is not stored there 5

unless it is protected by the TRUPACT-11 shipping containers or the road casks. Floor drains, 6

the fire suppression water collection sump, and portable dikes, if needed, will provide 7

containment for liquids that may be generated by fire fighting. Sump capacities and locations 8

are shown in Drawing 41-F-087-014. Residual fire fighting liquids will be placed in containers 9

and managed as described above. 10

G-2 Response Personnel 11

Persons qualified to act as the RCRA Emergency Coordinator, as required by 20 NMAC 4.1, 12

Subpart V, §264.55, are listed in Table G-2. 13

A RCRA Emergency Coordinator will be on-site at the WIPP facility 24 hours a day, seven days 14

a week, with the responsibility for coordinating emergency response measures. RCRA 15

Emergency Coordinators are listed in Table G-2, where five individuals have been designated 16

* primary RCRA Emergency Coordinators. This is because the on-duty Facility Shift Manager 17

(FSM) is designated as the RCRA Emergency Coordinator. The five individuals shown serve 18

as FSM on a rotating shift basis. 19

Persons qualified to act as the RCRA Emergency Coordinator are thoroughly familiar with this 20

Contingency Plan, the TRU mixed waste and hazardous waste operations and activities at the 21

W1PP facility, the locations of TRU mixed waste and hazardous waste activities, the locations on 22

the site where hazardous materials are stored and used, and the locations of waste staging and 23

accumulation areas. They are familiar with the characteristics of hazardous substances, TRU 24

mixed waste and hazardous waste handled at the WIPP facility, the location of TRU mixed waste 25

and hazardous waste records within the WIPP facility, and the facility layout. In addition, 26@persons qualified to act as the RCRA Emergency Coordinator have the authority to commit the 27

necessary resources to implement this Contingency Plan. Figure G-4 outlines the RCRA 28

Emergency Coordinators position relative to other organizations that provide support. 29

In addition to the RCRA Emergency Coordinator, the following individuals or groups have 30

specified responsibilities during any WIPP facility emergency: 31

*Assistant Chief Office Warden (ACOWA)-Persons assigned to take accountability 32

for sections of the site, and then reporting the accountability to the Chief Office 33

Warden. 3
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1 0 Central Monitoring Room Operator (CM RO) The on-shift operator responsible for
2 Central Monitoring Room (CMR) operations, including coordination of facility
3 communications. The facility log is maintained by the CMRO.
4

5 * Chif Office Warde (COW-A predesignated individual with responsibilities for
6 complete surface accountability at staging areas in the event of an evacuation. The
7 Chief Office Warden receives reports from the ACOWs.
8

9 0 Emernency Response Team (ERT)-Supplemental group trained to respond to
10 surface emergencies, to fight only incipient and exterior structure fires, to provide
11 emergency first aid, and to respond to releases of hazardous waste or hazardous
12 material. ERT members are part of the WIPP Supplemental Emergency Response
13 Program.
14

15 *Emergency Services Technician (EST)--Regular employee whose job is that of full-
16 time emergency responder. The EST acts as incident commander (on-scene
17 coordinator) for all emergency response events. During non-emergency conditions,
18 the EST conducts inspections of facility fire suppression systems, inspects
19 emergency equipment, and trains supplemental emergency responders
20 commensurate with duties to be performed. The EST is responsible for completion
21 of specific sections of the 'WIPP Hazardous Material Incident Report." Additional
22 technical personnel complete identified sections of the report.
23

24 Fis LieIiilRsos em(LR)Splmna primary responders in the
25 event of a general underground emergency for medical and hazardous material
26 response. No fire response beyond incipient stage will be performed by the FLIRT.
27 The FLIRT also provides backup support for the ERT in the event of a general
28 surface-facility emergency. FLIRT members are part of the WIPP Supplemental
29 Emergency Response Program.

31 0 Mine Rescue Team .. MBTI-Supplemental group responsible for underground
32 reentry and rescue after an emergency evacuation. The MRT responds in
33 accordance with 30 CFR Part 49 requirements. MRT members are part of the
34 WIPP Supplemental Emergency Response Program.
35

36 *Office Warden-An individual assigned responsibility for assuring that personnel
37 are evacuated from his/her assigned area or building during evacuations. Office
38 Wardens maintain a list of all personnel in their specific area. This list is compared
39 with the physical presence of personnel who assemble at the staging areas. The
40 Office Wardens report area accountability to the ACOWs.
41

42 * EOC Staff-The EOC consists of a minimum staff, which includes Waste Isolation
43 Division (WID) management personnel, three Operations representatives, one
44 Environment, Safety, and Health representative (ES&H), and one Emergency
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Management representative. The EOC staff can also include technical and logistic1
support personnel from WID Engineering, WID Public Affairs, WID ES&H, WID 2

Operations, and DOE. Additional administrative support staff is made available 3

from site personnel, these personnel provide message runners, communications, 4

and computer assistance. The EOC is activated by the FSM. Since EOC staff are 5

performing duties similar to their normal job functions and providing support related 6

to their area of expertise, no specific RCRA training is required. 7

G-3 Implementation 8

The provisions of this Contingency Plan will be implemented immediately whenever there is an 9
emergency event (e.g., a fire, an explosion, or a natural occurrence that involves or threatens io
hazardous or TRU mixed wastes or a release of hazardous substances, hazardous materials, 11
or hazardous wastes) that could threaten human health or the environment, or whenever the 12

potential for such an event exists as determined by the RCRA Emergency Coordinator, as 13

required under 20 NMAC 4. 1, Subpart V, §264.51 (b). The following information is utilized for 14

categorization of events to determine implementation of the contingency plan: 15

1. Medical Emergencies (does not implement the Contingency Plan) 16

2. Nonemergency (does not implement the Contingency Plan) 17

a. Fire already out, did not involve any hazardous materials. 18

b. Spill or release involved materials excluded according to the SARA Title 111, 19
Statute 42 U.S.C. 11021 (e). Such as: 20

1) Any substance present in the same form and concentration as product 21

packaged for distribution and use by the general public. (Example: 22

Cleaninig solutions) 23

2) Any substance to the extent it is used in a laboratory under the direct 24

supervision of a technically qualified individual. 25

3) Petroleum, including crude oil or ,any fraction thereof, which is not 260otherwise specifically listed or designated as a hazardous substance by 27
Comprehensive Environmental Response, Compensation and Liability Act 28
(CERCLA). 29

3. Incident Level I: According to the NFPA 471, Responding to Hazardous Materials 30

Incidents (See Table G-3). If the product(s) involved in the fire, explosion, spill or 31

leakage meets the following criteria, it will be classified as a Level I incident and does 32

not implement the Contingency Plan. 33

a. The product does not require a U.S. Department of Transportation (DOT) placard, 34

is a NFPA listed 0 or 1 for all categories, or is Other Regulated Materials A, B, C, 35

or D. 36

G-1 1



WIPP RCRA Part B Permit Application
DOEAWIPP 91-005
Revision 6

1 b. The fire is under control and the reactivity rating of the material is less than a
2 rating 2, indicating a low potential for subsequent explosion as the hazardous
3 material can be considered normally stable.
4 c. There was no release or the release can be confined with readily available
5 resources.
6 d. There is no life-threatening situation.
7 e. There is no potential environmental impact.
8

9 4. Incident Level II: According to NFPA 471, Responding to Hazardous Materials
10 Incidents, (See Table G-3). If the product(s) involved in the fire, explosion, spill or
11 leakage meets the following criteria, it will be classified as a Level 11 incident and the
12 Contingency Plan will be implemented by the RCRA Emergency Coordinator.
13

14 a. The product requires a DOT placard, is an NFPA 2 for any categories, or is
15 Environmental Protection Agency (EPA) regulated waste (Site-specific: Table G-1
16 and TRU waste) AND
17 b. The incident involves multiple packages.
18 c. There is potential for the fire to spread since the hazardous material's flammability
19 level (rating 2) is below 200 degrees Fahrenheit, or the reactivity (rating 2)
20 indicates that violent chemical changes are possible and thus may be explosive.
21 d. The release may not be controllable without special resources.
22 e. The incident requires evacuation of a limited area for life safety.
23 ~- f. The potential for environme ntal impact is limited to soil and air within incident
24 boundaries.
25 g. The container is damaged but able to contain the contents to allow handling or
26 transfer of product.
27

28 5. Incident Level Ill: According to NFPA 471, Responding to Hazardous Materials
29 Incidents. (See Table G-3) If the product(s) involved in the fire, explosion, spill or
30 leakage meet the following criteria, it will be classified as a Level Ill incident and the
31 Contingency Plan will be implemented by the RCRA Emergency Coordinator.
32

33 a. The product is a poison A (gas), an explosive A/B, organic peroxide, flammable
34 solid, material that is dangerous when wet, chlorine, fluorine, anhydrous ammonia,
35 NEPA 3 and 4 for any categories including special hazards, EPA extremely
36 hazardous substances, and cryogenics. (Site specific: RH TRU waste.)
37 b. The site-specific container size for this incident level will be a tank truck or an RH
38 waste canister.
39 c. There is potential for the fire to spread since the hazardous material's flammability
40 level (rating 3 or 4) is below 100 degrees Fahrenheit, or the reactivity (rating 3 or
41 4) indicates that the material may explode.
42 d. The release may not be controlled even with special resources.
43 e. The incident requires mass evacuation of a large area for life safety.
44
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f. Even though the NFPA guidelines for this incident level indicate that the potential1
for environmental impact is severe, due to the site engineering controls for RH 2

Waste, the impact is contained within the HWNMUs. 3

g. The container is damaged to such an extent that catastrophic rupture is possible. 4

The above categories include fire situations, weather conditions, natural phenomena, and 5

explosions which will have to be evaluated to make an incident level determination. A Level 11 6

(potential threat to human health in localized area, potential for moderate on-site environmental 7

impact) or Level Ill (potential threat to human health in a larger area, potential for severe 8

environmental impact) incident by definition is considered to be a potential threat to human 9

health or the environment and, therefore, is considered to be an emergency requiring activation lo
of the Contingency Plan. 11

12

G-4 Emergency Response Method 13

Methods that describe how and when the WIPP Contingency Plan will be implemented cover the 14

following 11 implementation areas: 15

1. Notification (Section G-4a) 16

2. Identification of hazardous materials (Section G-4b) 17

3. Assessment of the nature and extent of the emergency (Section G-4c) 18

4. Control, containment, and correction of the emergency (Section G-4d) 19

5. Prevention of recurrence or spread of fires, explosions, or releases (Section G-4e) 20

6. Management and containment of released material and waste (Section G-4f) 21

o7. Incompatible waste (Section G-4g) 
22

448. Post-emergency facility and equipment maintenance and reporting (Section G-4h) 23

9. Container spills and leakage (Section G-4i) 24

10. Tank spills and leakage (Section GA]j) 25

11. Surface impoundment spills and leakage (Section G-4k) 26

G-4a Notification 27

* Notification requirements in the event of an emergency at a RCRA hazardous waste 28

management facility are defined by 20 NMAC 4.1, Subpart V, §§264.56(a) and (d). Necessary 29
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1 notifications in case of an emergency at the WIPP facility are described in this section
2 (Figure G-4a). Personnel at the WIPP facility are trained to respond to emergency notifications.
3

4 Initial Emergency Response and Alerting the RCRA Emergency Coordinator
5

6 The first person to become aware of an incident shall immediately report the situation to the
7 CMRO, and provide the following information, as appropriate:
8

9 * Name and telephone number of the caller
10 0 Location of the incident and the caller
11 0 Time and type of incident
12 * Severity of the incident

13 * Magnitude of the incident

14 0 Cause of the incident0
15 0 Assistance needed to deal with or control the incident
16 0 Areas or personnel affected by the incident
17

18 In addition to receiving incident reports, the CMRO, who is located in the Support Building
19 (Building 451) (Figure G-1), continuously monitors (24 hours a day) the status of mechanical,
20 electrical, and/or radiological conditions at selected points on the site, both above and below
21 ground. Alarms to indicate abnormal conditions are located throughout the WIPP facility. The
22 alarm(s) (e.g., fire, radiation) may be the first notification of an emergency situation received by
23 the CMRO. The CMRO monitors alarms, takes telephone calls and radio messages, and
24 initiates outgoing calls to emergency staff and outside agencies.
25

26 Once the CMRO is notified of a fire, explosion, or a release anywhere in the facility (either by
27 eyewitness or an alarm), the RCRA Emergency Coordinator is immediately notified. Once
28 notified, the RCRA Emergency Coordinator assumes responsibility for the management of
29 activities related to the assessment, abatement, and/or cleanup of the incident.
30

31 A RCRA Emergency Coordinator is on-site at all times and, therefore, can be reached at any
32 time via a two-way radio or over the public address (PA) and plectrons on-site. If the RCRA
33 Emergency Coordinator is unavailable or unable to perform these duties, a qualified alternate
34 RCRA Emergency Coordinator is available.
35

36 The EST is also notified in case of fire, explosion, or release. The RCRA Emergency
37 Coordinator, in consultation with the EST as incident commander, determines if supplemental
38 emergency responders are necessary. Notification of the ERT (surface) is made by the EST
39 using the ERT pagers. If the EST is unable to make the notifications, the CMRO performs this
40 function. The CMRO will notify the FLIRT using the Mine Page Phone System. If the MRT is
41 needed the RCRA Emergency Coordinator will instruct the CMRO to make a PA announcement
42 for the MRT to assemble in the Mine Rescue Room, located in building 452.
43

44
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Off-shift personnel may be notified using the on-call list, which is updated weekly by the 1
Emergency Management section of the ES&H Department. The FSM, CMRO, each individual 2

on the on-call list, and WIPP Security receive copies of the on-call list. The CMRO may direct 3

Security to make the notifications. 4

The response to an unplanned event will be performed in accordance with procedures based on 5

the applicable federal, state, or local regulations and/or guidelines for that response. These 6

include the U.S. Mine Safety and Health Administration (MSHA); NMAC; CERCLA; Chapter 74, 7

Article 4B, New Mexico Statutes Annotated 1978, New Mexico Emergency Management Act; and 8

agreements between the DOE and/or the WIPP MOO and local authorities (Section G-6) for 9
emergencies throughout the WIPP facility. 10

After notification by the CMRO, the EST shall immediately investigate to determine pertinent 11
information relevant to the actual or potential threat posed -to human health or the environment. 12

The information will include the location of release, type, and quantity of spilled or released 13

material (or potential for release due to fire, explosion, weather conditions, or other naturally 14

occurring phenomena), source, areal extent, and date and time of release. The EST shall 15

provide information for classification of the incident, according to the emergency response 16

guidelines, to the RCRA Emergency Coordinator. The RCRA Emergency Coordinator then 17

classifies the incident after evaluation of all pertinent information. This classification must 18

* consider both direct and indirect effects of the release, fire, or explosion (e.g., the effects of any 19
toxic, irritating, or asphyxiating gases that are generated, or the effects of any hazardous surface 20

water run-off from water or chemical agents used to control fire and heat-induced explosions). 21

When the RCRA Emergency Coordinator determines that an Incident Level II or Ill has occurred, 22

the Contingency Plan is implemented. The RCRA Emergency Coordinator then may choose to 23.4, activate the EOC for additional support (Figure G-4). If the RCRA Emergency Coordinator 24
determines that due to extenuating circumstances the potential to upgrade to an incident Level 25

11 or Ill exists, the RCRA Emergency Coordinator also may activate the EOC. The EOC Will 26

assist the RCRA Emergency Coordinator in mitigation of the incident with use of communications 27

equipment and technical expertise from any WIPP organization (see Section G-4c). 28

The EOC staff will assess opportunities for coordination and the use of mutual-aid agreements 29

with local outside agencies making additional emergency personnel and equipment available 30

(Section G-6), as well as the use of specialized response teams available through various state 31

and federal agencies. As a DOE facility, the WIPP facility may use the resources available from 32

the Federal Response Plan, signed by 27 federal departments and agencies in April 1987, and 33

developed under the authorities of the Earthquake Hazards Reduction Act of 1977 (42 U.S.C. 34

7701 et seq.) and amended by the Stafford Disaster Relief Act of 1988. Most resources are 35

available within 24 hours. The WIPP facility maintains its own emergency response capabilities 36

on-site. In addition to the supplemental emergency responders, radiological control technicians, 37

environmental sampling technicians, wildlife biologists, and various other technical experts are 38.available for use on an as-needed basis. The EST will continue as the on-scene incident 39

commander communicating with the RCRA Emergency Coordinator. 40
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1 Communication of Emergency Conditions to Facility Employees
2

3 Procedures for notifying facility personnel of emergencies depend upon the type of emergency.
4 Methods of notification are:
5

6 *Local Fire Alarms
7

8 The local fire alarms sound a bell tone and may be activated automatically or
9 manually in the event of a fire.

10

11 *Surface Evacuation Signal
12

13 The evacuation signal is a yelp2 tone and is manually activated by the CMRO
14 when needed. The CMRO shall follow the evacuation signal with verbal
15 instructions and ensure the Site Notification System (i.e., the plectron) has been
16 activated.
17

18 *Underground Evacuation Warning System
19

20 The evacuation signal is a yelp tone and flashing strobe light. In the event of an
21 evacuation signal, underground personnel will proceed to the nearest egress hoist
22 station (Section G-7b) to be apprised of the nature of the emergency and the
23 evacuation route to take. Underground personnel are trained to report to the
24 underground assembly areas and await further instruction if all power fails or if
25 ventilation stops. In that event, personnel will remain underground until power can
26 be restored. MSHA requires personnel to be brought to the surface within 60
27 minutes if a ventilation outage occurs. This is done using the Air Intake Shaft
28 Hoist, powered by the backup electric generators.
29Cotnec
30 CnignyEvacuation Notification
31

32 If the primary warning system consisting of alarms and signals fails to operate
33 when activated (as in a total power outage and failure of the back-up power
34 systems), WIPP Security will be notified by the CMRO to initiate the contingency
35 evacuation plan. In this event Security officers will alert personnel to evacuate the
36 area and will check trailers, if possible, to ensure that personnel have been
37 alerted/evacuated.
38

39 WIPP facility personnel are trained and given instruction during General Employee Training to
40 recognize the various alarm signals and the significance of each alarm. WIPP facility employees
41 and site visitors are required to comply with directions from emergency personnel and alarm

42 2 rhe yelp tone increases from 500 to 1,000 hertz and drops to 500 hertz.
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* system notifications and to follow instructions concerning emergency equipment, shutdown1
procedures, and emergency evacuation routes and exits. 2

Notification of Local, State, and Federal Authorities 3

If it is determined that the facility has had a fire, an explosion, a spill, or a release of hazardous 4

waste or hazardous waste constituents (included in 20 NMAC 4.1, Subpart 11) in the 5

miscellaneous unit or TRU mixed waste handling areas, or an emergency resulting in a release 6

of a hazardous substance (included in 40 CFR §302.4 and §302.6 or the New Mexico 7

Emergency Management Act, §74-413-3 and §74-413-5) that could threaten human health or the 8

environment outside the facility, the RCRA Emergency Coordinator, after consultation with the 9

DOE, will assure that local authorities are notified by telephone and/or radio, including: 10

" Carlsbad Police Department (telephone number: [505] 885-2111) (or 911) 11
" Carlsbad Fire Department (telephone number: [505] 885-2111) (or 911) 12

" Eddy County Sheriff (telephone number: [505] 887-7551) 13

" Hobbs Fire Department (telephone number: [505] 397-9308) 14

After local authorities are notified, the RCRA Emergency Coordinator will ensure notification of 15

the following: 16

0 New Mexico Environment Department (NMED) 17

Department of Public Safety 18

24-Hour Emergency Reporting Telephone Number: (505) 827-9329 19

FAX number: (505) 827-9368 20

0 Department of Public Safety WIPP Coordinator 21

Telephone Number: (505) 827-9221 22

FAX number: (505) 829-3434 23

0 Hazardous Materials Emergency Response, Chemical Safety Office, Department 24

of Public Safety, State Emergency Response Commission 25

Telephone number: (505) 827-9223 26

FAX number: (505) 829-3434 27

* National Response Center 28

Telephone number: 1-800-424-8802 29

FAX number: (202) 479-7181 30

0 Local Emergency Planning Committee 31

Telephone number: (505) 887-9511 32

Fax number: (505) 887-1039 33
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1 The first notification of public safety and regulatory agencies will include the following:
2

3 & The name and address of the facility and the name and phone number of the
4 reporter
5

6 0 The type of incident (fire, explosion, or release)
7

8 0 The date and time of the incident
9

10 0 The type and quantity of material(s) involved, to the extent known
11

12 0 The exact location of the incident
13

14 . The source of the incident
15

16 9 The extent of injuries, if any
17

18 0 Possible hazards to human health and the environment (air, soil, water, wildlife,
19 etc.) outside the facility
20

21 0 The name, address, and telephone number of the party in charge of or responsible
22 for the facility or activity associated with the incident
23

24 0 The name and the phone number of the RCRA Emergency Coordinator
25

26 (A \*The identity of any surface and/or groundwater involved or threatened and the
27 extent of actual and potential water pollution
28

29 *The steps being taken or proposed to contain and clean up the material involved
30 in the incident
31

32 The RCRA Emergency Coordinator will also be available to advise the appropriate local, state,
33 or federal officials on whether or not local areas should be evacuated.
34

35 Notification of the General Public
36

37 Immediate notification of the general public through the public safety and emergency agencies
38 listed above will be made by, or under the direction of, the RCRA Emergency Coordinator
39 following an evaluation to determine if local adjacent areas need to be evacuated. This
40 evaluation will be made in consultation with the DOE who has management responsibility for the
41 land withdrawal area. DOE policy is to provide accurate and timely information to the public by
42 the most expeditious means possible concerning emergency situations at the WIPP site that may
43 affect off-site personnel, public health and safety, and/or the environment. A DOE Carlsbad Area
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is ~Office (DOE/CAO) Management representative is always on-call. This person is available by1
pager or telephone 24 hours a day.2

A Hazards Assessment was conducted, which indicated no need for protective actions or 3

emergency action levels, as defined by the DOE, for the facility. Therefore, no procedures are 4

in place for evacuation of the public. Procedures are in place for notification of the public by 5

radio, television, and newspapers for news items which might include notification of on-site 6

emergency situations. These procedures include a Public Affairs Coordinator in the EOC who 7

writes and transmits press releases to the Greene Street facility, where formal press conferences 8

are conducted. 9

G-4b Identification of Hazardous Materials 10

The identification of hazardous wastes, hazardous waste constituents, or hazardous materials ii
involved in a fire, an explosion, or a release to the environment is a necessary part of the 12

assessment of an incident, as described in 20 NMAC 4.1, Subpart V, §264.56(b). RCRA 13

hazardous waste and hazardous substances and materials listed in 40 CFR §302.4 and §302.6 14

or New Mexico Emergency Management Act, §74-4B-3 and §74-4B3-5 and, involved in any 15

release at the WIPP facility will be identified. The identification of likely hazardous materials at 16

any location is enhanced because hazardous materials and hazardous waste are only stored or 17

managed in specified locations throughout the WIPP facility. An attempt will be made to identify 18

products involved by occupancy/location, container shape, markings/color, placards/labels, 19
United Nations/North America/Product Identification Number, on-site technical experts, or field 20

sampling. Further, the ES&H department maintains an updated inventory of hazardous 21

materials/substances that are brought on site, and a master MSDS listing in the Safety and 22

Emergency Services Facility, Building 452. 23

Sources of information available to identify the hazardous wastes, substances, or materials 24

involved in a fire, an explosion, or a release at the WIPP, facility include operator/supervisor 25

knowledge of their work areas, materials used, and work activities underway; the WIPP Waste 26

Information System (VVWIS), which identifies the location within the facility of emplaced TRU 27

mixed waste, including emplaced derived waste; and waste manifests and other waste 28

4icharacterization information in the operating record. The VWWIS also includes information on 29

wastes that are in the waste handling process. Also available are MSDSs for hazardous material 30

in the various user areas throughout the facility, waste acceptance records, and materials 31

inventories for buildings and operating groups at the WIPP -facility. Information or data from the 32

derived waste accumulation areas, the hazardous waste staging area, satellite staging areas, 33

and nonregulated waste accumulation areas are included. 34

TRU mixed waste received by the WIPP facility during the Disposal Phase will be characterized 35

for hazardous constituents prior to receipt, and acceptable knowledge will be used to 36

characterize derived waste prior to emplacement. 37
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1 Information required for identifying TRU mixed hazardous constituents in case of an incident is
2 readily available through the WWIS and the waste acceptance records. Waste accepted at WIPP
3 is already known to be compatible with all materials used to respond to an emergency. All non-
4 TRU waste materials received on site, other than those listed in Table G-1, are in such small
5 quantities that no reaction could develop which would trigger an Incident Level II or Ill response.
6

7 The RCRA Emergency Coordinator will have access to the WWIS through Waste Operations,
8 and any personal computer connected to the site network, if any specific information is needed.
9

10 The RCRA Emergency Coordinator has access to the inventory lists and MSDSs in the Safety
11 and Emergency Services Facility at all times.
12 ___

13 G-4c Assessment of the Nature and Extent of the Emer-gency

15 Once the required notifications have been made, the RCRA Emergency Coordinator will ensure
16 that the identity, exact source, amount, and areal extent of any released materials are
17 determined, as required under 20 NMAC 4.1, Subpart V, §264.56(b). The RCRA Emergency
18 Coordinator will determine whether the occurrence constitutes an emergency based on
19 knowledge of the area and access to the waste identification/characterization information
20 described in Section G-4b. An emergency will require response by only trained emergency
21 response personnel. The RCRA Emergency Coordinator will be responsible for responding to
22 immediate and potential hazards, using the services of trained personnel to determine: 1) the
23 identity of hazardous wastes, hazardous waste constituents, and other hazardous materials
24 involved in a release, as described in Section G-4b; 2) whether or not a release involved a
25

26 reportable quantity of a hazardous substance; 3) the areal extent of a release; 4) the exact
27 source of a release; and 5) the potential hazards to human health or to the environment.
28

29 After. the materials involved in an emergency are identified, the specific information on the
30 associated hazards, appropriate personal protective equipment (PPE), decontamination, etc., will
31 be obtained from MSIDSs and from appropriate chemical reference materials at the same
32 location. These information sources may be accessed by the RCRA Emergency Coordinator or
33 through several WIPP facility organizations, including Industrial Safety; Environmental
34 Compliance and Support, both part of the ES&H department; and Hazardous Waste Operations
35 Sections. Any other organization's expertise can also be utilized.
36

37 The emergency assessment requires determination of hazards involving evaluation of several
38 criteria, including:
39

40 *Exposure: magnitude of actual or potential exposure to employees, the general
41 public, and the environment; duration of human and environmental exposure;
42 pathways of exposure
43

44
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* Toxicity: types of adverse health or environmental effects associated with1
exposures; the relationship between the magnitude of exposure and adverse effects 2

0 Reactivity: hazardous materials or hazardous wastes, which are not TRU mixed 3

wastes, involved in an incident will be assessed for reactivity through accessing the 4

MSDSs for the affected material and the recommended method(s) for managing 5
such waste 6

0 Uncertainties: considerations for undeterminable or future exposures; uncertain or 7

unknown health effects, including future health effects 8

G-.4d Control, Containment, and Correction of the Emergency 9

The WIPP facility is required to control an emergency and to minimize the potential for the lo
occurrence, recurrence, or spread of releases due to the emergency situation, as described in 11
20 NMAC 4.1, Subpart V, §264.56 (e). The WIPP Emergency Response procedures utilize the 12

incident mitigation guidelines in NFPA 471, Responding to Hazardous Materials Incidents, with 13

initial response priority being on control, and those actions necessary to ensure confinement and 14

containment (the first line of defense) in the early, critical stages of a spill or leak. The RCRA 15

Emergency Coordinator is responsible for stopping processes and operations when necessary, 16.and removing or isolating containers. TRU waste will remain within the WVHB, parked TRUPACT- 17

11 containers, road casks, and the underground HWMU. 18

All Emergencies 19

The WIPP Emergency Response procedures include, but are not limited to, the following actions 20

appropriate for control: 21

1. Isolate the area from unauthorized person by fences, barricades, warning signs, or 22

other security and site control precautions. Isolation and evacuation distances 23

vary, depending upon the chemical/product, fire, and weather situations. 24

2. Identify the chemical/product according to Section G-4b. 254-3. Drainage controls. 26
4. Stabilization of physical controls (such as dikes or impoundment[s]). 27

5. Capping of contaminated soils to reduce migration. 28

6. Using chemicals and other materials to retard the spread of the release or to 29

mitigate its effects. 30

7. Excavation, consolidation, removal, or disposal of contaminated soils. 31

8. Removal of drums, barrels, or tanks where it will reduce exposure risk during 32

situations such as fires. 33

If the facility stops operations in response to a fire, explosion, or release, the RCRA Emergency 34.Coordinator must ensure continued monitoring for leaks, pressure buildup, gas generation, or 35
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1 ruptures in valves, pipes, or other equipment, wherever appropriate. If operations continue,
2 personnel normally assigned to these tasks will continue.
3

4 Both natural and synthetic methods will be employed to limit the releases of hazardous materials
5so5 that effective recovery and treatment can be accomplished with minimum additional risk to
6 human health or the environment. A combination of the above methods to achieve protection
7 of human health and the environment, with emphasis on two basic methods for mitigation of
8 hazardous materials incidents - Physical and Chemical (Tables G-4, G-5) mitigation, will be used.
9

10 1 . Physical methods of control involve any of several processes to reduce the area
11 of the spill leak, or other release mechanism (such as fire suppression).
12

13 A. Absorption is the process in which materials hold liquids through the process
14 of wetting. Absorption is accompanied by an increase in the volume of the
15 sorbate/sorbent system through the process of swelling. Some of the
16 materials utilized in response to Level I incidents or Level 11 incidents
17 involving liquids will be absorbent sheets of polyolefin-type fibers, spill control
18 bucket materials (specifically for solvents, neutralization, or for
19 acids/caustics), and absorbent socks for general liquids or oils.
20

21 B. Covering refers to a temporary form of mitigation for radioactive incidents that
22 will be utilized in response to Level 11 or Level Ill incidents involving TRU
23 waste. These could include absorbent sheets, plastic, or actual ambulance
24 blankets.
25

26 C. Dikes or Diversions refer to the use of physical barriers to prevent or reduce
27 the quantity of liquid flowing into the environment. Dikes may be soil or other
28 barriers temporarily utilized to hold back the spill or leak. Diversion refers to
29 the methods used to physically change the direction of the flow of the liquid.
30 Absorbent socks or earth may be utilized as dikes or diversions for all levels
31 of incidents.
32

33 D. Overpacking is accomplished by the use of an oversized container.
34 Overpack containers will be compatible with the hazards of the materials
35 involved.
36

37 E. Plug and Patch refers to the use of compatible plugs and patches to reduce
38 or temporarily stop the flow of materials from small holes, rips, tears, or
39 gashes in containers. A Series A hazardous response kit containing
40 nonsparking equipment to control and plug leaks may be utilized for response
41 to all levels of incidents.
42

43 F. Transfer refers to the process of moving a liquid, gas, or some forms of
44 solids, either manually or by pump, from a leaking or damaged container.
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Scoops, shovels, jugs, and pails as well as drum transfer pumps for chemical1
and petroleum transfer are utilized as needed in response to all levels Of 2

incidents. 3

G. Vapor Suppression refers to the reduction or elimination of vapors emanating 4

from a spilled or released material through the most efficient method or 5

application of specially designed agents; such as an aqueous foam blanket. 6

2. Chemical Methods of Mitigation 7

A. Neutralization is the process of applying acids or bases to a spill to form a 8

neutral salt. The application of solids for neutralizing can often result in 9
confinement of the spilled material. This, would include using the neutralizing io
adsorbents. 11

B. Solidification is the process whereby a hazardous liquid is added to material 12

such as an absorbent so that a solid material results. 13

The established procedures are based upon the incident level and a graded approach for 14

nonradioactive, CH, or RH waste emergencies and initiated to: 15

1 . Minimize contamination or contact (through PPE, etc.) 16

2. Limit migration of contaminants 17

3. Properly dispose of contaminated materials 18

Fire 19

The incident level emergency response identified in Section G-3 includes fire/explosion potential. 20

WIPP fire response will be 'limited to incipient and exterior structure fires unless directed 21

otherwise by the EST as part of a rescue life saving attempt. For internal structure fires, the 22

Memoranda of Understanding (MOU) may be utilized. 23

The first option in mine fire response will be to apply mechanical methods to stop fires (e.g., Cut 24

electrical power). The last option in mine fire response will be to reconfigure ventilation. The 25

following actions are implemented in the event of a fire: 26

1 . All emergency response personnel at an incident will wear appropriate PPE. 27

2. Only fire extinguishing materials that are compatible with the materials involved 28

in the fire will be used to extinguish fires. Compatibility with materials involved 29

in a fire are determined by pre-fire plans, Emergency Response Guide Book 30

(DOT, 1993), DOT labeling, and site-specific knowledge of the emergency 31

response personnel. Water and dry chemical materials have been determined to 32
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1 be compatible with all components of the TRU mixed waste. Pre-fire plans for the
2 WHIB are included in Figures G-1 0 and G-1 1.
3

4 Fires in areas of the WHIB should not propagate, due to limited amount of
5 combustibles, and the concrete and steel construction of the structures.
6 Administrative controls, such as landlord inspections and EST inspections, help
7 to insure good housekeeping is maintained. Combustible material and TRU
8 mixed waste will be isolated, if possible. Firewater drain trenches collect the
9 water and channel it into a sump. In areas not adjacent to the trenches, portable

10 absorbent dikes (pigs) will be used to retain as much as possible, until it can be
11 transferred to containers or sampled and analyzed for hazardous constituents.
12 The co-detection principle (Appendix 13) is used.
13

14 3. If the fire spreads or increases in intensity, personnel will be directed to evacuate.
15

16 4. The RCRA Emergency Coordinator will remain in contact with responding
17 personnel to advise them of the known hazards.
18

19 5. In order to ensure that storm drains and/or sewers do not receive potentially
20 hazardous runoff, dikes will be built around storm drains to control discharge as
21 needed. Collected waste will be sampled and analyzed for hazardous
22 constituents, if possible, before being discharged to evaporation ponds. There
23 are two ponds south of the security fence, opposite the WHB, that will collect
24 drainage from the parking area. The rest of the site, inside the security fence,
25 drains to the large pond to the west. Samples will be taken from these ponds,
26 after the emergency has been abated, to determine any cleanup requirements.
27 The WIPP Sampling Plan will be used.
28

29 6. The RCRA Emergency Coordinator maintains overall control of the emergency
30 and may accept and evaluate the advice of WIPP facility personnel and
31 emergency response organization members, but retains overall responsibility.
32 Selection of methods and tactics of fire response is the responsibility of the
33 Incident Commander.
34

35 7. The RCRA Emergency Coordinator will be in overall control of WIPP facility
36 emergency response efforts until the emergency is terminated.
37

38 8. Materials involved in a fire can be identified in the following ways:
39

40 *According to Section G-4b.
41

42 *If the contents of the waste container cannot be determined based on its
43 location and the label is destroyed by fire, the material will be treated as
44 an unknown, evaluated for radiological contamination, and analyzed
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according to methods in the EPA's 'Test Methods for Evaluating Solid 1
Waste Physical/Chemical Methods" (SW-846), Third Edition, after the fire 2

has been extinguished. 3

Airborne radioactivity samples may be obtained during a fire involving 4

radioactive materials, using portable and fixed air samplers. Response 5

personnel will be adequately protected from airborne radioactivity by their 6

PPE required for fire response. 7

9. Only materials compatible with the waste may be used for fire response. 8

10. When cleanup has proceeded to the point of finding no radionuclide activity, then 9

the "swipe" can be sent for analysis for hazardous constituents. The use of these lo

confirmation analyses is as follows: 11

" For waste containers, once radiologically clean and free of any visible 12

evidence of hazardous waste spills on the container, it will be placed in 13

the underground without further action. 14

* For area contamination, once the area is cleaned up and is shown to be 15

radiologically clean, it will be sampled for the presence of hazardous 16

waste residues (for further information see Section G-4d, Emergency 17

Termination Procedures). 18

11. Fire suppression materials used in response to incidents will be retained on- 19

scene, where an evaluation will be performed to determine appropriate recovery 20

and disposal methods. 21

Explosion 22

The following actions will be implemented in the event that an explosion that involves or 23

threatens hazardous or TRU mixed waste or hazardous materials has occurred: 24

1. The area will be evacuated immediately. 25

2. The CMRO will immediately notify the appropriate emergency response personnel 26

4/and the RORA Emergency Coordinator about the explosion. 27

3. The Incident Commander will ensure that any injured personnel are treated and 28

transported as necessary. 29

4. The RCRA Emergency Coordinator will remain in contact with responding 30

personnel to advise them of the known hazards involved and the degree and 31

location of the explosion and associated fires. 32
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1 5. The RCRA Emergency Coordinator will be in command and may accept and
2 evaluate the advice of WIPP facility personnel and emergency response
3 organization members, but retains the overall responsibility. Selections of
4 methods and tactics of response are the responsibility of the Incident
5 Commander.
6

7 6. The RCRA Emergency Coordinator will be in overall control of WIPP facility
8 emergency response efforts until the emergency is terminated.
9

10 7. When cleanup has proceeded to the point of finding no radionuclide activity, then
11 samples may be taken for chemical analysis if there is visible evidence to suspect
12 additional hazardous waste residues. Chemical residues on floor surfaces
13 resulting from a hazardous waste explosion will be evaluated, sampled, analyzed
14 (if required), isolated, and returned to appropriate containers, and surfaces will be
15 cleaned using appropriate cleaners.
16

17 8. The RCRA Emergency Coordinator may shut down operational units (e.g.,
1 process equipment and ventilation equipment) that have been affected directly or
1 indirectly by the explosion. Once the areas have been determined safe for

20* reentry, processes may be reactivated.
21

22 SailLS
23

24 Protection of response personnel at a hazardous material incident is paramount. The primary
25 methods to protect personnel are time, distance, and shielding. If a Level 11 or Ill incident exists,
26 the RCRA Emergency Coordinator will implement the following actions:
27

28 1 . The immediate area will be evacuated.
29

30 2. The RCRA Emergency Coordinator will review facility records to determine the
31 identity and chemical nature of released material.
32

33 3. Entry team procedures will be utilized, with special attention to the following:
34

35 0 Buddy system
36 * Appropriate PPE
37 0 Backup rescue team
38 0 Supplemental communication signals (hand signals and hand-light signals)
39 * Monitoring equipment
40 . Exposure time limitations
41

42 4. If possible, the source of the release will be secured.

44 5. A dike to contain runoff may be built.
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*6. Emergency responders will ensure that storm drains and/or sewers do not receive1
potentially hazardous runoff or spilled material. They may build dikes around 2

storm drains to control discharge. 3

7. Released wastes may be collected and contained by stabilizing or neutralizing the 4

spilled material, as appropriate, pouring an absorbent over the spilled material, 5

and sweeping or shoveling the absorbed material into drums or other appropriate 6

containers. The absorbents have been determined to be compatible with all 7

components of the TRU mixed waste. 8

8. No TRU mixed waste that may be incompatible with the released material will be 9
managed in the affected area until cleanup procedures are complete. 10

9. The RCRA Emergency Coordinator will direct spill control, decontamination, and 11
termination procedures described below. 12

Decontamination of Personnel 13

Decontamination of personnel with radioactive contamination is the responsibility of the 14

Radiological Control (RC) section. If a person is contaminated with radioactivity during a site 15

* evacuation to the staging areas, the contaminated area will be covered before the person can 16

be moved (under escort by RC personnel) to the staging area. The RC personnel will ensure 17

the contaminated person remains segregated from other site personnel while under RC 18

supervision. 19

In the event of an emergency that requires immediate evacuation of the area, the contamination 20

can be covered by any method warranted, given the circumstance (e.g., clean clothing wrapped 21

around the area). If the size of the radioactive contamination on the body is small and localized, 22

it can be covered with clothing (e.g., glove, shoe cover, coveralls). If the size of the radioactive 23

contamination on the body is large, it will be covered by dressing the individual in a full set Of 24

:DAnti-Contamination clothing (coveralls, hood, gloves, shoe covers , etc.). 25

400 If time and location permit and the contamination is on the face, it will be decontaminated 26

immediately using a cloth moistened with tepid water (and a mild detergent, if necessary). If the 27

size of the radioactive contamination on the individual's body is small and localized, it will be 28

decontaminated using the same method as for the face, but after the individual has been 29

transferred to an area appropriate for conducting decontamination. 30

If the individual is transferred to the staging area prior to decontamination, he/she will be 31

decontaminated at: 32

- The portable decontamination shower (moved to the staging area), 33

- The decontamination trailer (moved to the staging area), or 34

- A temporary controlled area posted by RC personnel. 35
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1 A portable shower is normally stored in the WHB. The decontamination trailer is stored in the
2 northeast corner of the fenced parking area, adjacent to the WHB.
3

4 Control of Spills or Leakinq or Punctured Containers of CH TRU Mixed Waste
5

6 In the event of spills or leaking or punctured containers of CH TRU mixed waste, the WIPP
7 responds in three distinct phases: 1) the event, 2) the re-entry, and 3) the recovery.
8

9 1 . During the event, the following immediate actions are completed: 1) stop work,
10 2) warn others (notify CMR), 3) isolate the area, 4) minimize exposure, and
11 5) close off unfiltered ventilation. These actions can take place simultaneously,
12 as long as they are completed before proceeding to the re-entry phase.
13

14 2. During the re-entry phase, a Radiological Work Permit (RWP) is written for
15 personnel to enter with protective clothing to assess the conditions, take surveys
16 and samples, and mitigate problems that could compound the hazards in the area
17 (cover up spilled material with plastic material sheeting and or any approved
18 fixatives such as polyvinyl alcohol (PVA) or paint, place equipment in a safe
19 configuration, etc.). Smears and air sample filters are counted. This information
20 is used by cognizant managers, RC personnel, and As Low As Reasonably
21 Achievable (ALARA) Committee representatives to determine an appropriate
22 course of action to recover the area. A plan to decontaminate and recover
23 affected areas and equipment will be approved with a RWP written to establish
24 the radiological controls required for the recovery.
25

26 3. During the recovery phase, the plan will be executed to utilize the necessary
27 resources to conduct decontamination and/or overpacking operations as needed.
28 The completion of this phase will occur prior to returning the affected area and/or
29 equipment to normal activities. The recovery phase will include activities to

30 minimize the spread of contamination to other areas. These activities will
31 involve placing the waste material in another container; vacuuming the waste

32 material; overpacking the spilled, leaking, or punctured waste container; an or
33 decontaminating the affected area(s). If an affected surface cannot be
34 decontaminated to releasable levels, it may be covered with a fixative coating and
35 established as a Fixed Contamination Area to prevent spread of contamination in
36 accordance with Article 222.3 of WP 12-5, WIPP Radiological Control Manual, or
37 it may be removed using heavy machinery and tools, packaged in approved waste

38 containers, and emplaced in the underground. Every reasonable effort to
39 minimize the amount of derived waste, while providing for the health and safety
40 of personnel, will be made.
41

42 Should a breach of a waste container occur at the WIPP that results in external
43 contamination exceeding the small area "spot" decontamination levels, the

44 affected container(s) (e.g., breached and contaminated) will be placed into an
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available overpack container (e.g., 85-gal drum, SWB, TDOP, canister overpack). 1
The decontamination of equipment and the overpacking of contaminated/damaged 2

waste containers will be performed in the vicinity of the incident. For example, 3

under normal operations waste will be handled only in the areas of the WHB for 4

which a permit is being sought. Therefore, it is within these same areas that 5

decontamination and/or overpacking operations would occur. By eliminating the 6

transport of contaminated equipment to other areas for decontamination or 7

overpacking, the risk of spreading contamination is reduced. 8

Equipment used during a spill cleanup or overpacking operation could include: 9
cloths, brushes, scoops, absorbents, squeegees, tape, bags, pails, slings, hand lo
tools, and others as needed for a given incident. 11

At the underground emplacement room, salt contaminated by a spill of TRU waste 12

would be either covered or cleaned up, depending on location, extent, and spilled 13

material, due to potential radioactive contamination spread via the salt dust. The 14

contaminated salt would be covered, in accordance with Article 222.3 of WP 12- 15

5, WIPP Radiological Control Manual, to isolate it from the workers, and the 16

stacking of waste containers would resume or would be removed and packaged 17

as site-derived waste using damp rags, hand tools and HEPA filtered vacuums. 18

* The decontamination methods will initially involve wiping down structures, equipment, and other 19
containers in the area with absorbent cloths moistened with tepid water. Surveys of these 20

structures will take place and the need to continue decontamination activities will be established. 21

If further decontamination is required, nonhazardous decontaminating agents, such as Liquinox©, 22

Simple Green©, Windex©, citric acid, Bartlett Strip Coat@, and high pressure CO 2 will be used 23

to prevent generating mixed waste. 24

RWPs and other administrative controls provide protective measures to help ensure that new 25

hazardous constituents will not be added during decontamination activities. 26

Certain structures and/or equipment may be disassembled to facilitate decontamination or may 27

be placed directly into a derived waste container. Items used in the spill cleanup and 28

decontamination operations (e.g., swipes, tools, PPE, etc.) may also be placed into a derived 29
waste container. 30

When decontamination is deemed by the recovery team to be complete, RC personnel Will 31

conduct one final, intensive radcon survey of the area and components in the area to release 32

it for uncontrolled use. The free release criteria for items, equipment, and areas is < 20 dpm/1 00 33

cm 2 for alpha radioactivity and < 200 dpm/100 cm2 for beta-gamma radioactivity. After cleanup 34

is complete, facility personnel will complete an inspection and include the details of the spill and 35

cleanup in the log. 36
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1 Control of Spill or Leaking or Punctured Containers of RH TRU Mixed Waste
2

3 In the event a contaminated RH TRU waste canister is received, WIPP responds in three distinct
4 phases: 1) the event, 2) the re-entry, and 3) the recovery. The RH canister is checked for
5 surface contamination once it is withdrawn from the road cask to the Hot Cell and before it is
6 placed in the transfer car to await emplacement in the underground.
7

8 1 . Unlike CH waste, the RH waste canisters, by virtue of being in the Hot Cell, are
9 isolated from personnel. If contamination is detected on the surface of an RH

10 canister, it is placed in an overpack canister, plugged, and seal welded. The
11 overpack canister is then placed in the transfer car to await emplacement in the
12 underground. The CMVR is notified and the waste handling and radiological
13 control groups prepare a RWP for entry into the Hot Cell for contamination
14 surveys and cleanup.
15

16 2. Once a RWP is written and the Hot Cell is devoid of RH canisters, personnel
17 enter with protective clothing to assess the conditions, take surveys and smears,
18 and record results. Results are utilized by cognizant managers, RC personnel
19 and ALARA Committee representatives to determine the appropriate course of
20 action to recover the area. A plan to decontaminate and recover affected areas
21 and equipment will be approved with a RWP written to establish the radiological
22 controls required for the recovery.
23

24 3. During the recovery phase, the plan will be executed to utilize the necessary
25 resource to conduct decontamination and/or fixing operations as needed. The
26 completion of this phase will occur prior to returning the affected area and/or
27 equipment to normal activities. All accessible areas are decontaminated to
28 releasable levels, or may be covered with a fixative coating and established as
29 a Fixed Contamination Area to prevent the spread of contamination in accordance
30 ® with Article 222.3 of WP 12-5, WIPP Radiological Control Manual.
31

32 Equipment used during recovery could include: cloths, brushes, absorbent,
33 squeegees, tape, bags, pails, slings, hand tools, and others as needed for a given
34 incident.
35

36 The decontamination methods will initially involve wiping down structures and equipment in the
37 area with absorbent cloths moistened with tepid water. Surveys of structures will be utilized to
38 determine the need to continue decontamination activities. If further decontamination is required,
39 nonhazardous decontaminating agents such as, Liquinox©, Simple Greenc©, Windex©, citric acid,
40 Bartlett Strip Coat@, and high pressure C21 will be used to prevent generating mixed waste.
41

42 RWPs and other administrative controls provide protective measures to help ensure that new
43 hazardous constituents will not be added during decontamination activities.
44
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.Certain structures and/or equipment may be disassembled to facilitate decontamination,1
contamination fixing, or may be placed directly into a derived waste container. Items used in 2

recovery operations (e.g., swipes, tools, PPE, etc.) may also be placed into a derived waste 3

container. 4

When recovery is deemed by the recovery team to be complete, RC personnel will conduct one 5
final, intensive radcon survey of the area and components in the area to release it for 6

uncontrolled use. The free release criteria for items, equipment, and areas is <20 dpm/1 00 cm2  7

for alpha radioactivity and <200 dpm/1 00 cm2 beta-gamma radioactivity. 8

After cleanup is complete, facility personnel will complete an inspection and include the details 9
of the spill and cleanup in the inspection log. 10

Natural Emer-gencies 11

After a natural emergency (earthquake, flood, lightning strike., etc.) that involves hazardous waste 12

or hazardous materials, the FSM will ensure the following actions are taken: 13

1 . Inspect containers and containment for signs of leakage or damage. Inspect 14

areas where containers are stored looking for leaking containers and for 15

deterioration of containers and the containment system. 16

2. Inspect affected equipment or areas associated with hazardous waste 17

management activities for proper operatiing mode in accordance with site 18

procedures and manually check to ensure automatic and alarmed features on the 19
units are working. 20

3. Inspect affected equipment or areas within the HWMUs in accordance with site 21

procedures for damage. 22

4. Inspect electrical boards and overhead electrical lines for damage. 23

5. Check container areas for signs of leakage or damage to drums and containers. 24

6. Check affected buildings and fencing directly related to hazardous waste 25

management activities for damage. 26

7. Conduct a general survey of the site looking for signs of land movement, etc. 27

8. Take any necessary corrective measures, however temporary, to rectify potential 28

or real problems. 29

9. Record inspection results. 30
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1 Roof Fall
2

3 There is no reason to believe that a roof fall will occur without prior knowledge, due to the design
4 and operation of the WIPP total ground-control program. No roof-falls have occurred to date,
5 a 14 year period, without significant prior knowledge.
6

7 The WIPP underground is routinely evaluated for stability and safety of the underground
8 openings. These evaluations can be as simple as the MSHA required visual checks by
9 personnel working in the area or as extensive as the expert review of the roof support system

10 for Room 1 Panel I conducted in 1991. An in-depth evaluation of all of the accessible
11 underground is performed on an annual basis as part of the formal ground control operating
12 plans. Weekly visual and sounding inspections are performed by the Mining Operations
13 personnel. More frequent inspections and evaluations are performed in areas where roof or ribs
14 are in need of evaluations, based on visual observations by Geotechnical Engineering and
15 Mining Operations personnel, analysis of rock deformation data, excavation effects program data
16 acquired from observation holes, and support system performance.
17

18 This process applies not only to the waste disposal rooms but to the entire WIPP underground.
19 Prior to waste emplacement, stability of each room will be evaluated. This evaluation will
20 concentrate on the age and current performance of the installed support systems (if any) and
21 the rate of roof beam expansion based on data from installed instrumentation. The roof support
22 system's performance and surety, to provide the support necessary for the required time will be
23 addressed. Criteria used will include design parameters such as the amount of load, the
24 deformation of the installed system, and the number and type of component failures observed,
25 if any. Geotechnical criteria will include parameters such as the type and quantity of fracturing,
26 roof beam expansion rates, and future ground performance based on a predictive model.
27

28 Should the evaluation results indicate that remedial actions are necessary prior to placement of(
29 waste, experiences at the WIPP indicate that rebolting or installing supplemental support can
30 extend the safe life of a room for several years.
31

32 After waste emplacement commences, geomechanical monitoring will continue with monitors that
33 are tied into a computer network program. The readings obtained will provide information
34 needed for the roof beam stability assessment. Visual observations of the ground and the
35 support systems will also continue in all accessible areas. Based on the experiences from the
36 Site and Preliminary Design Validation test rooms, it has been proven that any developing
37 instability will be detected through monitoring. Multiple measures to deal with the observed
38 conditions can be implemented months before an event to mitigate any risk associated with a
39 roof fall in the storage room or any affected area within the mine. At a minimum, the affected
40 area will be isolated and withdrawn from ventilation flow. Isolation operations will utilize current
41 available methods, materials, and equipment.
42

43 Ground control conditions which could result in a fall can be divided into two scenarios: The first
44 consists of spalling (falling) of individual small and localized rock falling on waste containers.
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By definition, they can be considered insignificant as no damage to the drums can occur. The 1
seodconsists of an entire section of roof falling on multiple stacks of waste containers. Each 2

of these scenarios is discussed below. 3

Spallin-a-of-Ground 4

The possibility of a punctured container due to a spall-of-ground is very remote. The 5

maximum distance between the room roof and a container of waste is 10 ft. Waste 6

containers are designed to withstand impact loads of at least 1,000 pounds (Ibs) dropped 7

from a height of 6 ft. flat or 450 lbs dropped on a ciircumfrontial edge from a height of 4 8

ft. Both of which correspond to an allowable impact stress of 25,450 pounds per square 9
inch (psi). Rocks from spalling are small and would not be of sufficient weight when io
striking a drum from a 10 ft vertical height to cause an impact stress of more than 25,450 11
psi. Taking into account the falling distance, average weight, and the typical shape Of 12

the salt rock, the conclusion is that puncturing a drum by spalling is non-credible. 13

Fall-of-Ground 14

Fall-of-ground occurs when a large section of roof beam falls onto the waste containers. 15

As previously discussed, the possibility of this occurring in an active room is remote, due 16

to continuous monitoring and engineered roof support systems. Roof falls in a room 17

completely filled with waste are considered to be of no consequence as shown in analysis 18

in the WIPP SAR, DOEIWIPP-95-2065, Rev. 0, Section 5.2.3.11. In addition, a filled 19
room is isolated from ventilation by shutting ventilation bulkhead regulators at the room 20

exit and removed from personnel access by erecting a barricade at the entrance to the 21

room (the bulkhead at the exit of the room prevents access at the room's exit). 22

Both of the above events are considered non-credible because of the type and amount Of 23

monitoring and ground control efforts at WIPP. However-, per the request of the NMVED, the 24

following actions have been developed and will be taken by the RCRA Emergency Coordinator 25

should a rock fall occur in an active waste emplacement area of the repository: 26

Spallinci-of-Ground 27

1 . Determine whether the roof conditions allow for safe entry and if the waste 28

container or containers in question are accessible. 29

The process used to determine if a roof condition of a room will allow for safe 30

entry is the same as the ground control inspection process used for inspection Of 31

the ground conditions and roof bolt integrity. The inspection will begin at a safe 32

and sound roof starting point and consist of visual inspections of roof bolts, roof, 33

and rib areas for missing or damaged bolts; deformed roof bolt plates; or roof and 34

rib cracks, fractures, or separations. If during the visual inspection suspicious roof 35

bolts, roof, or ribs are found, then operators will proceed with sounding the area 36
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1 in question with a scaling bar for loose roof bolts, bad roof, or ribs (loose roof
2 bolts will not ring when sounded). Bad roof or ribs will have a drummy, hollow,
3 or un-solid sound when struck with the scaling bar. When this operation is
4 performed, a safe avenue for retreat is always maintained. Also maintained is a
5 position such that an unexpected event will not place personnel in a position
6 where the scaling bar or material being scaled could fall on personnel. If the
7 inspection reveals ground that cannot be safely scaled manually or with the
8 available mining equipment, the affected area, up to and including the entire
9 room, will be barricaded and removed from ventilation flow.

10

11 The criteria used to determine whether a waste container is accessible is based
12 on the location of the container, the amount of waste in the room, and the
13 expense of reaching the waste container safely versus the expense of
14 abandonment of the room. For example, if the room is 95% filled and spalling-of-
15 ground punctured a waste container at or near the exit of the room, the decision
16 to isolate the room and move waste emplacement activities to the next room
17 would be prudent.
18

19 2. Restrict access in ventilation flowpath downstream of the incident.
20

21 3. Restrict ventilation to the affected room to ensure that there is no spread of
22 contamination (using the principle of co-detection) that may have been released.
23 Survey for contamination and establish the boundaries.
24

25 4. Inspect containers and containment for signs of leakage or damage.
26

27 5. Cover the spill area with material such as plastic or fabric sheets or PVA, in a way
28 that would safely isolate the area.
29

30 6. Determine if the covered spill area safely allows for continued waste disposal
31 operations or whether further cleanup is required. If further cleanup is required,
32 provide with cleanup methods described below. Note: Cleaning may not be

33 ® required since this is the permitted disposal area.
34

35 7. Inspect any affected equipment (vehicles, handling equipment, and
36 communication and alarm equipment) for proper function.
37

38 8. Repackage spilled waste and breached waste containers into 55 or 85-gallon
39 drums, SWBs, or TDOPs, depending on volume. Temporarily locate overpack
40 waste containers in an adjacent room. Remove only those intact waste
41 containers necessary to clear the area for decontamination.
42

43 9. At the underground emplacement room, salt contaminated by a spill of TRU waste
44 will be covered with materials such as salt, plastic or fabric sheets or PVA to

G-34



WIPP RORA Part B Permit Application
DOEANIPP 91-005

Revision 6

isolate it from the workers or removed and packaged as site derived waste using1
damp rags, hand tools, and HEPA filtered vacuums. 2

10. Manage the radioactive debris as derived waste. 3

11. Characterize containers of waste based on the waste containers that were 4

damaged.5

12. Replace the removed and derived waste containers into the waste stack as 6

appropriate and update the WNIS. 7

13. Document activities and record results. 8

Fall-of-Ground 9

1 . Restrict access in ventilation flowpath downstream of the incident. 10

2. Withdraw the room from ventilation flow by closing bulkhead regulators. 11

3. Survey for radiological contamination arid establish the boundary for a 12

Radiological Buffer Area. 13

4. Install barricade devices to remove access. 14

5. At the underground emplacement room, salt contaminated by a spill of TRU waste 15

will be covered with materials such as salt, plastic or fabric sheets, or PVA to 16

isolate it from the worker or removed and packaged as site derived waste using 17

damp rags, hand tools, and HEPA filtered vacuums. 18

The criteria used to determine whether to close the entire panel or just the 194'affected room of waste containers would include the location of the roof fall and 20

the stability of the unaffected roof area in the panel. Techniques to determine the 21

stability would be the same as previously described in this section. 22

Structural Integrity Emergece 23

The unique nature of the WIPP geologic repository makes the possibility of structural integrity 24

failure in the underground implausible. In the unlikely event of a WIPP facility emergency 25

involving underground structural integrity, the situation will be handled as a natural emergency. 26

Monitoring and inspection procedures ensure the safety and integrity of the WIPP facility 27

underground. 28
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1 Emergency Termination Procedures
2

3 For the transition from emergency phase to cleanup phase, the following items must be
4 complete:
5

6 * Emergency scene must be stable
7 0 Release of hazardous substance must be stopped
8 0 Reaction of hazardous substance must be controlled

9 0 The released hazardous substance must be contained within a localized and
10 manageable area
11 0 The area of contamination must be adequately secure from unauthorized entry
12

13 At every incident involving hazardous materials, there is a possibility that response personnel
14 and their equipment will become contaminated. Emergency response personnel have
15 procedures to minimize contamination or contact, and to properly dispose of contaminated
16 materials.
17

18 For nonemnergencies and Incident Level I emergencies, the following methods of decontamination
19 are available for personnel, environment, and/or equipment according to emergency response
20 procedures:
21

22 * Absorption
23 0 Adsorption
24 0 Chemical degradation
25 * Dilution0
26 0 Disposal
27 0 Isolation
28 0 Neutralization
29 0 Solidification
30

31 The Incident Commander (EST) will stay on-scene until the hazard has been mitigated. Any
32 necessary verification of air, soil, or water samples will be directed by the RCRA Emergency
33 Coordinator. Immediately after an emergency, the RCRA Emergency Coordinator must provide
34 for treating, storing, or disposing of recovered waste, contaminated soil or surface water, or any
35 other material that results from a release, fire, or explosion at the facility in accordance with
36 standard operating procedures.
37

38 For Level 1I and Ill incidents after the emergency itself is controlled and contained, the RCRA
39 Emergency Coordinator will be responsible for the development and implementation of an
40 incident-specific decontamination plan.
41

42 PPE will be decontaminated according to procedure before it is returned to its storage location.
43

44
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As part of the facility's defense-in-depth approach, equipment will be assumed to be1
contaminated after each hazardous material response and a thorough check for radioactive 2

contamination will be conducted. If contamination is found, a technically sound decontamination 3

process will be followed. Many types of equipment are difficult to decontaminate and may have 4

to be discarded as hazardous or derived waste. Whenever possible, pieces of equipment Will 5

be disposable or made of nonporous material. 6

The "Start Clean-Stay Clean" operating philosophy of the WVIPP Project minimizes probabilities 7

for releases and subsequent decontamination. If radioactive contamination is detected on 8

equipment, on structures, or in the air, it will be assumed that hazardous constituents may also 9
be present. Co-detection methods (see Appendix 13, "Co-Detection of Hazardous and io
Radioactive Waste Releases") will be used along with other techniques as a detection method I I
to determine when decontamination is required. Radiological cleanup standards will be used to 12

determine the effectiveness of decontamination efforts. To provide verification of the 13

effectiveness of the removal of hazardous waste constituents, once a contaminated surface is 14

demonstrated to be radiologically clean, the "swipe" can be sent for analysis for hazardous 15
constituents. The use of these confirmation analyses is as follows: 16

For waste containers, the analyses becomes documentation of the condition of the 17

container at the time of emplacement. The presence of hazardous waste constituents 18

on a container after decontamination will be at trace levels and will likely not be visible 19
and will not pose a threat to human health or the environment. These containers will be 20

placed in the underground without further action, once the radiological contamination is 21

removed, unless there is visible evidence of hazardous waste spills or hazardous waste 22

on the container and this contamination is considered likely to be released prior to 23

emplacement in the underground. 24

For area contamination, once the area is cleaned up and is shown to be radiologically 25

clean, it will be sampled for the presence of hazardous waste residues. If the area is 26

large, a sampling plan will be developed using the guidance in the "Quality Assurance 27

Project Plan for WIPP Site Effluent and Hazardous Materials Sampling" (Westinghouse 28

1 994b). If the area is small, swipes will be used. If the results of the analysis show that 29

residual contamination remains, a decision will be made whether further cleaning will be 30
beneficial or whether final clean up must be deferred until closure. For example, if 31

hazardous constituents react with the floor coating and are essentially nonremovable 32

without removing the coating, then clean up will be deferred until closure, when the 33

coatings will be stripped. In any case, appropriate notations will be entered into the 34

operating record to assure proper consideration of formerly contaminated areas at the 35

time of closure. Furthermore, measures such as covering, barricading, and/or placarding 36

will be used as needed to mark areas that remain contaminated. 37

For all Contingency Plan emergency responses, the RCRA Emergency Coordinator will ensure, 38

* in keeping with standard operating procedures, that, in the affected area(s) of the facility: 39
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1 0 No waste that may be incompatible with the released material is treated, stored, or
2 disposed of until cleanup procedures are completed
3

4 0 All emergency equipment listed in the contingency plan is cleaned and fit for its
5 intended use, or replaced before operations are resumed
6

7

8 G-4e Prevention of Recurrence or Spread of Fires. Explosions. or Releases
9

10 During an emergency, the RCRA Emergency Coordinator will ensure that reasonable measures
11 are taken so that fires, explosions, and releases do not occur, recur, or spread to TRU mixed
12 waste or other hazardous materials at the facility, as required under 20 NMAC 4.1, Subpart V,
13 §§264.56(e) and (f) These measures include:
14

15 * Stopping processes and operations.
16

17 * Collecting and containing released wastes and materials.
18

19 0 Removing or isolating containers of waste or hazardous substances posing a
20 threat.
21

22 0 Ensuring that wastes managed during an emergency are 'handled, stored, or
23 treated with due consideration for compatibility with other wastes and materials on
24 site and with containers utilized (Section G-4h).
25

26 * Restricting personnel not needed for response activities from the scene of the
27 incident.
28

29 0.. Evacuating the area.
30(I ,
31 ,Curtailing nonessential activities in the area.

33 0 Conducting preliminary inspections of adjacent facilities and equipment to assess
34 damage.
35

36 0 Overpacking and/or removing damaged containers/drums from affected areas.
37 Damaged equipment and facilities will be repaired as appropriate.
38

39 * Constructing, monitoring, and reinforcing temporary dikes as needed.
40

41 0 Maintaining fire equipment on standby at the incident site in cases where ignitable
42 liquids have been or may be released and ensuring that all ignition sources are
43 kept out of the area. Ignitable liquids will be segregated, contained, confined,
44 diluted, or otherwise controlled to preclude inadvertent explosion or detonation.
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* No operation that has been shut down in response to the incident will be restarted until
authorized by the RCRA Emergency Coordinator. Sections G-4g, Incompatible Waste, and G-4h, 2

Post-Emergency Facility and Equipment Maintenance and Reporting, address specific issues 3

related to decreasing the possibility of a recurrence or spread of a release, a fire, or an 4

explosion.5

After resolution of the incident, a Root Cause Analysis will be conducted to review all Level 11 6

and Level Ill incidents for determination of cause, and the corrective action plan to prevent 7

recurrence. 8

G-4f Management and Containment of Released Material and Waste 9

Once initial release or spill containment has been completed, the RCRA Emergency Coordinator lo
will ensure that recovered hazardous materials and waste are properly stored and/or disposed, 11
as required by 20 NMAC 4.1, Subpart V, §264.56(g). For spills of liquid, the perimeter of the 12

spill will be diked with an absorbent material that is compatible with the material(s) released. 13

Free-standing liquid will be transferred to a marked compatible container. The remaining liquid 14

will be absorbed with an absorbent material and swept or scooped into a marked compatible 15

container. Spill residue will be removed. Spills of dry material will be swept or shoveled into a 16

labeled compatible recovery container. Material recovered from the spill will be transferred to 17

* clean containers or tanks or to containers or tanks that have held a compatible material. All 18

containers will meet DOT specifications for shipping the wastes, and materials will be recovered. 19

Nonradioactive hazardous waste resulting from the cleanup of a fire, an explosion, or a release 20

involving a nonradioactive hazardous waste or hazardous substance at the WIPP facility will be 21

contained and managed as a hazardous waste until such time as the waste is disposed of, or 22

determined to be nonhazardous, as defined in 20 NMAC 4.1, Subpart 11, Subparts C and D. In 23

most cases, hazardous materials inventories for the various buildings and areas at the facility 24

will allow a determination of the hazardous materials present in any cleanup of a release or Of 25

the residues from an emergency condition. (The quantities of such spills are so small, it is not 264, likely to trigger an Incident Level 11 or Ill.) When necessary, however, samples of the waste Will 27

be collected and analyzed to determine the presence of any hazardous characteristics and/or 28

hazardous waste constituents; this information is needed to evaluate disposal options. EPA- 29

approved sampling and analytical methods will be utilized. Hazardous wastes will be transferred 30

to the Hazardous Waste Staging Area. The staging area is used to store hazardous waste 31

awaiting transfer to an off-site treatment or disposal facility in accordance with applicable 32

regulations (e.g., 20 NMAC 4.1 and DOT regulations). The Hazardous Waste Staging Area for 33

nonradioactive hazardous waste is Buildings 474A and 474B, as shown in Figure G-1. 34

Nonradioactive hazardous wastes will be shipped off-site for disposal at a RCRA permitted 35

disposal facility. 36

Under normal operations, administrative controls will be implemented to ensure that hazardous 37

* materials and incompatible materials will not be introduced to the radioactive materials area 38

during TRU mixed waste handling operations. Examples of administrative controls include 39
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1 restricting the waste received in the TRU mixed waste management area(s) to TRU mixed waste
2 properly manifested from the generator sites and ensuring that materials used in these area(s)
3 are restricted to only those that have previously been determined to be compatible with the TRU
4 mixed waste. The RCRA Emergency Coordinator will have access to building design information
5 and information on specific equipment used within an area upon which to base a determination
6 of the compatibility of materials with the area. If necessary, the RCRA Emergency Coordinator
7 will use EPA-600/2-80-076, "A Method for Determining the Compatibility of Hazardous Waste,"
8 (EPA, 1980) for making compatibility determinations. Waste resulting from the cleanup of a fire,
9 explosion, or release in the miscellaneous unit and the TRU mixed waste handling area will be

10 derived from the received TRU mixed waste and will be treated and managed as TRU mixed
I I waste.
12

13 In the event of a prolonged cessation of TRU mixed waste handling operations, TRU mixed
14 waste can be placed in areas of the WHB that are available for such contingencies. These areas
15 and the TRU mixed waste containers in them would be located so that adequate aisle space
16 would be maintained for unobstructed movement of personnel and equipment in an emergency.
17 Each shipping cask contains one canister of waste. Chapter D describes the HWMUs in detail,
18 including the facility description, support structures and equipment, security, waste handling
19 areas, ventilation, and fire protection.
20

21 The contaminated area will be decontaminated. If a release is to a permeable surface, such as
22 soil, asphalt, concrete, or other surface, the surface material will be removed and placed in
23 containers meeting applicable DOT requirements. Contaminated soil, asphalt, concrete, or other
24 surface material, as well as materials used in the cleanup (e.g., rags and absorbent material) will
25 be contained and disposed of in the same manner as dictated for the contaminant. Clean soil,
26 new asphalt, or new concrete will be emplaced at the spill location.
27 0
28 If a spill occurs on an impermeable surface, the surface will be decontaminated with water and/or
29 a detergent. In the event that the spilled material is water reactive, a compatible nonhazardous
30 cleaning solution will be used. Contaminated wash water or cleaning solution will be transferred
31 to an appropriate container, marked, and managed as described above for nonradioactive or
32 radioactive liquid wastes.
33

34 In the event of a hazardous material or hazardous waste release, the RCRA Emergency
35 Coordinator will ensure that no wastes will be received or disposed of in the affected areas until
36 cleanup operations have been completed. This is to ensure that incompatible waste will not be
37 present in the vicinity of the release.
38

39 Because of the restrictions which the WIPP facility places on generators, and because of control
40 of WIPP operations, TRU mixed wastes and derived wastes will not contain any incompatible
41 wastes. However, the areas established for the temporary holding of nonradioactive waste
42 routinely generated at the WIPP facility is divided into bays to accommodate the management
43 of wastes that may be incompatible. If waste is generated as the result of a spill or release of

44 hazardous materials or nonradioactive hazardous waste, the waste generated as a result of
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* abatement and cleanup will be evaluated to determine its compatibility with other wastes being 1
managed in the temporary holding areas. The evaluation wilt be by identifying the material or 2

waste that was spilled or released and determining its chairacteristics (e.g., ignitable, reactive, 3

corrosive, or toxic). The waste generated by the abatement and cleanup activities will be stored 4

in that part of the temporary holding area that has been established to manage wastes with 5

which it is compatible. 6

For small nonemnergency liquid spills (e.g., a detergent solution leaking out of the pump handle 7

during decontamination, a spill of hydraulic fluid while servicing a vehicle), spill control 8
procedures will be used to contain and absorb free-standing liquid. The contaminated absorbent 9
will be swept or shoveled into a compatible container and managed as described above. No io
notifications will be required, but site procedures require documentation of the incident. 11

G-4g Incompatible Waste 12

Implementation of the TRU WAC for the WIPP ensures that incompatible TRU mixed waste will 13

not be shipped to the WIPP facility. Nonradioactive waste at the WIPP facility will be carefully 14

segregated during handling and holding and will be transported within and off the facility. The 15

RCRA Emergency Coordinator will not allow hazardous or TRU mixed waste operations to 16

resume in a building or area in which incompatible materials have been released prior to 17

* ensuring that necessary post-emergency cleanup operations to remove potentially incompatible 18

materials have been completed. In making the determination of compatibility, the RCRA 19
Emergency Coordinator will have available the resources and information described in Section 20

G-4b, Identification of Hazardous Materials. In addition, ES&H department personnel will be 21

available for consultation. Finally, the RCRA Emergency Coordinator may use EPA-600/2-80- 22

076, (EPA, 1980). 23

G-4h Post-Emergency Facility and Equipment Maintenance and Reporting 24

The RCRA Emergency Coordinator will ensure that emergency equipment that is located or used 25

in the affected area(s) of the facility and listed in the Contingency Plan is cleaned and ready for 264,its intended use before operations are resumed, as specified in 20 NMVAC 4.1, Subpart V, 27

§264.56(h)(2). Any equipment that cannot be decontaminated will be discarded as waste (e.g., 28

hazardous, mixed, solid), as appropriate. The WIPP facility is committed to replacing any 29

needed equipment or supplies that cannot be reused following an emergency. After the 30

equipment has been cleaned, repaired, or replaced, a post-emergency facility and equipment 31

inspection will be performed, and the results will be documented. 32

Cleaning and decontaminating equipment will be accomplished by physically removing gross or 33

solid residue; rinsing with water or another suitable liquid, if required; and/or washing with 34

detergent and water. Decontamination and cleaning will be conducted in a confined area, such 35

as a wash pad or building equipped with a floor drain and sump isolated from the environment. 36

* Care will be taken to prevent wind dispersion of particles and spray. Liquid or particulate 37

resulting from cleaning and decontamination of equipment will be placed in clean, compatible 38
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1 containers. Waste produced in an emergency cleanup in the TRU mixed waste handling areas
2 is derived waste and will be emplaced in the underground derived waste emplacement area.
3 Waste resulting from decontamination operations elsewhere in the WIPP facility will be analyzed
4 for hazardous waste constituents and/or hazardous waste characteristics to ensure proper
5 management.
6

7 When the WIPP facility has completed post-emergency cleanup of waste and hazardous residues
8 from areas where waste management operations are ready to resume and the RCRA Emergency
9 Coordinator has ensured that emergency equipment used in managing the emergency has been

10 cleaned or replaced and is fit for service, the notifications will be made by the DOE to the
11 following: the EPA Region VI Administrator; the Secretary of the NMED; and any relevant local
12 authorities. This post-emergency notification complies with 20 NMAC 4. 1, Subpart V, §264.56(i),
13 and is the responsibility of the RCRA Emergency Coordinator.
14

15 G-4i Container Spills and Leakage
16

17 The waste received at the WIPP facility must meet stringent WAC (e.g., no free liquids and less
18 than one percent residual liquids), which will minimize the chances of waste container
19 degradation and the possibility of liquid spills. The WIPP facility does manage drum quantities
20 of lubricants, solvents, antifreeze, and recyclable spent solvents elsewhere at the facility. Should
21 a spill or release occur from a container, the WIPP facility will immediately take the following
22 actions, in compliance with 20 NMAC 4.1, Subpart V, §264.52(a) and §264.171:
23

24 0 Assemble the required response equipment, such as protective clothing and gear,
25 heavy equipment, empty drums, overpack drums, and hand tools
26

27 0 Transfer the released material to a container that is in good condition or overpack
28 the leaking container into another container that is in good condition
29

30 ( /)*Once the release has been contained, determine the area[ extent of migration of
31 the release and proceed with appropriate cleanup action, such as chemical
32 neutralization, vacuuming, or excavation
33

34 G-4j Tank Spills and Leakage
35

36 The TRU mixed waste handling areas at the WIPP facility do not include tank storage or
37 treatment of hazardous waste, as defined in 20 NMAC 4. 1, Subpart I, §260.10, and as regulated
38 under 20 NMAC 4.1, Subpart V, Subpart J. At the WIPP facility, tanks are used to store water
39 and petroleum fuels only. The petroleum tanks store diesel and unleaded gasoline.
40
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.G-4k Surface Impoundment Spills and Leakage1

The WIPP facility does not manage hazardous or TRU mixed waste using a surface 2

impoundment, as defined in 20 NMAC 4. 1, Subpart 1, §260.10, and as regulated under 20 NMAC 3

4.1, Subpart V, Subpart K. Surface impoundment regulations are not applicable to the WIPP 4

facility. 5

G-5 Emer-gency Equipment 6

A variety of equipment is available at the facility for emergency response, containment, and 7

cleanup operations in both the HWMUs and the facility in general. This includes equipment for 8

spill control, fire control, personnel protection, monitoring, first aid and medical attention, 9

communications, and alarms. This equipment is immediately available to emergency response lo

personnel. A listing of major emergency equipment available at the WIPP facility, as required 11

by 20 NMAC 4.1, Subpart V, §264.52(e), is shown in Table G-6. Table G-7 identifies the 12

locations where fire suppression systems are provided. Locations of the underground 13

emergency equipment are shown in Figure G-5. The firewater-distribution system map is shown 14

in Figure G-6. The underground fuel area fire-protection system is shown in Figure G-7. 15

G-6 Coordination Agreements 16

* The DOEICAO has established MOUs with off-site emergency response agencies for firefighting, 17

medical assistance, hazardous materials response, and law enforcement. In the event that on- 18

site response resources are unable to provide all the needed response actions during either a 19

medical, fire, hazardous materials, or security emergency, the RCRA Emergency Coordinator Will 20

notify appropriate off-site response agencies and request assistance. Once on site, off-site 21

emergency response agency personnel will be under the direction of the RCRA Emergency 22

Coordinator. 23

The MOUs with off-site cooperating agencies are available from the DOE. A listing and 24

description of the MOUs with state and local agencies and mining operations in the vicinity Of 25

the WIPP facility, as required by 20 NMAC 4.1, Subpart V, §264.37 and §264.52(c), are: 26

"An agreement among the DOE, the WIPP MOC, Mississippi Potash Inc., Western 27

Agriculture Minerals, IMC Fertilizer, Eddy Potash Inc., and New Mexico Potash 28

(June 6, 1994) provides for the mutual aid and assistance, in the form of MRTs, in 294-the event of a mine disaster or other circumstance at either of the two facilities. 30

This provision ensures that the WIPP MOC will have two MRTs available at all 31

times when miners are underground, as required by DOE Order 5480.4, 32

Environmental Protection, Safety, and Health Protection Standards. 33

" A joint powers agreement among the DOE; the City of Carlsbad, New Mexico; Eddy 34

County, New Mexico; and the New Mexico Energy, Minerals, and Natural 35

Resources Department for Alternate EOC (April 6, 1994) provides for the 36
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1 coordination of emergency plans, including the DOE emergency radiological
2 response plans; provides for participation in periodic exercises, drills, and training;
3 provides for establishing and maintaining an alternate EOC at the Living Desert
4 State Park; and assigns responsibilities to the participants.
5

6 *A memorandum of agreement between the City of Carlsbad, New Mexico, and the
7 WIPP MOC for ambulance service assistance (August 13, 1981) provides that,
8 upon notification by the WIPP MOC, the Carlsbad Fire Department will be
9 dispatched from Carlsbad toward the WIPP site by a designated route and will

10 accept the transfer of patient(s) being transported by the WIPP facility ambulance
11 at the point both ambulances meet. If the patient(s) is not transferrable, the
12 Carlsbad Ambulance Service will provide equipment and personnel to the WIPP
13 facility ambulance, as necessary.
14

15 *A MOU between the DOE and the Guadalupe Medical Center Emergency
16 Radiological Treatment Center for the Waste Isolation Pilot Plant (February 1,
17 1994) provides for the treatment of radiologically contaminated personnel who have
18 incurred injuries beyond the treatment capabilities at the WIPP facility. The DOE
19 will provide transport of the patient(s) to the Guadalupe Medical Center Emergency
20 Radiological Treatment Center for decontamination and medical treatment.
21

22 *A MOU between the DOE and the Lea Regional Hospital Emergency Radiological
23 Treatment Center for the WIPP (August 17, 1993) provides for the treatment of
24 radiologically contaminated personnel who have incurred injuries beyond the
25 treatment capabilities at the WIPP facility. The DOE will provide transport of the
26 patient(s) to the Lea Regional Hospital Emergency Radiological Treatment Center
27 for decontamination and medical treatment.
28

29 *A MOU between the DOE and the U.S. Department of Interior (DOI), represented
30 (A ) by the Bureau of Land Management (BLM), Roswell District (July 19, 1994),
31 provides for a fire-management program that will ensure a timely, well-coordinated,
32 and cost-effective response to suppress wild fire within the withdrawal area using
33 the W1PP incident commander for fire-management activities. The DOI will provide

34 firefighting support if requested. In addition, the MOU provides for responsibilities
35 concerning cultural resources, grazing, wildlife, mining, gas and oil production,
36 realty/lands/rights-of-way, and reclamation.
37

38 *A mutual-aid firefighting agreement between the Eddy County Commission and the
39 DOE (February 1, 1994) provides for the assistance of the Otis and Joel Fire
40 Departments (a volunteer fire district created under the Eddy County Commission
41 and the New Mexico State Fire Marshall's Office), including equipment and
42 personnel, at any location within the WIPP Fire Protection Area upon request by
43 an authorized representative of the WlPP Project. These responsibilities are
44 reciprocal.
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*A mutual-aid agreement between the City of Hobbs and the DOE (December 3, 1

1993) provides for mutual ambulance, medical,, fire, rescue, and hazardous material 2

response services; provides for joint annual exercises; provides for use Of WIPP 3

facility radio frequencies by the City of Hobbs during emergencies; and provides 4

for mutual security and law enforcement services, within the appropriate jurisdiction 5

limits of each party. 6

" A mutual-aid agreement between the City of Carlsbad and the DOE (November 24, 7

1993) provides for mutual ambulance, medical, fire, rescue, and hazardous material 8

response services; provides for joint annual exercises; provides for use of WIPP 9

facility radio frequencies by the City of Carlsbad during emergencies; and provides io
for mutual security and law enforcement services, within the appropriate jurisdiction 11

limits of each party. 12

" A MOU between the DOE and the New Mexico Department of Public Safety (DPS) 13

concerning Mutual Assistance and Emergency Management (March 19, 1992) 14

applies to any actual or potential emergency or incident that: 1) involves a 15

significant threat to employees of the DOE\DOE contractor or general public; 16

2) involves property under the control or jurisdiction of either the DOE or the State; 17

3) involves a threat to the environment which is reportable to an off-site agency; 18

4) requires the combined resources of the DOE and the state; 5) requires a 19

resource that the DOE has which the State does not have, or a resource the State 20

has which DOE does not have; or 6) involves any other incident for which a joint 21

determination has been made by the DOE and the State that the provisions of this 22

MOU will apply. The MOU provides that the DIPS shall permit qualified and security 23

cleared DOE Emergency Management members into the State EOC for the 24

purpose of: a) coordinating communications functions; b) evaluating and 25

maintaining communications capabilities; c) participating in exercises; d) link the 26

State's High Frequency radio communications network with the DOE; and 27

e) assisting the State during radioactive materials accidents that require joint 28

operations or the use of the DOE Radiological Assistance Program team. The 29

DOE shall permit qualified and security cleared members the State Emergency 30

Management community into the DOE's EOCs for the purposes of coordinating 31
communications and activities. Additional duties for each participant are specified 32

for assistance in incidents or emergencies. 33

G-7 Evacuation Plan 3

If it becomes necessary to evacuate the WIPP facility, the assigned on-site and off-site staging 35

areas have been established. The off-site staging areas are outside the security fence. The 36

WIPP facility has implementation procedures for both surface and underground evacuations. 37

Drills are performed on these procedures at the WIPP facility at least once annually. The 38.following sections describe the evacuation plan for the WIPP facility, as required under 20 NMAC 39

4.1, Subpart V, §264.52(f). 40
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1 G-7a Surface Evacuation On-site and Off-site Staging Areas
2

3 Figure G-8 shows the surface staging areas. Personnel report to their Office Wardens at
4 designated staging areas where accountability is conducted. If site evacuation is necessary, the
5 RCRA Emergency Coordinator will decide which staging areas are to be used and will advise
6 Office Wardens of the selections. The RCRA Emergency Coordinator will communicate the
7 locations to Office Wardens via office warden pager, radio, plectron, WIPP Security, or
8 telephone, as appropriate. Office Wardens will direct personnel to the selected staging area
9 outside the security fence. Personnel who are working in a contaminated area when site

io evacuation is announced, will assemble at specific staging areas to minimize contact with other
11 personnel during the evacuation (Figure G-8).
12

13 Office Wardens conduct accountability of personnel assigned to their specific areas. For
14 complete surface accountability, the Office Wardens report to their ACOW, who reports to the
15 COW. When the COW has reports from all ACOWs, surface accountability is reported to the
16 CMRO, who then notifies the RCRA Emergency Coordinator of the accountability.
17

18 The COW and all ACOWs have radios for communication between them and the CMRO. The
19 Office Wardens, ACOWs, and COW also carry pagers with which they are notified of
20 evacuations. At the staging areas Office Wardens report directly to their ACOW.
21

22 There are three off-site staging areas identified on Figure G-8. The RCRA Emergency
23 Coordinator determines which staging area will be used. Security officers remain at the primary
24 staging area gate 24 hours a day, and the vehicle trap is opened for personnel during
25 emergency evacuations. The north gate has a single person gate and large gate which can be
26 opened, similar to the main gates for the primary staging area. The east gate is a turnstile gate.
27 Upon notification by the RCRA Emergency Coordinator, Security will respond, open gates, and
28 facilitate egress for evacuation.
29

30 The on-site staging areas are identified in Figure G-8. These are used for building or area
31 evacuations as determined by the RCRA Emergency Coordinator.
32

33

34 G-7b Under-ground Assembly Areas and Egress Hoist Stations
35

36 In the event of an underground or surface event, the RCRA Emergency Coordinator can call for
37 underground personnel to report to assembly areas (Figure G-9). Underground personnel are
38 also trained to immediately report to assembly areas under specific circumstances (i.e. loss of
39 underground power or ventilation). If accountability is required, the underground will be
40 evacuated. The Underground Controller is responsible for underground accountability by
41 comparing the brass numbers with the brass tags signed out in the lamproom. Each assembly
42 area contains a Mine Page Phone, miners aid station, and evacuation maps.
43
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* In accordance with 30 CFR §57.11, the mine maintains two escapeways. These escapeways areI
designated as Egress Hoist Stations. When an underground evacuation is called for, all 2

underground personnel report to the Egress Hoist Stations. 3

Decontamination of underground personnel will be conducted the same way as described for 4

surface decontamination. Contaminated personnel are trained to remain segregated from other 5

personnel until RC personnel can respond to the incident at the underground location. 6

G-7c Plan for Surface Evacuation 7

Surface evacuation notification is initiated by the RCRA Emergency Coordinator directing the 8

CMRO to sound the surface evacuation alarm. The Office Wardens assist personnel in 9

evacuation from their areas. Evacuation routes and instructions are posted throughout the site. io

If the EST notifies the ERT members by pager to respond to an identified area, these members 11

will not depart the site during an evacuation, but will report to the EST for instructions and 12

accountability. The EST notifies the COW of response members present. These personnel will 13

not evacuate until released by the RCRA Emergency Coordinator. 14

G-7d Plan for Underground Evacuation 15

* Notification for underground evacuation will be made using the underground evacuation alarm 16

and strobe light signals. This notification equipment has battery-backup power and will continue 17

to operate in the event of a power outage. 18

Personnel will evacuate to the nearest egress hoist station. Primary underground evacuation 19

routes (identified by green reflectors on the rib) will be used, if possible. Secondary underground 20

evacuation routes (identified by red reflectors on the rib) will be used if necessary (Figure G-5). 21

Brass tags will be collected from personnel at the hoist collar on the surface, and taken to the 22

Underground Controller, who functions as an Office Warden. When all brass tags are accounted 23

for, underground accountability is reported to the RCRA Emergency Coordinator. 24

Upon reaching the surface, personnel will report to their on-site staging area to receive further 254,instructions. 26

Members of the FLIRT and the MRT who may be underground, will evacuate the underground 27

when an underground evacuation is called for. A reentry by the MRT will be performed 28

according to 30 CFR 49 and MSHA regulations for reentry into a mine. The two MRTs are 29

trained in compliance with 30 CFR 49 in mine mapping, mine gases, ventilation, exploration, 30

mine fires, rescue, and recovery. 31
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1 G-7e Further Site Evacuation
2

3 In the event of an evacuation involving the need to transport employees, the following
4 transportation will be available:
5

6 0 Buses/vans-WIPP facility buses/vans will be available for evacuation of personnel.
7 The buses/vans are stationed in the employee parking lot.
8

9 * Privately Owned Vehicles-Because many employees drive to work in their own
10 vehicles, these vehicles may be utilized in an emergency. Personnel may be
11 directed as to routes to be taken when leaving the facility.
12

13 These vehicles may be used to transport personnel who have been released from the site by the
14 RCRA Emergency Coordinator.
15

16 G-8 Required Reports
17

18 The RCRA Emergency Coordinator, on behalf of the DOE, must note in the operating record the
19 time, date, and details of any incident that requires implementing this Contingency Plan. This
20 notation will be in the facility log maintained by the CMRO. In compliance with 20 NMAC 4.1,
21 Subpart V, §264.560), within 15 days after the incident, the Waste Isolation Division (WID)
22 General Manager will ensure that a written report on the incident will be submitted to the EPA
23 Region VI Administrator and to the Secretary of the NMED. The report must include:
24

25 *The name, address, and telephone number of the Owner/Operator
26

27 *The name, address, and telephone number of the facility
28

29 0 The date, time, and type of incident (e.g., fire, explosion or release)

31 Q0) The name and quantity of material(s) involved

33 0 The extent of injuries, if any
34

35 0 An assessment of actual or potential hazards to human health or the environment,
36 where this is applicable
37

38 0 The estimated quantity and disposition of recovered material that resulted from the
39 incident
40

41 In addition to the above report, the WID General Manager will ensure that the ES&H Manager,
42 or designee, submits reports to the appropriate agencies as listed in Tables G-8 and G-9.
43
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*In accordance with 20 NMAC 4.1, Subpart V, §264.56(i), the DOE will notify the Secretary of the1
NMED and EPA Region VI Administrator that the WIPP facility is in compliance with 2

requirements for the cleanup of areas affected by the emergency and that emergency equipment 3

used in the emergency response has been cleaned, repaired, or replaced and is fit for its 4

intended use prior to the resumption of waste management operations in affected areas. The 5

means the WIPP facility will use to meet these requirements are described in Sections G-4e, 6

G-4f, G-4g, and G-4h. 7

The WIPP requires the EST to initiate the 'WIPP Hazardous Materials Incident Report" if the 8

Contingency Plan is implemented. A form is attached as Figure G-12. The form is initiated by 9

the EST. The RCRA Emergency Coordinator, CMRO, Environmental Compliance & Support io
representative, and a Hazardous Waste Operations representative complete their respective ii

sections. ,12

G-9 Location of the Contingency Plan and Plan Revision 13

The owner/operator of the WIPP facility will ensure that copies of this Contingency Plan are 14

present at control led-docu ment locations throughout the facility and are, consequently, available 15

to all emergency personnel and organizations described in Section G-2. In addition, the owner/ 16

operator will make copies available to the following outside agencies: 17

" Mississippi Potash Inc., Western Agriculture Minerals, IMC Fertilizer, Eddy Potash 18

Inc., and New Mexico Potash 19

" New Mexico Energy, Minerals, and Natural Resources Department for Alternate 20

EOC at the Living Desert State Park Office, Carlsbad 21

" Carlsbad Fire Department, Carlsbad 22

" Guadalupe Medical Center, Carlsbad 23

" Lea Regional Hospital, Hobbs 24

" Otis Fire Department, Otis 
25

" Hobbs Fire Department, Hobbs 26

* Joel Fire Department, Carlsbad 27

" BLM, Carlsbad 28

" Department of Public Safety, Carlsbad 29

* New Mexico State Police 30
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1 The owner/operator of the WIPP facility will ensure that this plan is reviewed annually and
2 amended whenever:
3

4 * Applicable regulations are revised
5

6 0 The RCRA Part B permit for the WIPP facility is revised in any way that would
7 affect the Contingency Plan
8

9 0 This plan fails in an emergency
10

11 * The WIPP facility design, construction, operation, maintenance, or other
12 circumstances change in a way that materially increases the potential for fires,
13 explosions, or releases of hazardous waste or hazardous constituents or change
14 the response necessary in an emergency
15

16 0 The list of RCRA Emergency Coordinators change
17

18 0 The list of WIPP facility emergency equipment changes.
19
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U.S. Environmental Protection Agency, "A Method for Determining the Compatibility Of 2

Hazardous Waste," EPA-60012-80-076, 1980. 3

U.S. Department of Transportation, Emergency Response Giuidebook, U.S. Government Printing 4
Office, 1993.5

Westinghouse Electric Corporation, 1994, "Quality Assurance Project Plan for WIPP Site Effluent 6

and Hazardous Materials Sampling," WP 02-EM 1, Westinghouse Electric Corporation, Carlsbad, 7

New Mexico. 8

U. S. Department of Energy, "WIPP Safety Analysis Report," DOEIWIPP-95-2065, Rev. 0 9

U. S. Department of Energy, 'WP 12-5, WIPP Radiological Control Manual". 10
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TABLE G-1
HAZARDOUS SUBSTANCES IN LARGE ENOUGH

QUANTITIES TO CONSTITUTE A LEVEL 11 INCIDENT

Che;mical Discription I Building Location J Hazard Category]

Ethylene Glycol Solution - 35% Buildings 411; 412; 451; 452; Immediate (acute)
486; 463; 474C; Delayed (chronic)
FAC 414

Gasoline, Unleaded FAG 480 Fire
GASCO001 Immediate (acute)

Delayed (chronic)

No. 1 Diesel Fuel Oil S-1300 Maint Shop U/G; Fire
GASCO21O0 FA~s 480, 255.1 & 255.2; Immediate (acute)

Transport Tank; Delayed (chronic)
Building 456
TrIr 911 F
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TABLE G-2
RESOURCE CONSERVATION AND RECOVERY ACT

EMERGENCY COORDINATORS

Office Home

Name j Address Phone Phone

G. A. (Gerry) Bums (primary)' 234-8276 or 234-8635

R. A. (Richard) Marshall (primary)' 234-8276 or 234-8695

R. E. (Bob) Wade (primary)' - ___________ 234-8272

T. J. (Tim) Wygant (primary)' 234-8276 or 234-8377

J. R. (Joe) Franco (primary)1  234-8276 or 234-8641 ________

M. B. (Byron) Cherry2  234-8276 or 234-8635

B. J. (ames) VanWinkle2  234-8276

G. L. (Garrod) Ashford 2  1 __________234-8272

R. C. (Russ) Stroble 2  23448554

'The on-duty Facility Shift Manager is the primary RCRA Emergency Coordinator pursuant to 20 NMAC; 4.1, Subpart V §264.52 and

is designated to serve as the RCRA Emergency Coordinator.

2The on-duty Facility Operations Engineer is the altemnate RCRA Emergency Coordinator and is available as needed.
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TABLE G-4
PHYSICAL METHODS OF MITIGATION

METHOD CHEMICAL RADIOLOGICAL

LIQUID SOLUTION LIQUID SOLUTION

ABSORPTION YES NO YES NO

COVERING YES YES YES YES

DIKES, DIVERSIONS YES YES YES YES

OVERPACK YES YES YES YES

PLUGIPATCH YES YES YES YES

TRANSFER YES YES YES YES

VAPOR SUPPRESSION YES YES NO NO
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TABLE G-5
* CHEMICAL METHODS OF MITIGATION

METHOD CHEMICAL RADIOLOGICAL

LIQUID SOLUTION LIQUID SOLUTION

NEUTRALIZATION YES YES"' NO NO

SOLIDIFICATION YES NO YES12 1 NO

(1) When solid neutralizing agents are used, they must be used simultaneously with water.
(2) This method could be utilized for mitigation of firewater involving TRU-waste.
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TABLE G-6
EMERGENCY EQUIPMENT MAINTAINED

AT THE WASTE ISOLATION PILOT PLANT

[ Equipment Description and Capabilities Lcto

Communications

Building Fire Alarms Manual and automatic; activation of automatic sprinkler system Guard and Security Building,
triggers fire alarm; locally audible, visual display and alarm in Central Pumphouse, Warehouse/Shops,
Monitoring Room (CMR) Exhaust Filter Building, Support

Building, CMRI Computer Room,
Waste Handling Building,
TRUPACT Maintenance Facility,
Salt Handling (SH) Shaft Station,
Waste Shaft Station,
Underground Fuel Station,
SH Hoisthouse, Maintenance
Shops, Guard Shack*, Auxiliary
Warehouse, Core Storage
Building, Engineering Building,
Training Facility, Safety Building

local alarms; not connected to
the CMR

Underground Fire Automatic/Manual; have priority over other paging channel signals Fire detection and control panel

Alarms but not override intercom channels; alarms sound in the general locations: Waste Shaft, SH
area of the control panel and are connected to the underground Shaft, Panel 1 (outside room 1),
evacuation alarms; they also interface with the CMR. E-OIN-1 200, Fuel Station #2

Sitewide Evacuation Transmitted over paging channel of the public address system, Sitewide
Alarm overriding its normal use; manually initiated according to procedures

requiring evacuation; automatically initiated by underground fire
alarm systems for underground areas; audible alarm produced by
tone generator at 10 decibels above ambient noise level (or at least
75 decibels); flashing strobe lights supplement audible alarm in high
ambient noise areas; radios and/or pagers are used to notify facility
personnel outside alarm range. Monthly test are performed on the
PA, site notification alarms, and plectrons.

Vehicle Siren Manual; oscillating; emergency services/response vehicles, is WIPP emergency vehicles
mechanical and electronic.

Public Address Includes intercom phones; handset stations and loudspeaker Surface and underground
System assemblies, each with own amplifiers; multichannel, one for public

address and pages, and others for independent party lines.

Intraplant Phones Private automatic branch exchange; direct dial; provide Throughout surface and
communication link between surface and underground operations underground

Mine Page Phones Battery-operated paging system CMR, Mine Rescue Room, EOC,
underground, and FSM desk.

Pagers Manual; broadcast high-intensity, intermittent alarm signals for up to Issued to individuals
60 seconds
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TABLE G-6 (CONTINUED)
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Plectrons Tone-alert radio receivers placed in areas not accessible by the Sitewide
public address system

Portable Radios Two-way, portable; transmits and monitors information to/from other Issued to individuals
transmitters

Plant Base Radios Two-way, stationary, UHF/ VHF-FM; linked to Eddy County and Lea Various site locations
County Sheriff Departments, NM State Police, Carlsbad Emergency
Radio (Carlsbad ambulance, fire, HAZMAT and police, Guadalupe
Medical Center, and Otis Fire Department), and WIPP Channels 1-4
(Site Security, Site Operations and Site Emergency, maintenance,
repeater to Carlsbad)

Mobile Phones Provide communications link between WIPP Security and key Issued to individuals plus
personnel emergency vehicles,

Spill Response

SPILL-X-S Guns and Containment; HAZMAT trailer
Recharge Powder (1)SPILL-X model SC-30-C(Gun)

(1 )SPILL-X model XC-30-S(Gun)
(1 )SPILL-X model SC-30-A(Gun);
(1) A-Acid, 5 gallon bucket (Recharge Powder)
(1)S-Solvent, 5 gallon bucket (Recharge Powder)
(1)C-Caustic, 5 gallon bucket (Recharge Powder)

Absorbent Sheets Containment or cleanup; HAZMAT trailer
(1) 3' x 100' S~heet

Absorbents Grab and Go container; spill control bucket; HAZMAT trailer4 , _ _ (1) for solvents and neutralizing absorbents; 5 gallon bucket
(1) for acids/caustics; 5 gallon bucket

Absorbent Material Containment or cleanup; HAZMAT trailer
(1) 100 ft. rolled or equivalent socks " Pig" for general liquid
(1) 100 ft. rolled or equivalent socks " Pig" for oil

Air Bag System Extrication, Stabilization, Cribbing Surface rescue truck
(1) bag system with tank kit and the following bag sizes:
(1)12-ton,
(1) 21.8-ton,
(1)17-ton

Air Chisel Extrication Surface rescue truck
(1) Capable of cutting 3/16" steel
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Drum Transfer Pumps Containment or cleanup; HAZMAT trailer
and Drum Opener (1) unit for chemical transfer

(1) hand operated pump for petroleum transfer
(1) drum opener

Floor Squeegee Containment or cleanup; KAZMAT trailer
(1) straight rubber blade, nonwood handle

Foam Concentrate AFFF 6% Fire truck # 1
(4) 5-gallon pail

Gas Cylinder Leak (1)Series A Hazardous Material Response Kit; contains nonsparking HAZMAT trailer
Control Kit equipment to control and plug leaks

Portable Generator (1)Backup power; 5,000 watt; 120 or 240 volt Surface rescue truck

Hand Tools Containment and cleanup; Underground rescue truck,
Underground rescue truck: HAZMAT trailer
(1)12# Sledge Hammer
(1)3/8" Drive Socket Set
(1)1/2" Drive Socket Set
(1)3/4" Drive Socket Set
(1)25' 1/2" Chain
(1)6' Wrecking Bar
(1)Bottle Jack
(1)4# Hammer
(1)18" Crescent Wrench0
(1)5' Pry Bar
(1)2' Pry Bar
(1)100' Extension Cord
(1)4' Nylon Sling
(1)6' Nylon Sling
(1)10' Nylon Sling
These tools are located in the HAZMAT Trailer. They are non-
sparking.
(1)14"L adjustable pipe wrench
(1)15" mufti-opening bung wrench
(1 )hammer/crate opener
(1)8" pipe pliers
(1)8" blade Phillips
(1 )#2 screwdriver
(1)6" blade standard screwdriver
(1)Claw Hammer

Come-a-longs (1) 4-ton; cable-type Ratchet lever tool designed specifically for Surface rescue truck and
lifting, lowering and pulling applications including jobs requiring underground rescue truck
rigging, positioning, and stretching. Used in rescue for extrication.

Porta-power (1) 10-ton hydraulic, hand-powered jaws used for extrication during Surface rescue truck
rescues.
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Jugs Containment or cleanup; HAZMAT trailer

(4) 1-gallon plastic

Pails Containment or cleanup; HAZMAT trailer
(3) 5-gallon plastic with lid

Portable Lighting (1) Emergency lighting system; 120 volts; 500-watt bulbs, suitable for Underground rescue truck
wet location

Patching Kit Series A Hazardous Response Kit; Class A; contains nonsparking HAZMAT trailer
equipment to control and plug leaks.

Scoops and Shovels Cleanup; plastic; various sizes; nonsparking; nonwoDod handles HAZMAT trailer
(1) Scoop
(3) Shovels

Medical Resources

Ambulance #1 Equipped as per Federal Specifications KKK-A-1822 and New Surface (Safety and Emergency
Mexico Emergency Medical Services Act General Order 35; Services Facility)
equipped with a radio to Guadalupe Medical Center in Carlsbad,
VHF radio, UHF medical frequency, cellular phone

Ambulance #2 Electric cart; equipped with first aid kit, 2 stretchers, and other Underground
associated medical supplies

Rescue Truck Special purpose vehicle; light and heavy duty rescue equipment; Surface (Safety and Emergency
transports 1 litter patient, medical oxygen and supplies for mass Services Facility)
casualties, fire suppression support equipment (rescue tool, air bag,
K-12 Rescue Saw, 5,000-watt generator, self-contained breathing
apparatus (SCBA), and much more equipment
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Fire Detection and Fire Suppression Equipment

Building Smoke, Ionization and photoelectric or fixed temperature/rate of rise Guard and Security Building,
Thermal Detectors, detectors; visual display and alarm in CMR; manual pull stations. Warehouse/Shops, Support
and Manual Pull The underground has manual fire alarm pull stations located where Building, CMRlComputer Room,
Stations personnel have access when evacuating. These are connected to Waste Handling Building,

the U/G evacuation alarm. TRUPACT Maintenance Facility,
Waste Shaft Station,
Underground Fuel Station, SH
Hoisthouse, Engineering
Building, Industrial Safety
Building, Training Facility

Fire Truck # 1 Equipped per Class "A" fire truck per NFPA; capacity 750 gallons, Surface (Safety and Emergency
with pump capacity of 1200 gallons per minute Services Facility)

Rescue Truck # 2 (1) 125-pound dry chemical extinguisher Underground
(U/G) (1) 150-pound foam extinguisher

Extinguishers Individual fire extinguisher stations; various types located throughout Buildings, underground, and
the facility, conforming to NFPA-1 0. underground vehicles

Automatic Dry Automatic; 1,000-pound system (Purple K); actuated by thermal Underground fuel station
Chemical detectors or by manual pull stations
Extinguishing Systems

Sprinkler Systems Fire alarms activated by water flow Pumphouse, Guard and Security
Building, Support Building,
Waste Handling Building
(contact- and remote-handled
transuranic waste area only,
except Hot Cell), Warehouse/
Shops Building, Auxiliary
Warehouse Building, TRUPACT
Maintenance Facility, Training
Facility, SH Shaft Station,
Exhaust Filter Building,
Engineering Building, and Safety
Building

Water Tanks, Fire suppression water supply; two 180,000-gallon capacity Tanks are at southwestemn edge

Hydrants of WIPP facility; pipelines and
hydrants are throughout the
surface

Fire Water Pumps Fire suppression water supply; 125 pounds per square inch, 1,500 Pumphouse
gallons per minute centrifugal pump, one with electric motor drive,
the other with diesel engine; pressure maintenance pump ___
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Hoses Fire suppression water supply Pumphouse, Guard and Security
Building, Support Building,
Waste Handling Building
(contact- and remote-handled
transuranic waste area only,
except Hot Cell), Warehouse/
Shops Building, Auxiliary
Warehouse Building, TRUPACT
Maintenance Facility,
Engineering Building, Exhaust
Filter Building

Personal Protection Equipment

Headlamps Mounted on hard hat; battery operated Each person underground

Underground Self- Short-term rebreathers; approximately 300 Each person underground
Rescuer Units

Self-Contained Oxygen supply; 4-hour units; approximately 14 Mine Rescue Team Mine Rescue Training Room
Breathing Apparatus Draeger units
(SCBA)

Chemical and Body protection; HAZMAT trailer
Chemical-Supported (12 pair) inner-cloth,
Gloves (12 pair) outer-pvc,

(5 pair) outer-viton

Suit, Acid Body protection; HAZMAT trailer
(4) acid

Suit, Fully Body protection; used with SCBAs; full outerboot; HAZMAT trailer
Encapsulated (4) Level A;

44 ee Emergency Medical Equipment___

Antishock Trousers Shock treatment; Ambulance # 1 and # 2
(2) inflatable, one on each ambulance

Laerdal 3000 QRS Mon itor/defibrillator Ambulance # 1 and # 2
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Oxygen Patient care; Ambulance # 1 and # 2, surface

Size 0: rescue truck
(2) Ambulance #1
(1) Underground Ambulance
(1) Health Services
Size E:
(1) Rescue Truck
(2) Underground Ambulance
Size M:
(1) Ambulance #1

Resuscitators (Bag) Disposable bag resuscitation Ambulance # 1,
Ambulance #1: Ambulance # 2
(2) adult size
(1) child size
Underground Ambulance:
(2) adult size

Splints Immobilize limbs; Ambulance # 1 and # 2,
(1) Adult traction splint, lower extremity, with limb-supporting slings, Miners Aid Stations
padded ankle hitch and traction device per ambulance.
(2) Rigid splinting devices or equivalents, suitable for immobilization
of upper extremities per ambulance.
(2) Rigkd splinting devices or equivalents, suitable for the
immobilization of lower extremities.
(1) Set of Airsplints:
6 assorted splints; hand/wrist, half arm, full arm, foot/ankle, half leg,
and full leg per miners aid stations.

Stretchers Patient transport; Various combinations in
(2) Spine Boards, one short and one long, with nylon straps per Ambulance # 1 and # 2, Miners
ambulance. (also used to perform cardiopulmonary resuscitation) Aid Station
(2) Emergency Stretchers or scoops, or combination per ambulance
(1) All-purpose mufti-level ambulance stretch (gumey), with 3 safety
straps and locking mechanism per ambulance.
(1) Stretcher in each miners aid station.

Suctions For medical emergencies: Ambulances #1 and #2
Portable
(1) Suction unit, capable of delivening at least 300 mm. HG on each
ambulance.
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Trauma Kits (1) adult blood pressure cuff and stethoscope (1) kit in each:
(4) soft-roller bandages Ambulances #1 and #2, surface
(3) triangular bandages rescue truck
(1) pkg. band-aids
(2) trauma dressings
(25) 4X4 sponges
(1) roll adhesive tape
(1) bite stick
(1) penlight
(1) sterile burn sheet
(1) oropharyngeal airway
(1) glucose substance
(2) sterile gauze dressings

Miners Aid Station For First Aid Stations in the Underground Miners Aid Stations
(1) Stretcher-as referenced above per station
(1) Set of airsplints-as referenced above per station
(1) Blanket per station
(1) Box of latex gloves (50) per station
(5) Pathogen Wipes per station
(1) First Aid Kit (24) per station; includes,
(3) Band-Aid Combo Paks
(2) Swabs, PVP
(1) Antibiotic Ointment
(1) Sting-Kill Swab
(2) Dressing, compresses
(2) Roller Bandages
(2) Tape
(2) Triangle Bandage
(1) Eyedressing Pak
(1) Burn Dressing
(1) Ammonia Inhalants
(1) User Log Sheet
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First Aid Supplies According to General Order #35 Ambulance #1

(12) bandages, soft roller, self-ahdering type-4" or 6" x 5 yards.
(6) triangular bandages, 40"
(1) box band-aids
(1) 1 pair bandage shears
(6) Trauma dressings, 30" x 10"
(6) Trauma dressings, 5" x 7'
(50) 4" x 4" sponges, individually wrapped and stenile
(2) rolls adhesive tape
(1) penlight
(2) sterile bum sheets
(2) oropharyngeal airways - adult
(2) oropharyngeal airways - child (Ambulance #1 only)
(2) oropharyngeal airways - infant (Ambulance #1 only)
(1) Glucose substance
(3) Occlusive dressings
(1) Roll aluminum foil
(6) Rigid cervical collars-2 each small, medium and large sizes
(4) Cold packs
(4) Heat packs
(2) Bite sticks

First Aid Supplies (2) Transfer sheets Ambulances #1 and #2
(2) Blankets

First Aid Supplies (2) #16g angiosets Ambluances #1 and #2, surface
(2) #18g angiosets rescue truck
(2) #20g angiosets
(1) 1 000cc LR IV fluid
(1) 500cc NS IV fluid

General Plant Emergency Equipment

Emergency Lighting For employee rescue and evacuation, and fire/spill containment; Surface and underground
linked to main power supply, and selectively linked to back up diesel
power supply and/or battery-backed power supply

Backup Power Two diesel generators, and lead-antimony battery-powered Generators are east of Safety
Sources uninterruptible power supply (UPS); use limited to essential loads; and Emergency Services

manual or remote starting 1,100-kilowatt diesel generators with on- Building: UPS is located at the
site fuel for 62% load for 3 days for selected loads; 30-minute essential loads
battery capacity for essential loads

Hoists Hoists in Waste Shaft, Air Intake Shaft, and SH Shaft Waste Shaft, Air Intake Shaft,
SH Shaft

Portable Radiation a, B-y survey meters Operational Health Physics
Survey Equipment Office, Building 412
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Radiation Monitoring (5) Portable air samplers Operational Health Physics
Equipment Office located in Building 412

Emergency Shower For emergency flushing of contaminated individual Surface

Eye Wash Fountains For emergency flushing of affected eyes Various locations on surface and
in the underground

Decon Trailer Self-contained shower, change/survey room trailer for gross West side of Building 412
decontamination of personnel

Decon Shower Three piece mobile shower unit for gross decontamination of Building 411
personnel

Overpack containers 14-85 Gallon drums Building 411
4-SWBs; Building 411
1 -RH Canister overpack for overpacking leaking or damaged Building 411

* containers

HEPA Vacuums 2 HEPA Vacuums to be utilized for removal of contamination. Waste Handling Building

Aquaset or Cement 100 lbs. of aquaset or cement material for solidification of liquid Waste Handling Building
waste generated as a result of fire fighting water or decontamination
solutions.

Polyvinyl Alcohol or 1 - 5 gallon bucket of approved fixative to be used during recovery. Waste Handling Building
Paint

Deionized 4-1 Gallon bottles for decontamination of surfaces, equipment, and Building 411
Soap/Detergent personnel

G-67



WIPP RORA Part B Permit Application
DOENWIPP 91-005

Revision 6

TABLE G-7
TYPES OF FIRE SUPPRESSION SYSTEMS BY LOCATION

LOCATION AS ] AD [ MPS IFHC ] PF

Waste Handling Building****

Support Building* **

Exhaust Filter Building ***

Water Pumnphouse* **

Underground Support Areas **

(also has rescue truck)

Station A Effluent Monitoring Shed *

Station B Effluent Monitoring Shed**

(')Symbols for WIPP fire-protection systems:
AS = Automatic Wet Pipe Sprinkler System
AD = Automatic Dry Chemical Extinguishing System
MPS = Manual Pull Stations
IFHC = Interior Fire Hose Connections
PFE = Portable Fire Extinguishers

c2The Waste Handling Building and the Support Building contain the following:
- Automatic wet pipe sprinklers
- Interior fire hose connections
- Fire detection in the heating, ventilation, and air conditioning instrumentation (Support Building, only)
- Manual pull stations
- Portable fire extinguishers
- Automatic detectors

The Safety and Emergency Services Building contains the following:
- Automatic wet pipe sprinklers
- Manual pull stations
- Portable fire extinguishers

Automatic detectors0
The Core Storage Building contains the following:

- Automatic wet pipe sprinklers
- Portable fire extinguishers

(3 The Exhaust Filter Building, Underground Facilitles, Warehouse/Shops Building, Water Pumphouse, and Salt Handling Hoist
house and headframe also have portable fire extinguishers, manual pull stations, and automatic detectors.
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EOC

FACILITY SHIFT MANAGER (FSM)*
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*=THE FSM IS THE RCRA EMERGENCY COORDINATOR

Figure G-4
Direction and Control Under Emergency Conditions

In Which the Contingency Has Been Implemented
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Figure G-7
Underground Diesel Fuel-Station Area Fire-Protection System
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* ~~Pre-Fire Survey ___

1. Bldg. Name. -WASTE _H-Y_ýNDLING BUILDING
2. Address: 41 1 SITE
3. 0cc. Type: MAINTENAr,:7 AND OPERATIONS PERSONNEL Z
4. Mop #: 411-1 -5. 1 o ndlord: JOE UPTEROROVE
6. Roof Const.: METAL 7. Floor Const.: CONCRETE
8. Dote: 07/?Z229.... 9. Revision Dote: --. L-727/95
10. Surrounding Bldgs.: 412, 463, 451, 452
11. Fire Hydrants: FH-#8 N, FH-#ll E FH-#12 S, FH-#13 S.

LEGEND P~E

FLAMMABLE CABINETN

TD THERMAL DETECTOR WASTE HANDLING BUILDING 1TFOR
4NONSPRINKLERED ARE.A (S

L 'A'W LADDER & WALKWAY

HOSE 75' FIRE HOSE

FPFIRE CONTROL PANEL

SOSMOKE DETECTOR

STANDPIPE WITH
F 0. CONNECTION

GARAGE 
LC

DOORHOEv

HOSEU:] 
N

HOSE DOOR DO

LOSE FOS

LARAG DOORRAG

GARAGE DOOG

12. Comments- NONE

15. Prepared By: JASON BRADLEY

Figure G-10

Pre-Fire Survey Plan for the First Floor of the Waste Handling Building
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Pre-Fire Survey____
1. Bldg. Name: WASTE HANDLING BUILDING
2. Address: 411 SITE
3. 0cc. Type: MAINTENANCET AND OPERATIONS PERSONNELA
4. Map #: 411-2 -5. Landlord: JOE UPTERGROVE
6. Roof Const.: METAL 7. Floor Const.: CONCRETE IK~
B. Date:- 07/27/94 9. Revision Date: 07/27/95
10. Surrounding Bldgs.: 412, 463, 451. 452
11. Fire Hydrants: EH-#8 N, FH-#1 1 E, FH-#12 S, FH-#13 S,

LEGEND
ELECTRICAL PANEL
FLMMBL CAIETWSTE HANDLING BUILDING (2D LO R)

TO THERMAL DETECTOR N

<@> NONSPRINKLERED AREA

L VAV\ LADDER & WALKWAY
HOSE 75' FIRE HOSE

DSD INDUCT SMOKE DETECTOR

FILTER
STORAG

AREAS
SUPPORT BUILDING CORRIDOR-/ \UNCONTROLLED CLEAN AREA

OFIC R 0 AI OSOSE

TRU PACT 3 E 7

MAINTENANCEMET OT EL
SEEE __STD ROO M ORS L

FLOOR*

DRAWING

1 2. Comments: NONE

13. Prepared By: JASON BRADLEY

Figure G-11
Pre-Fire Survey Plan for the Second Floor of the Waste Handling Building
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WIEPP HAZARDOUS MATERIAL INCIDENT REPORT

Date:________ Location:_________________________. 1. INITIAL INFORMATION: DATE:_____ TIME:______

EST: REPORTED LOCATION:_________

REPORTED BY: DEPT.:_______

INITIALLY REPORTED TO: DEPT.:_______

RESPONSIBLE MANAGER: DEPT.:______

11. WEATHER CONDITIONS: WIND DIRECTION:___ WIND SPEED:_mph TEMP.:_____

CONDITIONS (ie. icy, snowing, riaing, cloudy, suinny):____________________________

III. TYPE OF INCIDENT (SPILL, LEAK. ETC.): Fire Involved: [ ]YES ] NO
(If fire is involved attach a copy of the fire report)

MATERIALS INVOLVED UN/NA NO, QLUANIIIX HAZARD CLASS N.F.P.A. CLASS

TV. PERSONNEL INVOLVED IN CLEAN-UP ACTIVITIES

PERSONNEL/DEPT. DECON METHOD/MEDICAL TEATMENT

V. PERSONNEL CONTAMINATED NOT INVOLVED IN THE CLEANUP ACTIVITIES

PERSONNEL/DEPT. MATERIAL CONTACTED DECON/MEDICAL TREATMENT

Figure G-1 2
WIPP Hazardous Materials Incident Report 2
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WIPP HAZARDOUS MATERIAL INCIDENT REPORT

Date:______ Location:______________ Page 2of3

V. EQUIPMENT USED FOR CLEAN-UP AND CONTROL MEASURES

EOUIPMENT/MATERIAL/PPE OUANTrTY DISPOSITON (decon or replacement)

V1. DESCRIPTION OF INCIDENT AND RESPONSE (including containment and control)

VII. TO BE COMPLETED BY ENVIRONMENTAL COMPLIANCE AND SUPPORT SECTION

Date:_________ Timne:_______ Of evaluation.

Waste Cstegory Disposal Method_ _ _ _ _ _ _ _ _ _ _ _ _ _

Orranization DATE ~ F

EC&S Representative:PA

Figure G- 12 (Continued)
WIPP Hazardous Materials Incident Report 2

G-90



WIPP HAZARDOUS MATERIAL INCIDENT REPORT. Date:_______ Location:_______________ Page 3 of 3

VIII. TO BE COMPLETED BY THE CMRO AND FSM

DEPARTMENT PERSON CONTACTED TIME NOTIFIED BY

Facility Ovs. (FSM) ___________________ ______

EmerLe. Memt. (EST)__________________

Industrial Satetv________________ __ ______

Facility Ons. (FM/FMD) ___________________ ______ _________

CMRO:
pnn D.

FSM:
Pni. -=v

IX. TO BE COMPLETED BY HAZARDOUS WASTE OPERATI1ONS

Disposition:

Hazardous Waste Operations Representative:___________________________________
Pri sw -n.

X. REVIEWS. Report submitted by:

Emerecrncy Management Manager:_______________________________________

EC&S Manager:

COMMENTS:

Figure G-12 (Continued)
WIPP Hazardous Materials Incident Report 2
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DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the

United States Government. Neither the United States Government nor any agency

thereof, nor any of their employees, makes any warranty, express or implied, or

assumes any legal liability or responsibility for the accuracy, completeness, or

usefulness of any information, apparatus, product or process disclosed, or represents

that its use would not infriinge privately owned rights. References herein to any specific

commercial product, process, or service by trade name, trademark, manufacturer, or

otherwise, does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof. The views and

opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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Office of Scientific and Technical Information
P.O0. Box 62
Oak Ridge, TN 37831

Prices available from (615) 576-8401
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U. S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
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1.0 Site Decontamination and Decommissioning Plan

This plan serves to describe the objectives of decommissioning for the Waste Isolation

Pilot Plant (WIPP), identifies the elements necessary to accomplish the

decommissioning, and defines the steps to execute those elements in a safe and
environmentally sound manner.

This document is not intended to delineate the requirements necessary for Resource

Conservation and Recovery Act (RCRA) closure. Where this document interfaces with

those requirements, there will be guidance that directs the reader to Chapter I of the
RCRA Part B Permit Application.

The Waste Isolation Pilot Plant Land Withdrawal Act of 1992 (LWA), PL 102-579,
Section 13(a) requires that within 5 years after the date of the enactment of the act

(enacted October 30, 1992), the Secretary of Energy (herein called the Secretary) shall

submit to the Congress, the State of New Mexico, the Secretary of the Interior, and the

Administrator of the EPA, a plan for the decommissioning of WIPP. In addition to

activities required under the Agreement (July 1, 1981, Agreement for Consultation and

Cooperation, between the State of New Mexico and the U. S. Department of Energy, as

amended), the plan shall conform to the disposal regulations that apply to WIPP at the

time the plan is prepared, and the Secretary of Energy shall consult with the Secretary
of the Interior and the State in the preparation of such plan.

The plan provides a strategy for progressing from the final actions of the Disposal
Phase, through the Decontamination and Decommissioning Phase, and into the

initiation of the Long-Term Monitoring Phase. 0/1

This plan describes a sequence of events for decontamination of the WIPP facilities

and structures used to manage and contain TRU and TRU mixed waste during the

receipt and emplacement operations. Alternative methods of decontamination are

provided where practical. The methods for packaging and disposal of the waste

generated (derived waste) during this process are discussed. The best available

technology at the time of this plan's development, may become outmoded by future

technology and alternative strategies. If alternative technologies are identified the

affected stakeholder(s), th e Secretary of the Interior and the State will be consulted
prior to implementation.

Dismantling of the WIPP major structures will be detailed in specifications separate
from this plan for each structure.

The disposal of uncontaminated equipment and residue is delineated in Sections 1.6.9,
and 1.6.11. Radioactively contaminated and mixed wastes that meet the waste

acceptance criteria for decontamination and decommissioning (DD-WAC) will be

emplaced into the last Hazardous Waste Management Unit (HWMU) open in the

underground. At the WIPP, HWMUs are designated as the combination of waste

disposal rooms and connecting drifts that form a panel. Each panel is an HWMU.

Equipment, structures, materials, and components will be decontaminated whenever
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possible. Residues that meet the definition of "construction and demolition
debris,"(- Construction and demolition debris' means materials generally considered to

be not water soluble and nonhazardous in nature, but not limited to, steel, glass, brick.
concrete 3sphalt roofing materials, pipe, gypsum wallboard and lumber from the
construction or destruction of a structure project, and includes rocks, soil, tree remains,
trees and other vegetative matter that normally results from land clearing. If
construction and demolition debris is mixed with any other types of solid waste, it loses
its classification as construction and demolition debris. Construction and demolition
debris does not include asbestos or liquids including but not limited to waste paints,
solvents, sealers, adhesives or potentially hazardous materials." SWMR-4, Section
105, Paragraph T) that are free of contamination may be disposed in a Construction
Landfill. Mined salt remaining after closure and berm construction will be disposed
under Sections 2 and 3 of the Minerals Act of 1947.

Other activities necessary to return the site to as near its original condition as possible
are defined in Section 1.6.19.

Generally, stakeholder involvement in the decontamination and decommissioning
activities, as well as socioeconomic impacts to the local communities, counties, and
state will be provided in the appropriate National Environmental Policy Act (NEPA)

* documentation for decommissioning.

1.1 Facility Description

1.1.1 Background

0 The U. S. Department of Energy (DOE) was authorized by the Department of Energy

4q National Security and Military Applications of Nuclear Energy Authorization Act of 1980,
Public Law 96-164 (U. S. Congress, 1980) to develop a facility for demonstrating the
safe disposal of transuranic (TRU) radioactive wastes generated as the result of
national defense activities. This facility, known as the Waste Isolation Pilot Plant, has
been constructed in southeastern, New Mexico, 26 miles east of the City of Carlsbad.
The site encompasses 10,240 acres in a sparsely populated area. Land use in the
area surrounding the WIPP land withdrawal area includes livestock grazing, potash
mining, and oil and gas production.

The enactment of Public Law 96-164 authorized the continuation of the phased
development of the WIPP. Phased development began with a siting phase during
which several sites were evaluated and a preferred site was selected based upon the

geological and hydrological factors. During this phase, the host rock and the depth of
the facility were selected considering geologic, hydrologic, geochemical and rock-
mechanics properties. In the next phase, the site and preliminary design validation
phase, two shafts were constructed; an underground testing area was excavated; and
geologic, hydrologic, and geotechnical investigations were continued to gain further
information on the site's characteristics. Also during this phase, methods for assessing
long-term performance were evaluated and advanced. The construction phase
followed during which the WIPP facility was constructed, additional data about the site
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were collected, and the tools needed for assessing performance were developed and
refined. Surface structures were built and additional underground areas were
excavated for further experimentation. At the conclusion of the construction phase, the
DOE proposed to proceed into a test phase that would include testing with TRU waste.

In October 1992 Congress transferred jurisdiction of the land from the Secretary of the
Department of the Interior to the Secretary of the DOE and reserved the land for use by
the DOE for the WIPP Program. The LWA also provided additional authorization to
continue the activities initiated by Public Law 96-164. The LWA requirements focus on
the test phase and the criteria for certification of compliance with the long-term disposal
regulations developed by EPA. In late 1993 the DOE announced that the WIPP would
not conduct radioactive tests in the WIPP underground. While testing with radioactive
waste will not be conducted at the WIPP, many requirements such as development of
certification criteria by the EPA, and other requirements necessary to begin disposal
are still applicable and are covered in several other documents.

1.1.2 General Plant DescripItin

The waste will be disposed in Hazardous Waste Management Units (HWMU) located
2150 feet below the surface of the WIPIP site in bedded salt. The facility capacity is
limited to 6.2 million ft3 of contact handled (CH) and remote handled (RH) TRU wastes
many of which are also contaminated with hazardous waste. The RH waste is currently
planned to be emplaced in the ribs of the excavated rooms and the CH waste is to beW
stacked in the excavated rooms.

As each HWMU is filled, the access drifts will be closed to prevent access by personnel
and to decrease the potential for release of contaminants. The last HWMU will have
space available for acceptance of decontamination waste generated (derived waste)
during the execution of this plan.40

Descriptions of topography, soils, geology, demography, meteorology, radiological a
hazardous materials characteristics, radionuclide inventory, and environmental
characteristics are available in the Draft Waste Isolation Pilot Plant Project Technical
Baseline for Regulatory Compliance (Reference 54).

1.1.3 Structures

All structures will require removal of office furnishings, telephone service, site computer
network, plumbing fixtures and piping, HVAC, electrical service, structure and
foundation. Several structures will require the removal of compressed air, large
equipment, fluid lines, etc. Removal specifications will be developed for each structure.

The Hot Cell in the RH portion of the Waste Handling Building may remain as part of
the permanent marker system. Modifications to the structure may be required if it is
determined that it will remain as an artifact. Such modifications will require engineering
development.
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* Temporary Structures

For each temporary structure that exists at the time of decontamination and
decommissioning, action requests will initiate work orders with specific instructions for

all preliminary work. The actual removal and preparatory activities for removal may be
performed by a subcontractor.

Following is a list of the temporary structures at the WIPP site:

906 - UIG OPERATIONS TRAILER 918 -voc TRAILER
907 - TRANS & HAZ. MATL. HANDLING 91 BA - VOC AIR MON. STATION
TRAILER 91 8B - voc LAB TRAILER
908A - ENVIRONMENTAL MONITORING LAB 950 - WORK CONTROL TRAILER
TRAILER 951 - PROCUREMENTIPURCHASING
908B - UNIVERSITY CONSORTIUM TRAILER 952 - TRAILER (7-PLEX)
909 - PROJECT CONTROL TRAILER 971 - OPERATIONS TRAILER
910 - ENVIRONMENTAL MONITORING 982 - MAINTENANCE TRAILER
TRAILER 985 - O.A TRAILER
911 A - SITE LOCKSMITH TRAILER 986 - PUBL. & PROC. TRAILER
9118B - SANDIA M1 01 TRAILER 988 - OPERATIONS TRAILER
911 C - SANDIA OFFICES TRAILER 991 - SANDIA OFFICES TRAILER
911 E - SANDIA TRAILER 992 - SANDIA CAL. LAB TR.
911 F - SANDIA B49 AND B49 ANNEX 993 - SANDIA OFFICES TRAILERO911 G - SANDIA LABS TRAILER 994 - SANDIA LAB TRAILER
912 - TRAINING TRAILER 995 - SANDIA QA RECORDS TRLR.
915 - NEW MEXICO ENVIRONMENTAL DEPT.
TRAILER
916 - SANDIA OFFICES TRAILER
917 -AIS MONITORING

NOTE: This list (current as of 12/94 from the WIPP Site Facility Master Plan (Reference 2)) wvill be updated
as needed.
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Permanent Structures

Based upon the results of the Site Radiological Characterization Survey removal

specifications or individual D&D plans will be developed for each of the following

permanent structures:.

PORT-A-CAMP 459 - CORE STORAGE BLDG.

252 - SPS UTILITY SUBSTATION 459A - SANDIA ANNEX

253 - 13.8KIV SWITCHGEAR 25P-SWG15/1 463 - COMPRESSOR BLDG.

254.1 - AREA SUB NO. 1 25P-SW1 5.1 465 - AUXILIARY AIR INTAKE

254.2- AREA SUB NO. 2 25P-SW1 5.2 468 - TELEPHONE HUT

254.3- AREA SUB NO. 3 25P-5W1 5.3 471 - NW ATMOS. MONITORING STATION

254.4- AREA SUB NO. 4 25P-S WI 5.4 472 - INSTRUMENT BLDG.

254.5- AREA SUB NO. 5 25P-SWI 5.5 473 - ARMORY BLDG.

254.6- AREA SUB NO. 6 25P-SW1 5.6 474 - HAZARDOUS WASTE STORAGE

254.7- AREA SUB NO. 7 25P-SWi 5.7 FACILITY

255.1 -EMERGENCY GEN. #1 25-PE 503 474A - HAZARDOUS WASTE STORAGE BLDG

255.2- EMERGENCY GEN. #2 25-PE 54474B - HAZARDOUS WASTE STORAGE BLDG

311 - WASTE SHAFT 474C - OIL & GREASE STORAGE BLDG.

351 -EXHAUST SHAFT 474D - GAS BOTTLE STORAGE BLDG.

361 -AIR INTAKE SHAFT 44E - HAZARD MATERIAL STORAGE BLDG.

362 - AIS/HOIST HOUSE 47F- WASTE OIL RETAINER

363 - AISNVINCH HOUSE 475 - GATEHOUSE

364 - EFFLUENT MON. INSTR. SHED "A" 480 - VEHICLE FUEL STATION
365 - EFFLUENT MON. INSTR. SHED "S 482 - EXH. SHAFT HOIST EQUIP.

371 - SALT HANDLING SHAFT 485 - SULLAIR COMPRESSOR BLDG.W

372 - SALT HANDLING SHAFT HEADFRAME 486 - ENGINEERING BLDG.

384 - SALT HANDLING SHAFT HOISTHOUSE 489 - TRAINING BLDG.

384A - LAMPHOUSE 816 - SANDIA TEST WELL

411 - WASTE HANDLING BLDG. CH & RH ELECT. SWITCHBOARDS, SUBSTATIONS,

412 - TRUPACT MAINT. BLDG. AND SWITCHRACKS

413 - EXHAUST SHAFT FILTER BLDG. ENVIRONMENTAL MONITORING SITES

413A - MONITORING STATION "A" FIRE MAIN RING HEADER

41 3B - MONITORING STATION *B* LANDFILLS

414 - WATER CHILLER FACILITY & BLDG. MICROWAVE TOWER

451 - SUPPORT BLDG PIPELINE

452 - SAFETY & EMERG. SERVICES FAC. POWERUINE

453 - WAREHOUSE/SHOPS BLDG. ROADS (Paved & Unpaved)

454 - VEHICLE SERVICE BLDG. SANDIA GENERATOR NO. 1

455 - AXLAYWRHUESANDIA GENERATOR NO. 2

45 AUXLIRY WAREHOUSE SEWAGE LAGOON & PIPING

457N - WATER TANKS 25-D-OI A SALT PILE

457S - WATER TANKS 25-D-OOIB SNL UNDERGROUND ROOMS

458 - GUARD AND SECURITY BLDG. UNDERGROUND STORAGE TANKS (fuel)
WELL PADS
WID UNDERGROUND FACILITIES

NOTE: This list (current as of 12/94 from the WIPP Site Facility Master Plan (Reference 2)) wAil be updated

as needed.
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1.1.4 Plant Structures Descnoi~l

The WIPP is divided into three basic groups of structures: surface structures, shafts,
and underground structures.

The WIPP facility surface structures accommodate the personnel, equipment, and
support services required for the receipt, preparation, and transfer of waste from the
surface to the underground. The surface structures (excluding Port-a-camp, various
storage areas, microwave tower, sewage treatment system, wells, pipeline, power line,
access roads, environmental monitoring stations, landfills, Building 471 [Northwest
Atmospheric Monitoring Station], Building. 472 [instrument Building.] and roadbeds) are
located in an area of approximately 35 acres within a perimeter security fence.

The primary surface operations at the WIPP facility are conducted in the Waste
Handling Building (WHB), which is divided into several separate waste management
areas. These areas include, the CH TRU waste handling area, the RH TRU waste
handling area, the transuranic package transporter (TRUPACT-Il) maintenance facility,
and support areas.

The OH TRU waste handling area includes an outdoor truck loading and offloading
* area, a shielded storage room, an inventory and preparation area, and an overpack

and repair room.

The RH TRU waste handling area includes: a shipping and receiving area; a shielded
cell for shipping cask unloading, waste canister inspection, overpacking canisters, as
required; a canister transfer cell; and facility cask loading.

4/The TRUPACT-11 maintenance facility is a radiologically clean dedicated area, adjacent
to the CH TRU waste side of the WI-B. Decontamination of a TRUPACT-Il, if required,
would be accomplished in the CH TRU waste side of the WHB.

Other areas within the WHB include: a site-derived waste area; heating, ventilation,
and air conditioning (HVAC) equipment area; and mechanical equipment areas.

The site-derived waste area, located in the WHB, is provided for the handling of waste
produced on the site as a result of decontamination operations. Waste water collection
from fire main activation in the CH TRU side of the WHB will collect in a sump located
in the site-derived waste room. Waste water from fire main actuation in any area with
potential contamination (radioactive and/or hazardous) will be reacted to under the
Hazardous Materials Spill Response section of the Emergency Services Program Plan
(Reference 77).

* The WIPP surface structures include the Exhaust Filter Building, Engineering Building,
Training Building, Support Building, Safety and Emergency Services Facility,
Warehouse buildings, Guard and Security Building, Vehicle Service Building, a sewage
treatment plant, underground fuel storage tanks (USTs), and other auxiliary buildings.
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The Exhaust Filter Building contains banks of high efficiency particulate air (H EPA)

filters that will be used to filter contaminated air from the underground in the unlikely

event of a release. The underground ventilation system fans are located outside,

adjacent to this building.

The Support Building provides office space, change rooms, and houses the Central

Monitoring Room (CMR) and its supporting equipment.

The WIPP is accessible by both road and railway. Access to the site is from U.S.

Highway 62/1 80, about 13 miles to the north, and from Highway 128, four miles to the

south. Rail access is provided by a rail line connecting with a spur of the Atchison,
Topeka, & Santa Fe railroad six miles southwest of the site.

WIPP has four vertical shafts that extend from the surface to the underground horizon.

These are: the Waste Shaft, the Salt Handling (SH) Shaft, the Exhaust Shaft (ES), and

the Air Intake Shaft (AIS).

The SH shaft is steel lined to the top of the salt formation (about 850 feet below the

surface) and the other shafts are lined with concrete to the top of the salt formation.

The Waste Shaft is located between the CH TRU and RH TRU areas in the WHB. It is

nominally 19 feet in diameter and is serviced by a hoist utilizing a hoist cage that is

primarily used for transportation of CH TRU and RH TRU wastes from the surface to

the underground storage areas. This shaft is also used to transport personnel,
materials and supplies, and large equipment.

The S H Shaft is located beneath the salt handling headframe. It is nominally 10 feet in

diameter and has a combined mancage/bottom dump salt handling skip. This shaft® provides the only means of removing mined materials from the underground. It serves
as the secondary ventilation supply shaft for the underground areas. The SH shaft is a

route for power, control, monitoring and communication cables. Personnel can also be
transported in this shaft.

Salt from the underground mining operations is brought to the surface via the Salt Shaft

and stored in the salt pile north of the surface facilities.

The exhaust shaft is located adjacent to the Exhaust Filter Building. It is nominally 14

feet in diameter and serves as the exhaust air duct for the underground areas.

The underground ventilation system consists of five centrifugal exhaust fans, two

parallel HEPA filter assemblies, isolation dampers, filter bypass, and associated

ductwork. The two main exhaust fans provide unfiltered flow of up to 425,000 cubic

feet per minute for normal underground operations. Three filtration fans can each

provide 60,000 cubic feet per minute during filtration mode or reduced ventilation

mode. Continuous Air Monitors (CAMs) are installed to detect airborne radioactive

contaminants in the waste disposal area, the Waste Shaft and station, and in the

discharge to the surface discharge stack. One alarm from the Station A Effluent
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Sampling System or an alarm received from two like CAIVs (two alphas or two
beta/gammas) will cause automatic activation of the HEPA filtration system.

The AIS is located to the west of the warehouse. It has three diameters (18 feet
concrete lined, 16 feet 7 inches concrete lined and 20 feet 3 inches unlined salt
section) and is the primary supply of fresh air underground.

The underground structures are located on the storage horizon and consist of the
waste storage area, the experimental area, the mining area, and the waste shaft
station.

The waste storage area has four main entries, a number of crosscuts connect the main
entries. The layout of the shafts and entries permits mnining and storage operations to
proceed simultaneously. New hazardous waste management panels will be mined as
the preceding panel is filled with waste.

Each waste storage panel will consist of seven rooms. Each room is nominally 33 feet
wide by 300 feet long by 13 feet high. The storage rooms are separated by salt pillars
100 feet wide by 300 feet long. The first 200 feet of each panel is 20 feet wide and 13
feet high to facilitate the closure of each panel. After the initial 200 feet the panel is
widened out to 33 feet.

The waste shaft station located at the lower end of the waste shaft provides access for
personnel and equipment to handle the waste.

Workshop and warehouse facilities are located at the storage horizon. Shops consist
of a repair bay, a welding bay, a lubrication bay, an electrical shop, several parking

~ areas, and a warehouse. Offices, electrical substations, and lunch rooms are also
located at the storage horizon.

The experimental area of the mine used for experiments using simulated wastes and
for geotechnical evaluations consists of several rooms and pillars that are used to
perform rock mechanics tests, waste package and waste form experiments, and brine
migration tests. In part, tests provided information used in room and pillar design of the
waste storage area and support Performance Assessment activities/validation.

1.2 Description of Operating Histor

1.2.1 Initial Construction and Permilttin

Development of the WIPP facility began with a siting phase (in 1973), during which
several sites were evaluated and the present site was selected on the basis of
extensive geotechnical research, supplemented by surface-based testing. Based upon
the geologic properties of the selected site, the repository was designed and safety
analyses were prepared. Subsequent research expanded the understanding of the
geologic, hydrologic, geochemical, and rock-mechan~ics properties of the host rock and
surrounding strata at the site. The siting phase ended with the publication of a Final



CONCEPTUAL DECONTAMINATION AND DOEIWIPP-95-2072
DECOMMISSIONING PLAN FOR THE WIPP Page 9 of 41

Environmental Impact Statement (FEIS) (Reference 20) in 1980 and associated Record
of Decision (ROD), which evaluated alternatives for the safe, long-term isolation of
TRU waste at the WIPP facility.

The construction phase followed, authorized by Public Law 96-164 (Reference 38)
during which surface structures for receiving waste were built and underground
excavations were completed for one panel of rooms designed for permanent waste
emplacement. The DOE and the State of New Mexico entered into a Consultation and
Cooperation Agreement (Reference 43) to affirm the intent to give consideration for
concerns and cooperation in the resolution of those concerns. The end of the
construction phase was marked by a decision by the DOE Energy Systems Acquisition
Advisory Board (ESAAB), after all prerequisites for ending construction were met and
documented (in 1991). These documents used the data collected since 1980 to
evaluate the potential short-term and long-term impacts of the WIPP facility. In 1992
the Final Safety Analysis Report (ESAR) (Reference 49) was published.

At the conclusion of the construction phase, the DOE proposed to proceed into a test
phase that would include testing with TRU and TRU mixed waste at the WIPP facility.
Although the DOE has made the decision not to conduct underground tests with
radioactive wastes in the WIPP facility, information regarding a compliance
demonstration has not changed and this experimental data is being collected at the
Idaho National Engineering Laboratory.

Upon a successful demonstration of compliance with applicable federal and state laws
and regulations, and once the certification and approval requirements of the LWA are
met, the WIPP facility will proceed through three other distinct phases: a disposal
phase, a decommissioning phase, and a past-decommissioning phase. The disposal
phase, projected to last 25 years, will consist of receiving, handling, and emplacing
TRU and TRU-mixed waste in the repository for disposal. Additional scientific studies
may continue during the disposal phase. The disposal phase will end when a decision
is made to terminate further disposal activities or the repository has reached its
capacity.

decommissioning phase the facility will be decontaminated and prepared forpemnt

closure. Closure of the HWMUs will be performed in accordance with the direction of
Chapter I of the RCRA Part B Permit application. Surface faci~ties will be
decontaminated and decommissioned, underground excavations will be closed, and
shaft seals will be emplaced. This phase is projected to last eight years, with six years
estimated for the RCRA closure portion.

The post-decommissioning phase will include the implementation of active and passive
institutional controls. Active institutional controls may include activities such as long-
term site access control and post-closure monitoring. Such controls will be
implemented consistent with applicable regulations and permit conditions. Passive
institutional controls will include notification devices such as permanent markers
designed to reduce the likelihood of human intrusion, archival storage of WIPP
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information off-site, and large earthen structures marking the repository footprint on the
surface. The concept for permanently marking the WIPP, as required by Title 40 CFR
191 14(c), is described by a draft report listed in Attachment 3 (Reference 37).

1.2.2 Disposal Phase Operating Histor

As of this revision to the Conceptual Decontamination and Decommissioning Plan there

is no disposal phase operating history.

1.3 Program Objectives

1.3.1 Decommissionling Objective

The main objective of decommissioning the WIPP site is to return the site to as close to
the pre-construction condition, as reasonably possible, while protecting human health,
the environment, and to meet NEPA and WIPP Land Withdrawal Act commitments.

1.3.2 Alternative Strategy

The decommissioning Itematives rejected in the Final Environmental Impact
* ~Statement included moth balling and in-place entombment.

These alternatives allowed for decommissioning the plant under the following credible
situations:

* Decommissioning after the repository has been filled. The preferred
methods would be in-place entombment of unusable underground
structures, decontamination (as required), and dismantling of the surface
structures.

* Decommissioning before the repository is filled, leaving open the
possibility of later returning to fill it. Mothballing of the surface structures
would be the preferred method for this situation. Due to creep closure the
underground areas would require mining to obtain a safe work
environment.

The present plan calls for decontaminating (as required) and dismantling surface
facilities, entombing in the waste-disposal area all wastes generated in dismantling the
surface facilities if they meet DD-WAC, close the remaining mine, and sealing the
shafts and boreholes. Any wastes that do not meet the DD-WAC will be transported to
an approved and permitted off-site facility.

Mothballing, would consist of putting the plant into a state of protective storage for a few
decades. This alternative would be selected if later repository operation or
experiments were desired. It would require the eventual use of another alternative for
the permanent decommissioning of the plant. The plant would be left generally intact
except that all areas with hazardous levels of radiation would be isolated from the
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public by suitable barriers and other means. Useful equipment could be

decontaminated, if necessary, and removed from the site. Adequate radiation

monitoring, environmental surveillance, and security procedures would be established

to protect the health and safety of the public. The shafts and underground facilities
would be left intact. This alternative was rejected.

Entombment applies mainly to the shafts and mine. Entombment of the surface

facilities would be similar to mothballing except that the radioactive materials would be

removed and placed in the mine or removed from the site. After the removal of usable

equipment (and decontamination, if necessary), the vacated mine would be closed,

and the shafts and boreholes would be sealed. In this alternative the mine and shafts

would be permanently sealed; the surface facilities, however, would be available for

some other use in the future. This alternative was rejected.

Decontamination and dismantlina would involve the surface facilities, with the shaft and

mine entombed as described above. Usable equipment would be decontaminated and

removed; contaminated equipment and waste would be packaged and either placed in

the mine or removed from the site if mine disposal were not feasible. Surface facilities

would be demolished and debris removed or buried in the Construction and Demolition

landfill. As nearly as possible, the surface would be returned to its original condition.

Criteria for the mixed waste decontamination is defined in 40 CFR 264, Subpart (1111
Closure and Post-Closure; WIPP RCRA Part B Permit Application, DOEIWIPP 91-005,
Chapter I-Closure Plans, Postclosure Plans, and Financial Requirements, 20 New

Mexico Administrative Code (NMAC) 4.1 Subpart V, Subparts G, I, and X, and DOE
Order 5820.2A, Radioactive Waste Management.

Because of the type of waste management activities that will occur at the WIPP facility,
waste residues that may be encountered during the operation of the facility and at

closure may include waste generated as a result of the management of the waste

containers (derived waste including rags and rubber gloves), waste generated as part

of the closure activities (such as wipes used to sample the containers and equipment

for potential radioactive contamination, solidified decontamination solutions, stabilized

concrete dust from scabbler operations, equipment designed for disposal,

contaminated salt that is excavated because of decontamination activities, etc.), and

residues generated as a result of spill cleanup (rags, gloves, hazardous materials). All

of the above wastes generated (derived wastes) during the operation and closure of the

WIPP facility will be identified and managed as TRU mixed wastes.

Criteria for the radiological portion of the mixed waste decontamination is defined in

DOE Order 5820.2A (Reference 22).

On the basis of "co-detection of hazardous and radioactive releases," decontamination
will be considered complete for RCRA constituents when radiological decontamination
has been accomplished. Radiological decontamination will be to less than or equal to:
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Loose Fixed Dilus Removable

20 (dpm/100 cm2) 500 (dpm/100 cm2)

S-v200(dp/1 00 cm2) 1000 (dpm/1 00 c 2

All surveys for contamination at the WIPP facility are based on the concept of co-

detection. Co-detection is used to describe the detection of releases from containers
by virtue of detection of radioactive contamination. Co-detection applies to all releases

except the release of VOCs from TRU mixed waste containers. It provides the WIPP

facility with a very sensitive method of detecting the release of non-VOC hazardous

TRU constituents through the use of surface sampling (swipes) and radioactivity
counting.

Decontaminated materials and equipment must be sampled in accordance with

applicable procedures to assure that there are no RCRA constituents beyond the levels

authorized for release. Items that are found to exceed the limits will be properly

packaged and transferred to an appropriate treatment storage and disposal facility.

1.4 Program Management and Administration

1.4.1 Qrgnzatio.n

0 A graphic representation of the management and operating contractor decontamination

and decommissioning management organization is presented as Attachment 2.

/~/1.4.2 Res~onibfii1IU

Decommissioning Project Manager - provides overall management of the

decontamination and decommissioning effort. As the facility converts from the

operational phase to the decommissioning phase, overall responsibility for the project
management will shift to this individual.

Engineering Manager - provides engineering support for all D&D activities. Provides

management oversight for licensing and regulatory compliance activities.

Construction Manager - provides control of maintenance activities, decommissioning
utilities, structure removal, and shaft seal installation.

Operations Manager - provides management of radiological and chemical
decontamination activities, mine closure process, facility operations, health physics,
and environmental monitoring operations.

Administrative Manager - provides control of the budget and schedule, directs
0 procurement activities, manages human resources, and manages training.

Safety/Security Manager - provides the overall safety oversight of the D&D activities.
Provides for the physical security of the WIPP site.
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QA Manager - identifies, develops and defines quality requirements applicable for the
D&D process. Consults with line management in interpreting and implementing quality
program elements, and provides performance-based independent assessment of
quality affecting activities.

1.4.3 Decommissioning Project Team

The Decommissioning Project Team consists of the Department of Energy and the
management and operating contractor.

1.4.4 Decommissioning Manpower

Decontamination and decommissioning process manpower will be developed from the
WIPP workforce. As the operational phase is completed, personnel without proper job
skills will be cross-trained for the new positions being created by the decommissioning
phase. This process will reduce the need for layoffs, and provide a knowledgeable and
experienced workforce.

1.4.5 Worker Health and Safety Trainin

Worker training for health and safety will be conducted in accordance with 29 CFR
1910.1200 and other applicable regulations. The basic training will be accomplisned
through the general employee training course administered to all new employees and
with annual refresher training for all employees.

For further information on training policies refer to the current procedures listed in
Attachment 3 of this plan (References 3, 83-85).

Personnel will continue to qualify and maintain qualification on the systems and
equipment that they will operate.

1.4.6 Use. Control. and Management of Subcontractors

Current procurement policies and procedures for subcontractor interface are listed in
Attachment 3 of this plan (References 65, 85-87).

1.5 Program Schedule and Cost 4
1.5.1 Major Milestone Schedule - Narrative

A schedule of the D&D process is included in this document-as Attachment 1.

Acquire permits and approvals for D&D activities.

Removal of equipment and closure of the underground experimental areas may
commence as soon as the area is no longer required.
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As personnel downsizing takes place, temporary surface structures will become empty,
and removal may commence.

Removal of temporary surface structures will be initiated prior to the projected
emplacement of the last shipment of waste.

A site radioactivity characterization study will be performed to determine what areas of

the site will require decontamination, to facilitate selection of an appropriate
decontamination and decommissioning strategy, and after the decommissioning,
demonstrate that the residual radioactive and/or hazardous materials satisfy criteria for
unrestricted -release.

Excess underground equipment will be decontaminated if required, moved to the
surface, and disposed of in accordance with applicable federal property management
regulations (41 CFR 101).

When economically feasible all usable equipment and materials will be decontaminated
and removed from the site. Surface facilities will be decontaminated as required.

Contaminated structural debris, equipment, and decontamination wastes that meet the
DD-WAC, will be packaged and placed in the mine in the last panel. Decontamination
will be performed using technologies that do not add materials which would cause the
derived waste to violate the DD-WAC. Liquids and fine particulate would require
stabilization prior to disposal in the mine. Perform closure of the last HWMU in the
same manner as the other panels. As the mine is closed the equipment will back out
and be removed.

Shafts will be sealed in accordance with acceptable techniques.

11/) Each Solid Waste Management Unit (SWMU) will be closed in accordance with all

applicable regulations and requirements when it is no longer required.

Dismantling of surface facilities will commence upon vacancy and completion of

radiological survey and, if required, decontamination.

Uncontaminated debris and unusable equipment will either be shipped away from the

site for disposal or disposed of in the construction and demolition landfill.

Decommission the sewage system and the NPIDES storm water evaporation basins.

Close all SWMUs.

Excess salt will be disposed of per the Minerals Act of 1947.

Electrical power, telephone lines, water, railroad spurs, and roads will be removed, as
required (electrical power, RR spurs and roads should remain to the degree necessary

to support future construction of the Permanent Marker System and Permanent Marker
testing).
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The surface will be regraded to approximately its original contours.

Markers will be provided consistent with the approved passive control strategy.

Monitoring and active control will be established.

Unneeded environmental monitoring stations will be removed.

The underground storage tanks used for the storage of fuels will be removed in

accordance with applicable regulations.

A final decommissioning report will be developed.

1.5.2 Cost Estimate - Narrative

A cost estimate will be developed for these activities for the Decontamination and
Decommissioning Plan required by the Land Withdrawal Act. A conceptual cost
estimate is available from the Waste Isolation Division Long-Term Regulatory
Compliance group.

1.6 Decommissioning Activities(7

1.6.1 Plant Radiological Characterization

Extensive radiological contamination surveys of all areas of the WIPP site will be
performed. The results of these surveys will provide the basis for selection of
technology for decontamination and decommissioning of the WIPP facilities. Along
with the historical records of surveys performed during the operational life of the facility,
the contamination surveys will provide evidence for release of structures, equipment,
and components.

Radiological Survey and Sampling Program

The radiological survey and sampling program will be accomplished using current

procedures listed in Attachment 3 of this plan (Reference 74).

1.6.2 Physical Inventory

A complete inventory of all site facilities, equipment, and assets is to be performed so

that disposition requirements may be determined prior to the items becoming excess.
This inventory is standard practice for every major facility change.

Facility Physical Inventory

This inventory can be accomplished utilizing the WIPP Site Facility Master Plan
(Reference 2). This is a controlled drawing, which coupled with outstanding
Engineering Change Orders provides a complete listing of the site facilities.
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Site Physical Inventory

Property Management maintains a database of all site equipment valued at $1000 or
more, all real property regardless of value, and sensitive items valued at $200 and
above. This database includes information such as the Manufacturer's nomenclature
and model/serial number(s), the date the equipment was put into service, purchase
order number and depreciable life, etc.

1.6.3 Facility and Site Preparation

Individual specifications will be developed for each structure prior to removal. These
specifications will include a statement of work, as-built drawings, construction
specifications, disposition of materials, required worker training and qualifications, etc.
Specific instructions can be found in current WIPP procedures listed in Attachment 3 of
this plan (References 86, 87).

Temporary Structures

Temporary structures such as the trailers used for offices will be prepared for disposal
following vacancy and radiological clearance. Utilities (power, telephone, water,

* sewage, computer network, alarms, etc.) will be removed by site personnel. Office
equipment and furniture removal may be contracted. The removal of skirting,
reinstallation of axles, and towing may be performed under contract.

Laydown Areas

4 Laydown areas will be designated for radiologically contaminated materials, hazardous
waste, solid waste, and scrapped or salvaged equipment/materials. These areas
should be located centrally to where the majority of work is to be performed.
Hazardous waste will be collected, accumulated, and disposed in accordance with
applicable regulations.

Support Services

Power will be maintained from the SPS feed east of the site. No
conversion to construction power will be necessary to perform structure
removal.

Telephone service will continue through the telephone hut until the size of
the site makes it no longer economical to maintain the hut, at which time
the GTE telephone service will be transferred to individual feeds.

Water is supplied by the Double Eagle Water Line, owned by the City of
Carlsbad, through their wells located approximately 30 miles north of the
WIPP. Water is supplied by gravity flow through a 24-inch diameter
pipeline to a junction point about 13 miles north of the site at U. S.
Highway 621180. This line is sized to provide 6000 gal/min for use by
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others In addition to the peak flow rate required by the WiPP facility.

Controls at the junlction point give the WIPP facility priority over flows to

all other users. A 10-inch diameter pipeline supplies 375 gal/min water

flow from the tie in point to the WIPP facility by gravity flow.

The water supply to the site will continue until such time that the domestic

and fire water requirements no longer exist. At that time the pipeline will

be capped. Ownership of the waterline will be transferred to the City of

Carlsbad. The portion of the pipeline that the City does not want, will be

decommissioned and removed.

* Refuse removal will continue with contractor support until the facility is

taken into the post-decommissioning long-term monitoring phase.

* Sewage treatment is currently performed in a series of settling treatment

and evaporation ponds south of the site. When the number of personnel

has decreased enough that the need for these ponds is no longer

necessary, and may be supplanted by portable facilities, the ponds will be

closed in accordance with applicable regulations.

1.6.4 Decontamination

The "Start Clean - Stay Clean" operating philosophy of the WIPP site will decrease the

need for decontamination during the Decommissioning phase. However, the need for

decontamination technology may arise.

Chemical Cleaning

Detergents - no detergents are currently planned for use in decontamination activities.

Solvents

Water in limited quantities (e.g. dampened rags) - is the primary solvent used for

decontamination

Windexe - may be used on a limited basis

Radiacwash, - may be used only if water, Windexe, etc. are not effective in

reducing contamination to acceptable release levels.

Nonchemicall Decontamination

Polyvinyl Alcohol - is used to remove radiological contamination from smooth surfaces

such as the waste handling building floor. The residue from this process is a solidV

plastic contaminated with radioactive material and hazardous waste. The residue of

the Polyvinyl Alcohol may be disposed of in the underground as a mixed waste.
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W Sandblasting - this method of decontamination would create large quantities of

contaminated waste for disposal and is not recommended.

Grinding - this method would create a smaller quantity of contaminated waste than

sandblasting, and might be used in limited applications.

High-Pressure Water Spray - this method could create large volumes of water that

would need to be treated or stabilized before disposal and is not recommended.

Scabbler Pistons and Needle Scalers - this method utilizes pneumatically operated

reciprocating scabbier pistons and needle scalers to remove up to 3/16 inch of the

concrete surface which is filtered and stored in the vacuum system prior to solidification
and disposal.

Ice-blast Technology - uses compressed air and ice chips to remove loose or fixed plus

removable radioactive contamination, with only 24 gallons of waste water per hour of
operation.

Dry Ice Blasting - on impact, dry ice pellets sublimate from their solid state into gas,

leaving only the removed contaminant for disposal. The process is practically non-

* abrasive on all surfaces, inert and non-conductive.

Partial Removal of Components

Partial removal of components will be performed when it is radiologically safe to

remove a section of pipe, ventilation ducting, bracket, etc., when the larger component

is not contaminated, and when the removal of a portion of the whole will significantly4, reduce the volume to be emplaced in the last panel.

Cost/Benefit Analysis

A cost/benefit analysis will be necessary for evaluation of the decontamination options

in the event that the need for this technology arises. It is, however, too early as of this

writing to make an estimate of the necessity for decontam ination technology beyond
that currently available at the WIPP site.

1.6.5 Rigging of Heavy Components

The Department of Energy Hoisting and Rigging Manual, DOE/ID-i 0500 (Reference

20), will be utilized in all hoisting and rigging operations conducted at the WIPP site

during decommissioning. The manual quotes verbatim or paraphrases the

requirements of the Occupational Safety and Health! Administration and the American

National Standards Institute. It was developed to encompass, under one cover,

hoisting and rigging requirements, codes, standards, and regulations. In doing so, it

eliminates the need to maintain extensive (and often incomplete) libraries of hoisting
and rigging standards throughout the DOE.
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1.6.6 Liguid Radwaste Pro;ess ing

Present Capacity and Capability

There is currently no large scale capability for liquid radwaste processing at the WIPP

facility. Depending on the type of decontamination equipment selected and the

quantity of waste liquid created by that equipment, a decision will have to be made at a

later date for this system's specifications.

Small quantities of liquid radwaste can be solidified using Aquaset®& or an equivalent

grade absorbent material.

Services to be Added

No new services are anticipated. Due to the small quantities of liquid waste that is

anticipated during the decontamination and decommissioning of the WIPP, no

additional equipment is deemed necessary at this time. If quantities should be greater

than currently anticipated, then the following technologies may be utilized.

* Mobile Evaporators
* Demineralizers
* Mobile Solidification System

1.6.7 Soli*d Radwaste Handling. Packaging and Emplacement

Containers

Waste containers for emplacement in the WIPP shall be noncombustible and meet all

applicable requirements of 49 CFR §173.412 for Type A packaging. Waste containers

of various sizes, shown to meet Department of Transportation Type A requirements by

methods detailed in DOE Evaluation Document for DOT 7A Type A Packaging,

DOEIDPIOOO58-HI ;MLM 3245 are acceptable at the WIPP.

Packaging

Waste packaging is included in the information for containers in the above subsection.

Emplacement

Decommissioning waste will be emplaced in the underground, utilizing approved waste

handling operations procedures, in the last HWMU prior to closure of the unit.

Containers that are not the standard waste box or 55-gallon drums, will require

separate procedures to ensure that the containers are loaded into the panel in a safe

and coordinated manner.
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Interim Storage/Staging

No areas within the facility are being permitted as interim storage areas. Satellite
accumulation area regulations will apply. See 40 CER 262.34 for limitations on
quantities, time, and methodology for accumulation of hazardous waste at the
decommissioning site. Waste containers with radioactive mixed waste will remain at
the location of decontamination effort until the containier is filled or the decontamination
at that location is completed. As decontamination progresses beyond the surface, the
waste containers will be directly emplaced in the panel. Once a container of waste is
filled, it will be moved to the storage area and emplaced in a prompt manner.

1.6.8 Nonradioactive Hazardous Waste Handling and Disposal

The handling and disposal of nonradioactive hazardous waste will be performed 'in
accordance with applicable regulations and approved WIPP hazardous waste
management procedures. There are approved procedures in place at this time
(References 46, 55, 57).

Waste Packaging Process

* Current WIPP procedures listed in Attachment 3 of this plan delineate the
responsibilities and handling requirements for site generated nonradioactive hazardous
waste at the WIPP (References 46, 55, 57). The waste packaging process is designed
to protect human health and the environment from negative effects of hazardous waste
by ensuring that hazardous waste is properly handled, accumulated, and transported to
an approved off-site treatment/storage/disposal facility in accordance with all applicable
local, state and federal regulations, DOE Orders and WID policies and procedures.

~, Transportation

Current WIPP procedures as listed in Attachment 3 of this plan delineate the
responsibilities and requirements that provide for the shipment of nonradioactive
hazardous materials by the Waste Isolation Division (WID) from the WIPP, in
compliance with the DOE requirement for management of materials transportation as
specified in DOE Order 1540.1IA, and applicable laws and regulations related to the
shipment of hazardous materials (References 21, 55).

Instructions for the on site transportation of hazardous material, hazardous waste and
non-RCRA regulated material are provided in current WIPP procedures listed in
Attachment 3 of this plan (Reference 57).

* 1.6.9 Solid Waste Handling and Disposall

Guidelines for the operation of the construction and demolition landfill in a manner
which is protective of human health and the environment and ensures compliance with
applicable local and state laws and regulations are contained in current WIPP
procedures listed in Attachment 3 of this plan (Reference 56).
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Identification of Laydown Areas

The primary laydown area for solid waste (other than construction landfill debris) will be

designated on the asphalt pad southeast of the Waste Handling Building.

Construction and demolition debris will be moved directly to the construction landfill.

Traffic Management of Waste Site

No scavenging will be allowed at the waste site. Prior to loading of vehicles for

transport to the landfill, the waste will be characterized by process knowledge or

sampling to not contain any hazardous wastes.

Local Registered Sanitary Landfill Site

The registered sanitary landfill site utilized by the WIPP site is currently located near

Hobbs, NMV. The landfill is not currently permitted, but will have a permit hearing in

January 1995, permit submittal in June 1995, and approval is expected eighteen

months following submittal.

Compaction

There is currently no requirement for compaction of the solid waste.

1.6.10 Removal of Radioactive Euipment

All equipment will be checked for the presence of radioactive contamination. If

radioactive contamination is detected, the contaminated equipment will be assumed to

be contaminated with the hazardous waste constituents of the waste in the containers

that the equipment contacted. Contaminated equipment will be decontaminated to the

clean limits specified in Section 1.3.3 of this document or placed in containers and

managed as derived TRU mixed waste.

Isolation of System and Cutting of Pipe

The WIPP does not have piping systems that willl carry radioactive materials. The

closest approximation would be possible contamination of the air handling ductwork in

the waste handling building. In the event that the site radioactive characterization or a

routine survey detects contamination in any of the ductwork, specific work instructions

will be developed for the decontamination and removal of that ductwork. Those

instructions will be based on the level and extent of contamination found, using
standard industry practices.

Exhaust Filter Building and HEPA Filters

The Exhaust Filter Building (EFB) and HEPA Filters associated with the EFB must be

operable during underground ventilation. Emplacement of contaminated EFB HEPA

filters requires underground ventilation.
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W Procedures will be developed to ensure that the following steps will be performed.

a. Underground operation will be halted

b. the EFB HEPA filters will be removed

c. If the EFB HEPA filters are contaminated beyond acceptable criteria, they

will be packaged for emplacement in the underground

d. A radiological survey will be performed on the EFB and associated

equipment

e. Decontamination will be performed on all EFB equipment that is

contaminated

f. HEPA filters will be installed

g. The EFB ventilation systems will be tested to meet surveillance
requirements

h. Underground operations will recommence

Performance of these steps will decrease the potential for TRU or TRU mixed waste
being generated during the decommissioning of the EFB. In the unlikely event that

there is radiologically contaminated waste generated during the EFB decommissioning,
it may be designated as low level radioactive waste and shipped to a licensed disposal
facilIity.

Sampling and Characterization

4' Radioactivity - Methods for assuring that equipment is not contaminated and ready for

free release are listed in Attachment 3 of this plan (Reference 78).

Equipment decontaminated will require a verification survey before release for

disposition.

SizeNolume Reduction

There is currently no requirement for size/volume reduction. However, the WIPP has

an active waste minimization and pollution prevention plan which applies both size and

volume reduction where possible. This technology will be considered during
decommissioning and utilized if technically and economically feasible, or necessary for

emplacement of this waste into the last HWMU.
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Removal and Packaging

Removal of radioactive equipment will be performed under strict health physics control

following the procedures specified In documents listed in Attachment 3 of this plan, and
approved work instructions (Reference 74).

The waste will be packaged in approved containers as specified in Section 1.6.8 of this

plan.

Emplacement

Decontamination wastes will be emplaced in the last HWMU as derived mixed waste.

1.6.11 Removal of Nonradioactive Equipment

Isolation of System and Cutting of Pipe

System isolation and pipe cutting is marginally applicable to the WIPP facilities.
Separate work instructions will be developed for the removal of closed systems using
standard industry practices.

Verification of Noncontamninated Condition

All systems external to the Waste Handling and Storage areas will have been declared

clean to the limits specified in Section 1.3.3 of this document during the site
radiological characterization survey. Systems within those areas will require health
physics surveys prior to removal. All systems that contained or may have contained
hazardous materials will require sampling and possible flushing prior to removal.

Removal and Packaging

Removal of nonradioactive equipment will be performed following approved work
instructions which will be developed by Work Control.

Holding Area

Location - The asphalt pad southeast of the waste handling building will be designated
as the primary holding area for nonradioactive equipment.

Traffic Management - Equipment awaiting disposition will be segregated from access
by non-authorized personnel.
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. Disposition

Retired - Nonradioactive equipment that is not scrap or salvage will be placed on the

excess property list.

Disposal - Nonradioactive equipment that cannot be retired will be dispositioned as
scrap or salvage.

1.6.12 Removal of Power and Control Systems

Circuits will be de-energized and removed as equipment and facilities are made
available for disconnect. The diesel generators will be maintained until all vital loads
are removed. After all site loads are removed, the utility will be notified to remove their
site feed.

Removal of the uninterruptable power supplies (UPS) will present no additional
problems. All batteries will be removed and excessed.

Operations Interface

* Close coordination between the operations and construction managers will be required
to assure that necessary circuits for the remaining facility are maintained as the circuits
are removed.

Switch-over to Construction Power

4 Primary power will be utilized until all its electrical systems are completely removed.

Construction power is not required during the decommissioning of the site.

Disposition

Where economically feasible based upon the criteria of cost, condition, etc. electrical

equipment will be retired or declared excess as appropriate.

1.6.13 Removal of Contaminated Surfaces

Potentially Contaminated Areas

Walls, Floors, and Structures - Surfaces that will be potentially contaminated are in the
Waste Handling Building CH Bay, Overpack and Repair Room, RH Bay, Cask
Unloading Room, Hot Cell, Cask Transfer Shuttle car, Shaft Access, Waste Handling

* Building Ventilation system, and Exhaust Filter Building.

Shafts and Drifts - The Waste Handling Shaft, Exhaust Shaft, exhaust drift, and the
underground drift from the Waste Station to the waste panel are areas of potential
contamination. The Exhaust Shaft and the E-300 drift from S-1 600 to S-400 have the
potential for contamination if an emplaced container is breached.
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The waste packages are surveyed prior to downloading, and therefore the potential for

waste shaft contamination is limited to waste conveyance accident scenarios, which are

deemed incredible events. The Waste Shaft will be a part of the site radiological

characterization survey, but it is not anticipated that any decontamination will be

required in the shaft. All shafts and drifts will be surveyed for the site radiological

survey, but it is anticipated that the need for decontamination, if any, will be confined to

the access drifts from the waste station to the entrance to the final panel.

Removal Controls

Decontamination will commence at the areas farthest from the waste shaft and proceed

to the shaft access, and recommence from the shaft waste station south to the last

panel. The minimum volume of material should be removed to control the storage

volume needed in the underground.

Removal Methods

Applicable methods of contamination removal are listed in Section 1.6.4.

1.6.14 Closure ofLs aadu aste Management Unit

Closure Survey

A radiological closure survey will be performed in accordance with approved

procedures. RCRA closure will be performed in accordance with the specifics defined

in Chapter I of the RCRA Part B Permit Application.

1.6.15 Closure of Mine-Undeground

Equipment Removal

Equipment and materials will be removed from the mine to the extent practicable.

Electrical Systems - Electrical systems will be removed as the closure progresses out

of the mine.

Mining Equipment - As the mining equipment is no longer needed it will be removed

through the waste handling shaft. Some pieces of the equipment may require

disassembly or cutting to fit into the shaft.

Support Equipment - Support equipment such as golf carts, ambulance, fire truck,

portable offices, etc. will be removed from the mine and dispositioned as they become

excess.
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1.6.16 Shaft Sealing and Plu ging

Shafts will be plugged in accordance with acceptable sealing techniques.

Shaft Seals - An essential task during the decommissioning of the waste repository will

be sealing the remaining holes and shafts. Shaft seal design alternatives have been
studied for several years. A reference design is available.

1.6.17 Demolition and Removal of Structures

Criteria

All site structures with the possible exception of the Hot Cell portion of the Waste

Handling Building are to be removed during the decommissioning. The Hot Cell in the

RH portion of the Waste Handling Building may remain as part of the permanent
marker system. Criteria for free release of structures; is delineated in Section 1.3.3 of
this document.

Removal of Contamination

Appropriate techniques will be applied for the conditions of the contamination including
quantity of contaminant, location, worker health and safety, fixed or loose, surface to be
decontaminated, etc.

Removal Techniques

Applicable methods of contamination removal are listed in Section 1.6.4.

Verification of Noncontaminated Status

4/Structures that were shown noncontaminated by the site radiological and hazardous
constituent characterization and historical records may be removed when there is no
further use for them. Structures that indicated radiological contamination, will require a
verification survey after decontamination. Those structures that are then shown clean
will be removed as the schedule permits.

Disposition

Transferred - Structures will be declared excess in accordance with applicable Federal

and DOE Property Management Regulations.

1.6.18 Final Radiological -Survey and Hazardous Constituent Analyses

The final radiological survey and hazardous constituent analyses will encompass the
entire WIPP site.
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Sampling and Statistical Analysis

Approved procedures will be utilized to perform the final radiation survey and swipe or

material sampling.

Environmental Monitoring

A final environmental monitoring survey will be performed to assure that the facility has

not created any environmental hazards. Environmental monitoring will continue after

decommissioning concurrent with long-term monitoring.

Survey Plan

Surveys will be performed in accordance with approved procedures.

Confirm Structures Meet Disposition Objectives

All structures with the possible exception of the Hot Cell portion of the Waste Handling

Building will have been removed. The final radiological survey of the Hot Cell will verify

meeting disposition objectives.

1.6.19 Restoration of Site ( N

Decommissioning of Solid Waste Management Units

There are 13 discernable groups of SWMU at the WIPP site. The following table lists

those groups and their descriptions. All SWMUs will be characterized and closed in

accordance with applicable federal and state regulations. Recontoured sites will be

reclaimed in accordance with the WIPP Land Management Plan.

SWMU Unit Type Unit Description Waste Description

No. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

001 Mud Pits Approximately 46 Sodium- and potassium

a - ab decommissioned mud pits chloride saturated brine;
are located on 28 drill starch; bentonite gel; diesel
pads, which were used for fuel; drill cuttings; metal
settling drill cuttings out of cuttings; grease; hydraulic
the drilling fluids being fluid; motor oil.
used in drilling holes to
support hydrologic testing
and monitoring, potash
evaluation, and drilling for

____ ____ ___ hydrocarbons. _ _ _ _ _ _ _ _ _ _ _ _
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002 Salt and Top A total of four areas Salt: topsoil: traces of
a - d Soil Storage ranging in size from 3 to 1 5 hydraulic oil; motor oil;

Areas acres used for salt and diesel fuel: and scrap steel.
topsoil storage.

003 Landfills Two landfills used for Foundation excavation soils;
a - b disposal of construction concrete; scrap wood; and

debris, metal.

004 Storage Yards Three yards used for Water contaminated with
a -c storage of construction and motor oil, hydraulic oil, and

maintenance materials, diesel fuel; used hydraulic
wastewater, and used oils oil, motor oil, antifreeze,
or materials that can be glycol-based oils, chemical
reclaimed or recycled, grout; used lead acid

batteries; scrap metal. Used
hydrocarbons are collected
in containers.

005 Concrete Three areas used as Concrete; trace amounts of
a - c Batch Plants temporary locations for motor oil and grease.

concrete batch plants. ____________

006* Holding Ponds Two ponds used to hold Saturated brine; bentonite;
a - b brine drilling fluid from the drill cuttings; hydraulic oil

drilling of the salt handling and grease.
and waste handling shafts.

007 Evaporation Three ponds used for the Water; soap; nonhazardous
a - c Ponds evaporation of water. cleaning solutions; oil;

Surfce en hzarous ast or unsaturated salt brine.

008 Sufc o aadu at r Nonradioactive, site-
a - r Satellite used petroleum product generated wastes, collected

Accumulation satellite accumulation in containers including spent
Areas areas; two hazardous solvents, aerosol cans, oily

waste staging areas. rags, expired chemicals, and
paint products.

009 Underground Ten hazardous waste or Nonradioactive, site-
a - I Satellite used petroleum product generated wastes, including

Accumulation satellite accumulation spent solvents, aerosol
Areas areas. cans, oily rags, used oils,

spent lead acid batteries,
grout, and cement.
Hazardous waste and used
petroleum products are
collected in containers.
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010 Shaft Sumps" An area at the bottom of Welding residue, scrap

a - d each of the four WIPP wood and metal; salt; Class
shafts that collected C cement;, chem-seal;
construction debris or bentonite;, grease and oil;
accumulated brine, cement and chem grout;

Rustler formation brine;
washwater.

Oil Sewage Five ponds used for WIPP Sanitary waste; neutralized

a - e Treatment sewage treatment. film developer, and oil.

Facility _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

012 Nonhazardous Twenty portable bins used Nonhazardous solid waste

Solid Waste for solid waste collection, including nonliquid sanitary

Collections waste and industrial waste.

Bins__ _ _ _ _ _ _ _ _ _ _ _

013 TRU Mixed Areas where transuranic Radioactive mixed waste

Waste (TRU) mixed waste was consisting of TRU waste that

Management managed during the is co-contaminated by

Units Disposal Phase. Includes various listed solvents, or
contact and remote which contain characteristic
handled TRU areas of the waste consisting mostly of
Waste Handling Building metals.
and Panels 1 through 8 in'4, the underground. Waste
will be in approved
containers.

*Both holding ponds designated as 006a and 006b have been remediated.

"The AIS & ES terminate at the storage horizon, but are designated as sumps for the

RCRA Part B Permit application.

Removal of Site Boundary Structures

Fences - Fences around the surface facilities willI be removed and either retired or

transferred. A fence line shall be established to control access to the repository

footprint area (the waste disposal area projected to the land surface.) for the active

controls after closure. A standard five-strand barbed wire cattle guard fence shall be

erected along the perimeter of the repository surface footprint. The fence shall have

gates placed approximately mid-way along each of the four sides.

Guardhouse - Structures will be declared excess in accordance with applicable federal

and DOE property management regulations.
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Grading

Following removal of all structures and surfaces, as well as buried piping, conduit, and

wiring, the surface will be graded to near the original contour.

Revegetation

Following closure of the WIPP site, the area will be replanted in accordance with

applicable regulations and agreements.

Facility and Site Closeout

A final inspection of the facility will be conducted to ensure that the area has been
returned to as close as reasonably possible to the surrounding landscape. Monitoring
for assurance that the vegetation and animal populations are returning to normal will be
accomplished within the Post-Closure Monitoring Program.

1.6.20 Facility Release and Reporting,

Certification of Unrestricted Level for Release

Certification of unrestricted level for release will involve the evidence of historical
reports of surveys and the results of the site radiological characterization survey
conducted at the start of the decontamination and decommissioning effort, and the final
radiological survey and hazardous constituent analysis.

Release of Site and Structures

Individual structures will be released as excess property as they are found free ofO contamination, as specified in Section 1.6.4 of this plan, and there is no further use for
them at the site.

Final Program Report

A final program report will be issued for the decontamination and decommissioning
program to summarize the decommissioning process and the steps taken to obtain
closure status.

1.7 Facility Modification

1.7.1 Material Staging/Storage Facility

Laydown, staging, and storage areas will be designated for use during the
decommissioning process. These areas will require the same level of survey and
cleanup as the other portions of the site for free release and closeout.
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It is anticipated that a staging area will be required for oils and ethylene glycol waste.

There is an anticipated 1500 gallons of waste ethylene glycol with 3000 gallons of flushW

water waste. Drum storage or a roll-off tank (preferred method), will be required for the

ethylene glycol waste. All ethylene glycol will be surveyed and sampled. Once a

determination is made that the material is not radiologically contaminated, all ethylene

glycol will be sent off-site to be recycled.

1.7.2 Liouid Treatment Facilt

There is currently no requirement for a liquid treatment facility at the WIPP. However,

all liquid site derived wastes will be solidified per current WIPP procedures and

disposed of in the repository.

1.8 Waste Managemen9ft

1.8.1 Radioactive-Material

Types

All radioactive waste generated will be designated as "derived"~ waste. The waste will

not contain any constituents that would prevent it from meeting the DD-WAC, and will

be emplaced in the last HWMU.

Quantities

The quantities of radioactive mixed waste that will be emplaced into the last HWMVU at

decommissioning of the WIPP facility is expected to be low due to the "start-clean,

stay-clean" operating philosophy. All contamination events during the life of the facility

will be controlled and cleaned immediately.

Dose Rates

To meet the criteria for contae- 1,andled waste, the dose rates must not exceed 200

milirem per hour (mrem/dhr).

1.8.2 HanzardolusW~hMl

Types

The WIPP facility controls the types and amounts of hazardous materials that are

brought onto the site. Polychlorinated biphenyls and asbestos are excluded from use

on the site. This process reduces the potential for hazardous wastes to be generated

during D&D.
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. Quantities

The quantities of hazardous waste that will be generatced during decommissioning of
the WIPP facility is expected to be low due to the "start-clean, stay-clean" operating
philosophy. All contamination events during the life of the facility will be controlled and
cleaned before further work may continue in the area.

Disposition

Hazardous materials will be characterized and dispositioned utilizing the current WIPP

procedures listed in Attachment 3 of this plan (References 33, 46, 51, 52, 55).

Packaging - Packaging will meet all applicable requirements.

On Site Storage - Nonradioactive hazardous materials will be stored in satellite waste
accumulation areas, and transferred to the staging area in accordance with procedures
listed in Attachment 3 of this plan.

Transportation - Nonradioactive hazardous materials will be shipped in accordance
with procedures listed in Attachment 3 of this plan.

Disposal - Nonradioactive hazardous materials disposal will be at a permitted
treatment, storage, or disposal facility.

1.9 Licensing and Regulatory Issues

1.9.1 Regullatory Compliance

4 Because of the stringent requirements for managing radioactive materials, the closure
of the WIPP facility will require longer than the 180 days allowed in the regulations.
Therefore, an extension to the 180 days must be requested for the closure in the permit
application. If, for some unforeseen reason, closure cannot be completed within the
time(s) specified, the DOE will request an extension to the closure time. This request
will be submitted to. the NMED in writing, at least 30 days before the expiration of the
time allowed in the closure plan, and will describe the reason the extension is needed
and estimate the amount of additional time needed to complete the closure. During the
extended closure period, the DOE will continue to demonstrate compliance with
applicable permit requirements and that all steps will be taken to prevent threats to
human health and the environment as a result of TRU mixed waste management at the
WIPP facility.

No later than the submission of the certification of closure of each hazardous waste
disposal unit, the owner or operator must submit to the local zoning authority, or the
authority with jurisdiction over local land use, and to the Regional Administrator, a
survey plat indicating the location and dimensions of hazardous waste disposal units
with respect to permanently surveyed benchmarks. This plat must be prepared and
certified by a professional land surveyor. The plat filed with the local zoning authority,
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or the authority with jurisdiction over local land use, must contain a note, prominently

displayed, which states the owners or operators obligation to restrict disturbance of

the hazardous waste disposal unit in accordance with the applicable regulations.

The Final Safety Analysis Report will require modification to meet the requirements of

the Consultation and Cooperation agreement between the State of New Mexico and the

U. S. Department of Energy.

A WIPP specific closure and post closure NEPA document will be developed prior to
initiating the final closure phase.

1.9.2 Permit Modifications

Current Facility Status

The facility is currently awaiting authorization to receive TRU mixed waste for disposal.

Permit modifications may be necessary for decommissioning. Direction on this subject

can be found in 40 CFR 270.41, 270.42, and 270.43.

40 CFR §270.41 Modification or Revocation and Reissuance of Permits, §270.42
Permit Modification at the request of the Permittee, and §270.43 Termination of

Permits, are detailed in the Code of Federal Regulations.

Revisions to the FSAR will be required to incorporate the D&D changes in work scope,
direction, organization, etc.

Development of an appropriate NEPA document, possibly a supplemental
environmental impact statement will be necessary to address environmental changes

resulting from substantial changes in the WIPP mission.

Prevention of Criticality

Adherence to the waste acceptance criteria for waste received at the site and for

derived waste will assure that criticality is not an issue during the decontamination and
decommissioning phase.

Release Prevention

Maintenance of the negative pressure in the waste handling areas and adherence to
the applicable procedures will prevent the release of contaminants.

Decommissioning Activities Safety Analysis

DOE Order 5480.21, Unreviewed Safety Questions, Section 10, Program

Requirements, requires t!7-t a contractor authorized to operate DOE nuclear facilities

shall perform safety evsauzions for all changes in facility and procedures as described
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in the existing safety analyses and tests or experiments not described in the existing
safety analyses.

Decommissioning is described in the Final Safety Analysis Report (FSAR), and this
plan does not change the facility or procedures beyond that described in the FSAR.

The need for a decommissioning activities safety analysis will be evaluated prior to
initiation of the decontamination and decommissioning plan. If a safety analysis is
required for decommissioning activities? it will be documented through the FSAR
update.

Changes to Operational Safety Requirements (OSR)

Decommissioning of WIPP is not expected to require a change in operational safety
requirements. The requirements will need to be individually inactivated (as an
unresolved safety question) as each of those systems covered by the OSRs are
removed from service.

1.9.3 Residual Radioactivit

* Post-Decommissioning Radiation Survey Program

Following decontamination (which will ensure the removal of waste residues at
background levels) and decommissioning of the WIPP site, there will be no need for a
radiation survey program. This may change in the final version of the Post-Closure
Monitoring Plan.

Certification Requirements

j~ Certification of post-decommissioning radiation levels will be provided in the post-
closure notification to the State of New Mexico.

1.10 Records Disposition

Quality records generated during the decommissioning process will be identified on the

decontamination and decommissioning section records inventory and disposition
schedule. Following review of the records by cognizant personnel the records will be
transmitted to Project Record Services.

A copy of records of waste disposal locations and quantities specified under 40 CFR
§264.73(b)(2) will be submitted to the regional administrator and local land authority

* within 60 days of closure of the facility.
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2.0 Supporting Documents

These documents are required to support the overall decommissioning program. This

section provides a brief overview of the documents and document control numbers.

Several of these documents will also address the requirements of the long-term

protection plan for acceptable cleanup levels, sampling and analysis plans, and QA/QC

specifications.

The documents listed below that are designated as "currently in place" are reviewed

and updated periodically to ensure correctness with the current facility configuration

and operational status.

2.1 Detailed Ipeetation Plan

A detailed implementation plan is not credible at this time for the completion of the

decommissioning of the Waste Isolation Pilot Plant. Processes that are in current use

and will be utilized for decontamination and decommissioning are detailed in

procedures that are currently in place. New systems that are procured for the

decontamination and/or decommissioning will require separate process specific

procedures for operation. Prior to final waste emplacement a detailed implementation

plan will be developed.

2.2 EnoerigPa

Procedures are currently in place which will direct engineering activities during the

decommissioning process and are listed in Attachment 3 of this plan (References 58-

70).

2.3 Cost Schedule. and Financing Plan

Procedures are currently in place for financial aspects of decommissioning and are

listed in Attachment 3 of this plan (References 86, 87).

At this date cost and schedule estimates are of little true value in predicting the actual

numbers and timelines for 28 years in the future. A z.onceptual cost estimate is

available from the Waste Isolation Division Long-Term Regulatory Compliance Group.

A cost, schedule, and budget will be developed prior to final waste emplacement.

2.4 Soi Wse -Management Unit Closure Plan

A plan will be developed for closure of the solid waste management units. The plan will

be developed to accomplish the closures of the separate SWMVUs in accordance with

applicable regulations.



CONCEPTUAL DECONTAMINATION AND DOEIWIPP-95-2072

DECOMMISSIONING PLAN FOR THE WIPP Page 36 of 41

@ 2.5 Health and Safely Plan

Procedures are currently in place to ensure the health and safety of workers and the

public. These procedures are listed in Attachment 3 of this plan (Reference 72).

2.6 Quality Assuran~ce Plan

Procedures are currently in place in to meet the requirements of DOE Order 5700.6C.

These procedures are listed in Attachment 3 of this plan (Reference 82).

10 CFR 830.120 is implemented through DOE Order 5700.6C.

2.7 Emergenc~y Pla

Emergency procedures are currently in place. These procedures are listed in

Attachment 3 of this plan (Reference 76).

2.8 Environmental Report/N EPA Documentation

Procedures are currently in place for environmental reporting and NEPA documentation

@ and are listed in Attachment 3 of this plan (References 47, 48, 50).

2.9 Radiological Protection Plan

Policies are currently in place for assuring that worker exposures to radiological and
chemical hazards are kept low. These policies are listed in Attachment 3 of this plan
(References 72, 73, 81).

2.10 Physicall Security Plan

Procedures are currently in place for physical security. These Procedures are listed in
Attachment 3 of this plan (Reference 71).

2.11 Enviroynmentall Monitoring Plan

Procedures are currently in place for environmental monitoring and are listed in

Attachment 3 of this plan (References 44, 45, 52, 53).

2.12 Supplemental Environmental Impact Statemnent

Development of a Supplemental Environmental Impact Statement will be necessary to

address environmental issues resulting from substantial changes in the WIPP mission.
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Attachment 2 Decontamination and Decommissioning Management
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Attachment 3 References

1 . 10 CFR 830.120, Quality Assurance requirements
2. 24-C-022-W, WIPP Site Facility Master Plan
3. 29 CFR 1910.1200, Hazard Communication
4. 40 CFR 191, Environmental Radiation Protection Standards for Management

and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes

5. 40 CFR 194, Criteria for the Certification and Determination of the Waste
Isolation Pilot Plant's Compliance with Environmental Standards for the
Management and Disposal of spent Nuclear Fuel, High-Level and Transuranic
Radioactive Wastes

6. 40 CFR 261, Identification and Listing of Hazardous Waste

7. 40 CFR 264, Standards for Owners and Operators of Hazardous Waste ©
Treatment, Storage, and Disposal Facilities

8. 40 CFR 268, Land Disposal Restrictions
9. 40 CFR 270, EPA Administered Permit Programs: The Hazardous Waste Permit

Program
10. 40 CFR 280, Underground Storage Tanks
11. 41 CFR 101, Federal Property Management Regulations
12. 41 CFR 109, Department of Energy Property Management Regulations
13. 49 CFR 100 THROUGH 199, Research and Special Programs Administration,

Department of Transportation
14. ANSI/ANS-1 5.10-1981, American National Standard for Decommissioning of

Research Reactors
15. ASTIM Ell 167 87, Standard guide for Radiation Protection Program for

Decommissioning Operations
16. ASTM El 278 88, Standard Guide for Radioactive Pathway Methodology for

Release of Sites Following Decommissioning
17. ASTM El 281-89, Standard Guide for Nuclear Facility Decommissioning Plans
18. CAO QAPD (Quality Assurance Program Description)
19. DOEIEIS-0026, Final Environmental Impact Statement
20. DOEIID-1 0500, Department of Energy Hoisting and Rigging Manual, April 1993,

Assistant Secretary for Environment, Safety and Health, Washington, DC 20585

21. DOE Order 1540.1IA, Materials Transportation and Traffic Management
22. DOE Order 5820-2A, Radioactive Waste Management
23. DOE Order 5820.25, Draft (4/29/93) - Decontamination and Decommissioning of

Radioactively Contaminated Faciities
24. DOE Order 5700.6C, Quality Assurance Program Implementation Guide
25. DOEiCAO-94-2003, WIPP Regulatory Compliance Strategy and Management

Plan for Demonstrating Compliance to Long-Term Disposal Standards

26. DOE/WIPP 87-016, Draft Rev. 1, A Plan for the Implementation of Assurance
Requirements in Compliance with 40 CFR 191. 14 at the Waste Isolation Pilot
Plant

27. DOE/WIPP 91-005, Waste Isolation Pilot Plant RCRA Part B Permit Application

28. DOIEJWIPP 93-029, Waste Isolation Pilot Plant Repository Monitoring Program
Strategic Plan
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29. DOEIWIPP 94-024, Waste Isolation Pilot Plant '1994 Environmental Monitoring
Plan

30. EIB/SWMIR-4, New Mexico Solid Waste Management Regulations
31. General Plant Design Description (GP DO) Revision 0
32. HA:94:6528, Revision 2 to WIPP Active Controls after Closure Design Criteria,

R. J. Rodriguez, 9/14/94
33. 20 New Mexico Administrative Code 4.1 Subpart V
34. IAEA Safety Series No. 105, The Regulatory Process for the Decommissioning

of Nuclear Facilities
35. Minerals Act ofl1947, (Act of July 31, 1947, 30 U.S.C. 602, 603.)
36. NUREG-0586, Final Generic Environmental Impact Statement on

Decommissioning of Nuclear Facilities
37. Permanent Marker Conceptual Design Report, Draft, Revision 2, November

1994
38. PL 96-164, Department of Energy National Security and Military Applications of

Nuclear Energy Authorization Act of 1980
39. PL 102-579, Waste Isolation Pilot Plant Land Withdrawal Act
40. Waste Isolation Pilot Plant Project Technical Baseline for Regulatory

Compliance.
41. Radiological Environmental Surveillance Air Sampling and Analysis at the WIPP

Site, Carter, M. W., May 26, 1994, Westinghouse, Waste Isolation Division,
Carlsbad, NMV

42. WIPP-DOE-069, Waste Acceptance Criteria for the Waste Isolation Pilot Plant
43. Working Agreement for Consultation and Cooperation, Rev. 1, Section N (DOE,

1981)
44. WIP 02-14 WIPP National Pollutant Discharge Elimination System Storm Water

O/-P Pollution Prevention Plan
45. WP 02-2, Environmental Compliance Assessment Program (ECAP) Plan
46. WP 02-601, Nonradioactive Hazardous Waste Management
47. WIP 02-801, National Environmental Policy Act Compliance
48. WP 02-802, NEPA Evaluation, Tracking, and Monitoring
49. WIP 02-9, WIPP Final Safety Analysis Report
50. WP 02-EC, National Environmental Policy Act Compliance Plan for the Waste

Isolation Pilot Plant
51. WP02-EMI, WIPP Quality Assurance Project Plan for WIPP Site Effluent and

Hazardous Materials Sampling
52. WPO2-EM2, The WIPP Site Effluent and Hazardous Materials Sampling Plan
53. WPO2-EMI 001, Sewage System Discharge Monitoring and Compliance
54. WP 02-RCI, Draft Waste Isolation Pilot Plant Project Technical Baseline for

Regulatory Compliance
55. WP 06-101, Shipping of Nonradioactive Hazardous Materials

* 56. WIP 06-108, Construction Landfill Operation
57. WIP 06-HM31 08, Request for Disposal
58. WP 09, Engineering Conduct of Operations and Procedures Manual
59. WP 09-CN3022, Engineering Document Control and Distribution
60. WP 09-007, Engineering and Design Document, Preparation and Change

Control
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61. WP 09-024, Configuration Management Board/Engineering Change Proposal
(ECP)

62. WP 09-025, Engineering Data Transmittal/Design Input

63. WP 09-029, Cognizant Engineer Responsibilities
64. WP 09-031, Engineering Calculations
65. WP 09-033, Construction Labor Services
66. WP 09-034, Configuration Management Determination
67. WP 09-035, Site Development Planning and Project Authorization Process

68. WP 09-8, Specification Preparation Style Guide
69. WP 09-9, Configuration Management Plan
70. WP 09-CN3003, As Built Drawings: Process and Control
71. WP 11-7, WIPP Security Manual
72. WP 12-1, WIPP Safety Manual
73. WP 12-2, WIPP ALARA Manual
74. WP 12-5, WIPP Radiological Control Manual
75. WP 12-6, VOC Monitoring Plan
76. WP 12-9, WIPP Emergency Plan and Administrative Procedures Manual

77. WP 12-10, Emergency Services Program Plan
78. WIP 12-HP, WIPP Operational Health Physics Procedures Manual
79. WP I 2-HP 1 100, Monitoring and Surveys
Of0 WVP i 2-HP3200, Radioactive Material Control
81. WP I 2-RE3000, Radiological Control Program
82. WP 13-1, WID Quality Assurance Program Description
83. WP I 4-TR3402, WIPP Training Policies
84. WP I 4-TR3501, General Employee Training
85. WP 14-TR3502, Training Requirements for Subcontractor Personnel
86. WP 15-6, Purchasing Policies and Procedures Manual
87. WP 15-605, Award and Administration of Construction Work
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.0 1 APPENDIX DEF

2 DEF.1.O GRAVITY-DRIVEN STRUCTURE IN THE CASTILE

3 This document describes the structural features in the Castile Formation that are

4 commonly attributed to gravity-driven deformation. To properly present this subject, the

5 data will first be shown in a general historical overview, permitting the reader to

6 understand the sequence of investigations. The known extent of deformation in the

7 Castile, how these structures are likely to develop in the future, how well they can be

8 predicted, and the potential impact of these structures, on the WIPP will also be discussed.

9 Apart from the general geological impact, the performance of the WIPP as it might be

10 affected by such structures is not specifically assessed here.

I1I DEF.1.1 Background Information

12 For a number of years, it has been known that parts of the Castile Formation are

13 deformed. Cross-sections of the basin geology through its margins have shown some

14 evidence of deformation. Jones et al. (1973) provided a map of the isopachs of part of

15 the Castile that clearly show much thicker portions in. some areas along the northwestern

16 to northern Delaware Basin, just inside the margin of the Capitan Reef. Very little

17 information had been collated concerning deformation within the Delaware Basin until

18 studies were initiated of the Delaware Basin as a possible site for radioactive waste.19 disposal. Jones et al. (1973) is probably the clearest early presentation of this
20 information, though the dissertation by Snider (1966), and the paper by Anderson et al.

21 (1972) also reflect thicker sections in some Castile units adjacent to the reef.

22 In 1975, Sandia National Laboratories (SNL) drilled a third borehole, called ERDA-6, at

23 a site (Figure DEF- 1) that had been partially investigated by Oak Ridge National

24 Laboratories (ORNL) during 1974. Two boreholes (AEC-7 and AEC-8) were drilled in

25 1974 by ORNL before SNL was assigned to carry out the task of investigating this site for

26 radioactive waste disposal under programs that preceded WIPP. Formation boundaries4 2 7 and marker beds in ERDA-6 were structurally high compared to AEC-7 and 8, and the

28 degree of deformation increased downward. At about 2,71 1-mi (826-in) depth, ERDA-6
29 began to produce pressurized brine and gas. The hole was tested extensively to determine

30 the nature and origin of the brine. Beds within the Castile were displaced structurally

31 upward, apparently by hundreds of feet (Jones 198 1; Anderson and Powers 1978), and

32 some of the lower units may have actually pierced upper units (Anderson and Powers

33 1978). Because of the desire for structurally uncomplicated units to simplify mining for

34 a repository, the site under investigation at ERDA-6 was abandoned in 1975, and in

35 1975-76 the current site was initially selected and investigations began (Powers et al.

36 1978). As part of the selection criteria, a zone about 6 mi (10 kin) wide inside the

37 Capitan Reef was avoided because it included known deformed Castile and Salado

38 (Griswold 1977). This is the first instance in which the site investigations were directly

39 influenced by discovery of deformation in the Castile and lower Salado.

DOE/CAO-96-2160 DEF-1 June 14, 1996



Final No-Migration Variance Petition

I The present site for the WIPP was selected and initially investigated in 1976 to determine
2 if the desired characteristics for the preliminary site selection were present (Griswold
3 1977; Powers et al. 1978). As the general criteria appeared to be met during this phase,
4 the site and surrounding areas were characterized much more extensively and intensively
5 beginning in 1977. Extensive new seismic reflection data were collected in 1977 and
6 1978 that began to reveal the deformed Castile north of the center of the site (Figure
7 DEF-1. 1). Because the principal effect was that the good quality Castile reflectors from
8 the area south of the site center were "disturbed," the area to the north was dubbed the
9 "disturbed zone" (DZ). It also became known as "the area of anomalous seismic

10 reflectors" or "zone of anomalous seismic reflection data." The boundary of the DZ was
11 variously described as being from about 0.5 to 1 mi (0.8 to 1.6 kin) north of the center of
12 the site, depending on the criteria to define the DZ. Powers et al. (1978) generally
13 defined the DZ beginning about 1 mi (1.6 kin) north of the site center, where the seismic
14 reflector character was poor to uninterpretable, or "anomalous" (Borns et al. 1983).
15 About 0.5 mi (0.8 kin) north of the site center, it appeared that beds within the Castile
16 Formation began to steepen in gradient, dipping to the south from a higher area to the
17 north. The Environmental Evaluation Group (EEG) summarized various map limits to
18 the DZ, including the area where the Castile dip begins to steepen (Neill et al. 1983).
19 Borns et al. (1983) included two separate areas south of the site as part of the DZ based
20 on seismic character.

21 The first new drillhole within the area encompassed by the DZ was WIPP- 11, and it was
22 located about 3 mi (5 kin) north of the center of the WVIPP site (Figure DEF-2). Long and
23 Associates (1977) examined proprietary petroleum company data in 1976, and identified
24 anomalous areas around the WIPP site, including the structural anomaly at the WIPP- 11
25 location. Seismic reflection data acquired in 1977 indicated possible salt flowage within
26 the Castile and a structure that could be similar to that at ERDA-6 (Sandia National
27 Laboratories and U.S. Geological Survey 1979). WIPP-l1 was drilled early in 1978,
28 demonstrating the extensive deformation within the Castile and extending upward into

29 the Salado. WIPP- 11 did not encounter any brine or gas flows.0

30 Seismic reflection data acquired in 1977 not only showed a zone of steepened dip of the
31 Castile north of the site center, it also showed a possible fault offsetting parts of the
32 Salado and Rustler Formations. A series of five boreholes was planned to provide
33 detailed information on the structure of the Rustler/S alado contact. Four boreholes
34 (WIPP 18, 19, 21, and 22) were required to demonstrate that there was no detectable
35 offset on that contact in the area interpreted from 1977 seismic reflection data (Figure
36 DEF-1). Later epochs (1978 and 1979) of seismic data in the same area, along with the
37 drilling, continued to show generally poor resolution or uninterpretable data in the area of
38 the DZ. These studies generally showed that the acoustic velocity of the upper section
39 changes laterally, complicating further the interpretation of the deeper Castile structure.
40 Through the WIPP 18-22 drilling program, the upper Salado and Rustler were determined
41 to be fundamentally undisturbed over the southern margin of the disturbed zone where the
42 Castile appears to dip to the south (Sandia National Laboratories and U.S. Geological
43 Survey 1979).
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O 1 WIPP-12 was located approximately 1 ml (1.6 kin) north of the site center to test the
2 amount the Castile was elevated (Figures DEF- 1, DEF-2). It was drilled late in 1978 to
3 the top of the Castile and detected approximately 160 ft (50 mn) of structural elevation
4 compared to ERDA-9 and the center of the site (Sandia National Laboratories and
5 D'Appolonia Consulting Engineers 1982c). The amocunt of disturbance of the Salado was
6 not considered an impediment to underground development, though the underground
7 storage facility was later reoriented from this northern area to an area south of the site
8 center (see Section DEF. 1. 1). From drilling WJPP- 12 and the WJ[PP 18-22 series, the
9 southern margin of the DZ was considered to be much more gentle in structure, while the

10 seismic character and WIPP- 11 indicated much more severe deformation of the Castile
I I further to the north.

12 Two additional phases of seismic reflection data were acquired in 1978 and 1979. These
13 data mainly concerned the immediate site area (about 4 mi2 [ 10 km2]) and the southern
14 edge of the DZ. They indicated much the same problems and margins associated with the
15 DZ from the 1977 data. The latest seismic data (1979) were principally acquired to
16 facilitate construction and Site and Preliminary Design Validation (SPIV) activities. As
17 the project moved into SPIV activities, the DZ was little investigated directly during the
18 period from about late 1979 until mid- 198 1.

* 19 A microgravity survey of the site area was conducted to determine if the structure within
20 the DZ could be partially resolved by that method (Barrows et al. 1983; Barrows and Fett
21 1985). The large differences in density of halite and anhydrite might cause detectable
22 differences in the gravity field locally if the units were displaced and/or thickened relative
23 to the surrounding areas. The microgravity survey covered an area of "normal"
24 stratigraphy from south of the WIPP site center to the area of WIPP- 11I (Figure DEF-3).
25 As interpreted by Barrows et al. (1983), the microgravity does not resolve the larger scale4 2 6 deformation within the Castile Formation. Based on the interpretation of probable
27 shallow disturbance of the gravity field, WJPP- 14 and WI[PP-34 were drilled about 2 mi
28 (3 kin) north and about 0.5 mi (0.8 kin) east of the site center (Figure DEF-1). These
29 boreholes encountered normal stratigraphy within the Rustler and upper Salado (Sandia
30 National Laboratories and D'Appolonia Consulting Engineers 1982c; Sandia National
31 Laboratories and U.S. Geological Survey 1981) with some slight structural depression
32 made apparent mainly by the deformation northeast cf this area around ERDA-6 (Holt
33 and Powers 1988). Barrows et al. (1983) attributed the gravity anomaly around WTPP-14
34 to decreased density within parts of the Rustler Formation, mainly from the difference in
35 density due to anhydrite versus gypsum in WJPP- 14. The overall difference in mass was
36 attributed to karst processes by Barrows et al. (1983), rather than to deformation of any of
37 the units associated with the DZ.

38 During the mapping of the first shaft drilled at the WIPP site Salt Handling Shaft (SHS),
39 NM 139 was observed to have a few in. of relief on the basal contact and 2 to 3 ft (0.6 to

* 40 0.9 m) of relief on the upper surface. Jarolimek et al. (1983) interpreted the internal
41 structure on these high points of MB 139 as showing a radial structure due apparently to
42 gypsum growth textures and subsequent crushing, indicating a fundamentally depositional
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1origin to the relief, rather than any structural disturbance related to the DZ. Borns (1985)0
2 conducted an investigation of additional cores and holes drilled through MB 139, because
3 EEG was concerned that the apparent structure was related to the DZ. Borns (1985) also
4 concluded that the relief was not due to structural deformation, but mainly to erosion
5 processes that carved part of the relief found on the top of the marker bed. From either
6 point of view, the difference in relief on the upper and basal contacts of MB 139, in such
7 a thin unit, were convincing evidence that a form of tectonic deformation was not
8 involved.

9 In late 198 1, WIPP- 12 was deepened to test for the possible presence of brine and/or
10 pressurized gas within the structure in the Castile Formation (D'Appolonia Consulting
I1I Engineers, Inc. 1982). The probability of producing brine/gas from WIPP-12 was
12 considered reasonably low at the time, because most known pressurized brine/gas was
13 associated with much more deformed units than the Castile at WIPP- 12. Fractured
14 anhydrite in the upper Castile did begin to yield pressurized brine and gas when
15 intercepted late in 198 1, and WIPP- 12 and ERDA-6 were further tested. Later
16 geophysical work (The Earth Technology Corporation 1987) suggests that the brine may
17 underlie part of the WIPP facility, beyond the area usually included in the DZ. Though
18 the U.S. Department of Energy (DOE) and EEG agreed that neither brine nor structure
19 constituted a threat to health and safety, the proposed underground facilities were
20 reoriented south of the site center, avoiding longer haulage and the slight structure
21 encountered at the facility horizon (see Section DEFR 1. 1). As a consequence of the
22 deepening and testing of WIPP-12, the link between structure and pressurized brine and
23 gas was strengthened.

24 The last direct investigation of the DZ was a by-product of another investigation. DOE-2
25 was drilled approximately 2 mi (3 kin) north of the center of the WIPP site to investigate
26 the origin of a modest depression on MB 124 (Griswold 1977; Powers et al. 1978) that
27 was detected in a corehole drilled by a potash company. DOE-2 was principally a test of
28 the hypothesis that the depression wascaused byductile flow ofhalite inresponse todeep~~
29 dissolution of halite by water from the Bell Canyon Formation (Mercer et al. 1987).
30 Halite layers in the lower Salado were thicker than usual, indicating that part of the
31 sequence had not been dissolved, and the Castile was very deformed. The Castile
32 stratigraphy was not normal; the second halite was apparently squeezed out of the area
33 during deformation. The stratigraphy in DOE-2 is apparently the result of processes that
34 caused the DZ and is not the result of any dissolution (Borns 1987; Mercer et al. 1987).

35 The preceding paragraphs describe most of the direct investigations of the DZ and place
36 them in their historical context. In the next few sections, more of the specific features of
37 the DZ will be described, interpreted, and discussed to indicate the significance of the
38 structures and processes of formation for the WIPP.
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.1 DEF.1.2 Specific Features of the Disturbed Zone

2 The first specific feature of the DZ is its boundary. In Section DEF. 1. 1, the different
3 concepts of the boundary depended on ideas of where the Castile began to change and
4 steepen dip (about 0.5 mi (0.8 kin) north of the site center, or where the various epochs of
5 seismic data became unreliable to uninterpretable). Blors et al. (1983) present one
6 diagram (Figure DEF-2) of the seismic time structure for the top of the Castile Formation
7 that illustrates the variously defined boundaries as well as any diagram. The principal
8 part of the DZ is defined by a lobate area (Figure DEF-2) shown as an "area of complex
9 structure" where the seismic data are considered "ambiguous." The structurally-deformed

10 area clearly includes an area about halfway between boreholes WJEPP- 12 and ERDA-9, as
11 well as a larger area to the northeast. The two-way travel time contoured on the map is a
12 function of depth; as the reflector is nearer the surface, the travel time to the reflector and
13 back to the surface decreases. Thus, the areas enclosed with contours of smaller values
14 should be structurally higher. (The top of Castile in WIPP-12 was 160 ft [50 in] higher
15 than it is in ERDA-9). The map was not directly converted to depth because the seismic
16 reflection and borehole geophysical logging programs; demonstrate clearly that there are
17 also lateral velocity variations within the upper part of the rock section, especially within
18 the Rustler and Dewey Lake Formations. These velocity variations cannot be adequately
19 extracted from the travel times to permit converting the travel time to depth.. 20 Nonetheless, the map demonstrates the general best information about the extent of the
21 DZ. The central and southern part of the WIPP site area displays relatively uniform
22 seismic travel time structure and nothing within the geological data contradicts that
23 information to date.

24 The broad forms of the structures within the DZ are generally anticlinal and synclinal
25 (Bomns 1987), though they are not necessarily regular shapes. The best known shape for
26 part of the DZ is between WIPP-12 and ERDA-9, where seismic information and several
27 drillholes constrain part of the stratigraphy. There the structure tends to be a gentlyk~ > 28 dipping limb of a anticlinal. structure. Most of the remaining shapes attributed to the
29 Castile within the DZ or related area are based more on one drillhole or a few drillholes
30 that somewhat constrain the structure. WIPP- 11, WIPP- 13, DOE-i1, and ERDA-6 are all
31 examples. A generalized cross-section of the structure at ERDA-6 (Anderson and Powers
32 1978) shows a piercement structure and a regular shape; the piercement is based on
33 stratigraphic inferences, but the shape is fundamentally uncontrolled by closely spaced
34 data. WIPP-1 1 and WIPP- 12 are both believed to penetrate anticlinal forms, though the
35 structure is only partially known from drilling and seismic reflection data. DOE-2 is
36 believed to lie in a synclinal structure, and contacts on various units show a nested series
37 of depressions in the upper Salado (Bomns 1987). There are too few drillholes into the
38 Castile to reconstruct the detailed shapes of Castile structures. The seismic data are not
39 well enough constrained to calculate depths to reflectors, and most reflectors are too
40 "disturbed" to interpret in this area. The specific shapes of individual structures are. 41 unlikely to be defined in the near future.
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1 Anderson and Powers (1978) contoured several structures within the Delaware Basin,
2 including structures at Poker Lake at least grossly similar to ERDA-6. Bomns and Shaffer
3 (1985) reexamined the information from Poker Lake and concluded that the actual shape
4 is poorly constrained. Outside of the area on the north side of the current WIPP site, the
5 information available is too sparse to define the individual shapes of structural features on
6 borehole data.

7 It is important to note that, to date, none of the structures are demonstrably associated
8 with comparable structure on the underlying Delaware Mountain Group. Snyder (in

9 Bomns et al. 1983) does show an upthrown block (hoist) through WIPP- 11 on the top of
10 the Bell Canyon Formation that is based on his projection of the thickness of the lower
I1I Castile; WIPP- 11 did not penetrate the complete Castile section. Other areas, such as the
12 Poker Lake structures, may display some relief on the top of the Delaware Mountain
13 Group, but Bomns and Shaffer (1985) do not attribute the relief to faulting. They believe
14 the relief existed before and during deposition of the overlying Castile units. The
15 underlying units to the Castile Formation are, for the most part, uninvolved in the
16 structures displayed by the Castile.

17 Structure contour and isopach maps of the Salado and Rustler over areas of complicated
18 Castile structure also show that the overlying units are successively less involved in the
19 structure (e.g., Section 7.2; Borns and Shaffer 1985; Borns et al. 1983; Holt and Powers
20 1988). Lower units that are thicker and deformed are overlain by units that are thinner
21 and less structurally involved in the deformation. Under normal geological
22 circumstances, e.g., dealing with a rock sequence of carbonates or siliciclastics, the
23 deformation would be considered completed by the time of deposition of the lowermost
24 undeformed rock unit. Here, within a much more plastic set of rocks, the same geological
25 reasoning is of less value, as the rocks may compensate laterally for late deformation
26 effects and produce the same results as seen here. 0

27 Bomns (1983; 1987; Borns et al. 1983) has extensively examined the macroscopic to
28 microscopic features from cores taken within the structurally deformed areas. These
29 studies follow earlier, broader studies of macroscopic features from the "state line
30 outcrop" (Kirkland and Anderson 1970) and ERDA-6 (Anderson and Powers 1978).
31 Kirkland and Anderson (1970) reported that small-scale folding within the Castile
32 outcrops is oriented consistently along the general north-south strike of beds in the
33 Delaware Basin. From this, they concluded that the deformation was related to tilt of the
34 basin, generally believed to be Cenozoic in age (e.g., Anderson 1978; King 1948; Borns
35 et al. 1983), though authors differ in opinions of when this took place by tens of millions
36 of years. Anderson and Powers (1978) used this apparent relationship to estimate that
37 folding at ERDA-6 took place after the tilt of the basin. Jones (1981) estimated that
38 deformation took place before the Ogallala Formation was deposited, because that unit is
39 undeformed at the location of ERDA-6. Bachman (1980) and Madsen and Raup (1988)
40 are among investigators who interpret angular relationships between various formations
41 of the Ochoan Series, beginning with the Castile-Salado contact. These relationships
42 require tilting of the existing beds to the east, as the angular unconformities are always
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@1 placed on the west side of the basin. Tilting of the basin may well have occurred through
2 much of the time when the Ochoan Series was being deposited, as Holt and Powers
3 (1988) present evidence that the depocenter for the Rustler Formation was displaced
4 eastward from the Castile and Salado patterns and overlies part of the Capitan reef on the
5 northeast side of the Delaware Basin. The Delaware IBasin appears to have tilted at
6 various times from the late Permian to at least the Cenozoic, and the conditions for
7 deformation may well have existed since the late Permian. Direct evidence of the time of
8 deformation has been difficult to obtain, and tilting of the basin, as a condition for the
9 deformation, appears to have occurred at times beginning in the late Permian. Jones

10 (198 1) argues that the structure at ERDA-6 must be, in part, younger than Triassic,
I1I because Triassic rocks are also deformed over the deformed evaporites. He further
12 believes that the structure must be older than late Cenozoic, because the Ogallala
13 Formation over part of the structure is undeformed and erosionally truncates the upper
14 part of the Triassic rocks. This may be the most conclusive age relationship demonstrated
15 for any of these related structures. Conventional relationships with beds overlying
16 deformed evaporites, such as that cited by Jones (198 1) for the Ogallala, are suspect if the
17 deformation ends or dies out vertically within the evaporites because of the potential for
18 compensating deformation in evaporites (e.g., Boms 1983).

19 Borns (1983, 1987) reexamined the "state line outcrop," as well as the cores from various@ 20 boreholes, and concluded that the styles of deformation present in these cores indicate a
21 very complicated history, including episodes of deformation that are probably
22 synsedimentary. The folding may, for example, display disharmonic or opposing styles
23 that would not normally be attributed to a single episode of strain in a pervasive stress
24 field. If all the deformation occurred in response to a single event, such as the tilting of
25 the Delaware Basin, the folds and other strain indicators should all have a common
26 orientation. Isoclinal folding may be very early, while asymmetric folding is often
27 penetrative, indicating later time of origin. Fractures in more brittle units, such as the
28 Castile anhydrites, are often very high angle to vertical and are considered one of the late
29 deformation features in cores. These fractures in the larger anticlinal structures of the DZ
30 are apparently the proximate source of pressurized brines and gases. Borns (1985, 1987)
31 recognized that tilting of the basin, among other possible sources of stress, may have
32 occurred at several different times and is not limited to a single Cenozoic event.

33 DEF.1.3 Hypotheses of Formation of Deformation in Castile

34 Several hypotheses have been advanced for the formation of the Castile structures in the
35 DZ and other parts of the Delaware Basin (Borns et al. 1983). The five principal
36 processes hypothesized as causes of the DZ are gravity foundering, dissolution, gravity
37 sliding, gypsum dehydration, and depositional processes (Borns et al. 1983). Each of
38 these hypotheses will be briefly summarized, though gravity foundering due to density
39 differences between halite and anhydrite is considered the leading hypothesis (Borns. 40 1987).
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I Gravity foundering is based on the fact that anhydrite (about 2.9 gm/cc) is much more
2 dense than halite (about 2.15 gm/cc). When anhydrite beds overlie halite, there is
3 considerable potential for the anhydrite to sink and the halite to rise. This potential exists
4 throughout much of the Delaware Basin in the Castile. Mathematical and centrifuge
5 models of similar systems confirm the potential for such deformation and even suggest
6 that the rate of deformation is about 0.02 in./year (0.05 cm/year) (Borns et al. 1983). At
7 such a rate, the DZ could be inferred to develop over about 700,000 years (Borns et al.
8 1983). The principal difficulty with this hypothesis is that there are large areas of the
9 Delaware Basin that remain undeformed, though the stratigraphy is similar to that within

10 the DZ. The potential for gravity foundering exists over most of the basin, yet only a
I I small part actually manifests such deformation. A special condition, localized higher
12 water content, or an anomalous distribution of water, is hypothesized to explain why
13 deformation is localized despite the pervasive density inversion (Borns et al. 1983).
14 Pressurized brine and gas associated with some of these structures is at least consistent
15 with this explanation.

16 Halite could potentially be removed from the evaporite section by dissolution and change
17 the form of the evaporites. The density structure could be changed by removing salt near
18 the surface, causing collapse and fill with sediment that is more dense than the removed
19 salt (Anderson and Powers 1978). Borns et al. (1983) reviewed some of the evidence that
20 evaporites were deformed near surficial sinks and concluded that there was certainly
21 some association, but that the pattern of deformation did not match the shallow
22 dissolution. If salt is dissolved from the lower Salado or Castile, then overlying beds ~ //
23 should deform in response to the removal of mass. DOE-2 was drilled to test that
24 hypothesis. Recrystallized halite has been offered as evidence of the passage of fluids,
25 but there appears to be no unique relationship between recrystallized halite and
26 deformation. In addition, certain halite sections appear much overthickened, which is
27 clearly not directly due to halite removal. These features generally indicate that the halite
28 can be squeezed and will "move" laterally. The fact that the Rustler shows no discernible
29 overall structural lowering over the DZ (Holt and Powers 1988) suggests that dissolution
30 of the lower Salado or Castile is not the origin of the deformation. The one area in which
31 the Rustler is structurally affected is around ERDA-6, and there it is warped upward as
32 noted by Jones (1981). Borns et al. (1983) do not believe that the Bell Canyon has been
33 a source for brines in the Castile because of the chemistry (Lambert 1978, 1983) and the
34 small volume.

35 Gravity sliding in the Delaware Basin could be driven by two physical situations: the
36 general eastward dip and the dip off the Capitan Reef and forereef into the basin. In
37 contrast to the gravity foundering mechanism, where movement is dominantly vertical,
38 gravity would result in sliding blocks moving mainly laterally as well as downslope in
39 this mechanism. Some of the deformation is adjacent to the reef (Jones et al. 1973),
40 lending some substance to the hypothesis that the reef-forereef slope and facies changes
41 could cause such sliding. Some deformation is in somewhat isolated portions of the basin
42 (e.g., Poker Lake; Anderson and Powers 1978; Borns and Shaffer 1985), and these
43 structures were originally interpreted to align along the strike of the basin (Anderson and
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.1 Powers 1978). Borns and Shaffer (1985) conclude that the data do not uniquely support
2 that interpretation, and these structures may or may not support the concept of gravity
3 sliding within the basin. Borns et al. (1983) also concluded that the timing of the various
4 structures is an important factor in evaluating this hypothesis. As discussed above,
5 neither the age of the various structures, nor the timing of the basin tilt, is well
6 constrained. If tilting of the basin is an important event in forming these structures, the
7 various macro- to microstructures should probably be consistently related. As in gravity
8 foundering, much of the basin area has not reacted to what appears to be widespread
9 similar stresses. Special circumstances, such as an anomalous distribution of water, may

10 be necessary to overcome a threshold for deformation to occur.

I I In general, as temperature and pressure increase, gypsum dehydrates to form anhydrite
12 and release free water. Boms et al. (1983) discuss the effects this process has on
13 experiments in weakening the anhydrite. Borns et al. (1983) suggest, however, that a
14 major difficulty with this hypothesis is that there should remain relicts of the original
15 gypsum within the sedimentary column and these are not observed. Borns et al. (1983)
16 suggest that mostly anhydrite was deposited in the Castile, and, as a consequence, the
17 dehydration hypothesis has little observable support. More recently, pseudomorphs after
18 gypsum have been recorded in every major anhydrite of the Castile (Harwood and
19 Kendall 1988, personal communication; Hovorka 1988, Personal communication;. 20 Powers, unpublished data; Sandia National Laboratories and D'Appolonia Consulting
21 Engineers 1982a). Gypsum certainly has been present in the Castile, though anhydrite
22 cannot be dismissed as a possibly important primary mineral. Delicate forms of original
23 gypsum crystals are sometimes preserved and pseudomorphed by anhydrite or halite.
24 Each requires volume-for-volume replacement, probably through dissolution and
25 crystallizing the replacement mineral. There are no observed fluid escape paths, and the
26 gypsum may have been replaced very early in the sedimentary history. The additional
27 major drawback of this hypothesis is that the process should be pervasive, while the
28 deformation is localized. Special pleading for an additional factor is necessary in this

S 29 process as in some other hypotheses.

30 Depositional or syndepositional processes have been invoked for some of the deformation
31 in the Castile Formation. Bomns et al. (1983) list four main mechanisms that have been
32 suggested: penecontemporaneous folding, resedimentation, slump blocks off reef
33 margins, and sedimentation on inclined surfaces. Penecontemporaneous folding requires
34 consolidation of the units over relatively short times. Borns et al. (1983) also cite the lack
35 of observed features that indicate the rocks were reexposed. Evaporite units in the
36 Mediterranean contain resedimented material: turbidites, slumping, and mudflows with
37 other clastic sediment. Bomns et al. (1983) report that "the units of the WJIPP area show
38 little chaotic or clastic structures." They also apply the same argument of Kirkland and
39 Anderson (1970) that the deformed units would have to be consolidated by the time of
40 resedimentation.

.41 In a more recent study of cores from the western part of the Delaware Basin, Robinson
42 and Powers (1987) report a lobate unit of resedimented Castile anhydrite clasts overlying
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I both the lower anhydrite and halite of the Castile and underlying the second anhydrite.
2 The apparently unconformable contact with both anhydrite I and halite I lies across the
3 extension of the Huapache monocline that appears to have been still active during the
4 time part of the Castile was deposited. Polyclasts within some beds of this unit
5 demonstrate that the original anhydrite was partially consolidated and that a unit of clasts
6 was also at least partially consolidated to provide the polyclasts. These units were
7 consolidated early between the time halite I was deposited and anhydrite HI began to be
8 deposited.

9 In the rest of the basin, there is no apparent interval between the end of halite and
10 beginning of the anhydrite deposition. The relationship clearly indicates that the western
I1I margin was an area of sulfate clast formation, deposition, and lithification over a very
12 short interval of geologic time. Hovorka. (1988, personal communication) indicates that
13 similar clastic deposits occur in cores from nearer the eastern margin of the Delaware
14 Basin. Snider (1966) proposed much earlier that sedimentation caused anomalous
15 thickness of Castile units near the basin margin, and Billo (1986) presented a similar
16 conclusion. Neither reported any textural evidence to support their conclusions.

17 Clearly, Castile rock has been resedimented, but in the area where textural data are
18 available, only modest deformation appears to be present (Robinson and Powers 1987).
19 At this time, there is little to suggest that such sedimentation resulted in the deformation
20 in the DZ. There is also no direct evidence from the WIPP area that suggests slump
21 blocks off the reef margin moved into the area, causing deformation. The high inferred
22 slopes of some of these structures argues strongly against sedimentation on inclined
23 surfaces (Borns et al. 1983).

24 The concept that deformation was syndepositional or penecontemporaneous with
25 deposition appears mainly to be driven by the fact that deformation decreases upward
26 through successive units. Normal geologic reasoning would support
27 penecontemporaneous deformation, but does not take into account the rather plastic
28 behavior of halite, allowing flow over high areas to move halite into low areas.
29 Overlying units, such as the Rustler, are made of much less plastic material and do not
30 respond as the Salado does. The deformation appears to be compensated in overlying
31 units through deposition.

32 Overall, both gravity-driven mechanisms require some special additional conditions
33 restricting deformation to small areas though most of the basin appears to be equally
34 susceptible. Dissolution permits a more localized effect, but there does not appear to be
35 an overall loss of mass in these areas and the chemistry of the fluids and hydrology of the
36 units do not readily support the concept. Most of the syndepositional processes have no
37 evidence to support them in the area of the DZ. Currently, the most favored hypothesis is
38 gravity foundering, with a yet undetected anomalous distribution of fluid lowering the
39 viscosity of halite locally to permit deformation.
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.I DEF.1.4 Timing of Deformation

2 Most of the arguments about timing of deformation have already been discussed.
3 Standard geologic arguments about relative timing, based on involvement of the
4 overlying units, is unlikely to hold for the evaporite units. Jones (1981) notes that
5 uplifted and arched Triassic rocks near the ERDA-6 borehole are truncated by the
6 flat-lying, undeformed Pliocene Ogallala Formation. He interpreted this as an indication
7 that salt movement was complete before deposition of the Ogallala. However, he does
8 not explain either how the Triassic structure relates to the deeper DZ or how it is
9 distinguished from near-surface dissolution effects (Borns et al. 1983). Castile rocks may

10 have been deformed during any time period from Permian to the present. More to the
11 point, for some hypotheses, the general conditions thought necessary to deform the
12 Castile and Salado are still present, and mechanisms, such as gravity foundering, are
13 potentially active (Borns et al. 1983).

14 An additional piece of data is relevant. Brines from ERDA-6 and WIPP- 12 were
15 analyzed, and the brines were calculated to have moved last about 800,000 years ago
16 (Lambert and Carter 1984; Barr et al. 1979). One set of reasonable assumptions about
17 brine chemistry and interactions with the rock leads to calculated residence times of about
18 25,000 to 50,000 years for these brines. This may relate to the last time that deformation
19 was active on this structure, though it is not uniquely an indicator of deformation. The. 20 interaction between rock and water may have been strictly hydrologically driven, and may
21 not require deformation at that time.

22 The second point of interest is that some modeling calculations indicate, as stated above,
23 that the kinds of structures observed in the DZ may require periods on the order of
24 700,000 years to form. This calculation gives no indication of when the structures
25 formed, but it is relevant to timing and assessing how these structures might affect the
26 WIPP.

411k 27 DEF.1.5 Importance to the WIPP

28 The structures interpreted from core retrieved from WIPP- 12 and ERDA-6 serve as
29 possible analogs to effects of deformation on the WIPP. The DOE and EEG have
30 analyzed the effects of brine and structure at WIPP- 12 and the southern portion of the site
31 and concluded the geologic conditions represent no threat to health and safety (see
32 Section DEF. 1. 1). In addition, both boreholes encountered brine only within the
33 anhydrite units, and that is the experience of all other encounters of these larger brine
34 inflows (Popielak et al. 1983). Anhydrite supports the fractures that provide porosity for
35 the brine, and the anhydrite/halite units form an effective seal, as the pressurized brines
36 and gas did not escape upward. The principal concern for isolation would be that the
37 deformation, and its associated phenomena, such as pressurized brine and gas, could. 38 cause breaching of the repository and provide or make a pathway for the escape of the
39 waste constituents. The period of time expected for development of the structure
40 (700,000 years) is well beyond periods of regulatory concern. In addition, the evidence of
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1 the pressurized brine and gas occurrences is that they are confined to these Castile
2 anhydrite layers and do not breach the lower Salado to reach the stratigraphic level of the
3 repository. There is nothing at present to indicate that these features will form in the time
4 period of concern or that they can directly cause a breach of the repository.

5 DEF.2.() SALADO PENETRATIONS

6 Within the 16-mi2 (41-kin 2) WIPP Site Boundary, 36 boreholes have been identified as
7 penetrating into the Salado Formation (Figure DEF-4; Table DEF-2. 1). Thirty of these
8 boreholes terminate near the top of the Salado; the remaining six boreholes were
9 completed through the Salado to deeper formations. These boreholes have either been

10 plugged and abandoned, or recompleted for use as hydrologic monitoring wells.

11 The six wells that penetrate through the Salado are two exploration wells and four drilled
12 in support of the WIPP. Two hydrocarbon exploration wells, Clayton Williams #1
13 Badger Unit and Michael Grace #1 Cotton Baby, were drilled within the WIPP Site
14 Boundary. The location of these wells is shown on Figure DEF-4, and the construction
15 information is provided in Table DEF-2. 1. These wells did not produce economical
16 quantities of hydrocarbons and were plugged and abandoned in accordance with the State
17 of New Mexico plugging criteria. The four additional deep boreholes, WIPP- 12,
18 WIPP- 13, DOE-l1, and ERDA-9, were drilled as stratigraphic holes for geologic site
19 characterization (Figure DEF-4; Table DEF-2.l1). These four boreholes have been
20 recompleted and are currently used for hydrologic testing and sampling.

21 Mo st of the 30 boreholes completed near the top of the Salado Formation were drilled in
22 support of the WJPP. Seven of the boreholes (designated with an "H " prefix on Figure

23 DEF-4) were drilled to just below the Rustler/Salado Formation contact and were
24 completed as hydrologic exploration wells. These wells were completed with the section
25 in the Salado Formation either left as an open hole or, in some cases, a cement plug was
26 installed to prevent mixing of groundwater between the Rustler and Salado Formations.
27 Five boreholes were drilled within the boundary to characterize the site stratigraphy.
28 Four of these boreholes (WIPP- 18, WI]PP- 19, WIPP-2 1, and WJPP-22) were subsequently
29 recompleted for hydrological testing and sampling purposes and are currently in use. The
30 remaining stratigraphic borehole, B-25, was drilled as part of the geotechnical foundation
31 analysis program. This borehole was plugged, as described in Table DEF-2. 1. Industry
32 potash and WIPP potash assessment boreholes (designated as "D," 'j," or 4P1

33 respectively, in Figure DEF-4) were drilled within the site boundary. These boreholes
34 were plugged with cement and abandoned, except for borehole P- 15. This borehole was
35 plugged as described in Table DEF-2. 1 and recompleted as a hydrologic test well.
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ABSTRACT

The rate at which hydrogen (H2) or a volatile organic compound (VOC) exits a layer of

confinement in a vented waste drum is proportional to the concentration difference across the

layer. The proportionality constant is the gas transport characteristic. A series of transport

experiments were conducted to determine H2 and VOC transport characteristics across different

drum filter vents and polymer bags. T7his report reviews the methods and results of past

investigators in defining transport characteristics across filter vents and polymer bags, describes

the apparatus and procedures used in these experiments, compares the reported and estimated

transport characteristics with earlier results, and discusses the impact of changing the transport

characteristic values used in model calculations.
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SUMMARY

This report reviews the methods and results of past investigators in defining hydrogen (H2)

and volatile organic compound (VOC) transport characteristics across drum filter vents and

polymer bags, describes the apparatus and procedures used in experiments performed at the Idaho

National Engineering Laboratory (INEL) to quantify transport characteristics across drum filter

vents and polymer bags, compares the reported and estimated transport characteristics with earlier

results, and discusses the impact of changing transport characteristic values in model calculations.

A review of experiments conducted to measure H2 and VOC diffusion characteristics across

drum filter vents identified a wide variety of test vessel designs. In most cases, insufficient care

was taken to minimize concentration gradient formation inside the test vessel. A series of filter

vent diffusion tests were conducted at the INEL using a test vessel specifically designed to ensure

that the assumption of uniform gas concentration in the test volume was valid. A cylindrical

stainless steel vessel with a flat lid and base was designed to have a drum filter vent screwed in

the center of the top lid. Separate side ports allowed for the introduction of gas and the sample

collection with a gas-tight syringe. Because of variations in the filter housing assemblies, two

different test vessels with internal volume between 55 and 60 cm 3 were constructed. The H2 and

VOC diffusion characteristics of NFT'-012, NF-013, and N]FT-020 drum filter vents were

determined. Pure hydrogen gas was used in the H2 diffusion characteristic experiments. Two

different gas mixtures-each containing 5 VOCs-were used in the VOC diffusion characteristic

measurements. Each VOC concentration was between about 100 and 1,000 ppm. Thbe gas

mixture was introduced into a test vessel at a rate of 1,000 cm3 min- for one minute to purge the

vessel Samples were withdrawn by gas syringe at regular time intervals and injected into a gas

chromatograph to determine gas concentrations.

IA, Multivariable two-level experiments with one replicate were designed to investigate the

effect of bag closure type on H2 and VOC transport from small polymer bags. Polyethylene and

polyvinyl chloride (PVC) bags with heat-sealed or taped closures were prepared. In preparing the

bags with taped closures, an effort was made to ensure that the surface area was the same as for

the heat-sealed bags. Trichioroethylene (TCE) and 1,1,2-trichloro-,2-2trifiuoroethane

(Freon-113) were used in the experiments.

Filter vent diffusion test results confirmned that test vessel configuration affects the calculated

gas diffusion characteristic. Hydrogen diffusion characteristics calculated from experimental data

using the INEL test vessels were about 10 to 25% greater than the highest previously reported

values. In the TRUPAC-I safety analysis report (SAR), a hydrogen diffusion characteristic of

19 x 10-7 mol s-1 was used to calculate the maximum allowable decay heat limit per innermost

layer of confinement. This value was the lowest value determined across six NF17-012 drum filter

vents. However, NFT-012 drum filter vents are no longer used in the transportation of vented

waste drums. The NFT-013 and NFT-020 drum filter vents; are currently used in waste drum

transshipment. The lowest H2 diffusion characteristic measured for these drum filter vents using

the INIEL test vessels was 41 x le mol s-1 The use of a H12 diffusion characteristic of a different

drum filter vent will have a far more significant impact on model results than higher values

rulting from improved test vessel design and experimental procedure. A larger H2 diffusion

chaactrisicwould result in a higher minimum allowable decay heat limit.
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Results from unsteady-state experiments indicated that the H2 transport characteristic for

polymer bags with a taped closure was not significantly greater than for similar bags with no taped

closure. Tests on PVC bags with a surface area between 2,000 and 3,000 cm2 and bag thickness

between 2.8 and 3.0 x 10-2 cm (11-12 mil) show that the H2 transport from bags with a taped

closure was only 20 to 30% greater than from heat-sealed bags. The relative percentage increase

in the H12 transport characteristic for bags with a taped closure compared to similar heat-sealed

bags will decrease further with increasing bag surface area or decreasing bag thickness. Tests on

polyethylene bags with a surface area of 2,000 cm2 and bag thickness of 7.6 x 10-3 cm (3 mil)

showed no difference at all in the 112 transport characteristic for bags with different types of

closure. Under these conditions, H2 transport from small polymer bags was not significantly

affected by the type of bag closure. This means that most small bags placed in vented waste

drums could have either a taped closure or heat seal without significantly affecting 112 transport

from the bags. It was similarly concluded that gas transport from polymer bags containing TOE or

Freon-113 in actual waste drums would not be significantly affected by bag closure type.

In model calculations in the TRUPACT-Il SAR of the maximum allowable decay heat limit

per layer of confinement, a H2 transport characteristic of 5.60 x 10, mol s-1 had been used to

estimate gas transport from a polymer bag with a taped closure. This value reported in the

TRUPACT-il SAR was the difference of two 112 transport characteristics measured across PVC

bags with and without taped closures. Review of the original data indicates that the transport

characteristic for at least one bag was not measured under steady-state conditions, as assumed. In

addition, two unsteady-state experiments demonstrated that total 112 transport across a small PVC

bag with a taped closure is not significantly greater than a similarly sized PVC bag with no taped

closure. The maximum allowable decay heat limit should have been calculated using the 112

permeation characteristic reported in the TRUPACT-Il SAR for a heat-sealed PVC bag which

was 4.94 x 10 mol s-1. This transport characteristic is 12% less than the value used in original

calculations and would result in a slightly lower calculated decay heat limit, all other variables

remaining the same. The average 112 permeation characteristic across heat-sealed PVC bags

measured in the MNEL transport experiments was 2.04 x i0"7 mol s-1 and was less than the

transport characteristic reported in the TRUPACT-il SAR because of smaller bag surface area.® The VOC diffusion characteristic across a filter vent is used in the Waste Isolation Pilot

Plant (WIPP) no-migration determination (NMI)) variance petition to estimate the rate of VOC

emsson from a vented drum. The diffusion characteristics for carbon tetrachloride and

i,1,1-trichloroethane across different drum filter vent types listed in the WIPP NMD variance

petition were on the order of 10.11 mol. s-1. The explanation offered for the lower than expected

VOC transport characteristics was a complex combination of Fickian and surface diffusion. A

more likely explanation is that the experimental set-up resulted in significant concentration

gradient across the test vessel volume. Several transport experiments, including one performed at

the DINE, measured VOC diffusion characteristics on the order of 10-7 mol s-f. This is

approximately four orders of magnitude greater and significantly affects the calculation of the

total anticipated VOC emissions from vented waste drums at the WIPP facility.

vi



0 CONTENTS

ABSTRACT...........................................................

SUMMARY............................................................ v

ACRONYMS..................................................... ...

1. INTRODUCTION....................................................1

2. TRANSPORT CHARAC TERISTICS...................................... 2

3. PREVIOUS TRANSPORT CHARACTERISTIC MEASUREMENTS .............. 4

3.1 DT=m Filter Vents ................................................ 4

3.2 Polymer Bags................................................... 14

4. NEW TRANSPORT CHARACTERISTIC MEASUREMENTS .................. 15

4.1 Experimental Apparatus .................. ......................... 15

4.1.1 Drum Filter Vents........................................ 15
4.1.2 Polymer Bags ........................................... 15

4.2 Experimental Procedure........................................... 16

4Z21 Drum Filter Vents ........................................ 16
4=2. Polymer Bags........................................... 17

5.................................................................. 18

5.1 Hydrogen Transport Characteristics ................................... 18

5.2 VOC Transport Characteristics...................................... 18

6. DISCUSSION...................................................... 21

6.1 Dru Filter Vents............................................... 21

6.1.1 Hydrogen Diffusion Characteristic............................ 21

6.1.2 VOC Diffusion Characteristic ............................... 21

6.2 Polymer Bags .................................................. 24

7. IMPACT OIF TRANSPORT CHARACTrERISTICS ON MODEL CALCULATIONS . 26

vii



7.1 Hydrogen Transport Characteristics.................................... 26

7.2 VOC-Filter Vent Diffusion Characteristic ............................... 26

8. CONCLUSIONS.................................................... 2

9. REEECE ..................................................... 30

FIGURES

1. Schematic of NFT-012 filter vent (a) cross-section; (b) top ......................... 5

2. Schematic of NFT-013 filter vent (a) cross-section; (b) top ......................... 6

3. Schematic of NFT7-020 filter vent (a) cross-section; (b) top ......................... 7

4. Schematic of experimental set-up used at Westinghouse to determine

hydrogen diffusion characteristic across NFT filter vents .......................... 8

5. Schematic of experimental test vessel used at Westinghouse to determine

VOC diffusion characteristics across NFr filter vents ............................. 9

6. Schematic of experimental set-up used to determine VOC diffusion

characteristics reported in the WIPP NMD variance petition ..................... 10

7. Schematic of experimental test vessel used at Westinghouse to determine

H2 diffusion characteristics across NFT filter vents ............................. 12

8. Schematic of test vessels used at the MNEL to determine H12 diffusion

characteristic across NFT-020 filter vents (a) original design;
(b) modified design................................................... 13

(~~J)TABLES
1. Average and minimum H2z diffusion characteristics (mol, s- x 167) across

different NFT drum filter vents .......................................... 18s

2. Hydrogen transport characteristics (mol, s-1 x 167) for polyethylene and

PVC bags.......................................................... 19

3. VOC diffusion characteristics (mol. s-1 x le~) for clean and used NFT7-020 drum

filter vents.......................................................... 19

viii



4.VOC diffusion characteristic (mol s-I X 107) for NFT-012 and NFI'-013 drum...2
filter vents ....................................... 2

5. Comparison of reported H2 diffusion characteristics (mol s 1I x 10') for ... 2
different drum filter vents....................... ....................

6. Experimental and estimated VOC/H2 diffusion characteristic ratios ................. 23

7. Ratio of average H2 transport characteristic for bags with taped closures

to average H2 transport characteristic for heat-sealed bags ....................... 25



sea'



0 ACRONYMS AND ABREVIATIONS

Freon-i 13 1,1,2-trichloro-1,2-tfluoroethane

GC gas chrornatograph

H2  hydrogen

INEL Idaho National Engineering Laboratory

NFT Nuclear Filter Technology

NM]) no-migration determination

REP Rocky Flats Plant

SRP Savannah River Plant

STP standard temperature and pressure

TCA trichloroethane

TCE trichioroethylene

SAR safety analysis report

voc volatile organic compound

WIPP Waste Isolation Pilot Plant

xi





Transport Characteristics Across Drum
Filter Vents and Polymer Bags

1. INTRODUCTION

The rate at which hydrogen (H2) or a volatile organic compound (VOC) exits a layer of

confinement in a vented waste drum is proportional to the concentration difference across the

layer. The proportionality constant is the gas transport characteristic. Gas permeates through

polymer bags or diffuses through openings in the layer boundary. The gas transport characteristic

is the product of the gas transport property, such as permeability or diffusivity, and surface area

divided by a characteristic length. Knowledge of the H2 transport characteristics across drum

filter vents and polymer bags was used in the safety analysis report for the TRUPACT-Il Shipping

Package (TRUPACT-il SAR) to calculate the maximum allowable decay heat limit per innermost

confinement layer to ensure that the hydrogen concentration in payload materials does not exceed

5% by volume.' Knowledge of VOC transport characteristics is important in estimating VOC

emission rates from vented waste drums2 and VOC concentrations in the void volumes of a waste

drum.3 4

Several investigators have measured H2 and VOC transport characteristics across filter vents

and polymer bags. All drum filter vent diffusion experiments used test vessels with different

volumes and dimensions. Different experiments investigating H2 transport from sealed polymer

bags reached opposite conclusions whether gas transport across a taped closure was significantly

greater than across a heat-sealed closure. The differences in reported values resulting from

variations in test apparatus and procedures raise questions as to which values should be used in

calculations concerning decay heat limits, total emissions rate, and other health and safety issues.

A series of experiments was conducted at the Idaho National Engineering Laboratory (INEL) to

measure H2 and VOC transport characteristics across drum filter vents and polymer bags. The

experiments were designed to address past discrepancies in the test vessel configuration and test

procedures.

This report reviews the methods and results of past investigators in defining transport

characteristics across filter vents and polymer bags, describes the apparatus and procedures used

in a new set of transport experiments, compares the reported and estimated transport

characteristics with earlier results, and discusses the impact of changing the transport characteristic

values in model calculations. First, mathematical definitions of the transport characteristics are

presented. Second, transport characteristics reported in earlier studies are reviewed with

particular attention given to the experimental apparatus and procedures used. The report then

describes experimental apparatus and test procedures used in the most recent ENEL transport

experiments to determine H2 and VOC transport characteristics across different filter vents and

polymers. Experimental test apparatus, procedures, and results from these experiments are

compared with those described in earlier experiments. In addition, methods of estimating VOC

diffusion characteristic across filter vents are examined. Finally, the implications of using these

new H2 and VOC transport characteristics in model calculations related to health and safety issues

are discue..



2. TRANSPORT CHARACTERISTICS

The primary mechanisms for gas transport from the void volume inside a layer of

confinement with a polymer boundary are permeation across- the polymer, diffusion across an

opening in the boundary, and gas accumulation in the boundary as the result of the gas solubility

in the polymer. The total unsteady-state gas transport rate is defined by summing the

contribution of each transport mechanism

Vc -p A

where

V = void volume confined by polymer, cm3

c = total gas concentration, mol cm-3

Ayp gas mole fraction difference across polymer

t = time, s

41 76 T/(273.15 P)

T = temperature, K(~ I
P = pressure, cm Hg

P = gas permeability coefficient, cm3 (STP) cm cm-2 (cm Hg)-' 5-

Ap, polymer surface area across which VOC permeates, cm2

=p polymer thickness, cm

D = gas diffusivity in air, cm2 s-2

Ad = cross-sectional area of opening across polymer boundary, cm2

xd = diffusional length across opening cm

VP volume of polymer boundary, cm3 polymer

s = gas concentration in polymer, cm3 gas cm-3 polymer.

In the case where the gas concentration in the polymer has reached a near-constant value, the gas

tasotrate is the sum of the transport rates via permeation and diffusion

2



Vc t *6'P Dd P(2)

The total gas concentration is defined by the ideal gas law

C = P(3)

where R is the gas constant and equals 6236.6 cm 3 (cm Hg) mol' r'. Combining Equations (2)
and (3) yields

Vciy) K +K! y (4)
dt (K K)4

where

=P permeation characteristic, 4.46 x 10-5 PAPP xp-j, mol s-'

=d diffusion characteristic, DA.JP (RTxJ'", mol s-1.

. Solving Equation (4), the gas mole fraction difference is a function of time

tnI4'PO VC ( 0 
5

Plotting ln(Ay1,Ayp 0 ) versus (t-tD) yields a straight line with a slope defined by Equation (5).

Thbe unsteady-state rate of gas transport across a filter vent is defined as

Vc d.yf -D2 y (6)

where

a' = gas filter vent diffusion characteristic, ma! s4

=y gas mole fraction difference across filter vent.

In the case of steady-state transport, the gas transport rates across all layers of confinement,
including the filter vent, are equal to a constant rate r

r -(KP +Kd ) Ap -D *, (7)

3



3. PREVIOUS TRANSPORT CHARACTERISTIC MEASUREMENTS

This section summarizes the reported transport characteristics across drum filter vents and

polymer bags from earlier investigations. Discussion is focused on the experimental apparatus and

test procedures that may have affected the calculated transport characteristics.

3.1 Drum Filter Vents

Hydrogen or VOC diffusion characteristics across different filter vent types have been

reported by a number of investigators. Three filter vent types studied, which contained a carbon-

composite filter, were manufactured by Nuclear Filter Technology. Filter vent NFT-0 12. shown in

Figure 1, was initially used at the Rocky Flats Plant (RFP). Filter vent NFT-013, shown in

Figure 2, is now used at the RFP and the Savannah River Plant (SRP) in waste drums prepared

for transshipment. The NFT-013 filter vent is an adaptation of the NFT-012; the NFT-013 has

larger openings in the bottom and top of the filter housing assembly. The changes in the filter

assembly were designed to increase the overall hydrogen diffusion characteristic across the filter

vent. The NFT7-020 filter vent, shown in Figure 3, is used at the INEL.

Peterson' determined hydrogen diffusion characteristics across carbon-composite filter vents

identified as the types used at the REP, the INEL, and the SRP. A schematic of the test vessel

used to perform the diffusion experiments is shown in Figure 4. The test vessel volume was

approximately 75 cm3ý. An adapter connecting the filter vent to the test vessel probably resulted

in the development of a concentration gradient within the vessel. Peterson did not identify the

types of filter vents other than by the site where they were used. This author believes that the

RFP and MME filters were NFT-012 and NFT-020, respectively. The SRP filter vents tested are V
not thought to be NFT'-013 filter vents because of NFT'-013 filter vent was not being made at the

date of the tests. Experimental results yielded H2 diffusion characteristics across the NFT-012

and NFT'-020 filter vents of (23 ±t 2) x l~r mol s-1 and (39 ±t 10) x 10- mol s-1, respectively.

The Waste Isolation Pilot Plant (WIPP) no-migration determination (NM])) variance

petition2 reported diffusion characteristics for carbon tetrachloride and 1,1,1-trichloroethane

(TCA) across NFT filters on the order of 10-11 mol s-1 These values were approximately four

orders of magnitude lower than values estimated using kinetic gas theory for ordinary diffusion.

In a study by Peterson and Marshallb VOC diffusion characteristics on the order of le were

reported. The test vessel used in their VOC diffusion experiments, shown in Figure 5, had a® internal volume of 60 cm3 abd attempted to minimize the potential for concentration gradients in

the system. The VOC diffused through the filter into another 60-cm3 vessel with its lid removed.

Peterson and Marshall assumed that this vessel configuration allowed sufficient convection to

maintain the gas concentration immediately outside the filter at zero. They determined that the

test vessel and gas sampling configuration in the earlier VOC diffusion study, shown in Figure 6,

resulted in significant concentration gradients across the system. The average H2 diffusion

a. Unpublished research results of determination of hydrogen diffusion characteristics across different

filter types; S. H.L Peterson, Westinghouse R&D Center, (July 1988).

b. Unpublished research results of VOC diffusion characteristics measurements across carbon-composite

filters; S. I. Peterson and G. R. Marshall, Westinghouse R&D Center (October 1990).
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Figure 1. Schematic of NFT-012 filter vent (a) cross-secti~n; (b) top.
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Figure 2. Schematic of NFT'-013 filter vent (a) cross-section; (b) top.
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Figure 3. Schematic Of NFT-020 flter vent (a) cross-sectiafl (b) top.
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Figure 4. Schematic of experimental set-up used at Westinghouse to determine hydrogen

diffusion characteristic across NFT filter vents (from unpublished researh results of S. H.L

Peterson, Westinghouse R&D Center, July 1988).
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Figure S. Schematic of experimental test vessel used at Westinghouse to determine VOC

diffusion characteristics across NFT filter vents (from unpublished research result of S. H.

Peterson and G. RL Marshall, Westinghouse R&D Center, October 1990).
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Figure 6. Schematic of experimental set-up used to determine VOC diffusion characteristics

reported in the WIPP MD variance petition3
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* characteristic for NFT-013 filter vents was determined to be 74 x 10-7 mol s-1 using a different test
vessel shown in Figure 7. The test vessel had a volume of 110 cm,3 with an approximate length of
20 cm and diameter of 3 cm. In addition, the filter vent was attached using an adapter that
probably resulted in a concentration gradient across the gas chamber.

Another set of diffusion experiments was performed across NFT-013 filter vents.' The
experimental equipment consisted of a 4.33-L container inside a larger vessel with a volume of
47.3 L A H2 gas mixture was introduced inside the smaller vessel. The H2 concentration was
measured inside each vessel. Hydrogen diffused across the filter vent located on the smaller
vessel. Data from these experiments were used to calculate H2 diffusion characteristics.d The
average H2 diffusion characteristic for five NFT-013 filter vents was (105 :L 3) x 10- mol s-1. The
hydrogen diffusion characteristic was determined for four NFT-013 filter vents using a 1.5-1 test
vessel.5 The sample port was located near the top of the vessel to minimize its distance from the
filter. The average value reported was (85 ± 3) x 10, mol S-1.

A series of diffusion experiments was conducted that demonstrated the importance of the
test vessel configuration on the calculated diffusion characteristic. The average H2 diffusion
characteristic for NFT-020 filter vents in the first set of experiments, using a test vessel shown in
Figure 8a, was (24 ±L 3) x 10- mol s-1.e A modified test vessel configuration, shown in Figure 8b,
reduced the distance between the filter vent and the vessel base!f The average H2 diffusion
characteristic for NFT-020 filter vents using the modified test vessel was (40 :t 2) x 10O7 mol s'.
The increase in the reported diffusion characteristic was directly attributed to the test vessel
modification.

The hydrogen diffusion characteristic across filter vents with sintered metal filters have been
reported.5 The filter vents were manufactured by Pall Advanced Separation Systems. The test
vessel shown in Figure 8b was used in the diffusion tests. The average hydrogen diffusion
characteristic for six filter vents comparable in size and dimensions to a NFT-020 filter vent was
(39 ±t 1) X 1io7 Mol S-1. The average hydrogen diffusion characteristic across two filter vents
comparable in size and dimensions to a NFT-013 filter vent was (256 ±t 45) x 10-7 mol s-1. The
large standard deviation was attributed to rapid transport from the test vessel which made it
difficult to accurately reproduce experimental results.

c. Unpublished report evaluating hydrogen diffusion across filter vents; D. T. Hobbs, Westinghouse Savannah
River Corp. (July 1990).

4 d. Unpublished report evaluating hydrogen and VOC diffusion characteristics across NFT.012 and NFT-0L3
filter vents; K I. Lekhus and D. A. Johnson, EG&G Idaho, Inc. (June 1994).

e. Unpublished research results concerning hydrogen diffusion characteristic measurements across NFT-020
filters; E B. McNew and D. A. Johnson, EG&G Idaho Inc. (April 1992).

L Unpublished research results concerning measurements of hydrogen diffusion characteristic across NFT-020
filter vents; E B. McNew, EG&G Idaho Inc. (June 1992).

g. Unpublished research results reporting hydrogen diffusion characteristics measured across carbon
composite and sintered metal filters; D. A. Johnson and K Messick, EG&G Idaho Inc. (May 1993).
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* F~gre 7.Schematic of experimental test vessel used at Westinghouse to determine H2 diffusion

characteristics across NFT fiter vents (from unpublished research result of S. HL Peterson and

G. R. Marshall, Westinghouse R&D Center, October 1990).
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Figure 8. Schematic of test vessels used at the INEL to determine H2 diffusion characteristic

across NIFT-020 filter vents (a) original design; (b) modified design (unpublished research results

of E B. McNew and D. A. Johnson, EG&G Idaho, Inc., April 1992, E B. McNew, EG&G Idaho,

Inc., June 1992).
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3.2 Polymer Bags

The gas diffusion characteristic across different filter vents of the same design will be similar,

allowing for variations in construction. Equation (4) shows that the permeation characteristics of

different polymer bags do Dot have to be similar because, besides being a function of the gas-

polymer permeability, they are also a function of the permeable surface area and bag thickness.

The permeable area is the parameter that can have the greatest variation and depends upon how

much waste is placed inside the bag and the type of bag closure.

Hydrogen transport characteristics for different layers of confinement in vented waste drums

have been determined under assumed steady-state conditions. 1 The layers of confinement

included polyethylene and polyvinyl chloride (PVC) bags as well as drum liners and drum filter

vents. The polymer bags were sealed by a twist-and-tape or fold-and-tape method. The

experiments consisted of simulating hydrogen generation by maintaining a controlled release of

hydrogen gas in the innermost bag and monitoring the hydrogen concentration in all void volumes

between the layers of confinement. The tests were terminated when it was determined that H2

concentrations in all layers of confinement remained constant for at least twelve hours. A

hydrogen mass balance at steady state allowed calculation of the gas transport characteristic across

each layer of confinement.

The hydrogen diffusion characteristic of a taped bag closure of a small PVC bag was

calculated as the difference between the H2 transport characteristics of polymer bags with and

without taped closures. A H2 diffusion characteristic of 5.6 x 10'7 mol s-I was reported for a

taped closure A hydrogen permeation characteristic of 4.9 x i07 mol s-1 was calculated for a

0.036-cm (14-mil) PVC heat-sealed bag with a permeable surface area of approximately 5,800 cm3.

The reported hydrogen flow rates into the bags at the time steady state was declared were not

identical and ranged between 1.5 and 3.7 cm3 hr-1. The gas feed rate was not maintained at a

constant value but adjusted as necessary to maintain H2 concentration in the innermost bag at or

near 4%.

Two experiments were conducted to identify hydrogen diffusion characteristics for 0.030-cm

(12-mil) thick PVC bags with and without a taped closure.5 In the first test, a bag was sealed

over a circular plate with a surface area of approximately 2,800 cm2 and a depth of approximately

25cm. The bag was filled to atmospheric pressure with a 6% hydrogen/94% argon gas mixture.

Te plate was fitted with a sample port and samples were collected at regular intervals and

aalyzed by mass spectrometry. The hydrogen diffrusion characteristic was calculated to be

2.8 x 10 mol s-1. Another bag was prepared with a taped closure. The open end was twisted

between 6 and 8 times, folded over so that the length of the twisted section end was halved, and

then secured with tape wrapped around the folded material. The taped closure and sufficient bag

material were removed and secured over the circular plate. Five different bags with a taped

closure were prepared and tested. The average hydrogen diffusion characteristic across these

samples was 3.6 x iO7 mol s-1.
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4. NEW TRANSPORT CHARACTERISTIC MEASUREMENTS

The review of earlier drum filter vent diffusion experiments showed a wide variety of test

vessel designs. In most cases, insufficient care was taken to minimize concentration gradient

formation within the test vessel. A series of diffusion tests was conducted at the INEL using a

test vessel specifically designed to minimize development of concentration gradients. A series of

transport experiments was also conducted to identify H2 and VOC transport characteristics across

polymer bags and determine whether hydrogen transport across a small polymer bag with a taped

closure is significant compared with permeation across the bag surface.

4.1 Experimental Apparatus

4.1.1 Drum Filter Vents

A cylindrical stainless steel vessel with a fiat lid and base was constructed with an external

diameter of 6.0 cm (2.4 in.) and an external height of 3.8 cm (1.5 in.). The vessel was designed

for a drum filter vent to be screwed into the center of the top lid. Separate side ports allowed for

the introduction of gas and the sample collection with a gas-tight syringe. Because of variations in

the filter housing assemblies, two different test vessels were constructed. The internal volume of

the test vessel used with NFT-012 and NFT-013 filter vents was 55 cm3 and for the test vessel

used with NFT-020 filter vents was 59 cm3.

* 4.1.2 Polymer Bags

Polyethylene and PVC bags were heat-sealed or taped closed in a manner that ensured that

the final surface area of the taped bags was approximately equal to that of the heat-sealed bags.

The heat-sealed bags had a width of 30.5 cm (12 in.) and length of 33 cm (13 in.). The width of

the taped bags was identical to that of the heat-sealed bags. The taped portion was approximately

15 cm (6 in.) long. Each bag held 3,750 cm3 of gas without making the bag surface taut which

meant that the internal bag and ambient pressures were equal. The average thickness of the

polyethylene bags was 7.6 x 10O3 cm (3 mil) and of the PVC bags was 2.8 x 10-2 cm (11 mil).

Bag feedthrougbs were fabricated from modified brass bulkhead unions with two backing

washers, two teflon sealing washers, and an n-butyl 0-ring. The outer sealing washer was

machined to allow the 0-ring to seat between the scaling washer and bag. The outer backing

washer and outer teflon scaling washer were epoxied to the body of the bulkhead union. The

teflon ferrules were used to seal the sample transfer lines.

1/V The transport experiments were performed on an automated lab-scale system34 that sampled

and analyzed gas concentrations in the bags. The automated gas sampling system included a high-

and low-level gas sampling manifold, a gas chromatograph (GC) with flame ionization and thermal

conductivity detectors, a GC data station, a 10-port gas sampling valve, a mechanical vacuum

pump, a microcontroller, and a process controller.
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4.2 Experimental Procedure

In each experiment, the void volume of the filter vent test vessel or polymer bag was filledV

with a gas mixture and the average gas concentration was measured as a function of time. The

rate of change in the gas concentration is directly dependent on the transport characteristic of the

drum filter vent or polymer bag.

4.2.1 Drum Filter Vents

Pure hydrogen gas was used in the H2 diffusion characteristic experiments. Two different

gas mixtures were used in the VOC diffusion characteristic measurements. A VOC-gas mixture

was introduced into the chamber that initially contained 1,010 ppmv methylene chloride,

1,020 ppmv TCA, 1,010 ppmv 1,1,2-trichloro-1,2,-trifluoroethane (Freon-i 13), 301 ppmv carbon

tetrachloride, and 297 ppmv trichloroethylene (TE) in hydrocarbon-free air. Another VOC-gas

mixture containing 764 ppmv methanol, 980 ppmv TCA, 398 ppmv toluene, 746 ppmv

cyclohexane, and 99 ppmv p-xylene in hydrocarbon-free air was also used.

4.2. 1.1 NFT-020 Fiter Vefltb Two sets of experiments were conducted to determine if

VOC loading of the carbon-composite material significantly affected the rate of VOC transport

through a filter vent. A VOC gas mixture was introduced into the test vessel through the fill port

at an approximate rate of 1,000 cm3 min- for one minute to purge air out from the vessel. After

the gas flow was discontinued, a clean filter was installed in the lid. The feed line was

disconnected from the vessel and the feed port was capped. Gas samples were withdrawn by gas

syringe at regular time intervals over 2 to 3 hours Samples were injected into a gas*

chromatograph to determine VOC concentrations. In other tests, approximately one liter of VOC

gas was introduced into a test vessel with the filter vent attached to the vessel. This procedure

increased the amount of VOCs absorbed onto the carbon composite filter.

Hydrogen was introduced into a test vessel with a filter vent at about of 1,000 cm3 mmn- for

a period of one minute to purge air out from the vesseL Samples were collected over 40 minutes.

The H 2 and VOC diffusion characteristics were determined for six filters. The room temperatureQ during the tests was 298 K and the average ambient pressure was 64.4 cm Hg.

4.±1.2 NFT..012 and NFT-013 RFiter Vents. The gas mixture was introduced into a test

vessel with filter vent attached through the fill port at about 1,000 cm3 min- for one minute to

purge the vesseL The feed line was disconnected from the vessel and the feed port was capped.

Gas samples were withdrawn by gas syringe at regular time intervals. Samples were injected into

a gas chromatograph to determine gas concentrations. The room temperature during the tests

was 298 K and the average ambient pressure was 64.4 cm Hg.

Total sample duration for the VOC gas mixtures was approximately 45 minutes. For the

NFI-013 filter vents, only four accurate measurements of the H2 concentration in the test vessel

could be obtained within the first 12 minutes. As a result, tests to determine the H2 diffuision

h. Unpublished report concerning measurement and estimation of gas diffusion characteristic across NFT-020

drum filter vents; K J. liekhus and D. A. Johnson, EG&G Idaho, Inc. (December 1993).
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characteristic were performed in triplicate for each filter vent. For NFT'-012 filter vents, the

W turnaround time between samples was reduced, and six gas samples were collected during each

test; thus, only one H2, diffusion test was performed for each filter vent.

4.2.2 Polymer Bags

.Multivariable two-level experiments with one replicate were designed to investigate the

effect of bag closure type on H2 and VOC transport from small polymer bags. Trichioroethylene

and Freon-113 were used in the experiments. The process variables were the bag (0.0076 cm

(3 mil) polyethylene or 0.028 cm (11 mil) PVC) and bag closure type (taped closure or

heat-sealed). For each combination of bag and closure type-, three bags were prepared. The bags

were randomly distributed between the experiments and each bag was used twice.

17



5.- RESULTS

5.1 Hydrogen Transport Characteristics

The average and minimum H2 diffusion characteristics for each drum filter vent type are

summarized in Table 1. Thbe H2 transport characteristics for polyethylene and PVC bags with a

heat-sealed or taped closure are listed in Table 2. A general linear regression model was used on

the experimental data to determine that at a level of significance of a = 0.05. there was no

significant difference in the H2 transport characteristic across polyethylene or PVC bags with

different closure types.

5.2 VOC Transport Characteristics

In experiments using the NFT-020 filter vents, the natural logarithm of the fraction of the

initial VOC concentration in the test vessel was plotted as a function of time. Linear regression

analysis was performed on each set of data to identify the slope and the correlation coefficient.

The correlation coefficient, in all cases, was greater than 0.98. The VOC diffusion characteristics

measured across six different clean and used filters are listed in Table 3. A students t-test at an

a =0.05 level of significance showed that the difference in VOC diffusion characteristics for clean

and used filter vents was significant for all VOCs except Freon-113.. This was attributed to VOCs

being adsorbed onto the carbon-composite materials. As a result, all later experiments had filter

vents in place on the test vessel during gas purging instead of being put in place after purging.

The average diffusion characteristics of nine different VOCs for NFT-012 and NFT7-013 filter

vents using this procedure are listed in Table 4.

A statistical linear model analysis of VOC transport characteristic experimental data was

performed to identify if the total transport characteristic varied significantly as result of the bag

closure type. The bag closure type did not significantly affect the TCE transport rate from

polymer bags. A bag material-bag closure interaction was observed with Freon-113. Specifically,

the transport characteristic for PVC bags with a taped closure was significantly higher than for

any other bag material-closure type combination.

Table 1. Average and minimum H2 diffusion characteristics (mol s-I X 10) across different NFl'

drum filter vents.

Kj,,)Average Minimum

NFT-012 28±:t6' 17

NFT-013 117 ±t 11 102

NFI'-020 42 :t 1 41

a. One standard deviation.
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Table 2. Hydrogen transport characteristics (mol s-1 x WO) for Polyethylene and PVC bags.

Polyethylene PVC

Twist-and-tape closure 5.93 2.99

6.76 1.98

Heat-sealed closure 3.65 1.99

8.72 2.09

Table 3. VOC diffusion characteristics (mol s-1 x 107) for clean and used NFT-020 drum filter

vents.

Filter Methylene Carbon

ED number chloride Freon-113 TCA tetrachloride TCE

HC7: Clean 3.75 2.74 2.87 2.85 3.32

HC7: Used 3.71 2.73 2.69 2.61 3.16

JD8: Clean 4.90 3.41 3-33 3.28 3.38

JD& Used 4.75 3.64 3.39 3.08 3.27

NB5: Clean 4.84 3.69 3-54 3-39 3.37

NBS: Used 4.90 3.66 3.40 3.07 3.27

EES: Clean 5.09 3.68 3.51 3.43 3.44

EM Used 4.44 3-59 3.38 3.24 3.43

0D9.Clean 5.11 3.72 3.62 3.49 3.68

GD9. Used 4-30 3.48 3.23 3.14 3.09

0E4: Clean 4.87 3.70 3.51 3.41 3.32

0E4: Used 4.44 3.43 3.14 3.02 2.86

Is,
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Table 4. VOC diffusion characteristic (mol s-1 x 167) for NFT-012 and NFT-013 drum filter

vents.

NFT-012 NFT-013

Freon-113 3.20 t 0o51a 10.4 -t 0.6

Methylene chloride 4-50 t 0.67 17.7 t 0.9

1,1,1.trichloroethane b 3.85 t 0.60 10.4 t 0.5

1,1,1-trichloroethane" 3.79 t 0.57 11.0 t 0.6

Carbon tetrachloride 3.83 ± 0.57 10.6 t 0.5

Trichioroethylefle 4.21 ± 0-53 13.9 t 1.8

Methanol 6.00 ± 1.11 9.7 ±t 0.9

Cyclohexane 4.00 t 0.59 11.2 ± 0.5

Toluene 4.29±t0-50 13.2-±2-5

p-xylene 3.55 ±t 0.29 11.7 ±t 2.3

a. One standard deviation.

b. Gas mixture containing TCA. Freon-113, TME carbon tetrachloride, and methylenle chloride.

c. Gas mixture containing TCA, methanol, cycohane, toluene, and p-xylene.
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* 6. DISCUSSION

6.1 Drum Filter Vents

6.1.1 Hydrogen Diffusion Characteristic

Thbe H12 diffusion characteristics from this report and past investigations are summarized in

Table 5 by the types of NET drum filter vents. In all cases, values determined using the current

INEL test vessel were greater than previously reported values. The higher values of H2 diffusion

characteristic are attributed to the test vessel configuration, the position of the filter vent relative

to the gas sample location, and the validity of assuming a well-mix~ed gas volume. The test vessel

used in the new diffusion studies minimized the distance between the base of the filter vent and

had an internal volume between 55 and 60 cm3. The lower diffusion characteristics in other small

test vessels (75-110 cm3) are attributed to the elongated geometry of the test cylinder. Filter

vents were located at the top usually attached to an adapter and gas samples were collected from

the middle of the test vessel. The design of these test vessel~s increased the likelihood of

developing a concentration gradient in or near the test vessel. The larger diffusion characteristic

value reported by Liekhus d was attributed to the fact that the 112 concentration outside the 4.33-L

test vessel was also measured which resulted in a more accurate knowledge of the concentration

gradient across the vent.

6.1.2 VOC Diffusion Characteristic

6.1.2.1 Clean and Used Fiffter Vents. The filter treatment procedure passed

approximately 1000% of the molar capacity of the carbon-composite media over the filter in one

minute, although only a fraction of the VOCs adsorbed onto the filter. The VOC diffusion

characteristics for treated filters were slightly less than values calculated for untreated filters. This

was attributed to a decrease in the VOC-adsorption capacity of the filters. The adsorption

capacity of a clean filter may have enhanced the VOC transport rate across the filter. Thus, a

more conservative estimate of VOC diffusion characteristics requires that tests be performed

across filters exposed to VOC gas mixture before gas sampling.

It was assumed that the diffusion characteristic for each VOC was not influenced by the

presence of the other VOCs. Values for TCA diffusion characteristics using two different gas

mixtures (see Table 4) indicates that this was a valid assumption.

6M.2.2 Est~mating VOC Diffusion Characteristic. It has been proposed that the ratio of

the VOC-to-H2 diffusion characteristics is equal to the ratio of VOC-to-H2 diffusivity in air

Pt!- = "- (8)
D*H2 DH2..~,

The VOC diffusion characteristic has been estimated using the hydrogen as a reference gas and

the inverse ratio of molecular weights.' Thus, the ratio of diffusion characteristics is
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Table 5. Comparison of reported H2 diffusion characteristics (inol s-1 x 107) for different drum

filter vents.

NFT-012 NFT-013 NFT-020

This report 28±6a 117±t11 42±t1

Peterson b 23±2 -39±t10

Petersonr 74

HobbSd, Liekhuse 105 ±t 3

McNewt  24±t3

McNew5  40±:t2

Smith h 8 5 ± 3

a. One standard deviation

b. Unpublished report, S. H.L Peterson, Westinghouse R&D Center (July 1988).

r- Unpublished report, S. H. Peterson and G. R. Marshall, Westinghouse R&D Center (October 1990).

d. Unpublished report, D. T. Hobbs, Westinghouse Savannah River Corp. (July 1990).

e. Unpublished report, L J. Liekhus and D. A- Johnson, EG&G Idaho, Inc. (June 1994).

f. Unpublished report, E B. McNew and D. A. Johnson, EG&G Idaho, Inc. (April 1992).

g. Unpublished report, E B. McNew, EG&G Idaho, Inc. (June 1992).

h. Reference S.

estimated as

H W,2  

(9)

DH2 -* M

Gas diffiivity in air can be estimated at low pressures using an equation developed from a

combination of kinetic theory and corresponding-states arguments'

DAB = 2.745 x 1 Vc P~rB1 [TA TB" ~(0
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where

DB= mass diffusivity for gas(A)-gas(B) system cm2 s1

ci= critical pressure of species i. atm

T = critical temperature of species i, K

Mi= molecular weight of species i.

The ratio of VOC-to-H2 diffusivity in air can be estimated using Equation (10)

1 1 W

E4.-

DHL 1 Mi MH

The experimental VOC-to-H2 diffusion characteristic ratios and estimated ratio values

predicted using Equations (9) and (11) are listed in Table 6.

The VOC-to-H2 ratios for NFT-012 filter vents was greater than the corresponding ratios in

the other filter vents. This phenomenon is attributed to the difference in the filter vent designs

and highliights the limitation of using gas diffusivity data to estimate diffusion through porous

media. T1he smaller openings at both ends of the NFT-012 filter vent result in decreased

Table 6. Experimental and estimated VQC/H 2 diffusion characteristic ratios.
Eqn. Eqn

NIFT-012 NIFT-013 NFT-020 (9) (11)

Freon-i 13 0.116 t 0.010~ 0.089 -t 0.005 0.081 ±t 0.005 0.104 0.100

Methylene chloride 0.163 ±:L 0.020 0.151 t: 0.007 0.104 ± 0.010 0.154 0.128

1,1,1.trichloroethafle 0.139±:t0.016 0.092 ±t 0.004 0.093 ±t 0.007 0.122 0.105

Carbon tetrachloride 0.139 ±t 0.017 0.091 :t 0.004 0.071 -t 0.005 0.114 0.105

Trichloroethylefle 0.152 :t 0.015 0.119 ± 0.009 0.075±t:0.0015 0.12 0.108

Il) Methanol 0.218 1: 0.028. 0.08 t 0.005 0.142±:t0.033 0250 0.68

Cyclohexne 0.145 ::L 0.018 0.096 :t 0.005 0.104 ±t 0.016 0.154 0.108

Toluene 0.155 ± 0.018 0.113 t 0.011 0.086 ± 0.010 0.147 0.104

p-xylene 0.129±-t0.014 0.100±t0.010 0.059±t 0.009 0.137 0.095

a. One szandard deviatimn

23



diffusion rates for both hydrogen and the "' CC& However, the diffusion rate of the larger VOC

molecules through the filter vent is more ii-luenced by the carbon composite medium than H2.*

Thus, compared with the other filter vents, the vent constrictions cause a relative larger decreaseW

in H2 diffusion characteristic than in the VOC diffusion characteristic, which results in an increase

in the VOC-to-H 2 ratio. A comparison of predicted diffusion characteristic ratios using

Equations (9) and (11) indicate that Equation (9 predicts larger VOC-to-H, ratios. Equation (9)

was generally more accurate in estimating the ratio for NFT-012 vents. Equation (11) was

generally more accurate in estimating the. ratio for NFT-013 and NFT-020 filter vents. Neither

equation adequately predicted the diffusion charactei istic ratio for methanol across the filter

vents. Methanol is difficult to analyze because of its propensity as a polar compound to adhere to

surfaces.

6.2 Polymer Bags

In determining the best straight line fit of the VOC data for PVC bags, data taken in

approximately the first 2.5 hours (9,000 s) were excluded. For hydrogen, data collected during the

first 1,000 s were excluded. The nonlinear behavior over these times is attributed to the

accumulation of gas in the polymer at the beginning of each trial. At the beginning of each trial,

the polymer is relatively free of these compounds. During the course of the experiment, the gas

content in the polymer approaches an equilibrium value. This equilibrium concentration may

change during the experiment as the gas phase concentration in the void volume decreases, but

the greatest rate of change occurs early in the ex~periment. For polyethylene bags, the data point

at time zero was the only data excluded in the straight line fit for both H2 and the VOCs.

Freon-113 and TCE may have different solubility in each polymer, but the main reason for

different times over which data exhibits nonlinear behavior is attributed to the total mass of the

bags. The mass of the PVC bag was nearly four times greater than that of the polyethylene bag.

The statistical test identified a bag material-closure type interaction in the bags containing

Freon-113. Specifically, the transport characteristic from the PVC bags with a taped closure were

significantly greater than from any other polymer-closure type combination. Several possibilities® exist that may explain this discrepancy. The PVC bags are thicker and, thus, the taped closure

may be more difficult to seal tightly. However, since H2 diffuses approximately an order of

magnitude more quickly than the VOC~s, H2 transport rate from the PVC bags with a taped

closure should be significantly greater than from heat-sealed bags; this was not observed. This

indicates that a pathway that allows significant vapor or gas diffusion does not exist. A more

likely explanation is that Fren-113 accumulates in new PVC bags during the initial stage of the

eprmnts while it permeates relatively slowly from the bags. Unlike the bag holding the gas,

aheean equilibrium concetain As a result, Freon-113 is steadily drawn up through the

base of the taped closure. Since H2 has relatively low solubility in both polymers, the presence of

the taped closure has a lesser effect on the total H2 transport rate.

Two other studies investigated H2 transport through PVC bags with heat-sealed and taped

closures.1 s The differences in total bag surface area, bag material and bag thickness make it

difficult to draw any conclusions from direct comparison of transport characteristics. Hydrogen

pemeability across a polymer can be calculated from the transport characteristic of the*

heat-sealed bags given the bag surface area, thickness, gas volume, temperature, and pressure.
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Assuming that the primary transport mechanism from heat-sealed bags is permeation and no

pressure differential across the bag exists, the H2 permeability across polyethylene and PVC were

calculated to be 10 and 12 Ba (Ba = 10.10 cm3(STl) cm cm-2 s" (cm. Hg)-'), respectively. This

compares with reported values of 10 Ba across polyethylene and between 4 and 9 Ba across

pVC.7 Hydrogen permeabilities estimated from the H2 transport characteristics in the

TRUPACT-lI SAW1 and Smith et aL.5 were 9 and 14 Ba, respectively.

Comparison of the ratio of transport characteristics from taped closure and heat-sealed bags

with similar bag thickness and surface area eliminates most of the effect of these variables. The

ratios of the average H2 transport characteristics from this report and two earlier investigations

are listed in Table 7. The ratio of transport characteristics for polymers determined in unsteady-

state experiments indicates that an increase in the overall transport characteristic resulting from

the presence of a taped closure is not significant. This conclusion is different from that made

from the steady-state experiment. 1 In the steady-state tests., the H2 transport characteristic across

the taped closure was determined as the diference between transport characteristics measured

across similar PVC bags with and without a taped closure. The original data showed the H2

concentration in the polymer bag with a taped closure was increasing during the final 12-hour

period and was not at steady state.1 Hydrogen gas flow was also not maintained at a constant

rate, but continuously adjusted to maintain H2 concentration at 4%. In addition, duplicate tests

were not performed. In contrast, the unsteady-state experiment described in this report included

tests across two different bags of the same material and closure type to calculate the average H2

transport characteristic. Under these conditions, H2 transport from small polymer bags was not

significantly affected by the type of bag closure. This means that most small bags placed in vented

waste drums could have either a taped closure or heat seal without significantly affecting H2

transport from the bags.

Table 7. Ratio of average H2 transport characteristic for bags with taped closures to average

H2 transport characteristic for heat-sealed bags.

Bag polymer Ratio Bag polymer Ratio

Polyethylene 1.0 PVCK 1.2

pVCb 1.3 PVCC 2.1

a. 11-mil1 thidk 2,000 cm2.

b. 12-mil thick; 2800 =2 (Reference 5).

c. 14-mil thick. 5,800 cm2 (Reference 1).
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7. IMPACT OF TRANSPORT CHARACTERISTICS
ON MODEL CALCULATIONS

The impact of different H2 and VOC transport characteristics for filter vents and polymer

bags used in earlier model calculations is discussed in this section.

7.1 Hydrogen Transport Characteristics

Test results showed that the configuration of the test vessel affects the calculated filter vent

gas diffusion characteristic. Hydrogen diffusion characteristics calculated from experimental data

using the IWEL test vessels were about 10 to 25 % greater -than the highest previously reported

values. A larger diffusion characteristic would result in higher minimum allowable decay heat

limit. A hydrogen diffusion characteristic of 19 x 10* mol s-1 was used to calculate the maximum

allowable decay heat limit per innermost layer of confinement in the TRUPACT-II SAR.' This

value was the lowest value determined across six NFT-012 filters. However, NFT-012 filter vents

are no longer used in the transportation of vented waste drums. The NFT'-013 and NFT'-020

filter vents are used. The lowest H2 diffusion characteristic measured across these filter vents

using the smaller INEL test vessel was 41 x 10- mol s-1. The use of a H2 diffusion characteristic

of a different drum filter vent will have a far more significant impact on model results than higher

values resulting from improved test vessel design and experimental procedure.

In model calculations of the maximum allowable decay heat limit per layer of confinement 1

a H2 transport characteristic of 5.60 x 10- mol s-1 was used as a conservative estimate of gas

transport from a polymer bag with a taped closure. This value was the difference of two H2

transport characteristics measured across PVC bags with and without taped closures, and was

meant to describe H2 transport through the taped closure. Experimental evidence indicates that

the transport characteristic for at least one bag was not measured under steady-state conditions as

assumed. In addition, two unsteady-state experiments demonstrated that total H2 transport across

a small PVC bag with a taped closure is not significantly greater than a similarly sized PVC bag

with no taped closure. As a result, the maximum allowable decay heat limit should have been

calculated using a H2 permeation characteristic for a heat-sealed PVC bag. The H2 permeation

characteristic for a heat-sealed PVC bag reported in the TRUPACr-ll SAR was

4.94 x 10-7 mol s-. This transport characteristic is 12% less than the value used in original

calculations and would result in a slightly lower calculated decay heat limit, all other variables

remaining the same. In this report, the average H2 permeation characteristic for heat-sealed PVC

bags was 2.04 x 10'7 mol s-1 and is less than the transport characteristic reported in the

TRUPACT-U SAR because of smaller bag surface area.

7.2 VOC-Filter Vent Diffusion Characteristic

The VOC diffusion characteristic across a filter vent is used in the WIPP NMD variance

petition2 to estimate the rate of VOC emissions from a vented drum. The diffusion characteristics

for carbon tetrachloride and TCA across different drum filter vent types are on the order of

10-11 mol s-1. It was estimated that rate of TCA emissions from a waste drum containing waste

form Benelex/Plexiglass was 3.2 x 10.14 mol s-1. The explanation for the lower than expected

values was a complex combination of FIckian and surface diffusion. A more likely explanation isW
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that the experimental set-up resulted in significant concentration gradient across the test vessel

volume. Peterson and Marshallb and this report demonstrated that actual VOC diffusion

characteristics are on the order of 10-7 mol s-1. Using the same TCA headspace concentration

from a drum containing waste form BenelcxPlexiglass, the TCA emission rate from a drum with a

NFT-012 filter vent is 1.0 x 10-9 mol s-1. This is over four orders of magnitude greater and

significantly changes the total anticipated VOC emissions from vented waste drums at the WIPP

facility. The rate of VOC emissions will still decrease as the VOC drum headspace concentration

decreases.
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8. CONCLUSIONS

1. Higher H2 and VOC diffusion characteristics for NIFT drum filter vents were calculated using

the INEL test vessels than measured in earlier experiments. The higher values are

considered to be more accurate because of the small test vessel volume and the vessel

configuration specifically designed to minimize concentration gradient formation.

2. Tests on PVC bags with a surface area between 2,000 and 3,000 cm2 and bag thickness

between 2.8 and 3.0 x 10-2 cmn (11-12 mil) show that the H2 transport characteristic from

bags with a taped closure was only 20 to 30% greater than from heat-sealed bags. Tests on

polyethylene bags with a surface area of 2,000 cm2 and bag thickness of 7.6 x 10-3 cm (3 mil)

showed no difference at all in the H2 transport characteristic for bags with different types of

closure. Under these conditions, H2 transport from small polymer bags was not significantly

affected by the type of bag closure. This means that most small bags placed in vented waste

drums could have either a taped closure or heat seal without significantly affecting H2

transport from the bags.

3. Gas transport from polyethylene or PVC bags containing TCE or Freon-i 13, or other VOCs

with similar permeability across the polymer, would not be significantly affected by bag

closure type in actual waste drums.

4. Two methods of estimating a VOC diffusion characteristic across a filter vent based on the

measured H2 diffusion characteristic and the estimated ratio of VOC-air diffusivity to

* hydrogen-air diffusivity were examined. The method estimating the ratio by the square root i
of the H2-to-VOC molecular weight ratio was best for NFT-012 drum filter vents. TheW

method estimating the ratio using the critical temperature and pressure of H2 and the VOC

as well as the molecular weight of H2, VOC, and air was a better method for NFT-013 and

NFT-O2 drum filter vents.

5. Direct comparison of H2 permeation characteristics measured in different experiments is

difficult because the transport characteristic is a function of the total permeable surface area,® bag thickness, and gas-polymer permeability. Instead, hydrogen-PVC permeabilities were
estimated from hydrogen permeation characteristics for heat-sealed PVC bags from the

IELU and earlier transport experiments, and were approximately equal.

6. The H2 transport characteristic for a PVC bag with a taped closure reported in the

TRUPACr-il SARI was based on flawed experimental data. Steady-state conditions were

assumed despite evidence that steady state had not been achieved. This led to the incorrect

conclusion that significant gas transport occurred through the taped closure.

7. The H2 permeation characteristic reported in the TRUPACT-il SAR for the heat-sealed

PVC bag should have been used in model calculations of the maximum allowable decay heat

limit per layer of confinement, instead of the H2 transport characteristic reported for a taped

closure of a PVC bag. This would have resulted in a slightly smaller calculated mimu

allowable decay heat limit per innermost layer of confinement.
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&. Model calculations of the maximum allowable decay heat limit per layer of confinement in

the TRUPACT-ll SAR used the minimum H2 diffusion characteristic across a NFT-012

drum filter vent. The NFT-012 drum filter vent is no longer used in the transshipment of

waste drums. The minimum H2 diffusion characteristic across a NFT-020 filter vent should

now be used in calculating the maximum allowable decay heat limit per innermost layer of

confinement. The average H2 diffusion characteristic across the NFT-020 filter vent is over

two times greater than the NFT-012 value used in original calculations. This will result in an

increase in the maximum allowable decay heat limit per innermost layer of confinement.

9. The VOC diffusion characteristics used in the WIPP NMD Variance Petition to estimate the

rate of VOC emissions from a vented drum were too low as a result of flawed experimental

set-up. The VOC diffusion characteristics across different NF-T filter vents were found to be

at least four orders of magnitude greater than values listed in the WIPP NMD Variance

Petetion. This significantly changes the total anticipated VOC emissions from vented waste

drums at the WLPP facility.
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Introduction

Steel corrosion and organic-material biodegradation have been identified as major gas-
generation processes in the WIEPP repository (Brush, 1995). Gas production will affect room
closure and chemistry (Butcher, 1990; Brush, 1990). This memorandum provides the
current estimates of gas-generation parameters for the long-term 'WIPP performance
assessment. The parameters provided here include the rates of gas generation under
inundated and humid conditions, the stoichiornetric factors of gas generation reactions, and
the probability of the occurrence of organic material biodegradation (Table 1). To satisfy
the quality assurance (QA) requirement (QAP 9-5), we summarize all hand calculations for
estimating these parameters in Appendices I and HI.

Biodegradation of Organic Materials

Cellulosics, plastics, and rubbers have been identified as the major organic materials to be
emplaced in the WIPP repository (DOEICAO, 1996) and could be degraded by microbes inIv. 10,000 years. Cellulosics has been demonstrated experimentally to be the most
biodegradable among these materials (Francis et al., 1995). The occurrence of significant
microbial gas generation in the repository will depend on: (1) whether microbes capable of
consuming the emplaced organic materials will be present and active; (2) whether sufficient
electron acceptors will be present and available; (3) whether enough nutrients will be present
and available. Considering uncertainties in evaluation of these factors and also in order to
bracket all possible effect of gas generation on the WIPP performance assessment, we assign
a 50% probability to the occurrence of significant microbial gas generation.

e Microbial Reactions

Microorganism will consume cellulosics mainly via the following reaction pathways in
the repository (Brush, 1995):

-C611 100 5 +4.8 H+ 4.8 N0 3 -4 7.4 H20+ 6C0 2 +2.4 N 2 ()

C6111005 +6 If" + 3 So42--4 5 H20 +6 CO2 +3 112S (2)
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C6Ho 0O5 - 3 CH14+ 3 CO2. (3)

We assume that Reactions 1 to 3 will proceed sequentially according to the energy yield of
each reaction. Here we ignore the reaction pathways of aerobic respiration, Mn(MV and
Fe(Jf) dissimilatory reduction, since the quantities Of 02, Mn(IY) and Fe=f] initially
present in the repository will be negligible relative to the other electron acceptors. In
Reactions 1 to 3, biomass accumulation is also not taken into account. This is because
significant biomass accumulation seems unlikely in the WIPP repository and the
accumulated biomass, if any, will be recycled by microbes after all biodegradable cellulosics
is consumed.

In addition to Reaction (3), methanogenesis may proceed via:

4 H 2 +C0 2 -4C1 4 + 2H70. (4)

However, this reaction will be ignored in our calculations, because (1) no experimental data
are available to evaluate the rate of this reaction and (2) the net effect of this reaction is to
reduce the total gas generation and the amount Of CO2 in the repository and, therefore, it is
conservative to ignore this reaction in respect of repository pressurization and actinide
solubility.W

*Rates of Cellulosics BiodegradationO The rate of cellulosics biodegradtion was measured by incubating representative cellulose
materials (filter paper, paper towels, and tissue) in WIPP brine with microbes enriched from
various WJPP environments (Francis & Gillow, 1994; Francis et al., 1995). The incubation
experiments were conducted under various conditions: aerobic or anaerobic, inundated or
humid, with or without bentonite, amended or unamended with nutrients or N0 3-. Because
the repository is expected to become anoxic shortly after waste emplacement and also
because bentonite will not be added as a backfill according to the current waste
emplacement plan, we think that the experimental data from anaerobic incubation without
bentonite present are most relevant to expected WIPP conditions. Considering that the
current experimental data are mostly for denitritication (Reaction 1), but not sulfate
reduction (Reaction 2) and methanogenesis (Reaction 3) (Francis & Giflow, 1994; Francis et
al., 1995), we assume that the ranges of the rates of cellulosic-s biodegradation via sulfate
reduction and methanogenesis; are equal to those observed for denitrification.

We use CO2 production data to estimate the rates of cellulosics; biodegradation. There are
two advantages of using CO2 production data: (1) there are experimental data available on __

*the CO2 dissolution in WIPP brine (Telander & Westerman, 1995) and, therefore, it is easy
to correct the CO2 production data for gas dissolution (Appendix 1); (2) since cellulosics
biodegradation did not reach the stage of methanogenesis in the experiments, according to
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Reactions 1 and 2, the consumption of one mole carbon of cellulosics will produce one mole
Of CO2 . This 1: 1 relationship is independent of oxidation state of carbon in cellulosics.
Therefore, it is rather straightforward to determine the amount of cellulosics biodegraded
from the amount Of CO2 produced.

Experimental data show a strong dependence of C0 2 generation on the concentrations of
nutrients and nitrate (Francis & Gillow, 1994; Francis et al., 1995). The maximum CO2

generation was observed in nitrate-and-nutrient-amended samples. In those experiments,
after a short lag, phase, CO2 first linearly increased with time and then approached some
limiting value as its production rate diminished. If we assume that biodegradation is nitrate-
or nutrient-limited, the experimental data can be explained by M ichaelis-Menton kinetics
(Chapelle, 1993). M ichaelis-Menton kinetics, which, describes the dependence of microbial
reaction rate on substrate concentration, can be expressed by:

v = V.rjaS (5)

where V is the microbial reaction rate; V. is the maximum value of the rate; S is the

concentration of the limiting substrate; K, is a constant. Equation (5) states that the

microbial reaction rate becomes independent of the substrate concentration, if the latter is
high enough, i.e. S >> K, and V = V.. In this circumstance, the reaction product will
accumulate linearly with time before the substrate is sufficiently depleted. In other words, *in
our cases, the linear part Of CO2 VS. time curve will give the estimate of the maximum rate
of cellulosics biodegradation.

From the experimental data of Francis & Gillow (1994) and Francis et al. (1995), we
estimate the maximum and minimum rates of cellulosics biodegradation under inundated
conditions to be 0.3 and 0.01 mole C/kg/year, respectively (Appendix 1). The maxmu
rate is estimated from the data obtained from both N0 3 -- and nutrients-amended0experiments, whereas the minimum rate is derived from the data obtained from the
inoculated-only experiments without any nutrient and N0 3 amendment. Under humid
conditions, experimental data show no clear correlation between CO2 production and
nutrient concentration. The best estimate of the maximum rate of cellulosics biodegradation
under humid condition is 0.04 mole C/kg/year (Appendix 1). The minimum of the humid
biodegradation rate is set to 0, corresponding to the cases where microbes, become inactive
due to nutrient and water stress.

*Biodegradation of Plastics and Rubbers

The rates of plastics and rubber biodegradation under expected WLPP conditions were
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measured by Francis et al.(1995). The experimental data show that plastics and rubbers are
much less biodegradable than cellulosics, although the data themselves are not sufficient for
us to constrain the long-term biodegradation rate for plastics and rubbers. There are two
factor that may potentially increase the biodegradibility of those materials: long time scale
and cometabolism. Over a time scale of 10,000 years, plastics and rubbers may change their
chemical properties and therefore their biodegradibility. Cometabolism means that microbes
degrade an organic compound but do not use it as a source of energy or of their constituent
elements, all of which are derived from other substrates (Alexander, 1994). In the WJLPP
repository, plastics and rubbers, which are resistant to biodegradation, may still be
cometabolized with cellulosics and other more biodegradable organic compounds. Because
of these uncertainties, we recommend a 50% chance for the biodegradation of plastics and
rubbers in the event of significant microbial gas generation. We further suggest lumping;
plastics and rubbers into cellulosics and applying the ranges of cellulosics biodegradation
rate to plastics and rubbers. This treatment is conservative in respect of repository
pressurization and actinide solubility. We propose to use the following equation to convert
plastics and rubbers to the carbon-equivalent quantity of cellulosics (Appendix I):

total cellulosics (kg) = actual cellulosics (kg) + 1.7 plastics (kg) + rubbers (kg). (6)

Anoxic Steel Corrosion

According to current waste inventory estimates, a large muto teswl eepae® in the WIPP repository (DOE/CAO, 1996). Those steels will be capable of reacting with the
repository brine to form H2 gas. Both thermodynamic calculations and experimental

-observations indicate that the H12 gas can be generated to pressures exceeding the lithostatic
pressure at the WIPP horizon, if enough brine enters the repository (Brush, 1990; Telander
& Westerman, 1993, 1995). Since the repository will become anoxic shortly after waste
emplacement and sealing, we here focus only on anoxic steel corrosion.

9 Steel Corrosion in the Absence of C0 2 and 1125

In this case, steel corrosion will follow the reaction (Telander & Westerman, 1993, 1995):

Fe + 2H 2 0-+ Fe(OH) 2 +H 2 - (7)

In the Mg-rich WIPP brines (exemplified by Brine A), a significant fraction of Fe in the
corrosion product is substituted by Mg. This substitution can substantially increase the
stability of the corrosion product. Experimental observations indicate that steel corrosion
can still proceed even at an 127 atm H12 pressure (Telander & Westerman, 1995). Aside
from this thermodynamic stability argument, the experimental observations indicate no
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essential effect of Mg in the brine on the corrosion rate. As a matter of fact, the corrosion
rates measured in Mg-rich Brine A are not significantly different from those measured in
Mg-depleted Brine ERDA-6 (Telander & Westerman, 1995).

It was observed in the experiments that the steel corrosion rate decreased with time until
some limiting rate was achieved (Telander & Westerman, 1995). Our long-term corrosion
rate is estimated from the longest-term data available in a WIPP-relevant Brine A
environment. The estimated inundated rate is 0.5 gm/year or 0.07 mole Fe /m2/year
(Appendix II). In addition, the corrosion rate is also found to increase with decreasing brine
pH (Telander & Westerman, 1993, 1995). Without addition Of CO2 from microbial
reactions, the pH in the repository is unlikely to go below its experimental value, which is
about 10 (Telander & Westerman, 1993, 1995). Therefore, we recommend using 0.5
pm/year as the upper limnit of inundated corrosion rate for the cases without microbial gas
generation. On the other hand, the pH in the repository can be -2 units higher than its
experimental value due to the presence of Ca(OH)2 as a cementious material in the waste,
and thus, based on the scaling factor (= 0.01) given by Telander & Westerman (1995), the
steel corrosion rate could be as low as 0.005 pm/year. In addition, the experimental work
for Source Term Test Program (S'ITP) at Los Alamose National Laboratory indicates that
salt crystallization on steel surface may possibly prevent the steel from corrosion. To

include this possibility, we set the minimum inundated steel corrosion rate to 0.

The corrosion rate observed on specimens exposed to humid conditions is negligible,
based on essentially non-existent presence of corrosion product and lack of apparent H{2

generation (Telander & Westerman, 1995). Therefore, we set the humid steel corrosion rate
toO0.

*Steel Corrosion in the Presence of C0 2 and H2 S

In the event of significant microbial gas generation, steel corrosion can proceed via theI/vfollowing reactions in addition to Reaction (7) (Telander & We sterman, 1993, 1995):

Fe +C0 2 +H 2 0 -- FeC0 3 +H 2  (8)
Fe + H2S --- FeS + H2. (9)

One possible effect Of CO2 and H2 S on steel corrosion is that they may cause passivation of
the steel. Steel passivation was observed in the experiments in which large quantities of
CO2 and H2 S were added to the reaction vessels. It usually took place after tens of days and
was caused by the formation of a protective layer of FeCO3 or FeS on steel surfaces
(Telander & Westerman, 1995). However, we think that this passivation is unlikely to occur0 under the repository conditions. This is because the microbial production rate Of CO2 and
H 2S is too slow and it will take an exceedingly long time period (relative to the experimental
time scale) for these gases in the repository to reach their concentration levels required for
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passivation under the experimental conditions. The conclusion of no steel passivation under
the WIPP repository conditions is consistent with other studies (e.g., Ikceda et al., 1983;
Schmitt, 1983). In fact, aside from the previously cited work of Telander & Westerman
(1993), total passivation of steel by CO2 and H2S in low-temperature solutions has not been
reported, though varying degrees of corrosion inhibition have been observed.

In the absence of passivation, the microbial generation Of CO2 and H2S Will increase steel
corrosion rates in the repository either by lowering the repository pH or by initiating
additional reaction pathways (Reactions 8 and 9) (Telander & Westerman, 1995). We take
this effect into account by modifying the sampling range of steel corrosion rate. Obviously,
Reactions 8 and 9 will be limited by microbial CO2 and H2 S production, and therefore the
upper limit of the reaction rate can be estimated from the maximum cellulosics
biodegradation rate, which is 0.3 mole/kg cellulosics/year, equivalent to 6 pnm/year of steel
corrosion rate (Appendix II). Thus, in the event of significant microbial gas generation, the
upper limit of steel corrosion rate is 6.5 pm/year, the sum of the maximum rates of
Reactions 7 through 9. The corresponding lower limit will be kept the same as that
estimated for the cases without CO2 production, iLe. 0.0 pm/year. Under humid conditions,
experimental results show a negligible effect Of CO2 and 112S on steel corrosion (Telander &
Westerman, 1995). We thus set the humid corrosion rate to 0.

Stoichiomnetric Factors in the Average-Stoichiometry Model

In the Average-Stoichiometry Model, which is currently implemented in BRAGFLO,
microbial gas generation is represented by the overall reaction:

(~) 1~CHwO5 + unknown -). y gas + unknown (10)

and H2 production due to steel corrosion is described by:

Fe + 4+xH 2 0 -->4- H2 + x Fe(OH) 2 + I- Fe30 4. 11
3 3 3

The stoichiometric factors x and y in Reaction 10 and 11 are estimated as follows.

*Average-Stoichiometric FactorY in Microbial Reaction

The stoichiometric factor y depends on the extent of the progress of each individual
reaction pathway (Reactions 1 through 3). It can be estimated based on the inventory

estimates of the transuranic waste to be emplaced in the Waste Isolation Pilot Plant
(DOE/CAO, 1996; Drez, 1996).
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First, we estimnate the maximum quantities (in moles) of cellulosics and steels that will be
potentially consumed in 10,000 years:

M', numn { 6000Mce1, 16 0000R'Mc1 } (12)

M,= min flO5M6 1410R.Al (13)

with

Rc' = max {Rmi, Rmjj (14)

where Mj and MFE are the quantities (in kg) of cellulosics and steels initially present in
the repository; Rc~ is the inundated steel-corrosion rate (jim/year); Rmý and Rmh are the
sampled rates of cellulosics biodegradation under inundated and humid conditions
respectively (mole/kg/year). In Equation (13), we use the factor of 0.141 mole/im/rn2 to
convert steel-corrosion-rate unit from gin/year to mole/ml2 /year (Telander and Westerman,
1995). Here, we assume that cellulosics biodegradation and steel corrosion both follow zero
order reaction kinetics. Next, we calculate the average stoichiometric factor y by
distributing M,',, into individual biodegradation pathways. Consider two extreme cases,
corresponding to the maximum and minimum values of y: (1) no reaction of inicrobially
produced CO2 and H2S with steel and steel-corrosion products; (2) complete reaction of
microbially produced CO2 and 112S with steel and steel-corrosion products.

If no CO2 or H2S is consumed by reactions with steel and steel-corrosion products, we
~ would expect the maximum quantity of microbial gas production in the repository and

therefore the maximum value for y. We assume that Reactions 1 to 3 will proceed
sequentially. The maximum value of y can be estimated by averaging the gas-yields for all
reaction pathways:

S4MN03 +9MS 04 + 6MN,0 3  6MS04'

Y=- 4.8 3 'C/. 4.8 3 (15

where MNO3 and MS04 are the quantities of NO3 -and S0 4
2

- (in moles) initially present in the
repository.
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If C0 2 or H2S reacts with steel and steel-corrosion products,'we expect that a significant
quantity or, perhaps, all of these microbially produced gases would be consumed, thus
forming FeCO3 and FeS. This would result in the minimum value of y. The total gas
consumed by those reactions (G) is:

Gmn{6MN03  9MS5 0 4  3 6MM03  6MS04 jj j(6

The minimum value of y can then be estimated by:

8.4 MN03  9MS04 + M 6MN03 6MS0
4.8 3 YC .' 4.8 3) G (7

Y = Yn + (y. - Y.0 (18)

with 0 ! 03 1.0. The calculational scheme proposed here automatically correlates y with
waste inventory estimates as well as with reaction rates.

The above calculational scheme does not take into account the SQ42- that will be brought® i nto repository by brine inflow. Based the previous BRAGFLO simulations for undisturbed
cases, the total volume of the brine entering the repository in 10000 years is unlikely to be
larger than 2.2x 10 liters; the value corresponding to the case with unrealistically low gas
generation and therefore the worst repository flooding. With a typical S0 42- concentration
of 200 mM in WIPP brines (Brush, 1990), we estimate that the amount of SO4

2-brought into
the repository by brine inflow would be less than 0.4xlO moles. This amount of S0 4

2 - will
increase the fraction of sulfate reduction pathway in total cellulosics biodegradation only by
less than 1%. Therefore, neglecting the sulfate brought by brine inflow would introduce an
error of no more than a few percents in y values.

o Average-Stoichiometric FactorC in Steel Corrosion Reaction

While magnetite (F63O4) has been observed to form on steel as a corrosion product in
low-Mg anoxic brines at elevated temperatures (Telander & Westerman, 1995) and in oxic
brine (Haberman & Frydrych, 1988), there is no evidence that it will form at WIPP
repository temperatures. If F63O4 were to form, it would be expected that H2 would be
produced (on a molar basis) in excess of Fe consumed. But, the anoxic corrosion 0
experiments did not show the production of H2 in excess of Fe reacted. Therefore, we set
the stoichiomnetric factor x to 1.0 in Reaction 11.



Martin S. Tierney (6741) - 9- January 26, 1996

Table 1. Gas-Generation Parameters for the Long-Term WIPP Performance Assessment

Parameter Estimated Value

Probability of occurrence of significant
microbial gas generation 50%

Probability of occurrence of plastics and
rubber biodegradation in the event of 50%
significant gas generation

Rate of inundated cellulosics
biodegradation 0.0 1 - 0.3 mole C/kg/year

Rate of humid cellulosics 0.0 - 0.04 mole C/kg/year
biodegradation

Rate of inundated steel corrosion for the
cases without microbial gas generation 0.0 - 0.5 jim/year1

Rate of humid steel corrosion for the
cases without microbial gas generation 0.0 jim/year

Rate of inundated steel corrosion for the
cases with microbial gas generation 0.0 - 6.5 pm/year

Rate of humid steel corrosion for the
cases with microbial gas generation 0.0 pnm/year

Stoichiomnetric factor x in Reaction 11 1.0

Stoichiometric factory in Reaction 10 calculated from Eqn. (18)

Factor P~ in Equation 18 0-1.0

N0 3 - initially present in the waste2  2.6x 1-0 moles

S042- initial present in the waste 26.6x 106 moles

1. Multiplying 0. 141 mole/pVm2 Will convert the unit of steel corrosion rate from pm/year
to mole/m 2/year (Telander & Westerman, 1993). 2. See Appendix 1.6.
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Appendix L. Hand Calculations for Estimating Mficrobial Gas generation Parameters

Name of person performing the calculations: Yifeng Wang, Jan. 26, 1996 ,'/I/A4 -1
Name of person reviewing the calculations: Lany Brush, Jan. 26, 1996 L

Li Correction for CO2 Dissolution in the Brine

Data and definition of variables:
TC0 2 : Total C0 2 produced in an incubating experiment (moles)
n: Measured CO2 in headspace (moles)
C1: Dissolved C0 2 (moles/I)
VI: Brine volume = 0. 104 (1) (Gillow, per. comm.)
Vg: Headspace volume 0.046 (1) (Francis & Gillow, 1994)
P: Partial pressure Of C0 2 (atm)
K- Partition coefficient of CO2 between brine and gas phase = 0.01 (mole/I/atm)

(Telander & Westerman, 1995)
R: Gas constant = 0.082 (1*atm/molefK)
T: Temperature = 303.15 (K)

Assumption: Gaseous CO2 approximately follows the idea gas law during these
experiments.

Calculations:
TCO2) = Vi'*Ci + n = K*P*Vl + n = K*Vi*n*R*T[Vg + nl = (K*VI*R*T/Vg + l)*n

(0.0 1*0. 104*0.082*303.15/0.046 + 1)*n = 1.56*n (moles).

L2 Estimate of the Maximum Inundated Cellulosics Biodegradation Rate

Data:
Source: Francis et al. 1995, p. 41, 148-149.
Experimental conditions: anaerobic inoculated,

nutrients and nitrate amended

We only take the linear part Of C0 2 VS. time curve:

time C0 2
69 days 6.1 pmollg of cel.
411 days 163 pmol/g of cel.
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Calculations:

(1) Rate = (163 - 6.1)/(411 - 69) = 0.459 micro-moles/g/day = 0. 168 mole/kg/year.
(2) Correcting it for dissolved C0 2 (See L.1), we finally have:

maximum rate = 0. 168* 1.56 = 0.3 mole/kg/year.

L.3 Estimate of the Minimum Inundated Cellulosics Biodegradation Rate

Data:
Source: Francis et al. 1995, p. 148-149.
Experimental conditions: anaerobic, inoculated only,

time CO2
0 days 2.1 g1moi/g of cel.
1034 days 14.0 pimol/g of cel.

Calculations:
(1) Rate = (14.0 - 2.1)/(1034 -0) = 0.0 115 pmol/g/day = 0.004 mole/kg/year.® ~(2) Correcting it for dissolved CO2 (Appendix L.1), we finally have:

minimum rate = 0.004* 1.56 = 0.0 1 mole/kg/year.

1.4 Estimate of the Maximum Humid Cellulosics Biodegradation Rate

Data:
Source: Francis et al. 1995, p. 80.
Experimental conditions: anaerobic, inoculated only;

anaerobic, inoculated and amended

time CO2
6 days (7.7 + 13.3)/2 = 10.5 pmol/g of cel.
415 days (83.1 + 28.8)/2 = 56 pmol/g of cel.

Calculations:
Maximum rate = (56 - 10.5)/(415 -6) = 0.11 pxol/g/day = 0.04 mole/kg/year.
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L5 Convert Plastics and Rubbers to the Equivalent Quantity of Cellulosics

Data:
Source: Molecke (1979)
Celilulosics: C6H, 005  M. W. = 162 glmole
Polyethylene: (-C2H-4-)n M. W. = 28 glmole
Polyvinychloride: (-C2H3C1-)n M. W. = 62 glmole
Neoprene: (-C4H5Cl-)n M. W. = 88 glmole
Hypalon: .(-(C7Hl 3C1)12-(CHSO 2CI)17-]n M. W. = 3488 glmole

Assumption:
Plastics: 80% polyethylene, 20% polyvinychloride
Rubbers: 50% neoprene, 50% hypalon
Based on Molecke (1979).

Calculations:
The P kilograms of plastics and R kilograms of rubbers are equivalent to the Q
kilograms of cellulosics, based on carbon equivalence:
Q = (0.8*2*162/28/6 + 0.2*2*162/62/6)*P + (0.5*4*162/8816 +

0.5*10 1*16213488/6)*R= 1.7 P +R (kilograms)

1. 6 Moles of N03- and S0 4 -- Initially Present in the Waste

N03-: 1.62x 10 6 kg (Drez, 1996) =1000/62* 1.62x 106 =2.6x 107 moles
S0 4

2 : 6.33x 10 5 kg (Drez, 1996) =1000/96*6.33x10 5 =6.6x10 6 moles
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Appendix HI. Hand Calculations for Estimating Steel Corrosion Parameters

Name of person performing the calculations: Yifeng Wizng, Jan. 26, 1996 & "*

Name of person reviewing the calculations: Lan~y Brush, Jan. 26, 1996 ~{

ILI Estimate of the Maximum Inundated Steel Corrosion Rate for the Cases without
Microbial Gas Generation

Data:
(1) Anoxic corrosion rate obtained from the 12th to 24th month experimental data=

0.71 pin/year (Telander & Westerman, 1993, p. 6-14).
(2) Scaling factor for the long-term rate = 70% (Telander & Westerman, 1995, p. 6 -

19).

Calculation:
The maximum long-term steel corrosion rate = 0.7 1 *70% = 0.5 pin/year.

11.2 Estimate the Maximum Inundated Steel Corrosion Rate for the Cases with Microbial
Gas Generation

Data:
Total transuranic waste volume: 1.5x 10 5 M3 (DOE/CAO, 1996)
Drum volume: 0.208 mn3 (DOE/CAO, 1996)
Surface area of steel: 6 m2/druin (Brush, 1995)
Maximum cellulosics biodegradation rate: 0.3 mole/kg/year (Appendix 1-2)
Maximum inundated steel corrosion rate for the cases without microbial gas

generation: 0.5 pm/year.
Total cellulosics (including plastics and rubbers): 2.1lx10 7 kg (DOE/CAO, 1996;

40 Appendix 1.5)10
N0 3 initially present in the waste: 2.6x 1 moles (Appendix 1.6)
S0 4

2 - initial present in the waste: 6.6x 106 moles (Appendix 1.6)

Assumption:
Reactions 8 and 9 will be limited by mnicrobial CO2 and H2S production rate.

Calculations:
(1) Number of drums = 1.5x 105/0.208 = 7.2x 10 5 drums.
(2) Total moles of C in cellulosics = 6*2.1IX10 7 * 1000/162 = 7.74x10 8 moles of C.
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Molar fraction of cellulosics biodegraded via denitrification
2.6xio7/7.74x 108 = 3%.

Molar fraction of cellulosics biodegraded via sulfate reduction=
6.6x10 617.74xi08 = 1%.

(3) Maximum C0 2 and 112S production rate for the whole repository = (0.03 +
1.5*0.01 + 0.5*0.96)*0.3*2. IX10 7 = 3.3x 106 moles C02/year.

(4) Total steel surface area = 6*7.2x 10 5 = 4.32x 10 6 in2 .
(5) The maximum rate of steel corrosion via Reactions 8 and 9 = 3.3x10 6/4.32x 10 6 =

0.8 mole FeIM2 / year = 6 jim/year.
(6) The upper limit of inundated steel corrosion rate for the cases with microbial gas

generation =0.5 + 66.5 pm/year.
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the repository as a backfill. Through chemical -reaction, this backfill will practically remove

all CO2 generated by microbial reactions and thus prevent any possibility of CO,
accumulation in the repository. Therefore, the previously-suggested enhancement of steel

corrosion by CO2 (Wang & Brush, 1996) will be no longer possible. In our previous memo

(Wang & Brush, 1996), two set of inundated steel corrosion rates were provided: one is 0.0

to 0.5 pm/year for the cases without CO2 present and another is 0.0 to 6.5 pm/year for the

cases with CO2 present. Considering the chemical condition changes due to adding MgO as
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GAS GENERATION UNDER EXPECTED

WASTE ISOLATION PILOT PLANT
REPOSITORY CONDITIONS

Progress Report Through 1992

A. J. Francis and J. B. Gillow
Brookhaven National Laboratory

Upton, NY 11973

ABSTRACT

Mifcrobial processes involved in gas generation from degradation of the organic constituents
of transuranic waste under conditions expected at the Waste Isolation Pilot Plant (WIIPP)
repository are being investigated at Brookhaven National Laboratory. These laboratory
studies are part of the Sandia National Laboratories - WIPP Gas Generation Program. Gas
generation due to microbial degradation of representative cellulosic waste was investigated

~ in short-term (< 6 months) and long-term (> 6 months) experiments by incubating
representative paper (filter paper, paper towels, and tissue) in WIPP brine under initially
aerobic (air) and anaerobic (nitrogen) conditions. Samples from the WIPP surficial
environment and underground workings harbor gas-producing halophilic microorganisms,
the activities of which were studied in short-term experiments. The microorgasm
metabolized a variety of organic compounds including cellulose under aerobic, anaerobic,
and deniitrifying conditions. In long-term experiments, the effects of added nutrients

* Performed under Contract No. 67-8602 for Sandia National Laboratories, Waste Isolation
Pilot Plant Gas Generation Program.



(trace amounts of ammonium nitrate, phosphate, and yeast extract), nutrients plus excess
nitrate, and no nutrients on gas production from cellulose degradation were investigated.
Results to date (up to 200 days of incubation) show that: (i) gas production was not
detected in abiotic control samples; (ii) cellulose incubated without nutrients showed limited
but sustained gas production; (iii) the addition of nutrients enhanced the biodegradation of
cellulose as evidenced by an increase in the production of total gas, carbon dioxide, and
nitrous oxide; (iv) in the presence of excess nitrate, gas production was the highest and
nitrous oxide accumulated to varying amounts; (v) the addition of bentonite increased the
background carbon-dioxide concentration and stimulated microbial activity specifically in
aerobic samples; and (vi) in addition to total gas and carbon dioxide production, cellulose
degradation in nutrient-amended samples was evidenced by the gradual bleaching of brown
paper towel, the formation of gas bubbles, the formation of paper pulp, and the appearance
of a red color at the bottom of the sample bottles, indicating the growth of halophilic
microorganisms. Estimates of the total gas production on the basis of initial results ranged
from 0.001 to 0.039 mL g-1 cellulose day'.
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1.0 INTRODUCTION

Transuranic (TRU) wastes contain alpha-emitting transuranium nuclides with half-lives

greater than twenty years and concentrations greater than 100 nCi per gram. TRU wastes

are generated from nuclear-weapons production and other related nuclear-processing

procedures. The wastes include adsorbed liquids, sludges, organics, and cemented materials

containing the following radionuclides: 22-, 23 u, 23u, 23u, 237 Np, 23Pu, 239Pu, 240Pu, 241Pu,

~2 Pu, 241Am, 244cm, 22Cf, and a variety of metals. Typically, TRU waste is classified as

either contact-handled (CH), which does not require shielding, or remote-handled (RH),

which requires shielding because of the hazard of gamma-radiation exposure. The Waste

Isolation Pilot Plant (WIPP) is a mined, geologic repository developed to demonstrate that

radioactive transuranic wastes generated in defense-related activities can be safely and

permanently disposed of underground. The WIPP is a U.S. Department of Energy facility

located in southeastern New Mexico, about 2150 ft (656 m) below the surface, in a bedded

salt, evaporite Permian formation. A major long-term concern is the potential for gas

generation from the corrosion of Fe and Fe-based alloys, microbial degradation of cellulosic,

plastic, and rubber materials, and radiolysis of brine and waste material by alpha-emitting

radionuclides (Molecke, 1979; Brush, 1990). Gas generation can cause pressurization and

the formation of fractures which could allow the radionuclides to migrate away from the

disposal site.

Anoxic corrosion and microbiological activity are the two most important processes that

may generate appreciable amounts of gas. The current estimate of gas production due to

anoxic corrosion is 900 moles per drum of waste (Brush, 1991). Caldwell et al. (1979)

~, reported that microbial gas production due to biodegradation of TRU waste could be

significant. Recently, Lappin et al. (1989) estimated such production rates at 1 mole of gas

per drum of waste per year for 600-years. Brush (1991) and Brush et al., (1990) proposed

a minimum and maximum range at 0 to 5 moles per drum per year, as did the earlier

estimates by Molecke (1979).



Laboratory studies are under way to determine the rate and extent of gas production

due to radiolysis, corrosion, and microbial activity, to support the Sandia National

Laboratories-WIPP Gas Generation Program efforts to assess the long-term performance

of the WIPP repository. This report summarizes the progress and status of the WIPP-

funded work at BNL and presents the microbiological data obtained from initiation through

1992. Studies of the effects of microbial processes have been underway at Brookhaven

National Laboratory since 1991, funded under Sandia National Laboratories contract no. 67-

8602.

Brookhaven National Laboratory has developed a Quality Assurance Program that

complies with DOE Order 5700.6C. For EM p rojects the Laboratory interprets the

requirements of 5700.6C in accordance with the applicable guidance provided in the EM

Quality Assurance Requirements Document (QARD). This will ensure that the data

generated will be valid, accurate, repeatable, and protected, and will withstand critical peer

and other reviews.

[V 1.1 Background

The WLPP waste repository is located 2150 ft (656 m) below ground surface, with 56

rooms planned or under construction in a bedded salt formation. About 6,800 drums of

waste in 55-gallon (208-L) containers will be placed in each room of 3,640-in 3 capacity.

Each drum will contain, on average, about 10 kg of cellulosic waste (approx. 70,000 kg of

cellulosic per room), 70% of which is paper (Brush, 1990). The rest of the potentially

biodegradable portion of the waste consists of plastic and rubber, and other organic

compounds. Wastes consisting of inorganic process sludges from secondary waste treatment,

containing a total of -3 million moles of nitrate and a much smaller amount of phosphate,

will also be emplaced in the WIPP (Brush, 1990; Brush et al., 1991).

Microorganisms can enter the WIPP from several sources, including: (i) association with

the TRU waste; (ii) the surface environment via the mine ventilation systems and human

intrusion; and (iii) resident populations in the salt crystals and brine formations. Alpha



radiation from TRU waste is not expected to have significant effects on microbial activity

* (Barnhart et al., 1980; Francis, 1990). Previous studies of low-level radioactive wastes and

waste leachates have shown that microbes in the wastes can metabolize organic carbon

compounds (Francis et al., 1980a,b; Francis, 1985). Halotolerant and halophilic

microorganisms (101 to W0 colony forming units/mL) including aerobic, nitrate-reducing,

and anaerobic bacteria were detected in the WIPP surficial environment and underground

workings (R. Vreeland, West Chester University, Pennsylvania, to be published). Cellulose-

degrading extreme halophiles from the underground workings also have been isolated

(R. Vreeland, West Chester University, Pennsylvania, to be published). Introduced

microorganisms, as well as resident or indigenous halotolerant and halophilic bacteria, can

-metabolize organic compounds and nitrate in the waste, and may generate metabolic

byproducts, such as organic acids, alcohols, carbon dioxide, nitrous oxide, nitrogen, hydrogen,

hydrogen sulfide, and methane.

1.2 Biochemistry of Cellulose Degradation

@ 1.2.1 Biodegradation of Cellulose

The cellulosic portion of the TRU waste will approximately be comprised of the

following (Brush, 1990): paper (70%), cloth (4%), plywood (10%), and lumber (16%)

(untreated: 10% and, 'treated: 6%). In addition, the waste contains plastic materials

(primarily polyethylene and polyvinylchloride) and rubber materials (primarily neoprene and

hypalon), the characteristics of which may be altered by alpha-irradiation, which may

enhance their biodegradability and potential for gas generation.

Cellulose, hemicellulose, and lignin make up the three major components of plant

vascular material, lignocellulose. Lignin is a highly branched, constitutionally undefined

aromatic polymer that makes up 15 to 38% of hardwood and softwood trees. It is

considered highly resistant to biodegradation, although thermochemically modified lignin has

been shown to biodegrade (Colberg and Young, 1982).
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Cellulose is an unbranched polymer of several thousand D-glucose units linked together

by 63-1,4 glucosidic bonds. The strength of the polymer is derived from the multitude of

hydrogen bonds, with concentrations of hydrogen bonds in microcrystalline regions and

fewer bonds in amorphous regions. Cellulose is insoluble; therefore, hydrolysis is a

prerequisite to microbial degradation. Hydrolysis of cellulose results in the formation of

cellobiose, which is then hydrolyzed to glucose (Figure 1).

Biodegradation of cellulose by white-rot fungus Trichoderma reesei and the bacteria

Cellulomonas has provided insights into the enzymology, the mechanisms of action, and the

pathways of cellulose degradation. Several extracellular enzymes are involved in the

breakdown of cellulose. The cellulase enzymes, consisting of exoglucanase (exoenzyme) and

endoglucanase (endoenzyme), break the cellulose chains into various smaller fragments,

starting with: (i) different 1,4-,O-endoglucanases that attack the 1,4-1 -linkages, randomly

depolymerizing internal units; (ii) 1,4-j3-exoglucanases that remove cellobiose from the non-

reducing chain end of the molecule, and (iii) 1,4-1-glucosidases (cellobiase) that hydrolyze

cellobiose to glucose (Priest, 1984). Amorphous regions of cellulose are degraded by both

the endo- and exo-glucanases separately. Synergistic action of the two enzymes is necessaryW

for degrading crystalline cellulose (Poulsen and Peterson, 1992). These enzymes (produced

by a variety of aerobic and anaerobic bacteria, fungi, and protozoa) coordinate to hydrolyze

cellulose into soluble components, which then are converted into a variety of end products.

Bacteria, including aerobes such as Cellulomonas sp. and Celivibric gilvus (Bott and Kaplan,

t4I 1991), and anaerobes, such as Clostridium sp. (Benoit et al., 1992), Clostridium thermocellum

(Lynd et al., 1989), Acetovibric celluloyticus (Laube and Martin, 1981), and Ruminococcus

albus (Pavlostathis et al., 1988) produce extracellular cellulase enzymes in the presence of

cellulosics. These enzymes are induced by the presence of substrate (Hrmova et al., 1991)

and are attenuated by soil and other absorptive materials (Hope and Burns, 1985). Close

proximity of the cell to the substrate is necessary for degradation. -A purified enzyme extract

of T reesei was shown to effectively degrade cellulose (Priest, 1984), and non-oxygen labile

endoglucanase from Clostridium thermocellum was shown to strongly absorb to native
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Figure 1. Cellulose Degradation Pathway.



cellulose (Ng et al., 1977). The rate of enzyme induction also depends upon the presence

of the necessary nutrients, nitrogen and phosphorus (Skujins, 1976). Upon induction,

hydrolysis by the cellulases is the rate-limiting step which, once achieved, follows first-order

kinetics (Pavlostathis and Giraldo-Gomez, 1991). The available surface area is an important

determinant of the rate of digestion of cellulose. In vitro studies of cellulytic bacteria from

cow rumen demonstrated the importance for degradation of adherence of microbial cells to

the cellulose surface, with fermentation rates correlated to surface area (Weimer et al.,

1990). The primary hydrolysis products of cellulose are cellobiose and glucose, which then

are converted to organic acids, carbon dioxide, hydrogen, and methane by various microbial

processes.

Glucose, generated from cellulose, is readily used by a variety of microorganisms. The

specific process depends on the availability of electron acceptors such as oxygen, nitrate,

sulfate, and CO2. In the presence of oxygen, carbon dioxide and water are formed during

the oxidation of glucose:

C6H12O6 + 602 - 6C0 2 + 6H 20 + energy

As oxygen is consumed, the alternate electron acceptors are used: nitrate, iron (III)

oxides and hydroxides, manganese (IV) oxides and hydroxides, sulfate, and carbon dioxide.

In the case of nitrate, dissimilatory reduction transforms nitrate to ammonium (dissimilatory

nitrate reduction to ammonium (DNRA)) or to nitrous oxide, and then nitrogen

(denitrification):

NO;3-- NO,- -~ NH 4 ' (DNRA)

[1/ NO3- -~ NO,- -~ N,0 - N, (Denitrification)

Both processes are affected by the concentration of oxygen; the organisms catalyzing

these transformations are microaerophiles or facultative anaerobes, capable of metabolism

under low oxygen conditions or in its absence. Denitrification will slow down or cease with

higher oxygen concentrations which inhibit the production of specific enzymes (Tiedje,

1988). Denitrifiers use several substrates, such as glucose and low molecular weight organic

6



acids and alcohols. The use of nitrate as an alternate electron acceptor may be significant

in the WIPP because of the presence of nitrate in the waste, predominantly from process
sludges.

In the absence of oxygen and nitrate, anaerobic microorganisms will dissipate electrons

via fermentation of the carbohydrate:

C61- 1206 -~ 2C3 114O3 (pyruvic acid) + 4H'

4H+ + 2C 3H403 -2C 3H60 3 (lactic acid)

Fermentati on products, such as low molecular-weight organic acids and alcohols are

available for preferential use by denitrifiers, sulfate reducers, and methanogens. Brines from

the WIPP contain 160 to 300 mM sulfate (Brush, 1990); sulfate-reduction could be

significant in the presence of metabolizable carbon. It occurs under reducing conditions (Eh

-150 to -200mV, pH = 7.00), resulting in a change in Eh (-250mV) with growth and sulfide

formation (Postgate, 1984):

2 lactate- + SW4 - 2 acetate- + 2C02 + 2H,0 + S

Sulfate reduction results in the formation of H,S and insoluble metal sulfides. Sulfate-

reducing bacteria (SRB) convert lactate, pyruvate, alcohols, amino acids, and acids of the

tricarboxylic acid cycle to acetate and CO2. Glucose and other sugars seldom seem to be

used directly by SRB.

The presence of CO2, H2, organic acids, and a low Eh generated by these anaerobic

microbial processes provide a conducive environment for the growth of methanogenic

bacteria. Methanogens can use (i) acetate; (ii) methanol; or (iii) carbon dioxide and

hydrogen and produce methane:

(i) CH3CO& + H+ - CH 4 + CO,

(ii) 4CH30H -~ 3CH4 + CO., + 2H,0

(iii) 4H, + CO,2 CH4 + 2H,0

0 7



Approximately 70% of the methane formed in sludge and freshwater sediments is due

to reaction (i), whereas halophiles predominantly carry out reaction (ii).

Additionally, iron(III) reduction may be a significant process in the WIPP because of

the presence of oxidized forms of iron. Iron reduction involves the oxidation of organic

carbon concomitant with the reduction of iron, whereby iron is used as the electron acceptor

in the absence of oxygen, resulting in the reduction and di ssolution of Fe(III) to Fe(II).

Manganese reduction results in the formation of soluble Mn(II) from Mn(IV). Soluble

uranyl ions can be reduced to insoluble U(IV) by anaerobic bacteria (Francis et al., 1991;

Lovely et al., 1992). Corrosion caused by microbes could transform metal ions at a passive

-'I.rface, resulting in metal sulfide precipitates (Kearns et al., 1992). The use of hydrogen

solely from passivation can result in the formation of methane by methanogens, accelerating

cathodic depolarization and increasing corrosion (Lorowitz et al., 1992). Figure 2 shows

microbiologically mediated redox processes.

1.2.2 Metabolic Diversity of Halophilic Microorganisms14

Halobacteria isolated from hypersaline environments can metabolize a wide variety of

organic compounds under aerobic and anaerobic conditions. Most of the extreme halophiles

are archaebacteria; that is,.they are a distinct group of microorganisms, apart from the

eubacteria that make up the majority of prokaryotes, with an ancient lineage composed of

other types of organisms adapted to extreme environments, such as alkaliphiles,

thermophiles, and methanogens. Moderate halophiles grow best in an environment

containing 0.5 to 2.5 M NaCl, while extreme halophiles grow best in 2.5 to 5.2 M NaCl

(Kushner and Kamekur, 1988; Ventosa, 1988). Brines in the WIPP repository consist of 5.1-

5.3 M chloride and 1.83-4 M sodium, 0.63-1.44 M magnesium, and 0.04-030 M potassium

(Brush, 1990; Molecke, 1983).

Halophiles grow anaerobically by: (i) fermenting glucose, fructose, glycerol, citrate, and

lactate (Javor, 1984); (ii) reducing nitrate to nitrogen gas using a variety of carbohydrates
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Microorganisms. Ed. A. J. Zehnder. New York, NY: John Wiley and Sons. 19.
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(Tomlinson et al., 1986); (iii) degrading chitin; and (iv) producing methane from

methylamines, C0 2 and H2 (Zhilina and Zavarzin, 1990). In hypersaline environments

acetate-utilizing methanogens have been difficult to isolate (Zhilina and Zavarzin, 1990).

Sulfate reducers also have been difficult to isolate, although saltmarsh sediments harbor

abundant SRB populations (Dicker and Smith, 1985). The WIPP site contains a variety of

halotolerant and halophilic bacterial populations. Isolates from underground brine

seepages and salt crystals, and from brine and sediment from surficial lakes near the WIPP

site, revealed a great diversity of colony characteristics when grown on solid media (R.

Vreeland, West Chester University, Pennsylvania, to be published); these isolates used

amino acids, glucose, and cellulose.

.4
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2.0 EXPERIMENTAL A PPROACH

Laboratory experiments were designed to determine the potential gas generation due

to biodegradation of cellulose under conditions expected in the WIPP repository (Figure 3).

The experiments were divided into short-term ( <6 months) and long-term ( >2 years) ones.

In the short-term experiments, we examined the influence of electron donors and acceptors

on the activities of specific microbial processes relevant to the WIPP disposal environment.

In the long-term experiments, we measured gas generation due to biodegradation of

cellulose under realistic conditions expected in the WJPP repository after the waste was in

place. The conditions include humid and inundated, and initially aerobic and anaerobic

environments. The effects of addition of nutrients and bentonite also was investigated.
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3.0 SHORT-TERM EXPERIMENTS

3.1 Rationale

The two main objectives of the short-term experiments were: (i) to determine gas

production due to the activity of aerobes and anaerobes in the presence of specific electron

donors (cellulose, glucose, succinate) and acceptors (oxygen, nitrate, sulfate) under

hypersaline conditions; and (ii) to evaluate the suitability of inocula for use in the long-term

experiments.

Anaerobic microbial processes were emphasized in the short-term experiments because

they are expected to have the greatest impact on the long-term performance of the WIPP

repository. These experiments provided an opportunity to specify aspects of the long-term

investigations by manipulating the experimental variables. The microbes tested include

those present in the brine collected from WIPP underground workings, surficial sediment

* slurries from the surrounding lakes at the WIPP site, and in axenic (pure) or mixed cultures

isolated from these sources. In addition, analytical methods were tested and standardized

during this phase.

3.2 Methodology

3.2.1 Sample Collection

Sediment and water samples from Nash Draw (near the WIPP site) and muck pile salt,

rib salt, and brine (from the WIPP underground workings) were collected from August 21

I'~I to 25, 1991. Core samples of mud from Laguna Cinco, Quatro, Tres, and Surprise Springs,

all in Nash Draw, were obtained using sterile iron pipes. Air was excluded by driving the

core deep into the mud and capping it while submersed. Corrosion of iron end-caps also

prevented contamination by oxygen. Lake brine samples were collected in sterile

polyethylene containers from the four lakes as well as from Lindsey Lake, also in Nash

* 13



Draw. Mud and brine from all the lakes were also collected with sterile glass serum bottles,

which were then stoppered and crimped to exclude air. Salt from the WIPP undergroundW

was collected using sterile spatulas and sterile containers. G-Seep brine from the WIPP

underground was collected in sterile polyethylene bottles by Glen Barker, SNL.

The samples were shipped to BNL within two days after collection. The mud samples

were extruded in a nitrogen-filled glove box and transferred to sterile serum bottles, fitted

with butyl rubber stoppers, and stored at 40C. Brine from Lindsey Lake and the WIPP site

was also stored at 4*C. Viable bacteria in these samples were counted by Russell Vreeland,

West Chester University, and the total number of bacteria and microbial activity were

determined at BNL.

3.22 Direct Counts of Bacteria

Samples were shaken on a wrist-action shaker for 45 minutes to disperse the contents.

One mL was removed with a sterile needle and syringe, dispensed into a snap-cap vial and

preserved with 5% (v/v) glutaraldehyde. Double-stranded DNA specific stain 4'6-diamidino-

2 phenylindole dihydrochloride (DAPI, Polysciences, Inc.) was added to the sample and ii

was incubated for seven minutes in the dark. The sample was filtered through a 0.2 gm

black membrane filter (Poretics Corp.), and then placed on a slide and examined under oil-

immersion at 1875 x magnification. Slides were prepared in triplicate for each sample, the

blue-fluorescing cells were counted directly using a calibrated grid eyepiece under ultraviolet

light. The DAPI stain differentiated the cells from salt grains: DNA-containing material

was blue and the salt yellow (Coleman, 1980).

32.3. Ac&ivty Measurements

Production of gas by aerobes, anaerobes, and denitrifiers was determined in a mixed

inoculum of WIPP salt and brine and Nash Draw brine and sediment. The carbon sources

tested included glucose (C6H120 6), cellulose (fC6Hj0O5]j), and succinate (C4H60 4).

14



Two hundred g of S2180, W30 WIPP muck-pile salt were dissolved in sterile, deionized

* water and diluted to 1 L. To a 450 mL aliquot of the solution, 10 mL of Laguna Cinco mud

slurry and 40 mL of Laguna Cinco lake water were added. The mixture was kept in an

anaerobic glove box. Nine and a half mL of the mixture were added with a sterile syringe

to 20 mL sterile serum bottles containing 0.5 mL of a, sterile, concentrated nutrient stock

solution containing 5 mg yeast extract, 10 mg-potassium phosphate, 125 jimol ammonium

nitrate, and 275 14mol glucose (See Appendix A). Aerobic samples were incubated with an

initial headspace of air in sealed containers, whereas anaerobic samples were incubated in

a nitrogen atmosphere after purging the samples several times with nitrogen. The serum

bottles were fitted and sealed with butyl rubber stoppers. Denitrification activity was

determined by adding a nutrient solution containing 5 mg yeast extract, 10 mg potassium

phosphate, 125 gmol nitrate added as ammonium nitrate, 99 gimol nitrate added as

potassium nitrate, and 185 j4mol of succinate. These samples contained a total of 224 'imol

of nitrate and were prepared anaerobically. A set of aerobe, anaerobe, and denitrifier

treatments were also prepared by including approximately 0.5 g filter paper instead of the

respective carbon sources, glucose and succinate.

Six samples were prepared for each treatment, two of which were treated with 1 mL of

10% formaldehyde to serve as abiotic controls. Brine samples without nutrients were also

prepared, and two were treated with formalin to determine endogenous activity. The

headspace gas of all the samples was analyzed after 48, 83, and 147 days of incubation at

30'C, and the total volume of gas, carbon dioxide, and nitrous oxide in the headspace

determined (see Appendix B).

3.2.4 Denitrification Studies

K ~'I'In the absence of oxygen and in the presence of metabolizable organic carbon, some

aerobic bacteria can use nitrate as' an alternate electron acceptor. This process, called

denitrification, or the reduction of nitrate, converts 80% or more of the available nitrate-N

15



to nitrogen gas (Tiedje, 1988). Nitrate is reduced to nitrogen by denitrifying bacteria via the

following steps:

N03- -N02- - N2O - N2

Nitrate is also reduced by dissimilatory nitrate reduction to ammonium, but with either

incomplete conversion to nitrogen or a far lesser yield of nitrogen (Tiedje, 1988). Nitrous

oxide is an intermediate product and does not generally accumulate; although some

halophiles accumulate nitrous oxide under certain conditions (Tomlinson et al., 1986).

Denitrification was observed in Nash Draw sediment slurry, G-seep, and a pure culture

by the acetylene blockage technique (Yoshinari and Knowles, 1976). Acetylene inhibits the

conversion (reduction) of N20 to N2, resulting in the stoichiometric accumulation of N2 0

in the headspace (Balderston et al., 1976):

N03- -~ N0 2 - -~ N2 0 -17- N2

G_2H2

Acetylene was injected into the duplicate samples of each treatment to give a final

concentration of -10%. Nitrous oxide in the headspace of each sample was measured with

a gas chromatograph equipped with a 63Ni electron capture detector (see Appendix B).

Samples were analyzed at 0, 21, and 43 hours, and at appropriate intervals thereafter.

3.2.4.1 DENITRIFICATION IN SEDIMENT SLURRY SAMPLE

Laguna Cinco sediment (collected on August 22, 1991 and stored anoxically at 4*C for

two months), and a fresh sample from the same site (collected on December 10, 1991) were

examined for denitrifier activity. The fresh sample was examined within 48 hours of

collection. The sample was mixed well, and a 1 mL slurry (August: 0.56 ± 0.01 g dry

sediment; December: 0.59 ± 0.01 g dry sediment) was pipetted into sterile 20 mL serum

bottles in a glove box filled with nitrogen. One mL of filter-sterilized (0.22,4hm) brine (20%

16



w/v WLPP halite) was added to the slurries resulting in a final volume of 2 rnL. The slurry

contained the following nutrients: (i) no additions (unamended); (ii) 3 i4mol succinate

(carbon-amended); (iii) 300 nmol. nitrate (nitrate-amended); and (iv) 3 gmol succinate and

300 nmol nitrate (carbon-and nitrate-amended at a C:N ratio of 10:1). Succinate was used

as the carbon source to discourage the growth of fermentative organisms. Triplicate samples

of each treatment were prepared. The pH of dach treatment was measured at the beginning

and end of the experiment. Formaldehyde-treated samples served as controls. The serum

bottles containing samples were sealed with rubber stoppers in the glove box in a nitrogen

atmosphere and incubated at 30*C. Denitrification was determined by the acetylene

blockage technique.

3.2.4.2 DENITRIFICATION IN G-SEEP

0-Seep brine collected on December 10, 1991 from the WIPP underground workings

was prepared within 48 hours of collection to assay for denitrification activity. Five mL

aliquots of G-Seep brine were transferred into sterile serum bottles in an anaerobic glove

box. One mL of filter-sterilized (0.22 am) brine (20% w/v WIPP halite) with nutrients was

added. The 0-Seep samples contained the following nutrients: (i) no additions

(unamended); (ii) 1.5 jimol succinate (carbon-amended); (iii) 150 nmol nitrate (nitrate-

amended); and (iv) 1.5 Mmol succinate and 150 nmol nitrate (carbon- and nitrate-amended).

Formaldehyde-treated samples served as controls. Triplicate samples of each treatment

were prepared, sealed with butyl rubber stoppers in the glove box in a nitrogen atmosphere,

and incubated at 30*C. Denitrification was determined by the acetylene blockage

technique. Samples were analyzed after 0, 3, 30, and 60 days.

* 17



3.3 RESULTS AND DISCUSSION

3.3.1 Bacterial Population

Table 1 shows the numbers of bacteria, both viable and non-viable, in brine samples

from Nash Draw and in G-Seep from the WIPP -underground. The direct counts of bacteria

in Nash Draw samples range from 5.5 x 106 to 1.0 X 10 cells/mL. The G-Seep brine

contained 7.2 x 1W~ to 3.2 x 106 cells/mL.

3.3.2 Activity Measurements

3.3.2.1 AEROBIC GLUCOSE METABOUSM

Table 2 shows the total gas, carbon dioxide, and nitrous-oxide production in the mixed

inoculum slurry samples incubated initially under aerobic conditions with glucose,

ammonium nitrate, yeast extract, and potassium phosphate. In the control samples, there

was a slight increase in carbon dioxide due to abiotic reactions, but no nitrous oxide was

detected. In amended samples, the concentration of both carbon dioxide and nitrous oxide

increased.

3.3.2.2 ANAEROBIC GLUCOSE METABOUSM

Mixed inoculum incubated anaerobically with glucose, ammnonium nitrate, yeast extract,

and potassium phosphate showed little activity (Table 3). There was no significant

production of carbon dioxide in amended samples.- The reason for the lack of anaerobic

metabolism of glucose in these samples is not known.
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Table 1. Bacterial Populations in Nash Draw and G-Seep Samples

Brine Source Number of Cells/mL

Nash Draw

Surprise Springs -5.5Sx 106

Laguna Cinco 6.8 x 106

Lindsey Lake 7.0 x 106

Laguna Tres South 9.O X 106

Laguna Quatro 1.0 X 107

WIPP Undergzround Working-s

G-Seep #9 7.2 x 1W4

G-Seep, #23 3.4 x 106

* 19
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3.3.2.3 CELLULOSE DEGRADATION

3.3.2.3.1 Aerobic

Table 4 shows cellulose degradation in samples incubated, initially under aerobic

conditions with filter paper, ammnonium nitrate, yeast extract, and potassium phosphate.

Control samples showed no activity. A significant increase in carbon dioxide was observed

after 83 days in amended samples. One sample produced 136 11mol of carbon dioxide, and

the pressure increased to 4.47 psi. The paper in the bottle disintergrated and dissolved.

Blackening of specific samples was noted after 147 days, indicative of sulfate reduction.

3.3.2.3.2 Anaerobic 4j

Samples incubated anaerobically with filter paper, ammonium nitrate, yeast extract, and

potassium phosphate showed a significant increase in activity after 48 days (Table 5).

Nitrous oxide was detected in amended samples, but not in the controls. An increase in

carbon dioxide was observed after 83 days. There was a large variation in gas production

of anaerobic samples; one sample produced 103 jimol of carbon dioxide and the pressure

reached 5.12 psi. Th9 filter paper in this sample also disintegrated.

3.3.2.3.3 Cellulose Degradation in the Presence of Excess Nitrate

Mixed inoculum incubated anaerobically with filter paper, ammonium nitrate, yeast

extract, potassium phosphate, and excess nitrate produced less nitrous oxide than the

succinate-amended samples (Table 6). Only 20% of the nitrate was converted to nitrous

oxide in the samples with acetylene. Carbon dioxide production was not significant until 147

days.
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Cellulose degradation by mixed inoculum was observed in samples incubated under

aerob ic and anaerobic conditions and in the presence of excess nitrate. Disintegration of

the filter paper in aerobic and anaerobic samples was noted after 83 days, indicating

cellulose degradation. Analysis of these samples showed an increase in total gas, carbon

dioxide, and nitrous-oxide production (Tables 4 and 5). The filter paper exhibited areas of

thinning and clearing at 83 days in samples containing excess nitrate. At 147 days, the filter

-paper had fully disintegrated and carbon dioxide content had increased (Table 6). Aerobic

samples containing cellulose showed little increase in carbon dioxide at 147 days; one

sample turned black, possibly indicating the onset of sulfate reduction. This sample was

checked after 220 days and the presence of hydrogen sulfide was confirmed by gas

chromatography. Anaerobic samples also produced hydrogen sulfide at 147 days, and one

sample showed blackening (Sample 2, Table 5).

3.3.2.4 DENITRIFICATION

Mixed inoculum samples incubated anaerobically with succinate, ammonium nitrate,

yeast extract, potassium phosphate, and excess nitrate exhibited denitrification activity.W

Complete conversion of nitrate (224 gmol) to nitrous oxide (129 11mol) was noted in the

presence of acetylene after 48 days of incubation (Table 7). The accumulation of nitrous

oxide in amended samples without acetylene was much less than in the samples containing

acetylene, indicating that nitrous oxide was converted to nitrogen. Control samples showed

no activity. Additional studies on denitrification by WIPP sediment slurry brine and an

axenic culture isolated from the brine are described next.

3.3.3 Denfitrfcation Studies

3.3.3.1 DENITRIFICATION IN SEDIMENT

Microbial denitrification was analyzed in freshly collecte 'd sediment and stored sediment.

Nitrous oxide was both being produced and converted to N2 at the same time (acetylene was
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not added to the samples) as shown in Figures 4A and 4B. The nitrous oxide concentrations

reported in these studies do not include N20 dissolved in the brine solution. Nitrous oxide

was not detected in the control sample, which had been treated with formaldehyde. In

unamended samples and samples amended with succinate, -5 rnol of N.0 was detected

at about 45 hours of incubation, and N2 0 was not detected in.the headspace thereafter. In

samples amended with nitrate, the N20 concentration reached its maximum (30 nmol gdw')

at about 200 hours and then disappeared rapidly by conversion to N2 (Figure 4A). In the

succinate-and nitrate-amended samples, much less N 20 was detected than in the nitrate-

amended samples. Freshly collected samples showed little accumulation of N20 in the

headspace (Figure 4B), most probably due to rapid and complete denitrification.

4 The rates of denitrification in the unamended and amended (succinate Iand nitrate)

sediment samples were determined by the acetylene blockage technique. Addition of

acetylene inhibits the reduction of N20 to N2 and allows N2 0 to accumulate in the

headspace which is analyzed by gas chromatography. In Figures 5A and 5B and Table 8a

and 8b, denitrification in stored (2 months) and freshly collected (assayed within 48 hours)

samples are compared. In the stored samples, Figure 5A, denitrifying activity initially in the

unamended sample was minimal. After a lag phase, denitrification proceeded at about 0.14

rnol N20 gdw' h-1. The rate is presented in Table 9a. The sediment contained sufficient

indigenous carbon and nitrate to produce 23 nmoles of N,0 gdV1. Denitrification in the

stored, carbon- amended samples was similar to that in the unamended samples (0.22 nmol

N20 gdw' h-'). Denitrification activity in the stored sample was stimulated by the addition

of nitrate. After an initial lag, the rate of denitrification was 1.36 nmol nitrous oxide gdw'

h-1.

A stimulatory effect on the rate and extent of denitrification was seen in both stored and

fresh samples when carbon and nitrate were added. Denitrification proceeded at 1.78 nmol

N20 gdw' h-1, finally producing 209 nmol nitrous oxide gd&1 in the stored sample,

translating to denitrification of 80% of the added nitrate. In the freshly collected sediment,

without added carbon or nitrate, 205 nmoles of nitrous oxide gdw1 were produced at a rate
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Table 8a. Denitrification in Laguna Cinco Sediment (Stored 2 Months)

Addition
Time Control* None Carbon Nitrate Carbon & Nitrate

(Hours)--------------------------- nmol nitrous oxide* */sample------------------------

0 nd nd nd nd nd
21 1.96 ± 0.58 2.16 1.50 ± 0.11 0.514

42.5 nd 3.44 ± 0.64 na 3.21 3.86 ± 0.22
67 8.16 0.00 ± 0.00 9.64 ± 0.74 9.64
155 nd 20.7 ± 1.4 19.6 ± 0.1 129 ± 5 166 ± 6
183 22.3 ± 3.0 19.4 ± 0.9 183 ± 0 194 ± 2
207 na na 192 ±0 209± 2
231 na na 168 ±4 191 ±9
303 nd 23.3 ± 1.5 18.3 ± 0.2 171 ± 8 191 ± 5

Table 8b. Denitrification in Laguna Cinco Sediment (Assayed Within 48 Hours)

Addition
Time Control* None Carbon Nitrate Carbon & Nitrate

(Hours) -------------------------- nmol nitrous oxide* */sample -----------------------

0 nd nd nd nd nd
45 na na 13.6 ± 0.1 5.58 ± 3.94
66 nd 26.5 ± 1.1 29.0 ± 1.0 30.5 30.5

91.5 43.0 ± 0.3 44.2 ± 4.6 39.4 ± 1.2 45.2 ± 0.5
114 nd 68.6 ± 3.1 61.6 ± 1.8 65.6 ± 2.1 79.6 ± 1.2
138 86.0 ± 3.7 78.1 ± 1.5 110 ± 3 141 ± 5
165 142 ± 5 115 ± 3 164 ± 12 233 ± 12
309 188 ± 11 194 ± 2 357 ± 21 436 ± 18
405 nd 205 ± 1 202 ± 8 372 ± 3 458 ± 15

0 4* Formalin. treated samples
** Dissolved gas concentration not included
nd = none detected
na. = not analyzed



Table 9a. Denitrification Rate (Stored Sample)*

Addition Rate
(nmol nitrous oxide/g dry weight/hour)

None (Unamended) 0.14
Carbon 0.22
Nitrate 1.36
Carbon and Nitrate 1.78

*Rate after lag phase, from 67 to 155 hours (see Table 8a).

Table 9b. Denitrification Rate (Fresh Sample)*

Addition Rate
(nmol nitrous oxide/g dry weight/hour)

None (Unamended) 1.17
Carbon 0.87

S Nitrate 1.93
Carbon and Nitrate 3.00

*Rate after lag phase, from 66 to 165 hours (see Table 8b).
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of 1.44 nmol nitrous oxide gdw-1 h-1, as shown in Table 9b. These samples are not carbon-

limited. Addition of nitrate, however, increased Ni0 production, suggesting that these

samples are nitrate-limited. In the absence of carbon or nitrate limitations in the freshly

collected sediment, denitrification proceeded at 3.00 nmol N20 gdw-1 h-1, and resulted in the

production of 458 rnol nitrous oxide gdw' (Table 8b); all of the total nitrate present was

reduced.

These experiments show that microorganisms present in mud from Laguna Cinco

denitrified 70-80% of the added nitrate in nitrate-amended samples and 80%-100% of the

nitrate in carbon and nitrate samples. We added 540 nmol nitrate gdw' to each sample;

therefore, complete conversion of the nitrate to nitrous oxide should yield 270 rnol N20

gdw-1. About 70% of the added nitrate was reduced to nitrous oxide in the stored sample,

or 192 nmoles N20 gdw-1 was produced. Freshly collected sediment with added nitrate

produced 372 nmoles N20 gdw'1; 81% of the total nitrate present was reduced. This

sediment contained a large quantity of indigenous nitrate.

Denitrification in unamended samples provides information about the nutrient

conditions in the sediment. If all the available indigenous nitrate was converted to nitrous

oxide in the carbon-amended sample, then the stored sediment contained about 40 nmoles

of nitrate gdv', and the fresh sediment contained 410 nmol gdw'1. Similar conversions of

nitrate to nitrous oxide using a pure culture were used to determine sub-ppb concentrations

of nitrate in lake waters (Christensen and Tiedje, 1988). Thus, the assay can be used not

only to detect the presence and activities of denitrifying organisms, but also to detect easily

metabolizable low-molecular-weight organic carbon compounds in the environment (Francis

et al., 1989).

I'L'The presence of metabolizable carbon and nitrogen compounds in the WIPP surficial

environments has important implications. For example, a - steady mix of microbial

populations can be actively maintained when presented with an adequate supply of a
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limiting nutrient. -From the standpoint of the long-term experiment, we have shown, in part,

that the organisms are active in the proposed inoculum.V

The results also show that active denitrification under anaerobic conditions occurred in

Laguna Cinco mud collected in August 1991 and stored for two months, and in mud

collected in December 1991, and assayed within 48 hours. Therefore, the stored and fresh

samples contain viable organisms that can be used as an inoculum for the long-term

experiment.

3.3.3.2 DENITRIFICATION IN G-SEEP

Figure 6 and Table 10 show denitrification in G-Seep brine. In the carbon and nitrogen

amended samples - 84% of the added nitrate (150 nmoles) was converted to N 20 (62.7

nmoles) after two months of incubation. The dissolved N20 in the brine was not

determined; hence, the N20 values reported are not corrected for N2 solubility. Lack of

N 20 production in the unamended and carbon amended samples suggests that G-Seep brine

is nitrate-limited. However, in the nitrate-amended samples, 45% of the added nitrate wasW

converted to N20, indicating metabolizable carbon is present which eventually became

limiting. These results also suggest that the microbes in the brine were able to readily

metabolize the added carbon and nitrate via denitrification.

3.3.3.3 DENITRIFICATION BY AN AXENIC PURE CULTURE

A pure culture of a denitrifying bacterium was isolated from the sediment slurry sample

during the initial denitrification experiments. The isolate was grown in the following

medium: sodium succinate, 5 g; potassium nitrate, 1 g; yeast extract, 0.5 g; W[PP salt (20%

w/v), 1000 mL; pH 6.85. The isolate, designated as BWFG-1, was a gram-negative rod,

facultative anaerobe, and grew rapidly within 48 hours in the fiquid medium. On solid

medium, the culture produced circular, convex, light-orange colonies with entire margins.
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BWFG-1 is an archaebacterium. This was confirmed by hybridization with fluorescently

labeled oligodeoxynucleotide probes complementary to the 16S ribosomal RNA segment

specific for archaebacteria (DeLong et al., 1989). Extreme halophiles were previously

described in the literature as being archaebacteria, placing them in a distinct phylogenetic

group of organisms that contains other genera from extreme environments, such as

methanogens, thermoacidophules, and alkalophiles (Ross et al., 1981).

The rate of denitrification by BWFG-1 was determined by adding 2.5 mL of a 24 h

culture to 40 mL of medium in the presence of acetylene. Control samples included

uninoculated medium, inoculated samples treated with 0.5% v/v formaldehyde, and

inoculated samples without acetylene. Triplicate samples were incubated anaerobically at

30*C. The number of bacterial cells were counted using the DAPI method.

Production of nitrous oxide by the pure culture is shown in Figure 7 and Table 11. The

bacterium denitrified nitrate at a rate 2.5 amol h-1. About 72% of the added nitrate (392

jimol) was converted to N20 (142 timol) in about three days; these N20 values do not

include the amount of N20 dissolved in the growth medium. There was no accumulation

of nitrous oxide in samples incubated without acetylene, indicating complete reduction of

nitrate to N.. In Figure 8, the direct counts of the bacteria during the course of

denitrification are presented. A marked increase in the number of cells corresponding to

nitrou s oxide production was observed. The pH of the growth medium increased from 6.85

to 8.00 after three days, and turbidity measured spectrophotometrically at 600 nm was 0.08

at Oh, 0.58 at 29h, and 0.80 at 50h.

3.4 Summary, Short-Term Experiments

1. Direct microscopic examination of brine from Nash Draw lakes and from G-Seep

showed that between 104 to iO' cells/mL bacteria are present.

37



2. Cellulose was degraded by a mixed culture derived from samples consisting of Nash

Draw sediment slurry, salt crystals, and G-Seep brine in the presence of added nutrients0

(nitrate, phosphate, and yeast extract). Cellulose degradation was confirmed by an

increase in carbon dioxide production and disintegration of filter paper.

3. Storage of sediment and lake water at 40C-for about two months did not significantly

affect the activity of microbes in the samples.

4. The denitrification assay is a useful method to rapidly determine the activity of

dentrifying microbes in WIPP samples. The assay also confirmed the presence of

metabolizable carbon in the sediment and in WIPP brine.

5. Denitriflers were detected in G-Seep, although their source was not identified.

6. An axenic culture of archaebacteria was isolated from the WIPP site and denitrified

nitrate at a rate of 2.5 jimol h-1. The characteristics and growth rate of this culture have

been elucidated for future studies to examine the influence of environmental variables

on specific microbial processes in the WIPP repository.

7. Short-term experiments have provided useful information on microbial activity under

accelerated test conditions that are relevant to the WIPP repository; further work will

include examination of the other anaerobic processes such as fermentation, sulfate

reduction, and methanogenesis.
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4.0 LONG-TERM EXPERIMENTS

4.1 Objective

The objective of the long-term study is to determine the rate and extent of gas

generation over the long term ( >2 years) from cellulose biodegradation under humid and

inundated conditions, in the presence and absence of added nutrients.

4.2 Rationale 4

The TRU waste that will be placed in the WIPP repository contains an average of about

10 kg of cellulosic material per drum, approximately 70% of which is paper (Brush 1990).

Initially, the repository will be ventilated, but the addition of backfill (salt, or bentonite/salt

mixture to fill void spaces around waste containers) will seal the drums inside the disposal

rooms. Initially, the repository will also be dry, but after sealing, humi' conditions will

develop. The ambient humidity is expected to be 18 to 27 g/m 3 (about 74%o relative

humidity, RH), and the temperature about 30'C (Brush, 1990). Microenvironments ofV

condensed liquid brine may exist under humid conditions. Diffusion of water vapor through

high-efficiency particulate (HEPA) air filters on waste containers will result in humid

conditions inside the containers. Eventually, corrosion or rupturing of the containers due

to salt creep-room closure will expose the waste to salt and backfill. Process sludges from

other breached waste containers are expected to be leached by the brine. This is presumed

to be the major source of nitrate and phosphate (nutrients) in the repository. The

accumulation of potentially intruding brines from the surrounding Salado Formation will

most likely begin after sealing the rooms, which will inundate them. In the event of

potential, inadvertent human intrusion, fluids may also seep in from the Castille Formation

into the Salado Formation. The atmosphere inside the disposal environment will become

anaerobic in the short-term (months to years) due to consumption of oxygen by corrosion,

radiolysis, and microbial processes acting on the waste materials. Microenvironments of

trapped air that contain oxygen will continue to exist after sealing. Radiolysis of organic
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wastes will deplete oxygen, whereas radiolysis of nitrate-bearing sludges will release oxygen.

Radiolysis of brines may also produce some oxygen.

A succession of microbial processes will occur under the changing environmental

conditions inside the repository. Environment changes from aerobic to anaerobic, humid

to inundated (and possibly back to humid), and asaline to saline will affect the activities of

(i) microbes initially present in the waste, and (ii) resident and indigenous halotolerant

or halophilic bacteria in the brine and salt. To examine the influences of various microbial

processes on gas generation, samples were treated to simulate the following scenarios.

4.2.1 Aerobic (Sealed) Treatments

During the early stages of waste emplacement, the environment will be aerobic but will

become anaerobic over time after closure because of corrosion, aerobic microbial activity,

and radiolytic processes. In these long-term experiments, the cellulose samples will be

* placed in serum bottles, sealed with air, and incubated. The conditions will be initially

aerobic and become anaerobic with time due to consumption of oxygen by aerobes, thus

paving the way for anaerobic microbial activity.

4.2.1.1 SCENARIO 1

After emplacement and sealing of waste containers in WIPP disposal rooms, the intact

and nearly intact containers will be isolated from backfill and brine. The humidity inside

the disposal rooms is expected to be 18 to 27 g/M 3 (about 74% RH), and humidity inside

the containers is expected to reach equilibrium with the room environment. The cellulose

~,> will be in an asaline, humid, aerobic environment for possibly months, years, or up to a few

decades, as water vapor diffuses through the waste drum particulate filters. Microorganisms

capable of cellulose degradation an d gas production under these conditions will be active

probably in an environment with a sub-optimal moisture content.
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4.2.1.2 SCENARIO 2

Room closure and corrosion will breach many of the containers and expose the waste

material to backfill, salt, and brine. The cellulose is expected to contact the salt and backfill

material, and microbial degradation of the cellulose is expected to occur under saline, humid

conditions.

4.2.1.3 SCENARIO 3

Influx of intruding brines from the Salado Formation, capillary rise through the backfill,

and dissolution of brine will all tend to inundate some portion or all of the disposal rooms

with brine. Inundation will accelerate the onset of anoxic conditions as any residual air

pockets are flooded. Process sludge TRU wastes contain significant quantities of nitrate and

lesser quantities of phosphate. The breach of these sludge containers and inundation by

brine will then transport the nitrate and bring nonhalophilic, halotolerant and halophilic

microbes into contact with cellulose.

Inundation of the WIPP waste by brine by the above or other processes will accelerate

the activities of halophilic and halotelerant microbes. In particular, dentrification activity

under microaerophilic and anaerobic conditions could be significant and may contribute to

the total quantity and to the proportion of gases produced (N2, N20, and CC) 2).

4.2.2 Anaerobic Treatments

At least a portion of the WIPP repository wastes will be anaerobic at the start (within

their containers possibly due to radiolysis and microbial action at the initial stages) and

re main anaerobic thereafter. Under these conditions, short-term (i.e., operational phase)

and long-term degradation of cellulosic waste by anaerobic microorganisms could be

significant.

44



40 4.2.2.1 SCENARIO 4

Some of the cellulose in the disposal environment, may become anaerobic before any

significant aerobic microbial activity. Cessation of air flow from closure of the disposal

rooms, and oxic corrosion plus radiolysis, may bring about anoxic conditions in a humid

environment. If the cellulose is exposed to salt under humid conditions, halotolerant or

halophilic microbes that can grow in humid and anoxic environments may be involved in

degrading cellulose. With the onset of anoxic conditions, alternate electron acceptors such

as nitrate and sulfate will be used by microbes in degrading cellulose and its degradation

product intermediates.

4.2.2.2 SCENARIO 5

With the onset of brine intrusion in the disposal rooms, inundation will be more likely

to cause anaerobiosis by forcing out any residual trapped air. Cellulose in contact with

* brine may undergo degradation by halophilic and halotolerant microbes present in the brine

and waste. Because of the breaching of the waste containers, it is likely that nitrate

originating in the sludges will be transported by the brine. It may come in contact with

cellulosic wastes and enhance the degradation of cellulose.

Scenarios 3 and 5 will be examined in the long-term inundated experiment. Scenarios

1, 2 and 4 will be examined in a long-term humid experiment in CY1993. Figures 9 through

12 give the complete treatment matrix for the long-term inundated experiments.

4.3 Materials and Methods

4.3.1 Cellulosics

Simulated TRU cellulosic waste material was composed of four types of paper: (i) filter

paper, (ii) white paper towel, (iii) brown paper towel, and (iv) Kimwipes* (lintless tis sue
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wipes). These papers are typical cellulosic wastes from laboratory and process activities.

The four paper types were cut into strips in a large paper shredder, and then cut into 1 cm

x 1 cm squares.

Samples of shredded paper types, each weighing 1.25 g, were thoroughly mixed and

added to 160 mL acid washed (10% HCl), rinsed, sterile (autoclaved at 120'C, 20 psi for 20

min) serum bottles.

4.3.2 WIPP Brine 4
Fifteen liters of G-Seep #9 brine were provided by SNL and stored at 4'C until use.

4.3.3 Bentonite

Bentonite clay in two one-L containers was provided by SNL The bentonite was a

granular MX-80 Volclay bentonite available from the American Colloid Company of Belle

Fourche, SD (Table 12).

4.3.4 Inoculumn

The microbial inoculum. used in these studies were obtained from the following three

sources (Table 13): (i) mud and brine from Nash Draw: collected on December 12, 1991

and stored at 4*C, the mud was stored anoxically in serum bottles, (mud samples were

filtered through sterile cotton in a nitrogen-filled glove box to remove large particulates);

(ii) brine from the WIPP underground workings: 200 mL of G-Seep were collected on

December 12, 199 1; and (iii) asaline inoculum from laboratory contamination: 2.5 g of dust

containing asaline microorganisms was gathered from laboratories in Bldg. 318 at BNL.

The mud, brine, and dust samples were then mixed together in a sterile beaker in a

nitrogen-filled glove box. The total volume of the mixed inoculum was 583 mL. The
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Table 12. Composition of Bentonite*.

Chemical (NaCa) -, (M1 Joe 15 Mg.2)
Composition (Si 3.9Al 10) 010 (OH)2

Montmorillomte 90 Percent
Content

Typical Silica 63.02% S'0 2

Chemical Alumina 21.08% A12 0 3

Analysis Iron (Ferric) 3.25% Fe2O3
Iron (Ferrous) 0.35% FeO
Magnesium 2.67% MgO
Sodium and 2.57% Na2O
Potassium
Calcium 0.67% CaO
Crystal Water 5.64% H 20
Trace Elements 0.72%

Exchangeable Ions Sodium 55-65
(Milli-equivalents/ Calcium 15-25
100 g) Magnesium 10-15

*Moisture Content 10% Maximum as Shipped

pH 8.5 -10.5

*Data provided by the American Colloid Company, Skokie, IL.

Table 13. Composition of Mixed Inoculum.

Source Mud Slurry Brine
(niL)(ML)

0Laguna Quatro Mud and Brine 60 40
Laguna Cinco Mud and Brine 35 40

v Laguna Tres South Mud and Brine 13 40
Lindsey Lake Mud and Brine 50 40
Surprise Springs Mud and Brine 25 40
G-Seep Brine 200

Total 183 400
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activity of the mixed inoculum was examined by incubation under aerobic and anaerobic

conditions in the presence of metabolizabled substrate. The results are presented in

Appendix E.

4.4 Sample Treatments

The treatments consisted of (a) 100 mL of brine, and (b) 100 mL of brine and 5 g

mixed cellulosic papers. The samples were incubated with and without nutrients, which

consisted of yeast extract (0.05%), potassium phosphate dibasic (0.1%), and anmmonium

nitrate (0.1%). Some samples also received excess nitrate as potassium nitrate (0.5%).

4.4.1 Anaerobic Sample Preparation jl

The serum bottles containing the mixed cellulosic papers were flushed with nitrogen and

placed inside an anaerobic, nitrogen-containing glove box for 24 hours before inoculation

to remove any trapped air. G-Seep brine (10 L) was removed from storage at 40C and

equilibrated overnight at room temperature. One hundred ML of the brine solutions (with

and without nutrients or excess nitr, -) were added to sample bottles with and without

bentonite containing either no cellulose, cellulose, or glucose. Bentonite (6 g) was added

to separate sample bottles inside the glove box to determine its influence on gas production.

The samples were gently mixed to distribute the bentonite.

The microbial inoculum prepared from various sources was continually mixed and 4 mL

was added to specific samples (3.8% v/v inoculum). The samples were gently mixed (to

blend the inoculum) and then capped with butyl rubber stoppers. Control samples received

3 mL of 37% formaldehyde to give a final concentration of 1% formaldehyde.
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4.4.2 Aerobic Sample Preparation

Aerobic (sealed) samples were prepared as described above with the following

exceptions: 1) brine solutions were not purged with ultra high-purity (UHP) N7, 2) the

mixed inoculumn was removed from the glove box; 3) brine was added to the bottles,

inoculated, and capped with butyl rubber stoppers outside the glove box, thereby sealing air

in the headspace. Appendix C has a detailed description of all the treatments (aerobic and

anaerobic) and the number of replicate samples. All samples were placed in a 30 ± 2'C

incubator.

4.4.3 Gas Analyses

The headspace gas of select samples was analyzed for total gas production, carbon

dioxide, and nitrous oxide at time 0 (January 29, 1992) and thereafter at monthly intervals.

Control samples were analyzed less frequently. The methods used for the headspace gas

* analyses are presented in Appendix B.
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5.0 RESULTS AND DISCUISSION

The treatments consist of cellulose samples which were (i) uninoculated, (ii) inoculated

with a mixed inoculum, (iii) inoculated and amended with nutrients, (yeast extract (0.05%),

potassium phosphate (0.1%), and anmnonium nitrate (0.1%)), and (iv) inoculated with

nutrients plus excess nitrate (0.5% potassium nitrate).

The results presented for aerobic and anaerobic samples represent the amount of gas

produced per gram of cellulose pius or minus 1 standard error of the mean (Figures 13

through 24) . A detailed description of the procedure used to calculate the results are given

in Appendix D. Tables 1 through 12 in Appendix D present data on a per sample basis, and

Tables 13 through 24 in Appendix D present data on a per gram cellulose basis. Gas

production rates on a per gram cellulose per day basis are presented in this section in Table

14, and on a per drum of waste per year basis in Table 15.

5.1 Aerobic Treatments

5.1.1 Total Gas Production

Figure 13 shows the total gas produced in samples incubated with an initial atmosphere

of air (aerobic). The formalin-treated control samples showed no increase in total gas

production, and, in fact, showed a slight decrease. Likewise, uninoculated and inoculated

samples which received no nutrients showed a slight decrease in total gas production (-018

014" mL g-1 cellulose and -0.34 mL g-1 cellulose respectively (Table 13, Appendix 13)). The

decrease in total gas may be due, in part, to sampling. A decrease in gas production was

more evident in inoculated samples because of oxygen consumption, indicating the start of

microbial activity, (oxygen was not analyzed in these samples but -is planned for the future).

In the nutrient-amended inoculated samples, an initial decrease in gas volume (-027 mL g-1

cellulose at 45 days) was followed by an increase after 69 days to 0.86 ml, g-' cellulose at

200 days at a rate of 0.008 mL g-1 cellulose day-'. This rate was calculated from linear slope
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Figure 13. Total gas produced in samples incubated with an initial atmosphere of air.
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of gas production from 69 to 200 days. Excess nitrate stimulated the rate of gas production

*(0.023 m1L g-1 cellulose day' after 69 days) resulting in a total of 4.42 mL g-1 cellulose at

200 days. This stimulatory effect was also evidenced by the lack of a long lag-phase (see

Figure 13) and was a result of the metabolism of dissolved carbon in the presence of nitrate.

Total gas production in aerobic samples containing bentonite is presented in Figure 14.

Uninoculated and inoculated samples, with no added nutrients, did not produce gas.

Inoculated samples containing nutrients produced 4.38 mL of gas g-' cellulose after 200 days

(Table 14, Appendix D), at a rate of 0.028 mL g-1 cellulose day-'. In the presence of excess

nitrate, the total production increased to 6.07 mL g-' cellulose at 200 days at a rate of 0.034

mL g-1 cellulose day-'. Enhanced total gas production was seen in samples containing

bentonite, and was apparently due to a combination of abiotic and biotic factors, which are

evident upon examining carbon dioxide evolution in the presence of bentonite.

Extrapolation of the gas production rates from mL per g cellulose per day to mol per

drum of waste per year is accomplished with the following conversion factors: for an

0 assumed average drum of transuranic waste, with about 10 Kg of cellulosic materials, a total

gas generation rate of 0.01 mL g-1 cellulose day-' corresponds to a gas generation rate of 1.6

mol gas per drum per year.

5.1.2 Carbon Dioxide Production

Uninoculated samples produced 4.00 gmol of CO2 g' cellulose at 200 days, which was

slightly less than the formalin treated controls (7.62 Amol g cellulose'), as shown in Figure

15 (and Table 15, Appendix D). However, inoculated samples produced 8.30,4mol of CO2

g'1 cellulose, slightly higher than uninoculated and forrnalin-treated controls, due to the

ON onset of microbial activity. Inoculated samples containing nutrients produced 40.8 Amol

carbon dioxide g-1 cellulose at 200 days, at a rate of 0.283 4mol ge cellulose day-'. In the

presence of excess nitrate, 95.6 4mol carbon dioxide g-' cellulose were produced at a rate

of 0.484 jumol g-1 cellulose day', more than twice that of samples without excess nitrate.
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Evidence of the growth of halophilic bacteria was noted in nutrient-amended samples by a

red/pink color at the bottom of the bottles. This red coloration, characteristic of halophiles,

is caused by the presence of bacterioruberin, a 50-carbon carotenoid pigment. This

coloration was not seen in formalin-treated controls or unamended samples.

The addition of bentonite resulted in the production of a significant amount of

abiotically produced carbon dioxide in samples without cellulose. Table 5, Appendix D

shows that carbon dioxide increased from 17.7 jgmol sample-' to 40.0 jimol sample' without

cellulose, inoculum and nutrients (sample 4(NC)-a), compared to the same treatment

without bentonite. The latter treatment showed a slight increase, from 1.38 to 2.18 Amol

sample-' (see Table 2, Appendix D). Formalin-treated control samples also showed the

same trend. The net effect was an increase in abiotically produced carbon dioxide

(approximately 40 gumol sample-', (Table 5) by the addition of bentonite. Carbon dioxide

production was insignificant in uninoculated unamended samples, (Figure 16). The

inoculated unamended samples with bentonite produced 21.5 pmol g-1 cellulose at 200 days

-(Figure 16), whereas the samples without bentonite produced 830 Amol g-1 cellulose (Table

15, Appendix D). Nutrient-amended inoculated samples produced 69.8 Mmol carbon dioxide0

g-1 cellulose, whereas nutrient-amended inoculated samples with excess nitrate produced 116

gmol. g-1 cellulose at 200 days. After an initial lag of 69 days, carbon dioxide was produced

at a rate of 0.533 and 0.869 Mimol g-' cellulose day-' in nutrient-amended and nutrient-

amended plus excess nitrate samples, respectively. These rates of carbon dioxide production

are higher than the same treatments without bentonite (0.283 and 0.484 Amol g cellulose'

day', respectively). The buffering effect of CaCO3, as well as minerals and trace elements

including Fe, Al, Si and exchangeable cations (Na', Ca2", Mge') and anions (S042) present

S in the bentonite (Wanner et. al., 1992), may enhance microbial activity. Bentonite also

provides an attachment site for microorganisms that may favor their growth.

Extrapolation of the carbon dioxide production rates from pMmol. per g-1 cellulose day-'

to mol drums' of waste year"1 is accomplished with the following conversion factor: for an

assumed average drum of transuranic waste, with about 10 Kg of cellulosic materials, a
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carbon dioxide gas generation rate Of 1.0 Mol C0 2 g-1 cellulose day'1 corresponds to 3.7

mol of gas drumf' year-'.

5.1.3 Nitrous-Oxide Production

Nutrient-amended samples contained 250 ,pmol nitrate g-' cellulose, while nutrient-

amended samples plus excess nitrate contained 1240 /.Lmol nitrate g' cellulose. Acetylene

was not added to samples and, therefore, the nitrous oxide is both being produced and

reduced to N. in these samples. Nitrous oxide was not detected in uninoculated or

inoculated samples without amendments, indicative of the lack of microbial activity (see

Figure 17). Nitrous oxide accumulated in the inoculated nutrient-amended samples, with

production peaking at 24.4 jimol g-1 cellulose at 132 days and then declining to 1.76 Ismol

g-1 cellulose at 164 days (Table 17, Appendix D). Nitrous-oxide was produced at a rate of

0.674 g.mol g-1 cellulose day' from 69 to 104 days. In the presence of excess nitrate, nitrous

oxide was produced at the rate of 0.835 gmol g-' cellulose day1 , reaching 115 grmol g-'

cellulose at 200 days.

In the presence of bentonite, nitrous oxide was not detected in uninoculated and

inoculated unamended samples (see Table 18, Appendix D and Figure 18). The addition

of nutrients to inoculated samples stimulated nitrous oxide production from 69 to 104 days

at 1.00 Imol g-1 cellulose day-'. Thereafter, N20 did not accumulate in the headspace,

probably because of depletion of available nitrate, or rapid conversion of N20 to nitrogen

gas. In the presence of excess nitrate, nitrous oxide was produced at a rate of 0.589 11mol

g'1 cellulose day', reaching a maximum (82.7 gmol g-1 cellulose) at 200 days. The continued

accumulation of nitrous oxide at 200 days was probably due to the abundance of available

nitrate. Addition of bentonite did not result in a substantial accumulation of N2 0 in the

headspace, suggesting that N20 was rapidly converted to N2 as soon as it was formed.

Samples with and without bentonite exhibited the same trend (Figures 17 and 18), although

less N20 was detected in the former.

61



160
0 ~ Uninoculated

0 14 -~-inoculated

0 14 0 - Inoculated + Nutrients

~ 120 A Inoculated + Nutrients + Nitrate
0L

-100

0 80
(0

60

()040

1.20

050 100 150 200

Days

Figure 17. Nitrous oxide produced in samples incubated with an initial atmosphere of air.

* 62



160
0 ~ Uninoculated

0 140 Inoculated
75- Inoculated + Nutrients

120 -k Inoculated + Nutrients +Nitrate

0-

0 80

0
260-

(A .40-

E120

0 50 1001520

Days

Figure 18. Nitrous oxide produced in samples containing

ON/ bentnite incubated with an initial atmosphere of air.

63



5.2 Anaerobic Treatments

5.2.1 Total Gas Production

Figure 19 shows the total gas produced in samples incubated under anaerobic conditions

in the presence of nitrogen. Uninoculated samples showed a slight loss of gas of about

3.20 mL sample-', presumably due to sampling. Inoculated samples without nutrients

produced 0.59 ml g' cellulose at 200 days (see Table 19, Appendix D). After a lag of

about 45 days, total gas production increased in inoculated samples containing nutrients,

which produced 2.27 mL g-1 cellulose at a rate of 0.02 1 mL g-1 cellulose day'. With

nutrients plus excess nitrate, 5.44 mL of gas were produced at a rate of 0.039 MIL g1

cellulose day'.

Figure 20 shows total gas produced in anaerobic samples containing bentomte.

Uninoculated, unamended samples showed a net loss at 200 days to -0.28 mL g-1 cellulose

(Table 20, Appendix D), due to a combination of sampling and data correction. Inoculated,

unamended samples produced 0.81 mL g~l cellulose after a lag of 69 days, at a rate of 0.007

mL g-1 cellulose day. In nutrient-amended samples, the addition of bentonite had no

significant effect and gas production was similar to samples without bentonite (Figure 19).

In contrast the addition of bentonite increased gas production in aerobic-amended samples.

Inoculated amended samples produced 1.92 mL of gas at a rate of 0.013 g'1 cellulose day-'

and inoculated samples with excess nitrate produced 3.52 mL of gas at a rate of 0.025 g'1

cellulose day .

5.2.2 Carbon Dioxide Production

Uninoculated samples produced only about 3.59,4inol carbon dioxide g'l cellulose over

200 days (Figure 21), but in the presence of inoculumn, carbon dioxide increased to 5.47

gmol g-1 cellulose (Table 21, Appendix D). After a lag of 69 days, inoculated samples

amended with nutrients produced 26.0,4mol carbon dioxide at a rate of 0.198 jismol g-1

64



& Uninoculated
0

S6 Inoculated
- Inoculated + Nutrients

5 -* Inoculated + Nutrients + Nitrate

0.
C,

0

0 50 100 150 200

Days

~AJ Figure 19. Total gas produced in anaerobic samples.

65



7 rnc~e
0nncuae

0_ inoulte
S6 - - Inoculated + Nutrients

0 -k' Inoculated +- Nutrients +Nitrate

5

0

0

0 50 100 150 200
Days

Figure 20. Total gas produced in anaerobic samples containing bentonite.

04

* 66



140
4) 0 Uninoculated

0 O Inoculated
5 120 @- Inoculated + Nutrients

Z - Inoculated + Nutrients + Nitrate

0
,00

- 6

0

cc
Q040

Days

ON] Figure 21. Carbon dioxide produced in anaerobic samples.

67



cellulose day' (Table 21, Appendix D). Addition of excess nitrate stimulated carbon dioxide

production to 61.4 pimol at the rate of 0.422 Mimol g-1 cellulose day'.

Figure 22 shows carbon dioxide production in anaerobic samples containing bentonite.

Uninoculated unamended samples produced '0.22 4mo. g-1 cellulose at 200 days, while

inoculated unamended samples produced 8.28,4mol g' cellulose. The addition of bentonite

enhanced the background (abiotic) carbon dioxide concentration by about 40.0 gimol ( Table

22, Appendix D). Inoculated samples plus nutrients produced 31.8 gmol carbon dioxide

g'1 cellulose over 200 days at a rate of 0.236 pmol g-1 cellulose day'. Inoculated samples

with nutrients plus excess nitrate produced 35.0 gmo1 carbon dioxide g-' cellulose over 200

days at a rate of 0.252 jimol g-' cellulose day'.

5.2.3 Nitrous Oxide Production

The rate of nitrous oxide accumulation in anaerobic samples is shown in Figure 23.

Nitrous oxide was not detected in either uninoculated or inoculated samples (Table 23,

Appendix D). In the inoculated, amended samples, nitrous oxide accumulated to 15.5 Jsmol

after 100 days and remained relatively unchanged up to 200 days. In the presence of excess

nitrate, nitrous oxide was produced after 69 days at a rate of 0.602 gmol g'l cellulose day-'

reaching a concentration of 79 Mimol at 200 days. In contrast, nitrous oxide accumulation

was higher in aerobic samples (see Figure 15) than anaerobic samples.

Figure 24 shows nitrous oxide production in anaerobic samples containing bentonite.

Nitrous oxide was not detected in uninoculated and inoculated samples (see Table 24,

Appendix D). In inoculated samples with nutrients, only trace amounts of nitrous oxide

were detected at 104 and 164 days. In the inoculated samples containing excess nitrate,

nitrous oxide was produced at a rate of 0.647 gmol g-1 cellulose day' after 104 days and

'---~ reached 62.1 g&mol g-1 cellulose at 200 days. In comparison to treatments without bentonite,

less nitrous oxide accumulated when bentonite was present. This may be caused by either

a suppression or an enhancement of denitrification activity (enabling the complete

conversion of nitrous oxide to nitrogen without accumulation of nitrous oxide).
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6.0 SUMMARY

Gas generation from microbial degradation of a mixture of cellulosic waste was

investigated. Cellulosic waste consisting of a mixture of filter paper, paper towels, and

Kimwipese were incubated in the presence of WIPP brine with and without a mixed

inoculum, nutrients, or nutrients plus excess nitrate and bentonite. Abiotic (control) samples

were treated with formalin and showed no microbial activity. Nitrogen (anaerobic) or air-

containing (aerobic) samples with cellulose showed an increase in total gas, CO2, and N.0

when inoculated with a mixed inoculum without any added nutrients, with nutrients, or

nutrients plus excess nitrate and bentonite. In particular, samples which received nutrients

plus excess nitrate produced much more gas, C02, and N20 than samples which did not.

Bentonite increased the background level Of CO2 concentration due to abiotic reactions and

also appears to have a stimulatory effect on aerobic microbial activity.

Table 14 summarizes the rate and extent of gas production due to the presence of

* cellulose from 69 to 200 days (131 days). Before 69 days, gas production in most treatments

was not directly attributable to the presence of cellulose because the samples without

cellulose also produced gas due to carry over of nutrients in the mixed inoculum., and

metabolism of added nutrients. After 69 days, gas production in samples with cellulose

exceeded those without cellulose. Gas production rates were calculated from the linear

slope between 69 and 200 days. Negative values in the -table denote a loss in gas volume.

The negative rate reported for carbon dioxide in uninoculated treatments is the result of

inactivity in these samples, and should be interpreted as "zero".

The total volume of gas produced in air-containing (aerobic) samples was highest in the

I> presence of bentonite. Gas was produced at a rate of 0.028 mL g'1 cellulose day' in

inoculated, nutrient-amended samples, and at 0.034 ml, g-1 cellulose day' in inoculated,

nutnient-amended samples containing excess nitrate. The highest amount of gas was

produced in the presence of excess nitrate (6.07 mL g-' cellulose).
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In anaerobic samples, gas production was highest in the absence of bentonite. Gas was

produced at a rate of 0.021 mL g1 cellulose day' in inoculated, nutrient-amended samples,

and 0.039 ml g' cellulose day'l in inoculated, nutrient-amended samples containing excess

nitrate.

The concentration of carbon dioxide was highest in aerobic treatments in the presence

of bentonite. In samples containing excess nitrate, 116 Arnol C0 2 g'1 cellulose was produced

at a rate of 0.869 ,smol g-1 cellulose day'. Inoculated, unamended samples of this treatment

also showed the highest amount of carbon dioxide, with 21.5 Amol g' cellulose produced

over 200 days. In the absence of bentonite, aerobic samples that were inoculated with

nutrients produced 40.8 j.&mol CO. g-1 cellulose, whereas the samples containing excess

nitrate produced 95.6 gmol CO2 g'1 cellulose. Aerobic, samples produced more carbon

dioxide than anaerobic samples. In the absence of bentonite, anaerobic samples produced

0.422 A.mol CO2 g'1 cellulose day' with a total yield 61.4 A.mol C0 2 g'1 cellulose in the

presence of excess nitrate. However, in the presence of bentonite, 35.0 Itmol. g-1 cellulose

was produced in anaerobic samples containing excess nitrate, about one third of that

W produced in aerobic samples. Therefore, initially aerobic processes were more efficient in

producing C02.

In the presence of cellulose and nutrients, there is significantly greater amount of gas

production than in samples without nutrients. In the absence of nutrients, microbial activity

was minimal. Aerobic, denitrifying, and anaerobic, primarily fermentative, activities, were

the predominant microbial processes noted.

Production of nitrous oxide correlated with the presence of excess nitrate (1240 jimol

IA1 cellulose), and 115 Amol g-1 cellulose was produced in aerobic samples without bentonite.

Nitrous oxide did not accumulate in nutrient-amended samples which contained 0.1% nitrate

(250 4.mol g-1 cellulose); it quickly disappeared after about 30 -days. Bentonite did not

stimulate the accumulation of nitrous-oxide, but instead, was correlated with a lower

accumulation of N20-
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The long-term inundated experiments showed enhanced halophilic bacterial activity in

the presence of cellulose under aerobic and anaerobic conditions. Up to 200 days, gas

production was highest in nutrient amended samples including excess nitrate treatments

containing an initial concentration of oxygen; this was enhanced by the addition of

bentonite.

Table 15 presents gas production data scaled up to total gas and carbon dioxide

produced per drum of waste per year. Nitrous oxide is not presented because this gas, the

production of which is significant as a marker of microbial activity, is converted to nitrogen

which affects the production rate. The rates drum'l of waste year-' were calculated on the

basis of an assumed average drum of transuranic waste with about 10 Kg of cellulosic

material. A total gas generation rate of 0.01 mL of gas g-1 cellulose day' corresponds to a

generation rate of 1.6 mol of gas drum1l year'1. A carbon dioxide generation rate of 1.0

AMol C0 2 g-1 cellulose day-' corresponds to a generation rate of 1.6 mol gas drum-' yearl

The data contained in this report is a summarization of work in progress, (a status

report) and should not be interpreted as final value s. Most of the long-term studies are still

in progress. Gas production rates will undoubtedly be modified after long-term data, up to

about two years or longer, are obtained and analyzed. The preliminary data included

herein, and resultant gas production rates, should only be used for preliminary

interpretations and tentative conclusions. Further data and interpretation from this

microbial degradation-gas generation study will be documented in the future.
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APPENDIX A: DETAILS OF THE SHORT-TERM ACTIVITY MEASUREMENTS

The short-term experiments were developed to determine the activity of specific groups of
organisms (aerobes, anaerobes, and denitrifiers) by using WIPP salt from the underground and
Nash Draw brine as a basal medium and inoculum.

A concentrated stock solution of nutrients (20x) was prepared and 0.5mL dispensed into 20-mL
serum bottles. Medium for anaerobes (glucose fermenters) and denitrifiers was dispensed and
sealed inside a nitrogen-filled glove box. Medium for aerobes was prepared outside of the glove
box in air. The samples were capped with butyl. rubber stoppers and aluminum crimps and
autoclaved (120*C, 20 psi, 15 minutes).

The nutrient solution was added prior to the addition of inoculum to achieve a final
concentration of nutrients in the samples as follows:

Aerobe and Anaerobe Series

glucose 5.0 g/L

yeast extract 0.5 g/L

potassium phosphate 1.0 g/L

ammonium nitrate 1.0 g/L

inoculum. 9.5 mLlbottle0

pH=6.8

DeirfierSerie
sodium succinate /il5.0 g/L

yeast extract 0.5 g/L

potassium phosphate (dibasic) 1.0 gIL

anmmonium nitrate 1.0 g/L

potassium nitrate 1.0 gIL

inoculumn 9.5 mL/bottle

pH = 6.8

To determine denitrification, 2 mL of acetylene was injected into the headspace and nitrous
oxide production was determined by gas chromatography.

Cellulose degradation was investigated by replacing the carbon source with 0.5 g W~hatman #1
filter paper.
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* A large volume of inoculumn was prepared by dissolving :200 g of S2180, W30 muck pile salt

is from the WIPP underground workings into 1 L of sterile water. A 450 mE aliquot was poured
into a sterile beaker and 10 mL of Laguna Cinco mud slurry and 50 mL of Laguna Cinco brine

from Nash Draw were added. This was done inside the anaerobic glove box. A total of 5 10 mL

of inoculumn was prepared; 9.5 ml of this inoculumn was added to each bottle of sterile nutrient
medium through a sterile needle and syringe to attain a final volume of 10 mL in each bottle.
The pressure was equalized after the addition of inoculumi with a sterile syringe and 0.22 Prm
filter.

A total of 6 samples were prepared per series. Two of the 6 were treated with 1 mL of 10 %
formalin to serve as a control. Six samples were also prepared without nutrient additions, 2
treated with formalin.

Samples were incubated at 30'C and analyzed for gas production (total gas, carbon dioxide and
nitrous oxide) at specific time periods.
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APPENDIX B: GAS ANALYSIS

Total Gas

Headspace pressure was measured with a Wallace & Tiernan' digital pressure model
661 -D/A03 5 gauge calibrated to National Institute of Standards and Technology (NIST)
standard.

Carbon Dioxide

Carbon dioxide analysis was performed on a gas chromatograph equipped with a thermal
conductivity detector. Instrument conditions are listed below:

Column SS 12' x 1/8" Porapak QS
Column temnp (*C) 100
Carrier gas He
Carrier flow (niL/mm) 35
Injector temnp ('C) 150
Manifold temnp (*C) 210
Detector temnp (*C) 250
Detector current (mA) 225
Detection limit (nmol/mL) 1

Instrument calibrated with gas standards traceable to NIST.

Nitrous Oxide

Nitrous oxide analysis was performed on a gas chromatograph equipped with an electron capture
-detector (63Ni). Instrument conditions are listed below:

Column SS 12' x 1/8" Porapak QS
Column temp ('C) 70
Carrier gas N2

Carrier flow (niL/min) 30
Injector temp (*C) 270
Detector temp (0C) 270
Detector current (nA) 2
Detection limit (pmol/mL) 100

Instrument calibrated with gas standards traceable to NIST.
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APPENDIX C: DETAILS OF THE LONG-TERM EXPERIMENT

The following is a detailed description of the samples prepared for the long-term inundated
experiment, including the number and chemical composition of treatments.

Sample Preparation

Detergent (Alconox') and acid-washed (10% HCl) 160 mL serum bottles were rinsed with
deionized water. They were then dried in a drying oven, covered with aluminum foil and
autoclaved, thus completing preparation of the bottles.

Four paper types were used for the experiment:

Whatman #1 filter paper
Brown paper towel
White paper towel
Kimwipes

The papers were reduced to approximately 1 cm by 1 cm squares.

The bottles were filled with the processed paper. The papers were mixed together prior to filling

and 1.25 g of each paper type were added to each bottle for a total of 5 grams of paper per bottle.

Anaerobic Samples

Ten liters of G-Seep #9 were removed from storage at 4'C and equilibrated overnight to room
temperature. Storage at 4'C was necessary in order to prevent microbial activity in the storage
containers; which could possibly pre-enrich the brine with specific microbes.

Sixty filled bottles (w/ paper) were arranged and prepared for treatment as follows:

36 _w/pape: unamended (G-See w/o additions')
18 w/o bentonite
18 w/ bentonite

12 _w/paper: amended (G-Seep w/ nutrients)
6 w/o bentonite
6 w/ bentonite
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12 w/paper: amended w/ excess nitrate (G-Seep w/ nutrients and
exeniraW
6 w/o bentonite
6 w/ bentonite

Thirty-two bottles w/o paper were arranged and prepared for treatment as follows:

16 unamended (G-Seep w/o additions)
8 w/o bentonite -

8 w/ bentonite

8 amended (G-Seep w/ nutrients)
4 w/o bentonite,
4 w/ bentonite

8 amended w/ excess nitrate (G-Seep
w/ nutrients and excess nitrate)
4 w/o bentonite
4 w/ bentonite

A total of 92 bottles were prepared for anaerobic treatment.

Aerobic Samples

Sixty filled bottles (w/ paper) were arranged and prepared for t'reatment as follows:

36 _w/paper: unamended (G-Seep w/o additos
18 w/o bentonite
18 w/ bentonite

12 _wlpapr: amended-(G-Seep w/ nutrients)
6 w/o bentonite
6 w/ bentonite

12 /paper: amended w/ excess nitrate (G-Seep w/ nutrients and-
exes i=IW
6 w/o bentonite
6 w/ bentonite

Thirty-two bottles w/o paper were arranged and prepared for treatment as follows:

16 unamended (G-Seep wlo additions)
8 w/o bentonite
8 w/ bentonite

8 amended (G-Seep w/ nutrie IW
4 w/o bentonite
4 w/ bentonite
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8 amended w/ -excess nitrate (G-See
w/ nutrients and excess nitrate)
4 w/o bentonite
4 w/ bentonite

A total of 92 bottles were prepared for aerobic treatment.

Nutrient Additions

The following lists the quantities added and final concentrations of nutrients in the samples. This
list applies to both the aerobic and anaerobic samples with and without paper.

(a) Amended: The following quantities of nutrients were used for the amended treatments:

m-ams/L nm
Amnmonium nitrate 1 12.5
Potassium phosphate
(dibasic) 1 7.35
Yeast extract (0.05%) 0.5 --

Each 100 mL sample contained the following final concentration of nutrients:

gam/lID~mL 1oe

Ammonium nitrate 0.1 1250
Potassium phosphate
(dibasic) 0.1 735
Yeast extract (0.05%) 0.05

(b) Amended and excess nitrate added: Potassium nitrate was added in addition to the
amnmonium nitrate:

gramns/L M
Ammonium nitrate 1 12.5Al
Potassium phosphateto
(dibasic) 1 7.35
Potassium nitrate 5 49.5
Yeast extract (0.05%) 0.5 --

Each 100 mL sample contained the following final concentration of nutrients:

grmmsl1Q~mL 11moles

Ammonium nitrate 0.1 1250
Potassium phosphate
(dibasic) 0.1 735
Potassium nitrate 0.5 4950
Yeast extract (0.05%) C40.05 --



(c) Glucos added (instead of paper): Samples were prepared without paper with a glucose
* addition to determine the ability of the inoculum to grow in the amended samples. The treatment

was composed of the following:
gramsLL mm

Glucose 5 27.7
Ammonium nitrate 1 12.5
Potassium phospate
(dibasic) 1 7.35
Yeast extract (0.05%) 0.5 --

Each 100 mL sample contains the following quantity of nutrients:

grams/l Q0mlVoe

Glucose 0.5 2770
Ammonium nitrate 0.1 1250
Potassium phosphate
(dibasic) 0.1 735
Yeast extract (0.05%) 0.05 --

(d) Glucose added (instead of paper) and excess nitrate: Samples were prepared without paper
with a glucose addition and additional nitrate. The treatment was composed of the following:

erams/l, mM

Glucose 5 27.7
Ammnonium nitrate 1 12.5
Potassium phospate
(dibasic) 1 7.35
Potassium nitrate 5 49.5
Yeast extract (0.05%) 0.5 --

Each 100 mL sample contained the following final concentrat ion of nutrients:

zrams/lQOn2L M1mole

Glucose 0.5 2770
Ammonium nitrate 0.1 1250
Potassium phosphate
(dibasic) 0.1 735
Potassium nitrate 0.5 4950
Yeast extract (0.05%) 0.05 --
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Sample Volumes

The final sample volume (displacement of liquid plus cellulose 21 liquid w/o cellulose) and the
headspace volume of each treatment is as follows:

Celuloe Teatent splevo. m hsn2vo (

U (uninoculated) -110 50
I (inoculated) 114 46
UC (uninoculated

control) 113 47
IC (inoculated

control) 117 43

"No p2ape" Treatments sample vol. (mL =.vl(L

NU (uninoculated) 100 60
NI (inoculated) 104 56
NUC (uninoculated

control) 103 57
NIC (inoculated

control) 107 53

*Headspace vol. (hdsp. vol) calculated by subtracting sample volume from volume of bottle
(1 60m1).

Acetylene was not injected into the headspace of any of the samples in order to prevent
pertubation of the headspace, gas.

ONI
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APPENDIX D: GAS PRODUCTION DATA (GROSS AND NET) FOR THE

LONG-TERM INUNDATED EXPERIMENT.

i. Data Reduction

Total gas, carbon dioxide, and nitrous oxide produced by aerobic and anaerobic samples

up to 200 days incubation is present in Appendix D, Tables 1-12, on a per sample basis.

This data was used to prepare Tables 13-24 in which total gas, carbon dioxide, and nitrous

oxide prodidction in aerobic and anaerobic treatments is presented on a per gram cellulose

basis. Figures 13-24 are based on the data from Tables 13-24. The data in Tables 13-24

have been corrected for gas production in the absence of cellulose by subtracting the

measured gas values in respective treatments prepared without cellulose. As an example,

total gas production in aerobic samples was corrected (Table 13) by subtracting total gas

production in treatments without cellulose (designated "NC", Appendix D, Table 1) from

samples with cellulose (designated "C') at each period. The resultant number was divided

by the total amount of cellulose in each sample bottle (5 grams) to arrive at a value that

represents the total gas produced per gram of cellulose. Tables 13 to 24 represent the gas

produced strictly due to the presence of cellulose in the samples, and are corrected for gas

produced due to metabolism of dissolved organic carbon present in the brine or in the

nutrient addition as measured in specific control treatments. Carbon dioxide was produced

in certain samples in the absence of cellulose, specifically, before 69 days. After this period, 1/
gas production reported is that which is above and beyond the control treatments. 0

Significant quantities of NO, were not detected in the absence of cellulose. Gas produced

at time 0 was not subtracted from later values, as many seem neccessary to normalize the

starting values at 0. This was not done because time 0 measurements were taken 3 days

after sample preparation; therefore gas present at time 0 is due to evolution of dissolved

gases and headspace equilibration. These processes contribute to the overall gas production.

Figures 13 to 24 present data from Table 13 to 24. All data in these figures are

presented as gas produced per gram cellulose, and have been corrected for gas production
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in the absence of cellulose. The data plotted are the mean values of three samples, and

error bars represent the standard error of the mean. In the legend: "uninoculated" refers

to samples that have received no mixed inoculum or nutrients; "inoculated" refers to samples

that have received mixed inoculum but no nutrients; "inoculated + nutrients" refers to

samples that have received both mixed inoculum and nutrients (amended), and;

"inoculated + nutrients + nitrate" refers to samples that have received (i) mixed inoculum,

(ii) nutrients, and (iii) excess nitrate in the form of potassium nitrate (amended plus excess

nitrate).

Data for treatments prepared with glucose to determine activity of the mixed inoculum

are persented in Figures 25-30. Data for gas analysis of -these samples, along with formalin-

treated controls for all cellulose and no-cellulose treatments, are presented in Appendix D,

Tables 1(a) to 4(c).

Analysis of the samples will continue at selected intervals (as determined by gas-

producing activity) past 200 days and up to 800 days. The analyses then will stop if activity

ceases, as indicated by cessation of gas production, or be extended if gas-producing activity

continues in the samples. If this occurs in select samples only, then only these samples will

be reserved for long-term monitoring, and analyses of inactive samples will stop.
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APPENDIX E: MEASUREMENTS OF MIXED INOCULUM ACTIVITY

To determine the activity of the mixed inoculum, brine sample's were incubated with

glucose with an initial air and N2 atmosphere. Total gas, CO2 and N.0 were periodically

monitored.

Aerobic Samples

Total Gas Production

Samples containing glucose, nutrients, excess nitrates with and without bentonite did not

show an increase in total gas production (Figure 25, Tables 1(a)-2(a) Appendix D).

Carbon Dioxide Production

Production of carbon dioxide was evident after 132 days in amended and in amended

plus excess nitrate samples without bentonite. After 200 days, amended samples produced

323 14mol of CO2, whereas amended plus excess nitrate samples produced 296 A&MOl CO2.
Samples with bentonite did not produce significant amounts Of C0 2 beyond the initial

background level (-70-80 gmol) (Figure 26, Tables 1(b)-2(b) Appendix D).

Nitrous Oxide Production 11

Nitrous oxide was detected at 132 days in aerobic samples without bentonite (Figure 27,

Tables 1(c)-2(c) Appendix D). Less N20 was detected in amended samples with excess

nitrate, and in samples containing bentonite, N20 was not detected.
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Anaerobic Samples

Total Gas Production

Amended and amended samples with excess nitrate showed no increase in total gas

production. However, in the presence of bentonite, production in amended samples

increased after 45 days of incubation and reached to 37.8 mL at 200 days (Figure 28, Tables

3(a)-4(a) Appendix D). Amended samples plus excess nitrate produced more gas (80.65 mL

of gas at 200 days) than the other samples.

Carbon Dioxide Production

Production of carbon dioxide was not detected in the amended samples, whereas the

amended samples with excess nitrate produced a small amount Of CO2. Carbon dioxide

* production in samples containing bentonite was significant (Figure 29, Tables 3(b)-4(b)

Appendix D). Amended samples containing excess nitrate produced 1610 jAmol Of CO2 at

200 days while the basic amended samples produced 786 moles. Carbon dioxide production

was much higher in the glucose/bentonite samples than in the cellulose/bentonite samples,

indicating the potential of the microorganisms to produce significant amounts of CO2 under

hypersaline conditions when a simple sugar is present. In addition, bentonite seems to

enhance the overall gas production.

Nitrous Oxide Production

Accumulation of nitrous oxide was detected only in samples containing bentonite

(Figure 30, Tables 3(c)-4(c) Appendix D). With excess nitrate, the N2 0 concentration

reached 585 4mol and then started to decline.
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Summary

We examined glucose metabolism by the mixed inoculum used in the long-termW

experiments. Total gas production in samples incubated under aerobic conditions was not

evident, but anaerobic samples produced significant amounts of gas, especially the samples

with bentonite plus excess nitrate. Production of carbon dioxide in the aerobic samples was

observed only in the amended and excess-nitrate samples without bentonite. Bentonite

enhanced the activity of anaerobes. Carbon-dioxide production in anaerobic samples with

excess nitrate reached a higher amount than any of the totals reached thus far in the long-

term inundated experiment. Substantial amounts of N.0 also accumulated in the headspace

of these samples.

E-4



85

-0 Amended
75 -- - Amended + Excess Nitrate

-4 Bentonfte/Amended
CL 65 -b Bentonfte/Amended + Excess Nirate

.55

V 45-

0
CO35

0
E 25

-5
0 50 100 150 200

Days

Figure 25. Total gas produced in samples containing
glucose incubated with an initial atmosphere of air.
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Figure 27. Nitrous oxide produced in samples containing
glucose incubated with an initial atmosphere of air.
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PREFACE

The Geological Characterization Report (GCR) for the WIPP site presents,

in one document, a compilation of geologic information available to

August, 1978, which is judged to be relevant to studies for the WIPP. As

such, commonly available documents are summarized as appropriate while

other documents may be presented more fully. In some instances, the

information presented may be preliminary or may reflect continuing

studies not yet complete. The Geological Characterization Report

certainly should not be construed as the final word on the WIPP geology.

Furthermore, specific judgements of how the geologic information affects

the WIPP are restricted since the document is intended as a source of

information. However, recommendations may be made on the basis of the

document. The Geological Characterization Report for the WIPP site is

neither a Preliminary Safety Analysis Report nor an Environmental Impact

Statement; these documents, when prepared, should be consulted for

appropriate discussion of safety analysis and environmental impact. The

Geological Characterization Report of the WIPP site is a unique document

and at this time is not required by regulatory process.

The Geological Characterization Report (GCR) for the WIPP has been

created through the efforts of many individuals who are to be

acknowledged for their contributions; little of the material presented,

/1' however, is original material created solely for the Geological
Characterization Report. At Sandia Laboratories, principal contributors

to the writing of the GCR are, in alphabetical order: G.E. Barr,

B.M. Butcher, R.G. Dosch, L.R. Hill, S.J. Lambert, D.W. Powers,

S.E. Shaffer, W. Wawersik, and W.D. Weart. Bechtel Corporation provided

basic summaries for many chapters; the principal participants were:

D. Dale, C. Farrell, V. Howes, J. Litehiser, D. Roberts, R. Sayer. In

particular, J. Litehiser provided the analysis of seismic risk in

Chapter 5. G.B. Griswold of Tecolote Corporation summarized resources in

Chapter 8. F.H. Dove of NUS summarized hydrology in Chapter 6.



Editorial and review comments were solicited on a working copy and

received from independent agencies with personnel familiar with the

geology of southeastern New Mexico, particularly the New Mexico Bureau of

Mines and Mineral Resources. An internal review at Sandia Laboratories

of a working copy of the entire document also resulted in detailed

comments. Those review comments were incorporated as appropriate into

this draft copy. As usual, some of the suggestions were not followed for

various reasons. The draft copy received review and comment by the WIPP

Panel (Committee on Radioactive Waste Management, National Research

Council) of the National Academy of Science, the Office of Nuclear Waste

Isolation (ONWI) and various subcontractors, and by Westinghouse as a

contractor to DOE. Major parts of the draft were reviewed by members of

the Special Projects Branch, USGS. These comments have resulted in some

revision of the final copy, as seemed appropriate. The editors assume

responsibility for the contents of this report.

The editors and writers acknowledge the enormous volume of accumulated

data and interpretations which provide the background for the Geological

Characterization Report; referencing of authors is intended to reflect

this background and to properly attribute material.

The Report is primarily intended for use by those with a technical

background in earth sciences. However, the text should also be generally

readable without all of this background by referral to the American

Geological Institute Glossary of Geology (1974).
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GCR CHAPTER 1

EXECUTIVE SUMMARY

This Executive Summary presents, in condensed form, geotechnical

information relevant to the Waste Isolation Pilot Plant (WIPP) in

southeastern New Mexico. The presentation of material follows the

Geological Characterization Report (GCR) chapter organization, beginning

with Chapter 2, INTRODUCTION. Figures and a reference list are not

included in the Executive Summary; where desired the reader must examine

the figure and reference list following each Chapter.

INTRODUCTION (Chapter 2)

The Introduction provides an overview of the purpose of the WIPP, the

purpose of the Geological Characterization Report, the site selection

criteria, the events leading to studies in New Mexico, status of studies,

and the techniques employed during geological characterization.

The purpose of the Waste Isolation Pilot Plant (WIPP) is to demonstrate

V the technology for the disposal of the transuranic (TRU) waste resulting

from this nation's past and current defense programs. It is anticipated

that the WIPP will be converted to a repository after successful

demonstration of this technology and assessment: of safety of a repository

for southeastern New Mexico. In addition, the WIPP is to provide a

research facility to examine, on a large scale, the interactions between

bedded salt and high-level radioactive waste. A Department of Energy

(DOE) Task Force (DOE/ER-0004/D, 1978) has recommended that WIPP also be

used to demonstrate surface and subsurface methods of handling, storing

and disposing of up to 1,000 canisters of spent, reactor fuel. A decision

on implementing this recommendation has not been made at this time.

If this site is accepted by the DOE, the schedule calls for the

initiation of facility construction in early 1981; completion is to be

late 1985, and the first waste to be accepted in 1986. The TRU waste

would be readily retrievable for a five to ten year period of initial
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operation. All HtM for experiments would be retrieved upon completion of

the experiments. The conceptual design of WIPP facilities is complete.

DOE has expressed an intent to request licensing of the WIPP by the

Nuclear Regulatory Commission (NRC), but this issue is not yet resolved.

Interest in disposal of radioactive waste in geologic media may be traced

back to a 1957 committee report by the National Academy of Sciences -

National Research Council, that recommended guidelines for permanent

disposal of radioactive waste in geological media. Recommendations fell

into two categories: burial in bedded salt deposits or in deep

sedimentary basins (perhaps 4000 - 5000 m deep).

Salt became the leading candidate as a disposal medium, and from 1957

until the 1970's most disposal studies in the U.S. concentrated on bedded

salt. In the mid-1960's, Oak Ridge National Laboratories (ORNL)

conducted a successful in situ experimental program called "Project Salt

Vault" in a salt mine near Lyons, Kansas. A subsequent plan to establish

a federal repository near Lyons was withdrawn due to both technical and

political objections.

Subsequent evaluation of salt basins in the United States by ORNL and the

~ USGS led in 1974 to field investigations of Permian salt deposits of the

Delaware Basin in southeastern New Mexico to determine if the geologic

setting was adequate for a radioactive waste repository. Permian

evaporite deposits consist of the Castile Formation which is interbedded

halite and anhydrite, the Salado Formation which consists principally of

halite and the Rustler Formation which is mostly anhydrite but contains

halite, dolomite, and siltstone.

In 1975, the AEC (later Energy Research and Developmlent Administration

(ERDA) and now Departmnent of Energy (DOE)) assigned responsibility for

site evaluation and conceptual design for this project in New Mexico to

Sandia Laboratories of Albuquerque, New Mexico. The project in New

Mexico is now known as the Waste Isolation Pilot Plant (WIPP). i
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Preliminary site selection criteria were general in nature. (Most areas

are not well enough known to allow application of precise criteria.)

After Sandia Laboratories determined in 1975 that the first preliminary

study area originally selected by ORNL was geologically unsuitable, site

selection factors were refined specifically for and applied to the

Delaware Basin in New Mexico to define the present study area. The major

siting factors employed in southeastern New Mexico are that the

repository salt beds should be: (a) relatively pure; (b) several hundred

feet thick; (c) between depths of 1000 and 3000 feet; (d) located where

groundwater dissolutioning is relatively limited; (e) at least one mile

from boreholes that completely penetrate the evaporite section, (f)

generally located to avoid private land; (g) located where strata are

relatively flat; and (h) located to minimize conflicts with mineral

resources. Data from hundreds of borehole geophysical logs and more than

fifteen hundred miles-of existing seismic reflection lines from petroleum

companies were analyzed and considered along with hydrologic data and

available information on natural resources to narrow the area of search.

A relatively restrictive criterion was the requirement the repository be

one mile or more to the nearest borehole penetrating the complete

evaporite section. Existing studies of borehole dissolution indicated

one mile is sufficient, though perhaps not necessary, to ensure

repository integrity.

Geologic studies for the WIPP fall into three different phases:

preliminary site selection activities, geological characterization, and

~1f studies of long-range geologic processes affecting a repository.

Preliminary site selection activities are complete now, and geological

characterization is nearing completion with this report. Studies of

long-range processes are becoming the focus of geotechnical programs;

some of these latter studies are already underway. These studies, which

will be oriented toward geologic processes and rates, will mostly be

completed before conversion of the WIPP to a permanent repository for

defense waste; these studies plus operation should provide further

refinement to criteria for conversion of the WIPP.
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Many standard petroleum and mineral industry techniques have been used to

characterize the WIPP site. Considerable reliance has been placed on the

combination of geophysical techniques corroborated by borehole

information. The geophysical techniques most widely used to characterize

the WIPP site include seismic reflection and resistivity. By summer,

1978, about 75 line miles of new seismic reflection data were obtained

and over 9000 resistivity measurements had been made and analyzed.

Twenty-one boreholes were drilled to evaluate potash, 14 hydrologic test

holes were drilled and four potash holes were converted for hydrologic

studies of the aquifers above the Salado Formation. Ten stratigraphic

test boreholes have been drilled on or around the WIPP site as of early

August, 1978, and two other holes have been drilled well away fran the

WIPP site to study dissolution processes. Two of these holes were

drilled through the salt to test deep aquifers and to acquire geologic

data.

Most of the WIPP geologic studies to date advanced geological

characterization. Geologic studies will continue in order to permit a

better quantification of the rates of geologic processes in and near the

WIPP site and to develop a more thorough understanding of the geologic

phenomena of interest (see Chapter 10).

~ REGIONAL GEOLOGY (Chapter 3)

Regional Geology provides a broad assessment of the surface and

subsurface environment of the area within a radius of about 200 miles of

the proposed WIPP Site. The discussion comprises a synthesis of the

available data pertaining to the physiography and gecinorphology,

stratigraphy and lithology, structure, tectonic developmnent and geologic

history of this region. Such information is necessary to understand the

geological processes that need to be understood for assessment of

long-term safety of a repository in the Delaware Basin of southeastern

New Mexico. The paragraphs below present a brief summary of this

inf ormation.
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The WIPP site is located within the Pecos Valley section of the southern

Great Plains physiographic province, a broad highland belt which slopes

gently eastward fran the Rocky Mountains and Basin and Range province to

the Central Lowlands province. The Pecos Valley section itself is

dominated by the Pecos River valley, a long north-south trough fran 5 to

30 miles wide and as much as 1,000 feet deep, which exhibits an uneven

rock and alluvium-covered floor marked by widespread solution subsidence

features resulting from dissolution within the underlying Upper Permian

Ochoan rocks. The section is bordered on the east by the Llano Estacado,

the virtually uneroded fluviatile plain of the High Plains section, and

on the west by the Sacramento and Guadalupe Mountains area of the

Sacramento section.

The principal geomorphic features with bearing on the site area include

the Pecos River drainage system, the Mescalero Plain, karst topography

and wind erosion "blow-outs." The Pecos River system has evolved from

the south, cutting headward through the Ogallala sediments to capture

what is now the upper Pecos and becoming entrenched sometime after the

Middle Pleistocene. The system at present receives almost all the

surface and subsurface drainage of the region; most of its tributaries

are intermittent, due to the contemporary semi-arid climate. Most of the

ground surface east of the Pecos River valley comprises the Mescalero

Plain, a poorly drained surface covered by gravels, eolian sand and

caliche, which has developed since Early to Middle Pleistocene time. The

surface of the region exhibits karst topography containing superficial

sinkholes, dolines, solution-subsidence troughs, and related features,

i~1i )formed as a result of both surface erosion and subsurface solutioning

activity.

The WIPP site lies on a caliche and sand covered drainage divide

separating two major and perhaps still developing solution-erosional

features, Nash Draw on the west and San Simon Swale to the east. This

prevailing erosional pattern is expected to continue in the future, with

most local erosion occurring in the draw and swale areas. The site is

* located west of the local drainage divide.
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The stratigraphic section present in the site region includes Precambrian

through Triassic rocks, overlain by outliers of possible Cretaceous age,

and widespread Late Tertiary through Holocene sediments.

Metasediments and granitic-volcanic igneous materials constitute the

majority of the regional basement, cropping out in isolated areas to the

west and north. The granitic rocks range in age from about 1,400 million

years in the north to about 1,000 million years in the south and are

overlain in places by younger Precanibrain volcanic terrains. The

surface of the Precambrian reflects the Late Paleozoic platform and basin

structural configuration of the area.

The Paleozoic section comprises up to 20,000 feet of Upper Cambrian

sandstones through Upper Permian evaporites and redbeds. The Ordovician,

Silurian and Devonian rocks are primarily carbonates with lesser sands,

shales and cherts which were deposited in shallow, rather calm shelf

areas of broadly subsiding areas of the Tobosa Basin, with same minor

influence from uplifted areas such as the ancestral Central Basin

Platform. The Mississippian sequence consists of locally cherty

limestones overlain by silty and sandy shales, truncated against adjacent

emerging uplands. Post-Mississippian orogeny caused uplift, tilting and

erosion, producing a massive section of Lower Pennsylvanian continental

sediments, interbedded with dark limestones, particularly toward the top

of the section. Late in the Pennsylvanian, a basin, basin margin, and

shelf configuration, which endured through the Permian, developed,

resulting in deposition of dark shales, clastics and some limestones and

bioclastics forming a series of reefs along the basin margins, and

shallow-water limestones and clastics on the adjacent shelves. Upon

filling of the basins in the Late Permian, a sequence of evaporites

totalling 4000-5000 feet in thickness was deposited during recurrent

retreats of shallow seas restricted by the encircling Guadalupian reefs.

The Castile Formation consists of anyhdrite interlaminated with calcite

and halite overlain by the Salado Formation, which is primarily halite

with lesser clastics, anhydrite and a suite of salts. The Rustler

Formation overlying the Salado is composed of anhydrite, gypsum and
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lesser salt with carbonates and clastics. The top of the Paleozoic is

mar ked by the thin Dewey Lake.Redbeds.

The Mesozoic sequence is represented by only the Upper Triassic Dockun

Group of terrigenous redbeds, which in many places are truncated or

removed by erosion, and by scattered patches of Cretaceous limestone and

sandstones.

The lower Cenozoic section is missing from the. region due to erosion

and/or non-deposition, and the widespread Late Miocene-Pliocene Ogallala

clastics represent the earliest deposition of the section. The Ogallala

is capped by a dense, resistant layer of caliche, which probably started

to form during the Late Pliocene. Quaternary deposits occur only locally

and consist of the Middle Pleistocene to Holocene terrace, channel and

playa deposits as well as windblown sands.

The major structural framework of the region is provided by the

large-scale basins and platforms of late Paleozoic age and by Cenozoic

features primarily associated with Basin and Range tectonics.

The principal late Paleozoic features of the area consisted of the

western extent of the Tobosa and later the Permian Basin and its border

lands. These elements include the Delaware Basin, Central Basin

Platform, Midland Basin, the Northwestern Shelf, Pedernal Uplift, Matador

Arch, Val Verde Basin and Diablo Platform.

The site is located in the northern portion of the Delaware Basin, a

~' broad, oval-shaped asymmetrical trough with a northerly trend and
southward plunge and a structural relief of more than 20,000 feet on top

of the Precambrian. Deformation of the basin rocks is minor, those

formations older than Late Permian are only gently downwarped.

Deep-seated faults, some reflecting Precambrian faults, occur in the

basin, as do folds, joint sets, and a number of' smaller, probably

solution-related structures originating in the Upper Permian evaporites.

The basin was defined by early Pennsylvanian time, and major structural
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adjustmient occurred from Late Pennsylvanian to Early Permian time. By

the Late Permian, this episode of tectonic activity ended in the basin;

regional eastward tilting occurred later, in the Cenozoic.

The Central Basin Platform, a northward-trending feature, separated from

the Delaware Basin to its west by a zone of major normal faulting,

represents a broad uplift of Precambrian to Pennsylvanian rocks, within

which movement took place periodically, probably from the Precambrian

until the late Paleozoic when the basin became structurally stable.

North and northwest of the Delaware Basin lies the Northwestern Shelf,

which was well-developed before Permian time and may have originated in

the Early Paleozoic, when it formed the margin of the Tobosa Basin. A

number of flexures, arches, and faults which have been identified on the

shelf had probably ceased tectonic activity in Tertiary time.

The Diablo Platform, forming the southwestern border of the Delaware

Basin, experienced primary deformation in the late Paleozoic in the form

of uplift, folding and faulting. Deformation also occurred here during

late Tertiary time through block faulting and buckling. Recent uplift

along its eastern side suggests continuing tectonic developmuent in the

area. The remainder of the previously listed late Paleozoic structural

0 elements of the area are only remotely related to the site area.

W Late Tertiary Basin and Range tectonics produced the Sacramento,

Guadalupe and Delaware Mountains bordering the region on the west. These

uplifts are generally eastward-tilted fault blocks bordered on the west

by complex normal fault systems forming short, steep westward slopes and

backslopes dipping gently eastward. Tectonic activity began in this area

during Mississippian to Early Permian time in the form of fault systems,

followed by the major Basin and Range tectonics. Small fault scarps in

recent alluvium along the western edge of these ranges, as well as some

seismic activity, suggest that structural development here may still be

taking place.
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Post-Precambrian igneous activity in the region consists of Tertiary

intrusives and Tertiary to Quaternary volcanic terrains located on the

north, west and south of the site area. Only minor igneous activity, in

the form of dikes and possibly sills, is known. to have occurred within

the Delaware Basin.

The closest such igneous feature to the site is a near-vertical trachyte

or lamprophyre dike or series of en echelon dikes trending about N50 0E

for perhaps 75 miles into New Mexico from near the Texas-New Mexico

border southwest of Carlsbad Caverns, passing about 9 miles northwest of

the site. Evidence for the dike's existence consists of exposures in two

mines, cuttings from several drill holes, aeromagnetic indications and

surface exposures some 42 miles southwest of the site in the Yeso Hills.

This dike has been dated as mid-Tertiary and intrudes only the Late

Permian Salado and underlying formations.

The principal Tertiary igneous features of the area beyond the Delaware

Basin include several intrusive bodies within the Delaware Mountains,

widespread occurrences further south in the Trans-Pecos region and

several areas well to the north of the basin, in the form of the

eastward-trending El Camino del Diablo and Railroad Mountain dikes (near

Roswell) and the stocks of the Capitan and Sierra Blanca Mountains.

Quaternary volcanic and related extrusive terrains are present west of

the site region, well within the Basin and Range province.

~> The geologic history of the region is recorded in igneous and

/4Q~ metasedimentary rocks as old as about 1,400 million years which indicate

'~-~ a complex Precambrian history of mountain-building, igneous events,

metamorphism and erosional cycles. Probably before Paleozoic time,

erosion had reduced the area to a nearly level plain.

The early to middle Paleozoic Era was characterized by generally mild

epeirogenic movements and carbonate deposition interrupted by only minor

clastic sedimentation. The oldest sediments in the region are the Late

Cambrian and perhaps Early Ordovician Bliss sandstones. Following Early
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Ordovician time, a broad sag, the Tobosa Basin, formed and began

deepening. Shelf depositions of clastics continued, derived partly from

the ancestral Central Basin Platform, and carbonates deposited in shallow

waters. By Late Ordovician time, the Marathon Ouachita geosyncline to

the south of the area began subsiding, but until the Middle

Mississippian, only mild tectonic activity continued, with several

periods of minor folding and perhaps some faulting, the basin subsiding,

the Pedernal landmass to the north emergent and some regional erosion

occurring.

From late in Mississippian time through the Pennsylvanian, regional

tectonic activity accelerated, folding up the Central Basin Platform,

Matador Arch and the Ancestral Rockies, producing massive deposition of

clastics. The Tobosa Basin was definitively split into the rapidly

subsiding Delaware, Midland and Val Verde Basins. Throughout the

Permian, sedimentation was continous in the basins, climaxing in the

development of massive reefs, and, following stabilization in the Late

Permian, in the deposition of a thick sequence of evaporites. By the end

of the period, the area was slightly emergent, and a thin sheet of

redbeds; covered the evaporites.

ONA Since the close of the Permian, the basin area has been relatively stable

tectonically, and the Mesozoic through Cenozoic eras have been

characterized by erosion, with only relatively minor deposition of

terrestrial materials. During the Triassic, a broad flood plain sediment

surface developed, followed late in the period by fluvial clastic

deposition and formation of a rolling topography. Sometime during the

Cretaceous, submergence occurred, and thin limestone and clastics

collected in intermittent, shallow seas. During the Jurassic and perhaps

as early as the Triassic, subsurface dissolution of the Upper Permian

evaporites began. The close of the Mesozoic was marked by the Laramide

orogeny and uplift of the Rocky Mountains, with mild tectonic and igneous

activity to the west and north of the site area. Throughout most of the

Tertiary, erosion dominated, until deposition of the Ogallala late in the

era. Mid to late Tertiary Basin and Range uplift of the Sacramento and



Guadalupe-Delaware Mountains was accompanied by regional uplift and

east-southeastward tilting. Upon this gently sloping surface the

Miocene-Pliocene Ogallala fan deposits accumulated, and a resistant

caliche caprock began to form. During Quaternary time, the present

landscape has developed through processes of surface erosion and

dissolution of the Upper Permian evaporites, accompanied by terrace and

stream valley deposition and eolian activity.

The regional geology shows that the northern Delaware Basin has been a

part of large structures reacting slowly to tectonic and climatic

processes. About 300 million years of Paleozoic geologic history

indicate a downwarping basin on a grand scale. The last 200 million

years are characterized by slow uplift relative to surroundings resulting

in sane erosion and dissolution of rocks in the Delaware Basin. Dramatic

geologic events such as faults and volcanic activity have not occurred in

the northern Delaware Basin where the WIPP site is located. The nearest

events of this type are occurring west of the Guadalupe Mountains about

70 miles southwest of the WIPP site. The regional geology does not

indicate that any dramatic changes in geologic processes or rates have

recently occurred at the WIPP site.

SITE GEOLOGY (Chapter 4)

Much investigative effort has been expended to define subsurface geologic

conditions at the WIPP site. These studies not only provide detailed

information regarding mining conditions at the repository levels, but

11/ also furnish a basis for an assessmient of the level of protection or

safeguard against possible modes of containment failure at the site, in

the context of the long-term isolation requirements of radioactive waste.

information for geologic investigations conducted by the U.S. Geological

Survey and reported in several open-file reports by that agency, as well

as details of salt deformation investigated by other consultants, have

done much to define the general geologic conditions in the vicinity of

the WIPP site and have been freely utilized in assembling Chapter 4 of

the GCR. Detailed site-specific exploration techniques include seismic
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reflection, resistivity, gravity and magnetic surveys, borehole

exploration including coring, geophysical logging and hydrologic testing,

and reconnaissance geologic mapping. From data thus obtained a series of

structure contour and isopach maps were constructed which are presented

and discussed in section 4.3 and 4.4 A continuously cored stratigraphic

test hole, ERDA-9, has been drilled to a depth of 2,875 feet below ground

surface near the center of the WIPP site and provides much detail on

geologic properties at and above the WIPP repository levels.

The surface of the WIPP site is a slightly hummocky plain sloping gently

southwest at about 50 feet per mile; elevations range at the site from

about 3300 to 3600 feet above sea level. There are no permanent drainage

courses in the site area. Any intermittent runoff drains west into Nash

Draw, a broad swale of about 150 feet of relief leading southwest toward

the Pecos River. A declivity marking the east edge of Nash Draw in the

site area, known as Livingston Ridge, is located about 4 miles west of

the center of the site. Nash Draw, now partly fi lled with Pleistocene

sediments, has evolved both by surface erosion and by subsurface

dissolution of salt, presumably during wetter intervals in the geologic

past.

S Recent windblown sand and partly stabilized sand dunes blanket most of

the site area. A hard, resistant duricrust or caliche (Mescalero

caliche) is typically present beneath the sand blanket and has developed

upon the surface of the underlying Pleistocene fluvial (Gatuna)

deposits. The fluvial deposits are tentatively assigned a Kansan age and

the caliche formed upon them a Yarmouth (interglacial) age; that is, the

caliche formed starting approximately 500,000 years ago. At some places,

the caliche is fractured and drapes into Nash Draw along Livingston

Ridge, indicating that some erosion and dissolution has taken place in

Nash Draw since the caliche was formed, presumably during wetter climatic

intervals associated with Illinoian and Wisconsin glaciations. Increased

erosion from runoff, should the climate of the region become more humid

in the future, would be expected to occur in the existing drainage

courses, leaving the drainage patterns relatively unaltered.
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The proposed WIPP underground sto rage facilities are to be placed near

the middle of a 3,600-foot-thick sequence of relatively pure evaporite

strata containing primarily rock salt and anhydrite, lying between depths

of about 500 and 4,100 feet beneath ground surface. The formation

richest in rock salt, the Salado Formation, is nearly 2,000 feet thick

and contains the relatively pure salt layers in which the two proposed

underground storage levels are to be constructed, at a depth near 2,120

feet for the upper level and near 2,670 feet for the lower. The storage

horizons are well isolated fran the hydrologic environment by adjacent

evaporite strata. A thickness of at least 1,300 feet of undisturbed

evaporite rock, primarily rock salt, overlies the upper storage horizon

and about an equivalent thickness of anhydrite and rock salt intervenes

between the lower storage horizon and the next adjacent underlying

non-evaporite formation. The salt deposits of the Castile and Salado

Formations at the WIPP site were formed about 225 million years ago and

have remained isolated from dissolution since about that time.

The total thickness of the sedimentary pile resting on top of Precambrian

basement beneath the WIPP site is about 18,000 feet of Ordovician to

Recent strata. Following is a brief summnary of the stratigraphy,

proceeding from the surface down to the basement. Beneath a thin but

persistent veneer of windblown sand at the site are sediments

representing Pleistocene, Upper Triassic, and uppermost Permian strata,

all of which occur above the evaporite sequence. Sandstone of the

Pleistocene Gatuna Formation, capped by Mescalero caliche also developed

in Pleistocene time, is only a few tens of feet thick at the site and is

of interest primarily for the geochronologic and paleoclimatic

implications of its presence. Between the Pleistocene deposits and the

evaporite sequence is a 500-foot-thick succession of nonmarine redbeds of

Late Triassic Age (Santa Rosa sandstone) and marine redbeds of latest

Permian age (Dewey Lake Redbeds). This redbed sequence thins westward

and thickens eastward, having been beveled westward by several post-Late

Triassic erosional episodes; the thickness of redbed deposits remaining

above the evaporite sequence is crudely proportional to the degree to

which the underlying salt horizons have been protected from surf icial

processes leading to erosion and dissolution.
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At the center of the site all but the uppermost 50 feet of the 18,000

feet of strata are of Paleozoic age, the marine Dewey Lake Redbeds being

the topmnost Paleozoic rocks. The Permian section alone, about 12,800

feet thick, constitutes over two-thirds of the sedimentary pile. The

Permian section is divided into four series, the three lowest of which

(Wolf campian, Leonardian and Guadalupian) contain thick clastic

sequences, and the uppermost of which (Ochoan) is represented by the

Castile, Salado, Rustler, and Dewey Lake (in ascending order).

The Rustler, which lies over the Salado, contains the largest percentage

of clastic material of the three evaporite formations, yet where its

original thickness of around 450 feet has been protected from salt

dissolution, about 70 percent of the formation is composed of evaporite

minerals, more than half of which is halides. Beneath the Los Medanos

site the Rustler has been leached of most of its rock salt, with the

result that 310 feet of the formation was encountered at ERDA-9 at the

center of the site. This implies that up to 140 feet of rock salt have

been removed and that the overlying strata have subsided accordingly; it i

does not, however, imply that dissolution and subsidence is presently

active or even that it has recently occurred. The uppermost occurrence

of halite in the Rustler Formation was encountered at a depth of about

j~J 760 feet (about 100 feet above the base of the formation). Between this

level and the upper level storage zone of the proposed WIPP facility over

1,300 feet of undisturbed evaporite rock, primarily Salado rock salt,

intervene.

The 2,000-foot thickness of the salt-rich Salado Formation is divided

into three members by the recognition of a middle member referred to as

the McNutt potash zone, which is the interval within the Salado that

contains all of the potential reserves of potash, or potassium minerals

commercially mined in the Carlsbad district west of the site. The lowest

member of the Salado, beneath the M4cNutt potash member, is the member

that contains the nearly pure halite chosen for the proposed facility.

The Castile Formation beneath the Salado contains highly pure beds of

halite but, unlike the Salado, also contains much massive anhydrite.
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The rest of the Permian section beneath the evaporite sequence, together

with the subjacent Pennsylvanian and possibly Late Mississippian

sections, contain dominantly clastic rocks that represent deposition

during the time in which the Delaware Basin existed as a distinct

structural entity. Much of these pre-evaporite, basinal sediments, which

total about 11,000 feet in thickness beneath the site, have been targeted

for petroleum exploration at one point or another in the Delaware Basin

and contain nearly all of the region's known potential reserve of

hydrocarbons.

The remainder of the Paleozoic section (Mississippian down through the

Ordovician) consists of about 3,000 feet of mainly carbonate strata

deposited in shallow-water or shelf conditions over a period of

long-sustained crustal stability.

The underlying crystalline basement is believed to be a granitic terrane,

formed about 1,300 million years ago. The only other igneous rocks that

are known in the site area are known only in the subsurface and occur as

lamprophyre (basaltic) dike rock intruded into evaporite beds along a
single northeast dike trend that approaches no closer than about 9 miles

northwest of the center of the proposed WIPP site.

With regard to subsurface geologic structure at the site, all of the

Permian and older strata exhibit a gentle, regional homoclinal dip to the

east or southeast, reflecting the presence of the Delaware Basin tectonic

structure. No surface faulting is known. A general summary and

assessment of structure in the site area was provided by C.L. Jones in an

open-file report issued by the U.S. Geological Survey in 1973. Jones

stated,

"The structure of the Los Medanos area is basically simple and the
rocks are, for the most part, only slightly deformed. Nevertheless,
the rocks have been tilted, warped, eroded, and subroded, (ed. note:
subjected to subsurface removal by dissolution), and discrete
structural features can be recognized. These include: (1)
structural features of regional extent related to Permian
sedimentation, (2) intraformational folds of limited extent related
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to "down-the-dip" movement of salt under the influence of gravity

and weight of overburden and (3) subsidence folds related to warpingU

and settling of rocks to conform with the general shape and

topography of the surface of salt in areas of subrosion...

"On the basis of available geological information, the salt deposits

of Los Medanos area seem in many ways to constitute a suitable

receptacle for use in a pilot-plant repository for radioactive

wastes. The deposits have thick seams of rock salt at moderate

depths, they have a substantial cover of well-consolidated rocks,

and they have escaped almost completely undamaged long periods of

erosion. The deposits are only slightly structurally deformed, and

they are located in an area that has had a long history of tectonic

stability."

Information developed in the succeeding five years of investigations 
do

not significantly alter that assessment relative to the structural 
and

tectonic conditions present at the Los Medanos site. Based on

exploration accomplished to date, a series of structure contour 
and

isopach maps are presented for rocks ranging in age from Devonian to

Pleistocene. This and other information indicate that active tectonic

faulting and warping of rocks in the site vicinity seems to have predated

Permian evaporite deposition; certain minor faulting within the thick

Permian section appears to have occurred contemporaneously with

sedimentation and may be ascribed to compaction. Deformation related to

salt flowage has occurred primarily in the Castile Formation beneath 
the

Salado, and has locally modified the regional easterly gradient 
to 80 to

100 feet per mile at the level of the storage horizons near the base of

the Salado. Areas in the vicinity of the site in which artesian brine

reservoirs have been encountered are associated with thickened salt

sections and salt-flow anticlines in the Castile, but no such major

structural features are recognizable within the limits of the WIPP

storage facility on any of the Salado horizons contoured. The site

appears to be in a slight structural saddle, a condition considered 
to be

favorable for site selection. Dissolution of bedded salt at the site has

been restricted to horizons within the Rustler Formation; there is no

evidence that the resulting settlement produced any significant
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structural irregularities or collapse features in the overlying strata

within the area of the Los Medanos site. Investigations are continuing

to further define the extent to which salt deformation in the Castile may

have affected the structural configuration within the lower part of the

Salado where excavation of the remote handling (RH) and contact handling

(CH) levels is presently planned. These investigations will permit a

more detailed assessment of the optimum layout, design and construction

method of the storage facility.

The geologic history of the Los Medanos site may be organized into three

main phases occurring subsequent to the original establishment of a

granitic basement intrusive complex between about one billion and 1.4

billion years ago, forming the cratonic crust beneath the site. The first

phase, of at least 500 million years duration, was a time of uplift and

erosion of all pre-.existing Precambrian sedimentary and metamorphic rocks

which may have once been deposited or formed in the site area, eventually

exposing the deep-seated igneous rocks.

The second phase, which corresponds to the Paleozoic Era, was

characterized by an almost continuous marine submergence lasting about

225 million years, wherein shelf and shallow basin sediments slowly

accumulated. It culminated in a comparatively rapid accumulation of over

13,000 feet of Permian sediment within a relatively brief period lasting

50 to 55 million years, toward the end of which time thick evaporite

beds, mainly rock salt, were deposited. This rapid Permian deposition

was presaged in Late Mississippian time by tectonic activity that

kill)differentially upwarped elements of the craton, such as the Central Basin

Platform, thereby defining the Delaware Basin as a tectonic feature for

the first time. During Pennsylvanian time, repeated marginal faulting

caused periodic uplift of bordering platforms and some warping within the

basin. By early Permian time, this tectonic activity apparently died out

as basin subsidence and sedimentation accelerated. Eventually the

Permian sea became shallow and briny, at first characterized by extensive

reef development, but eventually in Ochoan time by a vast brine flat in
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which thick evaporite deposits formed, burying the earlier reef masses.

The final event of the long, nearly continuous accumulation of marine

sediment of the second phase was deposition of a blanket of marine or

brackish tidal flat redbeds over the evaporite strata.

Uplift and subaerial conditions next occurred at the site in the third

and final phase, and persisted som~e 225 million years to the present,

with the exception of a brief marine inundation in about the middle of

that span of time. Periods of terrestrial deposition alternated with

erosional episodes, so that a series of nonmarine deposits separated by

angular unconformities blanket the evaporite beds at the site. These

angular unconformities represent intervals during which the salt beds at

the WIPP site were tilted and subjected to potential dissolution. At

least four erosional episodes separated by depositional intervals are

recognized: (1) Early Triassic time in which the Dewey Lake Redbeds were

tilted and eroded to a slight angular unconformity before deposition of

the Upper Triassic Dockum Group; (2) Jurassic-Early Cretaceous time in

which the Dockum Group was tilted and eroded to a wedge before marine

inundation in Washitan time (latest Early Cretaceous); (3) a Late

Cretaceous through mid-Tertiary erosional interval when the region was

again tilted and the Triassic Dockum Group of sediments was bevelled for

S a second time; and (4) a post-Ogallala (post-Pliocene) uplift and erosion

in early Pleistocene time, prior to deposition of the (Kansan?) Gatuna

Formation took place. Subsequent to deposition of the Gatuna, there

probably were intervals corresponding to the later-Illinoisian and

Wisconsin glaciations during which accelerated erosion in these wetter

times occurred in the area of the WIPP site.

Each period of tilting, which accompanied renewed erosion as outlined

above, afforded an opportunity for salt flow by plastic deformation along

the imposed gradient and salt deformation as the salt impinged against

reef abutments or responded to uneven, differential sediment loading or

erosional unloading; therefore there may have been several episodes of

salt deformation of this type. To the extent that some "deep

dissolution" features are recognized today in salt at depths of several
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thousand feet below the surface, it seems likely that subsurface

dissolution of salt could have been initiated at comparable depths

beneath the surface as soon as Early Triassic time. It is reasonable to

assume that episodes of active dissolution occurred during the Jurassic

and Late Cretaceous-mid Tertiary erosional intervals, as well as during

the several pluvial periods corresponding to Pleistocene glacial stages.

Any attempt at reconstructing past history of salt dissolution in the Los

Medanos area as an approach to predicting the future course of salt

erosion must contend with the likelihood of the existence of times of

greatly accelerated dissolution of salt in the geologic past interspersed

with intervals of much lesser activity. The evidence available today

indicates little if any change in erosion rates at the WIPP site in the

recent geologic past. Detailed mapping studies are underway which will

contribute to information on dissolution rates at various times in the

geologic history of the site.

The discussion of the site geology defines the present conditions of the

site which must be known to establish the WIPP. These conditions relate

mostly to physical characteristics such as thickness, depth, extent,

purity, and structure of the evaporites (as well as some of the

surrounding beds). In addition, baseline conditions regarding the

processes of dissolution and erosion as they affect the immediate site

have been determined. Thus the baseline geological conditions at the

site are presented so that judgement of the site relative to the present

criteria may be undertaken and so that continuing studies will focus on

CDM/ geologic processes important 
to assessment of repository 

safety.

The site geomorphology indicates tectonic stability at the site for the

last 500,000 years or more. The local stratigraphy is continuous with

the regional stratigraphy. Local minor structures exist within the

evaporite beds, but no severe displacements or brine or gas have been

encountered. Potential repository zones at depths of 2730-2620 feet and

2176-2074 feet have been chosen on the combined basis of purity, depth,

thickness, mutual separation, and depth below the potash zone.
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SEISMOLOGY (Chapter 5)

Regional seismicity of the Los Medanos site is discussed in two separate

time intervals suggested by the type and quality of information available

for each interval. These intervals are before 1962 (non-instrumental)

and from 1962 to the present (instrumental).

Before 1962 almost all data on earthquakes within 300 kilometers of the

site are based on collection, cataloging, and consideration of

non-instrumental reports. These data indicate that twenty earthquakes

with maximum reported intensities between III and VIII on the Modified

Mercalli Scale have occurred within a 300 kilometer radius of the site

region from 1923 to 1960. There have been no earthquakes of epicentral

intensity V or greater within about 200 kilometers of the site in this

period. The closest reported shocks are two intensity IV events at

Carlsbad in 1923 and 1949. The strongest reported earthquake to occur

within 300 kilometers is the intensity VIII Valentine, Texas event 
of

lugust 16, 1931 at a distance of approximately 210 kilometers.

Between 1962 and 1972 inclusive, a general instrumental survey of 
the

site region shows 38 earthquakes with magnitudes ranging from 1.2 to 4.6

(Richter scale). The seismicity pattern of these instrumentally located

events is very similar to pre-instrumental data except that a number of

earthquakes occur on the Central Basin Platform in the later data set.

The closest reported shock between 1962 and 1972 was a magnitude 2.8

event on July 26, 1972 about 40 kilometers northwest of the site. The

largest event in this period is the magnitude 4.6 earthquake almost 300

kilometers to the southwest.

Three investigations of a more local and temporally restricted nature

have impact on the Los Medanos site. These involve earthquakes recorded

at a seismographic station installed near the site itself, events

recorded at an array of seismographic stations installed on the Central

Basin Platform near Kermit, Texas, and three earthquakes recorded

regionally and found to have occurred near the site.
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At the beginning of April, 1974 a vertical, single-component,

continuously recording seismograph station (with letter designation CLN)

was installed very near the site. During the! latest available reporting

period, April, 1974 to October, 1977, 291 events identifiable as local

and regional earthquakes have been recorded and locations for 75 of the

291 events have been obtained. The seismicity pattern suggested is very

similar to that of the general 1962-1972 instrumental survey.

Approximately one-half of all located events in the CLN data set occur on

the Central Basin Platform while most of the rest occur to the west and

southwest of the site in the Rio Grande Rift Zone. There is also a

scattering of earthquakes in the High Plains physiographic province of

the site. Included is a magnitude 3.6 event on November 28, 1974 at

about 40 kilometers to the northwest, which was close to the July 26,

1972 earthquake mentioned above.

Instrumental studies show earthquake activity in the Central Basin

Platform at a higher level than expected. Primarily for this reason, the

Kermit, Texas seismographic station array was established in late 1975 to

more closely monitor this activity. During the latest available

reporting period for this array (November, 1975 to July, 1977), 407 local

events have been detected and 135 located with array data. -Of the

located events 56 were in the interior of the array while the rest have

been peripheral to it. Earthquakes with magnitudes calculated both using

Kermit array data and regional seismographic station and CLN data show

that Kermit magnitudes are almost one unit higher. This inconsistency

remains unresolved at this time.

Dill, As a result of general survey and specialized seismic instrumental
studies in the Los Medanos site region there is little doubt that the

Central Basin Platform has been seismically active since at least

mid-1964, and that during this time it has been the most active seismic

area within 300 kilometers of the site in terms of number of events. The

basic conclusion from all instrumental data is that seismic activity is

equally likely to occur anywhere along the Central Basin Platform

structure without particular regard to small scale structural details
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such as pre-Permian buried faults. Attempts have been made to relate

this seismicity to secondary oil recovery operations in the area.

Although both spatial and temporal coincidences of Central Basin Platform

seismicity with secondary recovery projects are highly suggestive of a

close relationship, this has not been satisfactorily established at this

time.

Questions of the tectonism and seismic activity very near or at the site

are of great interest. For this reason the most important seismic events

instrumentally recorded are those closest to the site: July 26, 1972,

and November 28, 1974, magnitudes 2.8 and 3.6, respectively; and a later

shock on January 28, 1978, with only preliminary data yet available. If

these events are an indication of normal background seismicity in the

immediate site area, they might cause a re-evaluation of previous

estimates of seismic risk at the Los Medanos site (Sanford and Toppozada,

1974). At the time of the first two events rockfalls and surface ground

cracking were reported at the National Potash Company Eddy Co. Mine. To

see if mine collapse at this mine was responsible for both events, an

analysis was run to see if both epicenters could be made coincident with

each other. Such a coincidence would be a strong indication of a rock

fall origin for both events. At this time the best available analysis

indicates that these small events did not both occur at the Eddy Co. Mine

and thus they cannot both have been caused by a very localized

OIN non-tectonic source there. The third shock is located, in a very

preliminary fashion, north of the station an estimated 17 km.

Using all the information developed above on regional seismicity and some

additional simple assumptions about regional tectonism a preliminary

analysis of risk from vibratory ground motion at the surface is derived

in a way useful to seismic design characterization at the site during its

active phase of development and use. The results of this analysis are

that the 1000 year acceleration is less than or equal to 0.06 g and the

10,000-year acceleration is less than or equal to 0.1 g for all models

tried. Probabilities at which higher acceleration levels occur depend

almost exclusively on the assumptions made about the seismic potential of

the immediate site area.
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In addition to its use to determine risk as a function of vibratory0 ~ground motion level, regional seismicity is al~so considered as an

indicator of longer-term tectonic processes. Natural regional seismicity

should be consistent with the geologic indicators of tectonic processes

unless the tectonic setting is changing. Regional stress patterns, as

implied by focal mechanism solutions for regional earthquakes and in site

measurements, and regional tectonism, as implied by earthquake recurrence

statistics, are both considered. Although other explanations cannot be

precluded, it seems that the most reasonable interpretation of the

seismic implications to tectonism at this time are: (1) Observed

geologic and seismic data are in general agreement in the Rio Grande rift

zone to the west and southwest of the site where the largest historic

earthquakes within 300 kilometers of the site have occurred. Future

significant earthquakes can be expected there., (2) The current level of

seismic activity on the Central Basin Platform is probably related to

fluid injection for secondary recovery of oil., (3) The lack of geologic

indications of natural recent tectonic activity for the High Plains

province of the site can probably be reconciled with the seismic data by

assu.miing a maximum magnitude limit of the earthquakes that have occurred
here.

The importance of seismicity information over the immediate future is to

provide a data base for design of facilities for the operational time of

the WIPP. Seismicity information also serves as an indicator of the

tectonic situation in assessing the WIPP site for a repository.

HYDROLOGY (Chapter 6)

Chapter 6 contains an assessment of surface and groundwater resources in

and surrounding the proposed WIPP site and a status report of current

hydrogeologic investigations in the local site area. The water resource

assessment incorporates the published results of regional and local

hydrologic studies supported by universities and state and federal

agencies since the late 1930's. Present studies of the proposed site and



1-24

adjacent area are directed toward a more quantitative evaluation of the

salt dissolution process, the hydrogeologic parameters affecting

groundwater movement, and the major elements of surface and groundwater

quality as related to water resource use and local ecology. The

collection of hydrologic data is projected to continue for several years

to provide site-specific information for a detailed safety analysis of

the WIPP. Because of the relationship to hydrologic processes,

dissolution activity is also summarized within this chapter.

The only major stream near the site is the Pecos River which flows

southeasterly through Carlsbad. At its closest point, the river is

approximately 14 miles southwest of the WIPP site. Several reservoirs,

located on the Pecos upstream of the site, regulate river flow. The

maximum recorded flood on the Pecos River occurred on August 23, 1966,

with a discharge of 120,000 cfs and a maximum water surface elevation

near Malaga of approximately 2938 feet. The minimum surface elevation of

the site is more than 310 feet above this historic flood level.

Climatological records show that mean annual precipitation at the site is

approximately 12 inches per year. The maximum daily precipitation

recorded at Carlsbad was 5.12 inches in August 1916, and the maximum

S daily snowfall was 10 inches in December 1923. Winter storms in the area

occur as a result of fronts moving frcm the west while summer storms,

Sgenerally the most severe,'occur as thunderstorms from moist air moving

northwest fram the Gulf of Mexico.

Surface drainage patterns at the site are undeveloped. Infiltration

rates are high because of the sandy, gravelly soils that cover the

region. However, the nearest groundwater is more than 50 feet below the

land surface. Aided by the low relative humidity (typically 36% during

daylight hours) and high mean annual temperature (610F), most

infiltration escapes the soil through evaporation and transpiration.

Important aquifers of the region include the San Andres Formation, a

major source for irrigation waters in the Roswell Basin and other areas
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to the north and northwest of the site region. Potable water is present

in the Capitan aquifer southwest of the community of Carlsbad and is the

primary source of municipal water in the local area. Other important

aquifers of the region include the Ogallala Formation to the east of the

proposed site, and unconsolidated alluvium along the Pecos River.

Groundwater within the Delaware Basin is predominantly of poor quality

with total dissolved solids concentrations typically in excess of 3,000

ppm. The only large quantities of potable groundwater are found in

aquifers west of and along the Pecos River. To the west, the formations

of the basin crop out, and the soluble salts have been leached from the

Ochoan evaporites. From recharge areas west of the Pecos River,

groundwater in the Delaware Basin moves eastward. From the site area,

water in hydrologic units above the salt moves generally southwest to the

Pecos. These shallow units, or those cut by the Pecos River, discharge

to the river, either directly or to alluvium of the river channel.

Although a local hydraulic connection between the river and the Capitan

aquifer may occur near Carlsbad, groundwater flow in the reef formation

is severely restricted near the Eddy-Lea county line. Groundwater in

formations older than the Capitan is not directly affected by the river,

is present under confined conditions, and flows eastward. The aquifer of

most significance to the proposed site in these older formations is the

Bell Canyon Formation.

K ~\ Water-bearing strata in the local site area at elevations above theQ 14/) proposed repository include the Santa Rssd Sandstone and the Culebra and

Magenta members of the Rustler Formation. Hydrologic units below the

repository elevation include the Bell Canyon Formation of the Delaware

Mountain Group. Hydrologic test results to date show the average head

elevations of the potentiometric surfaces from these aquifers are 3200

feet for the Santa Rosa Sandstone, 3150 feet for the composite Rustler

Formation, and 3350 feet for the Delaware Mountain Group (equivalent

"fresh-water" elevation). The thick halite beds of the Salado Formation

are isolated from circulating groundwaters by confining layers of low

hydraulic conductivity, directly above and below the salt formation.
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In the vicinity of the proposed site, potable groundwater is not present,

except in small, isolated, near-surface perched pockets. Thus, it would

appear that the proposed repository is favorably situated in relation to

groundwater circulation and occurrence. Detailed investigations of

groundwater hydrology at the proposed site have been conducted and are

continuing. The data will provide a basis for more quantitative

determinations regarding the continued isolation of the proposed

repository from groundwater circulation.

A shallow salt dissolution zone occurs in Nash Draw at the contact

between the Salado and Rustler Formations. The dissolution area ranges

in width from 2 to 10 miles and has a length of approximately 30 miles.

The brine solution flows southwesterly and discharges into the Pecos

River at Malaga Bend. The average rate of vertical dissolution has been

estimated to be between 0.33 and 0.5 feet per 1,000 years, and the

average rate for lateral dissolution has been estimated to be between 6

and 8 miles per million years. Dissolution of salt at the top of the

Salado occurs about 2 miles west of the center of the site. Eastward

across the site salt is present in the Rustler at progressively higher

levels, indicating that the salt has not been dissolved out of the

(DA Rustler and that the Salado has not been attacked by dissolution.

Future measurements obtained from the hydrologic test programs and

analyses of the test data will be used to refine bounding calculations,

such as estimates of groundwater travel times, and to provide a more

detailed description of the physical system and system dynamics. The use

of computer models as predictive tools is expected to be closely

coordinated with timely observations from an established monitoring

network. The predictive results and the real time measurements will aid

in the continued assesment of repository isolation from dissolution and

groundwater circulation. The retardation of radioisotopes within the

hydrologic system (Chapter 9.3), when coupled with the hydrologic model,
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will allow realistic calculations of radioisotope transport for

postulated failure scenarios.

GEOCHEMISTRY (Chapter 7)

Chapter 7 of this WIPP Geological Characterization Report discusses

geochemical properties of geologic materials from Southeastern New

Mexico. Geochemistry includes accounts of mineralogy and petrology of

evaporites and the associated non-evaporites, volatile constituents of

the Salado Formation, fluid inclusions in evaporite minerals, ground

water chemistry, and age-dating of evaporites and ground waters.

Megascopic, microscopic and x-ray diffraction examination of the Permian

(Ochoan) evaporite section showed the three most common minerals of the

Salado Formation to be halite, anhydrite and polyhalite. In addition,

there are the potassic and magnesic minerals sylvite, kainite, kieserite,

langbeinite, loeweite and bloedite in the McNutt Potash Zone of the

Salado Formation. Marker beds throughout the Salado Formation (mostly

anhydrite and polyhalite) occur at intervals of a few tens of meters, are

on the order of 10 to 100 an thick, and are laterally traceable in core

holes adjacent to the center of this investigation. The McNutt Potash

Zone varies laterally in mineralogy, and contaLins "clay partings"

typically at the top of each individual ore zone. Silicate minerals in

the Salado Formation are quartz, illite, feldspar, chlorite, talc,

serpentine, and several varieties of expandable clay, including saponite,

illite-saponite and chiorite-saponite. In rock salt, the contribution of

silicates is 0.004 to 2.5 weight percent in the lower part of the Salado

(>2400 ft. depth in ERDA No. 9), 0.009 to 5 weight percent in the middle

Salado (2000 - 2400 ft. depth), and 0.003 to 21% in the McNutt Potash

Zone (above 1,650 ft. depth).

Petrographic textures reveal that significant portions of the evaporites

have preserved their original depositional textures, indicating no
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post-depositional recrystallization or other sorts of alteration. Other

portions have undergone extensive recrystallization to non-primary

evaporite minerals such as sylvite and polyhalite, which do not

precipitate from sea water in normal evaporation. Textures of bedded

anhydrite in the Castile Formation below the Salado Formation show a

finely laminated arrangement of evaporite and detrital materials in

alternating laminae, implying an original depositional. form.

Petrographic relationships of minerals in the McNutt Potash Zone show

that at no time were these minerals in equilibrium with a solution only

of sodium chloride, also precluding the possibility of large incursions

of surface-derived water in the geologic past.

Amounts and compositions of volatile constituents in the evaporite

minerals were determined by heating rock samples to 6000C, recording

mass loss, and in some cases analyzing the effluent in a gas

chromatograph/mass spectrometer. Except for samples rich in hydrous

minerals (polyhalites, clay partings, potash zones), the vast majority of

rock salt contains less than 0.5 weight percent total volatiles.

The most abundant volatile constituent in that 0.5% or less is water.

Next most abundant is nitrogen, followed by CO 2'Traces of

hydrocarbons and fluorides from drilling operations were detected as

contaminants in the core.

In addition to fluid inclusions in halite, (see below), the minerals

thought to be sources of volatiles in the Salado Formation include clays

and polyhalite, and traces of gypsum, magnesite, carnallite, celestite,

glauconite, and kainite. The typical volatile content in Salado salt is

3 to 30 times less than that in the Hutchinson (Kansas) rock salt. An

additional contributor to the less than 0.5 total weight percent may be

traces of hydrated iron oxides, which account for the red-orange to

red-violet colors in some accumulations of polyhalite, sylvite,

carnallite and halite in the evaporite section.
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Fluid inclusions have been studied in core samples from nineteen horizons
above and below the levels of the proposed repository in Salado salt

beds. The techniques used include mainly petrography, freezing stage,

heating stage, crushing stage and decrepitation tests. The purpose was

to determine those inclusion parameters that might be pertinent to an

understanding of the origin and geological history of these salt beds.

Four general types of inclusions were found in these samples: type A -

extremely abundant but minute primary liquid inclusions, with or without

a tiny vacuum bubble, outlining primary growth features; type B - much

larger liquid inclusions, trapped during several stages of

recrystallization of the primary salt, some with a small vacuum bubble
and/or unidentified daughter crystals; type C - scarce large liquid

inclusions with large and variable gas bubbles under pressure, presumably

from fracturing and refilling of type B inclusions; and type D - empty

(i.e., gas) inclusions, found principally along grain boundaries, that

have leaked and hence have lost their liquid contents.

The total weight percent of liquid as fluid inclusions in these 19

samples, as measured, ranged from 0.1 to 1.7%, miostly as type B

inclusions; the amount of liquid in these same samples in situ was

larger, since many of the largest inclusions, that are the major

contributors to the total percentage, and the intergranular fluids, have

been drained during the boring and sample preparation. The temperatures

at which these inclusions were trapped were generally in the range of!'v)25-450C. The brines in them are never simple saturated NaCl solutions,

or even NaCl-KCl solutions; freezing temperatures indicate that they must

contain considerable amounts of other ions such as Mg and Ca.

When the host crystal is uniaxially stressed, the geometries of the

inclusion walls show visible changes within several minutes, possibly due

to solution and redeposition, as well as deformation. Internal

fracturing of the inclusion walls, but generally without leakage, occurs

* on freezing.
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The distribution of primary type A inclusions provides evidence that they

have not moved visibly (i.e., less than a few micrometers at most) in

that fraction of the 225 million years between original deposition and

the present that these samples have been in the small but finite

normal-geothermal gradient.

Subsurface samples of water from various rock types in the Delaware Basin

of Southeastern New Mexico and West Texas have been analyzed for their

solute contents and 18 0/16 0 and D/H ratios. Saturated brines (total

dissolved solids greater than 300,000 mg/l) were found in one well in the

Bell Canyon Formation, two wells in the Castile and in potash mine seeps

in the Salado. According to Cl/Br ratios (between 430 and 900), all the

waters have derived their dominant solute (NaCl) from nearby rocks.

Potash mine seeps and saline Capitan waters contain solutes corresponding

to common primary evaporite mineral assemblages, (halite-anhydrite-

kainite-carnallite-bischofite) indicative of simple uptake of dissolved

solids. Bell Canyon and Morrow brines contain less magnesium but more

calcium than primary evaporite assemblages, and have participated in ion

exchange reactions. Stable isotope measurements indicate that Santa(~Y'josa, Rustler and Capitan waters are meteoric, while Salado, Bell Canyon,

10orrow and one of the Castile waters (ERDA No. 6) have undergone episodes

of low-temperature isotopic exchange with oxygen- and hydrogen-bearing

minerals. Isotopically the Carlsbad Caverns hydrologic system is unique

to the Guadalupe Mountains, unrelated to the Delaware Basin as a whole.

The ERDA No. 6 occurrence of saturated NaCl-Na 2 so 4 brine and

H 2 -rich gas (55% C0 2 , 28% H 2SI 15% CE 4, 1.5% N 2 and 0.5%

C 2H 6 by weight) in the Castile represents a biogenically-produced

sulfide-sulfate disequilibrium. The brine's Na SO4 content may have

arisen by rock/fluid ion exchange involving a replacement of magnesium by

sodium in the solution. None of the saline groundwaters were found to be

original evaporite mother-liquors or products of partial evaporation.

Rb-Sr geochronologic study of the bedded salt deposits from the Salado

Formation has been undertaken to age date the last episode of evaporite
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crystallization or recrystallization, and to test their feasibility for

alkali and alkaline earth retention.

Whole rock samples (i.e., water soluble plus insoluble material) are

typically unsuited for Rb-Sr isochron work due to the low Rb/Sr ratio;

however, several of these samples do indicate the R 0(i.e.,
87Sr/ 86Sr at T=O) value to be about 0.708, thus indicating that large

amounts of brine, typically enriched in 87Sr, have not been generated
in the sample area since evaporite formation some 235 + 10 m.y. ago.

The water soluble fraction of evaporite samples Yields an apparent

isochron date of 206 m.y. with R 0= 0.7084 while clay minerals (less

than two micron size) yield 325 m.y. with R 0= 0.7123. A composite of
the water soluble fractions and clay minerals yields a date of 204 m.y.

with R 0= 0.7137. This 204 m.y. date is interpreted as a minimum date

due to the high R 0value; but it does suffice to indicate that the

evaporite-clay mineral assemblages apparently halve remained closed to. widespread alkali-alkaline earth migration since about the time the

evaporites were formed.

Regional exploration of bedded salt for a radioactive waste repository in
the Delaware Basin included boreholes into the evaporites and associated

rocks. One such hole, ERDA No. 6, encountered an accumulation of

saturated NaCl-Na 2 So04 brine accompanied by H 2 S-ihgas. This
/ ~ fluid and fluids fran other boreholes elsewhere in the area have been

chaacerze geochemically according to solute content, 18 0/160an

D/H ratios and natural actinide content. Deviations frcin the equilibrium

24U/ 28U activity ratio (ae) of 1.0 were found irk all water samples.
These deviations are used to affirm the isolation of ERDA No. 6 and to

establish bounds on the age of the ERDA No. 6 fluid.

A mathematical model for the age of ERDA No. 6 water intrusion was
formulated in terms of the following variables: initial az -value 0
of the brine precursor waters, zero order kinetic! rate constants of

leaching of 234Th and 238 Ufrom the rocks, and degree of leaching of
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23 hfrom the rocks. The model allows calculation of ca-values of

brines as a function of time, leach rate and a0 . Various combinations

of a 0 Is, leach fractions and leach rates indicate that the leach rate

must be low. If no leaching is assumed and the a 0 is the highest

known a from the nearby Capitan Reef (a 0 = 5.2 at present), the fluid

is older than 880,000 years. ERDA No. 6 brine has undergone more

profound rock/fluid interactions, reflected in its solutes and stable

isotopes, compared with younger meteoric Capitan waters.

The geochemistry of the proposed WIPP site shows that the mineralogy of

most of the rock salt is relatively simple. The evaporites have been

recrystallized, resulting in some mineral assemblages different from

those precipitated from original sea-water-like solutions at one time

present in the Delaware Basin. The last episode of such

recrystallization took place more than 204 million years ago. The

recrystallization resulted in evaporite mineral assemblages which

apparently have reached thermodynamic equilibrium. The nature,

distribution, geochronology and composition of fluid inclusions, clay

minerals, and isolated accumulations of aqueous solutions in the

,~evaporites show no evidence of movement of surface-derived water through

the WIPP evaporites (at depths greater than 1000 feet) since their

deposition in the Permian Period.

RESOURCES (Chapter 8)

Potash salts and natural gas are the two resources of economic

significance under the WIPP site. Other minerals present are halite

(salt), gypsum, and caliche, but deposits of similar (if not better)

quality exist in the surrounding areas. Other economic minerals and

elements, including lithium, uranium, sulfur and metalliferous deposits,

could exist in a geologic setting like that of the WIPP, but none appears

to be present.

Potassium salts occur in a variety of mineral types, but only sylvite

(KCl) and langbeinite (K2M 2 (S0 4 ) 3) are mined in the Carlsbad
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* Potash Mining District, which is the largest domestic source of potash,
accounting for approximately 80% of U.S. production. The U.S. is a net
importer of potassic fertilizers. The U.S. Bureau of Mines has judged
that a langbeinite deposit located in the northeast quadrant of the WIPP
site could be profitably mined using today's technology at the current

market price for the refined product. The deposit extends beyond the
bounds of the WIPP site, but about 49 million tons of langbeinite

averaging on the order of 9% K 20, lie inside the WIPP withdrawal area.

Several deposits of sylvite are present, but none meet today's economic
conditions; to meet them would require the market price for refined

sylvite to increase from $43 to $52 or more per ton.

Natural gas accompanied with some distillate and oil with associated gas
are being produced f ron various beds in the Delaware Basin. One
particular formation, the Morrow of Pennsylvanian, age, is a consistent

producer in this region, and the exploration risk ("wildcatting") is
justifiable in much of the western half of the site. About 37 billion. cubic feet of natural gas accompanied by about 0.5 million barrels of
distillate are estimated to be economically recoverable from beneath the

WIPP site.

The studies also included estimation of total resources under the site,
not just the resources that could be considered economic today. The U.S.

Geological Survey estimates that there are 353.3 million tons of sylvite
and langbeinite mineralization under the WIPP site of sufficient quality

to require competitive bidding for mineral rights. The WIPP site

accounts for about 7% of the potash resources that the USGS believes to

be present in the Carlsbad area. Langbeinite is probably the most

significant mineral resource under the WIPP site. It is a specialized

agricultural fertilizer that finds its use on crops that need potassium
but cannot tolerate additional chlorine. Langbeinite adds potassium but

is a sulfate. Southeast New Mexico is the only economic source for this
particular mineral in the free world. Langbeinite equivalent is produced. from potassium and magnesium sulfates f rom brine lakes. A report is in
preparation for DOE which will estimate the fraction of the Carlsbad

district's langbeinite resources within the WIPP site.
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The New Mexico Bureau of Mines and Mineral Resources studied a large area

surrounding the site area, and in its judgement the total hydrocarbon

resource in that area is 37.5 million barrels of crude oil, 490 billion

cubic feet of natural gas, and 7.33 million barrels of distillate. While

these are large quantities, they represent only about 1% of the

hydrocarbon resources for southeast New Mexico.

SPECIAL STUDIES OF REPOSITORY ROCKS (Chapter 9)

Special studies are being conducted to address issues of particular

interest because the site is being evaluated for the isolation of

radioactive wastes. Rocks from the WIPP site were tested in four broad

areas: (1) petrography (2) physical properties (density, moisture

content, resistivity), (3) thermo-mechanical properties (quasi-static and

creep parameters), and 4) radionuclide sorption. Because of a scarcity

of core, only those tests deemed necessary for early design were

conducted. Testing at specified temperature and creep rates is

continuing.

Physical properties representative of rock salt found in the WIPP

horizons are summarized in the following table:

Property Average Value* (Range)

Density 2.18 grams/cm 3

C;! Porosity 0.5 percent (0.1-0.8)

Moisture Loss to 3000C 0.4 weight per cent (0-1.0)

Resistivity 58,100 ohm-meters (4,900-230,000)

Gas Permeability <0.05 x 106 darcy

Compressional Wave 4.5 km/sec (4.42-4.62)

Velocity

Thermal Conductivity 5.75 w/m K

*Except for moisture loss, values are given at 250C
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Rock salt properties are both time and temperature dependent; as a

result, mechanical properties must be generated at a specific loading

rate and temperature. Parameters defining the mechanical behavior at

different load conditions must be inferred with considerable caution and

with proper regard for the time dependent nature of the material.

Quasi-static experiments were carried out at particular loading rates,

e.g. 30 psi/min.

Quasi-staticProperties of WIPP Rock Salt at: 23 o

Unconfined Strength 2,450 to 3,700 psi

Secant Modulus 2 X 10 6 psi

Principal Strain Ratio 0.25-0.315

Strain at failure:

confining pressure strain at failure

0 psi 2.5ý-6.0%

500 psi 17-20%

3,000 psi > 2ý0%

Tensile Strength 220 psi

Initial Yield Stress (a 1- aý ) 100 psi

Preliminary Creep Properties

Steady State Creep Rate(

At 230 C: (Ga - G 3 )=lOO0psi = 10-10 sec- 1

At130 0 C:(a I- aT )=2000psi = 10-7 se-1

Results analyzed to date indicate that WIPP salt may undergo both

transient and steady-state creep. However the latter is a tentative. observation as occurrence of steady-state creep is uncommon. Indeed, if

steady state creep occurs under loading conditions expected in the WIPP,
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design calculations should consider creep in detail. This Most likely

will be of concern if elevated temperatures are involved. Although

present considerations of steady-state creep are incomplete, it appears

that steady-state creep rates range from 10-1 to 107 /sec. The

transient creep results indicate that pressure, principal stress

difference and temperatures are strongly coupled. Furthermore, of these

three, temperature appears to have the most dramatic effect on the creep

rate.

Data from the petrographic and physical properties studies show the WIPP

horizon rock salt has low moisture content (less than 0.5%), is

essentially impermeable (less than 5 x 08darcy) and has a high

thermal conductivity (about 5.75 watts/n0 K). These properties, along

with the studies of fabric and fracture, indicate that this rock salt is

ideally suited from a physical standpoint for the storage of heat

producing radioactive wastes.

It has been shown that rock salt can experience large creep strains

(greater than 25%) prior to loss of load bearing capacity. Gradual creep

is an acceptable feature in the design of underground openings in rock

salt as it allows the structure to close without a reduction in bearing

J~strength. As long as allowances for creep are incorporated into design

and the shape of the opening does not create large shear stresses, the

WIPP rock salt can be expected to sustain stable openings.

A survey of the potential of geological media frcm the vicinity of the

WIPP site in southeastern New Mexico for retardation of radionuclide

migration in an aqueous carrier was conducted. The survey included the

measurement of sorption coefficients (Kd) for twelve radionuclides

between three natural water simulants and ten samples from various

geological strata.

The nuclides included 17Cs, 85Sr, I3 , 99Tc, 15Sb, 14Ce, 12Eu,

13Gd, 16Ru, 23Am, 24Cm, and 28Pu. The compositions of the
simulant solutions were those expected of water in contact with halite



1-37

deposits in the area and in a typical groundwater found in the Delaware

Basin. The geological samples were obtained from potential aquifers

above and below the proposed repository horizons and from bedded salt

deposits in the repository horizons.

In brine solutions, Tc and I were not significantly adsorbed by any of

the minerals and Cs and Sr showed minimal adsorption (Kd's < 1). The

lanthanide and actinide Kd's were typically > 10 3and Ru and Sb Kd's
3varied in the range of 25 to >10 .In the groundwater simulant, Tc

and I showed the same behavior, but the Rd's of the other nuclides were

generally higher.

Some initial parametric studies involving pH, trace organic constituents

in the simulant solutions, and radionuclide concentrations were carried

out. Differences in the observed Kd's can result from varying one or

more of these solution parameters.

The WIPP site rocks, including rock salt, show an affinity for

radionuclide sorption (K d> 0). Even small values of R d (O<K d <J)

are effective in retarding the movement of radionuclides in groundwaters.

It is not anticipated that results of these special studies will be

pivotal in site selection; rather, they are being performed to provide

additional confidence in geologic isolation in bedded salt.

1/ CONTINUING STUDIES (Chapter 10)

Although much detailed information has been reported here as a result of

site selection and characterization, there remain a number of programs

which have not come to completion, or in some cases, have not begun.

These pending programs are aimed at refining and supplementing

information gathered to increase the confidence to be placed in factors

relating to site selection. Furthermore, somne kinds of information

remain to be gathered to support laboratory and in-situ experiments and

long-term safety assessment.
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In regional geology, paleoclimatic studies based on detailed geologic

mapping, geomorphology studies, microfossils, and age-dating are planned

to provide a history of past climatic changes and to help assess the

possible effects of future changes. Tectonic studies, involving

examination of LANDSAT photos and accompanying field evaluation,

first-order levelling surveys, and seismic monitoring of structural

features adjacent to the Delaware Basin will continue to provide an

account of the dynamic forces which might affect the Basin.

Continuing studies in site geology are aimed at expanding the details of

site characterization for the purpose of refining site-specific safety

assessment modeling scenarios for the repository. Geologic mapping is

being undertaken to establish the local geomorphologic stability. High

resolution aeramagnetic surveys will be implemented to provide greater

confidence that possible geologic anomalies such as breccia pipes and

igneous dikes have been identified and may be examined and sampled in

detail.

Seismological studies will continue to document and evaluate the

seismicity of the region due to various sources (mining, secondary

hydrocarbon recovery, tectonic activity). The data will assure the

appropriate seismic risk has been assumed in facility design and will

fA ~urther the safety assessment in general.

Hydrological studies will continue to expand the area around the site for

which the groundwater behavior is characterized. In addition to

hydrologic monitoring points near site center and periphery, a system of

points will be established in nearby Nash Draw to evaluate the

relationships among groundwater movement, evaporite dissolution and

resulting subsidence. Also, investigations of "breccia pipes" will be

undertaken to improve our understanding of why, how and when these

features developed. The hydrologic monitoring system will provide the

basis for development of a regional groundwater model to be used in

safety assessment, and will be evaluated as a monitoring tool for

repository-induced changes in the groundwater system.
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Continuing studies in geochemistry are designed to support other

investigations (such as the examination of dissolution products), provide

detailed characterization of geologic materials to be used in in-situ and

laboratory experimental programs (such as waste-rock interactions) and to

contribute towards our understanding of the nature of Ochoan evaporites

in general. These studies include mineralogy, petrology, volatile and

fluid inclusion analyses, major, minor and trace element analyses in

rocks and fluids, age-dating, stable isotopes, and examination of

dike-evaporite interactions as a partial analogue of waste-evaporite

interactions.

There are no continuing studies of resources planned at the WIPP site.

Continuing special studies of rock properties include long-term creep

analyses in various temperature regimes, micromechanics of rock

deformation, migration of volatiles, and mechanistic studies of

radionuclide sorption on rocks. Sone of these special studies are

* designed to provide an understanding about differences in mineralogy,

grain size, volatile content and rock fabric which are to be found at

different in-situ test horizons. The physical properties of the various

horizons will be examined with these variations in mind. Non-salt

horizons, which may be significant in the development of refined models

for calculation of repository effects, will also be tested.

Continuing studies of radionuclide sorption include measurements of

dynamic sorption from fluids flowing through columins of WIPP rocks in

laboratory environments. In addition, parametric studies will continue

to determine changes in sorption which accompany changes in mineralogy,

pH, oxidation state, radionuclide concentration, and concentrations of

organic contaminants. The rates at which sorptiLon takes place and the

differences between the processes of sorption and desorption will be

investigated.





GCR CHAPTER 2

INTRODUCTION

The purpose of this chapter is to provide introductory information

concerning the function of the WIPP and to discuss the site selection

criteria and factors affecting the criteria; the criteria and factors are

specific to the WIPP and to the Delaware Basin of southeastern New

Mexico. In addition, sane of the site exploration techniques are briefly

mentioned here as background to further discussion of geological

characterization.

2.1 THE PURPOSE OF WIPP

The purpose of the WIPP should be understood clearly as it is distinct

from that of several other projects for the disposal of radioactive

waste. The WIPP will demonstrate disposal technology for the transuranic

(TRU) waste resulting from this nation's defense programs of over 30

years. After a period (5-10 years) of limited (pilot) operation it is

anticipated that the WIPP will be converted to a full-scale repository

for permanent disposal of defense TRU waste. Secondly, the WIPP is to

provide a research facility to examine, on a :large scale, the

interactions between bedded salt and high-level radioactive waste. These

interactions will involve physical and chemical phenomena resulting from

thermal and radiation fluxes. A DOE Task Force (DOE/ER-0004/D, 1978) has

recommended that WIPP also be used to demonstrate surface and subsurface

(bit) methods of handling, storing and disposing of up to 1,000 canisters of

spent reactor fuel; however, a decision on this recommendation has not

been made at this time.

If the site is accepted by the DOE, the schedule calls for the initiation

of facility construction in 1981; completion is5 to be about 1985, and the

first waste to be accepted in 1986. The conceptual design of facilities

is complete. The Draft Environmental Impact Statement and this

Geological Characterization Report for DOE are presently scheduled for

completion in late 1978. DOE has expressed an intent to request
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licensing of the WIPP by the Nuclear Regulatory Commission (NRC), but

this policy is presently under discussion between the DOE and Congress.

2.2 PURPOSE OF GEOLOGICAL CHARACTERIZATION REPORT (GCR)

The purpose of the GCR is to provide an account of the known geotechnical

information considered relevant to site selection (see Section 2.3) for

the proposed WIPP site. The GCR presents background information as well

as information regarding factors related to selection criteria; for the

most part, specific judgements regarding the suitability of the site are

not made. Those judgements and recommendations are the function of other

processes and documents. The GCR is neither a Preliminary Safety

Analysis Report nor an Environmental Impact Statement; these documents,

when prepared, should be consulted for appropriate discussion of safety

analysis and environmental impact. The GCR is intended as a source

document on the geology of the WIPP site for individuals, groups, or

agencies seeking basic information. Therefore, rather extensive

reference lists of reports and documents are provided at the end of

chapters for the reader who may desire extended detail concerning

particular geotechnical subjects discussed in this report. The GCR is

not intended to present primary source material, and the instances of

01N reporting original data or information in this document 
have been limited.

2.3 SITE SELECTION

Within this document, *site selection" primarily refers to the activities

whereby the Los Medanos (or other) area is evaluated, on geotechnical

grounds, as to whether it is an acceptable location for the WIPP.

"Preliminary site selection" may be used here or elsewhere as a

description of the activities which result in selecting a site for

characterization; the characterization of such a site establishes

technical grounds for the more specific site location of the WIPP. "Site

selection" has also been described as that action which results when all

technical aspects of establishing a repository site have been satisfied.

For the WIPP studies, this latter action is termed "site confirmation";
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the criteria for "site confirmation," which means conversion to a

repository, will in part be developed through operation of the WIPP as a

demonstration facility. Because of unforeseen geological occurrences or

enhanced understanding of geological processes, final satisfaction

regarding the geological suitability of the site for a repository may not

develop until significant portions of the underground workings are

explored and studies of geological processes finished. Site selection

here refers to the position that most, if not all, of the extant

geological characteristics are favorable to the WIPP; the rates of some

geological processes may require further examination to reduce that

uncertainty with regard to specific detailed effects on a repository.

Site selection for the WIPP is not to be interpreted as a guarantee that

a repository will be established.

2.3.1 History of WIPP Site Selection Effort.

The sequence of events which has culminated in the WIPP site selection

activities in the Delaware Basin of southeast New Mexico began in 1955

when the Atomic Energy Commission (ABC) requested the National Academy of

Science (NAB) to examine the issue of permanent disposal of radioactive

wastes. The Academy's Committee on Waste Management issued a report

(NAB/NRC Report) in 1957 in which they stated, "The most promising method

of disposal of high-level waste at the present time seems to be in salt

deposits." This recommendation initiated several years of research,

directed by Oak Ridge National Laboratory (ORNL), on the phenomenaK f4~ )associated with disposal of radioactive waste in salt. In 1961 (NAB/NRC

Meeting Minutes, December, 1961), the NAB waste management committee

reaffirmed its position on the use of salt beds for disposal commenting

that "Experience both in the field and in the laboratory on the disposal

of wastes in salt have been very productive and well conceived; plans for

the future are very promising." Pierce and Rich (1962) reported on salt

deposits in the United States that might be suitable for disposal of

radioactive wastes. The Delaware Basin was one of these areas

discussed. The ORNL research was expanded to include a large-scale field

program in which simulated waste (irradiated fuel elements), supplemented
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by electric heaters, was placed in salt beds for observation of the

resulting phenomena. This experiment, called Project Salt Vault

(Bradshaw and McClain, 1971), was conducted in an existing salt mine at

Lyons, Kansas, from 1963 to 1967. Results from this program were

favorable, and no unacceptable phenomena occurred which would rule out

salt as a repository medium. The NAS committee again reviewed and

endorsed the NAS position regarding disposal in salt (NAS/NRC Report,

1966). In June, 1970, the Lyons site was tentatively selected by the AEC

as the location for a radioactive waste repository. The concept and

location were conditionally endorsed by the NAS committee in November,

1970 (NAS/NRC, 1970). Conceptual design for a facility accommodating

both transuranic (TRU) and high-level waste (HLW) was completed in 1971.

During 1971, as plans for the repository proceeded, two technical

problems arose. The first involved the presence of a large number of

existing boreholes in the vicinity of the repository which penetrated

through the salt beds into underlying aquifers. There was concern that

not all these holes could be adequately plugged and that not all such

drill holes were on record and identified. This prospect meant that

borehole dissolutioning and eventual breaching of the repository could

not be ruled out. The second concern related to the solution mining

being carried on by the American Salt Mining Company about three miles

IAJ from the proposed repository but only 1700 feet from an extension of the

Carey Salt Mine which was to contain the repository. The revelation that

large volumes of water were unaccountably "lost" in the hydraulic

fracturing and solution mining was regarded as illustrating a mechanism

threatening to the repository site. This site was opposed by the

Director of the Kansas Geologic Survey and political opposition within

the state increased. By early 1972, the proposal for a repository at

Lyons was abandoned and a much expanded search for a suitable repository

site was commenced. Other potential sites in the state were identified

by the Kansas Geological Survey, and the United States Geological Survey

(USGS) examined potential salt sites in other areas of the United States.

After a nationwide search for a suitable repository site (Pierce and

Rich, 1962; Anderson et al., 1973; Bachman and Johnson, 1973; Hite and
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Lohman, 1973; Jones et al., 1973; Mytton, 1973; Ekren et al., 1974), the
USGS and ORNL selected the Permian Basin in New Mexico as best satisfying

their site selection guidelines. Four locations within this area were

examined in more detail (Brokaw et al, 1972; Jones et al, 1973; Jones,
1974a; Jones, 1974b), and a location in the Lc's Medanos area, about 30
miles east of Carlsbad, New Mexico, was chosen for exploratory work. One
of the most restrictive site selection criteria, primarily because of the

Lyons experience, was avoidance of drill holes penetrating through the

salt within two miles of the repository border. This criterion caused

the potential site to be shifted twice within the Los Medanos area as

oil/gas wells were drilled in the vicinity. The eventual site selected

by QRNL was located on the Eddy-Lea county line, 30 miles due east of

Carlsbad, New Mexico.

Field investigations began at this site in March, 1974, with the drilling

of core holes AEC 7 (3,918 feet deep) and AEC 83 (3,028 feet deep) at the
northeast and southwest corners of the 1 1/2 b, 2 mile rectangular site.

The data from these holes was considered satisfactory by ORNL, but0 further work at the site was suspended in May, 1974. This suspension was
due in part to a shift in ABCJ waste management emphasis to retrievable

surface storage facilities (RSSF) and in part to a reluctance at the

commission level to ask for land withdrawal to set aside the necessary

area for the repository and its protective "buffer" zones.

Sandia received program funding to continue field investigations in
southeastern New Mexico on March 31, 1975. Geologic investigations

resumed at the ORNL site in May, 1975. Extensive review sessions with

ORNL and the USGS covered past efforts in site selection. Studies

conducted by the USGS and ORNL consultants on regional geology,

seismicity, hydrology and solutioning of salt were re-evaluated. Sandia

concurred that the northern Delaware Basin seemed appropriate for siting

a waste repository.

In the opinions of both ORNL and USGS, the two core holes, AEC 7 and 8,0 indicated acceptable subsurface geology at the ORNL site. The first
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Sandia task, therefore, was to confirm this by additional drilling and

geophysical investigations. Core hole ERDA 6 was initiated in May, 197,5,

at the northwest corner of the ORNL site. ERDA 6 encountered unexpected

subsurface geology. Formation contacts were much higher than

anticipated, and salt and anhydrite beds exhibited severe distortion with

dips up to 75 degrees. Sections of the upper Castile Formation were

missing, and the fractured anhydrite encountered at a depth of 2710 feet

contained a pocket of pressurized brine. The unpredictability of the

detailed geology at this site was not compatible with Sandia requirements

for the pilot plant; therefore, site selection activities were expanded.

Reconsideration of site selection guidelines in light of the results of

continuing studies and exploration in southeast New Mexico led to the

adoption of additional guidelines and some modification of the original

guidelines. Evaluation of oil company seismic and drilling data and the

resultant structural contours on the Castile Formation confirmed

deformation of Castile salt beds in a band about five miles wide

paralleling the Capitan Reef front. Since this deformation and the

distortion of the geologic units encountered in ERDA 6 was believed due

to gravity-induced buckling of salt beds abutting against the Capitan

Reef, an additional site selection factor was established requiring a

site area to be at least six miles from the reef front.

_.'The proximity of boreholes penetrating the salt formations, another site

selection criterion, was re-evaluated during this period. Analytical

studies and field research conducted for ORNL after the Lyons, Kansas,

borehole problems allowed a more quantitative judgement (Snow and Chang,

1975; Walters, 1975). In the Los Medanos area, a requirement to separate

the repository from boreholes penetrating through the salt by one mile

seemed quite conservative and was adopted. This buffer would assure more

than a quarter million years of isolation using very conservative flow

assumptions. While improved borehole plugging and study of the

consequences of an unplugged hole may make such holes acceptable even

closer to the repository, neither has yet been demonstrated.
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The New Mexico portion of the Delaware Basin -was re-examined by both the

USGS and Sandia in late 1975. On November 14, 1975, the USGS recommended

an area about seven miles southwest of the ORNL site for further

examination. Sandia had independently selected the same area as showing

the most promise for a repository site. Considerable geologic data were

available in this region from oil/gas wells and fromi shallow drill holes

used to explore for potash. In a regional study, the USGS found that

initial dissolution of Salado salt, the formation of interest, was

sufficiently distant from the proposed site that dissolution would pose

little, if any, threat to the WIPP. The three-square mile repository

could be located to avoid the known potash area (KPA) and to be at least

one mile from all boreholes penetrating through the salt. No private

(fee) land and less than three sections of state land were present in the

potential withdrawal area. A stratigraphic core hole, ERDA 9, was

started in parallel with geophysical studies of the area. ERDA 9,

drilled in the center of the area under study, revealed the expected

geology and indicated the desired flat bedding (dips are about 75

feet/mile). Physical properties of the salt beds were found to be

satisfactory; beds at depths of about 2100 and 2600 feet were selected as

appropriate for TRU and heat-generating wastes respectively.

Consequently, an extensive program of site evaluation and laboratory

investigation was begun and is continuing as of the date of this report

(August, 1978). Sufficient information has now been developed to allow

the site to be adequately characterized for site selection purposes.

2.3.2 General Location and Land Requirements of WIPP Facility

Figure 2-1 shows the general location of the Los Medanos site within the

regional geographic setting. The nearest town. is Loving, New Mexico,

(population about 1100) 18 miles west-southwest of the site. Carlsbad,

New Mexico, (population about 25,000) is 26 miles west of the site, and

Carlsbad Caverns National Park is about 40 miles to the southwest.

Figure 2-2 is a diagram of the WIPP site showing proposed land use

controls around the limits of the underground facilities (Zone II).
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Engineering studies had indicated that approximately 3 square miles were

desired for ultim~ate development of underground facilities at the WIPP

site, necessitating the restriction of land use within an equivalent area

of land at ground surface. Administrative control of additional land

(Table 2-1) will also be required beyond the boundary of the excavated

area to protect the repository: a mile-wide restricted zone around the

repository in which, for the present, no underground mining, excavation,

or through-going boreholes will be considered (Zone III); and an

additional mile-wide buffer zone in which limited (i.e. subject to

control and regulation by DOE) underground mining and deep drilling will

be allowed (Zone IV). "Hydrof racing" and other injection methods of

hydrocarbon recovery, and any kind of solution mining, would be

prohibited. This zonation is shown in Figure 2-2, (which also indicates

the corresponding total acreage of restricted land needed for the WIPP

site). On the surface, only the plant site itself (Zone I) will exclude

land access.

The irregular pattern of the outer boundary of the WIPP site (Figure 2-2)

originated from a desire to conform to the Bureau of Land Management's

(ELM) land subdivision system and to exclude private land and producing

wells. The WIPP program plan calls for the entire area within this

boundary to be brought under control of the DOE. The inner boundaries

that define restricted areas are polygonal, designed to minimize the area

to be withdrawn while achieving optimum conformance to the siting

criteria.

2.3.3 General Considerations and Requirements of Underground

Storage Facilities for Radioactive Waste

Neglecting consideration of surface restrictions and land use conflicts

for the purposes of this report, geotechnical siting requirements for an

underground radioactive waste repository are ultimately determined by:

1) the physical (including thermal), chemical and radioactive

interactions between the waste and the surrounding media, 2) the type of

rock chosen in which to place the repository, and 3) the level of
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assurance desired against failure of the containment. While WIPP is

anticipated to be a repository for defense transuranic waste, Sandia was

also requested to consider possible future options for high-level waste

in its site selection studies of bedded salt in the Delaware Basin. For

WIPP, the desired goal is complete isolation of waste with negligible

consequence in the event of containment failure for the total duration of

time in which the radioactivity of the waste could constitute a potential

hazard to the biosphere or humans in general.

These unprecedented long storage requirements, which embrace a small but

significant interval of geologic time, call for a careful

characterization of long-term hydrologic, geologic and climatic

processes, potentially affecting stability and survival of the

underground facility, in order that appropriate siting criteria may be

specified. These and other considerations in the long-term management of

radioactive wastes have been defined and discussed in QRNL reports by

Gera and Jacobs (1972) where they identify geologic processes relevant to

waste disposal and discuss the suitability of various geologic media for

radioactive waste storage. Claiborne and Gera (1974) describe and

evaluate potential mechanisms of containment failure and of hydrologic

release of contaminants from the bedded salt deposits in the southeastern

New Mexico area. The conclusions and recommendation of these studies,

which are not repeated here, have been utilized as guidelines in

formulating siting criteria employed in the selection of candidate site

locations in the Delaware Basin area of southeastern New Mexico.

Regarding the overall danger of contamination from properly sited

underground waste storage facilities, however, it is appropriate for

proper perspective to repeat the observation of Claiborne and Gera (1974,

p.4) that

"the conditions required for a serious release of activity to the
biosphere from a repository in bedded salt tend to approach the
bizarre and have considerably less credibility than the 'maximum
credible accident' assumed for nuclear power plant safety analyses."
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2.3.4 Initial Screening Criteria and Selection of the Original (ORNL)

Site in the Delaware Basin

Preliminary site screening studies for an underground waste isolation

storage facility in the Delaware Basin were initiated jointly in 1972 by

ORNL and the USGS for the AEC. Guidelines developed at that time were

mostly contained in the pRNL report by Gera and Jacobs (1972) and in

ORNL-TM-4219, which, however, did not address conditions in the

southeastern New Mexico area specifically. Geologic information was

assembled by the USGS for use in evaluating the suitability of various

areas in the Delaware Basin for disposal of radioactive wastes; this

information appeared in open-file form in the report by Brokaw, et al.

(1972). Additional data by Bachmnan, et al. (1972) appeared as an ORNL

report.

Large-scale (Stage I) site screening criteria (ORNL-TM-4219) were

developed and were employed in an initial selection of a site at the

Lea-Eddy County boundary, about 7 miles northeast of the present WIPP

site. In addition to the usual geologic standards some technical

criteria which were applied by ORNL were as follows (Griswold, 1977,

p.12):

A two-mile radius from any boring through the Ochoan evaporites down

in to the Delaware, or-deeper formations.

Noactive mining within five miles.

Salt of high purity at depths of less than 3,000 ft.

A minimum depth to suitable salt of 1,000 ft.

Avoidance of obvious mineral resources to the extent possible.

The maximum depth indicated was solely a mine engineering criterion

dictated by the viscous flow potential of salt at pressures exerted by

the lithostatic loading and at temperatures imposed by the expected

geothermal gradient coupled with the maximum thermal flux of the stored

waste; the minimum depth was that considered adequate to insure against

disinterment by erosion.
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Figure 2-3 shows the results of this initial screening process. A

two-mile radius from deep wells proved to be the most restrictive

criterion; on the figure the shaded areas indicate land, more than two

miles from deep wells, also satisfying the depth and mineral resource

exclusion criteria. The site initially selected by this method is also

indicated.

Cores from AEC Nos. 7 and 8 intercepted leasable grades of potash; ERDA

No. 6 cores did not. However, at ERDA No. 6, evidence of complex

evaporite structure and the encounter of an artesian flow of brine were

sufficient evidence that this original site was unsuitable and that more

information would be needed to define additional criteria to be used in

selection of acceptable alternate sites.

2.3.5 Site Selection and Evaluation Criteria for the Los Medanos Site

When the initial Delaware Basin repository study area was shown to be

unacceptable, Sandia undertook the task of locating a satisfactory site

in the New Mexico portion of the Delaware Basin. By late 1975 a more

complete understanding of the geology of the basin and of potential

repository failure mechanisms permitted a reformulation of siting

criteria and site selection factors. These criteria and factors were

developed rather specifically for the Delaware Basin in southeastern New

Mexico, and are neither generic criteria for bedded salt nor generic

criteria for all rock types.

I Y Some of the specific studies contributing to this effort include the

) following: Claiborne and Gera (1974) considered potential failure modes

of bedded salt containment in the Delaware Basin; Bachman and Johnson

(1973), Jones (1973), Bachman (1974) and Piper (1973) reported on

geologic and hydrologic conditions in the Permian Basin region and in the

Delaware Basin in particular; Jones (1975) discussed potash deposits; and

Foster (1974) and Netherland, Sewell and Associates (1975) investigated

hydrocarbon resources. Reports on dissolutioning associated with

unplugged boreholes (Snow and Chang, 1975; Walters, 1975; Fader, 1973)
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were also available. The selection of additional alternate sites made in

November, 1975, utilized this information. Two factors which received

careful attention because of the experience gained in locating and

evaluating the original site were the existence of salt flow structures

and associated brine pockets and the dissolution potential of man-made

penetrations through the evaporites.

Siting factors were formulated to eliminate from further consideration

areas of possible severe structural deformation or complexity of the salt

beds. Geologic evidence (Jones, 1973) indicated the tendency for greater

structural complexity to occur in salt beds adjacent to the Capitan reef

front. Substantial salt deformation resulting in displacement and

fracturing of anyhdrite beds was encountered in ERDA-6. Structural

contouring of the Castile Formation, based on petroleum drilling and

seismic reflection data, indicate this distortion of salt is most severe

in a belt, about five miles wide, paralleling the reef front.

Accordingly, a belt with a width of six miles basinward from the Capitan

reef was eliminated from eligible areas. This also served to avoid any

possible dissolution hazards which might be associated with the reef.

Known locations of artesian brine flow appeared to be related to

anticlinal features in the subsurface; therefore, the avoidance of

pronounced anticlinal structures in salt was adopted as a selection

factor.

The extent of deep drilling, resulting from hydrocarbon exploration in

the Delaware Basin, indicated that a careful evaluation of the required

separation from boreholes be performed. Desirable regions could be

excluded from consideration if this factor was unduly restrictive. The

two mile separation distance established after the Lyons, Kansas,

experiences, was modified to one mile based on studies by Snow and Chang

(1975), Walters (1975), and Fader (1973). These studies improved

prospects for assuring plugging of boreholes, and the hydrologic

conditions expected in the acceptable portions of the Delaware Basin all

indicate that a one-mile buffer zone is amply conservative against

potential borehole dissolution (Griswold, 1977, p. 12). Figure 2-4 shows
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areas that are more than one mile from boreholes penetrating into the
Delaware Mountain Group. Avoiding these boreholes would also result in

avoiding existing oil or gas fields.

In addition to the salt anticline and borehole restrictions already

mentioned as assuming a primary role in narro~wing the choice of

acceptable sites, several other aspects proved to be significant for the
northern portion of the Delaware Basin. Proximity to the dissolution

front at the top of the Salado Formation and the existence of local

solution features were prime considerations.

Although open joints, fractures or faults are not expected to occur in
salt, intrusions in the form of igneous dikes which pass through the salt

beds are known to exist locally in the Delaware Basin. The proximity of
such a feature might be cause for rejection of a site for geologic,

hydrologic and engineering reasons. Shown in Figure 2-5 are areas where

undesirable structure, such as salt deformation, brine-flow anticlines,

or dike trends, are known or presumed to occur; the dike trend is

magnetically expressed and is defined by magnetic survey methods.

Candidate sites should be located in areas affording adequate long-term
protection against encroachment of salt dissolution. Surface dissolution

was assumed to be related to downward percolation of meteoric water and

removal through Nash Draw and the Pecos drainage system. In addition,

Al/p evidence of possible dissolution in salt over the Capitan reef aquifer is
\ ___known in such places as San Simon Sink. Dissolution fronts, or

boundaries at which salt has been or is being dissolved from the

enclosing rock material, had been recognized at various horizons in the

evaporite sequence of the Delaware Basin. Rates of dissolution were

estimated by Bachman (1974), and longevity of Salado salt was diagrammed

by Jones (1973, Figure 7). These observations were translated into
appropriate avoidance criteria. Dissolution of salt in the Rustler

Formation was not considered to be a significant hazard to a repository

located in the lower part of the Salado; however, areas that exhibit

extensive salt dissolution at the top of the Salado would be rejected.
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For conservatism, sites that would be in, or within a mile of, areas of

known dissolution at the top of the Salado were considered less

desirable. Figure 2-6 displays areas where dissolution at the top of

Salado was indicated to occur, based on studies current at that time.

The interception of commuercial grades of potash by holes AEC-7 and AEC-8

and the known occurrences of potash nearby highlighted the necessity of

evaluating the potential of this resource to assess possible resource

conflict. Areas of potash mineralization meeting minimum grade and

thickness criteria, termed the npotash enclave" by Aguilar et al. (1976),

would be avoided to the extent possible by the three square mile core of

the site. Regarding possible conflict with hydrocarbon reserves, the

avoidance of deep drill holes automatically insures that a potential site

would not be located over an existing oil or gas field. To minimize the

possibility of siting over areas having favorable potential for discovery

of additional hydrocarbon reserves, oil and gas trends in the subsurface

beneath a possible site location would be considered in siting the

repository. The locations of such trends are shown in Figure 2-7.

Finally, with regard to land ownership, the land withdrawn should be

federally owned to the extent possible to expedite site exploration and

land withdrawal. Potash lease rights would be avoided by Zones I and II

to the extent feasible.

2.3.6 Site Selection: Crite ria and Factors

Two principal stages are involved in establishing a nuclear waste

repository. The first stage, outlined mainly in the previous section

(2.3.5), involves preliminary site selection of the most desirable site

from among the potentially acceptable study areas. This selection is

based on application of criteria and selection factors to the existing

knowledge and general reconnaissance information available for the

areas. Specific and detailed studies are not conducted at this stage.

The second stage is to determine the characteristics and processes

affecting a site or sites sufficiently well to allow confirmation of a
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site for a repository. It is possible that this detailed study will

reveal that some factors are less than ideal. It is unlikely (and

unnecessary) that a site will be ideal with respect to all selection

factors. Similarly, it is unnecessary and, indeed, impossible to prove

that the "best" site has been selected. The extent of investigation in

stage two is such that all prospective sites cannot be examined in this

detail. Rather it is sufficient to establish that an adequate, safe, and

acceptable site has been identified. This knowledge requires that

potential failure modes and hazards be recognized and that siting factors

take them into consideration.

For the WIPP, the facility demonstration and additional studies of

processes and underground geology will lead to further developmnent of

criteria for a repository and subsequent assessment of the safety of the

WIPP site as a repository. Thus, at least for WIPP, it is necessary to

refine criteria, through operation and continued study, sufficient for

confirmation as a repository.

For site selection of the Los Medanos site the following criteria and the

factors which address those criteria are listed. In most cases, the

nature of the factor desired can be indicated but not quantitatively

specified a priori since the acceptable combinations of factors under the

multiple barrier concept is so large. Many of the desired factors are

just that - desired. They are sufficient but may not be necessary for

long-term repository safety. The general relationship of factors to WIPPK 4~) studies is indicated by referring to principal. chapters containing
information about particular factors.

Geology Criterion: The geology of the site will be such

that the repository will not be breached by natural

phenomena while the waste poses a significant hazard to

man. The geology must also permit safe operation of the

wIPP.
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Factors: Topography - Must permit access for transportation.

Effect on inducing salt flow during excavation must be

considered. Surface water flow and future inundation

must be evaluated. (See 3.2, 4.2)

Depth - Repository horizons should be deeper than 1000

feet to assure erosion and consequences of surf icial

phenomiena are not a major concern. Depth of suitable

horizons will not exceed 3000 feet to limit rate of

salt deformation around the excavations. (See 3.3,

4.3, 9.2)

Thickness - Total thickness of the salt deposits

should be several hundred feet to buffer thermal and

mechanical effects. The desired thickness for the

repository bed is 20 feet or more to mitigate the

thermal and mechanical effects at non-halite units.

(See 4. 3. 2, 9. 2)

Lateral Extent - The distance to structural or

dissolution boundaries must be adequate to provide for

future site integrity. For the Los Medanos area a

distance of five miles to the Capitan reef and one

mile to regional Salado dissolution have been

established. (See 3.3, 4.3, 6.3)

Lithology - Purity of the salt beds is desirable to

reduce the brine content of the salt. Pending further

investigations, three percent brine is established as

a desirable upper limit for the heat-producing waste

horizon. Additional geochemical interactions must be

considered if significant chemical or mineralogical

impurities are present. (See 4.3, 7.2, 7.3, 7.4, 7.5,

7.6)

Stratigraphy - Continuity of beds, character of

inter-bedding and nature of beds over- and underlying

the salt are important considerations in construction

of the facility and in assessment of possible failure

scenarios. (See 3.3, 3.4, 4.3, 4.4)
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Structure - Relatively flat, bedding ( < 3 0) is

desirable f or operational purposes. Steep anticlines

and major faults are to be avoided. (See 3.4, 4.4)

Erosion - While the depth factor reduces concern for

erosion it is desirable to avoid features which would

tend to localize and/or accelerate erosion. (See

3.2.3, 3.6, 4.2, 4.5, 6.2)

Hydrology Criterion: The hydrology of the site must provide high

confidence that natural dissolution will not breach the

site while the waste poses a significant hazard to man.

Accidental penetrations should not result in undue hazards

to mankind.

Factors: Surface Water - Present and future run-off patterns,

flooding potential, etc., should not endanger the

penetrations into the repository while these openings

are unplugged. (See 6.2)

Aquifers - For WIPP, the over- and underlying aquifers

represent a secondary barrier if the salt is

breached. Consequently low permeability and

transmissivity are desirable but not mandatory.

Accurate knowledge of aquifer parameters is important

to construction, decommissioning and realistic

calculation of the consequences of failure scenarios.

(See 6.3)

Dissolution- Regional and/or local dissolution must

not breach the repository while the wastes represent a

significant hazard to man. While there are various

suggestions for the time a repository should remain

isolated from the biosphere, 250,000 years (ten

half-lives of 29Pu) is one period which may be

sufficient for evaluating the WIPP site. (See 6.3.6)

Subsidence - Subsidence due to dissolution of salt

will be avoided when the subsidence adversely affects

the repository beds or unduly accelerates the rate of
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dissolution to the jeopardy of long-term integrity of

the repository. (See 6.3.6, 10.6)

Hydrologic Transport - For the WIPP, this is a

secondary factor which must be evaluated to allow

quantitative calculations of the consequences of

various failure scenarios. Slow transport of isotopes

is acceptable if more critical factors have been

satisfied. (See 6.3, 9.3. 10.6)

Climatic Fluctuations - Possible pluvial cycles must

be considered when estimating the effects of the above

factors. (See 3.6, 4.5, Chapter 6, 10.3)

Man-made Penetrations - The effect of drill-holes and

mining operations on the site selection must be

evaluated in considerations of dissolution.

Tectonic Stability Criterion: Natural tectonic processes must not

result in a breach of the site while the wastes represent a

significant hazard to man and should not require extreme

precautions during the operational period of the repository.

Factors: Seismic Activity - The frequency and magnitude ofW

seismic activity impacts facility design and safety of

operation. Low levels of seismicity are desirable but

facility design can accommodate higher levels as

well. (See Chapter 5, 10.5)

Faulting/Fracturing - While open faults, fractures or

CN joints are not expected in salt, the more brittle

units within and surrounding the salt may support such

features which can enhance dissolution and hydrologic

transport. Major faults and pronounced linear

structural trends should be avoided. (See 3.4, 4.4)

Salt Flow/Anticlines - Major deformation of salt beds

by flow can fracture brittle rock and create porosity

for brine accumulations. Major anticlines resulting

from salt flow should be avoided or evaluated to check

on brine presence and anhydrite fracturing. (See 4.4)

Diapirism - An extreme result of salt flow, this

feature will be avoided for WIPP siting. (See 4.4)
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Regional Stability - Areas of pronounced regional

uplift or subsidence should be avoided since such

behavior makes anticipation of future dissolution,

erosion and salt flow more uncertain. (See 3.4, 4.4,

10.3.2)

Igneous Activity - Areas of active or recent volcanism

or igneous intrusion should be avoided to minimize

these hazards to the repository. (See 3.5)

Geothermal Gradient - Abnormally high geothermal

gradients should be avoided to allow construction in

salt at 3000 feet. High gradients may also be

indicative of recent igneous or tectonic activity.

(See 4.4.1)

Physico-chemical Compatibility: The repository medium must not

interact with the waste in ways which create unacceptable

operational or long term hazards.

Factors: Fluid Content - The repository bed containing high

level waste should not contain more than three percent

brine. The limit for TRU waste has not been

established, but the same -value used for HLW is

acceptable. (See 7.5, 10.7.8)

Thermal Properties - No major natural thermal barriers

should exist closer than 2,0 feet to avoid undesirable

temperature rises. (See 4.3, 9.2.3)

Mechanical Properties - The medium must safely support

excavation of openings even while thermally loaded.

Clay seams and zones of unusual structural weakness
should be avoided in selection of the repository

horizon. (See 9.2.4)

Chemical Properties/Mineralogy - Beds of unusual

composition and/or containing minerals with bound

water should not occur within 20 feet of the waste

horizon. This will lessen the uncertainties with

regard to thermally driven geochemical interactions.

(See 4.3, 7.2, 7.3, 7.4, 7.5)
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Radiation Effects - While no unacceptably deleterious

effects are postulated, these phenomena are best

quantified in halite and thus the purer rock salt beds

are desired for high- level waste. (See 9.3)

Permeability - Salt has very low permeability and only

the inter-beds and surrounding media are considered

for siting with respect to this factor. Low

permeability is desirable, but quantitative limits

need not be specified for site selection. (Salt

permeability to gases may be important in establishing

waste acceptance criteria.) (See 9.2.3)

Nuclide Mobility - This is a secondary factor in

siting since confinement by the salt and isolation

frain water is the basic isolation premise. Ion

sorption must be determined to allow quantification of

safety analyses and to indicate whether engineered

barriers (clay) would be beneficial. (See 9.3)

Economic/Social Compatibility Criterion - The site must be operable

at reasonable economic cost and should not create

unacceptable impact on natural resources or the

biological/sociological environment.

Factors: Natural Resources - Unavoidable conflict of the

repository with actual or potential resources will be

minimized to the extent possible. (See Chapter 8)

Man-made Penetrations - Boreholes or shafts which

penetrate through the salt into underlying aquifers

shall be avoided within one mile of the repository.

Existing mining activity, unrelated to the repository,

should not be present within two miles of the

repository. Future, controlled mining, will be

allowable up to one mile from the repository. Future

studies may permit still closer mining and drilling if

properly controlled. (See 2.3, Chapter 4)



2-21

Transportation - Transportation should be capable of

ready development. Avoidance of population centers by

transportation routes is not a factor in WIPP siting.

(Not addressed in GCR)

Accessibility - The site should be readily accessible

for transportation and utilities. (Not specifically

addressed in GCR; see Chapter 2 figures)

Land Jurisdiction - Siting will be on federally

controlled land to the extent possible. (Not

specifically addressed in GCR; see Chapter 2 and 8

figures)

Population Density - Proximity to population centers

and rural habitats will be considered in siting. Low

population density in the immediate site area is

desirable. (Not addressed in GCR)

Ecological Effects - Major, impacts on ecology due to

construction and operation should not occur.

Archaeological and historical features of significance

should be preserved. (Not addressed in GCR)

Sociological Impacts - Demographic and economic

effects should not result in unacceptable sociological

impacts. (Not addressed in GCR)

One may summarize the WIPP siting criteria having the greatest impact as

Avoidance of land within one mile of any boring through the Ochoan

evaporites and into the Delaware or deeper formations.

Salt of high purity at a depth between 1000 and 3,000 ft.

Avoidance of areas where dissolution had advanced to the top of

Salado or deeper levels, by establishing a distance of one mile or

more from dissolution fronts at the top of Salado.
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Avoidance of possible salt deformation in a belt 6 miles wide

basinward from the Capitan reef.

Avoidance of pronounced known anticlinal structures.

Avoidance of known oil and gas trends.

Avoidance of the known potash enclave above the repository and

minimizing conflict with the known enclave in the buffer zone.

Minimize existing potash lease rights in Zones I and II.

Minimize state and private land in Zones I through IV.

These criteria were applied to all areas within the Delaware Basin in New

Mexico. Figure 2-8 illustrates result of application of the expanded set

of criteria. Two alternate sites survived the constraints imposed by the

site selection criteria.

2.3.7 Preferred Preliminary Site Selection

Since only two alternate sites in the New Mexico part of the Delaware

Basin withstood the set of revised Stage II siting criteria, the

preliminary selection of a preferred site was fairly straightforward.

Alternate I, now known as the Los Medanos site, appeared to be the

preferred site. Alternate II was considered less desirable because it

was restricted in size, the acceptable salt zones were deeper, and the

high-purity salt lying between the Cowden anhydrite (in the lower Salado

Formation) and the Castile was thought to be absent. The top of the

Salado was about 800 feet deep at Los Medanos versus 1500 feet at

Alternate II. Other factors that favored the selection were:

Structural interpretation of what seismic data was then available to

Sandia indicated the Los Medanos site would be in a synclinal area

unfavorable for oil and gas acccumulation.
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Similarly, if the site were in a syncline, geopressured brine

reservoirs would be less likely.

The Alternate II area lay adjacent to the Double X and Triple X

shallow oil fields where water flooding for secondary recovery could

occur.

No seismic exploration data whatsoever was available to Sandia on the

Alternate II area, and only partial coverage at Los Medanos.

Sandia Laboratories selected the Los Medanos alternate as the best

candidate area in early December, 1975. Figure 2-9 illustrates how the

siting criteria apply to the Los Medanos site.

Geological characterization activities were then expanded to focus on

obtaining subsurface data at the Los Medanos site. A descriptive summary

of these programs is given in Section 2.5.

2.4 STATUS OF STUDIES

In review, geologic studies for the WIPP fall naturally into three

different phases: preliminary site selection activities, geological

characterization, and studies of long-range geologic processes affecting

a repository. Preliminary site selection activities are complete now;

these consisted primarily of national and regional studies over the past

fifteen years, and resulted in selection of the WIPP study area for

geological characterization. The work of geological characterization

should be considered to have begun with the drilling of ERDA 9 and the

initiation of seismic reflection work on the site. That geological

characterization, which is primarily oriented to provide specific data

concerning the present geology of the site, will be virtually complete in

1978 when this Geological Characterization Report is submitted to DOE;

much basic information has been gathered indicating no major technical

problems with the site as it is now understood. Studies of long-term
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processes which might affect a repository or have an effect on safety

analyses will be the major geotechnical activity for the WIPP project

after 1978, although same of these activities are already underway.

These studies will concern the age of significant features and the rates

and processes which produce those features. The information so gained

will be useful in increasing the confidence in evaluation of the safety

of a repository when a decision is necessary regarding conversion of the

WIPP to a repository.

2.5 EXPLORATION TECHNIQUES

Much of the geological characterization of the WIPP study area is done

using exploration geophysics and boreholes. About 75 line miles of new

seismic reflection data and 9000 resistivity measurements were collected

and 47 drillholes completed to support WIPP geological characterization

to date (August, 1978). For convenience, the boreholes are listed in

Table 2-2 according to primary objective. Twelve geologic exploratory

holes (two by ORNL and ten by Sandia Labs) have been drilled to date in

support of this program (Table 2-2A); three holes were drilled at the oldW

study area, two are located off the WIPP site, and seven were drilled on

the WIPP site. ERDA 9 is located at the center of the present study area

(Figure 2-10). These boreholes were extensively logged, cored, and

It~ drill-stem tested in the evaporite section. The cores form the basis for

several continuing laboratory studies that are important to an

understanding of the physical and chemical phemcmena associated with the

WIPP and contribute to general knowledge about the formation of

evaporites. Two of the exploratory boreholes have been drilled well

outside the immediate site to obtain dissolution and paleoclimate data.

Twenty-one holes (Table 2-2B) were drilled in conformance with industry

standards to obtain core from the potash zones to supplement more than 30

existing industry holes for evaluation of potash resources within the

WIPP study area by the USGS and the U.S. Bureau of Mines (Figure 2-11).

When that evaluation is complete, others may use the core for studies of

potash ore formation. Fourteen hydrologic holes (Table 2-2C) have been

drilled and four potash holes converted to hydrologic monitoring to
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provide a total of eighteen holes now dedicated to hydrologic studies.

Hydrologic tests of the Bell Canyon Formation underlying the evaporites

have also been conducted in two of the exploratory boreholes, one

northeast and one south of the site. Except for ERDA 9, none of the

boreholes within Zones I, II, or III penetrate as deep as the repository

horizons. Future holes will sample repository horizons within these

zones.

Seismic reflection data available from petroleum companies and 26 line

miles initially obtained strictly for the study area (Figure 2-12) , were

collected using standard techniques for the petroleum industry. The data

are excellent for interpreting deeper structure, but are not as useful

for showing reflectors in the upper 3000 feet. In 1977, about 48 line

miles of new data (Figure 2-13) were collected using shorter spacings for

geophones, higher frequencies from vibroseis units, and higher rates of

data sampling. These data show much improved reflections from, and

better resolution in, the shallow section of interest. Resistivity has

also been extensively used as a characterization tool. Field tests

indicated that resistivity could detect certain types of solution

features; more than 9,000 measurements have been taken in the study area

to search for such features (Figure 2-14). Additional measurements of

resistivity using expander arrays have been made to study resistivity

changes with depth and to help interpret the detailed measurements

(Figure 2-15). Analysis of geophysical data for the geological

characterization was nearly complete by Summer, 1978. One resistivity

anomaly was drilled to determine the cause of the anomaly and

consequences, if any, for the WIPP. This anomaly did not result from

dissolution phenomena. Further detailed geophysical investigation of the

site, using techniques previously described for better resolution of

shallow horizons, is now underway (Summer, 1978) for the primary purpose

of providing detailed engineering information.

A variety of studies to continue geological characterization and

contribute to long-range assessments are under way. Studies directed

primarily toward geochemistry include water chemistry and stable isotope
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studies of surface and subsurface water of the Delaware Basin; fluid

inclusion studies of the evaporite beds; chemical and mineralogic effectsW

of an igneous intrusion into the evaporite section; Rb/Sr dating of

potash ores; and sorptive capacities of evaporites and associated rocks

for various radionuclides. The dissolution history for the area and the

local paleoclimate are being investigated through analysis of a core

taken from a sink in nearby San Simon Swale. Field investigations of the

climatic history and stability of the Pecos River drainage are beginning,

and caliche studies will form a significant part of this effort. Studies

of LANDSAT images will conclude in 1979. In addition, the first 200 km

of the first-order level line from Carlsbad to El Paso, Texas, has been

resurveyed to examine regional tectonic movements associated with the

West Texas salt flats graben and trans-Pecos volcanic area. A

first-order level line has also been established from Carlsbad east to

the WIPP site through Nash Draw for future assessment of tectonic,

erosion, solutioning, and subsidence phenomena. Further assessment of

basin tectonics may be derived through measurements of in situ stress.

These long-range studies will continue until sufficient data are

available to permit reasonable and confident assessment of the risks

involved in having a repository in bedded salt in southeastern New

Mexico. These studies, plus the successful operation of the WIPP as a

demonstration facility, are essential for the developmnent of criteria for

the conversion of the WIPP to a repository.

2.6 SUMMARY

Bedded salt has been a leading candidate as a rock type for the storage

of radioactive waste; a combination of technical factors has led to the

examination of the Delaware Basin in southeastern New Mexico as a

location for the WIPP. Through preliminary site selection and partial

site characterization of an early site near the WIPP, site selection

criteria and factors which are rather specific to southeastern New Mexico

were refined, and a new preliminary site was selected. Chapter 2

contains the description of the criteria and factors used in this process

as an introduction to the geological characterization of the WIPP site
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which is presented in the following chapters. The geological techniques

used in the characterization of the WIPP site are a combination of

well-tested conventional techniques supported by state of the art tools.

Multiple, supporting techniques are used where appropriate. Continuing

geological studies will increase the data base for assessment of the WIPP

as a repository and allow refinement of criteria for conversion to a

repository.
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TABLE 2-2

A. GEOLOGIC EXPLORATORY HOLES
(Figure 2-10)

Designation Location Date Purpose

AEC 7 21/32/31 3/74 ORNL, Stratigraphic--Old Site

AEC 8 22/31/11 4/74, 6/76 ORNL Stratigraphic--Old Site
Sandia--Deep Hydrology--Old Site

ERDA 6 21/31/35 6/75 Stratigraphic--Old Site
ERDA 9 22/31/20 4/76 Stratigraphic--WIPP Site

ERDA 10* 23/30/34 8/77 Deep Dissolution--Off Site

WIPP 11 22/31/9 2/78 Stratigraphic--WIPP Site
WIPP 13 22/31/17 7/78 Stratigraphic--WIPP Site

WIPP 15* 23/35/18 3/78 Paleoclimate--Off Site

WIPP 18 22/31/20 2/78 Stratigraphic--WIPP Site
WIPP 19 22/31/20 4/78 Stratigraphic--WIPP Site

WIPP 21 22/31/20 5/78 Stratigraphic--WIPP Site

WIPP 22 22/31/20 5/78 Stratigraphic--WIPP Site

*not shown on Figure 2-10

B. ERDA POTASH HOLES
(Figure 2-11)

Designation Location Date

P1 22/31/29 8/76
P2 22/31/21 8/76
P3 22/31/20 8/76
P4 22/31/28 8/76

P5 22/31/17 9/76

P6 22/31/30 9/76

P7 23/31/5 9/76

P8 23/31/4 9/76

PlO 22/31/26 9/76

P11 22/31/23 9/76

P12 22/30/24 9/76

P13 22/31/18 9/76

P14 22/30/24 9/76
P15 22/31/21 8/76

P16 23/31/5 9/76

P17 23/31/4 10/76
P18 22/31/26 10/76

P19 22/31/23 10/76
P20 22/31/14 10/76

P21 22/31/15 10/76



TABLE 2-2 (Continued)

C. HYDROLOGIC TEST HOLES
(See Figure 6.3-5)

Designation Location Date Purpose

Hl 22/31/29 5/76 Rustler, Top Salado Hydro
H2a 22/31/29 2/77 Magenta
H2b 22/31/29 2/77 Culebra
H2c 22/31/29 2/77 Top Salado
H3 22/31/29 7/76 Rustler, Top Salado Hydro
H4a* 22/31/5 5/78 Magenta
H4b* 22/31/5 5/78 Culebra
H4c* 22/31/5 4/78 Top Salado

H5a* 22/31/15 6/78 Magenta
H5b* 22/31/15 6/78 Culebra
H5c* 22/31/15 5/78 Top Salado
H6a* 22/31/18 7/78 Magenta
H6b* 22/31/18 6/78 Culebra
H6c* 22/31/18 6/78 Top Salado

*Holes being drilled at time of report





GCR CHAPTER 3

REG IONAL GEOLOGY

3.1 INTRODUCTION

This chapter considers the physiography and geomorphology, stratigraphy

and lithology, structure and tectonics, igneous activity, and geologic

history of the southeast New Mexico-west Texas area within a radius of

about 200 miles of the proposed WIPP site. The information presented in

the discussion below has been derived from previously available published

and unpublished sources, including well-known reference texts, U.S.

Geological Survey publications and open-file reports, Roswell Geological

Society and New Mexico State Bureau of Mines and Mineral Resources

materials, journal articles, and reports prepared under contract to

Sandia Labs. A study of LANDSAT imagery was also conducted to examine

lineaments as well as physiographic and structural features.

Section 3.2 presents a general description of the physiographic

* divisions, illustrated in Figure 3.2-1, which lie within approximately

200 miles of the site, followed by a more detailed study of the origin

and development of those geomorphic features having significance to the

site and by a consideration of relative erosion rates estimated for the

future in the area surrounding the site.

Section 3.3 summarizes the major rock types and stratigraphic

nomenclature by which the Precambrian basement and overlying sedimentary

section are characterized within an area roughly bounded by the

Sacramento Mountains on the northwest, and by Texas' Midland and Val

Verde basins on the south and southeast. Generalized cross sections,

depicting the entire stratigraphic section present in the area (Figure

3.3-2) and a study of Permian reef relationships (Figure 3.3-4) as well

as correlations of the Precambrian rocks, (Figure 3.3-1) and Permian

section (Figure 3.3-3) supplement the discussion.
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Section 3.4 describes the major structural elements comprising the

southeast New Mexico-west Texas region and summarizes the history of

their tectonic developm~ent. The features discussed include the major

subsurface basins and platforms of Late Paleozoic origin, which together

have produced the essential structural framework of the area, and

large-scale Cenozoic features, which generally possess surf icial

structural expression, as well as the more important smaller structures

occurring within the boundaries of these elements. The structures

considered in this section are displayed in Figure 3.4-1, and a basement

contour structure map (Figure 3.4-2) demonstrates the basic structural

configuration of the region.

The major occurrences of igneous activity within the site region are

described in Section 3.5. As demonstrated in Figure 3.5-1, this igneous

activity has been generally limited to the area west and south of the

proposed WIPP site, in the form of Tertiary intrusive bodies and volcanic

terrains. The igneous feature nearest to the site, a northeast-trending

dike located about nine miles northwest of the site, is discussed

separately in this section and is illustrated in Figure 3.5-2.

Section 3.6 presents a synthesis of the major events which have affected

the site region, as these have been determined from lithologic and

structural data available in the area. A schematic visualization of the

~ regional geologic history, as correlated with the geologic time scale, is

provided in Figure 3.6-1.

3.2 REGIONAL PHYSIOGRAPHY AND GEOMDRPHOLOGY

Figure 3.2-1 presents the major physiographic units which encompass the

southeast New Mexico-west Texas region. The discussion below includes a

general description of the physiographic sections, as defined by Fenneman

(1931), which lie within a radius of about 200 miles of the proposed WIPP

site. This is followed by a more detailed description of the developmfent

of the major nearer site landforms.
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3.2.1 Physiographic Setting

The proposed WIPP site is located within the eastern part of the Pecos

Valley section of the southern Great Plains physiographic province. The

Great Plains physiographic province comprises a broad highland belt

sloping gradually eastward from the Rocky Mountains and Basin and Range

province to the Central Lowlands province. The Great Plains province in

turn represents the western extent of the Interior Plains major

physiographic division (Fenneman, 1931).

Pecos Valley Physiographic Section The Pecos Valley section consists of

the Pecos and upper Canadian valleys, which together form a long

north-south trough carved from what was once part of the High Plains

section on the east, but whose axis now lies 500 to 1,000 feet below the

High Plains surface -- the Llano Estacado. The Guadalupe and Sacramento

mountains of the Basin and Range physiographic province flank the Pecos

Valley section to the west.

The topography of the Pecos Valley section varies from flat plains and

lowlands to rugged canyon lands. Except where covered by alluvium, much

of the land surface has an uneven rock floor, which results from the

erosion of the moderately resistant limnestones, sandstones, shales and

gypsum to form scarps, cuestas, terraces, side canyons and some mesas of

limited extent. The valleys of the Pecos River in the vicinity of the

Delaware Basin exhibit a characteristic lowland topography marked by

widespread solution-subsidence features, which have resulted from

dissolution within the Upper Permian Ochoan rocks (see the karst

topography discussion below).

The land surface generally slopes gently eastward, reflecting the

attitude of the underlying rock strata. The average elevations within

the section range from over 6,000 feet above sea level in the northwest

and about 5,000 feet in the north to 4,000 feet on the east and 2,000

feet to the south (Fenneman, 1931).



3-4

The Pecos Valley section is drained primarily by the Pecos River which

lies slightly to the west of the center of the Pecos trough and flows in

a southeast to southward direction through most of the length of the

section. The extreme northeastern portion of the section is also drained

by a short segment of the generally eastward-flowing Canadian River.

Owing to the desert character of the area, most of the tributaries of

these major streams flow only intermittently, and some creeks drain into

local depressions, where the water evaporates or percolates into the

underlying sediments.

The Canadian River has cut much more deeply into the surrounding land

than has the Pecos River, thereby producing a much greater relief in the

far nothern portion of the section than is present to the south.

The northern portion of the Pecos River, north of Roswell, has cut a

valley in places as deep as 1,000 feet below the surrounding land surface

and from 5 to 30 miles wide. The central portion of the river, from

about 50 miles north of Roswell to near the New Mexico-Texas border,

flows through an alluvial valley of comparable width but much reduced

relief and is underlain by as much as 250 feet of alluvium near

Carlsbad. The southern part of the Pecos, just north of the Edwards

Plateau, flows across an alluvial plain, called the Toyah Basin, which is

similar to that further north and comprises most of the west Texas

portion of the Pecos Valley section (Fenneman, 1931). The genesis and

4~ developmlent of the Pecos River system are discussed in Section 3.2.2,

below.

The immediate valley of the Pecos River is bordered on the east by almost

continuous bluffs, beyond which the eastward-dipping rock strata lie 
at

or near the surface for a distance of several miles. A sloping

alluvium-mantled plain extends eastward from this rocky belt to 
the

westward face of the Llano Estacado (Fenneman, 1931).

High Plains Physiographic Section East of the Pecos Valley section lies

the High Plains section of the Great Plains physiographic province,
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0 extending from South Dakota on the north to near the Rio Grande (river)

in Texas. The High Plains are remnants of a former great fluviatile

plain, which stretched from the mountains on the west to the Central

Lowlands on the east. The portion of the High Plains east of the Pecos

valley is known as the Llano Estacado and comprises approximately 20,000

mi2 of almost completely flat plain, which has undergone very little

dissection. Northward, the land is more dissected, and the original flat

surface is still preserved only along stream divides.

The High Plains originated through deposition of the Late Tertiary

Ogallala Formation, resulting in more than 50)0 feet of silts with lesser

gravels and sand. The deposits were laid down in alluvial fans by

overloaded streams flowing eastward from the Rocky Mountain area over an

irregular erosional surface. By the end of the time of formation of the

Ogallala, the High Plains surface was probably continous across the area

of the present Pecos River drainage to the back slope of the Sacramento

Mountains (Bachman, 1976) (also see Section 3.6.5). In many areas, the

nearly flat surface which resulted was later cemented by a hard caliche

layer. The almost perfect preservation of the orginal topography in the

Llano Estacado area is due to a combination cf the porous nature of the

sediments, the protection afforded by the caliche, and the relatively

arid climate of the region (Fenneman, 1931).

N The few, generally insignificant topographic features present in the High.

Plains section consist mainly of depressions derived from a variety of

origins, such as dissolution with subsidence, blowout activity, buffalo

wallowing or differential compaction of the Tertiary sediments. Ponding

of water occurs in these depressions following rain storms, and a few

maintain permanent pools (Thornbury, 1965). Sand dunes also occur in

scattered locations throughout the section, generally fringing the

leeward sides of streams (Fenneman, 1931).

Edwards Plateau Physiographic Section The Llano Estacado merges

southward into the Edwards Plateau section of the Great Plains province

by the gradual thinning and disappearance of the Ogallala Formation. It
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comprises a wedge-shaped portion of west Texas, and then extends across

the Rio Grande into Mexico. The Edwards Plateau is bounded on all sides

by an escarpmnent, except for two small areas, where it merges with the

Llano Estacado on the northwest and where it terminates against the

mountains of the Mexican Highlands on the west. The northern edge of the

plateau, bounding the Central Texas Section, is formed by an eroded and

deeply notched southward-retreating escarpment, and the southern boundary

is marked by a line of faulting and local folds, which produces an

escarpment up to 1,000 feet high (Fenneman, 1931).

The Edwards Plateau ranges in elevation from 3,000 feet on the north at

its border with the Llano Estacado and 4,000 feet at the foot of the

mountains on the west to 2,200 feet along its southern margin and 1,000

feet at the southeast corner.

The surface of the Edwards Plateau is underlain by a single resistant

layer of limestone dipping gently to the south and east, which has

encouraged the development of rather flat-lying terrain and bold

escarpments. In the eastern part of the plateau, where rainfall is

greatest, the plateau is narrow and highly cut by the dissection moving

inward from the margins. West of the 100th meridian, the plateau becomes

a drier, broad area covered by a plain much like the Llano Estacado. The

wide, shallow valleys that have formed in this part of the section

4~generally carry runoff only during rain storms. However, the Pecos River

and Rio Grande have cut canyons across the section as deep as 1,000

feet. And on all sides where escarpmnents exist, the dissected edges

carry outflowing streams.

Other surface features on the plateau are limited and generally

restricted to erosion or dissolution-type structures. Some shallow

sinkholes exist in areas where dissolution of the underlying limestone

has caused a collapse of the land surface (Fenneman, 1931).

Sacramento Physiographic Section West of the Pecos section lies the

Sacramento section of the Basin and Range physiographic province,
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comprising a narrow, north-south strip approximately 300 miles long and

less than 70 miles wide (Fenneman, 1931). The section is bordered on the

west and south by the Rio Grande depression (Thornbury, 1965) and Mexican

Highlands and on the east by the Great Plains province. The northeastern

boundary of the Sacramento section is formed by the eastward escarpment

of the Glorieta mesa, an intricately carved divide *of horizontal strata.

Farther south, the Capitan escarpment marks the boundary of the two

provinces along the southeast side of the Guadalupe Mountains and is

exposed for a distance of some 45 miles between Carlsbad and El Capitan

Peak (Thornbury, 1965).

Topographically, the section is characterized by two major basinal areas,

called bolsons, located at the north and south ends of the section, and

by a series of intervening mountain ranges (Thornbury, 1965).

The Estancia Valley, or Sandoval Bolson, forms the central feature of the

north part of the section, and is bordered on the east by the Glorieta

Mesa and Pedernal Hills, on the west by the Sandia and Manzano Mountains,

and on the south by the elevated Chupadera Mesa. The Estancia Valley,

primarily composed of a group of salt basins and dunes or low hills, was

the site of an extensive lake during Pleistocene time (Thornbury, 1965),

which is now reduced to several small salt lakes.

Southeastward from the Estancia Valley and Pedernal Hills lie a series of

mountain ranges, many of which are bordered on the west by bold scarps

and on the east by gently dipping slopes extending toward the Pecos

Valley. Sierra Blanca, the highest of the mountain ranges, reaches an

elevation of approximately 12,000 feet above sea level. The other ranges

attain maximum elevations of from 8,000 to 10,000 feet (Fenneman, 1931).

At the south end of the Sacramento section is a second large bolson known

as the Salt Basin, situated west of the Guadalupe and Delaware Mountains

and east of the Sierra Diablo or Diablo Plateau. The Salt Basin is a

large down-faulted block with an average floor elevation of about 3,600

feet above sea Level. The floor lies some 800 feet below the basin rim
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(Thornbury, 1965). The basin covers an area approximately 150 miles long

and from 8 to 20 miles wide, rising on both north and south ends to merge

into rocky plateaus (Fenneman, 1931). The floor of the basin is covered

almost entirely by unconsolidated Cenozoic sediments, with rocky outcrops

limited primarily to the margins of the basin (Thornbury, 1965). The

LANDSAT color composite of this vicinity shows that the surface sediments

are sandy, with a series of salt lakes present in the center of the Salt

Basin. Evidence of two Pleistocene lake phases in the basin have been

described by King (1948), but their time of formation during the

Pleistocene is uncertain.

Mexican Highland Physiographic Section West and south of the Sacramento

section lies the vast Mexican Highland section of the Basin and Range

physiographic province. This section extends southeastward from Nevada

and the Colorado Plateau far into Mexico, where it has its maximum

development. The eastern boundary in New Mexio is unclear but is defined

as extending east of the Rio Grande to about longitude 1060W, where

alternating basins and ranges give way to the faulted and sloping

plateaus of the Sacramento section (Fenneman, 1931).

The Mexican Highland section consists of almost equal areas of mountains

and plains or basins. In the eastern portion of the section, the

mountains generally trend north-south, while in the west they trend

de northwestward. Of the intermountain area, about half is bolson, and the

rest drains or slopes toward the major rivers, such as the Rio Grande.

The following discussion considers further only the large-scale features

within the eastern part of the section.

The Mexico Highlands mountain ranges of Texas and New Mexico can be

grouped into three or more north-south lines from 10 to 50 miles apart

and are dominantly Great Basin type, in common with those of the western

half of the section. Faulting and related deformation as well as

volcanic activity have formed these ranges since Late Tertiary times.
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Between the eastern mountain ranges lie generally continuous,

flat-floored troughs separated by divides into bolsons or drainage basins

(Fenneman, 1931). The two major basins here are the Hueco and Tularosa,

on the north, which together mark the eastern border of the section in

New Mexico and Texas. They form a trough about 30 to 40 miles wide and

125 miles long, interrupted at the Texas border by a low divide

separating the two basins. These basins are grabens in general

configuration, bordered on both east and west. by fault-bounded mountain

ranges. The floors of the basins are relatively flat and slope southward

from an elevation of about 4,500 feet at the north end of the Tularosa

Basin to 3,500 feet at the south end of the Hueco Basin. The Tularosa

Basin exhibits centripetal drainage marked by arroyos and a great salt

marsh flanked by the gypsum dunes of White Sands monument.

The northern end of the Tularosa Basin is bordered by Chupadera Mesa

averaging 7,000 feet elevation and underlain by gently eastward-dipping

Permian strata, which have been dissected almost to maturity (Fenneman,

1931).

3.2.2 Major Geomorphic Features in the Site Vicinity The geomorphic

developmient of the major land forms which constitute the near-site

setting are discussed in this section. These features include the Pecos

River drainage system, the Mescalero Plain and associated deposits, karst

Ntopography and blowouts. In general, these geomorphic features as
~ ) considered below are located within the Pecos Valley physiographic

section.

Pecos River Drainage System The Pecos River, 20 miles west of the site,

is the only major, perennial stream in the Eddy and Lea Counties area of

southeastern New Mexico. It receives almost all of the surface drainage

in this region and a large part of the subsurface drainage. The Pecos

originates in the southern Rocky Mountains of north-central New Mexico

and flows south and southeastward to join the Rio Grande in west Texas

(Kottlowski, et al., 1965). The dimensions of the contemporary river

valley are stated above in Section 3.2.1 under the Pecos Valley section.
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According to King (1948), the Pecos River apparently had its origin to

the south, in the Edwards Plateau, as a short tributary of the Rio Grande

River. As the Pecos worked its way northward, eroding the Ogallala

sediments in the process, it captured the westward-flowing streams of the

present upper Pecos valley, thereby reversing their drainage direction.

This stream piracy was facilitated by the underlying poorly resistant

Permian rocks (Thornbury, 1965).

Bachman (1973, 1974) has expressed the opinion, in accordance with Lee

(1925) and Morgan (1942), that the present course of the Pecos was

formed, at least in part, through the coalesence of trains of solution

sinks (see Karst Topography below, for discussion of solution-sink

developmnent). Bachman cites as evidence for this theory many places

along the course of the river in southeast New Mexico where the river

follows broad meanders, although the floodplain as a whole is unusually

narrow or nonexistent, as well as locations adjacent to the Pecos where

intermittant tributaries follow seimcircular collapse valleys. Bachman

concludes that the river became entrenched in its present position by a

combination of this solution-subsidence, headward cutting, and piracy.

The age of entrenchment of the Pecos River is somewhat uncertain.

Thornbury (1965) has stated that the age of the piracy which constituted

part of the entrenchment process is rather definitely dated as

Spost-Pliocenle and is assumed to have taken place in the early

Pleistocene. Bachman (1974) has stated that it is not possible to

precisely date the entrenchment of the ancestral Pecos River in southern

New Mexico. But Bachman has observed (1976) that the Pecos entrenched

itself near its present channel along the toes of pediments east of the

Sacramento Mountains somnetime after middle Pleistocene, which would place

the establishment of the present course at a later date.

Since entrenchment, the river has carved a valley in which a variety of

subsidence features have developed through dissolution processes which

are probably still active in the valley today.
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Mescalero Plain East of the Pecos River to about longitude 104c0W lies

an extensive, gently sloping pediment surface known as the Mescalero

Plain (Thornbury, 1965), which extends from the vicinity of Fort Sumner

in northern New Mexico to south of the Mexico-Texas border (Bachman,

1974). The surface of the plain rises eastward from about 150 feet above

the Pecos River to as much as 400 feet above the river at the base of the

Llano Estacado (Bachman, 1973;- Kelley, 1971). The average elevations

range from about 3,800 to 4,100 feet above sea level in northwestern Lea

County near Mescalero Ridge to about 3,100 feet in southeastern Eddy

County, south of Big Sinks (Bachman, 1973).

Although termed a "plain", the area includes many low mesas, bluffs and

wide draws. Locally the surface has been dissected by intermittent

streams, but in general the area is poorly drained and contains numerous

playa pans and smialler sinks (Brokaw, et al., 1972; Kelley, 1971). The

surface of the plain is covered widely with gravels and sands, often

cemented with caliche. As much as 5 to 10 feet, and locally more, of

these materials are exposed along the edges of the long irregular mesas

of the area (Kelley, 1971).

The Mescalero Plain is very obvious on LANDSAT imagery. The surface

materials of the plain are generally darker in color and exhibit more

vegetation and higher moisture content than sandy areas.

The Mescalero Plain probably formed during a period of tectonic stability

after deposition of the Gatuna Formation in the Early to Middle

Pleistocene and has been modified both during and after its formation by

solution-subsidence features, discussed below (Bachman, 1976). The

widely distributed gravel deposits have probably been derived from

erosion of the Ogallala Formation in the Llano Estacado, to the east

(Kelley, 1971). The development and distribution of caliche and sand

dune deposits, both of which overlie extensive portions of the

pre-caliche Mescalero surface in southeast New Mexico, are discussed

separately in the following paragraphs.
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1) Mescalero Caliche

The deposits of the Mescalero Plain are generally covered by the

calcareous, cemented remnant of an extensive soil profile known as the

Mescalero caliche (see Section 3.3.4). The caliche forms a resistant

caprock which averages 3 to 5 feet thick and is generally less than 10

feet thick. It consists of a basal earthy to firm, nodular calcareous

deposit and an upper well-cemented laminar caprock (Bachman, 1976). In

places, the caliche has weathered to a ledge that overhangs less

resistant deposits. The caliche is generally thin; it is locally absent

over the solution depressions of the plain, and in areas of collapse may

be nearly vertical. Caliche may also be locally absent due to erosion on

nondeposition. Because of the generally uniform covering by the

erosion-resistant caliche, it is probable that these irregular surfaces

result from subsurface solutioning and subsidence of the underlying

sediments, primarily after the caliche caprock formed.

Although the genesis of the Mescalero caliche is uncertain, it is thought

to be a process dependent upon climatic conditions involving certain

ranges of both temperature and rainfall, in which carbonate movement is

produced within the soil profile, resulting in the reworking and

cementing of the soil constituents into a cohesive, calcareous mass.

This caliche formed during a period of stable, semiarid climatic

' conditions which have been tentatively correlated with the Yarmouthian

interglacial stage of the middle Pleistocene (Bachman, 1974, 1976).

2) Eolian Sand

Eolian sand covers much of the Mescalero Plain in southeastern New Mexico

and is known locally as the Mescalero sand (Vine, 1963). This sand

generally forms two distinct types of deposits - sheetlike stretches of

surf icial sand, which vary in thickness from about 5 to 15 feet (Bachman,

1973; Vine, 1963), and dunes, having a maximum thickness of about 60 feet

(Hendrickson & Jones, 1952).
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The eolian sand deposits of the Mescalero Plain have probably been

derived from a widespread source of fine-grained sediments. Bachman

(1974) suggests that most of this sand originated from the Ogallala

Formation, although local sources, such as blowouts, have also been a

source of sane dune materials. There is litle evidence to indicate that

much sand has been derived from the Pecos River (Bachman, 1973, 1974,

1976).

Except where the sand is stabilized by vegetation, it is continually

blown about to form transverse dune ridges and barchan dune areas

separated by broad flats. The orientation of the dune ridges is not

uniform throughout the area, with the long dimension of the ridges

apparently reflecting the direction of the strongest prevailing winds at

the time of their formation (Vine, 1963) (also see Section 3.6.5).

At least two periods of eolian sand emplacement have occurred since the

formation of the Mescalero Plain in Pleistocene time and are evidenced in

some places by two distinct layers of sand. The lower deposit consists

of a semiconsolidated scnewhat clayey sand, as much as 1.5 feet thick,

overlain by as much as 20 to 25 feet of loose surf icial sand forming the

contemporary sheet and dune formations (Bachman, 1976).

Karst Topography The land surface in southeastern New Mexico locally

exhibits a karst topography, characterized by geomorphic features such as

sinkholes, linear depressions (called solution-subsidence troughs by

Olive, 1957), dcines (including one known "breccia pipe"), "castiles" and

collapsed outliers (Anderson, 1978). Many of these features show up on

LANDSAT imagery as ponds and other water-filled depressions concentrated

particularly near Roswell and also between the Pecos River and Mescalero

Ridge. These features have resulted fromn the dissolution of salts and

other soluble materials within the upper Permian Ochoan Series (see

Section 3.3.2), particularly in the Rustler and the Upper Salado. The

water required for the dissolution process has come into contact with the

soluble materials either by surface exposure, following erosional removal

of the protective mantle of younger sediments such as the Ogallala and
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caliche, or at depth, by means of the downward percolation of local

surface water or by contact by means of fracture systems between the

Ochoan rocks and underlying regional aquifers, which have been exposed

along basin margins by the Cenozoic regional uplift, tilting and

erosion. These solution processes have been followed by collapse of the

insoluble strata into the voids left behind by the dissolution (Bachman,

1974).

Development of karst features may have occurred in southeastern New

Mexico as early as Triassic or Jurassic time, when the area was above sea

level and probably undergoing extensive erosion which exposed the soluble

materials. Bachman (1976) surmised that sane dissolution of Permian

salts and gypsum probably took place in the western part of the Delaware

Basin during Jurassic time, before resubmergence in the Cretaceous.

Extensive regional erosion also took place during the early Tertiary,

presumably with accompanying renewed dissolution activity, although no

sedimentary records of that period are preserved today. The earliest and

most widespread basis for relative dating of solution-collapse features

in the area is the Mescalero caliche, of Middle Pleistocene time. If, as

is generally believed the caliche was derived from a soil profile, it

could not have formed on the irregular and, in places, very steep slopes

of today. Additionally, the fracturing and slumping of the Mescalero

caliche along the widely occurring depressions of the area indicates

~ collapse after Mescalero time. Some of the major collapse features here,

such as Nash Draw, Clayton Basin and Crow Flats, exhibit evidence of

several intervals of dissolution and subsidence activity. For example,

Crow Flats, a large feature 15 miles east of Artesia, contains evidence

for at least 3 such episodes, ranging in time from after Triassic and

before Pleistocene Gatuna deposition, during or after Gatuna time and

after Mescalero time (Bachman, 1976). Notwithstanding this evidence of

long term dissolution history, Anderson (1978) believes that many of the

deep-seated dissolution features formed during the most recent and most

extensive period of salt removal following the Cenozoic erosion and

exposure of the evaporites. Much of this activity is suggested to have

occurred during the past few million years; dissolution has apparently

progressed from west to east and from south to north across the Delaware

Basin.
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1) Principal Types of Solution - Subsidence Features

a) Sinkholes

Sinkholes form a category of features represented by thin or missing

sections of halite in the Castile or by surf icial depressions. Thin or

missing halite in the Castile may be determined on the basis of borehole

geophysical logs (see Anderson, 1978); the data may not assuredly

represent dissolution at depth. Sinkholes designated on the basis of one

borehole should also be viewed with caution. Similar data might be

obtained in an area with some salt deformation. For the purposes of

building a working hypothesis of deep dissolution, Anderson (1978) took

these data as possible indications of deep dissolution.

Many of the sinkholes present in the northern Delaware Basin area

developed as deep-seated features originating in the Castile Formation.

These sinks are often expressed as thin or missing sections of the

"Halite I" and "Halite IIn salt of the Castile, and to a lesser extent of

W smaller salt beds above these units, and resulting structural depression

of the overlying stratigraphic units. At least 100 deep-seated sinks are

estimated to exist presently in the New Mexico portion of the basin.

Around the margin of the basin, a number of these deep-seated sinks

appear to be associated with anticlinal structures in the salt; in the

mid-basin area, these sinks occur as both isolated features and in

association with salt anticlines (Anderson, 1978). In addition to these

deep-seated features, there are many sinks present in the area which are

associated with active near-surface dissolution, such as those along the

Pecos River and in Nash Draw (Anderson, 1978).

Compound sinkholes, resulting from coalescing collapse sinks, are common

along the Pecos River valley south of Roswell. Many of these sinks have

collapsed within historic time (Bachman, 1974). As discussed above,

Bachman (1974) has suggested that the course of the Pecos River southward

from Carlsbad to near the New Mexico-Texas border lies within a major

belt of such collapse sinks. Bachman has also described similar
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developmients along the east side of the Pecos River southeast of

Carlsbad, where a linear scarp is believed to have formed as the result

of a collapse structure which is now occupied by the river.

b) Dolines

Dolines are very common features in southeastern New Mexico, forming on

limestone bedrock and caliche surfaces. Dolines are defined as

relatively shallow solution sinks that develop on the surface beneath the

soil mantle without physically disturbing the underlying rocks or being

underlain by subsurface solution cavities (Bachman, 1974).

c) Solution-Subsidence Troughs

Narrow, linear, generally northeast-trending depressions that vary in

width from a few hundred feet to a mile and in length from one-half mile

to 10 miles in southeastern New Mexico have been termed

solution-subsidence troughs by olive (1957), who proposes that these

troughs result from the subsidence of near-surface material which fills

voids dissolved by water flowing in underground channels. According to

Thornbury (1965), these troughs are particularly common west of the Pecos

in areas underlain by the Castile Formation and extend eastward, parallel

to the regional dip as a result of dissolution along eastward-trending

~ joint systems that parallel the regional dip.

Bachman and Johnson (1973) also describe linear features occurring in

areas generally underlain by the Ogallala, to the north and northeast of

the site, and suggest that at least some of these depressions may be the

result of alternate leaching and wind deflation (Judson, 1950; Price,

1958). These features appear on LANDSAT imagery as alternating linear

strips of vegetation and white to gray soil, trending NW-SE. They are

most prominent north of Hobbs, north of San Simon Sink, and at scattered

locations on the Mescalero Plain. The leaching may have been produced by

the chemical action of plant growth on the caliche surface between

longitudinal sand dunes where small amounts of ground water were able to
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is collect during periods of eolian quiescence; later periods of eolian

activity removed these leached sediments from between the dunes. The

swales left behind by this leaching activity mark the location of former

longitudinal dune fields which have been displaced or removed by

continued eolian activity. The effect of these linear features has been

to provide depressions in which surface runoff collects and serves as

sources of ground water recharge. Solutioning and erosion along these

lineaments may have also opened conduits to the subsurface and

contributed to a more rapid dissolution of the underlying soluble rocks

(Bachman and Johnson, 1973).

d) Breccia Pipes and Domes

Various domal structures, having diameters of from several hundred to

several thousand feet, occur in southeastern New Mexico, particularly

along and east of the Pecos River, and are associated with areas of

relatively recent surface salt dissolution (Anderson, 1978). Although

they have been termed "breccia pipes," these features have no

relationship whatsoever to volcanic activity. Many of the domes have

been breached by erosion to reveal brecciated cores of stratigraphically

displaced Gatuna, Rustler, and Triassic beds. These features are also

characterized by doming-related deformation of rocks as young as the

Mescalero caliche (Vine, 1960). The depth to which these breccia pipes

extend is not known; one pipe is known to reach as deep as the McNutt

~ ~1 member of the Salado Formation, as evidenced by underground exposures in

the Mississippi Chemical Company potash mine (Griswold, 1977).

Anderson (1978) hypothesized that breccia pipes originate from the

dissolution of salt at depth by waters circulating along intersecting

joint sets in adjacent brittle rocks. Subsequent collapse of insolubles

into the cavity forms a rubble breccia chimney, which sometimes

penetrates to the ground surface. The only known breccia pipe (located

in the Mississippi Chemical Corporation mine in Nash Draw) is observed to

be well-cemented by fine-grained material with, no perceptible open

space. There is no evidence of removal of soluble material from the
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evaporites adjacent to the feature in the mine. Thi s particular feature

is expressed at the surface by a dome with a collapsed center. The

doming of this brecciated core takes place at a later time. vine (1960)

has suggested three possible mechanisms for this later deformation: the

erosion of the rock surrounding the core of the sink; the upward flow of

salt into the sink; an increase in volume of rock as anhydrite is altered

to gypsum in the brecciated core. Anderson (1978) expressed the opinion

that the doming has been produced by regional near-surface dissolution

removing the salt from around the pipes and producing a sagging of the

beds around the pipes. As a result of the doming process, the rock

strata surrounding the dome at the surface generally dip away from the

breccia pipe core (Vine, 1960). Underground, in the Mississippi Chemical

mine, beds adjacent to the breccia pipe dip down toward the breccia pipe

at about 10-200.

The age of the breccia pipe formation in this area has not been

determined. Mescalero caliche, of Middle Pleistocene age, is present on

the flanks of breccia pipes and lying at steeper angles than those at

which the caliche probably originally formed. This may indicate that the

breccia pipes are younger than the Mid-Pleistocene. It is also possible,

however, that the breccia pipes predate the caliche and that later

subsurface removal of salt by dissolution produced greater amounts of

downdrop away from the more resistant breccia pipes, resulting in the

Sslopes present today. (Continuing studies of these features are

addressed in Chapter 10.)

Despite the fact that the breccia pipes which have been recognized are

generally expressed topographically as domes, it has been surmised that

others may have no surf icial expression and have therefore gone

undetected to the present time. Geophysical exploration has been used to

explore for pipes without surf icial expression. Electrical resistivity

surveys have shown that the breccia core of the known pipe has a much

lower resistivity than does the surrounding undisturbed strata (Elliot,

1976). Continuity of seismic reflections are lost when similar

geomorphic features are crossed by survey lines (Griswold, 1977).
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e) Collapsed Outliers and "Castiles"

Outliers of the Rustler Formation, separated from the main outcrop area

through erosional processes, as described by Anderson (1978), are

circular to elongate or irregular collapse features consisting mostly of

the Culebra dolomite. They occur where the salt has been completely

dissolved from the evaporites.

Limestone buttes, called Castiles, occur west and south of the collapsed
outliers, primarily in Texas, in the lower part of the Castile Formation

outcrop area. These features consist of biogenic calcite which has

replaced the gypsum or anhydrite of the Castile Formation, and some

exhibit collapse structures with brecciated cores. These buttes are

similar in size and distribution to the collapsed outliers (Anderson,

1978).

2) Major Near-Site Features

Major geomorphic features which have formed in the area of the proposed
WIPP site as a result of sinkhole formation and related

solution-subsidence mechanisms include Nash Draw and San Simon Swale (see

Figure 2-1 for their location and topographic configurations). These

features and their specific development are discussed separately, below.

a) Nash Draw

Approximately 5 miles northwest of the proposed WIPP site is a prominent

geomorphic feature, known as Nash Draw, which Vine (1960) described as "a
sinuous depression about 4 miles wide and 18 miles long." Its surface

structural expression is similar to that of a breached anticline plunging

gently northward, with the older Rustler Formation exposed in its center

and the younger Dewey Lake redbeds and Santa Rosa Sandstone exposed along

its flanks. However, well records in the area indicate that the bedrock

underlying the draw exhibits a gentle homoclinal configuration.

Accordingly, Nash Draw has been identified as an undrained physiographic
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depression, which has probably developed as a result of regional and*

differential dissolution of the anhydrite, gypsum and halite beds of the

Rustler and upper Salado Formations (Vine, 1963).

According to Vine (1963), dissolution on top of the massive salt in the

Salado) has produced a rather uniform lowering of the land surface in Nash

Draw, but its surficial structural features have been produced and

greatly modified by differential solution of the more soluble portions of

the Rustler Formation. While the bedrock in the northern part of Nash

Draw is generally covered by eolian sand, caliche and alluvium, the

central and southern portions of the draw contain exposures of Rustler

that has been highly deformed primarily as a result of large-scale

collapse following solution of the Rustler and Salado. This dissolution

activity has also produced numerous individual sinkholes in Nash Draw,

which vary in configuration from circular features a few tens or hundreds

of feet across to irregular or arcuate features up to more than a mile

across. Many of the larger depressions in the area of Nash Draw,

including the basin at its southwestern extent which contains Salt Lake,*

have probably formed through the coalescing of several smaller solutionW

depressions or sinks. Sane such places, where several depressions tend

to line up may also indicate the location of subterranean cavernous water

courses (Vine, 1963).

S The age of the earliest solution activity that produced Nash Draw is

uncertain. It is thought that some of the deep-seated solution in the

Delaware Basin area had occurred by the middle part of the Mesozic, but

that a substantial amount of this process has taken place since the Late

Tertiary regional tilting of this area. Within Nash Draw, the formation

of a large number of the individual solution features has resulted in the

deformation of rock units as young as the Pleistocene Mescalero caliche,

which indicates that Quaternary dissolution of the Salado and Rustler

Formations is of primary importance in the geomorphic history of Nash

Draw. Assuming that this disturbed caliche originally lay at an

elevation corresponding to that of the adjacent Mescalero Plain, then at

least 100 to 150 feet of local warping and depression has occurred in
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Nash Draw within relatively recent time (Vine, 1963). Bachman (1974)

estimated that at one place in Nash Draw a surface lowering of

approximately 180 feet, almost wholly the result of solutioning and

subsidence, has occurred in the past 600,000 years.

b) San Simon Swale

San Simon Swale is one of a series of large deep-dissolution depressions

filled with Cenozoic sediments, lying above the inner margin of the

Capitan reef along the eastern side of the Delaware Basin (Anderson,

1978). Situated approximately 20 miles east of the proposed WIPP site,

San Simon Swale forms a southeasterly-trending depression approximately

25 miles long and from 2 to 6 miles in width. Much of the surface of the

swale is at present covered by eolian sand, which masks the relief. Of

particular interest within San Simon Swale is a compound collapse feature

called San Simon Sink, which occupies an area about 2 miles long and 1

mile wide at the southeastern end of the swale (Bachman and Johnson,

1973).

San Simon Swale originated from a combination of surface stream erosion

and solution-subsidence (Bachman & Johnson, 1973). During the

Pleistocene, a major tributary of the Pecos River is thought to have

flowed southeastward through what is now San Simon Swale to join the

Pecos in western Texas. The initial course of this tributary was

4:=7 determined as it eroded its way through the caliche caprock of the

Ogallala Formation (Bachman and Johnson, 1973). The dissolution and

subsequent removal of these beds resulted in the formation of numerous

sinkholes, some of which coalesced to form, ait least in part, the

depression now known as San Simon Swale (Bachman and Johnson, 1973). The

swale has been lowered at least 180 to 200 feet below its original

surface, in view of lake deposits in the sink encountered during

preliminary WIPP studies. Current drilling operations reveal a thickness

of over 600 feet of post-Ogallala sediments underlying the present floor

of the swale.
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Within San Simnon Swale, the San Simon Sink formed as a secondary collapse

structure, probably during the Pleistocene. Numerous ring fractures

around the sink indicate that it has had a long history of successive

collapse events since its initial formation (Bachman and Johnson, 1973).

The most recent of these events is reported to have occurred in the

1930's (Nicholson and Clebsch, 1961). It is therefore assumed that salt

dissolution in the underlying formation is continuing here and it is

thought by some that the resulting brine is being carried in a

southeasterly direction toward Texas (Bachman and Johnson, 1973).

On the basis of written communication from C.L. Jones of the U.S.

Geological Survey, Bachman (1973) reported that over 500 feet of Cenozoic

sediments have thus far been deposited in San Simon Sink. Nicholson and

Clebsch (1961) have estimated that alluvium is presently being deposited

in the sink at a rate of about 1 foot in 5 years. Recently acquired core

(WIPP 15) from San Simon Sink has been analyzed in a preliminary way

(Anderson, 1978) showing about 545 feet of fill on top of Triassic

sediments. Dates on the fill have not yet been obtained.

Blowouts Some of the basins which are present in southeastern New Mexico

have been formed by processes other than the previously described

mechanisms of dissolution and collapse. The most conspicuous of these

basins in the area of the proposed WIPP site are named Williams Sink,

Laguna Gatuna and Laguna Plata, all of which are situated approximately

~ 15 miles to the north of the site.

These features, termed blowouts, have formed through the removal of loose

sand deposits by wind erosion. During the rainy season, many of the

depressions which have resulted are partially filled with water. The

floors of the blowouts are mantled with clay and saline deposits, and

many blowouts are surrounded by eolian sand. Dune fields commonly

develop along the northeastern and eastern leeward margins of these

depressions (Bachman, 1974).
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3.2.3 Erosion Rate- Significance of Geomorphic Developments to Site

This section provides a short review of the degree to which the major

surface and subsurface processes discussed in the previous section have

affected the land surface in the vicinity of the site and discusses to

what extent these activities may be predictive of future geomorphic

modifications in this area.

The resistant Mescalero caliche covers most of the land surface in the

vicinity of the site and underlies the site itself. Where present, the

caliche provides an indication that no significant erosion of the surface

in these areas has occurred since the formation of the caliche in

Mid-Pleistocene time.

The major areas of relief which have developed since this time have

probably been produced to a large extent from subsurface dissolution and

subsidence. The two major features of significance to the site,

originating from these processes, are Nash Draw and San Simon Swale. In

Nash Draw the surface has been lowered at least 100 feet by dissolution,

and locally as much as 180 feet, within approximately the past half

million years. Bachman (1974) also cited one location within the draw

where the lowering of the ground surface appears to have exceeeded the

rate of salt removal, indicating a surface erosion of about 40 feet in

addition to solution activities. San Simon Swale, a product of surface

erosion as well as solution-subsidence, lies at its lowest point sane 180

~ ) to 200 feet below the surrounding land surface (Claiborne and Gera,

1974), and may have undergone a total subsidence of about 750 feet. No

age has yet been obtained from the sediments obtained during recent

drilling. (See Chapter 10, Continuing Studies.)

Wind erosion has produced other depressions in the area, with a resultant

buildup of material in the same vicinity. However, these features are

generally of only minor dimensions and are local in extent (Claiborne and

Gera, 1974).
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These observations should not be considered as constants for rates of

erosion which would hold true for the future. But in providing a generalW

indication of the surface modification in the vicinity of the WIPP site,

they do indicate the pattern of continuing geomorphic development 
of the

area. Variations in climatic conditions give rise to variations in rates

of denudation and also in rates of subsurface dissolution. The nature of

the ground surface is also of major importance in terms of its

vulnerability to erosional processes.

The site is located west of and near a drainage divide between Nash 
Draw

and San Simon Swale, where it appears that very little dissolution 
or

surface erosion has occurred since Early Pleistocene time, as evidenced

by the relatively undisturbed nature of the Mescalero caliche there,

which has also served as a protective layer for the underlying soluble

rock units. Contouring studies, too, indicate that this area has been a

drainage divide between San Simon Swale and Nash Draw at least since

Mid-Pleistocene time (Bachman, 1976). Although erosion here has been

minimal under the present semiarid climatic conditions, if more humid

conditions should develop in the future, an accelerated erosion 
of the

caliche is reasonable to expect. However, with increased rainfall, it is

also expected that Nash Draw and San Simon Swale will be exposed 
to more

erosive stress, since most of the runoff will probably flow out of the

immediate area along these depressions.

S 3.3 REGIONAL STRATIGRAPHY AND LITHOLOGY

3.3.1 Precambrian Rocks

Metasediments and granitic igneous materials consititute the majority 
of

the basement rock of the southeast New Mexico - west Texas region. These

Precambrian rocks crop out in only a few localities, in the western part

of the region, such as the Nigger Ed Canyon area of the Sacramento

Mountains (Pray, 1954), in the core of the Pajarito Mountain dome

(Kelley, 1971) and in the Bent Dome, east of Tularosa (Bachman, 1960).

Data on the Precambrian underlying the Delaware Basin and further 
east
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* and south across the Central Basin Platform into southwest Texas have

been obtained principally through oil company records; hundreds of wells

have been drilled in this area, particularly on the Central Basin

Platform. Little data are available from the basin areas, where most

wells penetrate only to the Upper and Middle Paleozoic sections.

The configuration of the Precambrian basement surface reflects the late

Paleozoic structural framework of the region (see Figure 3.4-2). The

surface is deepest along the northern axial portion of the Delaware

Basin, where it reaches a depth of about 20,000 feet below sea level.

The basement surface rises to the east, north and west of the Delaware

Basin. On the northeast, into Otero and Chaves Counties, the basement

rises fairly uniformly to more than 4,000 feet above sea level; on the

east, the surface rises rapidly on the Central Basin Platform to

elevations of between -5,000 and -4,000 feet (Cohee, et al., 1962; Foster

and Stipp, 1961). Well data suggest that a number of post-Precambrian

faults break the profile of the basement surface throughout the region.

A notable example of this occurs along the west margin of the uplifted

Central Basin Platform, where a vertical offset of perhaps more than

5,000 feet is present along the south portion of a large normal fault

system.

The Precambrian sections which have been examined display a complex

association of metasedimentary, sedimentary, metavolcanic, volcanic and

plutonic rock types, suggesting a history of repeated orogenic activity

interspersed with erosional episodes. Muehiberger, et al. (1967) have

classified the Precambrian rocks of the region into a number of terranes

of various age and lithology. A modified version of their geological

map, Figure 3.3-1, presents the distribution of the major Precambrian

rock types of the area.

Outcrops of probably Late Precambrian age slightly metamorphosed

siltstones, shales and fine-grained quartz sandstone with associated

intrusive sills are found in the vicinity of Nigger Ed Canyon in the

Sacramento Mountains. The majority of the sills are diabase, and some

are markedly porphyritic (Pray, 1954, 1961).
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In the subsurface, similar Precambrian diabase and incipiently

metamorphased clastics, including quartzite, siltstone and impure

limestone, comprise a broad band which extends from southern Otero County

northward for over 200 miles to southeastern Guadalupe Country.

Muehlberger, et al. (1967) have termed these rocks the DeBaca terrane.

In the Franklin Mountains at the extreme western tip of Texas, these

metasediments attain a known thickness of almost 4,000 feet (Harbour,

1960). The rocks are underlain, at least in part, by rhyolites of the

Panhandle volcanic terrane, discussed below, and are overlain in the

Franklin Mountains by up to 1,000 feet of rhyolite (Harbour, 1960) dated

at 900 million years.

To the east of the Sacramento Mountains on the Northwestern Shelf, an

approximately 2-square-mile outcrop of Precambrian rock is exposed in the

core of Pajarito Mountain dome. These rocks, radiometrically dated as

1,270 million years old, consist of hornblende, syenite, hornblende

syenite gneiss, and some diabase, locally intruded by leucocratic syenite

and hornblende syenite pegmatite (Kelley, 1971). Granitics apparently

underlie most of the south-central parts of New Mexico and large areas in

Eddy and Lea Counties (Foster & Stipp, 1961), extending at least as far

west as the Guadalupe Mountains as well as south and southeastward into

Texas (Flawn 1954: Muehlberger et al. 1967). These rocks, named the

Chaves granitic terrane, are largely granite, granodiorite,

compositionally equivalent gneiss and lesser amounts of metasedimentary

Sand metaigneous rocks. Granite comprises about 80 percent of the samples

studied. Foliation in these rocks is generally faint, but is enhanced by

some shearing (Muehlberger et al., 1967). Wasserberg et al. (1962) dated

the granitics in this area as between 1,250 and 1,400 million years in

the north and as young as 1,090 million years to the south. These

granitics appear to predate the sedimentary Precambrian rocks to the west

(Foster & Stipp, 1961).

Younger volcanics, which appear to have been extruded and deposited as a

relatively thin layer above the granitics, are present in at least parts

of Chaves, Lea, Roosevelt, Curry and Quay counties as well as near the
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south border of New Mexico west of the Brokeoff Mountains and eastward in

the Texas Panhandle (Foster & Stipp, 1961; Muehiberger, 1967). These

rocks, known as the Panhandle volcanics, are primarily rhyolitic flows

and tuffs and pyrocJlastics with subordinate trachytic and andesitic

types. The volcanics are mostly undeformed and unmetaxnorphosed. Rb-Sr

dating of these rocks yields an average age of 1,140 + 50 million years

(Muehlberger et al., 1967).

Gabbro and diabase or basalt, commonly showing intergranular ophitic to

subophitic textures, underlies parts of Roosevelt and southern Curry

Counties and extends eastward into Texas. These rocks, termed the

Swisher diabasic terrane, intrude the volcanics, and, although their age

is uncertain, are considered Precambrian (Muehlberger et al., 1967;

Flawn, 1954). According to Flawn (1954, 1956), these rocks appear to be

a great stratiform body occupying a major basement syncline, although no

large positive gravity or magnetic anomaly is present over this region.

Clastics of Late Precambrian age crop out near Van Horn, Texas. These

deposits are part of an alluvial fan which is overlain by the Bliss

sandstone (McGowan and Groat, 1971). Elsewhere, including the Guadalupe

Mountains, these rocks have been studied through well cuttings.

3.3.2 Paleozoic Rocks

Cambrian Rocks

Very little is known about the existence or nature of any Cambrian

sediments underlying the Delaware and Val Verde Basins area of southeast

New Mexico-west Texas, partly because the great thickness of the

overlying section in this region and partly because the belief that the

Ordovician Ellenburger is the deepest potential reservoir formation has

discouraged deeper drilling (Vertrees et al., 1959).
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Basal Paleozoic clastics were named the Bliss Sandstone by Richardson

(1904) for exposures in the Franklin Mountains. They range in thickness

from 0 feet to the north to about 375 feet toward the south. The Bliss

unconformably overlies the Precambrian and in most places is conformably

overlain by the El Paso Group (Hayes, 1964). According to Harbour

(1960), the Bliss is probably a beach or near-shore deposit of the sea in

which the overlying El Paso Limestone accumulated.

In its type locality and in most areas east of longitude 1070~w, the

Bliss generally consists of over 90% sandstone that is thin-bedded and

jointed. Subordinate, thin interbeds of siltstone or shale and rare thin

beds of sandy limestone or dolomite are present. Dark siltstone grains,

cemented by glauconite and hematite, combine to produce a dark color

(Hayes, 1975; Harbour, 1972).

In the Sacramento Mountains of southeastern New Mexico, the Bliss

Sandstone is exposed in the vicinity of Nigger Ed Canyon. A 100

angular unconformity separates it from the underlying Precambrian. The

Bliss in this area contains 110 feet of quartz sandstone, minor dolomitic

sandstone, sandy dolomite, brown-weathering sandstone interbeds in the

upper third of the section. Abundant glauconite is present in some of

the strata. In general, this section is similar to that at the type

locality near El Paso (Pray 1954, 1961). Farther southeast in the

S subsurface at the Guadalupe Mountains area, the Bliss consists of less

than 30 feet of light gray to white, poorly sorted, coarse-grained quartz

sandstone at the base and top, separated by gray, fine-to-medium grained,

sandy dolomite (Hayes, 1964).

Most investigators consider the Bliss Sandstone to be diachronous,

ranging in age from Late Cambrian through Early Ordovician, becoming

younger from west to east, as determined from faunal evidence and

lithologic correlations (Hayes, 1975). The Bliss of the Sacramento

Mountain area has been dated as Cambrian by the Residue Research

Laboratory of Midland (Roswell Geological Society, 1953). However,

Flower (1953) has indicated that the formation is time-transgressive and
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contains both Late Cambrian and Early Ordovician fauna in New Mexico

(Harbour, 1972). The evidence indicates that in its easternmost

localities, the entire Bliss is of Early Ordovician age (Hayes, 1975).

Hayes reported in 1964 that it is very likely that the Bliss in the

subsurface of the Guadalupe Mountains area is entirely Ordovician.

Foster (1974) also considers that the Bliss sediments of the southeastern

New Mexico Delaware Basin area probably correlates only with the

Ordovician part of the unit as defined in Texas.

Ordovician Rocks The Lower Ordovician section is composed mainly of

carbonates deposited in a shallow sea with a relatively calm shelf

environment (see Figure 3.3-2). In 1904 Richardson named exposures in

the Franklin Mountains the El Paso Limestone (Hayes, 1975). Cloud and

Barnes (1948) named exposures in western and central Texas the

Ellenburger Group, and this name is commonly applied to subsurface rocks

in the Permian Basin. Some workers have subdivided these rocks into

formational groupings that are recognizable over much of the region. For

discussion of nomenclature and detailed stratigraphy, refer to Hayes

(1975).

Where the El Paso crops out in the Sacramento Mountains escarpment, it is

composed of up to about 420 feet of light-to-olive-gray, very fine-to

medium-grained dolomite. Thin to medi-um beds predominate, chert nodules

occur sporadically, and interbeds of dolomitic quartz sandstone are

common toward the base, derived from erosion of rocks to the east. In

~ I the Sacramento Mountain area, at least, the El Paso appears to be either

time-transitional with the Bliss Sandstone or, separated from it by a

minor disconformity (Pray, 1961). To the southeast, in the subsurface of

the Guadalupe Mountains, the El Paso comprises from 520 to 550 feet of

gray, fine-to medium-grained, crystalline, siliceous dolomite with some

sand near the base and top and some light-colored aphanitic chert.

Eastward in the Delaware Basin over 700 feet of El Paso or Ellenburger

has been encountered. In the New Mexico portion of the basin, the

formation is almost entirely a light-gray to gray crystalline dolomite

with small amounts of sandstone; much chert is present in some localities
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near the top of the section (Haigler, 1962) . South and southeastward in

the west Texas Delaware-Val Verde Basin area, the Ellenburger reaches a

maximum thickness of at least 1,600 feet and is composed almost entirely

of limestone and dolomite (Vertrees et al., 1959). Its limestones are

light-gray and dominantly sublithographic, becoming purer upward; the

dolomites range from coarse-grained pale rocks, generally near the bottom

to finer-grained, more brightly colored ones above (Cloud and Barnes,

1946).

Middle Ordovician sediments comprising the Simpson Group are recognized

in the subsurface from the Guadalupe Mountains area through the Delaware

Basin and east into Texas. The Simpson thins rapidly to the west at an

average rate of about 10 feet per mile (Hayes, 1964), wedging out near

Artesia, New Mexico. To the north, it extends to the latitude of Roswell

and elsewhere is truncated by erosional unconformities. Where the

Simpson, or equivalent, is encountered within the New Mexico portion of

the Delaware Basin, it ranges in thickness from less than 200 feet to

1,850 feet in southern Lea County (Nicholson & Clebsch, 1961). In the

basin, the Simpson consists of 3 main layers of limestone, alternating

with thinner green, brown and black shale, black shale with rounded

quartz grain inclusions, and sandstone (Haigler, 1962). Towards the

south and southeast, the formation thickens considerably, reaching a

maximum of at least 2,250 feet before wedging out in the Marathon

SMountains region. Shaly facies predominate towards the south. In the

Delaware-Val Verde region, the sandstones and some of the carbonate

members are potential oil and gas reser voirs (Vertrees et al., 1959).

In the subsurface of the Permian Basin, the Simpson is overlain

conformably by carbonates of the Montoya Group, assigned to the Middle

and Late Ordovician by Hayes (1975). At the type locality in the

Franklin Mountains, the Montoya ranges in thickness from about 140 to 250

feet, averaging about 200 to 225 feet, and consists of a lower olive gray

to dark gray cliff-forming dolomite with a thin, very coarse-grained

quartz sandstone at the base and an upper, lighter colored cherty and

finer-grained, slope-forming dolomite. The top of the group is marked by
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a zone of bedded chert (Bachman and Myers, 1969). Eastward in the north

part of the Delaware Basin, the Montoya ranges from about 280 to 440 feet

in thickness and consists of medium-to dark-gray dolomite with minor

amounts of dark gray limestone and chert (Haigler, 1962). Where it

occurs on the Central Basin Platform, the Montoya is a cherty limestone

about 150 feet thick. To the south, the Montoya is composed of primarily

chert and dolomite, reaching a maximum thickness of 600 feet (Vertrees et

al., 1959).

The uppermost rocks of Ordovician age in the area consist of a generally

light-gray, thin-bedded dolomite with some marl. It had been included by

Darton (1917, 1928) as the lower part of the Fusselman, but having been

recognized by Kelley and Silver (1952) as Ordovician, it was removed from

the Fusselman and renamed the Cutter Formation. Pray (1954) called it

the Valmont, where he encountered it in the Sacramento Mountains. Now,

however, these beds have been established as the Cutter Member of the

Montoya Dolomite (Harbour, 1972; Bachman and Mlyers, 1969).

Silurian Rocks The Silurian of the southeast New Mexico - west Texas

areas consists of the Fusselman limestone and the carbonates and shales

of an "Upper Silurian" unit, both of which were deposited in a broad

subsiding area named the Tobosa Basin.

The Fusselman rests unconformably on the Late Ordovician Montoya and

ranges in thickness from 0 to 1,000 feet in part of southern New Mexico

and west Texas, and thins westward and northward into an erosional wedge

(Hayes, 1975). It is composed of a massively--bedded, clean,

light-colored dolomite and locally limestone. The limestone facies is

dominant to the southeast; a thicker dolomite facies is dominant to the

north and west. The Fusselman has been dated as Middle Silurian and

possibly also Early Silurian in age (McGlasson, 1968; Hayes, 1975; Pray

1958).
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In the Sacramento Mountain area, the sequence overlying the Montoya has

been divided by Pray (1953, 1954, 1961) into two units. The lower

member, which he termed the Valmont, is composed mostly of light gray,

very finely textured dolomite ranging in thickness from 150 to 225 feet.

The upper part of the sequence in the Sacramento area, recognized by Pray

(1954) as Silurian, comprises a medium to finely crystalline, light to

medium gray, cherty dolomite not exceeding 100 feet. As identified in

the subsurface of the Guadalupe Mountains, the Fusselman ranges from 580

feet to about 740 feet of white to light gray, coarse to medium

crystalline dolomite, which contrasts sharply with the darker,

fine-grained underlying Montoya (Hayes, 1964). In the Delaware Basin,

the Fusselman is a light-colored dolomite containing abundant chert and

two thick limestone intervals. It reaches its maximum thickness in

southern Lea Country. Eastward across the Central Basin Platform, the

Fusselman is represented by a coarse-grained crystalline glauconitic

limestone and dolomite 180 to 200 feet thick (Nicholson & Clebsch, 1961).

The subsurface unit informally called the "Upper Silurian" consists of a

shaly facies to the southeast and much thicker carbonate facies to the

north and west. The unit is more restricted areally than is the

underlying Fusselman, pinching out northward and westward across

north-central Eddy and Lea Counties. The carbonate facies predominates

in the New Mexico portion of the Delaware Basin and includes both

limestones and dolomites, reaching over 1,500 feet in thickness

S (McGlasson, 1969). On the Central Basin Platform, it consists of 180

feet of green, gray, and black shales interbedded with dense limestones

(Nicholson & Clebsch, 1961). Southward into Texas, the shaly facies is

composed of bright green to dark brown shales and white to brown

calcilutites with a maximum thickness of 300 feet (Mc3lasson, 1968).

Devonian Rocks Lower to Middle Devonian rocks are known only from

subsurface exploration, and only in the southeastern corner of Lea

County, New Mexico. Called the "Devonian" rock unit by McGlasson (1965),

these rocks are more restricted in area than the "Upper Silurian" and

range in thickness from zero to 1,000 feet in the vicinity of Crane
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County, 'Texas. The unit is composed primarily of chert in the southwest,

grading northeastward into dark siliceous micrite and light-colored

calcarenite. After deposition, the unit underwent considerable

diagenetic alteration.

In the western part of the region, along the Sacramento Mountain

escarpment, a unit dated as upper Middle Devonian, the Onate, has been

recognized (Pray, 1954, 1961). It consists largely of dark gray to olive

gray, very fine-grained dolomite mixed with coarse silt to very fine

quartz sand, with minor shale, increasing to the south. Small, irregular

chert or silicified dolomite nodules several inches long are distinctive

lithologic features of the upper part of the formation in the central and

northern parts of the escarpmnent. To the west the Onate forms beds

generally less than 1 foot thick and rarely thicker than 2 feet but is as

much as 60 feet thick in the central escarpment area, thinning northward

and southward.

Upper Devonian rocks in the subsurface of the southeast New Mexico area

constitute the Woodford shale, portions of which are also variously known

as the Percha shale and Canutillo Formation. These rocks are described

by McGlasson (1968) as extending from eastern Chaves and southern

Roosevelt Counties in New Mexico, southward and eastward through western

Texas and ranging in thickness from zero to approximately 700 feet near

~ I the southeast corner of Lea County, with an average of 200 feet elsewhere

(Vertrees et al., 1959). The Woodford is a dark brown to black, fissile,

bituminous, spore-bearing shale which becomes arenaceous northward and

contains black chert to the south and west (McGlasson, 1968).

Across the Central Basin Platform, the rocks correlative to the Woodford

in age consist of interbedded, calcareous chert and siliceous limestone,

reaching a maximum thickness of 980 feet (Nicholson & Clebsch, 1961).

Westward in the northern Delaware Basin, the unit decreases to less than

about 200 feet thick and is an organic pyritic: shale. In the Guadalupe

Mountain area, the unit comprises less than 100 feet of dark gray,

locally silty shale, with a few feet of dark or medium gray chert at its
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base (Hayes, 1964). At the northwestern limit of the unit in the

Sacramento Mountains, the lower Upper Devonian section has been called

the Sly Gap Formation and consists of up to 50 feet of calcareous,

yellow-gray to dark gray shale with irregular nodular limestone becoming

predominant upward. This unit is absent in the south half of the

escarpment, where the Upper Devonian is represented by a dark gray

noncalcareous shale, considered equivalent of the Percha shale and

recognized southward as the Woodford (Pray, 1954).

The Woodford and equivalent units are transgressive and lie unconformably

on an erosional surface formed on the rocks of the older Devonian section

through the Ordovician Montoya Group. According to McGlasson (1968), the

upper portion of the Woodford deposition probably was deposited in Early

Mississippian time. At its upper limit, the Woodford is conformably

overlain by limestones and sandstones of the Early Mississippian.

Mississippian Rocks Mississippian rocks throughout most of the southeast

New Mexico-west Texas area consist of limestones overlain by shales,

which together attain a maximum thickness of sane 2,400 feet, truncated

by erosional unconformities (Vertrees et al., 1959). Rocks of definite

Mississippian age appear to be absent across the Central Basin Platform

(Nicholson & Chelbsch, 1961).

The Lower Mississippian Kinderhookian-OSagian series is represented 
in

E~southeast New Mexico and west Texas by a limestone unit (Roswell Geol.

Soc. 1958). It is 365 feet thick in the Guadalupe Mountains and 220 to

320 feet in the northern Delaware Basin, thickening to the southeast 
and

thinning to the west (Haigler, 1961). The limestone is light gray to

brown, finely crystalline and commonly cherty, with a basal dark gray

organic-rich shale unit. The limestone partially grades to shale

southeastward from the northern margin of the Delaware Basin (Brokaw et

al., 1972; Haigler, 1962). The northwestern face of the Sacramento

Mountains contains exposed units of equivalent age, but detailed

correlation with the foregoing surface data from the rest of the area 
is

unreliable (Haigler, 1962). The Kinderhookian here is represented by up
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0 to 60 feet of Caballero limestone and calcareous shales. The overlying

Osagian series Lake Valley Formation, which attains a thickness of about

400 feet in the northern and central Sacramento Mountains, is composed of

6 members whose dominant lithology is limestone containing various

amounts of chert and argillaceous and biohermal materials (Pray, 1954).

The Upper Mississippian rocks in the subsurface of southeast New Mexico,

apart from the Sacramento area, consist of black, brown and gray shale

much of which is silty, variously named the Barnett, Chester or Meramec

(Brokaw et al., 1972; Haigler, 1962). Near the north and west edges of

the Delaware Basin, and in the Guadalupe Mountains, gray limestone beds

occur at the top of the Mississippian shale, with some interspersed thin

sandstone beds. To the east and south, in the central portion of the

Delaware Basin, the unit consists of between 250 and 320 feet of

primarily a black argillaceous shale with a dark gray to black calcareous

shale of shaly limestone comprising approximately the lower 100 feet of

section (Haigler, 1962). Equivalent age rocks in the western part of the

region have been defined as the Rancheria and Helms Formations of

Meramacian and Chesterian age, respectively. The Rancheria, whose type

locality is north of El Paso, Texas, closely resembles the Lower

Mississippian limestones of the southeast New, Mexico area. (For detailed

description, refer to Harbour, 1972). The Rancheria is up to 400 feet

thick in the Franklin Mountains and 300 feet at the south end of the

Sacramento Mountains, thinning northward, and is composed of gray

) argillaceous and silty thin-bedded limestone with minor shales and

massive crinoidal limestone strata. Its basal contact is an angular

unconformity with the underlying Lake Valley and Caballero. The Helms,

of latest Mississippian age, which reaches a maximum of 230 feet in the

Franklin Mountains and only 60 feet northward in the Sacramento

Mountains, consists of thin-bedded, argillaceous limestone and yellow to

gray calcareous interbedded shales with lesser limestones (Harbour, 1972;

Pray, 1954).
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Pennsylvanian Rocks post-Mississippian oroge ny uplifted and tilted much

of the southeast New Mexico-west Texas basinal areas, eroding the exposed

rocks and, upon subsequent Pennsylvanian deposition, producing a major

angular unconformity called the Springer hiatus (Mc3lasson, 1968).

Relatively rapid, almost continual deposition in most of the region

resulted in a thick Pennsylvanian carbonate section, with large volumes

of terrigenous clastics in sone places. The Pennsylvanian in places is

thicker than the entire underlying Paleozoic section (Pray, 1954). Total

thickness of the Pennsylvanian section varies from about 3,000 feet 
in

the Sacramento Mountains, near 2,500 feet in the northern Delaware Basin,

and between 1,650 and 2,700 feet in southern Lea County along the Central

Basin Platform.

The rocks of Pennsylvanian age were derived f ran a variety of different

sources and deposited in increasingly active structural settings. As a

result, the lithology of the section is highly variable, both

horizontally and vertically, and correlations on the basis of mappable

rock units are difficult to make (Pray, 1961; Oriel et al., 1967).

Although a variety of schemes have thus been utilized to subdivide the

Pennsylvanian section of the area, the following discussion employs the

commnon usage of Morrowan through Virgilian stages as a framework for

consideration of the dominant lithologies and several formations

identified in this region.

1) Morrowan Series Of the stages present in New Mexico, the basal

4~ Pennsylvanian Morrowan rocks occupy the smallest area and contain, in the

central and northern portions of the Delaware Basin, the largest

proportion of clastic material. These rocks, which mark the initiation

of a major transgression climaxing in the Virgilian, attain a thickness

of about 1,250 feet in the Permian Basin area and wedge out northward 
in

southeast New Mexico (Meyer, 1968). The Morrowan rocks in New Mexico

consist largely of limestone and shaly limestone; fine-grained sediments

predominate (Bachman, 1975).
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In the Sacramento Mountains, at the northwest extent of the area, the

basal Pennsylvanian strata were deposited on a surface of at least 100

feet of local relief, the lowest parts of which were filled with coarse

sandstone or cobble conglomerates derived from Mississippian cherts. The

percentage of shales and dark limestones increase upwards into the

Atokan. These rocks have been called the basal part of the Gobbler

formation by Pray (1954). Southward across the Guadalupe Mountains area

of the Northwest Shelf, the Morrowan consists of from 230 to over 400

feet of fine to coarse-grained, poorly sorted, locally conglomeratic

quartz sandstone, mottled medium gray oolitic limestone and medium to

dark gray shale, which resemble the lower Gobbler as well as the rocks of

central to northern New Mexico, called the Sandia Formation (Hayes,

1964). Fine-grained detrital sediments trend southeasterly from the

Pedernal Uplift into the western Delaware Basin. Within the Delaware

Basin, the Morrowan is composed primarily of brown to gray argillaceous

limestones and gray quartzose sandstones with dark gray to black shale.

Across the Central Basin Platform into Texas, the basal Pennsylvanian

unit is a black shale (Nicholson & Clebsch, 1961; Bachman, 1975).

2) Atokan Series The Early-Middle Pennsylvanian rocks, assigned to the

Atokan or Derryan Stage, consist of dark-colored sandstones, shales and

limestones, which attain a maximum thickness of about 1,000 feet. These

rocks were deposited over the entire area, with the exception of the

Pedernal Uplift to the north (Meyer, 1968).

-' Interbedded shales and dark limestone constitute the top of the 200 to

500 foot section of the lower Pennsylvanian Atokan deposition to the

northwest in the Sacramento Mountains (Pray, 1954). Southward into the

northern Delaware Basin, the unit consists of gray to brown and black,

fine-grained to dense limestone and chert and dark gray to black shale

with minor sandstone. In the southern Delaware and Val Verde Basins

region, the Atokan rocks consist mainly of sandstones and shales in the

lower part and carbonate rocks in the upper part, reaching about 1,000

feet in thickness (Vertrees et al., 1959). The top of the Atokan section

is transitional, and is placed at the change from dominantly terrigenous,

detrital rocks below to predominantly carbonates above (Bachman, 1975).
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3) Desmoinesian Series Upper-Middle Pennsylvanian Desmoinesian rocks

are predominantly carbonates, and attain a maximum thickness of about

1,000 feet in the Delaware and Lucero Basins and in northwestern New

Mexico (Bachmnan, 1975). Sedimentation during this time was primarily

influenced by reef and adjacent shelf and basinal deposition within the

areas of the Permian Basin and Orogrande Basin to the west. Also known

as the Strawn, the unit is the only readily identifiable Pennsylvanian

rock found widespread over the southeast New Mexico-west Texas area

(Vertrees et al., 1959).

The Desmoinesian rocks of the Sacramento Mountain area constitute up to

1,000 feet of contrasting facies: a shelf limestone or reef, consisting

almost entirely of cherty calcilutites, and a deltaic facies of equal

thickness but smaller lateral extent, composed of quartz sandstones,

subgraywackes, shales and minor limestones (Pray, 1954). Southward and

eastward, in the Permian Basin area, the Desmoinesian strata were

deposited in a variety of environments from back-reef lagoon, to reef, to

deep marine basin - a spectrum which lasted from this time through most

of the Permian (Meyer, 1968). Within the Delaware Basin, these rocks are

typically dark brown, fine-grained cherty limestones, the lower part of

which may contain interbeds of gray shale and gray to white,

medium-grained angular quartz sandstone (Meyer, 1966). Reef facies of

the Desmoinesian also extend south and eastward into the Val Verde

SBasin. The limestones of the Desmoinesian within both the Delaware and

Val Verde Basins are known for their numerous stratigraphic traps, and

have been attractive for oil and gas exploration (Vertrees et al.,

1959). Desmoinesian limestones also occur across the Central Basin

Platform into Texas.

4) Missourian Series The Missourian rocks of the late Lower

Pennsylvanian age constitute up to 1,000 feet of mostly clastic

sediments, such as interbedded arkose and arkosic sandstone, as well as

mudstone and limestone, deposited in environments similar to those of

Desmoinesian time (Meyer, 1968; Bachman, 1975).
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On the northwest, as much as 500 feet of thin-bedded, argillaceous

limestone and shale of the Missourian overlie the shelf limestone and

deltaic deposits of the Desmoinesian. Most of these rocks reflect

basinal deposition, but locally there was cyclic deposition in turbulent

shallow waters (Pray, 1954). To the south, Missourian rocks are

identified generally only in the deeper parts of the Permian Basin area.

Within the New Mexico portion of the Delaware Basin, the Missourian rocks

consist of dark gray shales and limestones, quartz sandstone, and some

chert, ranging in thickness from zero to 1,250 feet (Meyer, 1966).

Toward the Val Verde Basin near the Texas-New Mexico border and across

the Central Basin Platform, the unit grades into a dark gray,

non-fossiliferous shale (Vertrees et al., 1959). The absence of datable

materials in this unit has made its correlation as Upper Pennsylvanian

difficult to verify.

5) Virgilian Series The uppermost Pennsylvania section is similar to

that of the Missourian but contains, in addition to carbonates, some

continental shales, coarser clastics and evaporites.

Over most of the area to the northwest, algal reefs up to 100 feet thick

formed. The Virgilian deposition grades upwards into more uniformly

bedded, light-colored limestone with interbedded shale and minor

sandstones. At the top of the section, red shales and limestone

conglomerates repeat cyclically with nonred shales and massive nodular

) limestone, indicating fluctuations in depth and gradual transition to

final emergence of the northwestern area. The Upper Pennsylvanian units

of this area were named the Holder Formation by Pray (1959). Within the

Permian Basin proper, over 1,000 feet of Virgilian limestones and shales

were concurrently deposited. Southward over the Northwestern Shelf and

eastern side of the Central Basin Platform and northeastward of the

Horseshoe Atoll, the series is represented by limestone. Toward the

Eastern shelf, the unit consists of both mudstone and limestone with some

interbedded sand (Oriel et al., 1967). Reefs formed along the northern

margin of the Delaware Basin (Meyer, 1968), while within the basin up to

1,000 feet of brown to tan, fine-grained limestone, black to brown shale

and white, fine-to coarse-grained subangular quartz sandstone were
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deposited (Meyer, 1966). southward in the deeper part of the basin, dark

nonfossiliferous shale, similar to the underlying Missourian, continuedV

to be deposited.

Permian Rocks. In many parts of the southeast New Mexico area, the lower

boundary of the Permian is difficult to determine except on the basis 
of

fusilinids, because the Permian rocks are underlain by lithologically

similar Pennsylvanian rocks. In the Delaware and Val Verde Basins, the

boundary is located below several hundred feet of dark gray mudstone

unit. No lithologic basis of recognizing the boundary is apparent on the

Northwestern Shelf, along the east margin of the Central Basin Platform,

or in the area of the Horseshoe Atoll (in the northern Midland Basin).

Only in the structurally posit ive areas where Pennsylvanian rocks are

missing, as in many locations on the Central Basin Platform, is the base

of the Permian clear. In other places, such as the Sierra Diablo, an

angular unconformity separates the Permian from underlying units. 
Ages

of basin rocks to the base of the Permian are usually assigned through

fusilinids interpretation but it is sometimes difficult because of 
the

scarcity of fossils (Oriel et al., 1967). The thickness of the Permian

sediments equals or exceeds the total thickness of the underlying

Paleozoic systems. Details are presented in the discussions of each

series below. Figure 3.3-2 provides a schematic illustration of the

subsurface distribution and relative thicknesses of the Permian.

Most of the major structural elements that influenced Permian

sedimentation in the area were well developed late in Pennsylvanian to

very early in the Permian; thus, marked differences in lithology 
occur

from the Northwestern shelf region, through the Delaware Basin and 
across

the Central Basin Platform into the Midland Basin, and the stratigraphic

nomenclature differs from place to place. In general, the units of the

basins contain a much higher proportion of clastics than do the 
adjacent

shelf areas, and the basin carbonates are much less dolomitized 
than are

the shelf carbonates. The rock units along the basin margins are

partially dolomitized, and contain less clastics than equivalent 
shelf

units. In common practice, the different facies of the region have been
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related to each other by time-stratigraphic units. The provincial series

names used in New Mexico and Texas are, from oldest to youngest, the

Wolf campian, Leonardian, Guadalupian and Ochoan (Oriel et al., 1967).

Figure 3.3-3 presents a summary and correlation of the major Permian

formations of the region which are discussed below.

1) Wolfcampian Series The Wolfcampian series consists primarily of

limestones and dolomites. A few reefs are present on the shelves; dark

gray shales, sandstones, and conglomerates are present in the basins.

The basinal sediments of the Delaware, Midland and Val Verde were

probably deposited under stagnant, reducing, deep-water conditions, while

the limestone on the Northwestern and Eastern shelf and Central Basin

Platform were deposited in relatively shallow and well-aerated water.

The series thickens southward from generally less than 1,000 feet over

the shelf areas and 1,500 feet in the subsurface of the Guadalupe

Mountains area of the Northwestern Shelf, to somewhat less than 5,000

feet in the Midland Basin, 7,500 feet in the central Delaware Basin, and

over 15,000 feet southward in the eastern half of the Val Verde Basin

(Oriel et al., 1967). The name Hueco, limestone has been applied to the

rocks of the basal Permian in the region; however, some workers prefer to

restrict this term to the Northwestern shelf and northernmost Delaware

Basin (Hayes, 1964).

On the Northwestern Shelf, the Wolfcampian is subdivided into two cherty
limestone units separated by interbedded limestones and red, green and

-' gray mudstones, which thicken northward and become sandy. Along the

shelf margins, medium to dark-gray mudstone layers intertongue with the

limestone (Oriel et al., 1967).

Within the northern Delaware Basin, the Wolfcamp, consists of about equal

parts of gray,-black or brown shale and fine, crystalline, rarely cherty,

brown limestone with a few thin beds of micaceous and calcareous

sandstone (Hayes, 1964). Southward, in the deeper parts of the basin, it

consists primarily of dark shale with brown sand and some coarser

clastics. Here the absence of index fossils precludes satisfactory lower
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time boundary detection. Within the Delaware Basin, both the sandstone

and carbonate facies have been recognized as potential oil and gas

reservoirs. Southward, in the Val Verde Basin, sandstones interbedded

within the shales of the Wolf campian are established as a commercial gas

reservoir (Vertrees et al., 1959).

Eastward, over the Central Basin Platform, the Wolf campian consists

chiefly of limestone with a basal unit of as much as 440 feet of red and

green shale and conglomerate (Nicholson & Clebsch, 1961). The

Wolf campian within the Midland Basin is similar to that of the Delaware

Basin, except for the presence of an upper zone of dark argillaceous,

locally cherty limestone and interbedded dark mudstone. The lower part

of the section consists of dark mudstone with thin units of fine-grained,

argillaceous sandstone and fossiliferous limestone, which increase in

thickness north and west along the basin periphery (Oriel et al., 1967).

2) Leonardian Series The Leonardian series of the Lower Permian is

represented by a highly variable group of facies consisting of limestone

and dolomite, with mudstones, sandstones and some chert. Clastics are

dominant in the lower parts of the basins, while calcareous deposits

dominate the margin and shelf areas. The series was deposited under

mostly-marine conditions, but some strata formed in restricted or

marginal environments. The Leonardian rocks are over 4,000 feet thick in

two north-trending belts along the east and west margins of the Delaware

Basin and in the south-central part of the Midland Basin. In the Val

~ Verde Basin, thicknesses average 2,000 to 3,000 feet. On the shelf north

and west of the Delaware Basin along the oil-producing Abo reef trend,

thicknesses are over 3,500 feet. On the Eastern Shelf, the Leonardian is

less than 2,000 feet. Minimum thicknesses in the area are about 800 feet

(Vertrees et al., 1959; Oriel et al., 1967).

The Bone Spring Limestone represents the basin facies of the Leonardian

in the Delaware Basin and northwest end of the Val Verde Basin, and

consists of a dominantly dark-gray, thin-bedded, argillaceous limestone,

a gray to buff, very fine-grained sandstone in three separate zones, and
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a black shale with some chert nodules and beds. The base is a sandstone

member which may be Wolf campian, and the top is placed above a black

shale with dark gray limestone. Deep water conditions with poor

circulation probably characterized these basin settings (Oriel et al.,

1967).

Eastward, in the Midland Basin, the Leonardian rocks have been assigned

to formations different from those in the Delaware, but the rock types,

dominantly black shales and limestones, are similar. The section--known

as the upper Wichita Group, the Clear Fork Group and the lower part of

the Pease River Group at the top--consists of mudstone with lesser

sandstone and limestone at the base, two fine-grained sandstone members

divided by dark calcareous mudstone and a muddy limestone, that may be

time-correlative with two of the three sandstone layers of the Bone

Spring. Above this zone, limestone and dolomite predominate, with lenses

of mudstone and sandstone; the top of the unit is primarily carbonate.

At the margins of the basins, these basin units grade laterally into

limestones. Around the perimeter of the Delaware Basin, the lower part

of the Bone Spring Limestone grades into thick-bedded gray limestone

overlapping unconformably on the Hueco Limestone (King, 1965). The

middle and upper part of the Bone Spring grades into the shelf-margin

dolomite of the Victorio Peak, which is correlative with the Yeso of the

~-.-..shelf. The Victorio Peak is a light-gray, thick-bedded fossiliferous

limestone containing some chert and sandstone and made up of small,

discontinuous or patch reefs and a limestone bank. Unconformably

overlying the Victorio Peak of Leonardian to Guadalupian age, is the

Cutoff shale consisting of as much as 150 feet: of a thin-bedded, platy

gray to black limestone, black siliceous or sandy mudstone, and

thin-bedded, fine-grained sandstone (Hayes, 1964). In the Midland Basin,

the unit grades laterally north and westward into almost pure limestone

and dolomite along the peripheries of the Central Basin Platform and

Northern Shelf (Oriel et al., 1967).
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Away from the Delaware Basin onto the shelves and Central Basin Platfoarm

areas, the Leonardian series grades laterally from the Bone Spring and

Victoria Peak a into light-colored dolomite, almost 3,000 feet thick,

with a few sandstone units. The lower portion of the dolomite has been

called the Wichita Group on the Central Basin Platfoarm and the Abo

Formation in central eastern New Mexico, which grades northward into red

mudstone, sandstone and anhydrite. The Yeso overlies the Aba in central

eastern New Mexico, and consists of medium to light gray, fine-

crystalline dolomite with lesser sandstones and siltstones (Hayes,

1964). Somewhat below the midd..e of the Leonardian shelf dolomite on the

Central Basin Platform, is a thin but extensive sandstone bed called the

Tubb, Fullerton or Drinkard, which serves as a regional marker. The name

nClear Fork Group" is sometimes applied to the section of dolomite

encompassing this bed on the Central Basin Platform, and is roughly

age-equivalent with the Yesa. The upper limit of the Leonardian an the

shelves is formed by a unit consisting of two sandstone layers separated

by dolomite. On the northwest shelf, this unit is called the Glorieta;

on the Central Basin Platform, it is called the San Angelo (Oriel et al.,

1967; King, 1948; Hayes, 1964).

3) Guadalupian Series

The Guadalupian Series in the southeastern New Mexico region encompasses

three distinct depositional settings, closely related to structural

elements: clastic sedimentation in the Delaware Basin and on the Eastern

S shelf, carbonate reefs along the margins, and mixed carbonate and

evaporite deposition on platforms and shelves other than the Eastern

Shelf. The series is over 5,500 feet thick in the Delaware Basi-n, and

gradually thins northward on the Northwestern Shelf to less than 3,000

feet. It thins southeastward from less than 2,000 feet to 1,400 feet at

the south end of the Central Basin Platform. Maximum thicknesses in the

Midland and Val Verde Basins are about 3,500 feet (Oriel et al., 1967).

a) Basin Facies

The basin facies of the Guadalupian, known as the Delaware Mountain

Group, is composed mainly of light gray, very fine-grained sandstone and
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siltstone separated by gray shale and a few thin light gray to gray

limestone and dolomite members with minor evaporites, indicating frequent

relative sea level changes. The Delaware Mountain sandstones produce oil

and gas and are important exploration objectives (Vertrees et al.,

1959). The Group has been subdivided into three formations from oldest

to youngest--the Brushy Canyon, the Cherry Canyon, and Bell Canyon--each

of which are up to 1,000 feet in thickness. The Brushy Canyon differs

from the upper two formations in that its sandstones are coarser grained

with minimal amounts of sediments other than sandstone, and its

structural features are indicative of deposition in agitated water.

Harms (1974) discusses the Brushy Canyon and proposes density currents as

the origin of the formation rather than turbidity currents. This

formation terminates northward against the Bone Spring flexure at the

basin margin. The Cherry Canyon and Bell Canyon are fine-grained

sandstone to siltstone and very finely laminated. The sandstone tongue

of the Cherry Canyon disconformably overlies the Cutoff Shale as a

shelfward extension of the lower fourth of the Cherry Canyon Formation.

Along the reef facies area, the tongue averages 200 to 300 feet thick

and, where described in Last Chance Canyon of the Guadalupe Mountains,

consists of moderately resistant, indistinctively bedded, grayish-orange,

very fine-grained, well-sorted quartz sandstone with scattered chert

nodules and silicified megafossils. The upper 25 to 30 feet of the unit

is transitional shelfward into an overlying dolomite tongue of the San

Andres Limestone (Hayes, 1964) (Also see Figure 3.3-3). The upper Cherry

N Canyon and the Bell Canyon grade into reef facies at the margin of the

basin.

b) Reef Facies

The Guadalupian reef facies consists of the Goat Seep Dolomite and the

overlying Capitan Limestone. A generalized cross-section through the

reef facies, Figure 3.3-4, demonstrates the relationships between the

various Guadalupian units along the reef margins.
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Gradationally overlying the sandstone tongue of the Cherry Canyon

Formation is the Goat Seep Dolomite. The Goat Seep was a reef, which

grew primarily upward and formed a barrier around a considerable portion

of the western side of the Delaware Basin. King (1948) originally

extended the name Goat Seep to include the shelfward-lying thin-bedded

limestones and interbedded sandstones, but Newell et al., (1953)

restricted the formation to the massive "reef and forereef talus facies"

of the basin margin, a designation maintained by Hayes (1964). The

lowerportion of the Goat Seep is thick-bedded, and the upper portion is a

massive light gray, fine-crystalline to saccharoidal, in places very

porous, dolomite.

The overlying Capitan Limestone is a light colored, fossiliferous and

vuggy limestone and breccia which reaches a maximum vertical thickness of

about 2,000 feet in McKittrick Canyon of the Guadalupe Mountains, and is

at least 6 times as broad as thick, reaching a width of from 10 to 14

miles along the Northwestern Shelf. It apparently formed primarily by

oblique or horizontal basinward growth (Newell, et al., 1972; Hayes,

1964; Hiss, 1976). The Capitan virtually encircles the Delaware Basin.

It extends from the west side of the Guadalupe Mountains northward and

eastward as a bold escarpment which gradually descends to the hills in

the vicinity of Carlsbad, where it is overlain by younger rocks (Dunham,

1972). The buried reef front trends northeastward to eastward from there

across the Eddy-Lea County line, turns southward to parallel the length

~ of the Central Basin Platform, and then turns west and crops out in the

Glass Mountains (Hiss, 1976; Kelley, 1971). The Capitan grades laterally

basinward into the Bell Canyon Formation and possibly into the lowermost

beds of the Castile; onto the Northwestern Shelf the Capitan grades

laterally into the Seven Rivers, Yates, and Tansill Formations of the

Artesia Group (Hayes, 1964) (Also see Figure 3.3-3).

The limits of the Capitan described by Crandall (1929) and Lang (1937)

have been used by most of the more recent workers, including King (1948),

Adams and Frenzell (1950), Newell, et al., (1957), Hayes (1964), and

Kelley (1971) and are followed in this report. For a different

interpretation, see Dunham (1972).
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* Hayes (1964) recognizes two units as comprising the Capitan Limestone, a

massive member and a breccia member, which grade into each other both

laterally and vertically. The massive member forms nearly vertical,

smooth-weathering cliffs and ranges in thickness from about 250 to 270

feet averaging 400 feet along its Guadalupe Mountains portion. This

member is composed primarily of light to yellowish gray, fine-textured,

fossiliferous limestone with virtually no discernible bedding planes.

Isolated aggregates of coarsely crystalline calcite are common, and some

dolomite, sandstone dikes, and isolated sandstone pockets occur.

Solution and recrystallization, weathering, and the very small size of

the fossils have made the organic content difficult to recognize in the

field. Newell, et al., (1953), however, have identified 115 species of

fossils within the formation, including fusulinids, sponges, corals,

crinoids, bryozoans, brachiopods, and mollusks; in total volume,

stromatolites are probably most important in the construction of this

rock unit (Hayes, 1964).

The breccia member, which generally forms more easily eroded uneven

slopes, consists of thick beds dipping basinward at 20 to 30 degrees or

more on the west side of the Delaware Basin. Most of this member is

composed of microbreccia derived from the massive member and from the

Artesia Group and also contains coarse, angular cobbles and boulders of

limestone and dolomite from these sources. The breccia attains a maximum

vertical thickness of about 1,750 feet and averages 1,250 feet and as

such comprises about two-thirds of the bulk of the Capitan (Hayes, 1964).

Although it has been generally agreed that the Capitan Formation

represents a "geologic reef," (a thick, laterally restricted mass of pure

or largely pure carbonate, according to Dunham, 1972), investigators of

the Capitan have over the years proposed different interpretations as to

its genesis and environment of formation.

Crandall et al. (1929) published the barrier reef hypothesis, according

to which reef-building, sediment-binding organisms grew practically at

sea level on a reef which developed rapidly enough, despite erosion, to
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maintain a nearly vertical front, overriding its own debris. Newell, et

al., (1953) concurred with Crandall, based on their detailed petrological

work on the reef constituents, and a number of recent investigators, such

as Hayes (1964), Boyd (1955), Adams (1944), and Adams and Rhodes (1960)

have generally followed this interpretation.

A second alternative was advocated by King (1948) and named by Dunham

(1972) the "uninterrupted slope hypothesis." King used it to explain his

findings in the southern Guadalupe Mountains which seemed to indicate

facies change due to change in slope as the shelf descended to the

Delaware Basin. Dunham (1972) pointed out, however, that King studied

only portions of the structure. Had he gone farther northwestward, his

findings would have corroborated Lang (1937), who proposed a third

hypothesis, that of the marginal mound.

According to the marginal mound alternative, supported elaborately by

Dunham (1972), organisms produced carbonate particulate sediment upon a

broad topographic high which was at different times a sandy shoal or an

island bordered by sand and mud flats. The sediment was cemented during

the island stages of developmuent. Achauer (1969) has advocated a

somnewhat similar view that the Capitan represents an ancestral organic

bank, rather than a classical barrier reef.

Sc) Back-Reef or Shelf Facies

The thick massively-bedded limestones along the margins of the basins

grade shelfward into thin-bedded dolomites. On the Northwestern and

Eastern Shelves and southward along the Central Basin Platform, the

Guadalupian includes the San Andres Limestone and overlying Artesia Group

(also identified eastward on the Central Basin Platform as the Whitehorse

Group by Nicholson and Clebsch, 1961). This group includes from base to

top the Grayburg, Queen, Seven Rivers, Yates and Tansill Formations

(Hayes, 1964). These shelf units are also recognized in the Midland

Basin area. There is some disagreement as to whether the Lower

Guadalupian there is missing or greatly resembles the upper Leonardian

(Hendrickson & Jones, 1952; Oriel et al., 1967).
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In the western part of the Delaware Basin, parallel to the reef front,

facies encountered in a shelfward direction are: 1) dolomitized coguin

and calcarenite, 2) pisolites, 3) fine-grained dolomite, 4) evaporites,

and 5) terrigenous red detritus (Newell et al., 1953). This general

succession of facies is also described by Dunham (1972) in the vicinity

of the Capitan Escarpmnent. Hayes (1964) presents a comprehensive

discussion of the Guadalupian shelf rocks.

The San Andres is partly time-correlative with the basinal Brushy Canyon;

at its base it may be upper Leonardian, and at its top it interfingers

with the base of the Cherry Canyon. The San Andres is mainly dolomite

with minor limestone near its base and some chert, sandstone and reddish

mudstone (Oriel et al., 1967; Kelley, 1971). It extends shelfward much

farther than the Artesia Group before grading into evaporites and

detrital materials. The San Andres thins eastward across the Midland

Basin, and detrital and evaporite contents increase progressively to the

east.

The Artesia Group ranges in thickness from about 880 feet to over 1,500

feet. In the shelf and Central Basin Platform areas, it is separated

from the underlying San Andres by an unconformity, according to Nicholson

and Clebach (1961). The basal Grayburg and Queen Formations are

time-correlative with the marginal Goat Seep Reef and basinal Cherry

Canyon Formation. To the south, they consist of dolomites and sandstone;

~ / they grade northward into gypsum, mudstones and dolomite (Kelley, 1971).

The Queen Formation is distinguished from the underlying Grayburg by its

much greater abundance of clastics and red mudstones. The Seven Rivers,

Yates and Tansill Formations are all correlative with the Capitan

Limestone at the margin, and with the Bell Canyon in the Delaware Basin.

To the south, they all resemble the lower two formations of the Group,

except for the presence of gypsum and limestone in the Yates. Toward the

north, gypsum and anhydrite increase in the Tansill, and siltstone and

dolomite increase in both the Yates and Tansill.



3-50

Ochoan Series

The Late Permian Ochoan series consists primarily of evaporites that wereW

deposited during recurrent retreats of a shallow sea restricted by the

Guadalupian reefs. The lower three formations in the series, the

Castile, Salado and Rustler, comprise what is perhaps the thickest and

most extensive evaporite rock sequence in North America (Oriel et al.

1967). They are overlain by the Dewey Lake Redbeds, which may be either

Permian or Triassic in age. Within the Ochoan, halite is dominant on the

shelf north of the Delaware Basin, where the Salado Formation makes up

the bulk of the unit; total thickness of salt is greatest, however, in

the Delaware Basin, but the presence of the Castile Formation in the

basin reduces the proportion of halite there. The proportion of

carbonates to other rock types increases southwestward and southward, and

the proportion of detrital rocks increases eastward and northeastward

(Oriel et al., 1967). The total thickness of the Ochoan ranges from

slightly more than 5,000 feet in the center of the Delaware Basin and

4,000 feet in a north trending belt through the basin, to about 1,500

feet in the Midland Basin and 1,000 feet on the shelves. Irregular

thinning occurs near the basin margins as a result of erosion and

leaching of the more soluble beds (Oriel et al., 1967; Nicholson &

Clebsch, 1961) .

The Castile Formation is confined to the Delaware Basin and was deposited

Supon the Bell Canyon, in "apparent conformity," according to Kelley

(1971), but unconformably, according to Nicholson and Clebsch (1961), and

is laterally bounded by the Capitan limestone reef. The Castile is

generally of uniform thickness, up to about 2,000 feet, throughout the

basin. The formation consists primarily of massive anhydrite, limestone

interlaminated with anhydrite, and halite in beds as thick as several

hundred feet (Vine, 1963). In the lower to middle portion of the

sequence, banded light gray anhydrite is interlaminated with brown

bituminous limestone on a scale of millimeters. Two very extensive

layers of fairly pure halite averaging 200 to 350 feet thick persist

throughout the northern Delaware Basin. Several smaller tongues of

halite are also present through the unit. Towards the basin margins, the
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Castile thins abruptly. The basal part of the banded portion grades

reefward into laminated limestone and the upper part into massive

anhydrite. The top of the Castile is light-gray massive anhydrite,

grading into the basal part of the overlying Salado by wedging of thin

anhydrite tongues northeastward into salt (Jones, 1954; Brokaw et al.,

1972).

The Salado Formation extends from the Delaware Basin area beyond the

limits of the Castile and across most of the Permian basin, including the

Midland Basin, the Northwestern Shelf and the Central Basin Platform.

The complete Salado is present only in the subsurface of this area, and

is represented at the surface only by a solution residue. Its thickness

varies because of leaching, but it is generally up to 2,000 feet near the

northern Delaware Basin, thinning northward over the Capitan reef to 700

to 1,200 feet and thinner farther north and east. In the shelf and

platform areas, it rests unconformably on the Artesia, or Whitehorse,

Group (Brokaw et al., 1972; Nicholson & Clebsch, 1961).

The Salado is mainly halite, some of which is argillaceous, red

mudstones, sandstone, siltstone, abundant anhydrite and a suite of salts

including polyhalite, kieserite, glauberite, sylvite, carnallite,

langbeinite, kainite and leonite. Beds locally rich in sylvite, KCl, and

other soluble potassium minerals constitute valuable potash ores (Vine,

1963). The principle lithologic materials occur in cyclic sequences 2 to

30 feet thick consisting of a detrital layer, a relatively thin sulfate

layer chiefly composed of anhydrite and polyhalite, and a thicker halite

zone, overlain by a mixed halite-detrital layer, all with gradational

contacts. The potash ores occur near the middle of the formation in

irregularly lenticular to tabular bodies (Brokaw et al., 1972; Oriel et

al., 1967). The upper part of the Salado is locally characterized by a

leached zone from which the halite has been removed, and is largely

unconsolidated reddish-gray to brown silt and clay with varying amounts

of brecciated gray or red gypsum (Vine, 1963).
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The Rustler Formation ranges in thickness from 90 to about 400 feet, and

overlies the Salado in the Permian Basin area. In the central part ofW

the Permian Basin, the Rustler conformably overlies the Salado, but in

other places, as along the west and north margins of the Delaware Basin,

it truncates the Salado by a marked unconformity (J. A. Adams, 1944;

Nicholson and Clebsch, 1961). In outcrop, the Rustler appears as

calcareous sandstone, fine grained dolomites and gypsum. The subsurface

Rustler consists primarily of anhydrite or gypsum and subordinate salt,

with lesser amounts of dolomite, limestone, siltstone and sandstone.

Within the Delaware Basin, the limestone and dolomite increase to the

south and southeast.

Vine (1963) has described the Rustler in the northern part of the

Delaware Basin. Here, the lower part of the Rustler consists of over 100

feet of siltstone and very fine-grained sandstone with interbeds of

gypsum or anhydrite. Next above is the Culebra dolomite, about 30 feet

of uniformly microcystalline gray dolomite or dolomitic limestone with

numerous small, generally unconnected, nearly spherical cavities.

Overlying the Culebra is the Tamarisk member, about 115 feet of anhydrite

with local gypsum and a 5 foot thick siltstone bed some 20 feet from its

base. The Magenta member, above the Tamarisk, consists of about 20 feet

of thin, wavy, lenticular laminae of dolomite and anhydrite (or gypsum).

The uppermost member of the formation is the Forty-niner, consisting of

up to 65 feet of anhydrite (or broken gypsum in outcrops) with a bed off~massive siltstone near the base. According to Jones et al., (1960), the

siltstone represents insoluble residue from a bed of halite present in

the subsurface to the east.

The top of the Rustler has been placed at the top of the first persistent

anhydrite bed penetrated by oil and gas tests and provides a clear marker

for structural correlations (Oriel et al., 1967).

Overlying the Rustler in apparent conformable relationship is a sequence

of redbeds, up to about 600 feet thick, which represents deposition of

terrigenous materials in shallow water remaining in the basin areas over
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the older evaporate sequence (Mercer & Orr, 1977; Oriel et al., 1967).

On the basis of physical stratigraphy, the un~it has been traditionally

assigned a Permian age (Oriel et al., 1967). No fossils have been

found. Although several names (e.g. the Pierce Canyon) have been

proposed for this unit, the term Dewey Lake Redbeds, as defined in west

Texas (Page and Adams, 1940), is generally used throughout the area

(Nicholson & Clebsch, 1961).

The Dewey Lake consists of a series of micaceous, orange to red sandy

siltstones, sandstones and some mudstone. Gypsum commonly forms cement,

secondary crystals and veins. The lower 10 feet of the sequence contains

a widely distributed zone of coarse, frosted quartz grains.

The top of the redbed unit is marked by an erosion surface, upon which

younger units were deposited with a slight angular discordance. In some

places, the Dewey Lake has been removed by later erosion, and rocks of

Cretaceous or Cenozoic age rest on the Rustler or Salado (Oriel et al.,

* 1967).

3.3.3 Mesozoic Rocks

Triassic Rocks Unconformably overlying the rocks of Late Permian age is

the Upper Triassic Dockum Group of red beds, composed of up to 1,500 feet

il of moderate-reddish-brown to yellow-brown conglomeratic sandstones,

siltstones and shales (Brokaw et al., 1972). The sediments of this group

display characteristics of rapid deposition from a local source, in their

poorly rounded sand grains and micaceous minor constituents. This group

has been subdivided into two formations, the Santa Rosa Sandstone and

overlying Chinle Formation; however, because of poor exposures and

lithologic similarities between the sandstones of the two units, the

distinction cannot be made throughout the entire southeast New Mexico

area (Nicholson & Clebsch, 1961).
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The Santa Rosa is a fine-to-coarse-grained sandstone, generally red but

containing white, gray, and greenish to lavender sands and some minor

reddish-brown mudstones and conglomerate. The unit is commonly

cross-stratified and ranges in thickness from about 140 to over 300 feet

(Kelley, 1971; Nicholson & Clebsch, 1961).

The upper portion of the Dockum Group, the Chinle Formation, ranges in

thickness from zero to almost 1,300 feet, thickest to the east, near the

Texas-New Mexico border, and entirely absent in the west, where it has

been removed by post-Mesozoic erosion. The Chinle is a reddish-brown to

greenish-gray shaly mudstone with interbedded lenses of conglomerate and

thin, gray to reddish-brown sandstone and siltstone (Mercer & Orr, 1977;

Nicholson & Clebsch, 1961).

Jurassic Rocks No record of Jurassic deposition has been shown to exist

in the southeast New Mexico region.

Cretaceous Rocks Kelley (1971) described three formations, identified as

Cretaceous, which crop out to the north and northwest, in the Sierra

Blanca and Capitan area, named the Dakota Sandstone, Mancos Shale and

Mesaverde formation. The Dakota is comprised of up to 150 feet of

sandstone, conglomerate, and beach shale. The overlying Mancos is up to

S700 feet of dark shales, siltstone and local thin sandstone and

limestone. The Mesaverde Formation comprises from 500 to 1,500 feet of

light-colored to maroon coarse clastics and mudstones, and coal. These

deposits reflect subsidence of the area during the Cretaceous to a

shallow marine and floodplain environment. An outlier of Cretaceous

rocks is also present on the crest of the Sacramento Mountains. Here, a

pebble-bearing quartz sandstone 150 feet thick is overlain by a shale

containing fossils of late Early to early Late Cretaceous age (Pray &

Allen, 1956).

Further south on the Northwestern Shelf, there are no definite Cretaceous

age outcrops, but solution cavities on the surface of the Castile

southeast of the Guadalupe Mountains contain pebbles of limestone and
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sandstone with fossils of early Washita age. At several places along the

top of the Reef Escarpment, low areas on the ridge and joints in the

Permian Tansill formation contain conglomeratic quartz sandstone which

closely resembles the Cretaceous deposits in the Sacamento Mountains

(Hayes, 1964).

To the southeast, in the Lea County area, only several exposures of

Cretaceous rocks are known. A gravel pit east of Eunice contains large

slump blocks, up to 5 feet thick and 20 feet long, of massive, highly

fossiliferous, white to buff sandstone containing some sand and shaly

partings along the bedding planes (Nicholson and Clebsch, 1961; Ash and

Clebsch, 1961). This rock and the Comanche limestone of Early Cretaceous

age are strikingly similar, so are believed by Ash and Clebsch (1961) to

be equivalent. Another outcrop of Cretaceous rocks at North Lake

consists of dark gray siltstone and thin interbedded stringers of light

brown crystalline to light gray, fine-grained limestone. According to

fossil and lithologic similarities, the rocks at North Lake are

correlated with the Early Cretaceous Tucumcari shale (Ash & Clebsch,

1961). In the subsurface of Lea County, 5 feet or more of yellow, blue,

or gray clay or shale encountered by drilling and consistent with the

description of the rock at North Lake constitute the major evidence for

the subsurface presence of Cretaceous outliers in the area. Based on

some 8,000 water-well logs and seismic shotholes, Ash and Clebsch (1961)

have determined that in the subsurface Cretaceous rocks are generally

continuous in the northeastern portion of Lea County, but further west

and south, only scattered, discontinuous occurrences have been

encountered.

Rocks of Cretaceous age were deposited over the southeast New Mexico area

but have been almost entirely removed by erosion. Now only scattered

patches or reworked pockets of limestone and sandstones of probable Early

and Mid-Cretaceous age are present in the area; Cretaceous rocks have

also been identified here in the subsurface through drilling (Bachman,

1976; Hayes, 1964; Nicholson and Clebsch, 1961).
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3.3.4 Cenozoic Rocks

Tertiary Rocks. Following Cretaceous deposition, widespread uplift and

erosion occurred throughout the region, and the earliest Cenozoic

deposits for which there is record, the Ogallala, were depositied in Late

Tertiary Miocene to Pliocene time.

The Ogallala Formation underlies the High Plains of eastern New Mexico

and west Texas. Although there are no confirmed remnants of the Ogallala

west of easternmost Eddy County, isolated gravels to the west in the

Pecos Valley and Guadalupe Mountains have been interpreted as belonging

to this formation (Mercer and Orr, 1977). The Ogallala was deposited on

an irregular, broadly sloping pediment or complex alluvial fan surface by

southeastward flowing streams under rapidly changing conditions (Bachman,

1976).

The Ogallala in the region is up to 400 feet thick (Bachman, 1976) and

consists of a yellowish-gray semi-consolidated, fine-to medium-grained,

calcarous sand containing some silt, clay, and gravel. In many places, a

basal gravel deposited within stream beds is also encountered. Some beds

of well consolidated silica-cemented conglomeratic sandstone from one to

three feet thick also occur within the formation. As a result of

intertonguing, lensing and pinching out of the beds caused by the varying

Sdepositional conditions there are no consistent marker beds within the

Ogalalla (Nicholson and Clebsch, 1961; Bachman, 1973).

The Ogallala is capped by a dense layer of brecciated and pisolitic

caliche ranging in thickness from a few feet to as much as 60 feet. At

the surface it is a well indurated calcium carbonate, but below the

surface, it becomes softer and more porous and grades into the underlying

sands. This capping was formed in post-Ogallala time and before the

extensive Pleistocene erosion of the area, probably during the Late

Pliocene. The caliche accumulated within the zone of illuviation of a

pedocal "climax soil," which developed on the depositional surface of the
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Ogallala (Nicholson and Clebsch, 1961; Bachman, 1976). (Pedogenic

caliche formation in southern New Mexico is described in detail by Gile,

et al., (1966) .)

Quaternary Rocks Following Pliocene time, erosion removed much of the

Ogallala as well as some of the older materials, and stream systems

became entrenched. Periodic deposition also occurred in the southeastern

New Mexico area during the Pleistocene and Holocene, leaving behind the

Gatuna Formation, caliche, terrace, channel and playa deposits and

windblown sand.

The Gatuna, of Pleistocene age, unconformably overlies rocks as old as

Permian and Triassic and consists of up to several hundred feet of

reddish-brown friable sandstone, siltstone and cherty and siliceous

conglomerate, but locally also includes gypsum, gray shale and

claystone. Remnants of the formation are discontinuous and may have been

deposited in local depressions such as stream channels and solution

* subsidence areas (Bachman, 1973; Vine, 1963).

Unconformably above the Gatuna and older deposits throughout southeastern

New Mexico, there formed a fairly continuous mantle of caliche called the

Mescalero. It is a sandy light gray to white deposit composed of a lower

nodular calcareous zone and upper dense laminar caprock and ranges in

thickness from 3 to 10 feet. According to Bachman (1973), the caliche is

the remnant of an extensive soil profile.

Late Pleistocene to Holocene terrace and channel deposits are preserved

in the western part of the area, particularly along the Pecos River and

the Guadalupe Mountains area. Channel deposits consist of silt and sand

to boulders. Within the Guadalupe Mountains area, deposits are generally

limestone cobbles and b oulders. Three terraces are commonly recognized

in the area: the Blackdom, Orchard Park and Lakewood. The Blackdom and

Orchard Park have been dated as Pleistocene while the Lakewood may be of

Holocene age. The deposits of the Blackdom terrace are generally coarser

than those of the younger terraces, but the two Pleistocene terraces are
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similar in composition, consisting of limestone-porphyry conglomerates

capped by caliche. The younger Lakewood terrace contains river

conglomerates and pond, marsh, and lake silts (Bachman, 1973; Hendrickson

and Jones, 1952).

Playa and shallow lake deposits are present in the area in many small

shallow depressions, particularly east of the Pecos River. in most of

these depressions, lakes formed after heavy runoff and evaporated

rapidly, but some contain generally perennial lakes, the largest of which

is Laguna Grande de la Sal, in Nash Draw. The playa deposits consist of

alluvium, reworked eolian sands, silt and clay. Around some of the

standing lakes, gypsum, carbonate minerals, and some halite have been

deposited. These deposits date from the Late Pleistocene to Holocene

time (Hendrickson and Jones, 1952, Vine, 1963).

Windblown sands mantle much of the surface east of the Pecos River for 20

to 30 miles eastward to the Mescalero ridge and south to the Texas

border. The sand is very erratic in both thickness and distribution, and

appears to be fairly uniform, fine-grained light brown to paleW

reddish-brown quartz. Many of the grains are rounded and frosted. Some

of the sand rests in coppice dune fields where the sand is as thick as 25

feet. Most of the sand has been stablized by mesquite, bunchgrass and

other vegetation.

3.4 REGIONAL STRUCTURE AND TECTONICS

The major tectonic structures of the region are displayed in Figure

3.4-1. Most of the large-scale elements that provide the structural

framework of the area were developed in the Late Paleozoic, principally

from Late Pennsylvanian to Early Permian time. These include the

Delaware Basin, the Central Basin Platform, the Midland Basin, and the

Northwestern Shelf of the western extent of the Permian Basin, the

Pedernal Uplift, the Matador Arch, the Val Verde Basin, and the Diablo

Platform, as well as secondary features such as the Huapache Monocline

and Artesia-Vacuum Arch and the northeast-trending buckles and smaller
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fold systems believed to be expressions of basement faulting. Middle to

Late Tertiary Basin and Range-related doming and faulting produced the

remainder of the major tectonic features in the area, including the

Guadalupe, Delaware, and Sacramento Mountains, and associated

west-bounding faults, as well as a gentle regional east to southeastward

tilt which affected the entire region under consideration.

The WIPP site lies near the western margin of the region of the Western

Interior known as the Permian Basin, which comprises a series of

sedimentary basins in which halite and associated salts acciumulated

during Permian time and where Permian rocks have reached their maximum

developmient. The region extends about 520 miles from the Amarillo uplift

on the north to the Marathon thrust belt on the south and some 300 miles

westward, from west-central Texas to the Diablo Platform and the present

Sacramento and Guadalupe Mountains (Hills, 1963).

The formation of a depositional basin in the west Texas-southeast New

Mexico area began following Lower Ordovician Canadian time, when a broad

sag, named the Tobosa Basin by Galley (1958), developed. Several periods

of minor folding and perhaps some faulting occurred in the Tobosa Basin

area prior to Pennsylvanian time. There was some erosion, but a general

tectonic stability prevailed until the Late Mississippian to Late

Pennsylvanian-Early Permian time. Tectonic activity accelerated in the

~~zi ) area coincident with the Marathon disturbance, and the sag was split into

two rapidly subsiding basins--Midland to the east, and Delaware on the

west--by the final uplift of the median ridge, the Central Basin Platform

(Foster, 1974). Continuing basin and platform developmnent occurred

throughout the Permian Basin through Permian time. Stabilization of the

basins followed, during which time evaporites were deposited. Since

Permian time, the Permian Salt Basin has been relatively stable

tectonically (Bachmnan & Johnson, 1973); thus, the large structural

features of the Permian Basin are reflected only indirectly in the

Mesozoic and Cenozoic rocks (Nicholson & Clebsch, 1961).
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The structure of each of the major tectonic units of the Permian Basin in

the site region is described below, followed by discussion of the largerW

secondary features and younger Tertiary Basin and Range-related

structures.

3.4.1. Delaware Basin

The site is located within the northern portion of the Delaware Basin,

which, during most of Permian time, was a deep-water embayment extending

into what is now southeastern New Mexico and western Texas. The Delaware

Basin is a broad, oval-shaped asymmetrical trough with a northerly trend

and southward plunge, as reflected on the top of the Precambrian (Figure

3.4-2). Its axis lies in central Lea County, New Mexico, roughly

paralleling the Central Basin Platform. The eastern slope of the trough

rises rapidly to the plhtform, while the western slope is much gentler

(Figure 3.3-2). The basin comprises an area of about 12,000 mi
2 and

measures roughly 75 to 100 miles east to west and 135 to 160 miles north

to south. The Delaware Basin is nearly surrounded by the large

horseshoe-shaped Capitan limestone that extends from Carlsbad on the

northwest and opens to the south in Texas, between the Davis and Glass

Mountains. However, the structural boundaries of the basin encompass a

larger area to the north, beyond the Capitan reef front, into which the

older and deeper lying basin sediments (e.g. the Delaware Mountain Group

and Bone Spring) extend. The Delaware Basin represents the area of

maximum subsidence of the Permian Basin, with more than 20,000 feet of

structural relief, on the Precambrian (See Figure 3.4-2), and it is also

here that the Permian section is thickest, with some 13,000 feet of

Permian strata present in southeast New Mexico (Oriel, et al., 1967)

Regional structural deformation of the Delaware Basin rocks is relatively

minor. The sedimen ts older than Late Permian are gently downwarped as a

result of concurrent basinal. developm~ent. The Late Permian Ochoan rocks

and Triassic rocks do not reflect this basinwide warping; their major

structural feature is the regional eastward slope (Brokaw, et al., 1972).
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There are no known active faults within the northern Delaware Basin study

area of the WIPP site. Deep-seated faults, which may be partly of

tectonic origin, do occur within the older sediments of the Delaware

Basin. Some of these faults probably originated from the rapid

Pennsylvanian-Early Permian subsidence of the basin, during which

widespread block faulting occurred within the basin (Adams, 1965).

Others are pre-Permian and basement structures which are reflected in the

overlying beds. An example of this type of intrabasin feature is the

Bell Lake fault, recognized by Haigler (1962, 1972), which has a

displacement of about 500 feet in the Precambrian. The structure is

reflected upwards through the Pennsylvanian Section and Foster's (1974)

map. It shows as a north-south high with closure on the south. Closure

is also indicated on the Bone Springs map. Whether this structural

representation results from continued movement of the Bell Lake fault

system up to that time or is only an effect of compaction is not known

(Foster, 1974). A complex series of faults with several thousand feet of

offset marks the boundary between the Delaware Basin and Central Basin

Platform. These faults were involved in the developm~ent of the basin and

are considered to have been inactive after Permian time. They are

discussed in more detail in the following section.

Two sets of joints, with strikes to the northwest and northeast, have

been recognized within the basin. The northeasterly set appears to be

better developed and penetrates the lower anhydrite of the Castile

Formation along the western margin of the basin, where the formation is

exposed. This set also controlled the emplacement of replacement

limestone within the evaporites (Anderson, 1978).

Other structures within the Delaware Basin include flexures, some of

which formed during Early to Mid-Permian basinal downwarping and

deposition of the Bone Spring and Delaware Mountain Groups (Pray, 1954),

and minor scattered folding of the younger beds (U.S. Bureau of Mines,

1977). Evidence of anticlinal structures as well as an unusual type of

fracturing and microfolding within the Castile anhydrite has been cited

by Anderson and Powers (1978) and Anderson, et al., (1972), as evidence
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of salt movement. C. L. Jones (unpub.) has described a deformation zone

encircling the inner margin of the basin and extending inward about 5

miles, as well as a number of similar structures in the interior of the

basin, which, according to Anderson and Powers (1978), may be salt

anticlines. These features may have formed as a result of differential

stress from unloading related to salt dissolution (Anderson, 1978).

Scattered small domnes, various collapse structures due to salt and/or

gypsum dissolution (including domal structures with collapsed centers,

known colloquially as breccia pipes), limestone buttes (Castiles),

collapsed outliers, and deep-seated sinks can be found in the evaporite

sections (Vine, 1960; Anderson, 1978). Stipp (1954) also identified

brecciation in the beds of the Wolf campian and Leonardian rocks, which he

attributed to adjustment in the basin in response to sedimentation and

structural forces.

The tectonic developmuent of the Delaware Basin, as reflected in the

structures discussed in this section, may be summarized as follows. The

Delaware Basin was defined by early Pennsylvanian time and major

structural adjustment took place in Late Pennsylvanian to Early Permian

time. Regional subsidence in conjunction with broad arching, folding,

and faulting occurred until Late Permian time, when the basin's history

as an active structural feature ended (Brokaw, et al., 1972). Regional

uplift and deposition of continental red beds in Triassic time was

followed by continued emergent conditions, resulting in erosion or

nondeposition. Mid-Cenozoic to Late Cenozoic regional eastward tilting

~Z of the basin much later shifted the deepest part of the Basin to its

present position close to and paralleling the Central Basin Platform

(Stipp, 1954). Since then, the only structural developments in the basin

have been related to hydration and solutioning of the Late Paleozoic

sediments.

3.4.2 Central Basin Platform

The Central Basin Platform is a subsurface feature (see Figure 3.3-2)

which represents an ancient broad uplift of Precambrian and Cambrian to
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* Pennsylvanian rocks separating the Delaware and Midland Basins at the

southern extreme of the Permian Basin in southeastern New Mexico and

southwest Texas. The platform extends in a north-northwest trend for

about 200 miles to the south flank of the Matador Arch (Bachman and

Johnson, 1973). The Central Basin Platform may represent a zone of

structural weakness along which movements took place periodically at

least into Late Paleozoic time. Displacement within and along the

margins of the platform appears to have been along large, high-angle

normal or reverse faults, which trend north to northwest and break Early

Permian and older rocks; all faults predate the salt deposits of the

adjacent basins (Bachman and Johnson, 1973). According to Hills (1970),

these faults may have been involved in considerable lateral as well as

vertical movement.

The platform itself is a horst. In the structurally higher parts of the

platform identified by Foster (1974) as the Hobbs and Eunice blocks, the

Precambrian surface is from 4,000 to 7,000 feet below sea level, while

the adjacent Monurnent-Jal block stands at 6,500 to 11,500 feet below sea

level. The fault system separating the Hobbs and Eunice blocks fromt the

Monument-Jal block has a displacement of about: 1,000 feet in the north to

possibly 4,000 feet west of Eunice. The fault: bounding the Monurnent-Jal

block extends about 50 miles southward, into Texas, with an inferred

displacement of 1,500 feet at the north to over 6,000 feet west of Jal.

- The aeromagnetic map of the Carlsbad area (U.S.G.S., 1973) provides

~- / fairly good definition of the trend of the major features of the Central

Basin Platform (Foster, 1974).

The maximum structural relief east-west between the Central Basin

Platform and the Delaware Basin is remarkably uniform, at about 9,000

feet (Foster, 1974). Complex fault systems form the boundary between

these two structural units. Hills (1970) indicated a fault in

approximately this location and termed it the West Platform fault.

According to Haigler (1962) , this fault system has a relief about

equivalent to that of the Huapache monocline bordering the west side of

* the Delaware Basin.
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The Central Basin Platform has been more intensely deformed than has the

Delaware Basin or shelf areas (Brokaw, et al., 1972). The tectonic

developmnent of the Central Basin Platform may have begun in Precambrian

time, and it appears to have been a high during Early Ordovician time.

The platform was unstable during late Devonian time but was generally an

area of stability thoughout early to Mid-Paleozoic time. In latest

Mississippian or early Pennsylvanian time, the area was deformed to an

elevated emergent fold belt, trending north-northwest. After submergence

and deposition in Middle and part of Late Pennsylvanian time, renewed

orogeny further elevated the area and sharpened, compressed, and faulted

the folds (Hills, 1963). The complex fault system bordering the platform

on the west formed either in Late Pennsylvanian or Early Permian time,

according to Haigler (1962), and contributed as well to the structural

development of the Delaware Basin. Claiborne and Gera (1974) also

identify the subsurface faults outlying the Central Basin Platform as no

younger than Permian age, since the Permian and younger beds in the area

are unfaul ted. Over the faulted platforms, the sedimentary formations

were broadly arched, and concurrently eroded, in places to the

Precambrian basement. Subsidence followed, and upper Wolfcampian-

through Guadalupian-age carbonates were deposited on the roots of the

earlier mountain ranges. Since filling of the Midland and Delaware

Basins in Late Permian time, the platform has been structurally stable

(Brokaw, et al., 1972). Recent seismic activity there is being studied

to determine its relationship to secondary oil recovery operations (see

Section 5.). The Central Basin Platform is probably not naturally active

at the present time, in view of the lack of fault scarps to match the

seismic activity (Sanford, 1978).

3.4.3 Midland Basin

The Midland Basin, situated to the east of the Central Basin Platform, is

similar in most respects to the Delaware Basin but shallower, having

experienced less structural development. The Midland Basin extends some

200 miles along a north to northwest trend to the Matador Arch vicinity.

Its shape is much more symmetric than is the Delaware Basin, and its
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relief is only 4,000 to 5,000 feet. Extensive major faulting occurred

before the deposition of Late Permian salt in the southern part of the

basin and on its west flank in proximity to the Central Basin Platform

(Bachman & Johnson, 1973). As is the case with the Delaware Basin,

general tectonic stability has prevailed in the Midland Basin since

Permian time.

3.4.4 Matador Arch

The Matador Arch is a narrow east-west trending Paleozoic highland of

irregular relief and outline underlain by Precambrian granitic rocks.

The uplift extends for some 300 miles across the Permian Basin, from west

of Wichita Falls, continuing westward, north of Lubbock and entering New

Mexico in southern Roosevelt County. Its western limits are uncertain,

but some have supposed a connection with the Capitan Mountains to the

west, by way of the intrusive igneous Railroad Mountain and Camino del

Diablo dikes that parallel the trend of the Matador arch in eastern New

Mexico (Stipp, 1960). The Matador Arch provides structural division

between the Delaware and Midland Basins to the south and the Hardeman,

Palo Duro, and Tucumcari Basins in the northern part of the Permian Basin.

The Precambrian structural framework of the Matador Arch itself is

probably not a continuous ridge, but a series of prominences which may be

the roots. of a chain of islands or hills existent during Precambrian and

Early Paleozoic times. The only large tectonic structures on the Matador

Arch consist of strong faults and folds that trend obliquely across the

uplift in a northwest direction (Eardley, 196:2). These faults are

present only on the southern flank of the arch, near its western

extremity and break only the Precambrian basemnent rocks (Bachman and

Johnson, 1973). The history of the major tectonic development and

activity of the Matador can thus be considered to have ended by early

Paleozoic time.
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3.4.5 Pedernal Uplift

The Pedernal Uplift represents a southward extension of the Rocky

Mountains in south-central New Mexico about midway between the Rio Grande

and Pecos Rivers. The boundaries of the uplift are not very well defined

but in general trend north-south from the eastern side of the Sacramento

Mountains in Otero County, apparently continuously to northern Torrance

County (Eardley, 1962). The uplift is named for Pedernal Mountain in

Torrance County, which is considered to be a remnant and the southernmost

exposure of the Ancestral Rockies.

Together with the Permian Basin, the Pedernal landmass strongly

influenced the depositional. and structural patterns of the region. The

Pedernal Uplift appears to have been a wide and not particularly emergent

area connecting southward with the Diablo Uplift, and existed, according

to Thompson (1942), and Pray (1961), from Early Pennsylvanian time until

well after the beginning of Permian time. Within the confines of the

Uplift, red shales, sandstones, variegated shales, and limestones of

Permian age rest directly on igneous and metamorphic rocks of Precambrian

age (Eardley, 1962). In structure, the uplift may have been a broad

upwarp in some places and fault-bounded blocks in others. The uplift was

probably sharpest on the west with the possible exception of the

southeastern edge along the buried Huapache zone (Kelley, 1971).

There is some disagreement as to the time of initial uplift of the

Pedernal. According to Stipp (1960), the uplift apparently rose in Late

Mississippian or Early Pennsylvanian concurrently with the Central Basin

Platform, and was subsequently eroded down to its Precambrian core.

Kelley (1971) states that the Pedernal began its rise in Late

Pennsylvanian time. According to Bachman (1975), the earliest indication

of Ancestral Rocky Mountain building in New Mexico occurred during the

Middle Pennsylvanian Desmoinesian time but the Ancestral Rocky

Mountain-Pedernal Uplift activity accelerated and was extended southward

into New Mexico during Late Pennsylvanian Missourian time, and the uplift

reached its maximum in New Mexico during the Virgilian, with accompanying
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major faulting occurring along the west side of the Pedernal Uplift.

Acceleration of uplift continued through Wolf campian time, denuding the

rocks well into the Precambrian core. Some broad arching and erosion had

taken place before the basal Artesia was deposited, followed by renewed

rise during and following Salado deposition. Post-Triassic to pre-Dakota

time saw renewed rise of the Pedernal Uplift. Structural development

ended with a slight uplift and tilting of the Pedernal towards the north

during Late Jurassic to Early Cretaceous time (Kelley, 1971).

3.4.6 Diablo Platform

The Diablo Platform is a northwest-trending, structurally positive area

southwest of the Delaware Basin, extending southeastward from the

Cornudas Mountains at the New Mexico-Texas border and terminating with

the Marathon Uplift area and Ouachita tectonic belt to the southeast.

The platform is a horst with an average elevation of 1,200 meters above

sea level and is bounded on the east, south, and west by grabens. At its

northern extent and closest approach to the site, the platform is

bordered on the east by the Salt Flat graben (Barker, et al., 1977).

(See Figure 3.4-1).

The Diablo Platform experienced primary deformation in Late Pennsylvanian

or Early Permian time, but topographic relief and the presence of coarse

~ ) detritus favor Early Permian for the major portion of the activity.

Deformation consisted of uplift, folding, and faulting. The uplift was

greater on the south than the north, in the Carrizo Mountain-Van Horn

area, where subsequent erosion exposed Precambrian rocks. Faulting is

also known to have occurred in post-Permian rocks along the northeast

margin of the platform. The Late Cenozoic Basin and Range activity

affected the Diablo platform through prominent. block faulting and

buckling. Major movement in this area was on northwest-trending faults

along the northeast margin of the Diablo Platform. Late Cenozoic

regional uplift concurrently affected the platform (Oriel, et al.,

1967). Oliver (1977) reports several centimeters of relative uplift of

the eastern Diablo Plateau and western Salt Basin between 1934 and 1958.
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Releveling of this first-order line by the National Geodetic Survey in

1977 for the WIPP indicates only millimeters of relative uplift during

the period 1934-1958 and about 5 centimeters of downwarping from

1958-1977 relative to the 1958 line. Further studies of this area are

indicated in Chapter 10.

3.4.7 Val Verde Basin

The Val Verde Basin was a deep Early Permian depositional basin at the

southwestern extent of the Permian Basin area. The Val Verde Basin

trends east-southeast towards the Delaware Basin, adjacent to the north

rim of the Ouachita tectonic belt.

The Val Verde Basin attained its major structural definition in Late

Paleozoic time. The southeastern part of the south margin of the trough

may have been established early in Pennsylvanian time. During

Upper-Middle Pennsylvanian Desnoinesian time, the Val Verde area was a

fairly stable foreland. But near the beginning of Permian time, the Val

Verde trough was abruptly deepened and its north side irregularly

steepened opposite the Marathon salient of the south rimming structural

belt. Large-scale faulting believed to be of Pennsylvanian age has been

recognized, through drilling, along the north flank of the trough;

sagging along these zones of weakness during the Early Permian deepening

of the trough is probable, according to Vinson (1959), Hester and Holland

(1959) and Oriel et al., (1967). The large-scale rapid downwarping that

occurred in earliest Permian time caused Permian rocks to accumulate here

to a thickness exceeding 17,000 feet, the greatest accumulation of

Permian rocks to be found in the Permian Basin. By the Mid-Permian there

was a marked decrease in deformation, and a shelf formed across part of

the area. Permian rocks here were later warped, possibly in Early

Triassic time and eroded (Oriel et al., 1967).
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3.4.8 Huapache Flexure

The Huapache Flexure is a long, narrow, northwest-trending monoclinal

structure along the eastern slope of the Guadalupe Mountains on the west

border of the Delaware Basin. The monocline extends from parallel to the

Guadalupe Ridge anticline on the south, northward across the Capitan Reef

escarpmient, where it is offset to the west. Similar offset occurs

farther north as it crosses the folds along the shelf margin. The

monocline terminates at the north end of the Guadalupe uplift.

The Huapache flexure is marked by tonal and textured differences on

LANDSAT imagery. On the southwest side of the mapped flexure line, the

terrain is more dissected, has more vegetation, and from the visible

shadows appears to be topographically much higher than the area to the

northeast.

The width of the flexure ranges from 0.5 to 2.5 miles. The Precambrian

structural relief ranges from 300 to 400 feet in the north to as much as

1,000 feet in the south, just north of Guadalupe Ridge. In the Delaware

Basin, the structural relief on the Precambrian along the monocline is

from 300 to 600 feet. The maximum dip along the flexure is about 15

degrees to the east, and above and below the structure, dips are from 3

to 5 degrees (Kelley, 1971).

Although the Huapache structure has the configuration of a monocline at

the surface, there is evidence that it overlies a thrust fault or series

of faults in the Precambrian basement and Paleozoic sedimentary section,

and so represents the draping of sediments over a fault or fault zone

(Stipp, 1960; Hayes, 1964). Haigler (1962) interpreted the results of

drilling as indicating a displacement of as much as 5,400 feet along an

underlying fault.

According to Claiborne and Gera (1974), the age of inception of the

Huapache was Pennsylvanian; according to Haigler (1962), it was late

Pennsylvanian to Permian, contributing to the final structural
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development of the Delaware Basin. Hayes (1964) has indicated that the

Huapache thrust faulting must have been post-Mississippian in age, since

Mississippian rocks show no lithologic change across the zone but are

vertically displaced as much as 4,000 to 6,000 feet, with a much higher

Pennsylvanian section east of the zone (also see Meyer, 1966). According

to Hayes, the zone was apparently intermittently active through all or

most of Pennsylvanian time, into Early Permian. The Guadalupian San

Andres Limestone, however, is not ruptured; thus, the faulting must have

been pre-Guadalupian. According to Kelley (1971), too, movement ceased

in Leonardian time. Since then, deposition of sediments above the fault

trace has produced the low eastward-dipping flexure configuration exposed

today. Although no major activity has occurred here since the

Mid-Permian, Hayes (1964) believes that inasmuch as the monocline affects

rocks of Late Guadalupian age, it appears that minor post-Guadalupian,

probably Tertiary, movement has taken place along the old zone of

weakness.

3.4.9 The Northwestern Shelf

North and northwestward of the Delaware Basin is a large platform area.

Some investigators have taken the southward front of the platform to be

delineated by the Capitan Reef Escarpment. Here the dips of the beds

average about 200 to the southeast (Hendrickson & Jones, 1952).

The Northwestern Shelf was well developed before the onset of Permian

time, as shown by the abundance of shelf limestones, including numerous

reefs of Virgilian age, along its present trend. This tectonic element

may have originated in early Paleozoic time, when it formed the margin of

the early Tobosa Basin (Galley, 1958, Oriel, et al., 1967).

A number of flexures, arches, and buried fault systems have been

identified in this area, several of the largest and best known of which

are discussed below. The consensus is that tectonic activity along the

individual structures had ceased in Tertiary time, and since then, only

broad regional monoclinal flexing has occurred. Other than minor
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surficial effects due to solution and hydration of evaporates, the entire

southern part of the shelf appears to have been stable in Quaternary time

(Brokaw, et al., 1972).

Folds A belt from 6 to 9 miles wide of sharply flexured folds lies just

back of the Capitan Reef front, extending in long arcs convex to the west

and parallel to the shelf margin for a distance of about 65 miles

eastward to the Central Basin Platform. These symmetrical and parallel

folds termed the Carlsbad folds by Kelley (1971), average about 1.5 miles

apart from crest to crest and have an average fold amplitude of about 100

feet (Motts, 1972). Kelley (1971) describes their shape as "domical

uplifts," circular to elliptical, with average dimensions of 1.5 by 3

miles. These folds are partly expressed in the present topography.

Shelf domes, consisting of biohermal cores covered by shelf beds, are

superimposed on the folds, which suggests to Motts (1972) that the folds

may have been topographically positive features during the time of

Capitan Reef. Brokaw, et al., (1972) dates these folds as of early

Tertiary or perhaps older age. According to Hayes (1964), they are

presumed to be Laramide in age, since they post date the Permian rocks

and antedate the development of Carlsbad Cavern in early and middle

Tertiary.

Another arcuate fold belt, called the Waterhole Anticlinorium, is present

about 12 miles west of Carlsbad and extends for about 20 miles with a

width of 1 to 2 miles. The feature consists of a narrow, closely spaced

set of 3 synclines alternating with 3 anticlines. Structural relief on

the folds is from 200 to 400 feet. The axes of the anticlines are

sharper than those of the synclines, and locally, their axial planes

appear to be faults (Kelley, 1971). Like the Carlsbad folds, this system

has been dated as early Tertiary or older (Brokaw et al., 1972).

The Cenozoic folds that parallel the reef escarpmnent on its northwest may

be indirectly related to the older Bone Spring Monocline, which formed a

broad southeast-dipping fold along the basinward edge of the Victorio

Peak Limestone in the Late Leonardian-Early Guadalupian time. The
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monocline is exposed only in the south end of the Guadalupe Mountains in

Texas but is presumed to continue northeastward into New Mexico, forming

the southeast flank of the 15 to 20 mile-wide Bone Springs Arch. The

arch was virtually buried in Brushy Canyon time, but near the end of San

Andres time the flexure was rejuvenated and produced an accentuated

northwest margin for the Delaware Basin. This had a great effect on

later Permian deposition and may have controlled the position of the

Capitan limestone (Hayes, 1964).

Numerous other local fold structures have been identified on the shelf

area, a good number of which are described by Kelley (1971), by Motts

(1972), and by Hayes (1964). Many of these folds have north to

northwesterly curving axes and structural closure of up to 100 feet or

more. According to Motts (1972), the size of some of these features,

such as the McKittrick anticline and adjacent Dark Canyon syncline, as

well as their possible influence upon the orientation of the Capitai

reef, suggests that they may reflect deeper flexures or faults in the

basement. Some of these features have been dated: Motts (1972) has found

evidence that the McKittrick anticline and Dark Canyon syncline were a

topographic high and low, respectively, during Guadalupian time.

Faults The most prominent area of fault-like structures on the shelf

north of the Delaware Basin is the zone of straight northeast-trending

shears extending from several miles north of Artesia northwestward toward

iII~ the Sacramento Uplift and Capitan Mountains. The major structures of

this group, such as the Y-0, Six-Mile Hill, and Border Hills Buckles, are

exposed for from 35 to 80 miles along strike and spaced at distances of 8

to 20 miles. Movement along these features has involved folding,

faulting along strike, and overthrusting, and along the strike of these

buckles the nature of deformation may change markedly over a short

distance. These features are visible on LANDSAT imagery to varying

degrees. The Border Hills Buckle appears as a very obvious scarp and

adjacent depression which is visible along its entire length, whereas

there are no obvious scarps or depressions along the mapped trace of the

Six-Mile Hill Buckle, although some stream offsets are aligned along its
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trend, and the Y-0 fault is marked only by portions of 3 streams which

follow the fault line a short distance. Evidence exists that movement on

these zones was initiated in Carboniferous or earlier times and may have

been basically right lateral (Brokaw et al., 1972 and Kelley, 1971).

Kelley (1971) has described two faults, named the Barrera and Carlsbad,

fronting the reef escarpmient 32 kilometers and 16 kilometers southwest of

Carlsbad and having "late Tertiary with possible Quarternary movement."

However, many other geologists who have investigated the area are not

convinced that the linear features seen on aerial photos are actually

faults. (Claiborne and Gera, 1974).

Artesia-Vacuum Trend The Artesia-Vacuum trend is a long, low,

east-trending arch in Permian rocks, which extends eastward from a little

South of the town of Artesia, in Eddy County, New Mexico, for a distance

of about 75 miles, roughly paralleling the Carlsbad folds. The trend

represents slightly warped Permian strata in an eastward-plunging

anticline (Stipp, 1960). The arch is almost completely covered by

post-Permian beds, except for a short stretch near Chalk Bluff Draw where

the plunging south limb is seen dipping southeastward at about 4

degrees. This feature has been dated as either Early Permian or

pre-Permian, and, according to Brokaw et al. (1972), is largely or wholly

~ the product of differential compaction over the Abo reef of Early Permian

age.

3.4.10 Sacramento Mountains

The Sacramento Mountains constitute an uplift area to the west of the

Northwestern Shelf and form the local eastern border of the Basin and

Range province. The uplift extends for a distance of over 45 miles in a

north to slightly northeast direction, and most of the structures within

the range also exhibit a northerly trend. The overall structure of the

Sacramento Mountains is a tilted fault block, with a regional dip to the

east of about 1 degree. The eastern flank of the mountains is character-

ized by its simple, undeformed eastward dip of 100 to 140 ft/mi. Greater
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uplift along the central crestal zone has produced dips of several

degrees in the strata on the north and south ends of the range. The

Sacramento uplift is separated fromi the Tularosa Basin on the west by one

or more normal faults involving several thousand feet of displacement

(Stipp, 1960).

The Sacramento Mountains have developed through several periods of

tectonic activity, probably beginning in Late Pennsylvanian and early

Wolf campian time. Pre-Permian strata of the range are deformed by

folding and faulting during this time, and many of the internal

structures of the Sacramento Mountains formed then. Some further

deformation occurred during Mesozoic or early Cenozoic time (Pray,

1959) .Cretaceous strata, strongly folded and faulted and intruded by

dikes and sills, occur extensively in the northern Sacramento Mountains,

especially between the towns of Capitan and Carrizozo. Here the

structure suggests a depressed synclinal block greatly affected by

igneous activity (Stipp, 1960).

Late Cenozoic Basin and Range faulting, which produced uplift and

tilting, gave the Sacramento Mountains their present configuration. The

dominant location of this activity has been the large fault zone at the

western base of the uplift in the Tularosa Basin, and the uplift appears

to be still in progress (Pray, 1959).

3.4.11 Guadalupe-Delaware Mountains Uplift

The Guadalupe-Delaware Uplift is a gently northeastward-tilting fault

block extending northwestward for some 110 miles, from the Diablo

Platform area near Van Horn, Texas, to east of Pinon, New Mexico. In New

Mexico, the western boundary of the uplift is a great fault scarp

produced by a system of nearly en echelon, normal faults of Late Cenozoic

age, along which the displacement ranges from 2,000 to 4,000 feet

(Kelley, 1971; Hayes, 1964). The eastern margin is formed largely by

erosional conformance to the Late Paleozic to Tertiary Huapache

Monocline, and the southeast margin of the range coincides with the Reef
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Escarpment, which, according to Hayes (1964) may have resulted partly

from Cenozoic rejuvenation of the Late Paleozoic Bone Spring Monocline.

Using the Huapache Monocline as the east boundary, the uplift is about 11

miles wide in its southern part, tapering northward to about 3 miles

(Kelley, 1971). The Guadalupe Mountains lie within the Sacramento

section of the Basin and Range province and are structurally part of the

Northwestern Shelf (Brokaw, et al., 1972).

In cross section, the mountains have a cuesta-like or asymmetric profile,

with the fault scarp forming a short, steep western slope and a backslope

dipping gently eastward at generally less than 30 or about 200 ft/mi.

The beds usually dip more steeply than the land surface, thus exposing

progressively younger rocks to the east and southeast (Hendrickson &

Jones, 1952).

The principal structural elements within the Guadalupe Mountains area

have been described in detail by Hayes (1964), Boyd (1958), and King

(1948). These include the Huapache and Bone Springs Flexures and the

folds which parallel the Reef Escarpment (refer to Section 3.4.8). The

only faults along the eastern periphery of the uplift, paralleling the

reef, are short normal faults of very small displacement, which probably

originated as tension joints (Hayes, 1964). The major faulting in the

area is located to the west of the Guadalupe Mountains Uplift, where many

closely spaced faults trend north to northwest. Hayes (1964) describes

those in the New Mexico portion of the area in three groups: those along

the Guadalupe Mountains scarp north of Stone Canyon, those parallel to

the Shattuck Valley scarp south of Stone Canyon, and those in and north

of the Brokeoff Mountains. Along the Guadalupe Escarpment are numerous,

closely spaced, high-angle normal faults paralleling the scarp and

generally downthrown on the west. From high on the scarp westward into

Big Dog Canyon, the faults decrease in dip to as low as 60 degrees and

increase in displacement from rarely over 100 feet on the east to about

800 feet in the canyon, low on the scarp. The faults south of Stone

Canyon are separated from those to the north by an unfaulted monocline

some 1 1/2 miles wide. Most of the displacement on the scarp here is
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along a large fault high on the scarp having a displacement of as much as

800 feet, and an arcuarte trace convex to the east; adjacent to its trace

are a number of small strike faults (Hayes, 1964; see also King, 1948;

Boyd, 1958). West of the Guadalupe Mountains is a graben area occupied

by a complex north-northwestward trending zone of Late Cenozoic faults in

and adjacent to the Brokeoff Mountains. Most of the faults are high

angle and normal and are downthrown to the east, except for several in

the north that form grabens and horsts. Stratigraphic displacements here

range from a few feet to about 600 feet (Hayes, 1964).

Evidence has been presented by King (1948) that tectonic deformation was

occurring in the southern Guadalupe area before Middle Permian time and

produced the Bone Spring Flexure, which possibly governed the location of

the Delaware Basin. Hayes (1964) describes a fault zone in the Guadalupe

Mountains that may have trended southeastward into the western edge of

the Delaware Basin and may have been active during Mississippian to Early

Permian time. Like the Sacramento Uplift, though, the Guadalupe-Delaware

Mountains are primarily a Late Cenozoic structural feature, uplifted and

tilted eastward by the Basin and Range tectonic activity.

King (1948) dated most of the major normal faulting of the Guadalupe

Mountains area as Late Pliocene to Early Pleistocene. He did note,

however, that some renewed movement along pre-e:.istent faul' s probably

took place in the Early Pleistocene, as evidenced by Oissection of

probable early Pleistocene deposits due to change in '-ase level. But he

Sfound no evidence for younger movements in the Delaware or Guadalupe

Mountains.

There is evidence, though, that development of the uplift may still be

continuing at a reduced rate today. Kelley (1971) reports that during

his work a small scarp in the alluvial fans along the northe~astern end o~f

the Guadalupe Fault Scarp, in T2OS, R17E was found, indicating some

slight Holocene uplift. More recent field investigations in the Salt

Basin graben region adjacent to the Guadalupe Mountains in Texas have

identified over 100 Quaternary-age normal, en echelan, and discontinuous
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fault scarps and photolineaments with displaanents of as much as 18 feet,

which appear to be controlled by preexisting structural zones of

weakness. The orientation of the scarps, the proximity of recurring

seismic activity, and the youthfulness of offset surfaces suggest that

these scarps have a tectonic origin and are maintained by intermittent

activity which is in some places younger than 1,000 years old and

probably continuing (Goetz, 1977). Such data would thus indicate some

ongoing Holocene structural development of the eastern extent of the

Basin and Range elements in the Southeast New Mexico west-Texas region.

3.5 REGIONAL IGNEOUS ACTIVITY

Large-scale post-Precambrian igneous activity in the southeast New

Mexico-west Texas area consists of Early to mid-Tertiary intrusive bodies

and Tertiary to Quaternary volcanic terrains located well to the north,

west, and south of the site area. Figure 3.5-1 presents the regional

distribution of known igneous features. Within the northern Delaware

Basin, only minor igneous activity, in the form of one or more Tertiary

dikes and possibly associated sills, is known to have occurred. This

section discusses the igneous features known to exist within about 100

miles of the WIPP site and considers in particular detail the near-site

intrusives within the northern Delaware Basin.,

3.5.1 Near-site Activity

The outcrops of igneous dike-related material nearest to the WIPP site

are located about 42 miles southwest of the site, in the Yeso Hills.

Subsurface samples of intrusive igneous rock within about 9 miles of the

site have also been obtained from drill holes and from two underground

potash mining operations, located some 10 miles apart in the Salado

Formation. Aeromagnetic investigations have also indicated the presence

of magnetically responsive, perhaps igneous, materials in this a~rea.

Whether all these occurrences represent parts of one dike or en enchelon

dikes, they together produce a very linear trend striking approximately

N50 0 E for a distance in excess of 75 miles. This trend extends from a
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point near the Texas-New Mexico border southeast of Carlsbad Caverns at

least to the northeasterly most well intercept, some 30 miles northeast

of the site (Elliot, 1976b; Claiborne and Gera, 1974). The location of

the intercepts and magnetic indications and the dike trace they suggest

are plotted on Figure 3.5-2.

The outcrops in the Yeso Hills consist of rectilinear patches of

rust-colored, earthy material studded with occasional sharp, small

fragments of a dark, fine-grained igneous rock that represent the surface

expression of three parallel, en enchelon dikes within the outcropping

Castile gypsum. The dikes trend east northeast and vary in width up to

about 20 feet and in length up to about one-half mile (Pratt, 1954).

These outcrops are separated by a distance of about 27 miles from the

nearest subsurface dike intercepts or definite magnetic response along

strike to the northeast.

Intercepts of intrusive igneous material have been reported from at least

9 drill holes within the northern Delaware Basin along the trend

indicated above (See Table 3.5-I). These intercepts have generally been

multiple in each well or drill hole. For instance, the Stanolind U.S.

Duncan #1 is reported to have 8 intercepts which range in depth of

location from 470 to 13,300 feet. Several petroleum exploration

geologists have interpreted the occurrences to represent a series of

sill-like intrusions (Elliot, 1976b), a theory which may be supported by

magnetic data discussed below.

Dike exposures have also been observed in the underground workings of the

International Minerals and Chemical Corporation mine, located

approximately 9-1/2 miles northwest of the proposed WIPP site, and in the

Hobbs Plant mine of the Kerr-McGee Chemical Corporation, some 10-1/2

miles north of the site (See Table 3.5-1). The dike exposures in these

mines are intruded into the Upper Permian Salado Formation. These

intrusives are nearly vertical and usually only a few inches to a foot

thick, but thicken to approximately 15 feet wide at their widest observed

point, in the Kerr McGee mine. No displacement exists between the salt
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beds on the two sides of the dike and, in one of the mines, the end of

the dike can be observed (Claiborne & Gera, 1974), indicating a

discontinuous, segmented character.

Airborne magnetic surveys of the region, performed by the U.S. Geological

Survey, have been utilized to help determine the position of the dike

material and its genetic relationship to the surrounding rock strata.

These surveys show magnetic indications of a dike-like structure

extending southwestward from a point approximately 30 miles northeast of

the WIPP site to near the Pecos River. The width of the magnetic anomaly

so indicated varies from several miles at its base, at a depth of about

12,000 to 13,000 feet, near the Precambrian basement to a very thin trace

at its upper extremity near the ground surface. Elliot (1976b) noted

that an aeromagnetic response indicating such an apparent single, broad

anomaly may be produced by a series of dikes which have a broad base and

pinch out vertically. The feature under consideration may thus represent

"a multiplicity of en echelon dikes forming a swarm, which rise generally

vertically from the basement and pinch out in an upward direction

(Elliot, 1976b)". According to this interpretation, one of these dikes

extends upward above the other dikes, penetrating units as young as the

Salado Formation, and is encountered in the outcrops and subsurface

intercepts. The multiple showings from one drill hole are, according to

this interpretation, thought to represent small sill-like projections

which extend outward horizontally from the main vertical dike source.

The dike or series of dike-related features indicated by the above lines

of evidence has a similar appearance, composition, and structure wherever

it has been encountered in the subsurface. The dike rock is a

medium-gray to grayish-black, fine-grained porphyritic material

identified as lamprophyre by Jones (1973). The groundmass of the rock

consists of orthoclase with accessory biotite, which is partially altered

to vermiculite, and minor amounts of ilmenite, apatite, anatase and

pyrite. The rock also contains corroded andesine phenocrysts and

pseudomorphs of siderite and antigorite after pyroxene. Aniygdules as

large as 2 mm in diameter, filled with halite, siderite, calcite, and

natrolite are dispersed through the dike rock.
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Nearly vertical and subhorizontal fissures are present throughout the

dike and are usually filled with halite, with local polyhalite, anhydriteW

and minor amounts of pyrite, dolomite, quartz and crystalline

hydrocarbons. The dike has a rather poorly- developed flow structure and

a chilled border. The halite of the adjacent intruded beds has been

recrystallized as much as 3/4 inch along the dike contact, and, in

places, contains methane and other gases under pressure. Where the

termination of the intrusive mass is observed, a vein of polyhalite, also

containing minor amounts of pyrite, dolomite, and crystalline

hydrocarbons, extends upward into the adjacent salt, indicating that some

migration of fluids along the dike must have taken place following

intrusion. Later recrystallization and plastic flowage have, however,

healed any permeable zones which may have formed at the time of the

intrusion and flowing water is not now present where the dike is

observable (Claiborne & Gera, 1974).

Specimens of the dike material from the Yeso Hills were classified by

Peter H. Masson (reported in Pratt, 1954) as an alkali trachyte and as a

soda trachyte of porphyritic texture with principal minerals of

anorthoclase, albite, chlorite, ilmenite, and magnetite. The rocks are

severely altered, and the walls of the dikes are not clearly defined.

Both specimens examined were vesicular, indicating a surface environment

of cooling and crystallization. Calcite and gypsum often line the

vesicles as secondary deposits (Pratt, 1954).

The emplacement of the lamprophyre dikes probably occurred during

mid-Tertiary time,,approximately 30 million years ago. Urry (1936) dated

the intrusives at 30 +1.5 m.y., from drill hole cuttings of the Texas

Co. No. 1 Moore well, located about 12 miles north of the WIPP site.

More recent K/Ar whole-rock dating by the U.S. Geological Survey, Denver,

has determined an age for a sample (fJ-l-71(M75)) of this dike of about

34.8+0.8 million years (recalculated for recent change in measured decay

constant) (C. L. Jones, personal communication).
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The span of time thus indicated since intrusion has been ample to provide

for complete cooling of even the largest of these intrusive bodies, and

at the present time there is no evidence of magnetic masses unusually

close to the surface in the area.

These dike indications may represent part of an en echelon dike arrays

extending northeastward for almost 80 miles from the Gypsum Hills in

southern Eddy County, near the New Mexico-Texas state line, to the Vacuum

oil field south of Buckeye in central Lea County, New Mexico.

The northeast trend of all these dikes generally coincides with the

orientation of several tectonic lineaments in the area and also parallels

the trend of crevasses and joints in the carbonate rock of the Capitan

and Tansill Formation near Carlsbad Caverns. These fractures are filled

with Early Cretaceous sandstones and conglomerates. Thus, the

emplacement of the magmatic material may have been facilitated by earlier

patterns of structural weakness, which developed in response to regional

stresses operative previous to Cenozoic time. The date of the dikes,

however, suggests that their developmient may have been related events

which were precursors to the later Basin and Range tectonism of

Mid-to-late Tertiary time.

3.5.2 Guadalupe-Delaware Mountains Area Activity

King (1948) described several occurrences of igneous material in the

Guadalupe-Delaware Mountain area. He identified one small intrusive

plug, about 15 miles southwest of the Yeso Hills dikes, located within

the Delaware Mountains in a ravine one-half mile north of Lamar Canyon,

1-1/2 miles east of its junction with Cherry Canyon. This plug forms a

low ridge several hundred feet long and cuts sandstones within the

Guadalupian-age Bell Canyon Formation. These sandstones have been

tilted, baked, and silicified, according to King, for about 10 feet from

the edge of the plug. The intrusive rock itself he described as "light

gray and aphanitic, probably a trachyte." Pratt (1954) later examined

this reported plug and similar outcrops in the area. He found no igneous
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rock or any tilted or baked sandstones, only evidence of intense

silicification of the sandstones within low parallel ridges oriented

north northwest. Pratt, however, interpreted these features to be

evidence of underlying intrusive dikes, as did King. Pratt futher stated

that the dikes formed part of the siliceous mantle of an underlying

igneous intrusion.

Seven miles to the east southeast of these chalcedony-like ridges, within

the Magnolia Petroleum Company's Homer Cowden No. 1 well, a body of

igneous rock has been intercepted at depths from 8,730 feet to 9,140 feet

(Pratt, 1954). The feature is oriented parallel to the trend of the

hypothesized dikes of Lamar Canyon and is interpreted as a sill. Pratt

(1954) suggests that "the source of this intrusion may also be the source

of the solutions which so intensely silicified the conspicuous outcrops"

in the Delaware Mountains, described above. The "sill" is composed of

extremely porous, light gray and holocrystalline rock with prominent

black needles of a ferromagnesian mineral, which has been analyzed by

Peter T. Flawn as a "lenco syendiorite," otherwise possibly termed a

monzonite (Pratt, 1954).

King (1948) has postulated the existence of a third buried intrusive,

located in the Guadalupe Mountains of Texas, approximately 1-1/2 miles

south of the Otero-Eddy county line, on the northeast slope of Lost

Peak. His hypothesis is based on the observation that the Carlsbad

limestone here, at the Calumet and Texas mine, "has been replaced by

copper, lead, zinc, and iron minerals, which probably emanated from an

igneous source beneath (King, 1948)."

The age of the igneous intrusive activity in the Guadalupe-Delaware

Mountains region has been conjectured by King (1948) as Early Tertiary or

somewhat younger, representing the northern extension of a vast number of

intrusives related to the intense Trans-Pecos Davis Mountain activity.

Unlike the region further south, however, little remains of these records

in the Guadalupe Mountains area, and only minor igneous activity occurred

here (King, 1948). Pratt (1954), in agreement with King's dating work,
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has stated that the Delaware Mountain materials he investigated "may

reasonably be presumed to be of Tertiary age." He based this judgement

on the assumption that these rocks are similar in composition to the

generally alkalic igneous rocks identified by Flawn (1952) as comprising

the Tertiary intrusives of the west Texas-eastern New Mexico area.

3.5.3 Trans-Pecos Magmatic Province

The Trans-Pecos "magmatic province" comprises a vast area of both

intrusive and extrusive igneous outcrop terrains of Tertiary age situated

east of the Rio Grande River and west and south of the Guadalupe-Delaware

Mountains, approaching within about 90 miles of the WIPP site at the

northern extent of the province. The magmatic province extends a

distance of about 225 miles from the Diablo Plateau-Cornudas Mountains

outcrops near the New Mexico-Texas border, southeastward through the

Davis Mountains volcanic area and associated intrusives to the southern

tip of Texas (see Figure 3.5-1). The entire province contains in excess

of 200 intrusive bodies having outcrops exceeding about 1/2 square mile

each in surface area (Barker, 1977) in addition to the approximately

6,000 square-mile region of volcanic outcrop terrain of the Davis

Mountains area (from Cohee, et al., 1962). According to King (1948),

this magmatic province was developed during Early Tertiary time, when

great sheets of lava spread over the Davis Mountains and adjacent areas,

across a surface of Cretaceous and older rocks. Both the lavas and

sedimentary rocks were then intruded by a host of small to large

intrusive masses, some of which were far removed from the Davis Mountains

region. Barker (1977) has determined that the magmatic activity in the

Trans-Pecos province occurred during the interval from 43 to 16 million

years before present. Those intrusives which lie closest to the site are

discussed further, below.

Within the northern portion of the Diablo Plateau, some 22 intrusive

igneous bodies are exposed along a north northwest trending belt. The

northernmost of these igneous outcrops occurs within the Cornudas

Mountains, which are centered approximately 105 miles west-southwest of

the proposed WIPP site, on the Texas-New Mexico border.
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These intrusions, known collectively as the Cornudas Group, generally

consist of a central group of plugs, surrounded by sills and laccoliths.

The materials composing these intrusions have been classified as

nepheline syenites, phonolites, or quartz-bearing syenites. The older

rocks are generally fine to coarse-grained, equigranular to porphyritic,

with only weakly and locally developed flow structure. The younger rocks

of the group are fine-grained, microporphyritic and vesicular, with

strongly developed flow structure. Abundant autoliths of alkalic igneous

material are contained within several of the intrusions of the Cornudas

Mountains (Barker, et al., 1977).

K-Ar dating of biotite in igneous rock samples from the Cornudas Group

yields an age of approximately 31 to 37 m.y. for the time of intrusion.

The intrusives were emplaced in sedimentary rocks which range in age from

Early Permian to Cretaceous (Barker, et al., 1977).

3.5.4 El Camino del Diablo and Railroad Mountain Dikes

The east-west trending El Camino del Diablo and Railroad Mountain dikes

are the igneous features nearest to the WIPP site on the north, beyond

the limits of the Delaware Basin. The outcrop areas of both dikes are

covered by a thin veneer of gravel, caliche, and alluvium (Kelley, 1971),

and neither have much expression on IJANDSAT imagery.

The southernmost of the two dikes, El Camino del Diablo, is located

approximately 67 miles north of the WIPP site. The dike can be traced on

the surface for about 25 miles (Kelley, 1971) from the caliche-capped

plains east of the Pecos River eastward until it disappears under the

Mescalero sands. The dike varies in width from some 32 feet on the west

to about 47 feet at its easternmost outcrop. Although it exhibits very

little topographic expression, in places along its trace the dike is

marked by a slight depression produced by a greater erosion of the dike

than of the surrounding country rock. The intrusive material is an

extensively altered, fine-grained, slightly porphyritic, bluish-gray rock

displaying typical diabasic texture and is composed of augite and
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magnetite in a matrix of lath-shaped feldspar crystals. Since the

composition is intermediate between an andesite and basalt, the rock has

been classified as an "augite-andesite" (Semmes, 1920). Bordering the

dike are contact zones from one to 12 feet wide, which consist primarily

of a mere baking of the country rock with no appreciable mineralization.

The Railroad Mountain Dike parallels the Camino del Diablo Dike 13 miles

6o the north and extends a distance of about 30 miles from the eastern

side of the Pecos River eastward into the Mescalero sands. The width of

the dike is remarkably constant, measuring at most about 100 feet, which

suggested to Semmes (1920) that the exposed portion represents only a

fraction of the entire intrusion (Kelley, 1971; Semmes, 1920). In

contrast with the Camino del Diablo Dike, this dike forms a ridge, which

in places reaches as high as 60 to 80 feet. On LANDSAT imagery, it has

its most pronounced expression as it approaches the Matador uplift region

to the east. The dike material is a massive, dense, dark-blue,

medium-grained granitoid rock composed of pyroxene and olivine with

considerable magnetite in a felt-like mass of interlocking lath-shaped

plagioclase crystals. The rock may thus be classified as an olivine

gabbro, of more basic nature than most of the other intrusives of the

region. Almost no secondary alteration has occurred, which accounts for

the dike's prominent ridge-like expression (Semmes, 1920). The contact

zone between the dike and host rock displays a slight baking but little

mineralization and is, at most, several feet wide.

Both the Railroad Mountain and El Camino del Diablo Dikes have been

classified as Tertiary in age by Cohee (1962) and have intruded rocks as

young as the Triassic Santa Rosa Sandstone (Kelley, 1971). Semmes (1920)

considered the dikes to have been Eocene or younger in age and possibly

as young as Middle to Late Tertiary, representing later stages in

Tertiary igneous activity, when the basaltic intrusives and extrusives of

the area originated. The generic relationship of the dikes to other

features in the region is unclear, but airborne magnetic surveys indicate

that both of the dikes " nose out" to both east and west (Elliot, 1976b).
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This would seem to preclude the dikes being direct extensions of either

the Capitan stock activity, to the west (see section 3.5.5, below), or of

the Matador Arch (section 3.4.4) to the east.

3.5.5 Capitan and Sierra Blanca Mountains Region

The Capitan intrusive is located within the Capitan Mountains region

approximately 117 miles northwest of the WIPP site. The feature is about

21 miles long and from 3.5 to 5 miles wide, with an above ground volume

of about 20 cubic miles (Kelley, 1971; Semmes, 1920). There is some

controversy regarding the nature of the intrusion, due to the fact that

it has characteristics of both a laccolith and a stock. Typical of a

laccolith, there is evidence of a concordant roof along most of the

summit, but the structural and stratigraphic discordances, including

observed uplift and structural nosing, favor its designation as a stock.

In any case, the intrusion has penetrated units as young as the Rio

Bonito member of the San Andres Formation and the Yeso Formation, of

Middle Permian Leonardian age. Along the eastern end of the mountain,

the Yeso beds stand almost vertically near the contact (Kelley, 1971).

"Mesaverde beds" of Cretaceous age show thermal alteration a-w-.iell

according to Kelley (1971).

SThe Capitan intrusive is remarkably uniform for its size in both

composition and texture. It is a medium- to fine-grained, slightly

porphyritic rock, classified by Kelley (1971) as a leucoratic quartz

syenite. The Capitan intrusive has been designated as Tertiary in age by

Cohee (1962); Semmes (1920) suggested that it may be of Early Tertiary

age, in concurrence with Lindgren, et al. (1910), who considered all of

the quartz-bearing monzonitic and dioritic intrusives of this area to be

Early Tertiary. Semmes (1920) considered these acidic intrusives to

represent an early stage in igneous activity, preceeding the more basic,

less extrusive diorities and gabbros of later Tertiary time.

Immediately west and southwest of the Capitan intrusive, underlying and

cropping out in the Sierra Blanca Mountains, are the Sierra Blanca

volcanics, dikes, and stocks.
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The Sierra Blanca volcanics crop out in an area of some 200 square miles;

Thompson (1966) believes that the field was once as large as 750 square

miles prior to intrusion by the stocks and Late Tertiary erosion. The

volcanics consist of massive, purplish-brown, andesitic breccias, flow,

and tuffs overlain by trachtye breccia and have a recorded thickness of as

much as 3,340 feet. These volcanics are thought to be of Early to

Mid-Tertiary age (Kelley, 1971; Thompson, 1966).

Some 200 dikes occur in swarms oriented generally radially with respect to

the Sierra Blanca stocks and in a great swarm 7 miles wide and 22 miles

long, trending north northeastward from Ruidoso to east of Patos

Mountain. The dikes are generally traceable for less than one mile and

range in thickness from one foot to 60 or 70 feet. They vary in

composition from a few occurrences of syenite porphyry to diabasic,

although 60 to 70 percent of the dikes are basic (Kelley, 1971). Since

the dikes intrude the Sierra Blanca volcanics, they post-date them, and

may be Mid-Tertiary in age.

3.5.6 Conclusions

The data presented above indicate that, within some 100 miles of the WIPP

site, no igneous activity has taken place since the early part of Basin

and Range tectonism, which began in the mid-Tertiary. In the near-site

vicinity, the closest igneous feature to the site is a lamprophyre dike or

series of en echelon dikes, which approaches no nearer than about nine

miles from the site; no associated igneous bodies have been found to

approach or underlie the site itself. The dike has been dated as

approximately 35 m.y. old and has long since completely solidified and

cooled. Younger intrusive and extrusive features are situated far to the

west of the site, beyond the area of discussion, and are associated with

the regions of more recent Basin and Range tectonism. Thus, judging from

the pattern of the structural development of the northern Delaware Basin

area, further igneous activity is not expected in the near-site region.
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3.6 REGIONAL GEOLOGIC HISTORY

Figure 3.6-1 presents a sumimary of the major geologic events which have

affected the southeast New Mexico-west Texas area as have been determined

from the rock types and structural relationships for which evidence

remains and has been uncovered.

3.6.1 Precambrian

Very little is known about the Precambrian history of the southeast New

Mexico-west Texas area. The Precambrian rocks penetrated in the Guadalupe

Mountain and Sacramento uplift regions in southern Lea County and in west

Texas, consist of plutonic granitics and metamorphics, which suggest that

the region has a complex Precambrian history of mountain building,

metamorphism, and erosional cycles (Nicholson & Clebsch, 1961; Hayes,

1964; Kelley, 1971). According to Flawn (1956), the Precambrian granitics

encountered in the southern part of this area comprise a generally stable

mass, called the Texas Craton, which extended northward from Texas into

southeastern New Mexico. Muehlberger, et al. (1967), however, have

demonstrated that these materials comprise part of a much more complicated

basement surface representing a variety of environments involving

intrusive and extrusive igneous activity as well as metamorphism of

sediments.

5 The ages suggested for the Precambrian rocks encountered in this region
are all fairly ancient. In the core of the Pajarito Mountain dome,

southeast of the Sacramento uplift, the metamorphics have a radiometric

date of 1,270 million years (Kelley, 1971). The granitics and

metamorphics of the Guadalupe Mountain area are probably somewhat less

than one billion years old (Hayes, 1964), while slightly greater ages have

been indicated for the Precambrian rocks of the Texas Craton. Wasserberg,

et al. (1962) determined ages of 1,250 to 1,400 million years in the

northern part of the area and a younger 1,090 million years terrain to the

south, suggesting progressively younger metamorphic events from north to

south in this region during the Precambrian.
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There is no record of the latest Precambrian or of most of the Cambrian

time in this region; however, about one billion years before present the

area was reduced to a nearly level plain upon which the Paleozoic rocks

were later deposited (Hayes, 1964).

3.6.2 Early and Middle Paleozoic

During most of the Paleozoic Era, from at least Late Cambrian until near

the close of the Mississippian Period, the eastern New Mexico-western

Texas area was part of a broad, low-lying, generally stable region named

the Tobosa Basin by Galley (1958). The shallow basins of the area formed

northern arms of the Ouachita trough, which shoaled on the north in

south-central New Mexico and merged southward with the Ouachita-Marathon

geosyncline, connecting with the open sea in the vicinity of the present

Gulf Coast or coast of southern California (Brokaw, et al., 1972; Hills,

1972). During the early Paleozoic there seem to have been no well-marked

platforms within the basin. However, lines of weakness along strike-slip

faults in the basement probably were present (Hills, 1970). Along these

faults later vertical movement took place (Hills, 1972).

For a span of about 180 million years, until Late Mississippian time,

almost continuous deposition occurred in this area under conditions of

general tectonic stability in shallow seas periodically transgressing from

the south. Shelf-type carbonate deposition predominated but was

interrupted by shale sedimentation during Middle Ordovician, Late

Devonian, and Early Mississippian. The total section of these sediments

is about 2,500 feet, from the base of the Bliss Sandstone to the top of

the Helms Shale, in the Guadalupe Uplift-southeastern New Mexico area

(Hayes, 1964).

The chief events which characterized each period of the Early through

Middle Paleozoic are summarized below.

Cambrian-Ordovician. No rock record older than Late Cambrian age has been

uncovered in the southeastern New Mexico area (Hayes, 1964). The Bliss
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Sandstone near El Paso, Texas, provides evidence of clastic sedimentation

in that area during part of the Late Cambrian. After the Precambrian

rocks had been uplifted and deeply eroded, a sea advanced over the region

from the west or southwest and the Bliss sandstone was deposited; the

abundant quartz grains in the Bliss were probably derived from reworking

of sedimentary debris on the eroded Precambrian surface (Harbour, 1972;

Bachman and Meyers, 1969).

During Early Ordovician time, the sea in which the Bliss was deposited

continued to transgress eastward and extended at least as far north as

Roswell. During this time, the carbonates and clastics known as the El

Paso Formation in New Mexico and the Ellenburger in west Texas were

deposited in shallow seas containing abundant marine life (Bachman,

1969). These sediments thickened southeastward from a thin layer lapping

onto a positive area of Precambrian basement then present in northern New

Mexico and Colorado to a massive deposit over 2,000 feet thick in Texas,

at the edge of what may have been the continental shelf (Eardley, 1962).

At this time, the ancestral Central Basin Platform was a granitic upland

or island chain which provided clastics to the early Ordovician shelf and

adjacent shallow basin deposits.

During the Ordovician, the Marathon-Ouachita geosyncline bounding the

Tobosa Basin area on the south began subsiding (McGlasson, 1968). In

id-Ordovician time, a broad and gently emergent peninsula, extending

outheastward through Texas, rose, and the region was also tilted

southward. To the north, the shales, sandstones, and sandy limestones of

the Simpson Group were deposited above the El Paso--Ellenburger, wedging

out north at the latitude of Roswell, west around Artesia and east around

the Central Basin Platform. Southward, toward the deepening basin

regions, the deposits thickened and became predominantly shaly. In Middle

to Late Ordovician time, fewer clastics were provided to the area, and the

carbonates, and fine-grained calcareous muds of the Montoya Group were

deposited in shallower, calmer seas than earlier, that moved northward

over the tilted surface of the El Paso Formation. At the close of Montoya

time, a gentle southward tilting occurred (Bachman, 1969).V
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Silurian-Devonian. During Silurian and Devonian time, the Pedernal

Landmass, to the northwest, and the Texas Peninsula, to the south, were

land areas of low relief. The Tobosa Basin between these two areas,

joined southward with the Marathon-Ouachita geosyncline. There is no

evidence of major tectonic activity during this time in west Texas or

southeast New Mexico. However, mild epeirogenic movements did occur, and

the Tobosa Basin was gently subsiding throughout the period, becoming also

more restricted areally. To the south, the Ouachita-Marathon geosyncline

reached its maximum depth.

During Early Silurian time, most of the Tobosa Basin was emergent but

low-lying. By the Middle Silurian, the sea returned, perhaps

transgressing from the south and southeast, and broad, shallow areas

developed around the northern, eastern, and western margins of the Tobosa

Basin, upon which the thick Fusselman dolomites and limestones were

deposited conformably in a marine environment atop the Montoya Group in

clear, well-circulating water (McGlasson, 1968; Harbour, 1972; Bachman,

1969). At this time, the basin waters reached their furthest extent into

New Mexico. Minor fluctuations of sea level within this shallow area of

deposition produced a karst topography on the surface of the periodically

exposed carbonates. During Late Silurian time, southward tilting occurred

once more, and the sea regressed. Within the deeper areas to the south

into Texas, a sediment-starved condition developed, resulting in

deposition of micrites and green shales. Around the Tobosa Basin rim,

carbonates continued to form (Mc.~lasson, 1968).

The shallow sea continued to retreat from the New Mexico area through

Early and Middle Devonian time. In Early Devonian, the shoreline had

retreated, producing a carbonate plain of low relief. The depositional

basin had an asymmetrical shape, with the deepest water to the west, in

which cherts and silicious limestones were deposited. By the late Middle

Devonian, mild uplift and southward tilting had occurred, and most of the

Tobosa Basin was exposed to erosional processes; the only deep water lay

to the south, where the basin plunged into the Marathon-Ouachita

geosyncline. In Late Devonian time, the area was again submerged as
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shallow seas spread across southern New Mexico, and the dark heavily

clastic Woodford shales were deposited in a nearshore environment (Bachman

1969), overlapping all of the previous Devonian and Silurian deposits

(McGlasson, 1968). Woodford deposition continued into Mississippian time.

Mississippian. Subsidence of the Tobosa Basin continued into

Mississippian time. The Texas peninsula to the south and the Pedernal

landmass to the northwest were mildly positive features and remained so

until the Middle Mississippian (Mclasson, 1968).

In Early Mississippian time, a new paleogeographic regime began to develop

in this region. The ancient Tobosa Basin began deepening on either side

of a medial zone, later to become the Central Basin Platform, that was

bounded by Precambrian basement faults. Shelf deposition continued along

the margins of the basinal areas.

Toward Late Mississippian time, regional tectonic activity accelerated in

the Tobosa Basin area, folding up the medial zone along its ancient lines

of weakness. By the end of the period, erosion had probably exposed

Precambrian rocks in the cores of the larger anticlines (Hills, 1963).

Meanwhile, deep, broad basins, the forerunners of the Delaware and Midland

Basins, formed to the east and west of the median upland area. Broad

carbonate shelves developed around the margins cf these basins, while

black shale sedimentation occurred in their deep central portions. The

black shale deposition was probably slow, much of iit taking place during

times of slight sea level sinking (Hills, 1972). roward the south end of

the basins, deposition of the shale and sandstone of the Tesnus Formation

continued from Late Mississippian into the beginning of Pennsylvanian

time, the clastics apparently being derived from highlands on the

southeast which were rising in the earliest activity of the Ouachita

orogeny (Flawn, 1961).

To the north of the basins, the Matador Arch was upfolded in the latest

Mississippian and rapidly eroded to expose its Precambrian core. At the

same time, orogenic forces raised the Ancestral Rocky Mountains to the
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west, in a general north-south trend through central New Mexico (Stipp,-

1960), producing a regional southward tilt which resulted in widespread

erosion, exposing progressively older rocks toward the north.

By the close of the Mississippian Period, most of northeast New Mexico

formed a low hilly area of Precambrian rocks, rimmed on the north and east

by outcrops of Lower Ordovician dolomites and on the south by the uplifted

former site of the Tobosa basin.

3.6.3 Late Paleozoic

Pennsylvanian. Following Mississippian time, the entire region was

invaded by the sea from the south and east, and, particularly near the

uplifted areas, tremendous thicknesses of Pennsylvanian rocks were

deposited unconformably over the tilted bedrock strata, which ranged in

age from Mississippian in the south to Precambrian northward in central

New Mexico (Hills, 1963; Meyer, 1968). The tectonic processes initiated

near the close of the Mississippian, including uplift and erosion of

mountains in the Ouachita-Marathon area, of the mountain range separating

the early Delaware and Midland Basin areas, and of the Matador Arch and

Ancestral Rockies, continued into early Pennsylvanian, providing clastic

materials to the adjacent basins. This tectonic activity also involved

vertical movement along the ancient strike slip faults, with some new

faulting taking place in the recently deposited early Pennsylvanian rocks

-,/ Hila, 1972; Stipp, 1960).

The basal Pennsylvanian rocks, the Mcrrowan, occupied the smallest area,

wedging out northward, and contained the greatest proportion of coarse

clastic material of the Pennsylvanian section. Along the edges of the

platforms, especially in the eastern basin, strong reef and bank growth

also occurred during the beginning of the Pennsylvanian. At the same

time, submiarine tectonism began in the Guadalupe Mountains area,

continuing intermittently through the period, elevating the southeastern

part of the area relative to the northeast along the northwest-trending

Huapache thrust zone (Hayes, 1964).
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Lower Middle Pennsylvanian Atokan strata were deposited over most of the

southeastern New Mexico area except for the then-positive Pedernal

uplift. During this time, anticlinal folds developed north of the

Delaware Basin area on the Northwestern Shelf, and the Central Basin

Platform range was uplifted as a fault block and eroded. By Desmoinesian

time in upper Middle Pennsylvanian, deposition in the Permian basin region

consisted primarily of limestones. The environmental setting consisted of

a back-reef (lagoon), reef, and basin or open sea, a situation which

persisted from this time through Late Pennsylvanian and much of Permian

time (Meyer, 1968).

During most of the Late Pennsylvanian, depositional conditions in the

Permian Basin were similar to those of Desmoinesian time. The sea

encroached farther than before onto the rising Pedernal landmass, followed

by a regression beginning in the northwest. To the northeast, the land

was intermittently emergent. And southward, in Texas, the

Ouachita-Marathon disturbance folding and uplift was being followed by

strong northward thrusting, which continued into early Permian time

(Hills, 1963). Ensuing erosion from these areas provided an abundance of

clastics to the Late Pennsylvanian deposits. The Central Basin Platform,

emergent throughout most of the Pennsylvanian, began to subside and

received a sequence of Late Pennsylvanian sediments (Nicholson & Clebsch,

1961). Meanwhile, reef banks continued to form, especially along the

S northwestern edge of the Delaware Basin.

Toward the close of Pennsylvanian time, tectonic activity had virtually

ceased, and mixed continental and marine sediments were deposited in the

lower areas, nearly obscuring the irregular sea bottom caused by the

earlier tectonism (Hayes, 1964).

At the end of Pennsylvanian time the entire region subsided, and the major

features of the Permian Basin became firmly established. The rapidly

eroding range of the Central Basin Platform separated the Delaware and

Midland Basins which were rimmed to the north by a broad shelf area. By

this time, the Delaware and Midland Basins were probably both
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topographically and structurally deep; only the northern part of the

Midland Basin remained a relatively shallow platform, upon which the

Horseshoe Atoll grew (Oriel et al., 1967). The Central Basin Platform and

shelf areas were subsiding more slowly than was the Delaware Basin and

consequently received a lesser thickness of sediments, which were

lithologically distinct from the deeper water deposits of the basin

(Nicholson & Clebsch, 1961).

Permian. Through Early Permian Wolfcampian time, sedimentation was

continuous in most of the basin areas of southeast New Mexico and west

Texas, with shales deposited in the low areas and limestone on the shelves

(Hills, 1972). The regression in the northwest which had commenced in the

Late Pennsylvanian became pronounced, and the acceleration of the rise of

the Pedernal uplift through Early Permian resulted in its denudation well

into the Precambrian basement rocks. Southward, the Delaware and Midland

Basins and the Val Verde Trough were rapidly sinking, at a rate exceeding

that of deposition, a situation which favored shales and other

stagnant-water deposits to form there (Oriel et al., 1967). The deepening

of these basins, as well as uplift elsewhere, was encouraged by the

developmient of major normal fault zones towards late Wolfcampian time

(Meyer, 1968), along the north and west sides of the Diablo Platform, on

the southeast side of the Pedernal Uplift, and along the periodically

emergent Central Basin Platform, where strong submarine relief was

produced. Around the perimeter of the Delaware! Basin, the Abo reef

developed, along with back-reef lagoons into which muds and carbonates

accumulated. Along the south border of the Permian Basin region, the

final northward thrusting of the Ouchita-Marathon structural belt

occurred, causing Late Pennsylvanian and Early Permian strata to be

overridden and a large volume of detritus to pour into the Val Verde

trough (Hills, 1963; Oriel, et al, 1967). Following the close of this

activity, the rest of Permian time was marked by regional tectonic

stability in which depositional basins separated by platform areas passed

through maturity.
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Through Middle Permnian time, restriction of marine circulation, coupled

with eustatic withdrawal of the sea in a southwest direction, resulted inW

the development of high reefs and carbonate banks, behind which

evaporites, ranging from dolomites, sulfates, and chlorides to potash

minerals, were deposited in highly saline, shallow lagoons (Hills, 1972).

Early in lower Middle Permian Leonardian time, movement on a line along

the Delaware Basin margin, the later Bone Spring monoclinal structure,

accompanied by continued subsidence of the basin, produced a more definite

northwest margin of the basin, the development of which resulted in

deposition of a great submarine bank that formed a barrier to free

circulation of the sea water. The gray carbonates of the Victorio Peak

formation represent patch reefs which built upward and southwards across

earlier deposits as the basin margin regressed. Similar carbonate reefs

and banks formed along the margins of the Midland Basin as well as on the

Central Basin Platform, overlying the old medial mountain range (Hills,

1972). Within the deep basin areas the black limestones and shales of the

Bone Spring were deposited, and on the broad back-reef lagoonal shelf

north and northeast of the basin, the Yeso gypsum and limestone or

dolomite and clastics were laid down. Northwestward, the entire area

including the Pedernal was gradually overlapped by sediments, and, by

latest Leonardian time, all but a few of the highest Precambrian peaks

were buried (Kelley, 1971).

~ At the end of Leonardian time and into the Guadalupian, pronounced

differential movement occurred along the Delaware Basin margin, and a

broad, southeastward-dipping fold, the Bone Spring Arch, was elevated,

forming a barrier 15 to 20 miles wide between the basin and the

Northwestern Shelf area (Hayes, 1964). In a marked regression, the seas

withdrew, and were nearly restricted to the Delaware Basin (King, 1942).

As Guadalupian time opened, the arching and limited evaporitic conditions

resulted in deposition of clastics in the basins and limestone on the

shelf areas (Kelley, 1971; Hayes, 1964).



3-97

By the mid-Guadalupian, slight rejuvenation of the Bone Spring arch led to

growth of lime-bank deposits upon the arch, which provided the foundation

for a barrier reef, the Goat Seep. As the Delaware Basin continued to

deepen, the reef grew primarily upwards, in consequence, restricting

circulation, thus producing sediment-starved conditions within the basin

and leading to the precipitation of calcium sulfate shelfward for a

distance of 15 to 25 miles. (Oriel et al., 1967; Hayes, 1964). Eastward,

the Midland Basin gradually filled and became favorable for evaporite

deposition, in common with the adjacent shelves and Central Basin Platform.

Late Guadalupian time brought gradual subsidence of the shelf and even

greater downwarping of the Delaware Basin, while renewed reef growth

occurred at great pace around the periphery of the Delaware Basin. The

Capitan Limestone began to grow upward and basinward in oblique fashion

from the top of the Goat Seep dolomite, resulting in a wide barrier which

even at its narrowest point was six times as wide as it was high (Hayes,

1964; Newell et al., 1972). Most investigators consider the Capitan to

have been a true barrier reef. Achauer (1969), however, believes that it

originated as a linear organic belt, instead, since he finds no

coincidence between the topographic and lithologic break produced by it,

and Dunham (1972) hypothesizes that the structure represents a marginal

mound. In any case, as the structure grew, deposition in the basin

proceeded more slowly than on the shelf and did not keep pace with the

sinking of the basin, so that by the close of the period, the sea bottom

in the Delaware Basin was about 1,500 feet below the adjacent reef and

lagoon floor to the northwest. The reefs and banks eventually grew almost

continually around the periphery of the Delaware Basin, and by the close

of Guadalupian time, access of water to and from the open ocean was

sharply restricted, the seas of the shelf area evaporated, and the water

of the Delaware Basin itself became highly saline, thus halting the reef

growth.

The Delaware Basin was essentially an evaporating pan by the beginning of

Late Permian Ochoan time. Many hundreds of feet of Castile evaporites,

containing anhydrite and limestone laminae at the bottom and a few beds of
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halite, were deposited in the basin, with apparently little in the reef

and back-reef areas. By the latest Castile time, the basin had filled

such that a thin tongue of anhydrite extended northward across the reef to

the shelf. Saline waters then spread from the Delaware Basin over the

shelf, the Central Basin Platform and Midland Basin areas, and extensive

salt deposition occurred, resulting in the predominantly halite Salado

Formation. From this time on, the old Permian Basin structures, notably

the Central Basin Platform, became progressively more deeply buried by

Late Permian sediments and no longer constituted depositional barriers.

Periodically, clastics swept into the area from the north and northwest,

increasing towards the end of Salado time, as the Pedernal Landmass

underwent renewed Uplift. At the same time, the sea freshened somewhat,

probably from the south, judging from the presence of more soluble salts

northward, in New Mexico. Halite deposition decreased while anhydrite

became dominant, along with an increase in carbonate muds during Rustler

Formation deposition (Hayes, 1964; Brokaw et al., 1972). Broad

epeirogenic uplift at the close of Permian time caused the seas to

withdraw, and the continental fine sands and silts of the Dewey Lake

Redbeds were deposited in a thin layer on broad mudflats over the formerW

seabed (Brokaw et al., 1972; Kelley, 1971). As terrestrial conditions

developed across the New Mexico-west Texas area, erosion became the

dominant geologic process.

3.6.4 Mesozoic Rocks

Triassic. During most of Triassic time, the southeast New Mexico area was

emergent and subject to erosion, and by late Triassic the entire area,

including the Pedernal, must have been reduced to a great peneplain

(Kelley, 1971). In Late Triassic time, a broad floodplain basin formed on

the site of the Permian Basin over a large area and beyond the borders of

the Delaware Basin . This was an interior basin draining toward the

northwest into other interior basins (Hills, 1963, Brokaw, et al., 1972).

Source areas to the north provided fluvial sands, muds, and gravels to the

basin, forming the Dockum Group red beds that included the Santa Rosa

Sandstone and finer-grained Chinle Formation.
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The nearly conformable relationship which exists between these Upper

Is Triassic strata and the Permian Dewey Lake Redbeds indicates continued

regional tectonic stability through Triassic time (Oriel, et al., 1967).

It is possible that some dissolution of soluble Permian rocks occurred

during the general emergence of Triassic time. Bachman and Johnson (1973)

state that during this period, sinkholes may have formed in parts of the

Pecos Valley due to removal of salts (Gorman & Robeck, 1946). And Bachman

(1974) describes a Late Triassic karst topography in the vicinity of Santa

Rosa, New Mexico. However, direct evidence for this Triassic dissolution

and collapse has not been found in southeastern New Mexico (Bachman, 1974).

Jurassic. During Jurassic time, the southeast New Mexico area was

uplifted above sea level so that the Triassic and perhaps Permian rocks in

the western part of the Delaware Basin and westward were eroded away.

Some dissolution of Permian salt deposits probably occurred here at this

time. The period of exposure, which generally affected the entire Permian

Basin, may have been 50 million years; however, the surface relief was

probably low, and erosion was not deep. This is the first of three

erosional cycles which have incised the Triassic rocks of the area

(Nicholson & Clebsch, 1961; Bachman, 1974).

During Jurassic time, continental rocks were laid down to the north, in

central and northern New Mexico, derived from the sediments being stripped

from the eroding basin area in southeastern New Mexico. South of the

basins, in western Texas and northern Mexico, marine conditions prevailed

during at least part of the time (Bachman, 1974). By Late Jurassic

Entrada and Morrison time, seas again encroached on the north, covering

southeast Colorado and northeastern New Mexico. And from the Late

Jurassic into the Early Cretaceous, a slight tilt involving uplift took

place in the northern part of the former basins region, accompanied by

widespread erosional stripping across the area (Hills, 1963; Kelley, 1971).

Cretaceous. By the early part of Cretaceous time, the west

Texas-southeast New Mexico area comprised a rolling topography of Triassic

rocks with beds from Precambrian to Permian exposed on the uplifts and on
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the Diablo Platform. The geography evolved from that of interior basins

with highlands in the north and east to a general gulfward slope with

highlands in the west and evidence of only slight tectonic activity

(Hills, 1963; Kelley, 1971).

During Cretaceous time, a large part of the western interior of North

America became submerged beneath epicontinental seas. By late in the

Early Cretaceous, the southeast New Mexico area had subsided slightly, and

shallow shelf seas advanced over the area from the south and remained

until early in Late Cretaceous time, when the seas probably withdrew for

the last time, leaving behind a thin deposit of fossiliferous limestone

and coarse sandstone and conglomerate (Hayes, 1964; Nicholson & Clebsch,

1961). Isolated slump blocks of limestone and shale in Lea County east of

Eunice, in the Pecos River drainage, in the Sacramento and Guadalupe

Mountains and perhaps on the crest of the reef escarpmient are the only

remaining evidence of the sea's advance in the southeast New Mexico area

(Hayes, 1964; Bachman, 1973).

There is no record of most of the Late Cretaceous in the area. The land

surface was probably slightly above sea level, and the region was dry land

by the close of Cretaceous time (Bachman & Johnson, 1973).

3.6.5 Cenozoic

Early Tertiary. The Mesozoic Era came to a close with the Laramide

revolution and uplift of the Rocky Mountains. Late in the Cretaceous or

very early in the Tertiary Period, the entire region from north of the

Guadalupe Mountains through southeast New Mexico was elevated by broad

epeirogenic uplift and tilted slightly to the northeast. Mild tectonism

affected the Guadalupe area of the Northwestern Shelf, producing small

igneous dikes, fold systems, and setting the stage for the ancestral

northeast flowing drainage system (Hayes, 1964). Igneous activity also

occurred to the northwest in the Sierra Blanca and Capitan Mountains

(Bachman, 1974). In general, however, most of the area southwest of the

Pedernal Uplift and Matador Arch was not subject to such tectonic forces.
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According to Hills (1963), these ancient positive elements formed

buttresses which transmitted and distributed the orogenic forces on the

east, and this protected the basins on the southeast from folding.

The dominant process in southeast New Mexico from Late Cretaceous until

Late Tertiary, notwithstanding the minor tectonism, was erosion. No Early

or Middle Tertiary rocks are represented in the Permian Basin. The

Cretaceous and Triassic rocks of the area underwent intense erosion to

form a surface of low relief, sloping gently east and southeast (Bachman,

1974; Brokaw, et al., 1972). In the Lea County area of southeast New

Mexico, the entire sequence of Cretaceous rocks, particularly to the west,

was stripped off, except for small remnants, and the Triassic rocks were

subjected to a second cycle of erosion (Nicholson & Clebsch, 1961). By

Late Tertiary Miocene time, erosion had again exposed the Permian rocks to

dissolution, notably in the vicinity of San Simon Swale (Bachman, 1974).

Late Tertiary (Miocene-Pliocene). In Late Tertiary time, regional uplift

and east-to-southeastward tilting occurred throughout southeastern New

Mexico into Texas, as Basin and Range tectonic activity commenced to the

west, producing the western escarpmnents of the Delaware, Guadalupe, and

Sacramento Mountains. The western section of the Permian evaporites was

elevated, and exposed to dissolution and subsidence, particularly in the

'~vicinity of the Pecos River divide, which created new patterns of

~ groundwater movement (Bachman,,1973; Mercer & Orr, 1977). Erosional
...... forces carved a pediment-like surface, down which streams flowing eastward

from the Rocky Mountains deposited an extensive blanket of gravel, sand,

and related deposits in coalescing fans, which comprise the Ogallala

Formation. Deposition of the Ogallala began about 12 million years ago,

in Miocene time. The Ogallala represents the first preserved sedimentary

record in the vicinity of the Delaware Basin since Cretaceous deposition

(Bachman, 1974). The Ogallala formed a thick mantle throughout the

Permian Basin, producing the even surface of the High Plains, called the

Llano Estacado in western Texas and eastern New Mexico. Locally, eolian

activity played a part in deposition, and periodically, widespread soils

formed (Frye, 1970).
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Ogallala deposition ended about 4 million years ago, in Pliocene time,

with regional warping and uplift. Eolian activity reworked the sediments,

producing a widespread soil profile across the Great Plains. A caliche

zone formed within the soil complex and constitutes the carbonate

"caprock" of today (Mercer & Orr, 1977; Bachman & Johnson, 1973). The

caliche caprock has since undergone a complex history of brecciation,

solution, and recementation (Bachman, 1973).

Pleistocene-Holocene. During the Late Pliocene and Early Pleistocene, the

major part of the faulting and uplift of the Guadalupe Mountains occurred

(Hayes, 1964). Concurrently to the east, fields of great longitudinal

dunes formed atop the Ogallala surface of the southern Great Plains as a

result of desert conditions with westerly to northwesterly prevailing

winds. Since this time, erosion has exceeded deposition in the Permian

salt basin area. Etching and thinning of the caliche caprock between the

dunes created series of parallel swales. Erosion and coalescence of

subsided areas removed Ogallala sediments, and in places also eroded the

Triassic rocks a third time and entrenched the Pecos and San Simon

drainages (Nicholson Clebsch, 1961; Mercer & Orr, 1977). Also during

early to Middle Pleistocene time, Nash Draw, Clayton Basin, and probably

San Simon Swale underwent extensive subsidence and partial filling

(Bachman, 1973). Local sink holes and other solution features began to

form at this time.

The most humid climate and the greatest erosion occurred during the Middle

Pleistocene. The western escarpment of the High Plains underwent severe

erosion, followed by a period of aggradation in the valley areas, during

which the mostly locally-derived pebbles and other coarse debris of the

Gatuna Formation filled the depressions and mantled the slopes (Brokaw, et

al., 1972). During this time of heavy precipitation and stream flow,

major salt dissolution is assumed to have occurred within the Delaware

basin (Bachman, 1974). After Gatuna time, but still during the Middle

Pleistocene, the region became more stable and semi-arid, and the

Mescalero caliche formed on the ground surface.
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During the Late Pleistocene, there were intermittent episodes of caliche

formation and renewed periods of high rainfall accompanied by erosion and

salt dissolution, which produced local subsidence and deposition of

fluvial and lacustrine sediments.

From Late Pleistocene through Holocene time, the climate has remained

variable although becoming more arid. The detrital materials have been

reworked by winds from the west and southwest, giving rise to the vast

deposits of dune sand that now cover large parts of southeast New Mexico

east of the Pecos River (Nicholson & Clebsch, 1961; Bachman, 1973). Some

slight uplift is also probably still occurring along the western

escarpments of the Basin and Range structures, such as the Guadalupe

Mountains. Renewed periodic downcutting by streams and subsurface

solution with resultant subsidence, have continued to the present,

accompanied by intermittant local accumulations of pediment and terrace

alluvium and playa deposits. Most of the recent erosion has been confined

to the Pecos Valley, and solution and subsidence have occurred at a slower

rate than during the earlier Pleistocene time (Bachman, 1973).

3.7 SUMMARY

The regional geology of SENM is the source of much information germane to

long-term safety; knowledge of the regional geology also permits

preliminary site selection and general evaluation of the consistency of

site geology with regional geology.

The regional geology and geological history may first be divided into

three major intervals of about .5 billion years each. This period from

about 1.5 to 1.0 billion years ago is represented by metamorphosed rocks

of various sedimentary to igneous origins. The time from about 1.0 to .5

billion years ago is not known to be represented by rocks through most of

the region; erosion is assumed to be the dominant geological process

during this time. The last interval, from about .5 billion years ago to

the present, shows more complexity in the rock record. From about 500 to
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100 million years ago, SENM shows a rock record of mostly marine sediments

deposited in a basin that became shallower as time passed. About 225W

million years ago the marine environment became quite restricted,

resulting in deposition of about 4000 feet of evaporites in which it is

proposed to dispose of radioactive waste. The lack of rock record in much

of the region from about 100 million years to about 4 million years ago

imply that erosion has been dominant. Fluvial sediments and caliche

developed within the last 4 million years suggest some change in base

level but considerable stability.

The list of important structural events in the region include metamonolusm

and relative uplift during the Precambrian, downwarping through much of

the Paleozoic, some downwarping and uplift during the Mesozoic, and some

uplift during the Cenozoic. Specific structural features include basin

and range type faulting more than 70 miles west of the site and about 10

eastward tilting of the Delaware Basin; both of these features are

believed to be about mid-Cenozoic in age. The Central Basin Platform to

the east of the site has probably not been active since the Permian (see

also Chapter 5).

Thus the regional geology furnishes evidence of tectonic and geologic

stability that will be used for assessing the safety of a repository at

the WIPP site.
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GCR CHAPTER 4

SITE GEOLOGY

4.1 INTRODUCTION

This chapter is a detailed review of the geologic characteristics of the

Waste Isolation Pilot Plant (WIPP) repository site and its environs,

including discussions of geomorphology, stratigraphy, structure, and

tectonics. In keeping with the concept of underground placement of the

radioactive wastes, subsurface geologic conditions are emphasized.

Structure contour and isopach maps are presented and discussed. Par-

ticular effort has been made throughout the text to relate site-specific

aspects to regional geologic conditions. A final section on geologic

history reviews the geologic origin and development of the WIPP site.

The available literature, including maps and reports on file with federal

and state agencies, has been consulted. Results of field and research

investigations carried out specifically to define site geologic

conditions have been integrated into the discussion and the investigative

reports referenced. Detailed descriptions of the various exploration

programs and investigations may be found in Chapter 2.

4.1.1 Area of Study

The area to be considered in detail in this chapter on site geology is

shown in Figure 4.1-1. It represents a 10-by-b0-mile square area

centered on the site, including all of Township 22 South, Range 31 East

and parts of the adjacent townships in eastern Eddy and western Lea

Counties in the southeastern corner of New Mexico. In many instances,

however, the topics under discussion were judged to require consideration

of areas more distantly removed or to benefit from a somewhat broader

focus, so that Figure 4.1-1 should not be construed as a limitation of

the area considered or discussed.
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Also shown in Figure 4.1-1 is the outline of the WIPP site itself,

locating land-use restriction zones. Zone I is the area of the surface

facilities. The roughly octagonal Zone II represents the underground

area which would be mined if a fully developed (3 square miles)

repository were developed here. No drill hole extending through the salt

beds to deeper strata occurs within one mile of the Zone II boundary.

Other zones represent levels of land-use restriction and are discussed

elsewhere in this report (for example, see Table 2-1). The outer

boundary of Zone IV defines the area of the WIPP site. The term "Los

Medanos" is also frequently used to refer to the WIPP site area, as for

instance in the site selection process to distinguish the WIPP site from

other alternate sites in the same region (see Chapter 2). Griswold

(1977) defined the 10-by-10-mile square of Figure 4.1-1 as the "Los

Medanos site"; however, for the purpose of this report, it seems more

appropriate to use the term "Los Medanos" to refer to the general

vicinity of the WIPP site, roughly corresponding to the sand- and

dune-mantled area bearing that name and within which the site occurs.

4.2.1 Sources of Data

Much of the information specific to the Los Medanos area and to the WIPP

site is available from various agencies commissioned to carry out special

technical studies. In assembling these descriptions, free recourse has

been made to what is available in the open literature, particularly to

the numerous open-file reports released by the U.S. Geological Survey.

Much useful information on surf icial stratigraphy of the Los Medanos area

is provided by Vine (1963) and by Bachman (1974; also in Jones, 1973);

both have provided surficial geologic maps of parts of the area.

Valuable compilations of stratigraphy and structure of the Ochoan

evaporite sequence have been assembled by Jones (1972, 1973, 1975), by

Brokaw et al. (1972), by Anderson et al. (1972), and by Anderson (1978).

Permian Basin geology in general is extensively discussed in King (1948)

and in McKee et al. (1967a, 1967b). Pennsylvanian studies are presented

for the Los Medanos area by Foster (1974) and regionally by Meyer

(1966). Much of the available information regarding pre-Pennsylvanian
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stratigraphy is reviewed in Foster (1974), who presents numerous

reference sections and isopach and structure contour maps for these

deeply buried strata.

A series of subsurface structure contour and isopach maps has been

prepared specifically for the WIPP site by Griswold (1977) and most are

incorporated into this chapter. The data base for these maps is

furnished by available well and borehole information supplemented by

specially contracted seismic reflection surveys. The location of all

boreholes and seismic reflection profiles used in the subsurface studies

reported herein are shown in Figure 4.1-2 and listed in Table 4.1-1.

A glance at the depths of holes listed in Table 4.1-1 shows the paucity

of data available for horizons deeper than about two thousand feet. With

the possible exception of oil or gas fields where deep holes are

clustered, well spacing is typically such that minor faulting probably

would not be delineated; only the smoothed trend of local depressions and

arches is outlined. The detection of minor faulting and other local

* structural detail is generally possible only through the use of deep

seismic reflection techniques, supplemented by deep well control where

available. Horizons which most efficiently reflect seismic wave energy

are the most logical targets for detailed study of deep structures.

Beneath the site, horizons which are found to be good reflectors include

top of the Silurian carbonate sequence, top of Morrow limestone (lower

part of Pennsylvanian rocks) , and top of Delaware sand (below base of

Castile). Although many hundreds of miles of seismic reflection

profiling have been carried out in the Delaware Basin, nearly all of it

is privately owned by industry sources and the record profiles are not

subject to disclosure. Accordingly, Sandia Laboratories engaged the

services of G.J. Long and Associates, Inc., of Houston, Texas and Permian

Exploration Company of Roswell, New Mexico, to carry out a program of

seismic reflection profiling across the WIPP site, supplemented by any

oil industry data which was made accessible for examination. Over 1,500

miles of private seismic data were examined and about 70 miles of new
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seismic data have been obtained by Sandia. (For-further information on

seismic reflection profiling and well data control used in the

exploration for deep structure at the site, refer to Section 2.5).

Data regarding structural detail of bedded salt in the Delaware Basin, in

contrast to deeper horizons, are not generally available in the form of

seismic reflection surveys of the type normally used in subsurface

exploration, nor do petroleum exploration companies generally pick

stratigraphic markers above the Delaware, as there is no commercial

hydrocarbon interest in these relatively shallow strata. Perhaps the

lack of early recognition of the character of deformation within the

bedded salt sequence is accounted for by the petroleum industry's5

disinterest in non-petroliferous strata. The intensive exploration

drilling for potash deposits by commercial mining interests, however, has

provided a means of obtaining at least somne general outline of

deformation features within the evaporite sequence down through the

McNutt potash zone of the Salado that would not otherwise have been

available. In addition, mine workings have provided supplementary detail

in localized areas. Within the site exclusion area, additional potash

exploratory holes have been drilled under contract to Sandia

Laboratories. Because commercial potash exploration is targeted to the

McNutt member of the Salado Formation, shallower strata have generally

not been extensively logged and sampled, with the result that details of

structure in the Rustler Formation and Dewey Lake Redbeds were not well

~ recorded. The holes drilled under contract to Sandia Laboratories to

determine the extent of potash reserves in the site area were logged

through these upper formations by wireline geophysical methods and are

the source of much of the shallow subsurface data near the WIPP site.

Figures 4.4-11 through 4.4-15 are constructed from these data.

Nothwithstanding the apparent wealth of drill hole data in the area, it

should be emphasized that well data necessarily represent an incomplete

sampling and extrapolation from such data will be imprecise to an extent

dependent on the well spacing, the complexity of the subsurface

structure, and the level of detail desired. Well picks probably will not
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record absolute maxima or minima of sharper crests and troughs, and

certain smaller features could remain undetected. Other techniques such

as seismic reflection aid in finding smaller structures.

4.2 SITE PHYSIOGRAPHY AND SURFICIAL GEOLOGY

4.2.1 Site Physiography

The proposed WIPP site is located on the eastern edge of the Pecos Valley

section of the southern Great Plains physiographic province (Figure

3.2-1). The land surface within the area of the site is a monotonous,

semi-arid, eolian plain sloping gently to the west and southwest (Figure

4.2-la), its surface made somewhat hummocky by an abundance of sand

ridges and dunes. Figure 4.2-2 is a topographic map of the area in the

vicinity of the site (from Nash Draw and Hat Mesa 15-minute topographic

quadrangle maps). Also shown on this figure are the boundary zones of

the WIPP site as discussed in Section 4.1, extending a maximum distance

of about 3 miles from the geographic center of the site. Within these

boundaries, elevations range from 3,570 feet in the east to 3,250 feet in

the western part of the site. The average slope from east to west is 50

feet per mile (Griswold, 1977).

In the vicinity of the site, Livingston Ridge is perhaps the most

prominent physiographic feature. Located about a mile beyond the

northwestern border of the WIPP site, it is a northeast-southwest

trending, west facing escarpm~ent about 75 feet high marking the east edge

of Nash Draw. Nash Draw, the nearest drainage course of any significance

in the vicinity of the'site, is a shallow, 5-mile-wide valley open to the

southwest. Elevations within Nash Draw, which descend from about 3,300

feet at its northeast head to 2,945 feet at Salt Lake, near the Pecos

River, are generally 200 to 300 feet lower than the surrounding terrain

and may reflect substantial subsurface dissolution of salt from the

Rustler and Salado Formations and accompanying subsidence of overlying

materials. Livingston Ridge marks the approximate boundary, therefore,

between terrain that has undergone erosion and/or solution collapse and
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terrain that has not been so affected, and may be considered to indicate

the approximate position east of which significant dissolution of the

underlying Salado Formation has not occurred (refer to Chapter 6 and

Section 3.2 for further discussion).

East of the site, the nearest major drainage course is the

southeast-trending San Simon Swale, some 15 miles or more distant (a more

regional topographic map is shown in Figure 2-1). It, too, most likely

owes part of its decreased elevation to subsurface dissolution. Between

Sam Simon Swale and the WIPP site, a broad, low mesa named "The Divide"

occurs about 6 miles east of the site, rising about 100 feet above the

surrounding terrain and attaining an elevation of about 3,800 feet, and,

as such, marks a local boundary between general southwest drainage toward

Nash Draw and general southeast drainage toward San Simon Swale. The

Divide is capped by the Ogallala Formation, and overlying caprock caliche

upon which have formed small, elongate depressions similar to those found

developed on the Ogallala of the High Plains, proper, farther east (refer

to Regional Geomorphology, Section 3.2, for additional discussion of

these features).

Surface drainage in the site area is intermittent; the nearest perennial

stream is the Pecos River, more than 15 miles south-west of the center of

the site. Surface runoff in the site area finds its way to the Pecos

River via Nash Draw; discharge of shallow groundwater is likewise

~ believed to be controlled by the Pecos River (refer to hydrology sections

6.2.5 and 6.3). Although basins like Nash Draw may have evolved partly

through active subsurface dissolution of thick, buried salt deposits,

there is no evidence available at present to evaluate differences in

rates of dissolution which may have prevailed under different climatic

conditions. That the site is in a natural divide between drainage basins

indicates that it is protected from serious flooding and erosion from

heavy runoff. Should the climate of the region become more humid in the

future, any perennial streams which might then arise would be expected to

follow the present basins, and Nash Draw and San Simon Swale would

undergo the greatest amount of erosion from this increased humidity,

leaving the divide area relatively intact (Bachman, 1974).
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Because of the presence in Nash Draw and elsewhere in the Delaware Basin

* of extensive subsidence which appears to be caused by subsurface

dissolution of salt, much attention has been focused on the search for

geomorphic indications of possible subsidence features in the vicinity of

the site. One feature that has attracted some attention is described by

Griswold (1977) as a shallow sink about 8 miles north of the site in the

southeast part of Section 9, T. 21 S., R. 31 E. (pictured in Figure

4.2-1b). The feature is very subdued, about 1,000 feet in diameter and

30 feet deep. Resistivity studies conducted by Elliot (1976) indicate

very shallow surficial fill within the feature and no. disturbance of

underlying beds, indicating a probable surface rather than subsurface

origin. This type of feature is common in southeastern New Mexico and is

not necessarily indicative of an origin tied to subsurface subsidence.

On the other hand, recent resistivity surveys conducted over the

surf icial sand cover within the WIPP site area (Elliot, 1977e) have

disclosed a resistivity anomaly in section 17, T. 22 S., R. 31 E., within

the limits of the Zone II exclusion area. The anomaly bears some

resemblance in character to the pattern observed over a known sink, a

so-called salt "breccia pipe" (Elliot 1977a). Recent drilling (WIPP 13)

has shown this resistivity anomaly is not caused by dissolutioning but by

lower than average resistivity in the Dewey Lake Redbeds.

4.2.2 Site Surficial Geology

Most of the site area is covered by blanket eolian sand or, especially on

e~ ) the north, east, and southeast, by partially stabilized sand dunes.

Active sand dunes are located in the southern portion of the site (Figure

4.2-3). The sand, of Holocene age ("Mescalero sand"), forms a thin,

persistent veneer no more than a few meters thick (except where dunes

occur) that is believed to have been swept westward from the High Plains,

where the inferred source material, the sandy Ogallala Formation, is

abundant. The widespread sand cover is readily apparent on the surf icial

geologic map of the site area, Figure 4.2-4, which is compiled from maps

prepared by Vine (1963) and Bachman (1974).
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Not at all apparent from the map, however, is the general occurrence of a

hard, caliche layer up to 10 feet thick immediately beneath the eolian

sand blanket. The relatively high resistance of the caliche to erosion

has protected the more erodable underlying strata from dissection and

exposure. It is recognized over a regionally broad area and has been

termed the "Mescalero caliche". Caliche may form pedogenically over

geologic time at or near the surface through capillary rise of

carbonate-laden water in the vadose zone followed by precipitation of

solute upon evaporation of pore water (Brown, 1956). The youngest

formation on which the Mescalero caliche has formed is the Pleistocene

Gatuna Formation, of presumed Kansan age (Bachman, 1974). Bachman (1974)

indicates that the formation of the Mescalero caliche probably dates back

to the Yarmouth interglacial. stage, or approximately 500,000 years ago.

That such a thick, areally extensive, and continuous caliche had accreted

implies past stable climatic and geomorphic conditions over the

considerable time period required for its formation. The relevance of

this type of paleoenvironmental indicator to the stability of present

climatic conditions and to possible future climatic variablility, and the

implications regarding the long-term integrity of the WIPP repository,

are presently being pursued by Bachman (see Chapter 10).

On the surf icial geologic map (Figure 4.2-4) exposures of the Mescalero

caliche are indicated. These occur where the eolian cover is very thin

or removed entirely, mostly near the edge of Nash Draw, into which much

of the nearby loose sand may have been swept. Along Livingston Ridge,

the Mescalero caliche is draped inward into Nash Draw and is present over

much of the north half of the valley, indicating that at least some

S subsidence or lateral backwasting along Nash Draw has occurred subsequent

to the formation of the caliche, presumably during the more humid glacial

stages (Illinoian or Wisconsin) of Pleistocene time.

Within Nash Draw, and the WIPP site area, the Triassic Santa Rosa

Sandstone, the Ochoan Dewey Lake Redbeds, and more than half of the

Rustler Formation are sporadically exposed. Field descriptions of these

formations are included in Section 4.3.
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The overall geology and structure of the WIPP, site is quite simple. It

is characterized by a persistent, gentle homoclinal dip toward the east

of 50 to 200 feet per mile (2 degrees or less), depending upon depth.

Successively older rocks are seen to occur toward the west, the result of

erosional bevelling of the gently eastward-dipping strata. Additional

information regarding erosional history of the WIPP site is presented in

section 4.5; details of the site structure and stratigraphy are discussed

in the following sections.

4.3 SITE STRATIGRAPHY AND LITHOLOGY

The following paragraphs briefly summarize the stratigraphic sequence at

the WIPP site; systematic description of the various lithologic units

commences in Section 4.3.1.

The proposed WIPP underground storage facilities are to be placed near

the middle of a 3,600-foot-thick sequence of relatively pure evaporite

strata containing primarily rock salt and anhydrite, lying between depths

of about 500 and 4,100 feet beneath ground surface. The formation

richest in rock salt, the Salado Formation, is nearly 2,000 feet thick.

The Salado contains the relatively pure salt layers in which the two

proposed underground storage levels are to be constructed, at a depth

near 2,120 feet for the upper level and near 2,670 feet for the lower.

The storage horizons are well isolated from the enviroment by adjacent

evaporite strata. A thickness of at least 1,300 feet of undisturbed

'~ 2 evaporite, primarily rock salt, overlies the upper storage horizon, and

about an equivalent thickness of anhydrite and rock salt intervenes

between the lower storage horizon and the next adjacent underlying

non-evaporite formation. The salt deposits were formed at least 225

million years ago and have apparently remained isolated since that time.

The total thickness of the sediments resting on Precambrian basement

beneath the surface of the proposed WIPP facility is about 18,000 feet of

Ordovician to Recent strata. Depicted in Figure 4.3-1 is a generalized

stratigraphic section of the site, showing the vertical sequence of major
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units and their relative thicknesses. More detail, but still of a

generalized nature, is provided in Figure 4.3-2, Site Geologic Column,

which shows simplified graphic and descriptive lithologies of the major

units known or inferred to occur beneath the site and gives the geologic

classification of rock units used in this report. Following is a brief

summary of the stratigraphy, proceeding from the surface down to basement.

Beneath a thin but persistent veneer of windblown sand at the site are,

sediments representing Pleistocene, Upper Triassic, and uppermost Permian

strata, all of which occur above the evaporite sequence. Sandstone of

the Pleistocene Gatuna Formation, capped by Mescalero caliche, also

developed in Pleistocene time, is only a few tens of feet thick at the

site and is of interest primarily for the geochronologic and

paleoclimatic implications of its presence; it was deposited, and much of

the caliche on its surface believed to have developed, half a million

years ago (Kansan-Yarmouth time) (Bachman, 1974). Between the

Pleistocene sandstone and the evaporite sequence is a 500-foot-thick

succession of nonmarine redbeds of Late Triassic age (Santa Rosa

Sandstone) and marine redbeds of latest Permian age (Dewey Lake

Redbeds). This redbed sequence thins westward and thickens eastward,

having been beveled to the west by one or more post-Late Triassic

erosional episodes; the thickness of redbed deposits remaining above the

evaporite sequence is crudely proportional to the degree to which the

underlying salt horizons have been protected from surf icial processes

leading to erosion and dissolution.

A. At the center of the site, all but the uppermost 50 feet of the 18,000

feet of strata are of Paleozoic age, the marine Dewey Lake Redbeds being

the topmost of the Paleozoic rocks. The Permian section alone, about

12,800 feet thick, constitutes over two-thirds of the sedimentary

column. The Permian section is divided into four series, the three

lowest of which (Wolf campian, Leonardian, and Guadalupian) contain thick

clastic sequences, and the uppermost of which, the Ochoan Series,

contains the evaporite formations, which are in descending order the



4-11

Rustler, Salado, and Castile Formations. (The topmost Ochoan formation,

the Dewey Lake Redbeds, is not part of the evaporite sequence but

represents a return of clastic, normal marine deposition.)

The Rustler, which overlies the Salado, contains the largest percentage

of clastic material of the three evaporite formations. However, where

its original thickness of around 450 feet has been protected from salt

dissolution, about 70 percent of the formation is composed of evaporite

beds, including about 40 percent rock salt. Beneath the WIPP site, the

Rustler has been leached of most of its rock salt in the geologic past.

At ERDA-9, 310 feet of the formation was encountered, which implies that

up to 150 feet of rock salt has been removed and that the overlying

strata have subsided accordingly. It does not, however, imply that

dissolution and subsidence is necessarily presently active or even that

it has recently occurred. At ERDA 9 halite was logged in the lower 100

feet of the Rustler. Over 1,300 feet of undisturbed evaporite rock,

primarily Salado rock salt, occur above the upper level storage zone of

the proposed WIPP facility.

The 2,000-foot thickness of the salt-rich Salado Formation is divided

into three members by the recognition of a middle member referred to as

the McNutt potash zone, which is the interval within the Salado that

contains the potential reserves of potash minerals mined in the Carlsbad

___ District west of the site. The lowest member of the Salado, beneath the

McNutt potash member, is the member that contains the nearly pure halite

which is proposed for the WIPP facility. The Castile Formation beneath

the Salado also contains nearly pure beds of halite but, unlike the

Salado, also contains massive anhydrite beds.

The rest of the Permian section beneath the evaporite sequence, together

with the subjacent Pennsylvanian and possibly Late Mississippian

sections, contain dominantly clastic rocks that represent deposition

during the time in which the Delaware Basin existed as a distinct

structural entity. These pre-evaporite, basinal sediments, which total

about 11,000 feet in thickness beneath the site, have been targeted for
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petroleum exploration at one point or another throughout the Delaware

Basin. They contain nearly all of the region's known potential reserve

of hydrocarbons.

The remainder of the Paleozoic section (Mississippian down through the

Ordovician) consists of about 3,000 feet of mainly carbonate strata

deposited in shallow-water or shelf conditions over a period of

long-sustained crustal stability.

The underlying crystalline basement is believed to be a granitic terrane,

formed about 1,300 million years ago. The only other igneous rocks known

in the area occur as a lamprophyre dike rock intruded into the evaporite

beds along a single northeast dike trend that approaches no closer than

about 8 miles northwest of the center of the proposed WIPP site.

Brief descriptions of the various stratigraphic units are provided in the

following sections, in order of deposition from oldest to youngest, with

emphasis on the evaporite beds, particularly the Salado Formation.

4.3.1 Precambrian Eonothem

Few holes in the near vicinity of the WIPP site have penetrated entirely

through the Paleozoic section. The nearest such holes are the Richardson

and Bass No. 1 Cobb-Federal, approximately 13 miles north-northwest of

the center of the site, and the Texas No. 1 Richards, 12-1/2 miles to the

north-northeast. Inferences about the nature of basement rock lying

~~ beneath the site have been gleaned frcm these wells and others more

distantly removed.

Crystalline basement rocks beneath the Mesozoic and Paleozic sedimentary

pile near the proposed site are believed to be either granitic igneous

rock or metamorphosed granites and rhyolites. The basement surface here

is at a depth of approximately 17,900 feet (Foster and Stipp, 1961); a

slightly greater depth (approximately 18,200 feet) has been inferred by

independent consultants (Sipes et al., 1976). The basement rocks occur
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within what has been considered by Flawn (1954, 1956) to be part of a

regional Precambrian granitic terrane constituting the Texas craton. A

later investigation (Muehlberger et al., 1967), which reclassified the

rocks within the Texas foreland or craton, among other areas, suggests

that the basement rocks in the area near the site belong to the Chaves

granitic terrane, composed largely of granite, granodiorite, and

equivalent gneisses, with a minor amount of other metamorphic rocks

included. Measured radiometric dates for basement rocks in the area

range between 1,140 to 1,350 million years (Foster, 1974; Muehlberger et

al., 1967); the Chaves terrane is defined to include the 1,350 m.y.-old

granitic basement rocks.

4.3.2 Paleozoic Erathem

Cambrian System. No Cambrian strata are recognized in the subsurface in

the vicinity of the WIPP site. Basal conglamerate and sandstone resting

on the Precambrian of southeastern New Mexico are sometimes called Bliss

sandstone, which is partly Late Cambrian and partly Early Ordovician in

age, but such rocks in this area probably correlate only with the

Ordovician part of the Bliss (Foster, 1974) and are here considered a

member of the Ellenburger Group.

Ordovician System. In the Los Medanos area, the Paleozoic section begins

with an estimated 1,290 feet of Ordovician rocks beneath the center of

the site (Foster, 1974), assuming an even gradient between widely spaced

~ ) well control points. In ascending order the sequence includes the

Ellenburger, Simpson, and Montoya Groups, representing Lower, Middle, and

Upper Ordovician strata, respectively.

Detail of the local stratigraphy of the Ordovician is based on samples

and a radioactivity log from the Texas No. 1 Richards well, 12-1/2 miles

north-northeast of the site. The Ellenburger Group there consists of at

least 300 feet of dolomite with some chert; included is a basal member of

sandstone and conglomerate about 75 feet thick. The top of the

Ellenburger may be at a depth of as much as 17,800 feet beneath the
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center of the site (Netherland, Sewell, 1974). Overlying the Ellenburger

dolomite is a sequence of alternating limestone and green or gray shale

members, with several sandstone units occurring in the upper half of the

sequence. The Upper Ordovician Montoya Group is almost entirely

carbonate rock. At the Texas 1 Richards well, the lower half of the

Montoya is limestone and the upper half dolomite, chert being fairly

coimmon, particularly in the middle of the section; whereas 14 miles south

of the site the Montoya has been logged as mostly limestone and sandy

limestone. Sone intermediate lithology is therefore to be expected

beneath the WIPP site.

In the Texas 1 Richards reference section the Ordovician rocks total 975

feet in thickness; however, the section thickens in a south to southeast

direction at a rate estimated to be 25 to 40 feet per mile (Foster,

1974), most of which is due to the thickening of the Ellenburger and

Simpson groups in that direction. It is likely that the Ellenburger and

Simpson are each between 400 and 500 feet thick in the site area.

Silurian System. Lying above the dolomite of the Ordovician Montoya

Group is additional carbonate rock of Silurian, or perhaps

Siluro-Devonian age. Near the site it consists entirely of light-colored

dolomite with appreciable chert, except for two prominent intervals of

limestone, one about 100 feet thick near the middle of the section and

one about 200 feet thick near the top (Foster, 1974). The basal contact

is apparently disconformable in this area.

The relatively homogenous lithology of the Silurian carbonate sequence in

the subsurface of southeastern New Mexico has thus far precluded its

formal separation into formational units. McGlasson (1968), however, has

suggested that the lower part is correlative with the Fusselman Formation

of Early and Middle Silurian age, and that the upper part, generally

referred to as "Upper Silurian" strata, may be correlative with the

Henryhouse Formation of partly late Middle and partly Late Silurian age.

McGlasson (1968) also shows that no Devonian carbonate rocks were

deposited in New Mexico, except in the extreme southwest corner of Lea
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County. Nevertheless, common oil-field usage refers to these carbonates

as "Siluro-Devonian" carbonates (Foster, 1974). Probably most if not all

of the post-Montoya, pre-Woodford carbonate strata beneath the WIPP site

is Silurian in age, according to McGlasson's studies. Isopach maps

(Foster, 1974) indicate the total thickness of the Silurian or

"Siluro-Devonian" carbonates at the site to be about 1,140 feet. The

sequence thins westward relatively uniformly at a rate of about 25-50

feet per mile toward a landmass emergent during Silurian time.

The marked contrast in lithology between the Silurian carbonate and the

overlying Devonian shale is believed to provide a good seismic reflecting

horizon. Structure contour maps on top of nSiluro-Devonian lime"

indicate that the top of Silurian, equivalent to base of Devonian, is at

a depth of about 15,850 feet beneath the center of the WIPP site (elev.

minus 12,450 feet) (Netherland, Sewell, 1974).

Devonian System. The Devonian system is represented by a distinctive

unit of organic, pyritic black shale which unconformably overlies the

Silurian carbonate sequence. McGlasson (1968) correlates it with the

Upper Devonian Woodford Shale of Oklahoma and describes it as a "dark

brown to black, fissile, bituminous, spore-bearing shale". He shows that

it is a transgressive unit which overlaps successively older units to the

northwest (Mclasson, 1968). Beneath the center of the site it is

~-Z )indicated to be about 175 feet thick, thickening gradually southeastward

(Foster, 1974). Haigler and Cunningham (1972) show the top of

undifferentiated Silurian and Devonian rocks at an elevation of slightly

above minus 12,300 feet MSL at the center of the WIPP site. The

uppermost portion of the Woodford Shale in the Delaware Basin is reported

to be actually of earliest Mississippian age (McGlasson, 1968).

Mississippian System. Rocks of the Mississippian System at the site

include a series of limestones referred to simply as "Mississippian

limestone," and an overlying shale interval called the Barnett shale. At

the Texas 1 Richards locality, the limestone is light-yellowish brown,

locally cherty, with some minor gray shale, contrasting with brown,
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locally silty shale of the Barnett. Like the top of Silurian carbonate,

the top of Mississippian carbonate most likely affords a good reflecting

horizon; structure contour maps indicate that it is about 15,150 feet

below Zone I at the site (elev. minus 11,750 feet) (Netherland, Sewell,

1974). Total thickness of the carbonate appears to be about 480 feet at

the site, gradually thickening northward. The overlying black shale is

about 175 feet thick.

Stratigraphic relations between subsurface Mississippian strata in

southeastern New Mexico and formational units defined in other areas are

unclear. On the basis of the local fauna, the carbonate sequence in the

Delaware Basin is assigned to the Lower Mississippian (Foster, 1974).

Lithologically it is similar to the Rancheria Formation in the Franklin

Mountains. At or near the site, deposition of the Barnett Shale

corresponds for the most part to Late Mississippian time.

Pennsylvanian System. Approximately 2,200 feet of Pennsylvanian strata

occur in the subsurface at the WIPP site (Foster, 1974). The section

consists of alternating members of sandstone, shale, and limestone, and

rests unconformably on the underlying Barnett Shale.

Unlike most of the earlier Paleozoic strata, the Pennsylvanian strata in

the Delaware Basin, and some of the Lower Permian strata as well, are

characterized by relatively numerous changes in lithology vertically in

the section and by an abundance of lateral facies changes along

4' time-equivalent horizons. Lithologic units traceable over broad areas in

the subsurface generally cannot be assumed to represent

time-stratigraphic units under these conditions. Attempts to construct a

basin-wide geologic history for Pennsylvanian time and to develop

regional correlations based on time equivalence are greatly complicated

by these lithologic changes. These complexities have spawned efforts

such as those of Meyer (1966) to develop a method for placing surface

outcrop and subsurface strata into a formal Pennsylvanian

time-stratigraphic framework. As defined by this approach, the Lower

Pennsylvanian Series includes rocks assigned to the Morrowan Stage, the
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Middle Pennsylvanian Series to rocks assigned to the Atokan (or Derryan)

and Desnoinesian Stages, and the Upper Pennsylvanian Series to rocks

assigned to the Missourian and Virgilian Stages.

In the Delaware Basin, local subsurface stratigraphic units have

sometimes been informally defined, or extended on the basis of lithology

and are therefore, strictly speaking, lithostratigraphic and not

time-stratigraphic units. Thus, rocks considered part of, for example,

the "Morrow" or the Morrow Series on the basis of subsurface lithologies

may not necessarily all be encompassed within or represent all of the

time of the Morrowan Stage as formally defined. Although the

Pennsylvanian section is herein described by reference to lithologies

recorded in nearby wells, for the reasons stated the section at the site

cannot from the nature of data available be positively correlated with

formal stage names or with Lower, Middle, or Upper Pennsylvanian Series.

Nevertheless, the designations of Morrowan, Atokan, Desmoinesian, and

Missourian-Virgilian rocks for the respective Bend, Strawn, and

Canyon-Cisco rock units have frequently been used with modifications for

somne time (Thompson, 1942; Haigler, 1962, p. 7-8, Netherland-Sewell,

1974, exbt. G-2; see also Meyer, 1966, p. 11). The bipartite

classification of Lower Pennsylvanian for Morrowan and Atoka and Upper

Pennsylvanian for Strawn has also been employed (e.g., Sipes et al.,

1976).

Foster (1974), in his description of Pennsylvanian subsurface lithologies

in the vicinity of the site, adopted the usage of Morrow, Atoka and

Strawn, which denote from deepest to shallowest the respective principal

oil and gas producing zones in Pennsylvanian rocks of the Delaware

Basin. He noted that the "overlying rocks of Missourian and Virgilian

ages are present... but following the common oil-field usage (they) are

included in the Wolf camp sequence". Hence, " ... it appears that the top

of (Meyer's) Desmoinesian Stage is the same as the top of the Strawn..."

(Foster, 1974). This usage is followed in this chapter in the interest

of its adaptability to existing commercial exploratory data. Reference

sections are provided by Foster for Pennsylvanian strata some distance
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north and south of the site (his Figures 12 and 36, respectively). Sipes,

et al. (1976) show "picksn on Pennsylvanian units in the Clayton W.

Williams Jr., Badger Unit Federal well about 2 miles northeast of the

center of the site, and they present down-hole logs on this and other

exploration holes in the vicinity of the site as well.

Morrowan rocks near the site consist mostly of fine- to coarse-grained

sandstone with varying amounts of dark gray shale. Somne limestone,

generally as a series of relatively thin beds with shale and sandstone,

typically occurs in the upper part of the sequence and is often

separately identified. The Morrow sand is a known hydrocarbon producer

of oil and gas in this part of the Delaware Basin, particularly from

fields in the area north of the site (refer to Section 8.3.2). Foster

(1974) shows areal distribution of sand lithologies in this zone.

The Atoka rocks are principally limestone, becoming cherty toward the

middle of the section, and alternating with varying amounts of medium- to

dark-gray shale. Sandstones are subordinate. The Atoka is considered to

have locally significant hydrocarbon potential in this part of the0

Delaware Basin, as in the Los Medanos field which is southwest of and

nearest to the WIPP site.

The lower part of the Strawn (regionally the Desmoinesian) is dominated

by light gray to white, medium- to coarse-grained sandstone, locally

conglomeratic in the site area. In its upper part, the Strawn is

dominantly limestone, apparently with a minor amount of chert but

becoming more abundant northeastward in the immediate vicinity of the

site (Foster, 1974). Thin beds of dark gray and brown shale are present

throughout the section.

Records of the apparent thickness of the Morrow, Atoka and Strawn vary

considerably from area to area simply because there is no completely

agreed-upon way of selecting "picks" on down-hole logs and seismic

reflection data. In some oil fields, "picks" above the Morrow include
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Atoka (or Bend), Strawn, Missourian, and Virgilian. According to Foster

(1974), "in well completion reports the top of the Strawn is picked

fairly consistently," but selections for the top of Morrow and Atoka may

differ significantly, and generally the Canyon and Cisco are not

distinguished in this part of basin. Sipes et al. (1976) show the top of

Strawn at elevation minus 9,400 feet msl beneath the center of the WIPP

site. The "pick s" they show in the C.W. Williams Jr., Badger Unit

Federal well two miles northeast of ERDA 9 yield thicknesses of 1,224,

607, and 257 feet for the Morrow, Atoka, and Strawn rocks, respectively,

for a total thickness of 2,088 feet for the Pennsylvanian. Presumably,

one or more units thicken southwestward slightly to attain the 2,200-foot

value that Foster shows at the center of the site, a value which

specifically excludes at least some Missourian-Virgilian strata.

Probably the value of approximately 2,500 feet shown by Meyer (1966,

Figure 48) is more truly representative of the total accumulation of

strata beneath the site during Pennsylvanian time.

Permian Rocks. As much as 13,000 feet of Permian strata were deposited

within the area of the Delaware Basin, which constitutes the most

complete succession of the Permian in North America (Brokaw et al.,

1972). The entire Permian section beneath the WIPP site averages about

12,800 feet in thickness, over two-thirds that of the entire sedimentary

column, or over twice as thick as all of the earlier Paleozoic formations

'N combined (about 5,200 feet). Of this total, about 3,600 to 3,800 feet of

thick, relatively pure evaporite beds (primarily salt and anhydrite)

occur in the upper part of the sequence, in which the proposed waste

isolation facility is to be constructed.

Because the Permian in the Delaware Basin and surrounding region has long

been the subject of intensive exploration and study by both commercial

and non-commercial interests, its subsurface and surface stratigraphy

have become a relatively well understood aspect of a classic study area

(e.g., King, 1942, 1948; Adams, 1944, Newell et al., 1953; McKee et al.,

1967a, 1967b; Anderson et al., 1972; Brokaw et al., 1972; Jones, 1973).
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Even so, problems in stratigraphic nomenclature still abound,

particularly with regard to the more deeply buried basin sediments of theV

Lower Permian within the Delaware Basin.

Permian rocks are divided into four series (Adams et al., 1939), two of

which (Wolf campian and Leonardian) are equated with Lower Permian time

and two (Guadalupian and Ochoan) with Upper Permian. The well-known

massive reef deposits bordering the Delaware Basin were built up mainly

during Guadalupian time; massive evaporite deposits were formed only

during Ochoan time, between 225 and 250 million years b.p. (before

present). Regional correlations of the Permian are shown in Figure 3.3-3.

1) Wolfcampian Series

"Apparently sedimentation in the Permian Basin was continuous from

Pennsylvanian time throughout Wolf campian" (Meyer, 1966, p. 1); "major

tectonic elements of Early Permian time in west Texas and southeastern

New Mexico were inherited from the Pennsylvanian and continued to grow"

(Oriel et al., 1967, p. 37). These regional generalities suggest the

difficulty that has been experienced, at least basinward from shelves, in

identifying the base of the Wolfcamp strata. An arbitrary convention in

exploration practice in the Delaware Basin is to use the top of the

Strawn to mark the top of the Pennsylvanian. If any Pennsylvanian strata

are present above the Strawn, they are very similar to the overlying

Wolf campian Series and attempts have not normally been made to

distinguish the two in the subsurface.

In the site area, the Strawn is overlain by a thick sequence of

interbedded, dark-colored limestone and shale, including considerable

dolomite. Sandstone is insignificant. No formational status has yet

been designated for this interval; informally the sequence is sometimes

called "Wolf camp formation". It is known to markedly thicken southward

with increasing shale and sand content toward the Val Verde trough, where

extremely thick Wolf campian strata are known. Toward the north, it thins

and gains limestone content, suggesting a shelf margin facies. Foster

(1974) indicates that at the WIPP site the shale content probably nearly
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equals that of the carbonate. Isopachs presented in Foster (1974)

indicate slightly less than 1,400 feet of Wolfcampian strata beneath the

site, whereas Meyer (1966) shows between 1,000 and 1,100 feet; the latter

value excludes some rocks above the Strawn. A regional map by McKee et

al., (1967a) appears to indicate nearly 2,000 feet. The nearest "pick",

in the Badger Unit Federal Well, indicates 1,493 feet of Wolfcampian

strata, 2 miles northeast of the center of site (Sipes et al., 1976).

These differing values reflect the uncertainties in identifying lower and

upper limits of subsurface Wolfcainpian strata in the Delaware Basin.

2) Leonardian Series.

The Leonardian series of the Lower Permian Series is represented by

basinal sandy equivalents of the Bone Springs Limestone, which was

originally defined for a shelf and bank facies of the unit at the margin

of the Delaware Basin. Both the name "Bone Spring" and "Bone Springs"

have been used in the past, and both usages are found in the current

literature. originally defined as Bone Springs by Blanchard and Davis

(1929), King (1948, p. 13) changed it to Bone Spring "to agree with the

geographic term" of the type locality, which "is in the lower course of

Bone Canyon below Bone Spring..." The U.S.G.S. Lexicon (Keroher et al.,

1966) also gives Bone Spring Limestone, but states that it is "named for

Bone Springs Canyon..," citing Blanchard and Davis (1929).

½ Conditions favoring significant buildup of reef and bank limestone at the

edge of the Delaware Basin existed in Leonardian time (Victorio Peak

Limestone), but development of by far the most extensive of these

limestones occurred subsequently in Guadalupian time. Within the basin

in the vicinity of the WIPP site, the Bone Springs interval thickens

markedly and consists of alternating units of sandstone and dark-colored

limestone, with a thick, slightly cherty limestone at the top. Three

laterally persistent, very fine to fine-grained sandstone units are

recognized as the first, second, and third Bone Springs sands. Shale is

a minor constituent of the Bone Springs strata, but the limestone beds

are commnonly argillaceous.
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Foster (1974) shows the WIPP site to be near a local center of maximum

thickness of Bone Springs strata, about 3,500 feet. The unit becomes

thinner to the east and northeast. The Badger Unit Federal well is

indicated to have penetrated 3,427 feet of Bone Springs rocks.

3) Guadalupian Series.

The Delaware Mountain Group includes all basin facies rocks of

Guadalupian age in the Delaware Basin, which at the site are composed

mostly of sandstones interbedded with some dark shales and a few

thin-bedded limestones'. A dramatic facies change takes place about 10

miles north of the site, where the basin facies terminates abruptly

against massive reef limestones. Because these reef limestones almost

completely encircle the Delaware Basin, they seem to conveniently demark

the structural limits of the basin, although earlier basin sediments of

the Delaware Group extend some distance beneath, or behind, the latest

and most massive of the reefs, represented by the Capitan Limestone.

North of the site, these reefs are buried by later sediments but become

progressively less deeply buried toward the west; west of Carlsbad they

surface and form a bold escarpment that defines the eastern boundary of

the Guadalupe Mountains, for which the Guadalupian Series was named.

During their earlier developmuent, the reefs at first built upward at the

margin of the basin, but during later development progressed outward into

the basin as well. Thus, successively older formations of the basin

facies of the Delaware Mountain Group have greater areal extent beyond

the Delaware Basin as defined by the uppermost part of the Capitan reef.

Like modern reefs, the lateral development of these Guadalupian reefs was

accompanied by an appreciable vertical buildup of material, in some cases

exceeding 1,000 feet, such that sediments being contemporaneously

deposited in the basin now appear structurally to be correspondingly

lower in the section, where in actuality they are time-stratigraphic

equivalents. By the same token, the evaporitic materials (Ochoan

evaporites) that later filled the basin now appear to some extent to be

laterally equivalent to the reef masses. These stratigraphic

relationships are especially well portrayed by Haigler (1962) and King

(1948).
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A thickness of 3,944 feet of Delaware Mountain Group strata is recorded 2

miles northeast of the center of the WIPP site. Surface mapping at the

margins of the basin led to the recognition there of three formations;

namely, in ascending order, the Brushy Canyon, Cherry Canyon, and Bell

Canyon Formations. Generally, petroleum exploration practice in the

Delaware Basin has been not to attempt to define these formations in the

subsurface. However, Foster (1974) provides a reference section showing

stratigraphic positions of the formations of the Delaware Mountain Group

in the Shell No. 1 James Ranch well about 3 miles southwest of the site,

and Sipes et al. (1976) give similar "~picks" in the Clayton W. Williams,

Jr., well to the northeast of the area. Foster shows 3,970 feet of

Delaware Mountain strata.

The Shell No. 1 James Ranch well lithologies indicate that the Brushy

Canyon Formation is 1,540 feet thick and consists of mostly fine-grained,

gray to brown sandstone with minor brown shale and dolomite. The Cherry

Canyon Formation consists of 1,070 feet of sandstone similar to that in

the Brushy Canyon Formation, interbedded with shale, dolomite, and sone

limestone. The Bell Canyon Formation, 1,180 feet thick, also consists

mostly of fine-grained sandstone, but has a greater percentage of

limestone, the result of closer proximity to the shelf-margin

carbonates. A limestone member at the top of the Bell Canyon Formation,

known as the Lamar limestone, is recognizable over a considerable part of

the Delaware Basin. Basinwide the sands of all three formations are

~. I targets for hydrocarbon exploration. The top of the Delaware beneath the

center of the site is contoured by Sipes et al. (1976) at minus 650 feet

(depth 4,065 feet). It is overlain by evaporites of the Castile

Formation.

4) Ochoan Series.

The Ochoan Series "includes perhaps the thickest and most extensive

evaporite rock sequence in North America" (Oriel et al., 1967). It also

contains, within the Salado Formation east of Carlsbad, extensive potash

evaporite deposits which contain 65 percent of presently exploitable

potash resources available within the United States (Jones, 1975).
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All of the salt deposits and other evaporites of the Los Medanos area are

restricted to the Ochoan rocks, of Late Permian age. The Ochoan rocks

are entirely of marine origin, but have two unlike parts--a thick lower

section of evaporite and a thin upper section of red beds (Jones, 1973).

The lower section includes, in ascending order, the Castile, Salado, and

Rustler Formations; the upper section is made up of the Dewey Lake

Redbeds. Together the four formations have a maximum thickness of 3,600

feet, slightly more than 3,000 feet of which are evaporite beds of the

lower three formations, which are composed dominantly of anhydrite and

rock salt with minor amounts of gypsum, potassium evaporite minerals,

carbonate rock, and fine-grained clastic material.

At the WIPP site, the Ochoan rocks are about 3,900 to 4,000 feet thick,

of which 3,600 to 3,800 feet, or about 90 percent, are the evaporite

sequence. Of the three evaporite formations, roughly one-half the total

thickness belongs to the Salado. Both the underlying Castile and

overlying Rustler are richer in anhydrite and poorer in rock salt than

the Salado, and they provide this salt-rich formation with considerable

protection from fluids which might be present in adjacent rocks (Jones,

1973). Jones (1972) provides lithologic percentages of the complete

Ochoan evaporite sequence (Castile-Rustler), obtained from exploratory

potash drilling, as follows: 59 percent halite and associated potash

deposits; 33 percent anhydrite and gypsum, with glauberite and

polyhalite; 6 percent carbonate rock (limestone, dolomite, magnesite) and

2 percent clastic rock (clays and silts).

Considered broadly, the evaporites represent a transitional zone between

underlying reef and normal marine limestones (Guadalupian beds) and the

overlying Dewey Lake which was deposited under brackish or restricted

marine conditions (Jones, 1968). The floor of the Delaware Basin in

early Ochoan time is generally estimated to have been at least 1,200 feet

below the top of the Capitan reef, which almost completely encircled it,

restricting southern access to the open sea and setting the stage for

deposition of evaporites within the basin (Brokaw, et al., 1972).
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0 Castile Formation

The Castile Formation is almost completely confined within the limits of

the Delaware Basin (Oriel et al., 1967), the only evaporite formation so

restricted. It gradationally overlies the Bell Canyon Formation (Brokaw

et al., 1972).

Lithologically, the Castile is the least complex of the evaporite

formations, being composed chiefly of anhydrite with a few interbeds of

rock salt. Limestone is present in secondary amounts; clastic materials

(siltstone, shale, sandstone) are notably absent. A lithologic summary

by Jones (1972) lists 59 percent anhydrite and other sulfates, 30 percent

halite and other chlorides, 11 percent limestone, dolomite, and

magnesite, and no clastic rock for the Castile Formation, based on data

from exploratory drilling. The rock is sparingly bituminous and yields a

fetid odor. It has a faint to conspicuous lamination or banded structure

involving a color change, a difference in texture, or a rhythmic

alternation of bituminous calcite and anhydrite, bitumen and anhydrite,

or anhydrite and halite in layers a fraction of a millimeter to a few

centimeters thick. The color of the rock ranges from white to dark gray,

becoming darker with increasing depth below the top of the formation

(Jones, 1975).

In the subsurface, the Castile Formation, to use Jones' description, is

~ 2 readily divisible into three informal members by a salt-rich zone 200-400

feet above the base: a lower member composed chiefly of anhydrite, a

middle member composed chiefly of rock salt, and an upper member composed

chiefly of anhydrite. The three members are discrete, readily

distinguished lithologic units that are laterally persistent over wide

sections of the Delaware Basin. Near the margin of the basin, however,

they merge into a single wedge-like mass of anhydrite that rapidly thins

to a narrow tongue and extends across the basin margin for a few miles

before thinning out in the southern part of the Northwestern Shelf.



4-26

As described by Jones (1973), the lower member of the Castile Formation

is a well-stratified evaporite consisting of laminae of gray anhydrite

and brownish-gray limestone in regular, rhythmic alternation. Scme beds

of laminated dark-gray and brownish-gray limestones, a few inches to

several feet thick, are present at wide intervals in the lower and middle

parts of the member, and there are a few thicker beds of massive gray

anhydrite at long intervals. The member is 200-240 feet thick south of

the site, but it thickens northward and reaches a thickness of at least

400 feet before merging with other members of the Castile to form a

single unbroken mass of anhydrite adjacent to the Capitan reef mass.

The middle member of the Castile Formation, a salt-rich, tabular zone

that forms a widespread, lithologically distinct stratigraphic marker, is

500-700 feet thick in the southern part of the Carlsbad potash area, but

thickens northward and attains thicknesses of 800-1000 feet along a broad

2 to 3-mile-wide belt of deformation within the evaporite sequence

paralleling the margin of the Delaware Basin (refer to Section 4.3.2.7).

The member is predominantly rock salt, but it contains thin to thick

layers of interlaminated anhydrite-limestone rock. The thickest of these

layers averages about 100 feet, and it divides the member into two almost

equally thick salt beds. The upper bed includes several interlaminated

anhydrite-liznestone layers, sane of which are 2-5 feet thick, whereas the

lower bed has none. This member terminates northward by grading

laterally into, and intertonguing with, anhydrite.

The upper member of the Castile Formation exhibits greater lithologic

complexity and is composed chiefly of anhydrite interlaminated and

interbedded with calcitic limestone and, to a lesser extent, with massive

anhydrite, rock salt, and carbonate rock, including both magnesite and

dolomite. It contains a northward-thinning tongue of magnesitic

anhydrite that overlaps the Capitan Limestone along the margin of the

Delaware Basin and extends a few miles into the northwest shelf. Though

600-700 feet thick sane distance south of the site, the upper member

thins rapidly northward to as little as 170 feet near the margin of the

basin. The nature of this northward reduction in thickness is, as
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subsurface studies in the Carlsbad potash area and elsewhere in the

Delaware Basin have shown, due both to a lateral gradation and to an

intertonguing, or pinching out, of individual anhydrite beds at the top

of the Castile into the rock-salt beds of the overlying Salado Formation,

resulting in a northward stratigraphic descent of identifiable Castile

anhydrite. These relationships demonstrate that the contact between the

Castile Formation and the overlying Salado Formation is conformable and

gradational; nevertheless, the contact at any particular location is

generally rather sharply definable as the horizon at which dominant

anhydrite below gives way to rock salt above.

A somewhat different classification scheme of the Castile Formation has

been established by R.Y. Anderson and his co-workers. Working in the

central and southern part of the basin with thin sections of cores

obtained through special drilling arrangements made with industry

operators, Anderson et al. (1972) divided the Castile into three separate

halite members and four anhydrite members across the width of the

Delaware Basin. Furthermore, they traced individual laminae in the

anhydrite members over distances as great as 113 km. Each

anhydrite-calcite couplet is believed to represent an annual varve, the

nature of the evaporite precipitation being controlled by changes in the

partial pressure of carbon dioxide in the Castile brine sea as the growth

of brine algae waxed and waned with the seasons. Some 250,000 varve

couplets are inferred, by representative counts, beginning below the

Lamar limestone in the Bell Canyon and ending in the lower part of the

Salado (Anderson et al., 1972).

Toward the northern part of the Delaware Basin, the upper halite and

anhydrite units appear to converge and cannot be traced basinwide as

major units. In the site area two lower anhydrite members (AI, All) and

two halite members (HI, HII) are recognized as basinwide equivalents of

units identified elsewhere; a more heterogeneous upper unit, principally

anhydrite, corresponds to the position of Anhydrite IV but may not be

stratigraphically equivalent to it (Anderson et al., 1972; Anderson and

Powers, 1978; Anderson, 1978). These anhydrite and halite members are
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identified on Figure 4.3-2. Thicknesses are taken from isopach maps

which appear in Anderson et al. (1972) and Anderson, (1978). Thus, the

lower anhydrite (Anhydrite-I) member is indicated to be nearly 250 feet

thick in the vicinity of the WIPP site; Halite-I, about 330 feet thick;

Anhydrite-II, 100 feet thick; and Halite-lI, 210 feet thick. The

remainder of the total thickness of the formation is occupied by the

upper anhydrite described by Jones (1973), as quoted above. Jones'

middle halite unit is equivalent to Anderson's Halite-I plus Anhydrite-II

plus Halite-II sequence; Anderson has simply subdivided the sequence

based on the presence of a middle anhydrite member (Anhydrite-II) that

Jones also recognized (see above). Both Jones and Anderson recognize

that here the upper anhydrite unit does not display the varved

interlaminations comparable to those observed in the lower anhydrite

units.

The only major disagreement between Anderson and Jones appears to center

around the nature of the Castile-Salado contact. Jones asserts that the

contact is conformable and laterally intertongues (see discussion above),

whereas Anderson believes an unconformity exists. Anderson (1978) cites

as evidence for this the presence of some dissolution breccia near the

top of the Castile, suggesting a period of non-deposition or even

subaerial erosion. Furthermore, Halite-III is missing over the northern

part of the basin, which could be explained by a local erosional episode

there. Anderson also notes that the basal infra-Cowden salt of the

Salado Formation (see below) does not occur to the south and is thickest

wherever the Halite-III member is absent. This controversy has not been

resolved to date; whether or not significant dissolution took place

during deposition of the Castile and Salado evaporite sequence could have

important implications regarding models invoked to estimate past and

present rates of salt dissolution in the Delaware Basin.

Because no drill hole within Zones I-Ill of the WIPP site has made a

complete penetration of the Castile, the thickness of the Castile beneath

the repository must be estimated. Beneath the site, the base of the

Castile is indicated by structure contours in Figure 10 of Jones (1972)



4-29

to be at an elevation of about minus 680 feet MSL at the center of the

site; Sipes, et al. (1976) show it at minus 650 feet MSL. Since ERDA-9

intersected the top of Castile at elevation 579 feet above sea level, the

Castile is indicated to be about 1,230-1,260 feet thick at the site, or

approximately 1,250 feet thick. Drill hole AEC-8 encountered 1,333 feet

of Castile in section 11, about 4 miles northeast of ERDA-9 (Griswold,

1977, Table III).

b) Salado Formation. The Salado Formation contains the thick salt beds

in which the contemplated WIPP repository would be constructed. It is

one of the principal deposits of halite on the North American continent

(Brokaw, et al., 1972, p. 21), and it contains the Carlsbad potash

enclave, the principal producer of potash in the United States.

As of the date of this report, one core hole, ERDA No. 9, has been

drilled through the Salado at the location of the proposed repository. A

schematic section of that hole, including general lithology, location of

marker beds, position of halite zones in which the repository will be

located, and well construction data, is given in Figure 4.3-3a. The

detailed lithologic log is included as Figure 4.3-3b of this report.

Details of the numerous down-hole logs performed, mineralogical and

geochemical determinations made, and rock mechanics tests conducted are

not discussed here but are given in Chapters 7 and 9 of this report, to

which the reader is referred.

At the ERDA-9 location at the center of the site, the base of the Salado

is 2824 feet and the top 848 feet below ground surface (elevations 590

and 2,566 feet above sea level, respectively), for a total thickness of

1,976 feet. The proposed contact handling (CH) zone halite interval,

containing halite of relatively high purity, is between elevations 1,250

and 1,352 feet, and the remote handling (RH) zone, high-purity halite

interval between elevations 696 and 806 feet. (Ground surface elevation

at the ERDA-9 hole location is given as 3414.70 feet MSL).
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Variations in the thickness of the Salado in the vicinity of the WIPP

site are on the order of 300 feet (1,700 to 2,000 feet), based on results

of the ABC and ERDA test holes (Griswold, 1977, Table III). Thicker

sections of the Salado (over 2,300 feet) are known where it may have been

affected by deformation due to salt flow. West of the site in the Nash

Draw area the thickness of the formation locally and erratically

decreases owing to local solution and removal of rock salt in the upper

part of the formation (Vine, 1963; Jones, 1973). These variations are

illustrated by a subregional isopach map of the Salado Formation

presented by Brokaw et al. (1972).

As discussed by Brokaw et al. (1972),

"In exposures of the Salado Formation along the west side of the

Carlsbad potash area (10 or more miles west of the site), all the

salt has been removed by solution and the anhydrite and polyhalite
have been altered to gypsum. The alternation of the evaporite rocks

extends to depths ranging from 260 feet to almost 1,600 feet below

the surface and is responsible for a fourfold to sixfold reduction

in the thickness of that part of the Salado and for a change in

composition from dominantly rock salt in the subsurface to

dominantly gypsum in the outcrop. The contact between the two

highly dissimilar parts of the formation, known locally as the 'baseW

of leached zone' and also as the 'top of salt', is highly irregular,

with many closed depressions and isolated pinnacles. The contact

dips generally eastward but rises in stratigraphic position from the

base of the Salado near the west side of the potash area to the top

of the formation near the Eddy-Lea County line at the east side of

the area."

Figure 8 of Brokaw, et al. (1972) shows the location of the contact at

the top of the Salado, or in other words the easternmost extent of

dissolution in the Salado, to be located about 1 mile from the east edge

of Range 30 E.; that is, about 2 miles west of the center of the WIPP.

Additional discussion of solutioning is discussed in Section 6.3.7 of

this report.

Broadly considered, the Salado is characterized by a predominance of rock

salt compared to a predominance of anhydrite in the Castile and by

typically thinner bedding or interbedding of lithologic units. Unlike

the Castile, the Salado as well as the overlying Rustler extends over and

beyond the confining Capitan reef masses to the north and east, in effect
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overfilling the ancient basin formed by the reefs. The Salado sea was,

in general, even more saline than the sea of Castile time. Lacking a

shield of carbonate reefs, it received, however, considerable fine

clastic sediment. Consequently, its halite deposits are generally less

pure than those of the Castile (Brokaw et al., 1972), although thick

intervals of highly pure halite are known in the lower half of the Salado

Formation.

A detailed description of the overall lithology and member units has been

provided by Jones (1973), who studied data from the numerous potash

exploratory holes drilled in the Los Medanos area. The remainder of this

section incorporates Jones' description, modified where appropriate by

discussion of more recent data from ERDA-9.

The Salado Formation is composed of rock salt, anhydrite, and potassium

rocks with varying amounts of other evaporites and fine-grained rocks.

Rock salt constitutes about 85-90 percent of the formation except in the

western part of the area where percolating ground water has dissolved and

removed some of it. The next most abundant rock in the formation is

anhydrite. The remainder of the formation is chiefly polyhalite and

other potassium and magnesium-bearing minerals with minor amounts of

sandstone, and claystone.

~- / The rock salt in the Salado is composed of halite and clayey halite in

discrete layers ranging from an inch to several feet in thickness. The

two rock types differ primarily in that the halite is free of detrital

debris and the clayey halite characteristically contains this debris in

significant but typically small amounts. The detritus is chiefly quartz

and clay, including illite, chlorite, and a corrensite-type of swelling,

regular mixed-layered clay mineral (Grim et al., 1960). In general, the

detritus-bearing clayey halite is mostly brown and tan; it is moderately

crystalline but somewhat porous with a scattering of small cavities or

vugs filled with clay and other detritus, and it either lies between

seams of claystone or has a layer of halite below and a seam of claystone
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above. The halite is typically reddish orange but its color grades to

amber, gray, and white. It is generally somewhat more coarsely

crystalline than the clayey halite.

Common to both the halite and the clayey halite in the rock salt of the

Salado are traces to very minor amounts of polyhalite and anhydrite.

Locally, glauberite is present in small amounts, and there are several

potassium and magnesium minerals, including sylvite, carnallite,

kieserite, and several other exotic evaporite minerals that occur in

small to large amounts in seams of rock salt in the middle and upper

parts of the formation. Other constituents of the halite and clayey

halite include traces to very minor amounts of brine and gas that fill

microscopic to very small cubic and rectangular cavities in grains of

halite and other evaporite minerals. Less common, but more notable in

other respects, are much larger cavities or pockets that contain

halite-saturated brine and nitrogenous gas confined under presure

sufficient to produce "blow-outs" when encountered during drilling

operations.

The seams of anhydrite and polyhalite, which alternate with rock salt in

all sections of the Salado, are very persistent but highly variable in

composition (Jones, 1954; Jones, 1972). Lateral replacement of anhydrite

by polyhalite is common, and nearly all seams show one or more stages of

replacement between an initial slight developmient of polyhalite in the

lower and upper parts of the seam to complete replacement of anhydrite by

Spolyhalite. Locally, anhydrite and polyhalite give way laterally to

glauberite, and polyhalite in the middle and upper parts of the Salado is

replaced by hartsalz consisting of a coarsely crystalline mixture of

anhydrite, kieserite, and carnallite.

Close examination of the Salado in drill cores and geophysical logs of

boreholes in the Los ZMedanos area and vicinity reveals that rock

sequences show a regular order of succession. A typical sequence,

repeated many times between the base and top of the formation, involves a

change from claystone upward through anhydrite or polyhalite and halite
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to clayey halite capped by claystone. In other sequences the change is

0 from halite to clayey halite capped by claystone. Boundaries between

individual members of a rock sequence are gradational, but those along

the lower and upper sides of the individual sequences are corrosion

surfaces that form sharp, clear-cut breaks in the evaporite section but,

nevertheless, are laterally persistent and convergent northward. The

rock sequences represent a fundamental sedimentation unit or evaporite

cycle, and they are believed to record discrete periods of influx and

subsequent precipitation of calcium sulfate and soldium chloride during

evaporation of sea water or an initially dilute brine. The ubiquitous

claystone is thought to be a residue concentrated during dissolution of

clayey halite by inflowing sea water or dilute brine.

The Salado Formation is divided into three members (Figure 4.3-3), but

more subtle divisions can be made, for the beds are very persistent. In

fact, the persistence of individual beds is the prime basis for the

system of numbering individual seams of anhydrite and polyhalite which

was introduced by geologists of the United States Geological Survey

(USGS), such as Jones (1960) and is widely used by mining companies in

the Carlsbad potash field. The numbers used in the USGS system to

designate some seams of anhydrite and polyhalite in selected parts of the

three members of the Salado are shown on Figure 4.3-3, and on Figures 4

and 6 of Jones (1973).

The threefold division of the Salado used herein includes: an unnamed

lower member, a middle member known locally as the McNutt potash zone,

and an unnamed upper member. The three members are about equally rich in

rock salt, anhydrite, polyhalite, and fine-grained clastic rocks, and

they are generally similar in all but one major respect. The lower and

upper members are generally lacking or poor in sylvite, carnallite, and

other potassium- and magnesium-bearing minerals, while the McNutt potash

zone is generally rich in these minerals and accounts for the large and

extensive deposits in the potash field.
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Lower Member. Located below Marker Bed 126, the lower member of the

Salado is the rock unit in which it is proposed to place both levels

of the repository. As shown in Figure 4.3-3, the CH-zone is defined

as the interval between Marker Beds 137 and 139 near the middle of

the lower member, 560 feet above the base of the Salado. The

RH-zone is in a zone devoid of nearby polyhalite marker beds,

beneath a prominent anhydrite bed known as the "Cowden anhydrite."

The top of the RH-zone is 344 feet below the base of the CH-zone;

its base is 106 feet above the base of the Salado. The choice of

zone intervals was made on the basis of combined purity, depth,

thickness, mutual separation, and depth below the potash zone

(Griswold, 1977).

The Cowden anhydrite identified above forms a distinctive, areally

extensive bed of anhydrite about 20 feet thick below which is a salt

bed of exceptional purity. This thick salt bed lying below the

Cowden and above the Castile-Salado contact is sometimes referred to

as the "Infra-Cowden", a sub-member located at the base of the

Salado as shown in Figure 4.3-3. It is 296 feet thick at ERDA-9.

Lithologic details of each of the three members in the site area are

provided by Jones (1973). The lower member of the Salado Formation

is almost entirely made up of alternating thick seams of rock salt

and thinner seams of anhydrite and polyhalite. Magnesite in thin

bands, laminae, and ragged knots form a carbonate-rich zone in the

lower part of most anhydrite and polyhalite seams. Seams and

partings of claystone underlie the anhydrite and polyhalite seams,

and claystone caps layers of clayey halite in the rock salt. There

are also a few beds of very-fine-grained halitic sandstone, a few

inches to a foot or so thick, near the base and top of the member.

Insofar as has been determined by drilling, the member is completely

free of carnallite and other hydrous potassium and magnesium

evaporite minerals in all parts of the Los Medanos area, but the

upper part contains traces to small amounts of these minerals

several miles to the north of the area.
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The lower member is 1,195 feet thick as recorded in ERDA-9. The

member thins to 430 feet near the northeast corner of the area; in

this instance the decrease of thickness seems to be due to beds

missing at the corrosion surfaces that truncate individual rock

sequences, as well as to thinning of all beds northeastward.

Southward, the lower 240-300 feet of the member (that is, the

Infra-Cowden) grades, according to Jones (1973), by intertonguing

into the upper part of the Castile Formation, and the thickness of

the member decreases to between 785 and 950. Anderson (1978)

disagrees with the concept of an intertonguing lithofacies

relationship between the Infra-Cowden salt and Castile anhydrite.

He asserts that the Infra-Cowden wedges out southward and that the

top of the Castile is unconformable with the Salado because of

dissolution at or near the top of Castile prior to Salado deposition

(refer to discussion above). Anderson (1978) presents an isopach

map showing distribution of Infra-Cowden salt across the northern

part of the Delaware Basin.

McNutt Potash Zone. The McNutt potash zone, located between the

Vaca Triste halitic sandstone and the 126-marker bed, is another

salt-rich member of the Salado Formation. However, unlike other

members of the Salado, the McNutt may contain potassic rocks rich in

-~ sylvite, langbeinite, and hydrous evaporite minerals. The potassic

'~ / rocks occur at short to long intervals in seams of rock salt

scattered through nearly all parts of the McNutt zone. They are the

obvious lithologic feature by which the NcNutt is distinguished, yet

they are absent locally and, at best, probably comprise only 3 to 5

percent of the member in the most potassium-rich sections of the Los

Medanos area.

Apart from the potassic rocks, the McNutt presents virtually the

same aspect as other members of the Salado. Thick seams of rock

salt alternate with thinner seams of anhydrite and polyhalite.

There are partings of claystone beneath most anhydrite and
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polyhalite seams and above layers of clayey halite. A bed of

very-fine-grained halitic sandstone, the Vaca Triste, a foot or so

thick, occurs in clayey halite at the top of the member.

The McNutt potash zone is 369 feet thick at ERDA-9, decreasing in

thickness to the northeast. This decrease is similar in nature to

that observed for the lower member. As a rule, where the member is

thinnest it seems to be more thinly bedded and to have fewer beds.

Upper member. The upper member of the Salado, located above the

Vaca Triste marker, consists of rock salt, minor anhydrite and

polyhalite, and two persistent beds of very-fine-grained halitic

sandstone, which are, respectively, 30-40 feet and 110-115 feet

below the top of the unit. Claystone underlies seams of anhydrite

and polyhalite, and coats the upper surfaces of clayey halite layers

in the rock salt. Most parts of the upper member are generally free

of hydrous evaporite minerals, but, nevertheless, somne intervals of

rock salt and other rocks in the upper 130 to 180 feet of the unit

commonly contain traces to very small amounts of carnallite and

kieserite.

Of particular interest is the occurrence of carnallite at the top of

the upper member. The carnallite forms a major deposit of potassic

rock that extends over a wide section in the northern part of the

Los Medanos area and much of the region immediately to the north.

The deposit is the only one known to occur in the upper member of

the Salado, but is not restricted to the unit. It extends

irregularly upward into sandstone of the overlying Rustler Formation.

At the WIPP site, the upper member of the Salado Formation is 512

feet thick (ERDA-9), becoming thinner (between 430 to 480 feet)

farther north. This thinning northward seems to be partly

depositional and partly erosional, for the member is more thinly

bedded in the north and contains fewer beds. many seams of

anhydrite, polyhalite, and other evaporites are only about
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three-fourths as thick as at the south end of the area. Beds of

0halite and clayey halite are missing beneath many of the corr osion

surfaces that separate rock sequences in the unit.

Several miles west of the site in the Nash Draw area, variations in

thickness of the upper member are fairly complex and large. The

complexity and thickness of the member are believed to reflect a

combination of geologic factors involving mostly (1) gradual

thinning northward in response to changes in deposition patterns

during the Ochoan Epoch, and (2) rapid thinning westward in response

to change in dissolution patterns during the Pleistocene and earlier

parts of the Cenozoic Era. In contrast to the modest northward

thinning, the westward thinning of the member toward Nash Draw

involves as much as a fourfold reduction in thickness in a distance

of 4 to 6 miles, and the member is as thin as 150 to 170 feet at

places along the west side of the area. This small thickness is

considered to include the residue or remnants of at least a 450- to

500-foot-thick section of rock from which soluble salts have been

leached by percolating ground water. The section of rock from which

salts have been leached decreases in thickness eastward and feathers

out in the area immediately east of Nash Draw. Insofar as can be

determined from drilling records, the feather-edge of the residual

materials marks the easternmnost extent of dissolution of the upper

member of the Salado Formation at any time. Apparently the regime

here is highly stabilized and of long duration, with very little or

practically no dissolution since the Pleistocene, or perhaps

earlier. Estimates prepared by Bachman and Johnson (1973) indicate

that the rate of salt removal during dissolution may amount to as

much as 0.5 foot per 1,000 years. This rate suggests that roughly 1

million years would be required to reduce 450 to 500 feet of the

upper member to an insoluble residual debris, and that dissolution

in the western part of Los Medanos area has a long history extending

back at least as far as mid-Pleistocene time. Other considerations,

however, suggest that its history is even longer and may have begun

by the mid-Tertiary (Bachman, 1976) .
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In all parts of the Los Medanos area, where the upper member of the

Salado is thinned by dissolution, the section of rock between the

upper surface of salt and the upper surface of the formation is

composed of clay with crudely interlayered seams of broken and

shattered gypsum and fine-grained sandstone. The clay is considered

to be a subsurface residue concentrated through dissolution of

clayey halite and other clay-bearing evaporites by percolating

ground water. The gypsum is clearly the hydrated remnant of

anhydrite and polyhalite seams, for it commonly contains ragged and

embayed masses of anhydrite and polyhalite, and also grades

laterally into anhydrite and polyhalite. The clay, gypsum, and

sandstone comprise a fairly distinct residual unit that thins out

eastward by grading into, and intertonguing with, rock salt and the

other precursory rocks fram which it originated. The residual unit

thickens westward and crops out locally along the Pecos River west

of the Los Medanos area. The unit is generally assigned by

geologists mapping areas along the Pecos River to the lower member

of the Rustler Formation, but this practice should be discontinued,

for the clayey residue is clearly part of the Salado Formation.

Isopach maps of intervals in the upper member and in the McNutt

potash zone are shown in Figures 4.3-4 through 4.3-7 referenced to

the marker beds indicated. The same gradual northward decrease in

'~ thickness at the rate of about 10 to 15 feet per mile is exhibited

by all four intervals contoured. It is significant that pronounced

westward thinning of the Salado, which would be related to

dissolution of salt from the Salado toward the Nash Draw area, is

evidenced only in the uppermost interval (figure 4.3-7), and then

only in Range 31 E., a mile or more west of the proposed WIPP

repository boundary. The onset of westward thinning of the Salado

Formation as defined by these isopach countours delimits a

"suberosion" front at the top of the Salado (Griswold, 1977; Brokaw,

et al., 1972; Jones, 1973) or the leading edge of a wedge of

dissolution in the Salado progressing from west to east. This

indicates that, insofar as can be detected by isopach patterns,
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leaching of salt at the top of the Salado Formation by dissolution

* activity centered in the Nash Draw area has not occurred closer than

approximately 1 mile west of the proposed WIPP repository.

In the Los Medanos area, the Salado Formation is overlain

conformably by the Rustler Formation. The contact between the two

formations is rather sharply defined as the horizon at which

dominant rock salt below gives way to a 35- to 55-foot-thick unit of

fine-grained sandstone that is generally dolomitic in the basal few

feet.

Rustler Formation. The Rustler Formation, the uppermost or last of the

three Ochoan evaporite formations, contains the least quantity of rock

salt and the largest proportion of clastic material in this evaporite

sequence. It was deposited in the last stages of the saline Permian sea

that inundated the Delaware Basin, and is very largely coextensive with

the Salado in this area (Brokaw et al., 1972). Jones (1972) lists

lithologic percentages in the Rustler, presumably from areas in the

W Delaware Basin where Rustler salt has not been leached, as follows: 43

percent rock salt and other halides, 30 percent anhydrite, polyhalite,

gypsum, and other sulfates, 17 percent clastic rocks, and 10 percent

dolomite, limestone, and magnesite.

Shallowest of the evaporites to be exposed in the site area, the Rustler

Formation crops out locally about 5 miles west of the center of the site,

beyond the Livingston Ridge escarpment which forms the east edge of Nash

Draw (refer to Figure 4.2-4, Surf icial Geologic Map) Generally it is

covered by alluvial material, sand dunes, or collapse debris.

The following descriptions of the Rustler are given by Jones (1973). As

typically exposed in outcrop, the Rustler is a broken and somewhat

jumbled mass of gypsum with minor dolomite and a few crude seams of

virtually unconsolidated sands and clays. The outcrops in Nash Draw are

decidedly poor for any study that requires precise information on the

li thology, thickness, or specific chemical 
or physical properties of the
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formation, and, as previously noted by Vine (1963), it is impossible to

piece together a meaningful stratigraphic section from study or mapping

of outcrops. Exposed rocks are porous, friable, and loose-textured, and

all are strongly jointed, cavernous, and locally brecciated.

Stratification is obscured or completely obliterated, and the attitude of

bedding can rarely be determined with any degreee of confidence. The

considerable deformation attests to the removal of much soluble material

by percolating ground water and to the altered nature of the debris

exposed in outcrop.

Two areally persistent beds of dolomite in the Rustler serve as important

marker beds. The lowermost of the two dolomite beds, normally 100-150

feet above the base of the formation, is known as the Culebra Dolomite

member. The upper bed, 200-250 feet above the base, is the Magenta

Dolomite member. They were named and described by Adams (1944). Clastic

rocks, consisting of thin to thick beds of sandstone and claystone, make

up the remainder of the less soluble part of the formation.

In the subsurface, proceeding eastward across the WIPP site and into Lea

County, all the gypsum in the Rustler gives way to anhydrite and minor

polyhalite, and the sands and clays grade into sandy and clayey rock

salt. In western Lea County at depths of 900-1,000 feet, the Rustler is

largely an alternation of thick seams of rock salt and anydrite. A

persistent seam of polyhalite occurs near the middle of the formation,

and, insofar as has been determined, it is the only hydrous evaporite

rock of any great extent or major importance in the stratigraphy of the

formation.

With the eastward, down-dip change in composition from gypsum to

anhydrite and rock salt, the thickness of the Rustler also changes rather

significantly. The thickness ranges between 280 and 300 feet near the

Nash Draw outcrop , but increases eastward to 490 feet about 10 miles

southeast of the site and to 385 feet about 10 miles to the northeast.

The increase ranges in amount between 105 and 160 feet and provides a

crude measure of the minimum thickness of rock salt that is missing in
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the area of outcrop. The difference in formation thickness between the

southeast and northeast corners of the area is probably depositional in

origin, for the formation is more thickly bedded in the southeast where

it is thickest (Jones, 1973). These relationships are shown on a Rustler

isopach map in Brokaw, et al. (1972).

In the immediate site area, the Rustler is lithologically divisible into

a sandy lower part and an anhydritic upper part (Jones, 1975). The sandy

lower part, 92 to 125 feet thick, is dominantly very fine-grained, silty

sandstone, with less abundant anhydrite and rock salt; the sandstone is

halitic and light to dark gray in its lower section and reddish brown and

salt-free in its upper section. The anhydritic upper part of the

formation, 200 to 227 feet thick, is largely gray anhydrite, with a few

interbeds of reddish-brown clay and gray dolomite. The anhydrite is in

fairly massive beds which have gypsiferous rinds along their lower and

upper sides.

At the proposed WIPP site, ERDA-9 encountered 310 feet of Rustler

commencing at a depth of 550 feet (refer to Figure 4.3-3). The Culebra

and Magenta members were both encountered and measured at 26 and 24 feet

thick, respectively. The thickness of the formation as a whole would

indicate that much of the halite originally contained in the formation

has been leached away, particularly in the upper part of the formation.

- .. ~. The detailed well record of ERDA-9 (Griswold, 1977) shows that clayey

halite was encountered in the Rustler below the Culebra dolomite, about

100 feet above the base of the formation. Between this position downward

to the proposed upper level CH-storage zone, over 1300 feet of

undisturbed evaporite rock, primarily Salado rock salt, intervene.

An isopach map of the Rustler Formation is shown in Figure 4.3-8. The

closely spaced contours at the east edge of the site are a measure of the

increasing amount of salt remaining in the Rustler in the eastward

direction. The formation increases in thickness eastward and

southeastward by about 180 feet over a distance of about 2.7 miles, or

over 65 feet per mile. As with the Salado Formation, these contours can

be used to postulate a dissolution front in the Rustler.
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The Rustler Formation is separated fran the overlying Dewey Lake Redbeds

by a sharp lithologic break, an abrupt change fran gray anhydrite to i

reddish-brown mudstone. The anhydrite below the break is free of sand

and clay, and it ranges erratically in thickness f ran 18 to 32 feet.

There is no indication of northward thinning, such as that commnon to

most, if not all, rock units in the Rustler and underlying Salado

Formations, and it would appear that the contact between the Rustler and

Dewey Lake is an unconformity. The discordance and hiatus is probably

not very great.

Dewey Lake Redbeds. The Dewey Lake Redbeds are the uppermost of the Late

Permian Ochoan Series of formations and represent as well the top of the

Paleozoic in the Delaware Basin. The term "Dewey Lake" is synonymous

with the term "Pierce Canyon" originally proposed by Lang (1935) and

applied to the redbeds in the Nash Draw area by Vine (1963). Actually

the assignment of the Dewey Lake to the Permian Ochoan sequence is

somewhat arbitrary, being based on certain lithologic details and

stratigraphic aspects, rather than any definitely demonstrable affinity.

Like the underlying Ochoan evaporites, the Dewey Lake appears to lack

fossils despite its marine origin. Bachman (in Jones, 1973), while

acknowledging the customary age assignment of the formation, nevertheless

feels "that the Dewey Lake of southeastern New Mexico may actually be

Triassic in age." He does not state, however, whether he believes it

might be of Early or Late Triassic age.

The Dewey Lake crops out in places along the west edge of Nash Draw where

partial thicknesses are exposed (refer to Surf icial Geologic Map, Figure

4.2-4), but generally the formation is mantled by dune sand and caliche.

Beneath the surf icial cover, however, the Dewey Lake occupies a broad

band between the center of the WIPP site and Nash Draw. It is bounded on

the west by gypsiferous residue of the uppermost anhydrite seam in the

Rustler Formation and on the east by coarse-grained clastic rocks of the

Santa Rosa Sandstone of Late Triassic age. The latter contact occurs

approximately across the center of the WIPP site.
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The Dewey Lake is differentiated from other formations by its lithology,

distinctive reddish-orange to reddish-brown color, and sedimentary

structures. The formation consists almost entirely of an alternation of

siltstone and very-fine-grained sandstone beds a few inches to several

feet thick, but there are a few beds of claystone in its lower and upper

parts. Individual beds are persistent, and the formation is readily

separable on well log records into several sequences alternately richer

or poorer in sandstone. Surf icially, most rock is evenly and thinly

bedded, liberally sprinkled with greenish-gray spots, and irregularly

intruded by horizontal and criss-crossing veins of fibrous selenite.

Some beds are structureless, whereas others are either horizontally

laminated or cross-laminated. Many bedding surfaces carry shallow

current or oscillation ripple marks. Silt-filled mud cracks occur at the

top of many mudstone layers, and there are small chips and flattened

pellets of mudstone in the basal part of many siltstone and sandstone

layers (Jones, 1975).

According to Vine (1963), the Dewey Lake Redbeds represent the beginning

of continuous deposition of detrital sediment following the long period

of predominantly evaporite deposition in the Delaware Basin and adjacent

shelf areas of southeastern New Mexico. However, the abrupt change in

lithology does not necessarily signify a sudden tectonic or eustatic

movement, but only a gradual decrease in the salinity or depth of the

water plus a new source for the detrital sediments-which were deposited.

Certain general features of the Dewey Lake are especially noteworthy.

The lithology and color appear to be remarkably uniform. Viewed from the

distance of a few feet, the stratification nearly always appears to be

parallel, even though small-scale cross-lamination may be seen on close

inspection. The small grain size, together with the minute scale of

primary sedimentary structures, such as cross-lamination in sets less

than 1 cn thick and oscillation ripple marks less than 1 inch from crest

to crest, suggests that the silt was deposited in extremely shallow water

extending over a broad flat. Lenses of medium-scale, cross-laminated,

fine-grained sandstone or siltstone in the upper part of the Dewey Lake
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probably indicate a gradual change toward fluvial deposition near the end

of Dewey Lake time. The deposit undoubtedly blanketed the Delaware Basin

and part of the shelf area to the north, but the source of the sediment

is unknown.

The ERDA-9 well records a thickness of 487 feet of Dewey Lake strata.

The thickness varies greatly across the area, however, from about 550

feet a few miles southeast of the site to 100 feet a few miles to the

southwest (refer to isopach map, Figure 4.3-9). Normally in this area,

the Dewey Lake ranges betwen 500 and 560 feet in thickness, thinning to

the northwest. This northwestward thinning is attributed to pre-Late

Triassic erosion after the redbeds had been tilted southeastward (Jones,

1973, p. 25). Locally, however, where the Dewey Lake forms the surface

of either pre-late Tertiary terrain or Quaternary terrain, erosion later

than Triassic has cut through the Dewey Lake, producing the steepened

isopach gradients. In Figure 4.3-9 the gradients of 20 to 40 feet per

mile observable in the eastern half of the map reflect pre-Late Triassic

erosional thinning, while the steeper dips of up to 150 feet per mile to

the west represent later dissection, apparently related to the origin and

development of Nash Draw. A geologic section given by Jones (1973,

Figure 3) illustrates the effect of this later dissection on the Dewey

Lake surface.

4.3.3 Mesozoic Erathem.

Triassic System. Triassic rocks in the northern part of the Delaware

Basin are all Late Triassic in age and are included in the Dockum Group.

The Dockum is entirely of continental origin and consists of the

dominantly fine sediments of broad flood plains and coarse alluvial

debris deposited over a very broad area extended beyond the borders of

the Delaware Basin. It surfaces the pre-Tertiary terrane at and east of

the WIpp site. Local subdivisions of the Dockum Group are the Santa Rosa

Sandstone (Darton, 1922) and the Chinle Formation.
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1) Santa Rosa Sandstone

The Santa Rosa Sandstone rests unconformably with sharp lithologic

contact on the underlying Dewey Lake Redbeds. Vine (1963), based on

outcrop observation, called this contact a disconformity (that is,

parallel beds on either side of the contact representing a time-rock

gap), but Jones (1973) considers it " an angular unconformity of low

angle." Corresponding to an interval between the end of Permian time and

the start of Late Triassic time, this unconformity represents a break in

deposition perhaps longer than had previously occurred in the region

since Mississippian time or even earlier, assuming the assignment of the

Dewey Lake Redbeds to the Permian is valid.

At the site, the Santa Rosa occurs as an erosional wedge pinching out

westward just beyond the center of the site; a thickness of only 9 feet

of Santa Rosa Sandstone was recorded at ERDA-9. Eastward the formation

forms the pre-Gatuna surface (See Figure 2 in Jones, 1973) but is

blanketed by such an extensive veneer of Upper Tertiary alluvial deposits

and caliche, and Recent dune sand, that the nearest extensive outcrops

occur about 7 miles to the north (Vine, 1963).

The wedge of Santa Rosa thickens relatively rapidly eastward at the rate

of up to 150 feet per mile, attaining a maximum thickness of 250 feet

over a distance of only two or three miles, thereafter maintaining a more

*it~ ) uniform profile (refer to isopach map of the Santa Rosa, Figure 4.3-10).

Sections compiled by Jones (1973) indicate a relatively uniform thickness

of the Santa Rosa on the order of 250 feet at least as far as several

miles east of the Lea County boundary. The steepened wedge effect of the

Santa Rosa across the site area is undoubtedly due to the post-Late

Triassic, pre-Gatuna erosion that cut downward into the Dewey Lake

surface, which is discussed above (compare Figure 4.3-9).

The Santa Rosa Sandstone consists, for the most part, of

cross-stratified, medium- to coarse-grained, gray to yellow-brown

sandstone, but includes both conglomerate and reddish-brown mudstone. In
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outcrop it has been observed by Vine (1963) to consist of large-scale,

trough-type, cross-bedded, pale-red sandstone and conglomerate lenses, 3

to 15 feet thick, separated by thin partings of moderate reddish-brown

siltstone and silty claystone. The conglomerate lenses contain both

silty dolomite pebbles and chert or quartz pebbles. The sandstone is

characteristically poorly sorted. The formation differs from the

underlying Dewey Lake Redbeds by being coarser grained, less well sorted,

and by having beds that are thicker and more lenticular. Fossil plant

impressions, carbonaceous plant fragments, and fossil reptile bones and

teeth thought to be from phytosaurs characterize some of the beds. Clay

is a relatively minor constitutent in most of the Santa Rosa Sandstone.

Secondary dolomite is the most abundant cement, and it probably

constitutes at least 10 percent of the rock.

The Santa Rosa Sandstone represents a change in the environment of

deposition as compared with the Dewey Lake Redbeds. The large-scale

trough-type crossbedding probably indicates a fluvial environment. The

lack of sorting, arkosic composition, and angularity of the grains

suggests rapid deposition by streams descending from a predominantly

crystalline terrain (Vine, 1963).

2) Chinle Formation

The Chinle Formation, though not present at the WIPP site itself, occurs

at about the Lea County line 5 miles to the east, where it forms the

subcrop, surface of pre-Tertiary rock, as shown by Jones (1973). Like the

Santa Rosa Sandstone at the site, in profile the Chinle is seen to wedge

out from the east at the Lea County line, beveled by pre-Gatuna erosion.

Farther east, the Chinle appears not to attain a thickness in excess of

100 feet as shown by Jones (1973). Northward, however, it achieves a

thickness of about 800 feet near the Hat Mesa gas field, about 11 miles

northeast of the site, where the Chinle is blanketed by Late Tertiary

Ogallala Formation (Jones, 1973). These relationships plus the areal

distribution of Ogallala remnants indicate that post-Chinle, pre-Ogallala

erosion occurred subsequent to an eastward to northward tilting of at
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least the northern part of the Delaware Basin, resulting in a greater

amount of Chinle sediments removed progressively southward and eastward.

Later, one or more erosional episodes beveled a westward-sloping surface

on post-Ogallala terrain.

In lithology, the Chinle is dominantly reddish-brown shaly mudstone

interspersed with some greenish-gray mudstone and minor lenses of

sandstone and conglomerate, deposited in a floodplain or alluvial

environment basically similar to that of the Santa Rosa. Its contact

with the underlying Santa Rosa Sandstone is conformable and is at the

change from sandstone of the Santa Rosa to shaly mudstone of the Chinle.

It is overlain unconformably by the Ogallala Formation of Late Tertiary

age.

Post-Triassic Rocks of Mesozoic Age. No Mesozoic rocks later than the

Chinle strata are known to exist in the WIPP site area. According to

Jones (1973), there are good reasons to infer from paleogeology and other

considerations that the Jurassic Period was a time of erosion and removal

of the Dockum. Some rocks of Cretaceous age, though absent from the site

area, almost certainly were deposited by Early Cretaceous seas which

advanced northward across southeastern New Mexico. Small outliers,

crevasse deposits, and other remnants of Lower Cretaceous rocks are found

lying unconformably on the Capitan, Tansill, and Castile Formations near

N Carlsbad Caverns (Hayes, 1964; Lang, 1937), on the Salado Formation near

Black River Village, on the Rustler Formation a few miles northeast of

Carlsbad, New Mexico, and on the Chinle Formation at many places to the

north and east of the WIPP site area (Ash and Clebsch, 1961).

4.3.4 Cenozoic Erathem

Tertiary System. No Early or Middle Tertiary sedimentary rocks are known

to be present in the region. A lamprophyre dike, the only igneous rock

later than Precambrian age known in the region, is observed to intrude

the Salado Formation at the Kerr-McGee potash mine, about ten miles north

of the center of the WIPP site (refer to Figure 3.5-2). Part of a
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northeast-southwest dike trend of regional extent, the closest approach

of which is at least eight miles northwest of the center of the site, the

dike is not exposed at the surface east of the Pecos River. A

radicxnetric date of 30 million years for the lamprophyre has been in the

record for some time (Urry, 1936); an Oligocene or mid-Tertiary age for

emplacement is therefore indicated. Further discussion of this dike

trend, including an account of more recent investigations conducted, is

included in Regional Geology, Section 3.5.1.

In Late Tertiary time extensive alluvial fans carried sandy and gravelly

material eastward over a broad erosional plain that had developed in the

region by Late Miocene time. The sediments accumulated during this

alluviation, which lasted until Late Pliocene time, constitute the

Ogallala Formation. The youngest fauna present in the Ogallala Formation

is of Kimball age. This fauna may be as old as 4.6 million years

(Bachman, 1974).

Only one area occupied by the Ogallala is present within 10 miles of the

site, namely, a relatively thin erosional remnant capping The Divide

located between 6 and 9 miles east-northeast of the center of the site

(refer to Figure 4.2-4, Surf icial Geologic Map). A geologic map by

Bachman (in Jones, 1973) indicates that the Ogallala at the Divide is

Nrestricted to elevations above 3750 feet, where it is about 25 feet thick

and includes about 10 feet of conglomneratic sandstone at the base

overlain by about 15 feet of caliche. Pebbles of rounded quartzite and

chert as much as 1-1/2 inches in diameter are present in lenticular beds

(Bachman, 1974) .

Special attention has been given to the caliche developed on the Ogallala

by Bachman (in Jones, 1973), who suggests that it may be distinct in

origin from caliche observed elsewhere in the area. Based on field

examination, he finds that

"Caliche of the Ogallala Formation is a distinctive travertine-like

calcium carbonate. It is dense, light gray to white, and composed
of concentrically laminated fragments that range from less than

one-half inch to more than 2 inches in diameter. Space between
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these fragments is filled with structureless or, in places,
laminated limestone. The weathered surface appears algal or

0 pisolitic in places. However, these concentric laminae probably are
not the result of organic activity but indicate repeated generations
of inorganic solution and reprecipitation. The caliche is sandy and
has been precipitated in porous spaces between sand grains;
therefore, individual sand grains appear to float in the caliche.
The Ogallala caliche probably formed as a part of a soil profile
that developed on the High Plains surface either during or after
deposition of the Ogallala Formation."

In the High Plains to the east of The Divide, longitudinal depressions in

the Ogallala caliche are interpreted to be interdunal swales caused by

solution etching of Ogallala caliche where it was not protected by

Pleistocene sand dunes (Bachman, 1976).

Quaternary System

1) Pleistocene Series

a) Gatuna Formation

The only Pleistocene deposit at the proposed WIPP site which has been

assigned a formal stratigraphic name is the Gatuna Formation. In the

immediate area, the Gatuna forms a thin blanket, locally absent, ranging

in thickness from zero to slightly more than 30 feet (refer to Figure

'~4.3-11, Gatuna Isopach Map); at ERDA-9, 27 feet of Gatuna were

recognized. In spite of its shallow depth below the surface, however,

the Gatuna crops out only rarely, being for the most part obscured by a

thin but persistent veneer of caliche and surf icial sand. The nearest

mapped outcrops occur along the west-facing slope of Livingston Ridge at

the edge of Nash Draw (about four miles northwest of the center of the

site; see Figure 4.2-4, Surf icial Geologic Map) where they were mapped by

Vine (1963), and to the southeast of the site as mapped by Bachman

(1974). In Nash Draw itself the Gatuna locally exceeds 100 feet in

thickness and fills sinkholes previously formed by dissolution of salt

and other evaporites. It has alluviated most drainage valleys of an

ancient Pecos system, of which Nash Draw was a part. Though the Gatuna

is predominantly a fine-grained, reddish or brownish friable sandstone,
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conglomerate lenses and blankets are common regionally. It is the

pebbles in the conglomerate which have proved most useful in providing

evidence relating to geologic history, age, and provenance of the

formation.

Bachman (1974) discusses age, lithology, and paleoclimatic implications

of the Gatuna at some length. Generally, the Gatuna was stream-laid

under pluvial conditions. In some areas having fine-grained materials in

the lower part of thicker sections, the Gatuna first filled collapsed

basins and extensive sinks; in other areas, such as in the southern part

of Nash Draw, gypsum-rich clays and silts in the section suggest

deposition in areas then undergoing sinking and collapse. Based on

examination of pebble clasts in Gatuna gravels of the Pecos River

northwest of the site in Chaves and northern Eddy Counties (refer to

Regional Geology and Regional Geomorphology sections for additional

discussion of these gravels), Bachman concludes that the Gatuna was

deposited in a much wetter climate than present. There is no indication

that modern drainage is carrying clasts of the size and quantity

preserved in Gatuna stream deposits. The discovery of Ogallala pisolitic

debris (i.e., pebbles of Ogallala caprock caliche) in the Gatuna

demonstrates that the Gatuna is Pleistocene rather than Pliocene in age.

Futhermore, on the basis of the many stream and pond deposits in the

Gatuna and the evidence for widespread solution and collapse, Gatuna time

represents the most humid Pleistocene stage in southeastern New Mexico.

Regional considerations lead Bachman to assign a tentative Kansan age to

the Gatuna, or approximately an age of 600,000 years (Bachman, 1974).

b) Mescalero Caliche

Beneath an obscuring cover of wind-blown sand, much if not all of the

site area, excluding some depressions and drainages such as Nash Draw,

are covered by a hard, resistant caliche crust. It is very extensive to

the north in Chaves County on the Mescalero plain between the Pecos River

and the Llano Estacado and is informally called the Mescalero caliche.

Though generally less than 10 feet thick in the site area, its resistance

to weathering in the dry climate has effectively prevented natural
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exposure of older strata and has allowed it to form extensive surfaces

that can themselves be mapped in definite stratigraphic sequence with

other deposits.

Vine (1963) provides a detailed account of caliche as he observed its

occurrence in the Nash Draw quadrangle. He states,

"Caliche is a near-surface accumulation of calcareous and clastic
material that forms a resistant mantle. It is characterized by an
excess of calcareous material over that required to cement the
clastic grains, with the result that the. grains appear to float in
the matrix. In many areas the caliche is characteristically
brecciated and recemented. In addition to sand and calcareous
material, pebbles are locally abundant, and silica in the form of
chalcedony or opal also forms part of the cementing matrix. Other
soluble minerals, including gypsum, are probably locally present.
Where the top surface of caliche has long been exposed to
weathering, it almost invariably has a very hard dense limestone
surface that could easily be misinterpreted as an outcrop of massive
limestone similar to those in some older formations- Close
inspection, however, generally reveals sand grains, chalcedony, and
brecciation. Commonly the dense layer at the top is only 1 or 2
feet thick, and the rock becomes more friable and shows a greater
proportion of sand grains to matrix within a few feet of the
surface. The less calcareous zone in turn grades downward within 5
or 10 feet into the underlying bedrock, which generally is broken
into angular fragments recemented with calcareous material. (Note:
five feet of caliche were encountered at ERDA-9.) In many areas
caliche has concentric lamination or colloform structure resembling
calcareous algal structures. The widespread mantle of caliche has
much the same composition throughout the area regardless of whether
the underlying bedrock is red sandstone and siltstone from the
Gatuna Formation, Santa Rosa Sandstone, and Pierce Canyon (=Dewey) Lake) Redbeds, or gypsum from the Rustler Formation."

Bachman (1974) shows a regional structure contour map of the Mescalero

caliche. He confirms Vine's recognition of an upper dense zone over an

earthy-to-firm nodular calcareous deposit, and notes that it is the upper

dense caprock that is prominently laminated. The character of the

laminae indicates that the Mescalero caliche arose through successive

cycles of dissolution and reprecipitation of the matrix, and that this

occurred during an interval of tectonic stability that followed

deposition of the Gatuna Formation--that is, in the semiarid environment

that followed the moist conditions of Gatuna time. Based on regional

geomorphic considerations, Bachman correlates the formation of the
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Mescalero caliche with the Yarmouthian interglacial stage, or

mid-Pleistocene time, about 500,000 years ago. Brown (1956) reached

generally similar conclusions on the origin of caliche he studied on the

Llano Estacado of the Texas panhandle, where he found that "the caliche,

with interruptions, apparently has been forming continuously since its

inception in the Pliocene, and its multiple occurrence is a reflection of

climatic variations in the Pliocene and Pleistocenen. Noting that the

Mescalero caliche dips abruptly into Nash Draw along Livingston Ridge,

Bachman (1974; also in Jones, 1973) concludes that Nash Draw was

subjected to subsidence after the formation of the caliche, presumably

during the more pluvial conditions of the subsequent Illinoian or

Wisconsin glaciations.

2) Recent Deposits

Deposits of Recent age in the vicinity of the WIPP site include windblown

sand, alluvium, and playa lake deposits.

The most prevalent deposit by far is the windblown sand which covers

nearly all of the area of the WIPP site itself. The sand, locally known

as the Mescalero sand (Vine, 1963), occurs either as a sheet deposit

resting on caliche or as tracts of conspicuous dune fields (Los

Medanos). In the former case, the sand is probably no more than 10 to 15

feet thick on the average; in the latter, the sand may attain 100 feet in

thickness locally. At many places the sand consists of two parts: a

compacted, slightly clayey moderate-brown eolian sand up to 1-1/2 feet

thick, overlain by loose, windblown light-brown to light yellowish-gray

sand. The sand dunes appear to be relatively inactive at present, partly

stabilized by sparse plant cover. The widespread deposits of windblown

sand are indicative of a large source of fine sand as well as of the

extreme fluctuations of climate that have occurred during Pleistocene

time. There is very little evidence that much sand has been derived from

the Pecos River. Bachman (1974) suggests that most sand has been derived

from deposits of the Ogallala Formation. During humid intervals in

Pleistocene time the sand has been eroded from the Ogallala, and during

arid intervals the wind has moved this sand across the Mescalero plain.
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Deposits of alluvium are mapped by Vine (1963) generally in belts 1/4 to

3/4 of a mile wide along the base of declivities into Nash Draw, as along

the base of Livingston Ridge, and locally in smaller depressions (refer

to Figure 4.2-4, Surf icial Geologic Map). These deposits are similar to

sheet wash or small alluvial fans, and Vine considers them analogous to

pediment or bolson deposits.

Playa deposits occur in mudflats, and consist of eolian sand and alluvium

reworked by shallow-lake waters. Vine (1963) shows these areas clustered

mostly within Nash Draw, where the occasional runoff accumulates. The

nearest playas are mostly small, circular areas about 5 miles west of the

center of the site filling in the bottoms of sinkhole depressions

adjacent to Nash Draw.

4.4 SITE STRUCTURE AND TECTONICS

4.4.1 Tectonic and Structural Setting of Los Medanos Site

Relation of Site Structure to Regional Tectonics. The single dominating

tectonic feature in the region around the proposed WIPP site is the

Delaware Basin, the locus of unusually thick and rapid sedimentation in

Permian time. Beneath the site, for example, about 15,000 feet of

Pennsylvanian and Permian clastics, limy clastics, and evaporites

accumulated. The basin was marginal to an orogenic belt located farther

southwest (the Diablo Platform) which was tectonically active in Late

Pennsylvanian and Permian time. The basin evolved by downwarp of

Precambrian basement terrane of the Texas foreland, a granitic craton.

South of the New Mexico border in Texas, the Delaware Basin in Late

Pennsylvanian time was trough-like and received much of its sediment from

a bordering mobile orogenic belt (Marathon system), in the manner of a

molasse trough or exogeosyncline; in New Mexico, however, the northern

part of the Delaware Basin received sediment from intracratonic highs

located both to the west (Huapache flexure) and to the east (Central

Basin Platform) and assumed more the character of an intracratonic basin

in which subsidence was accomplished mainly by downwarping of the craton
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without major marginal faulting and without subsequent folding or

compressive tectonic deformation, although buried normal faults of fairly

large displacement are known at the margins of the Central Basin

Platform. The Central Basin Platform, located approximately along the

New Mexico-Texas border east of the site, may be viewed as a medial,

arched horst, now deeply buried by later sedimentary deposits, which

separated and partly isolated the Delaware Basin from its eastern

counterpart, the Midland Basin, during Late Pennsylvanian and Early

Permian time; later in Permian time these basins constituted part of the

broad Permian Basin (refer to Sections 3.4 and 3.6; see Figure 1 of

Bachman and Johnson (1973) for the extent of the Permian salt basin).

In the Delaware Basin toward the close of Permian time, as much as 4,000

feet of evaporite beds, dominantly rock salt, accumulated, during which

time differential subsidence ceased and stable cratonic conditions

returned to the area. Later, Triassic redbeds mantled the region. In

mid to late Tertiary time, rifting and tensional faulting occurred in the

Basin and Range region of New Mexico as far east as the Sacramento and

Delaware Mountain anticlinal structures west of the Delaware Basin, and

southeast along the Diablo Platform to the Big Bend area of Texas, but

did not occur within the Delaware Basin itself. The basin was, however,

tilted gently one or more times between Late Triassic and Pliocene time,

producing a general net eastward tilt of about 2 degrees. The Late

Permian Ochoan rocks and the Triassic rocks exposed in the basin today do

not reflect basinwide warping; the major structual feature of these

deposits is merely the regional eastward slope produced after Triassic

time (Bachmnan and Johnson, 1973).

Tectonic and Nontectonic Mechanisms at the Site. At the site, stresses

associated with the origin and development of the Permian Delaware Basin

have deformed the pre-existing rocks or contemporaneous sediments in

different ways. Specifically, these stresses included the nontectonic

downward pressure imposed by the weight of rapidly deposited sediment and

the tectonic stress arising from within the earth's crust and transmitted

through the basement rocks to the sedimentary pile. The tectonic stress
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would have been most effectively imposed upon those rocks of the
sedimentary pile that had already undergone lithification and were
therefore mechanically coupled with the basement rocks. Stress imposed
by sedimentary loading would have been most effectively absorbed by
subjacent materials that were the least lithified and therefore the most
compressible and capable of adjusting to differential sediment loads.
Each mechanism would have produced different kinds of structures and
caused different types of faulting in the rocks beneath the basin. The
temperatures measured and heat flow calculated for AEC 8 (Mansure and
Reiter, 1977) show evidence of normal geothermal gradients.

The presence of thick salt beds profoundly affects the type of
deformation which occurs in the salt itself and which is imposed upon
rocks and sediment lying above the salt, inasmuch as thick salt is known
to deform plastically and to behave as a viscous medium over extended

periods of time. This behavior is promoted by high overburden pressures
and increased temperatures. Under favorable conditions, even slight
tilting of the beds or lateral differences in lithostatic pressure are
sufficient to initiate long-term viscous flow of salt. Salt deformation
is therefore quite different in mechanism and manifestation than the
deformation of the enclosing rock materials. As a result, deformational
features exhibited by rocks and sediments lying above thick salt would
normally be expected to have little or no mechanical relationship to
structures in rocks occurring beneath the salt, because the intervening
salt effectively decouples the two rock masses. Rocks overlying salt
would be expected to display local structures that are generated by mass
flow of salt. In addition, because shallow salt is susceptible to

dissolution by unsaturated ground water, sediments above shallow salt
where active solutioning had occurred could be expected to exhibit karst
and collapse features, or to have internal irregularity and chaotic
structure brought about by uneven subsidence or upward stoping following

removal of significant thicknesses of salt in the subsurface. It should
be emphasized, however, that at the WIPP site, evaporite dissolution has
been restricted to salt beds of the Rustler Formation. No evidence has
been obtained to date to indicate that this relatively small amount of
dissolution of Rustler salt has resulted in significant differential
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subsidence in the site area. In contrast, the potential for subsidence

structures to occur has been realized in areas such as Nash Draw, where

partial dissolution of Salado evaporite beds has taken place.

It is concluded on the basis of the preceding discussion that the nature

of the origin and developmnent of possible structural features in the

rocks which occur in the Los Medanos area is spatially related to the

position of these rocks in the geologic column relative to the position

of thick bedded salt. Accordingly, the following description of geologic

structure at the WIPP site is organized into separate discussions of deep

structure (i.e., structure in rocks underlying Ochoan salt), salt

deformation, and shallow structure.

4.4.2 Deep Structures

Subregional Structure of Pre-Evaporite Rocks. A variety of structure

contour maps covering an area within about a 25-mile radius of the WIPP

site has been prepared, generally from well data. Foster (1974) provides

seven such subregional maps from top of Precambrian to top of Bell Canyon

(base of Castile); Sipes et al. (1976) show somewhat more structural

detail on top of Devonian, Morrow, Atokan, Strawn, and Delaware strata

(their exhibits 11,10, 9, and 8, respectively, the first two of which

incorporate seismic reflection profile interpretations). Netherland,

Sewell and Associates (1974) present generalized structure contour maps

of a slightly different area on eleven horizons, from Ellenburger to top

of Bell Canyon (their Figures G-6 through G-16).

Structure contour maps express a homoclinal regional dip toward the

southeast to east on all pre-Ochoan Paleozoic strata, reflecting the

presence of the Delaware Basin downwarp. Gradients on all pre-Permian

horizons are similar in magnitude and direction, decreasing from about

150 feet per mile southeasterly in the lower Paleozoic to about 
100 feet

per mile at the top of the Pennsylvanian. The nearest fault large enough

to be indicated by subsurface well control is a north-trending fault

shown by Foster (1974) about 15-20 miles east and southeast of the WIPP
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site, and referred to as the "Bell Lake fault." It has a length of about

15 miles and a displacement of about 500 feet. Located west of the

central axis of the Delaware Basin, it nevertheless appears to be

structurally related by orientation and displacement (upthrown to the

east) to the west-bounding fault of the Central Basin Platform farther

east, as is shown on the regional structure contour map of Haigler and

Cunningham (1972). The fault is not indicated to offset Permian strata

(Foster, 1974), but contours of Wolf camp and Bone Springs strata in the

lower part of the Permian section are deflected in the area of the

fault. Permian structure contour maps indicate a difference in gradient

and direction of horizons compared to earlier strata. This indicates

significant tectonic activity in the basin in Late Pennsylvanian and

Early Permian time, which was the major period of structural adjustment

in the Delaware Basin (Foster, 1974). Permian strata beneath the Ochoan

Series slope east-southeast at about 50 feet per mile (Foster, 1974),

markedly less than pre-Permian strata.

Site-Specific Interpretations. In the immediate site area seismic

reflection data can be utilized as an adjunct to well control in

preparing more detailed structure contour interpretations. Figures 4.4-1

thru 4.4-3 contour horizons at, respectively, the top of the Silurian

(Siluro-Devonian carbonate, refer to Section 4.3.2), top of Morrow, and

near the top of the Delaware. Seismic profile lines are indicated and

well control points are shown. Structural interpretation of seismic

reflection profiles has been furnished by G.J. Long and Associates, Inc.

(1977). (Additional seismic profiling has been performed (G.J. Long,

1977b) or is presently being undertaken as part of a continuing program

by Sandia Laboratories to delineate subsurface structures at the WIPP

site. These additional data will be presented and discussed when the

analyses are completed.)

In general, Figures 4.4-1 through 4.4-3 reveal the existence of minor

faulting and secondary warping (swells and saddles) in Paleozoic strata

below the evaporite beds. Comparing Figure 4.4-1 with 4.4-2, a pattern

of generally north-northeast-trending faults has been interpreted,
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oriented roughly parallel to regional strike and typically upthrown to
the east. Small, subdued dome-like features and complementary saddles
spaced several miles apart and with crest-to-trough amplitude of several
hundred feet are superimposed on the regional gradient and appear to
persist in position through both horizons. In the Silurian, for example,

several small arches of up to 300 feet of relief are aligned in an

east-southeast or west-northwest anticlinal trend passing just north of

the Zone II exclusion area (Figure 4.4-1). In the Morrow a similar

east-west trend in about the same location is defined by more subdued

structural gradients and highs of lower amplitude (Figure 4.4-2). This

trend is identified as the "Cabin Lake" trend by Netherland, Sewell and
Assoc. (1974); see also Figure 2-7 of this report. On both horizons a

domal feature is evident beyond the southwest edge of the site. This

feature, which Netherland, Sewell (1974) indicate is at the east edge of
the "Los Medanos" trend, is presumably responsible for the gas production

of the Los Medanos field, the nearest hydrocarbon field to the site.

Between these two anticlinal trends, a northwest-trending saddle is

defined, located beneath the southwestern edge of the site.

The north-northeast-trending faults inferred in Figures 4.4-1 and 4.4-2

are, as interpreted from seismic reflection records, of greater intensity

in the Devonian, being traceable over distances exceeding ten miles and

having displacements of up to 400 feet (Figure 4.4-1). Faulting of the

Morrow (Figure 4.4-2), some 2,500 feet higher stratigraphically, is
roughly correlative with the deeper displacements, but seems to dissipate

into discontinuous segments of generally smaller displacement.

Small-scale structures interpreted on the Delaware Mountain Group,

roughly 9,500 feet above the Morrow horizon, show little or no

correlation with deeper features (refer to Figure 4.4-3). The

north-northeast-trending faulting is no longer apparent; instead, seismic

reflection studies (G.J. Long, 1977a) indicate short (less than 5 miles

in length), discontinuous northwest-trending offsets of small
displacement (less than 50 feet) passing beneath the northeast half of

the site; refer to Figure 4.4-3. The fact that the faults are not
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detected at greater depths suggests a shallow-seated origin. Warping in

the Delaware Mountain Group appears to be much more subdued than in the

Morrow; structure contours lack closure around irregularities, and trends

in the Delaware Mountain Group appear to be unrelated to Morrow and

deeper trends. one feature of note shown (Figure 4.4-3) is a shallow,

northwest-trending saddle of not more than 100 feet of structural relief,

located beneath the center of the site; the presence of such structural

lows is considered to be a favorable site selection criterion (refer to

Section 2).

The contrasting structural characteristics between the Delaware and

pre-Permian horizons suggest different origins. All strata from the

Pennsylvanian on down have been deformed in continuity, with intensity of

deformation increasing with depth. Tectonic deformation apparently

occurred in Late Pennsylvanian or Early Permian time and established the

local structural elements of all pre-Permian rocks. The "rootless"

character of at least some of the normal faulting in the Permian suggests

that these are shallow-seated features. Considering the unusually rapid

rate of accumulation of material in Permian time (about 13,000 feet), it

seems reasonable to presume a predisposition for the occurrence of

contemporaneous sedimentary deformation brought about by such factors as

gravity creep, compaction during diagenesis, differential sedimentary

loading and rates of dewatering, and differential subsidence. Such

deformation has been documented along "growth faults" in the Gulf Coast

basin (Murray, 1961, p. 137; Fisher and McGowen, 1967, Figure 3; Bishop,

1973; Bruce, 1973). Contemporaneous faults of this type may have been

initiated during deposition of thick pre-Ochoan clastic sequences.

Conceivably, further movemnent might have been promoted by mass movement

of salt subsequent to evaporite deposition, which shifted overburden

loads over possibly still compressible sedimentary material.

Figures 4.4-4 and 4.4-5 show southwest-northeast and northwest-southeast

sections, respectively, across the proposed WIPP site area, adapted from

Griswold (1977). The overwhelming thickness of Permian pre-evaporite

strata relative to earlier deposition is graphically displayed. Faults
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arising in the basement offset Pennsylvanian strata but do not propagate

through the lowest Permian series, the Wolfcampian. The regional dip of

the Delaware Basin is most evident in Figure 4.4-5.

4.4.3 Salt Deformation

For the purpose of this discussion, detailed description of deformational

features within the salt beneath the site and in the northern part of the

Delaware Basin is restricted to consideration of structure displayed by

the Castile and Salado Formations even though the Rustler is normally

considered part of the evaporite sequence. At the site and in the

vicinity of the site, the Rustler has been leached of much of its salt

with the result that most of its structure is surf icial in origin and is

included in the discussion of site surf icial structure, Section 4.4.4.

Of previous studies available in the literature on the northern part of

the Delaware Basin, the papers by Brokaw et al. (1972), Anderson et al.

(1972), Jones (1973) and Anderson (1978) are most relevant to salt

deformation in the area of the proposed WIPP site.

Subregional Structure of Evaporite Beds. Throughout the northern

Delaware Basin, the general uniformity in direction and amount of the

gentle southeastward homoclinal dip is practically the only structural

feature that is commnon to all levels of the evaporite section (Jones,

1973). Superimposed on this homocline is a rather complex system of flow

features variably developed relative to both areal location and

stratigraphic position, features attributable to mass migration of salt.

Features that are of subregional. significance, and that appear to have a

fundamental role in the development of salt deformation, include the

Capitan reef front. It formed a steep, submarine prominence or wall

1,000 to 1,500 feet high isolating the deep water of the early Castile

brine sea from the rest of the Permian inland sea (refer to Sections

4.3.2 and 3.6). Figure 10 of Jones (1973), a structure contour map on

the base of the Castile Formation, graphically depicts the structural
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relationship of reef and basin in the site area. Immediately basinward

of these buried reef masses, which are located 8 miles north of the WIPP

site, is a northwest-southeast-trending structural trough paralleling the

base of the reef and descending in elevation, or plunging,

southeastward. The most intense deformation in the evaporite sequence

seems to be spatially related to this trough; not only is the trough

expressed within the salt layers, but the top of the clastic Delaware

Mountain Group (Bell Canyon Formation) is also depressed. Subregional

geologic sections constructed by Jones across Nash Draw and Livingston

Ridge (Brokaw, et al., 1972, Jones, 1973,) illustrate the general

configuration of reef, trough, and deformation within the evaporite

sequence in the site area. Jones' (1973) assessment of these particular

features is pertinent:

"At intermediate and other levels in the (evaporite)
section, the structure is generally more uneven than at
the base of the Castile Formation, and minor folds are
somewhat more prominent. Salt and anhydrite in the middle
member of the Castile are crumpled in sharp
intraformational folds that appear to die out
northwestward up the dip and to become more pronounced
southeastward down.the dip. Spatially the
intraformational folding of the salt and anhydrite appears
to be confined to a single long northwestwardly-trending
belt, about 3-4 miles wide, that more or less coincides in
trend and extent with the prominent southeastwardly
plunging trough at the base of the Castile. The folding
has resulted in some buckling and downwarping of rocks in
the Salado Formation, and it has uplifted the Salado and
other rocks as young as the Chinle Formation in a fairly
broad arch that trends northwestward across the area. The
exact age of the deformation is unknown; it can be dated
only very broadly as post-Late Triassic to pre-Pliocene.
Specific considerations concerning minimum thickness of
overburden required to initiate salt movement suggest that
the deformation may have occurred during or shortly after
the period of regional tilting that followed the
deposition of Cretaceous rocks. The deformation almost
certainly had to occur before any great thickness of
Cretaceous rocks was removed by erosion."

Subsequent studies by Anderson (1978) and Anderson and Powers (1978) have

supplied some detail on the character of the salt deformation recognized

by Jones. Apparently the only part of the Castile that has not been
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involved in significant plastic flow deformation is the lower or basal

anhydrite, Anhydrite I (refer to site stratigraphy, section 4.3.2 for

discussion of Castile stratigraphy). On the other hand, the lowest thick

Castile salt member, Halite I, has undergone severalfold increases in

thickness in some areas. Anderson (1978) presents a basinwide isopach

map of the lower Castile Halite-I unit which shows an increase of

thickness from a normal value of about 300-350 feet, as occurs in the

area of the proposed WIPP site, to a value of 1,200 feet at the ERDA-6

location 5 miles north-northeast of the site. The isopach lines at this

location define an elongate, sharply thickened bulge of the Halite-I

unit, the long axis of which is about 12 miles long and is oriented

parallel to, and on the basin side of, the buried Capitan reef front.

Anderson's isopach map also shows numerous similar, slightly smaller

elongate bulges, their long axes all about 3-1/2 times the length of

their shorter ones, contained within a belt about 5 miles wide

paralleling the basin side of the reef front. Since the anhydrite unit

(Anhydrite I) underlying this deformed salt is not significantly deformed

and does not itself rest on deformed rocks (Jones, 1973), the tops of

these large salt mounds or bulges define what may be termed salt

anticlines. These are not anticlines in the usual sense of the term

because the top and base of the unit have totally dissimilar profiles;

piercement associated with the term salt anticline is not generally

present. This belt of salt anticlines, then, is the northwestward-

Strending belt of intraformational salt deformation recognized by Jones as

occurring within the Castile and affecting strata above the Castile.

Structural detail within the large salt anticline located about 5 miles

northeast of the center of the proposed WIPP site has been provided by

cores recovered from the ERDA-6 hole drilled near the center of the

anticline (Anderson and Powers, 1978). Stratigraphic interpretation made

by Anderson and Powers from study of the core indicates that the middle

anhydrite bed which overlies the salt has indeed been pushed up by the

rising salt but has apparently acted as a semirigid confining blanket

that was stretched upward like a flexible sheath; whether the anhydrite

bed everywhere remained intact or was in places fully ruptured and
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detached by extension is not known. What is displayed in the core is

that most of the anhydrite, which actually consists of finely

interlaminated calcite and anhydrite, was stretched by extensional

microfracturing of the calcite laminae and in-filling of the fractures by

mobilized calcium sulfate, which presumably was derived by diffusion or

creep from adjacent anhydrite laminate. The process seems closely

analogous to boudinage in metamorphic rocks, and could be viewed as a

microboudinage structure brought about by the properties of finely

laminated calcite and anhydrite when subjected to high shear stress under

sufficient confining pressure.

Anderson and Powers (1978) find that Halite-I salt, together with

streched Anhydrite II or middle anhydrite, have in their upward migration

pushed aside both the overlying upper salt (Halite II) and upper

anhydrite (Anhydrite III) beds in the manner of an intrusion, since the

stratigraphy in the ERDA-6 hole passes directly from Infra-Cowden salt to

Anhydrite II. The authors show that the overlying Salado beds, though

not breached by the intrusion, are arched over it. It is therefore

evident that the arching effect in beds of the Salado and even younger

rocks referred to by Jones (1973) along the belt of deformation is in at

least some cases due to the presence beneath these anticlines of a salt

core which arose from the lower part of the Castile and partly intruded,

the overlying rocks.

In addition to revealing the cores of many of the salt anticlines in the

northwest-southeast belt of deformation described above, the subregional

Halite-I isopach map (Anderson, 1978) shows numerous, sharply defined

localized depressions at locations where the Halite-I salt is entirely

missing from the section. In the central part of the basin, these

"deep-seated sinks", as Anderson calls them, do not have obvious surface

expression, and are not clearly related to shallower dissolution

features--such as collapsed and uncollapsed domes, dissolution fronts,

castiles, and collapsed outliers--which have been described and
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documented elsewhere in the Delaware Basin region. Many of these

isopachous depressions, some of which are defined by a single data point,W

may possibly be attributed to "deep dissolution" processes (Anderson,

1978), presumably acting from near, or perhaps below, the base of the

salt section. A few appear, however, to originate within the Castile in

salt zones above the lower halite. Anderson (1978) has proposed that

some of them may have propagated vertically upward in the evaporite

section to form known cylinders or chimneys of dissolved and collapsed

debris. Alternatively, halite flow from adjacent regions into anticlines

may account for these paired features as illustrated in Anderson and

Powers (1978). (For description of these features in the Delaware Basin

subregion and a discussion of their origin and developmuent, refer to

regional geomorphology, regional structure, and subsurface hydrology,

Sections 3.2, 3.4, and 6.3).

Unlike the belt of salt anticlines having cores of Halite-I salt, the

distribution of the localized pockets of missing, or greatly reduced

thickness of, Halite I and higher Castile or Infra-Cowden halite that

Anderson classifies as "deep sinks" is not confined to a belt above or

adjacent to the Capitan reef but includes mid-basin areas as well, as

illustrated by Figure 16 of Anderson (1978). The nearest of these deep

mid-basin features to the proposed WIPP site as disclosed by the various

halite isopach maps of Anderson (1978) occurs about 5 miles southeast of

the site at the Eddy-Lea County line. This particular feature is not

indicated to originate within the Halite-I zone of the Castile; rather,

it appears to be a feature in the infra-Cowden salt (Anderson, 1978,

Figure 7); compare this report, Figure 4.4-7, and refer to the section

immediately following for additonal detail on the near-site structure.

It is not yet clear whether all or even some of these deeply buried

mid-basin "sinks" identified by Anderson have a hydrologic origin

subsequent to diagenesis and salt deformation. If they do, they may well

be related to other collapse features in the Delaware Basin region as

simply one manifestation of the same general process being seen at

different levels of exhumation by erosion (Anderson, 1978, p. 58-59).
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10 The concept that these diverse solution structures are being exhumed by

present-day erosion suggests that the conditions of their formation in

the geologic past may not be-present today in kind or to the same degree.

The nature of the deformation in the middle and upper part of the salt

sequence above the Halite-I zone is recorded by the subregional halite

isopach and structure contour maps of Anderson (1978) and Brokaw et al.

(1972). The salt isopachs of Anderson (1978, Figures 4 through 10)

clearly show that no other salt member of the evaporite sequence has

experienced local flow deformation as severe as the Halite-I zone, nor

are the "deep sinks" apparently as prevalent in the middle and upper part

as they are near the base of the Castile. The Halite-IT member of the

Castile mirrors the same thickness trends exhibited by the Halite-I bed,

but in a much muted manner. The infra-Cowden salt is the highest salt of

the Castile-Salado sequence to exhibit marked thickening along the trend

of the buried Capitan reef; it is also the lowest, or first, major salt

bed to overtop and extend beyond the confines of the reef margin in this

part of the basin. Even though no appreciable thickening of Salado salt

above the infra-Cowden is apparent over the Capitan reef margin

(Anderson, 1978), structure contours at the base of the Salado Formation

(= top of Castile) (Jones, 1973) and on the 124-marker bed within the

McNutt potash zone (Anderson, 1978) document that the Salado is indeed

--- ~, arched along the basinward edge of the reef arnd confirm that the salt

deformation which occurs at depth around this margin had imposed an

anticlinal structure on overlying strata, much as Jones (1973) described

(also compare Brokaw et al., 1972 with Jones, 1973).

The evidence presented in this section regarding the subsurface structure

of Castile and Salado halite beds and the spatial relationship of

deformation structures with the bounding Capitan reef margin suggests

that viscous flow of salt was initiated by post-depositional regional

tilting and that the Capitan reef acted as a dam or abutment obstructing

the eastward subsurface viscous flow of the lower part of the salt

section which impinged against it. The salt piled up slightly, as a rug

might when gently pushed against a wall, until. lithostatic equilibrium
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was attained with the superjacent rock mass. That larger, more dramatic

salt plumes were not formed in the Delaware Basin, as they are known to

occur in the Gulf Coast basin, for example, may be attributed to several

factors. Two of these factors are the gentleness of the regional tilt

and perhaps a relatively shallow depth of burial of salt. This would

have resulted in lower lithostatic pressures and relatively higher

viscosity of salt and hence greater resistance to migration. Evidence

from structures nearer the site (e.g., WIPP 11, as discussed in the next

section) indicates that the redbeds overlying the Salado are not always

involved in the structure. This implies that some of the structures may

be Permian in age.

No conclusive evidence establishing the exact time of regional tilting of

the Delaware Basin has yet been found, except that it occurred after

Chinle deposition (Late Triassic time) and before Ogallala time

(uppermost Miocene). King (1948) has proposed that regional tilting took

place in early to mid-Tertiary, concomitant with known Basin and Range

faulting that occurred in the region west of the Delaware Basin, with

relative upthrow of the Guadalupe and Delaware Mountains. Certain

relations of Cretaceous strata, as described and discussed in section 4.5

on geologic history, and the long time span between Triassic and Late

Cenozoic, suggest that there may have been earlier episodes of moderate

regional tilting, of which the present eastward tilt is merely the

resultant vector summation.

Geologic Structure of Salt at the Site. Within the context of the

subregional relationships of deformation in the Castile-Salado evaporite

sequence described and discussed in the previous sub-section, geologic

structural features in the salt lying beneath the WIPP site may now be

reviewed. Figures 4.4-6 through 4.4-10 show, respectively, structure

contours on top of Castile, on the 124-marker bed of the Salado (within

the McNutt potash zone in the middle part of the Salado), on top of the

Vaca Triste member (top of NcNutt), on the 103-marker bed, and on top of

the Salado. Geological sections across the site area are shown on

Figures 4.4-4 and 4.4-5. Gross structure of all evaporite horizons
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reflects the regional easterly homoclinal dip of 50 to 100 feet per

mile. Salt deformation has modified this homocline to a variable extent,

generally more so in the Castile than in the Salado, inasmuch as the

lower halite beds of the Castile appear to have been the most mobile

(refer to subsection 4.3.3).

Seismic reflection surveys performed at the site (G.J. Long, 1977a,

1977b) were designed in part to record the relatively shallow Castile

horizons (for description of the seismic survey programs refer to Section

2.4); survey lines are shown on Figure 4.4-6 along with the well control

points. A reflecting horizon tentatively identified on the seismic

records as the top of Castile (located about 100 feet below the base of

the RH-zone) is contoured on Figure 4.4-6, which also shows preliminary

structural interpretations made from the seismic records. The contours

of Figure 4.4-6 indicate that the easterly regional dip of the Castile is

modified by a broad, northwesterly-trending ridge and saddle

configuration, with crest-to-trough separation of 2 to 3 miles and total

structural relief of up to 400 feet. According to this interpretation,

the normal gradient of bedding in this part of the Delaware Basin (about

100 feet per mile or 1 to 2 degrees to the east/southeast) may be

significantly greater and different in direction locally at the top of

Castile, directly beneath the proposed WIPP underground Facility.

Specifically, Figure 4.4-6, G.J. Long's preliminary interpretation of

structure on the presumed top of Castile about 100 feet beneath the

proposed RH-Zone level, indicates as drawn that local gradients may be as

great as 400 feet per mile (about 4 1/2 degrees) to the south and

southwest.

Northeast of the site, G.J. Long (December, 1977) shows a domal feature

in section 36, T. 31 S., R. 22 E of about 500 feet of structural relief

(Figure 4.4-6). ERDA-6, which was drilled in section 35 just west of the

crest of this feature, encountered a geopressured (artesian) brine

reservoir in the Castile. Studies of the ERDA-6 core establish that the

doming in this area is due to a salt anticline with a core of mobilized

Halite-I salt (Anderson and Powers, 1978); refer to Figure 4.4-4. This
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dome is located within the belt of salt deformation flanking the Capitan

reef (refer to Section 4.4.3.1 and Chapter 2, Figure 2-4) where such

occurrences are to be expected. Artesian brine flow was also encountered

by Belco No. 1 Hudson-Federal over a similar domal. feature southwest of

the site in the Los Medanos gas field area (Section 1, T. 23 S., R. 30

E)., although no salt-cored anticline of the type encountered at ERDA-6

is known to occur there.

The origin of the inferred northwest-trending structural ridge at the top

of the Castile at the northeast edge of the Zone-II exclusion area has

not yet been determined; it may be a depositional structure, or it may

reflect possible past deformation by salt in underlying halite units.

The steepness of the southward gradient suggests possible offset of one

or more anhydrite beds as G.J. Long (1977b) has proposed. By contrast, a

deep seismic reflection profile running southwest-northeast across the

center of the site (Sandia Line 2, G.J. Long, 1977a; compare Figure

4.4-4) detected no anomalies at and below the lower part of the Castile

across the trend of the ridge, whereas a significant anomaly is apparent

in the same profile at the lower Castile-upper Delaware levels across the

Los Medanos gas field southwest of the site (refer to Figure 4.4-4).

The more recent seismic investigation (G.J. Long, 1977b) also defined an'~

area of poor data quality to the north of the site. From the ERDA-6

anomaly westward into Range 30 E. and southward into section 17 at the

north edge of the the site, the quality and continuity of data as viewed

on the seismic records deteriorate. This suggests the possibility of

increased structural disturbance in this area, presumably caused, if

real, by some form of previous salt deformation. Deterioration of the

seismic record can also be brought about by anoimalous or irregular

transmission characteristics of the overlying medium. For example,

near-surface structural disturbance, such as might be caused by

dissolution in the Rustler, or the presence of an anomalously rigid

near-surface layer such as caliche could change the quality of the

seismic record (Dobrin, et al., 1954). A salt anticline at the northwest

corner of Section 9, T22S, R3lE, was suspected on the basis of seismic

reflection data; drilling (WIPP 11) confirmed the structure was present
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in the Castile. WIPP 11 did not show any brine or gas though drilled to

the lower anhydrite of the Castile Formation. This confirms that

anticlinal structures within the evaporites are not always associated

with brine and gas. The apparent non-involvement of the redbeds in the

structure may be interpreted, as noted in the previous section, as

indicating a Permian age for this structure.

At the present time, while these seismic reflection records are

undergoing further study and review, additional seismic reflection

surveys are being undertaken in conjunction with exploratory drilling at

critical locations. The results of these further investigations are to

be reported at a later date.

Figure 4.4-7 presents 10-foot structural contours on the base of the

124-marker bed of the Salado, which is the deepest and most consistently

reported horizon in the potash exploration grid. Figure 4.3-3 provides a

stratigraphic orientation for the 124 bed, which is in the lower part of

the McNutt, or middle Salado; at ERDA-9, the 124 marker is 470 and 1,020

feet, respectively, above the CHi- and RH-level mining horizons selected

for waste disposal. A uniform, gentle eastward regional gradient of 80

to 100 feet per mile across the repository is evident; there is no

suggestion of a northwest-southeast ridge for the Castile (Figure

4.4-6). Two anticlines, or domal. structures, are present, one centered

near the ERDA-6 locality and the other at the Los Medanos gas field. At

both structures, and only at these structures in the map area,

exploratory drilling encountered artesian brine reservoirs in the

Castile. No such structures are indicated by the 124-marker bed contours

to be present within the site exclusion area.

The comparison of Figures 4.4-6 through 4.4-8 to each other indicates

that structural disturbance is present within the Castile that is not

reflected upward to any great extent. Structural relief on the upper

beds is a fraction of that of the Castile. The inferred faulting at

depth has not been confirmed by drilling, seismic data and drilling in

the area indicates salt remains in the Castile rather than disappearing

as any consequence of the faulting.
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Two depressions in the 124-marker bed are indicated to occur near the

site (Figure 4.4-7). In Lea County in section 31 at the east edge of the

map there is a depression with probably less than 100 feet of closure;

this is the same feature identified by Anderson (1978) as a possible

"deep sink", and apparently is related to a greatly reduced or missing

section of the Infra-Cowden (Anderson, 1978, Figure 7). It is nearly 4

miles from the edge of the Zone-II exclusion area. A second depression

of the 124-marker bed horizon is centered about a mile north of Zone-II

exclusion area, at the southwest corner of section 9. A single-hole

anomaly with 50 feet structural closure, it is not reflected by any

isopach anomalies in the Salado (Figures 4.3-4 through 4.3-7), nor does

it correspond to any evident structural feature higher in the Salado

(compare figures 4.4-8 thru 4-4-10). Salt isopach maps of Anderson

(1978) indicate no anomaly at this location, nor does the recent seismic

reflection work by Long (1977b) show subsurface disturbance of horizons

near this point. These negative indications suggest the feature might

have developed contemporaneously with depostion and is not significant to

the WIPP site. Nevertheless, results obtained from exploratory drilling

will be noted and applied if relevant. Higher levels within the Salado

are contoured in Figures 4.4-8 and 4.4-9 (refer to Figure 4.3-3 for

location in section). Within the area contoured on these Figures, which

is somewhat less than the area covered by Figures 4.4-7 and 4.4-10, the

two maps are virtually identical in configuration and gradient and

exhibit no significant structural features other than the regional

S gradient.

Structure contours on top of the Salado, or at the contact between the

Salado and the Rustler, are displayed in Figure 4.4-10. It should be

recalled (Section 4.1) that there is less data control for the top of the

Salado than for deeper horizons in the Salado, because potash industry

exploration practice normally includes coring and geophysical wireline

logging only for horizons below the top of the Salado. Reliable control

for top of the Salado is therefore provided mainly by those potash

exploratory holes commissioned by DOE. Outlined by contours on Figure

4.4-10, the same domal feature associated with the salt-cored anticline
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and brine reservoir encountered by ERDA-6 is still in evidence. The

change from regular contours in Range 31 E. to a more irregular

configuration in Range 30 E. is due to dissolution at the top of Salado,

and is also reflected in the upper Salado isopach map (Figure 4.3-7).

(Refer to Section 6.3 for a discussion of dissolution processes in the

site area.). A 70-foot depression is apparently recorded by an

industrial potash hole (Hole F-91) a mile northeast of the Zone-II

exclusion boundary; two similar but smaller features occur a couple of

miles farther northwest. Since there is no geophysical or core record

available for hole F-91 at the top of the Salado, it may well be that the

first encounter of Salado salt is simply not recognizable in the record

for this particular hole.

Assuming the record is accurate, however, it is not known at this time

whether the apparent depression is a feature of sedimentary origin,

although the horizon is a contact zone between two formations, or whether

the feature is related to post-depositional solution processes. It

should be noted that this apparent depression is about a mile east of,

and structurally about 700 feet higher than, a similar depression

contoured on the 124-marker bed (Figure 4.4-7, discussed above).

However, no such anomalies have been detected on intervening horizons in

the Salado (Figures 4.4-8 and 4.4-9). Furthermore, a line connecting the

two apparent depressions would have a maximum slope of less than .8

degrees. The available evidence therefore indicates that it is unlikely

~ ) that there is a physical continuation of this assumed depression at the

top of the Salado to horizons lower in the evaporite sequence. On the

other hand, there is an approximate spatial coincidence of this

depression with a shallow (less than 30 feet of relief) topographic

depression at ground surface containing mapped playa deposits (Figure

4.2-4). Resistivity profiles (Elliot, 1977) indicate only minor

surf icial disturbance attributable to shallow basin fill with no

indication of probable subsurface collapse structure.
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Preliminary interpretation of seismic reflection data (Long, 1977b) near

the top of the Salado indicated the possibility of faulting, with a

possible displacement of 100-250 feet, less than one mile north of

ERDA 9. Consequently four holes (WIPP 18, 19, 21, 22) were drilled

bracketing the possible location of the faulting (see Figure 2-10) to

validate the interpretation. The resulting borehole data shows no

apparent faulting in this region. The data collected by seismic

reflection for that particular seismic program are not apparently useful

for primary interpretation of the stratigraphy at the top of the Salado.

Revision of field parameters in future surveys may permit more secure

interpretation of data for such shallow reflectors.

A preliminary assessment of the proposed WIPP site relative to structural

features presently indicated in the Salado and Castile salt formation

enclosing the selected CHI- and RH-storage levels can now be stated.

Structure contour maps of various horizons in the Salado Formation

indicate a uniform easterly regional structural gradient of about 80 to

100 feet per mile across the limits of the proposed storage facility,

with little indication of the presence of any significant structural

anomalies. Plastic deformation and buckling associated with salt

migration or flowage has apparently not occurred in the Salado in the

geologic past to the extent that it has in the lower levels of the

underlying Castile Formation. Areas in the region in which artesian

brine reservoirs have been encountered are associated with thickened salt

sections and salt-cored anticlines in the Castile. However, a thickened

salt section and salt cored anticline was drilled in WIPP 11 (Sec. 9, T.

22 S. R. 31 E.) without encountering fluids. Further, the occurrence of

these reservoirs appears to be correlative with consistent structural

highs, delimited by structure contours of successive horizons in the

overlying Salado Formation. No such structural features are recognizable

within the limits of the WIPP storage facility on any of the Salado

horizons contoured; in fact, the site, if anything, appears to be in a

slight structural saddle.
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Among aspects needing further investigation, perhaps the most significant

is a determination of the extent to which the upper levels of the Castile

closest to the repository levels have been deformed by any salt

deformation that may have taken place in the lower halite units of the

Castile. There is no suggestion here of deformation of the type

associated with artesian brine reservoirs. Seismic reflection techniques

suggest, however, that a certain amount of flexure occurs in the upper

levels of the Castile beneath the proposed limits of the repository,

which could possibly affect local structural gradients in the lower part

of the Salado. Faulting on the Castile reflector has also been

inferred. Investigations are in progress to further define and delimit

structural configurations near the top of the Castile and the extent to

which these structures may be reflected within the lower part of the

Salado where excavation of the RH- and CH-levels is presently planned.

This knowledge will permit a more detailed assessment relative to the

location, design and construction of the storage facility but is not

believed necessary for a general qualification of the site area.

4.4.4 Shallow Structure

As discussed in Section 4.4.1, in the Los Medanos area a distinction may

conveniently be made between structural features exhibited by rocks

occurring above unleached salt beds and structural features of all other

strata. The distinction may be made because rocks above the Salado at

the site have at one time or another in the geologic past been subject to

weathering processes and hence might display secondary structures related

to surficial dissolution and subsidence that would not have been imposed

upon deeper strata. Accordingly, shallow structures at the WIPP site have

a potential for greater irregularity and complexity than those which

occur at depth. "Shallow structure" is here defined to include the

Rustler Formation which extends to a depth of about 850 feet beneath the

center of the site (refer to Figure 4.3-3). Figures 4.4-11 through

4.4-15 are structure contour maps on Rustler and higher strata,

constructed from the data obtained fran wireline geophysical logging of

holes drilled at the WIPP site to assess potash reserve potential.
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Shallow Subsurface Structure. Structure contours on top of the Culebra

Dolomite member of the Rustler Formation are shown on Figure 4.4-11

(refer to Figure 4.3-3 for location in site geologic column). The

Culebra is the most productive aquifer in the Rustler Formation. The

closely spaced contours in the southwestern quadrant of the map define a

slope of about 80 feet per mile eastward (compare Figure 4.4-9). The

wider spacing of contours in the eastern half of the map is anomalous

with respect to regional structure and marks the increasing amount of

halite preserved progressively eastward in the Rustler below the Culebra

member. A similar configuration is evident on top of the Rustler, Figure

4.4-12: again the regional gradient appears in the southwestern

quadrant, while an anomalously gentle eastward gradient, in some places

even reversed, signifies thickening due to an increasing content of salt

preserved from dissolution (see Figure 6.3-7). Virtually the same

pattern is observed with respect to the structure contours of the Magenta

Dolomite member (Griswold, 1977). Isopachs of the Rustler (Figure 4.3-8)

show the gradient and amount of eastward thickening. A broad, shallow

depression with 30 to 40 feet of closure near hole P-11 appears near the

northeast corner of the site on both the Magenta and the top of Rustler

levels, but not on the Culebra. Possibly it represents an area of

greater dissolution in the upper part of the Rustler, since Rustler

isopachs show the Rustler is not thickening eastward at this particular

location (Figure 4.3-8)

The area in Figures 4.4-11 and 4.4.-12 wherein the regional gradient is

reflected by the Rustler structure contours identifies the area where the

Rustler has been leached of most of its salt, and hence presumably where

maximum settlement of overlying rocks has occurred, assuming, of course,

that no dissolution took place prior to deposition of overlying Dewey

Lake strata. Jones (1973) supplies a subregional structure contour map

of the Dewey Lake-Rustler contact and recognizes that the unevenness it

shows is due to the added complexities of subsidence (Jones, 1973). A

low resolution seismic reflection survey conducted at the site (C.B.

Reynolds, 1976) suggests the presence in the Rustler of more localized

and higher amplitude irregularities than would necessarily be defined by
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data points in Figure 4.4-12. However, the known top-of-Rustler data

points from potash exploration shown on Figure 4.4-12 are in nearly

complete disagreement with elevations of this horizon interpreted from

the shallow seismic data (Reynolds, 1976). It would appear that the

reflections of horizons in the Rustler obtained by this shallow survey

method are not of sufficient quality to provide a basis for making

structural interpretations. The subsurface data collected to date

indicate that the dissolution of salt in the Rustler has not been

accompanied by the development of highly irregular subsidence structures

in the overlying strata at the WIPP site.

Proceeding higher in the section, the top of Dewey Lake Redbeds (Figure

4.4-13) is the first horizon that does not reveal the eastward gradient

of the Delaware Basin that all lower horizons show. The Dewey Lake

surface across the site area is undulatory, possibly reflecting to some

extent original undulations in the uncomformable Dewey Lake-Santa Rosa

contact mentioned by Jones (1973). A broad depression near hole P-il

with about 50 feet of closure is in the same location as a similar

depression on the underlying Rustler surface (Figure 4.4-12).

Subregional structure contours of Jones (1973) indicate considerable

irregularity of the Dewey Lake surface as is also suggested by Figure

4.4-13, but overall the surface slopes northeastward. Isopachs of the

Dewey Lake Redbeds (Figure 4.3-9) disclose that the west-trending slope

of the Dewey Lake surface at the west edge of Figure 4.4-13 is the result

.~:. )of the Late Tertiary erosion which is associated with the developmnent of

Nash Draw and which completely truncates the Dewey Lake in Nash Draw

itself (Brokaw, et al., 1972). Continuation of this erosion surface to

the east across higher strata is quite obvious in Figure 4.4-14,

contoured on the surface of the Santa Rosa Sandstone. Structure contours

of the Gatuna surface (below Mescalero caliche) (refer to Figure 4.4-15)

show virtually the same configuration as does the Santa Rosa surface on

the east and the Dewey Lake surface on the west, indicating that the thin

Gatuna veneer was deposited over these surfaces after erosion occurred.
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Surficial Structures. Extensive surf icial deposits of dense sand all but

preclude the observation of surface geologic structure at the WIPP site
(Figure 4.2-4; refer to maps by Bachman in Jones, 1973, and by Vine,
1963). The nearest measurements of bedding orientation appearing on
Bachman's map are at the edge of The Divide, some 6 miles northeast of

the center of the proposed WIPP site. The Nash Draw geologic quadrangle

map by Vine (1963) shows no such measurements, for Vine recognized that

dissolution of salt in rocks beneath Nash Draw had caused widespread

slumping of the surface rocks. Thus, they are not indicative of original
structures. He documents places where not only salt but considerable

gypsum has been dissolved. In Nash Draw the Magenta and Culebra dolomite
members of the Rustler are observed in contact, whereas normally, when
leached of salt only, they are separated by 120 feet of gypsum (Vine,
1963). In mapping the overlying Dewey Lake Redbeds, he noted that,

"exposures of the redbeds are commonly tilted or draped into simple
structures as a result of the collapse and swelling that accompanies
solution and hydration of the underlying evaporite rocks. Some

exposures... .along the margin of Nash Draw show a downwarping into
the topographic depression that is presumably the result of removal

of soluble rocks. For this reason, strike and dip readings, even on

the very apparent parallel stratification of the redbeds, do not

necessarily reflect the structure of older rocks" (Vine, 1963).

Jones (1973) affirms that "it is impossible to piece together a

meaningful stratigraphic section from study or mapping of outcrops" in

Nash Draw . n The (exposed) rocks are porous, friable, and loose-textured,

and all are strongly jointed, cavernous, and locally brecciated.W

Stratification is obscured or completely obliterated, and the attitude of

bedding can rarely be determined with any degree of confidence" (Jones,

1973, refer also to discussion of Rustler stratigraphy, Section 4.3.2).

It should be emphasized that this surface evidence of jumbled structure

is restricted to Nash Draw and has not been described for the area

between Livingston Ridge and the WIPP site.

No surface faults have been mapped within 5 miles of the center of the

WIPP site; faults that are mapped at the surface are distant and are

plainly related to collapse features. Bachman's (1976) mapping east of

the WIPP site shows no surface faults. The nearest faults mapped by Vine

(1963) involve Rustler offsets in Nash Draw about 9 miles southwest of

the site in section 18, T. 23 S., R. 30 E. Although he recognized these

faults as being produced by karst processes, involving areas of circular

or semicircular rock deformation up to a few thousand feet in diameter,

he was unsure of how to account for the fact that sone were positive
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topographic features or domes (Vine, 1960; Vine, 1963). Anderson (1978)

believes that they may be the eroded remnants of former caverns in salt

whose roofs had collapsed; the collapsed debris then remained as the

upper part of the surrounding salt was partially dissolved and carried

away (refer to regional geomorphology, Section 3.2).

Livingston Ridge, 4 miles northwest of the site, marks the edge of Nash

Draw, a broad swale developed by a combination of erosional and

dissolution processes. Bachman (1974) mapped occurrences of caliche in

the region around the WIPP site, and noted the structural relationship of

the caliche to depressions such as Nash Draw (refer to structure contour

map of the Mescalero caliche in Bachman, 1976). He concludes that,

n major solution and collapse preceded and followed the accumulation
of the Mescalero caliche in Nash Draw..." (Bachman,1976). "The
Mescalero caliche probably formed on an undulatory stable surface.

.-.Along Livingston, Quehada, and Nimenim Ridges-.the caliche dips
abruptly into the adjacent depressions. The crowding of contours,
the presence of fractures, and the uniform thickness of the caliche
along these ridges indicate that Nash Draw Draw and Clayton Basin
were subjected to collapse after the formation of the Mescalero
caliche. On the other hand... the uniform spacing of the contours in
the area of the Divide between Livingston and Antelope Ridges suggest
that this surface... .approaches its original slope" (Bachman, 1974).

Thus, surface mapping and structural interpretations have found no

evidence of any anomalous structure in the vicinity of the WIPP site east

of Nash Draw that might be indicative of significant differential

subsidence of underlying strata. Such surface features and structural

relationships that are exposed in the area reveal no indication of any

surface faulting at the WIPP site.

In summary, surface and shallow subsurface structure in the vicinity of

the WIPP site has presumably been modified to some extent by loss from

dissolution of 100-200 feet of salt originally present in the Rustler

Formation. The resulting subsidence and settlement would not be expected

to have progressed in a perfectly constant and uniform manner over an

area of several square miles. On the other hand, there is no indication

of the presence of the types of chaotic structure encountered in the

Rustler in Nash Draw, as described by Jones (1973) and by Vine (1963).
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In the Nash Draw area, the widespread collapse structures observed are

due to extensive dissolution in the Salado rather than in the Rustler

alone. Further, the successive erosional stripping of Santa Rosa, Dewey,

and Rustler strata westward into Nash Draw, coupled with the general

eastward regional dip of the evaporite strata, indicates that the amount

of overburden above the level of dissolution actually was much less in

Nash Draw than it presently is east of Livingston Ridge. Thus the

potential for significant differential subsidence to have occurred

beneath the Los Medanos site seems to have been minimized by the

restriction of salt dissolution to beds within the Rustler and by the

relatively high overburden pressure which would have tended to provide

more uniform settlement as salt was being removed. Stratigraphic data

from potash holes drilled in the site area indicate no major

irregularities in horizons above the Salado (Figures 4.4-10 through

4.4-15).

4.4.5 Summary and Conclusions

Jones (1973) concludes that:

"The structure of the Los Medanos area is basically simple and the

rocks are, for the most part, only slightly deformed. Nevertheless,

the rocks have been tilted, warped, eroded, and subroded (i.e.,

subjected to subsurface solution), and discrete structural features

can be recognized. These include: (1) structural features of

regional extent related to Permian sedimentation, (2) intra-

formational folds of limited extent related to "down-the-dip"

movement of salt under the influence of gravity and weight of

overburden, and (3) subsidence folds related to warping and settling

of rocks to comform with the general shape and topography of the

"~---- surface of salt in areas of subrosion...

"On the basis of available geological information, the salt deposits

of (the) Los Medanos area seem in many ways to constitute a suitable

receptacle for use in a pilot-plant repository for radioactive

wastes. The deposits have thick seams of rock salt at moderate

depths, they have escaped almost completely undamaged from long

periods of erosion. The deposits are only slightly structurally

deformed, and they are located in an area that has had a long

history of tectonic stability."

Information that has been developed in the succeeding five years of

investigations has little altered that assessment relative to the
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structural and tectonic conditions present at the WIPP site. Based on

exploration accomplished to date, a series of structure contour and

isopach maps is presented for rocks ranging in age from Devonian to

Pleistocene. This and other information indicates that tectonic faulting

and warping of rocks in the site vicinity seems to be restricted to

Pennsylvanian and older rocks and to have predated Permian evaporite

deposition; certain minor faulting within the thick Permian section

appears to have occurred contemporaneously with sedimentation.

Deformation related to salt flowage has occurred primarily in the Castile

Formation beneath the Salado, and has perhaps modified the regional

easterly gradient to 80 to 100 feet per mile to some extent at the level

of the storage horizons near the base of the Salado. Areas in the

vicinity of the site in which artesian brine reservoirs have been

encountered are associated with thickened salt sections and salt-cored

anticlines in the Castile, but no such structural features are

recognizable within the limits of the WIPP storage facility on any of the

Salado horizons contoured. The site, if anything, appears to be in a

slight structural saddle, a condition considered to be a favorable

criterion for site selection. Dissolution of bedded salt beneath the

site has been resticted to horizons within the Rustler Formation; there

is no evidence that the resulting settlement produced any significant

structural irregularities or collapse features in the overlying strata

within the area of the WIPP site. Investigations are continuing to

further define the extent to which salt deformation in the Castile may

have affected the structural configuration within the lower part of the

Salado where excavation of the RH- and CH- levels is presently planned.

These investigations will permit a more detailed assessment of the

optimum location, design, and construction method of the storage facility.

4.5 Site Geologic History

Three main phases characterize the geologic history of the WIPP site

subsequent to the original establishment of a granitic basement intrusive

complex between a billion and a half-billion years ago, forming the

cratonic crust beneath the site. The first phase, of at least 500
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million years' duration, was a time of uplift and erosion of all

pre-existing Precambrian sedimentary and metamorphic rocks which may have

once been deposited or formed in the site area, eventually exposing the

deep-seated igneous rocks. The second phase was characterized by an

almost continuous marine subm~ergence lasting about 225 million years,

wherein shelf and shallow basin sediments slowly accumulated. This

depositional phase culminated in a comparatively rapid accumulation of

over 13,000 feet of sediment within a relatively brief period lasting 50

to 75 million years, toward the end of which time thick evaporite beds,

mainly rock salt, were deposited. Uplift and subaerial conditions next

returned to the site in the third and final phase, and have persisted

some 225 million years to the present, with the exception of a brief

marine inundation in the middle of that span of time. Periods of

terrestrial deposition alternated with erosional episodes, so that a

series of nonmarine deposits separated by unconformities blanket the

evaporite beds at the site.

Since the first phase mentioned above really reflects the absence of any

evidence in the geologic record at the site for specific events which may

have occurred during the latter part of Precambrian time, the following

review of site geologic history considers only post-Precambrian events.

Additional discussion of geologic history in a regional context is

contained in Section 3.6. The reader is referred to Figure 4.3-2 for

stratigraphic orientation.

The Precambrian basement terrane, exhumed during the vast erosional

regime of late Precambrian time, was first submerged at the start of

Ordovician time, with deposition of the basal Bliss Sandstone. From

Ordovician time through Pennsylvanian time in the southeastern part of

New Mexico where the site is located, marine sediments accumulated slowly

but continuously. Shelf and shallow basin deposition progressed

marginally to or within broad, nearly flat subsiding basin areas of the

Tobosa Basin that formed northern arms of the Ouachita trough (Brokaw et

al., 1972).
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The dominantly carbonate section (dolomite and limestone) from Ordovician

through Mississippian time (a span of roughly 180 million years)

indicates stable shelf and gently subsiding shallow basin environments.

A sandy clastic sequence in mid-Ordovician time (Simpson Group) may

perhaps signify mild uplift of a landmass ancestral to the Central Basin

Platform. Although an Ordovician-Silurian unconformity has been

recognized elsewhere in the region (refer to Section 3.5), none is

evident in the site area. The first significant post-Cambrian emergence

or marine regression occurred during the Early and Middle Devonian, but

the area apparently was a broad plain never elevated much above sea

level. Marine waters reinvaded the area in Late Devonian time,

accompanied by unconformable deposition of distinctive black shale

(Woodford Shale), followed by a return to carbonate accumulation in Early

Mississippian time. Continued subsidence of the area was accompanied by

deep-water deposition of dark, silty shale (Barnett).

The end of Mississipian time heralded significant regional warping and

tectonic activity. Major faulting accompanied upwarp of positive

* tectonic elements in the region, including the Central Basin Platform

area (refer to Section 3.6). These positive land masses provided a more

abundant supply of clastic detritus which was carried into adjacent

marine basins and deposited on moderately warped, tilted surfaces. At

about this time, the tectonic framework of the Delaware Basin began

developmnent. The site area received sandy Lower Pennsylvanian Morrowan

sediment and more or less continuously accumulated sediment over the

remainder of the period as repeated basin margin faulting caused

periodic, strong uplift of the bordering platforms and some warping

within the basin. By the end of Pennsylvanian time, differential

tectonic upwarp had ceased (refer to Section 3.6).

At the WIPP site, sedimentation was continuous from Pennsylvanian into

Early Permian time. In contrast to Pennsylvanian deposition, however,

the Delaware Basin subsided at a greatly accelerated pace during Permian

time, partly by downwarp and partly by downfaulting along pre-existing

basin margin faults. Perhaps the previous Pennsylvanian tectonic
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activity had predisposed the Delaware Basin to more rapid downwarping; at

any rate, a thickness of about 9,000 feet of Wolfcampian, Leonardian, and

Guadalupian sediment was deposited over little more time than had beenW

required for about 2,500 feet of Pennsylvanian strata to accumulate. The

sequence tended to progress from shale to basin limestone to sand,

possibly related to encroachment of the basin margin reef deposits, as

the central part of the basin continued to subside more rapidly than the

shelf areas. Although basin margin reef buildup was active in both

Leonardian (Bone Springs) and Guadalupian (Delaware Mountain) time, it

was not until the latter part of Guadalupian time that continuous,

massive reefs, accreting rapidly to keep pace with continued basin

subsidence, virtually encircled the basin. This process culminated with

the formation of the massive Capitan reef limestone, which approaches to

within 9 miles of the site and delimited the Delaware Basin at that

time. Although for many millions of years previous to this time, various

lesser reef deposits had been encroaching inward upon the basin, the

Capitan reef defined a more restricted area of the Delaware Basin than

was ever the case previously. At the WIPP site, the basin facies

equivalent to the Capitan reef is the Bell Canyon Formation, mostly

siliceous sandstone in lithology. When the Capitan reef eventually

encircled the basin at the close of Guadalupian time, the top of Bell

Canyon was 1,000 to 1,500 feet lower in elevation than its facies

equivalent high on top of the reef only a few miles away. At this time

the reef had closed of f free access of the open sea to the Delaware

Basin, setting the stage for the ensuing precipitation of the Ochoan

evaporites.

As the seawater in the salt basin of Castile time evaporated to brine,

precipitation of anhydrite and limestone, followed by anhydrite and

finally salt (halite) occurred. Several major incursions of seawater

must have refilled the basin, for there are a number of thick, laminated

anhydrite-calcite beds separated by thick salt members. Because this

salt basin was shielded from clastic sediment deposition by high bounding

reefs, the Castile evaporites tend to be the most chemically pure of the

Ochoan evaporites. Eventually the Castile evaporites filled the basin
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enclave to the level of the top of the sheltering reef masses. The

Salado salt then extended Over the top of the still subsiding reefs,

burying them and extending outward into the Permian Basin. Although the

region continued to subside, reef organisms could not survive in the

briny environment, and burial of the reefs by the Salado resulted in the

final disappearance of the Delaware Basin as a paleogeomorphic entity.

The Salado, inasmuch as it formed in a broad, regionally extensive brine

basin not bounded by protective reefs, was more susceptible to clastic

influx, and therefore its halite deposits are generally somewhat less

pure than those of the Castile. Nearly 2,000 feet of mostly rock salt

accumulated before an increase of clastic influx accompanied by a

decrease in salinity caused deposition of Rustler lithologies to occur

(anhydrite more dominant with significant thicknesses of clastic rocks).

Finally in a shallowing sea or on marginal mudflats, the Dewey Lake

Redbeds were deposited as subsidence gradually ended, covering the salt

beds with a thick clastic blanket. This was the final episode, about 225

million years ago, of a remarkable accumulation of marine deposits which

had been first laid down in Ordovician time.

No Lower Triassic strata occur at the WIPP site, nor are they known in

the region (refer to Section 3.6.4). It was a time of general regional

epeirogenic uplift and erosion; only a slight angular unconformity is

present between Dewey Lake strata and overlying strata (Jones, 1973).

¶ According to Bachman (1974), "it is possible that some dissolution of

Permian soluble rocks occurred in the periods of uplift during Triassic

time", but direct evidence of this has not been found in southeastern New

Mexico. Isopachs of the Dewey Lake where it is covered by Upper Triassic

rocks indicate a thickness of about 500 feet. Furthermore, Jones (1973)

indicates the pre-Upper Triassic Dewey Lake thickness decreases

northwestward. Although the actual original protective thickness of the

Dewey Lake westward across Nash Draw and over to the Pecos is now

indeterminate due to later removal by erosion, it is interesting to

speculate whether some dissolution features and processes presently

observed there may not have had their beginning in Early Triassic time,

over 200 million years ago.
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In Late Triassic time inland basin streams laid down floodplain deposits

of the Santa Rosa and Chinle Formations, the first record of non-marine

deposition in the area. The total original thickness of Late Triassic

deposition is not known, because of an erosional surface on the Triassic

of the region. The first erosion to have acted upon the Triassic rocks

lasted from the close of Triassic time to Late Early Cretaceous, a period

which may have lasted as long as 90 million years. In latest Early

Cretaceous time (Washita, about 100 m.y.b.p), a shallow sea transgressed

across the site area and deposited an unknown thickness of marine

sediments. Later erosion removed all but slumped or sunken residual

fragments of a presumably once extensive Cretaceous cover.

These Late Triassic-Early Cretaceous relationships hold important

implications for the history of both salt dissolution and salt

deformation in the Delaware Basin. As Bachman (1974), has stated,

"In central and southeastern New Mexico where Triassic rocks are

preserved they are overstepped by rocks of Cretaceous age. In

general, these Cretaceous rocks rest on progressively older rocks

toward the south and southwest. After cutting across the wedge edge

of Triassic rocks, the Cretaceous rocks rest on Permian or older

strata at many places in southern New Mexico."

By plotting locations of these small Cretaceous outliers and noting the

age of rocks on which they occur, Bachman (1976) reconstructed an

approximation of the Jurassic erosion surface, showing where Permian

rocks were unprotected by Triassic cover and exposed to erosion sometime

during the Jurassic-Early Cretaceous erosional interval. The sketch

shows that Permian rocks along the western edge of the Delaware Basin

were exposed to the atmosphere and presumably eroded during Jurassic

time. "Probably same dissolution of Permian salt and gypsum occurred in

the western part of the Delaware Basin at this time" (Bachman, 1976). To

the extent that "deep dissolution" features are recognized today in salt

at depths of several thousand feet below the surface (Anderson, 1978), it

seems quite likely that similar features would have been present 
and

developing at comparable depths during the Jurassic erosion 100-190

million years ago. Further, considerable dissolution effects could have

been initiated or accelerated during the Cretaceous at times preceding or
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subsequent to Washitan submnergence, particularly in view of the humid or

even tropical conditions known to have characterized the Cretaceous in

North America.

A second aspect of the above-described Triassic-Early Cretaceous

relationships relates to the history of salt deformation at the WIPP

site. Prior to Cretaceous submnergence, Jurassic erosion had bevelled the

blanket of Upper Triassic Dockum sediments to a wedge that pinched out

westward across the Delaware Basin. Evidently, eastward regional tilting

had occurred, at least by the end of Jurassic erosion. Since this tilt

would have involved the underlying salt beds, sane salt flow and

deformation may have occurred at this time. Deformation may even have

continued during the time in which the region was submerged by the

Cretaceous marine incursion and was later covered by an unknown thickness

of marine strata.

Although the duration of the Cretaceous epicontinental marine

transgression is not precisely known for this area, probably early in

late Cretaceous time the sea withdrew; during the remainder of Late

Cretaceous time the area was probably of low relief and only slightly

above sea level (Hayes, 1964). No early or middle Tertiary deposits are

known in the site area, so that geologic events near the site over the 60

million years after the end of Cretaceous time and the beginning of

~/ Pliocene time are poorly known. Major uplift probably took place

concurrent with the Laramide orogeny that occurred farther north and

west. "Probably late in the Cretaceous Period or very early in the

Tertiary Period the entire region was elevated by broad epirogenic uplift

and was tilted slightly to the northeast" (Hayes, 1964). The Cretaceous

rocks were eroded to expose Triassic rocks in the eastern half of the

Delaware Basin and Permian rocks in the western half of the basin. This

erosion again subjected Permian salt to further dissolution (Bachman,

1974), and produced a second erosional truncation of Late Triassic Docku

sediments (Jones, 1973). In Oligocene time (35 m.y.b.p.), lamprophyre
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(basaltic) dikes were intruded in the subsurface along a northeast-

southwest dike trend which occurs about 8 miles northwest of the site;

this is the only post-Precambrian igneous rock known in the New Mexico

part of the Delaware basin.

By Late Miocene time conditions became less arid and eastward- flowing

alluvial distributories began to deposit sandy and gravelly sediment over

an irregular erosion surface. Deposition of these sediments, referred to

as the Ogallala Formation, began as early as 12 million years ago and

ended before the close of Pliocene time, perhaps as early as 4 million

years ago (Bachman and Johnson, 1973). The nearest Ogallala occurrence

is at The Divide, 6 or more miles northeast of the site, where its

maximum thickness is only 27 feet, which is considered to represent an

original, or depositional, thickness (Bachman, 1974).

It is not known whether any Ogallala sediments were ever deposited at or

west of the site, or to what extent dissolution subsidence features were

geomorphically expressed in Nash Draw and southwestward within the

Delaware Basin by the time the erosional plain associated with Ogallala

deposition had developed. Bachman (1976) states that, "by the end of

Ogallala time the High Plains surface was probably continuous westward

across the present Pecos River drainage to the backslope of the

Sacramento Mountains" in the region north of the Delaware Basin but that

"the Ogallala Formation may not have been deposited in the Pecos

depression southward from Carlsbad.... Although same form of major

drainage may have been present in the vicinity of the modern Pecos River

during pre-Ogallala time, (Bachman's) work does not support an

interpretation of thick Ogallala fill southwest of The Divide" (Bachman,

1974). Nevertheless, Bachman (1976) believes "much of the lowering of

the Pecos River Valley has occurred as a result of dissolution of

evaporites in the underlying Permian rocks since Ogallala time."

When Ogallala deposition ceased in Late Pliocene time, the region around

the site was tectonically stable and the climate was arid to semiarid:

during this time a caliche caprock developed on the Ogallala surface.
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Renewed erosion took place during early Pleistocene time following

is Basin-and-Range tectonic activity and rejuvenation of the Rocky

Mountains. At the site the effect of this uplift and increased rainfall

was to cause a renewal of erosional and dissolutional activity. Active

stream erosion in the site area caused a third erosional surface to be

incised into the Late Triassic sediments; in Nash Draw, this erosion cut

deep into the Dewey Lake Redbeds at the same time that Nash Draw was

actively collapsing due to subsurface dissolution. Eventually these

channels and sinks were filled with the Gatuna Formation, which was

derived from reworked Ogallala and older sediments, and a veneer of

Gatuna material was deposited across the Los Medanos Mid-Pleistocene

surface. Bachmnan considers that this erosion and deposition occurred

"during the most humid climatic conditions that have existed in the area

since Ogallala time" (Bachman, 1974), and tentatively correlates the

Gatuna deposition with Kansan time, which ended approximately 600,000

years ago.

After deposition of the Gatuna Formation, a caliche (Mescalero caliche)

caprock formed on the Gatuna surface in a semiarid environment during an

interval of climatic and tectonic stability (Bachman, 1974). Regional

climatic considerations lead Bachman to assign a mid-Pleistocene age for

the Mescalero caliche, which he tentatively correlates with the Yarmouth

interglacial stage, or about 600,000 years before the present (refer to

Section 4.3.2).

Since the formation of the Mescalero caliche some half a million years

ago, little geological activity has occurred at the WIPP site. In the

Pecos Valley a number of Pleistocene surfaces can be identified which

provide some clue to the evolution of the regional drainage system (refer

to Regional Geomorphology, section 3.2.2.1). At the edge of Nash Draw

along Livingston Ridge, the Mescalero caliche is fractured and draped

into the draw, indicating that Nash Draw was subjected to some

dissolution and subsidence in the half million years subsequent to

formation of the caliche, presumably during the more pluvial periods of

Illinoian or Wisconsinan glaciations. Similar evidence exists along
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other slopes and in sinks within and adjacent to Nash Draw, but is not

observed away from Nash Draw in the direction of the site. Perhaps the

most obvious activity at the site has been the formation of a nearly

continuous cover of windblown sand and sand dunes in Late Pleistocene and

Recent time, believed to have been supplied from the east rather than

from the Pecos area to the west. The sand apparently was eroded from the

Ogallala in wet climatic intervals and was blown westward across the area

during dry intervals.

4.6 SUMMARY

Investigations of the site geology for the WIPP define the geology as it

is presently known for determination of the general suitability of the

site. Many of the factors in Chapter 2 are addressed here in Chapter 4.

The ultimate acceptability of the site for a repository may only comne

after the detailed geology of the site is known from underground workings.

The site physiography and geomnorphology shows the site to have been

relatively stable through the last 500,000 years or more. The

development of the Mescalero caliche, and the lack of developed drainage

are indicative. Localized sinks or basins are surficial.

Site stratigraphy and lithology including the evaporites shows continuity

from the regional setting. The evaporites at the site are about 3500'

thick, and include the Castile Formation, Salado Formation and Rustler

Formation from bottom to top. The subsurface structure at the WIPP site

within the evaporites is salt deformation three miles north of the site

center and possibly also one mile north. The structure three miles north

involves deformation of the Castile and lower Salado; drilling (WIPP 11)

showed the deformation to be upward bulging of salt, but no severe

displacements and no brine or gas were encountered. The structure one

mile north appears to be smaller, and is of concern mainly for design of

underground workings. It is being investigated further for this

purpose. Within the site structure contours on evaporite horizons show

areas with slight closure; the range of precision of data from industry
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sources and natural variability can probably account for these features

though slight deformation or dissolution could also be invoked. No

surf icial faults are known at the WIPP site.

The potential repository zones are located in the Salado Formation at

depths from 2730' to 2620' (remote handling) and 2176' to 2074' (contact

handling). These beds are chosen on the combined basis of purity, depth,

thickness, mutual separation, and depth below the potash zone.

The geological history of the site is encompassed in the geological

history of the region.
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BOREHOLE INFORMATION FOR 1

oy 
TABLE

(P HOLE COLLAR SALADO BASE 124 TOTAL

4.NO. T/R/S ELEVATION ELEVATION ELEVATION DEPTH

1 123 21/30134 3170 2182 1382 1880

W 7 21131/31 3333 2743 2046 NIA

FC-63 21131/32 3409 2719 1997 1483

FC-68 21/31132 3430 2610 1881 1644

F-52 21131/34 3485 2626 1970 1623

FC-65 21131/34 3465 2645 185( 1600

FC-69 21/31/34 3461 2632 196? 1562

ERDA-6 21/31/35 3536 2721 1999 2775

AEC 7 21/32/31 3662 2664 1874 3918

C 1 22/30/1 3357 2727 1954 13950

*096 22/30/3 3189 2609 2133 1210

V-168 22/30/3 3170 2060 2108 1173

0-82 22/30/10 3149 2669 2102 1135

0 121 22/30/11 3202 2642 2045 1266

J-A 22/30/11 3191 2673 2014 14923

3-6 22130/11 3220 2626 1991 13950

0-120 22/30/13 3338 2654 1930 1500

D0-48 22)30/14 3337 2627 1937 1524

D-202 22/30123 3323 2703 1981 1443

0 104 22/30/24 3388 2629 1883 1596

P 12 22/30/24 3376 2627 1867 1598

P 14 22/30/24 3358 2671 1939 1545

D-203 22130/26 3317 2647 1965 1443

0-181 22/30/27 3288 2748 2039 1345

D-198 22/30/27 3258 2748 2069 1302

D-229 22130/27 3218 2026 2068 1266

0-232 22/30/27 3258 N/A 2063 1221

D-36 22/30/34 NIA N/A N/A N/A

0-180 22/30134 3210 2790 2063 1230

D-188 22)30/34 NIA N/A N/A N/A

D-230 22/30134 3231 2821 2067 1195

JR-i 22/30/36 3308 2802 2037 17555

D.160 22/30/36 N/A N/A N/A N/A

F-81 22/31/3 3471 2551 1797 1735

F-2 22/31/5 3404 2629 1818 1890

CM-i 22/31/6 3376 2668 1961 14050

V-134 22/31/6 3363 2622 1898 1563

F-70 22/3117 3388 2490 1867 1603

P-82 22/31/8 3382 2472 1781 1684

F -92 22131/8 3420 2470 1688 1818

F-i 22/3119 3422 2482 1781 1747

F .91 22/31/10 3460 2390 1755 1788

AECS8 22131/11 3542 2548 1801 4910

P-20 2V/31114 3553 2450 1662 1995K ~- P-21 22/31/15 3510 24717515
/P-5 22/3 1/1 7 3472 2525 1767 1 830

P-13 22/31/18 3345 2624 1874 1576

D-207 22/31/19 3406 2595 1886 1613

EROA-9 22/31/20 3415 2555 1765 2890

1-376 22/31/20 3410 2570 1819 1702

P-3 22/31120 3382 2596 1803 1676

1-377 22/31/22 3490 2476 1720 1876

1456 22/31/22 3520 2451 1667 1975

p-li 22/31/23 3506 2448 1673 1940

P-19 22/31/23 3546 2429 1629 2000

WRT-1 22/31/23 3595 2406 1596 4766

P-10 22/31/26 3508 2422 1620 2009

P-18 22/31/26 3479 2391 1590 1993

-457 22/31/27 3460 2480 1683 1885

P-2 22/31/28 3478 2470 1683 1895

P-ERDA POTASH HOLE
V-U.S. POTASH CO. (MISSISSIPPI POTASH)
D DTS -DUVAL CORP.
I-INTERNATIONAL MINERALS
PP--PERMIAN POTASH
F-FC -KERR McGEE
N/A-NOT AVAILABLE

-42.



IVICINITY OF THE WIPP SITE
I-1 Best COWy Available

HOLE COLLAR SALADO BASE 124 TOTAL

NO. T/R/S ELEVATION ELEVATION ELEVATION DEP~TH

PA4 22/31/28 3441 2511 1688 1857

P-1 22/31/29 3445 2668 189 1591

P4 22V31130 3554 2695 1892 1573

1 374 22/31/30 3340 2735 1931 1538

P-IS 22131131 330 2168 1957 1466

P-9 2V/31133 3408 2528 1714 1796

0.75 22/31133 3390 2000 1788 1746

D-123 22/31/34 3432 2444 1644 1880

G-1 22131134 3450 2496 1708 4475

JENA 2V/32118 3896 2471 1664 4896

8AS-1 22132/19 3620 2378 1578 4802

FED-i 22/32/31 3627 2294 1441 4777

8-1 23/30/1 3200 2625 2116 14312

1.383 23/30/1 3272 2832 2061 1307

J99-3 23/30/1 3208 2906 2041 15692

D-1 23/3012 3241 299 2032 1310

*D-31 23/3012 3244 2812 2035 1314

* 179 23130/2 3244 2704 1907 1360

D-1 76 23130/3 3197 2702 2076 1223

D 177 23/3013 3151 2741 2066 .188

0.197 2313013 3141 2731 2110 1136

D-227 23/30/3 3246 2616 NIA 1013

0.18 23/30/10 3190 2906 2040 1266

1 278 23130/10 3120 2760 2036 1217

1-373A 23130110 3140 27e5 2036 1242

1.411 23/30/10 3128 2753 2041 1206

1-443 23/30/11 3185 2770 2028 1270

1.445 23/30112 3235 2766 1968 1385

0.TS6 23130/13 3210 2685 1848 1495

PP-19 23130/13 NIA N/A NIA N/A

1-370 23/3C/ 13 3220 2740 1988 1341

1.44 23/30/13 lil0 2730 1976 1345

1-447 23130113 3250 2741 1ool 1480

1.453 23/30/13 3240 2730 1963 1406

1 -385 23/30114 3165 2770 2046 1235

1-442 23/30M14 3170 2756 2007 1275

1444 23130114 3130 2746 2003 1240

I464 23130/14 3170 2735 2000 1300

D 19 23130015 3149 2727 1957 1369

1440 23/30115 N/A NIA NIA NIA

AA 2 23/31/2 3453 2383 1683 5190

1459 23131/3 3418 2482 1679 1855

1468 23131/4 3386 2549 1762 1750

P-8 23131/4 3336 2621 1791 16o0

P 17 23131/4 3340 2626 1806 1660

P.7 23f3l/5 3332 2702 1873 1576

P 16 2313115 3323 2677 1853 1585

Ce-i 23/31/ 3320 2662 1845 4150

JR-7 23131/6 3319 2713 1920 14590

t-384 2313117 3290 2790 1964 1438

1 449 23/3117 3310 2680 1906 1515

PP.7 23/3i/l 3485 2375 1593 2033

PP-6 23/31114 3485 2406 1594 2079

PP1 7 23/31/15 3416 2468 1689 1920

PP-20 23/31/15 3429 2469 1660 1910

1-369 23131/18 326 2715 1871 1539

144 23/31/i8 3200 2625 1900 1510

1 450 23131118 3300 2690 1854 1570

FED-S 23/3217 3539 NIA N/A 4712

REFERENCE:
Adopted from
Griswold, 1977



GCR CHAPTER 5

SEI SMOLOGY

5.1 INTRODUCTION

The study of the Los Medanos site region' s seismicity is of interest for

two reasons. First, it forms the primary basis for the analysis and

selection of reasonably expected vibratory ground motion for use in

aseismic design; second, when considered along with the geology and

tectonic history of the region, it provides some indication of current

and long-term tectonic stability. In this chapter both aspects of the

regional seismicity are discussed.

In Section 5.2 the temporal and geographic distribution of observed

earthquakes in the site region are discussed. The regional seismicity is

considered in two separate time intervals suggested by the type and

quality of information available during each interval. These intervals

are: before 1962, and from 1962 to the present. In the post-1962

period, several specialized instrumental studies are considered in

addition to a more general regional instrumental survey.

Using the information developed on regional seismicity, and some

additional simple assumptions about regional tectonism, a preliminary

analysis of probabilistic vibratory ground motion at the ground surface

~ is derived in Section 5.3 in a way that is useful for seismic design

characterization at the site during its active phase of development and

use. This analysis shows that short-term accelerations during the

operational phase are likely to be very modest. Probabilities at which

higher acceleration levels occur depend almost exclusively on the

assumptions made about the seismic capabilities of the immediate site

area.

Finally, in Section 5.4, regional seismicity is considered as an

indicator of long-term tectonic processes. Regional stress patterns, as

implied by focal mechanism solutions for regional earthquakes and in-situ

stress measurements, and regional tectonism, as implied by earthquake
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recurrence statistics, are both considered. Several tentative

conclusions are reached as a result of this study and are outlined at the

conclusion of this chapter.

5.2 SEISMICITY

In this section the temporal and geographic distribution characteristics

of observed earthquakes in the site region are discussed. Detailed

discussion is restricted to earthquakes within 300 kilometers (about 186

miles) of the Los Medanos site in view of historical analysis by Sanford

and Toppozada (1974).

As always, in studying any single earthquake or group of earthquakes, it

is important to note the date of occurrence in relation to the state of

the art of seismology at the time. The certainty with which fundamental

properties of earthquakes, such as size and location, can be determined

largely depends on the availability and quality of instrumental data.

Prior to 1960, nearly all information on the strengths and distribution

of earthquakes in New Mexico was determined without the aid of

instruments (Sanford, 1965). Therefore, inferences which may be drawn

from pre-1960 seismicity studies are fundamentally different and more

speculative than instrumentally derived parameters.

Instrumental studies of earthquakes in New Mexico began in June 1960 when

high magnification seism~ographs were placed in operation by the New

Mexico Institute of Mines and Technology at Socorro, and by the Atomic

Energy Commission at Sandia Base near Albuquerque (Sanford et al.,

1972). These two stations provided some information on locations and

strengths of earthquakes in central New Mexico, but accurate information

about locations throughout the state was not available until the

beginning of 1962, when additional high-gain stations went into operation

in New Mexico and bordering states (Las Cruces, N.M.; Payson, Arizona;

Ft. Sill, Oklahoma). Also at this time the United States Coast and

Geodetic Survey (U.S.C.G.S.) established a regular reporting station at

Albuquerque. Instrumental seismology for the state of New Mexico as a

whole dates from this time.
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In this discussion the format of a previous study by Sanford and

Toppozada (1974) is followed. Regional seismicity of the Los Medanos

site area is considered in two distinct time frames in accordance with

the types of data available. Preinstrumental data, roughly that before

1962 in the site area, is treated first; a separate study of the later

period for which seismograph records exist follows in several separate

subsections.

Two very recent investigations of seismicity on a much more local scale

affect the Los Medanos site. One involves recordings made on a

continuously operating, vertical component, high frequency system

installed and operated at the site itself by personnel from the New

Mexico Institute of Mining and Technology at Socorro. The principal

objective of this station, which has gathered data for most of the

interval April 5, 1974, to October 29, 1977, and which continues to

function, has been to determine if seismic activity is occurring at or

near the proposed nuclear waste repository at such a low level that it

might not be adequately detected by more standard instrumental data

surveys (Sanford et al., 1976a). The other recent study is one designed

to investigate in detail local small magnitude seismicity in and near the

~- Central Basin Platform of west Texas. To this end, a seismic array

~ centered near Kermit, Texas, has been installed. Initial operation of

this array began in early November 1975, and some preliminary conclusions

have been reached at this time (Hays, 1977; Rogers and Malkiel, 1978).

Both of these recent study efforts will be discussed in separate

subsections of this report.

In a final subsection, two small earthquakes important to the question of

background seismicity level in the immediate site area are discussed.

5.2.1 Preinstrumental Data - Regional

Most historic earthquakes in New Mexico cataloged before seismic

instrumentation occur in the Rio Grande Valley area between Albuquerque

and Socorro. About half the earthquakes of Modified Mercalli Intensity V
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or greater in New Mexico between 1868 and 1973 are in this region. In

conformity with previous studies (Sanford and Toppozada, 1974; Sanford et

al., 1978) these events are not considered to be of immediate concern

for this study and will not be discussed further. As will be seen, the

area within roughly 200 kilometers of the site has experienced'only low

intensity earthquakes prior to the first availability of seismographic

data in 1961; there have been a few modestly damaging earthquakes during

the same interval between 200 and 300 kilometers from the site. The area

up to 300 kilometers from the site is defined as the site region in the

following discussions.

Figure 5.2-1 shows locations of earthquakes occurring before 1961 that

have been assigned epicenters within 300 kilometers of the site. Table

5.2-1 lists the events shown on Figure 5.2-1. Intensities appearing in

this table, and anywhere in this section, are Modified Mercalli

intensities (Wood and Neumann, 1931).

The primary source used was Sanford and Toppozada, (1974), although some

supplemental descriptive material was obtained from Neumann and Bodle

(1932), Neumann (1932, 1938, and 1940), Murphy and Ulrich (1951), Murphy

and Cloud (1954 and 1957), Northrop and Sanford (1972), and Coffman and

Von Hake (1973). An abridged version of the Modified Mercalli Intensity

Scale of 1931 may be found in Table 5.2-2. In the descriptions below,

intensities in parentheses were assigned by Sanford and Toppozada (1974)

based only on their personal evaluation of the data.

1923, mar. 7 El Paso, Texas V Felt in Sierra Blanca (166

kilometers to SE), Columbus (130 kilometers to W), Alamogordo (135

kilometers to N). Newspaper accounts suggest epicenter in northern

Chihuahua. (Sanford and Toppozada, 1974).

1926, July 17 Hope and Lake Arthur, N.M. III Earth sounds heard

in NE direction at Hope; windows rattled at Lake Arthur. (Sanford

and Toppozada, 1974).
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1930, Oct. 4 Duran, N.M. IV A moderate shock felt by many.

Rolling motion, rumbling sound, rattled windows. No damage.

(Neumann and Bodle, 1932).

1931, Aug. 16 Valentine, Texas VIII At Valentine, the point of

maximum destruction, all types of buildings, especially adobe, were

heavily damaged; many chimneys fell. There were some cracks in the

ground, and tombstones rotated both clockwise and counterclockwise.

While people were panic-stricken, there were no fatalities and only

a few minor casualties. There were cracked walls and damaged

chimneys in several towns in Brewster, Jeff Davis, Culberson, and

Presidio Counties. Some rockslides occurred in the mountains.

There were rumbling and roaring sounds. This earthquake would have

been severe in a densely populated region. (Coffman and Von Hake,

1973).

1931, Aug. 16 Valentine, Texas (V) Strong aftershock of intensity

VIII event.

1931 Aug. 18 West Texas V at Alpine, Pecos, Lobo, and Valentine;

IV at Carlsbad, N. Mex. This was preceded by a lighter shock on the

same day. Recorded at Tucson. (Neumann, 1932).

1931, Aug. 19 Valentine, Texas (V) Strong aftershock of intensity

VIII event.

1931, Oct. 2 El Paso, Texas III "To-.day", El Paso, Texas.

Feeble. (Neumann, 1932).

1931, Nov. 3 Valentine, Texas (V) West Texas. Felt at

Valentine. Aftershock of August 16 earthquake. Recorded at Tucson.

1935, Dec. 20 Clovis, New Mexico III-V Two Shocks. A tile wall

in a creamery was cracked. Another report of wall paper being split

(AP news item). (Northrop and Sanford, 1972).
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1936, Jan. 8 Carlsbad, N.M.? (IV) Felt by few; press reports some

property damage (Neumann, 1938). Newspaper account indicates this

earthquake was probably centered near Ruidoso, N.M. (Sanford and

Toppozada, 1974).

1936, Aug. 8 El Paso, Texas (III) Weak shock not felt elsewhere

(Neumann, 1938).

1936, Oct. 15 El Paso, Texas (III) "Earth tremor" shortly before

noon. No details. (Neumann, 1938).

1937, Mar. 31 El Paso, Texas (V) Slight. Felt by many.

(Neumann, 1940).

1937, Sept. 30 Ft. Stanton, N.M. V Slight. Awakened many.

(Neumann, 1940).

1943, Dec. 27 Tularosa, N.M. IV Rattled windows. (Sanford and

Toppozada, 1974).

1949, Feb. 2 Carlsbad, N.M. IV Press reported two distinct shocks

which were felt by several. A few people were frightened. Windows,

doors, and dishes rattled; houses seemed to shudder momentarily.

(Murphy and Ulrich, 1951).

1949, May 23 East Vaughn, N.M. VI Felt over an area of only _

about 1300 square miles. "Results of a questionnaire coverage

indicated the felt area to be a 20-mile strip connecting Pastura

with Vaughn and East Vaughn. Maximum intensity VI at the last named

place where a few things fell from shelves, loose objects rattled

and buildings creaked. Deep rumbling and grinding sounds were heard

before and during shock" (Murphy and Ulrich, 1951). Many people

were awakened and many were frightened. one person felt the shock

while driving a car 20 miles southeast of Vaughn on the highway to

Roswell. (Northrup and Sanford, 1972). i
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1952, May 22 Dog Canyon, New Mexico (about 70 miles northwest Of

Carlsbad). IV Felt by two in ranch house. Windows, doors, and

dishes rattled; house creaked. (Murphy and Cloud, 1954).

1955, Jan 27 Valentine, Texas IV Felt by many. Houses shook

(Murphy and Cloud, 1957) .

As can be seen from the above data, there have been no earthquakes of

epicentral intensity V or greater recorded as occurring within about 200

kilometers of the Los Medanos site when noninstrumental data alone is

considered. The strongest earthquake reported to occur within 300

kilometers of the site was the Valentine, Texas event of August 16,

1931. The reported maximum intensity for this shock was VIII on the

Modified Mercalli scale (Table 5.2-2). Reports of earthquake intensity

for a wide area have been compiled into several isoseismal maps (Neumann,

1932; Sellards, 1933). Intensities in these maps are based on the

Rossi-Forel scale which was subsequently abandoned for the Modified

Mercalli Scale of 1931. Sanford and Toppozada (1974) have assigned

Modified Mercalli intensities on the basis of descriptions of the

earthquake effects for this event and plotted the isoseismal map shown in

Figure 5.2-2. According to this map the intensity at the site was

probably no greater than V. This is the largest known historical site

intensity.

Close to the source, the isoseismals are elongated northwest-southeast

conforming to the structural grain of the region. Further from the

epicenter, the earthquake had higher intensities to the east than west

due to lower topographic relief to the east (Sanford and Toppozada,

1974), differences in attenuation, or some other reason. The data to the

southwest, in Mexico, are particularly sparse.

Two instrumental locations have been published for this earthquake. The

U.S.C.G.S. (Neumann, 1932) places the epicenter at 29. 90N and 104.2 0W

with an origin time of 11:40:15 GMT. Byerly (1934), who made a detailed

instrumental investigation of this earthquake, found the epicenter to be
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at 30.9 0 N and 104.2 0W with an origin time of 11:40:21 GMT. Byerly's

epicenter, 110 kilameters north of the U.S.C.G.S. epicenter is closer to

the region of highest reported intensities and may for this reason be

considered the more accurate of the two. Although neither is

particularly close to Valentine, Texas, the USCGS and Byerly epicenters

bracket this area of max reported intensity fairly well. For the

purposes of Figure 5.2-1 and Table 5.2-1, Valentine, Texas, has been

adopted for the location of the main earthquake and its aftershocks in

agreement with the work of Sanford and Toppozada (1974).

The area over which an earthquake is perceptible can be used to estimate

its magnitude (Slemmons et al., 1965; Wiegel, 1970), although this

relationship is an empirical one different for different regions of the

United States. If a felt area of 4.5 x 10 5mi 2is accepted (1.15 x

10 6km 2) as reported by the U.S.C.G.S. (Neumann, 1932) and a

magnitude-felt area formula for the central United States and Rocky

Mountain region is used (Wiegel, 1970), a magnitude of about 6.4 is

calculated for the Valentine, Texas, earthquake. This result appears

reasonable and is compatible with the maximum intensity reported for the

shock (Sanford and Toppozada, 1974). It is also in good agreement with

the estimate of magnitude for this event calculated at Pasadena

(Gutenberg and Richter, 1954).

Other earthquakes within 300 kilometers of the site were probably not

perceptible or resulted in low intensities in the site area.

5.2.2 Instrumental Data--Regional

As mentioned above instrumental studies of earthquakes in New Mexico

began in June 1960 when high-magnification seismographs were placed in

operation on the campus of the New Mexico Institute of Mining and

Technology at Socorro and by the Atomic Energy Commission at Sandia Base

near Albuquerque (Sanford et al., 1972). Most of the early seismic

research at Socorro was concentrated on near shocks (Sanford and Holmes,

1961, 1962; Sanford, 1963) because of this initial station distribution
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and because information from other stations located in New Mexico and

adjacent states was not available in sufficient quantity for a study of

the seismicity of the entire state. This situation changed about the

beginning of 1962 when stations at Albuquerque and Las Cruces, New

Mexico; Payson, Arizona; and Ft. Sill, Oklahoma; began continuous

operation.

Detailed reports on the instrumental seismicity of New Mexico as a whole

have appeared in a number of publications, principally Sanford (1965),

Sanford and Cash (1969), and Toppozada and Sanford (1972). Collectively,

these papers cover the interval January 1, 1962, through June 30, 1971.

The study of instrumental seismicity in this area, as in any other,

evolved over this 11 year period. Not only did more data become

available as more seismograph stations began operation, but these data

were processed in increasingly sophisticated ways. The ways regional

earthquakes have been located and analyzed duriLng this period are

summarized below. For a more complete discussion, the reader is referred

to the original reports; both those mentioned above and Sanford et al.

(1972), Sanford and Toppozada (1974), Sanford (1976a), Sanford (1976b),

and Sanford et al. (1976b).

The method used to initially locate the earthquakes during the period

January 1, 1962, through June 30, 1964 (Sanford, 1965) was based on the

procedure described by Richter (1958). This is an arc intersection

procedure where: 1) a trial origin time is estimated from measured S-P

intervals, 2) a depth is selected, either 5 kilometers or 10 kilometers,

3) station-epicenter distance is calculated from the P-0 (origin time)

intervals and a T-D curve (in this instance a graph relating travel time

to distance for each of the two depths of focus) and 4) the epicenter is

determined from the intersection of the arcs whose radii have just been

calculated in step 3) above. If no satisfactory intersection occurs, the

process is repeated after adjustment of the origin time estimate. The

time-distance curves used by Sanford (1965) in this process were based on

a simple crustal model close to the average of those found for the region

in previous studies (Tatel and Tuve, 1955; Stewart and Pakiser, 1962;
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Romnney et al., 1962). The crustal model adopted consisted of a single 39

kilometers thick layer with a P-wave velocity of 6.0 km/sec overlying a

half-space with a P-wave velocity of 8.0 km/sec. The two T-D curves, one

for a depth of focus of 5 kilometers and one for a 10 kilometers focal

depth, were calculated using this model.

For earthquakes occurring between July 1, 1964, and December 31, 1967, a

slightly different format was used to present the data (Sanford and Cash,

1969). Whenever available, origin times and epicentral coordinates were

taken directly from U.S.C.G.S. reports. Two types of data distributed by

the U.S.C.G.S. were consulted; the Monthly Sumumary series, or where these

were not yet published, as for the period October 1966 through December

1967, the Preliminary Determination of Epicenters reports. A majority of

the New Mexico earthquakes listed in this period were not located by the

U.S.C.G.S., however. When this was the case, events were located

precisely as outlined above for the earthquakes of January 1962 through

June 1964.

Finally, for initial location of those shocks occurring from January 1968

to June 1971, inclusive, the procedure adopted was identical to that of

the previous reporting period except that for those earthquakes located

by the New Mexico Institute of Mining and Technology a focal depth of 8

kilometers was used to construct the T-D curves (Toppozada and Sanford,

1972).

The method of assigning magnitudes to the erhqa ofNew Mexico has

also undergone some evolution. From the start the idea has been to

calculate a close analog to the Richter local magnitude (M L).

Magnitude can be expressed by the equation M1L=logA-logA0 , where A is

the maximum trace amplitude (almost always the crustal shear wave, Sg,

for local and regional New Mexico earthquakes, Sanford, personal

communication, 1978) in millimeters on the seismogram and A 0is the

corresponding trace amplitude for a calibration earthquake selected as

the standard. The numbers obtair-ý-d for M L are dependent on the

magnification and frequency response of the seismograph used, and on the
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selection of the standard shock. The original Richter scale is based on

the Wood-Anderson seismograph, an instrument which records horizontal

motion, whose natural period is 0.8 second, and whose static

magnification and damping are 2800 and 0.8 critical, respectively.

Furthermore, the standard or zero magnitude event is defined such that it

would produce a trace deflection of one thousandth of a millimeter when

recorded by a Wood-Anderson seismograph at a distance of 100 kilometers.

The direct application of the Richter scale to New Mexico earthquakes was

impossible, because none of the available data came from Wood-Anderson

seismographs. As an initial best estimate, Sanford (1965) decided to

rate the shocks on the basis of the amplitude a Wood-Anderson instrument

would produce had it recorded these shocks; that is, maximum trace

deflections were first converted to ground displacements, which in turn,

were converted to equivalent Wood-Anderson trace amplitudes using the

known response characteristics of this instrument. An attempt was made

to consider response differences between the actual recording seismograph

and the Wood-Anderson seismograph as a function of frequency. The

Richter values for A 0were adopted with no attempt to consider possible

source or wave transmission differences between those earthquakes

occurring in California, where the Richter Scale was developed, and those

occurring in New Mexico. Most of the magnitudes were calculated from the

( ~- \ maximum SH (or horizontally polarized shear wave) ground motions reported

by the station at Las Cruces. When no SH amplitude information was

available from the Las Cruces station, magnitude was assigned on the

basis of the maximum SV ground motion at Albuquerque. The relation

between SV (or vertically polarized shear wave) motion at Albuquerque and

magnitude was established from data on shocks detected by both the Las

Cruces and Albuquerque stations (Sanford, 1965). This initial attempt to

assign magnitudes to New Mexico earthquakes was never intended to be

completely accurate but rather to serve as rough indications of the

relative strengths of shocks.
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Slightly different procedures were followed for magnitudes calculated for

the two later reporting periods of July 1964 to December 1967 and January

1968 to June 1971. In these periods three magnitudes are listed: 1)

U.S.C.G.S., 2) Albuquerque, and 3) Socorro. Magnitudes assigned by the

U.S.C.G.S. (or its later administrative equivalents, such as the National

Oceanic and Atmospheric Administration) are body wave magnitudes (m b)

based on the maximum amplitude of the initial P phase. Magnitudes

calculated from Albuquerque and Socorro seismograms are based on the

amplitudes of the S phases as noted above. For Albuquerque, the maximum

SH ground motion was converted to an equivalent Wood-Anderson trace

amplitude and the previous procedure was used to obtain an estimate of

the equivalent Richter magnitude. A similar procedure was used for

Socorro magnitudes, except that for these computations it was necessary

to substitute maximum SV motion for maximum SH motion. Checks at the

Socorro station indicate SH averages about 1.5 times as large as SV.

This correction factor was included in the Socorro magnitudes

computations. 

: )
Since the initial publication of the 1962-1972 instrumental data C

(Sanford, 1965; Sanford and Cash, 1969; Toppozada and Sanford, 1972)

several additional studies have been undertaken to partially rework this

data. Two of these, Sanford and Toppozada (1974) and Sanford et al.

(1978), are of particular interest since they deal almost exclusively

with earthquakes within 300 kilcmeters of the Los Medanos site. Sanford

and Toppozada (1974) list a total of 34 earthquakes in this area. Of

these, 12 appeared in the previously discussed studies, 13 represented

new locations by the New Mexico Institute of Mining and Technology not

previously published, and the remaining events were taken directly from

U.S. Department of Commerce reports, either the Seismological Bulletin or

Earthquake Data Reports. An updated version of this listing is presented

in Sanford et al (1978). In this update four shocks have been added to

the Sanford and Toppozada (1974) tabulation: February 11, 1964; March 3,

1964; October 20, 1964; July 26, 1972. The last of these is most

noteworthy because of its proximity to the site. This event will be

considered in greater detail in a later subsection. The October 20, 1964
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earthquake is included here in conformity with Sanford et al (1978) even

though this event apparently falls slightly beyond the 300 kilometers

circle specified as the region of interest.

The most significant difference between the 1978 and all previous

tabulations is in the magnitudes assigned to the individual earthquakes.

The shocks listed in Sanford et al. (1978) have local magnitudes (ML

substantially lower than those published earlier by the New Mexico

Institute of Mining and Technology or the U.S.C.G.S. These revised

magnitudes came about because in calculating local magnitudes for single

earthquakes, it was noticed that a systematic increase in calculated

magnitude occurred with increasing distance from the earthquake. This

strongly suggested that more efficient transmission of the phase

producing maximum trace amplitude was occurring in New Mexico than would

be indicated by an uncritical use of the A 0standard earthquake

amplitude attenuation factor of Richter (1958). Therefore, a correction

factor for attenuation differences, as well as another correction factor

for individual station effects, has been incorporated in the latest

magnitude calculations.

Listed in Table 5.2-3 and shown in Figure 5.2-1 are the 38 earthquakes as

they appear in Sanford et al. (1978). These data represent the latest

and best estimate of all significant parameters associated with those

- earthquakes occurring within 300 kilometers of the Los Medanos site for

the interval January 1, 1961, through December 31, 1972.

5.2.3 Specialized Instrumental Studies-Station CLN

With the publication of Sanford and Toppozada (1974), the first phase of

the investigation of southeastern New Mexico seismicity ended. This

early phase was concerned with the estimation of seismicity in the Los

Medanos area based on careful evaluation of available geologic and

seismic data. In early 1974 the emphasis changed. Since at that time no

data were available from a station very near the site area itself, it was

decided that acquisition of new instrumental data from such a station
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would be of immediate value. With the installation of a high-gain

seismograph in the site area, the question of the occurrence of low level

seismic activity at or near the proposed waste repository could be more

meaningfully addressed. Therefore, at the beginning of April, 1974, a

single component (vertical) high-gain, continuously recording seismograph

station (given the letter designation CLN by the U.S. Geological Survey)

was installed in a shack located in a caliche pit very near the proposed

nuclear waste disposal site. Analysis and interpretation of the data

collected by this station may be found in Sanford et al (1976a),

Caravella and Sanford (1977) and Sanford et al (1978). In this section

the findings presented in these publications will be briefly discussed.

The essential elements of station CLN are a short-period, vertical

seismometer (Earth Sciences Ranger SD 211), an amplifier (Astrodata 120),

a film recorder (Earth Sciences RF 220), and a WWVB radio receiver

(Specific Products--T60). The recording rate is 1 mm/sec, a speed that

can produce high-resolution seismograms of small local and regional

earthquakes. At this recording rate, the seismograph requires a film

change every three weeks. Otherwise, the station is self-sufficient.

Five minutes of the WWVB coded time signal is placed on the record every

two hours to assure excellent time control. The ground displacement

response of the seismograph has varied slightly over its operating

lifetime as the free period and percent critical damping of the

seismometer changed. These changes are summarized in Sanford et al.

(1978). However, the magnification response of the system has remained

essentially constant within the frequency range 4 to 30 Hz. The peak

magnification is near 455 thousand times when a factor of 12 for record

enlargement during photographic processing is included. This peak occurs

near 22 Hz.

For most of the time since the station went into operation on April 5,

1974, the seismograph has performed as expected, except for the changes

in response characteristics already mentioned. However, there were times

when no records were obtained and when the station was without time

signals. Table 5.2-4 lists these periods and the reasons for the breaks
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in service. From April 5, 1974, to October 29, 1977, the total reporting

period considered in this subsection, the station was in operation 83

percent of the time.

During the April 1974 to October 1977 period, 291 events identifiable as

local and regional earthquakes (Sg - Pg < 81 seconds, where Sg and pg are

the crustal shear-wave and compressional-wave arrival times) were

recorded at station CLN. For a complete list of these events see Sanford

et al. (1978, Table 3). For each earthquake the date, arrival time

(GMT), and character, whether impulsive or of several phases, are given.

The Sg phase amplitudes (fromn which magnitudes are determined) are also

listed. With the aid of additional arrival times from other regional

seismograph stations, epicenters for 75 of these 291 events were

obtained. This group of 75 events may be further subdivided into those

which are fairly well located (49) and those for which only tentative

epicentral locations may be given (26). Table 5.2-5 lists the origin

times, locations, and magnitudes (and seismograph stations used) for the

seismic events whose epicenters are reasonably well known. A map of

these epicenters is shown in Figure 5.2-3. Table 5.2-6 lists the

remaining events for which there are insufficient data to allow exact

locations. For many earthquakes in Table 5.2-6 two epicenters are

possible because readings are presently available from only two

stations. In this case, the epicenter is listed that is most compatible

with the locations of the well-determined events.

Figure 5.2-4 shows histograms of the number of recorded earthquakes

versus the Sg-Pg interval in seconds. The upper histogram represents the

complete data set at station CLN for all those events whose Sg-Pg

interval is less than or equal to 40 seconds. major peaks in the

histogram occur at Sg-Pg intervals of 8 to 13 seconds, 22 to 24 seconds,

and 31 to 36 seconds. The middle histogram shows those events in the CLN

data set which occurred during local day-time hours (12:00-02:00 GMT),

and the bottom histogram those during the local nighttime hours

(02:00-12:00 GMT). The similarity in shape of the middle and bottom

histograms suggest that explosions from any small number of specific
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sources have been largely eliminated fromi the data set. However, the

disproportionate number of events during the day-time hours (7.62 X

103 /hour) compared to the nighttime hours (5.14 X 103 /hour) does
not rule out the possibility that some cultural sources still exist in

the data set.

Because a substantial fraction of the shocks within each of the prominent

peaks of the histogram in Figure 5.2-4 are located, speculation on the

epicenters for the other shocks is possible. All of the located shocks

within the Sg-Pg distance range of 8 to 13 seconds have epicenters within

the area from 31.7 0 to 32.30N and from 102.8 0 to 103.2oW. These

coordinates bracket a section of the Central Basin Platform centered

roughly on the southeastern corner of New Mexico. All of the evidence

suggests that all shocks with Sg-Pg times fron 8 to 13 seconds are

generated within this section of the Center Basin Platform.

Nearly all of the located shocks with Sg-Pg intervals between 22 and 24

seconds have epicenters within the area from 31.5 0 to 31.850N and

from 102.2 0 to 102.80W. The region defined by these coordinates is

centered on a section of the Central Basin Platform located about 50

kilometers southeast of the southeastern corner of New Mexico. Most

unlocated shocks with Sg-Pg intervals f ran 22 to 24 seconds are believed

to originate from this section of the Central Basin Platform.

The known epicenters for shocks with Sg-Pg intervals f ran 31 to 36

seconds indicate a number of tectonically active regions are contributing

to this peak in the histogram. Notable among these is a region centered

on Valentine, Texas, the site of a strong earthquake in 1931 (Sanford and

Toppozada, 1974), and much of the Tularosa Basin.

5.2.4 Specialized Instrumental Studies--Central Basin Platform

The first earthquake to be located in the Central Basin Platform f ran

instrumental data occurred on February 3, 1965. This event attracted

little attention at first although it was recorded at a number of
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regional stations (Socorro, New Mexico; Lubbock, Texas; Ft. Sill,

Oklahoma; Vernal, Utah; Las Cruces, New Mexico; El Paso, Texas; and

Albuquerque, New Mexico) and was located by the New Mexico Institute of

Mining and Technology (Sanford and Cash, 1969). It was not, for example,

listed in the Preliminary Determination of Epicenters reports of the

U. S.C .G.S.

To learn more about the seismicity of the Central Basin Platform in

conjunction with their study of southeastern New Mexico earthquake risk,

Sanford and Toppozada (1974) examined the total available record from

station FOTX, a Long Range Seismic Measurements (LRSM) station near Ft.

Stockton, Texas, in operation from June 21, 1964 to-April 12, 1965.

Apparently, this is the only high-magnification station (350-400 thousand

times at 1 Hz) to have operated for any substantial period within 120

kilometers of the Central Basin Platform before installation of station

CLAN in 1974. FOTX was in operation at the time of the February 3, 1965

earthquake on the Central Basin Platform. Based on this examination a

number of earthquakes believed to have originated in the Central Basin

Platform were found including two occurring before the February 3, 1965

event. Prior to examination of the FOTX records these two events on

November 8 and 21, 1964 were unknown. All events located by Sanford and

Toppozada in the Central Basin Platform during the operation of FOTX -

~ ) and based primarily on readings from this station - are listed in Table

5.2-7.

The studies by Sanford and Toppozada (1974) suggested earthquake activity

on the Central Basin Platform at a level higher than expected, but were

not conclusive because of the very small amount of instrumental data

available close to this area. About all that could be said at that time

was that eight significant earthquakes (see Table 5.2-8) had occurred

near the Central Basin Platform between November 1964 and September 1971

ranging in magnitude (new revised estimates as discussed in Section

5.2.2) from 2.5 ML to 3.2 ML; that one of these events, August 14,

1966, had an associated maximum intensity of VI on the Modified Mercalli"

scale; and that a number of smaller earthquakes had apparently occurred
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at about the same location during the operating lifetime of station

FOTX. The basis for this latter supposition was that all of the measured

Sg-Pg intervals on the FOTX seismograms yielded an epicentral distance

corresponding to the distance between the FOTX station and the area of

activity on the Central Basin Platform. In addition, for some of the

stronger shocks, arrival times were available from the Las Cruces station

(LCN). The difference between P arrival times at LCN and FOTX was the

same (34.7 plus or minus 0.5 sec) for the unlocated shocks as for the

located events in November 1964 and February 1965. Thus, it is

reasonably certain that the Central Basin Platform has been seismically

active since mid-1964. Since the activity rate was roughly the same at

the end as at the beginning of the 10-month period for which FOTX records

were available, it can be supposed that earthquakes also occurred before

mid-1964. If such activity had occurred, it probably would not have been

detected on the regional seismograph stations then in existence.

The instrumental coverage of this part of the country has improved

markedly in the past several years. The first important improvement took

place in the spring of 1974 when station CLN was installed by personnel

of the New Mexico Institute of Mining and Technology. Data recorded by

this station between April 1974 and the end of October 1977 has already

been discussed in detail in subsection 5.2.3. However, it should be

mentioned that of the 49 earthquakes recorded during this period by CLN

and enough other regional stations to allow accurate location (Sanford et

al., 1978), 24 of them occurred within the active parts of the Central

Basin Platform. Of the 26 less well located earthquakes of Table 5.2-6

and Figure 5.2-3, 13 of them are thought to belong to the Central Basin

Platform area. Thus, for the period of operation of station CLAN through

October 1977 (which represents the last records so far analyzed from this

station) nearly half of the events located within 300 kilometers of the

Los Medanos site have occurred within the Central Basin Platform

The most recent advancement in the instrumental coverage of the Central

Basin Platform area took place with the initiation of operation of the
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Kermit, Texas, seismic array in November 1975. The remainder of this

subsection is concerned with discussions of the operation and preliminary

findings of this array.

Based on the seismicity information developed by Sanford and Toppozada

(1974) the Central Basin Platform was instrumented with an array of

seismograph stations encompassing the largest historical events discussed

above. The purpose of this array is to study, in some detail, the

seismicity of this region which is of interest both because it is

important to the evaluation of seismic risk at the Los Medanos site and

because secondary petroleum recovery projects have been active in this

area for a period roughly coincident with its known seismic activity. It

is hoped that ultimately such a study will answer questions fundamental to

an evaluation of the implications of Central Basin Platform earthquakes to

the tectonism, not only of the platform, but of surrounding regions.

Evaluation of the Kermit, Texas, array data has not yet progressed to this

point, but some preliminary discussion is possible at this time. The

treatment below is largely abstracted from Hays (1977) and Rogers and

Malkiel (1978).

The Kermit seismic network currently consists of 10 self-contained radio

telemetry systems placed in a grid pattern covering 2200 square

kilometers. Each field station is equipped with a single component

~ ) vertical seismometer and accompanying amplifier-transmitter equipmNent.

The seismometers are Mark Products L-4C's with a natural period of one

second and 67 percent critical damping. Typical magnifications range from

25 to 50K near 1 Hz increasing 6dB/octave to 10 Hz. A receiver station is

centrally located at the Winkler County Airport at distances from

individual stations ranging from 12 to 40 kilometers. The current

locations of the 10 array stations are shown in Figure 5.2-5 taken from

Rogers and Malkiel (1978). Those stations designated by a three symbol

code followed by an "A" represent second locations for these instruments.

The moves were usually made to diminish background noise levels or improve

foundation conditions. The initial location of these stations may be

found in Hays (1977). In general, the effect of unfavorable surface
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geology and high cultural noise in this area has posed problems that have

resulted in less than optimum station gain for a micro-earthquake study

(Rogers and Malkiel, 1978).

Once the signals are placed on the phone lines, recording and timing take

place at the National Earthquake Information Center (NEIC) in Golden,

Colorado. Signals from the individual stations are put on film (in a 20

channel Develocorder microfilm recorder) and the highest quality station

(KT7, see Figure 5.2-5) is simultaneously recorded on a Helicorder visible

recorder to provide rapid identification of events of interest. Film

recording speed is 3 cm/mmn and optical enlargement of 20 times permits

resolution of plus or minus 0.01 seconds for impulsive arrivals. Direct

recording of station WWV also insures correct absolute timing.

The average level of detection within the array is given as magnitude

M =D2.0, where M LDis a magnitude determined from the coda length as

discussed in Lee and Lahr (1972). This represents a relatively low array

sensitivity due to the surface geology and unfavorable operating

environment as previously mentioned. Detection threshold for individual

stations varies from a high of M LD= 2.5 in oil fields with sandy

surface conditions to a low of MLD = 0.5 along the west edge of the

array where low levels of pumping, and caliche "bedrock", allow higher

gains to be used. In the discussion below, ML will be used for MLD

wherever the Rogers and Malkiel (1978) data are referenced.

k ~ During the current reporting period (November 1975 through July 1977) 407

- events have been detected of which 135 have been well enough recorded to

be located. These earthquake locations were determined using the

hypocenter location program HYPO71 (Lee and Lahr, 1972) and a four layer

over a half-space crustal model developed by Stewart and Pakiser (1962)

for eastern New Mexico.

of the 135 located events, 56 occurred within the area of the array.

these earthquakes are shown in Figure 5.2-6 and listed in Table 5.2-9. Of

these 56 earthquakes, 22 have been located using the readings from only
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three stations. This is inadequate to allow hypocentral depth to behave

as an unknown in the formal location algorithm so that for all these

events an assigned depth of 5 kilometers is used (denoted 5.00* in Table

5.2-9). For an additional 14 events, locations have been accomplished

using only four stations. In this case the hypocenter may be fixed

deterministically but no redundancy in possible locations exists to allow

some estimate of the uncertainty in the formal location. Thus, of the 56

internal, and presumably best located, earthquakes of Table 5.2-9 only 20

are available with an estimate of both depth and hypocentral uncertainty,

at least in a formal sense.

An interesting independent estimate of the accuracy with which events have

been recently characterized in the Central Basin Platform is provided by a

comparison of earthquakes common to both Tables 5.2-9 and 5.2-5. There

are only four such events. The majority of those earthquakes appearing in

both the Sanford et al. (1978) and Rogers and Malkiel (1978) "well

located" data sets are somewhat peripheral to the Kermit array as will be

U seen below. The location and origin time agreement is very good;

differences averaging 0.04 degree and 0.6 seconds respectively. Such

modest differences can probably be easily explained by minor model

differences and, in the case of the Sanford et al. (1978) data set, focal

depth assumptions. However, estimates of local magnitude, M L, differ

~. significantly. The four events under consideration average over 0.9

magnitude units higher in the Rogers and Malkiel data set than that of

Sanford et al. This point is worth keeping in mind.

Table 5.2-10 lists those earthquakes occurring on the periphery of the

Kermit array with locations that use readings from at least five array

stations. This does not necessarily imply that these events are well

located. In fact, many are given a low location quality factor by Rogers

and Malkiel (1978). Indeed, these authors do not plot the formal

hypocentral positions for earthquakes occurring outside the boundaries of

the array but instead outline zones in which these events apparently lie.

These zones are meant only to be indicative of the general area where

earthquakes appear to be occurring. Both the zone boundaries and formal

locations are shown in Figure 5.2-6.
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The events listed in Table 5.2-10 may be compared with those in Table

5.2-5 in a manner similar to that discussed above in connection with Table

5.2-9. Of the 51 earthquakes around the periphery of the Kermit, Texas,

array as determined by array station readings, 15 also appear in Table

5.2-5. The average origin time difference is greater in this case, being

1.9 sec., and a larger epicenter location difference of 0.1 degree is also

present. Again, the most interesting differences are in local magnitude,

M .* As before, the Kermit array data set shows magnitudes consistently

higher (in this case 0.84 units higher) than the New Mexico Institute of

Mining and Technology values as they appear in Sanford et al. (1978).

Solely to present consistent-looking plots, events listed in Tables 5.2-9

and 5.2-10 and shown in Figure 5.2-6 have been scaled to circumvent this

magnitude disparity. That is, the symbol used for a particular earthquake

epicenter of magnitude ML in Figure 5.2-6 is the same as would have been

used for a magnitude ML-O.85 in previous epicenter plots.

All available data through mid-1977 for the Central Basin Platform have

now been considered. It is clear that continuing effort in this area will

improve the understanding of this seismicity. Before outlining the

speculations that have been made based on information to date, it seems

appropriate here to briefly summarize this seismicity in very general

terms.

There is little doubt that the Central Basin Platform has been seismically

\ V active since at least mid-1964. Its activity before this time will likely

remain speculative. There is no evidence of historical felt reports for

events felt in this area similar to the epicentral intensity = VI

earthquake of August 14, 1966, even though local histories and newspapers

have now. been searched specifically for any such reference (Sanford and

Toppozada, 1974). Conclusions as to the lack of previous seismic activity

on this basis, however, must be tempered somewhat by the knowledge that

this part of western Texas has never had a large population.
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Since the first instrumental detection of events in the Central Basin

platform region, the number of recorded earthquakes has been largely a

function of the number and sophistication of the seismograph stations

available to record them. With the startups of station CLN in 1974, and,

more important, with the Kermit array, large numbers of small earthquakes

are now being noted that previously would have completely escaped notice.

It is now clear that, at least for the last several years and probably for

the last decade, the Central Basin Platform has been the most seismically

active area within 300 kilometers of the Los Medanos site in terms of

number of events.

It is worthwhile here to put the Central Basin Platform activity into

perspective. Even though some events near magnitude 0 are recorded

(Rogers and Malkiel, 1978), fewer than ten detected events are reported

for many months during the operation of the Kermit array. This rate is

relatively low compared with the activity rates of some of the more active

areas in the eastern U.S. such as Blue Mt. Lake, New York (Sbar et al.,

192,or southeastern Missouri (Stauder et al., 1976). The largest known

earthquake to occur in the Central Basin Platform had, by the most recent

estimate, a magnitude of less than 3-1/4. It is very difficult to believe

-~ that any event very much larger than this (say ML > 5) could have

escaped instrumental notice during the past 50 years or so. The

Valentine, Texas, earthquake of 1931, to the south, for example, had an

epicentral intensity of VIII on the Modified Mercalli Scale and was

recorded worldwide (Byerly, 1934). The magnitude of this event has been

estimated to be 6.4 based on the felt area (Sanford and Toppozada, 1974).

The I =VI event of August 1966, where I is epicentral intensity, has

recently been assigned a magnitude somewhat less than 3. In short, the

Central Basin Platform has exhibited some activity since mid-1964, but

this activity has been of small magnitude. There is no evidence to

suggest that moderate or large magnitude events occurred before mid-1964.

Within limits imposed by general regional and worldwide seismographic

capabilities, there is no evidence to allow a determination of the small

magnitude earthquake activity in this area before 1964.
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In the remaining discussion, the causes and implications of the Central

Basin Platform seismicity, as best these have been determined, are

considered. This discussion is speculative since the definitive evidence

critical to a unique view of either the causes or implications of these

earthquakes does not yet exist. Figure 5.2-6 shows the 107 earthquakes of

Tables 5.2-9 and 5.2-10, as well as the approximate boundaries of the

Central Basin Platform and a series of pre-Permian faults inferred from

drilling. These faults, which are all deeply buried, are taken from

1:9600 scale maps provided by Geomap Corporation to Rogers and Malkiel

(1978). From a comparison of fault and epicenter locations it is clearly

not possible to associate the earthquakes with known faulting although an

alignment of epicenters in the southwest corner of the array appears to

occur on a short fault segment. other events or groups of events appear

equally likely to occur in the vicinity of faults as not. In a very

general sense, however, it appears that both the eastern and western

boundaries are active (Rogers and Malkiel, 1978). The basic conclusion

from all instrumental data is that seismic activity is equally likely to

occur anywhere along the Central Basin Platform structure as asserted by

Sanford et al. (1978) without particular regard to small scale structuralW

details such as individual pre-Permian faults.

Attempts have also been made to relate Central Basin Platform seismicity

to secondary oil recovery operations in the area. Both the spatial and

temporal association of Central Basin Platform seismicity with secondary

recovery projects at oilfields in the area are very suggestive of some

cause and effect relationship.

Shurbet (1969) was the first to suggest that seismic activity on the

Central Basin Platform is related to water injection for secondary

recovery of oil. His suggestion was based on the clearly established

association between earthquakes and waste injection into crystalline

bedrock at the Rocky Mountain Arsenal near Denver (Healy et al., 1968).

Subsequently, a direct association between earthquakes and fluid injection

for secondary recovery of oil was established at the Rangely field in

northwestern Colorado (Healy et al., 1972). As the fluid pressure builds



5-25

up during injection, the effective stress across pre-existing fractures

diminishes with an associated decrease in frictional resistance to sliding.

There appears to be a correlation between the number of active waterflood

projects and the first known occurrence of earthquakes in 1964. Although

waterflood projects began in this area as early as 1944, the number of

projects began to increase considerably in the mid-1960's and, on the

average, injection pressures have also increased with time (Rogers and

Malkiel, 1978). A study of the number of active secondary recovery

projects versus time in this area shows a rapid increase in the early

1960's, a peak in 1968, and relative constancy since that time. The

increase in secondary recovery activity occurs prior to, but in rough

conjunction with, the first occurrence of earthquakes in the area. During

the period of operation of the Kermit array, the largest earthquakes

recorded have occurred in the vicinity of the Keystone unitized oil

field. The Dollarhide unitized field, although outside the boundaries of

the array, appears to be one of the most seismically active areas. Other

areas of seismic activity occur, however, that are not within the major

oil field boundaries, and major secondary recovery fields exist that

apparently are not seismically active. Although the evidence is not

conclusive, based on this seismicity pattern and the absence of recent

geologic faulting within the Central Basin Platform it is believed that

- the best working hypothesis at this time is that earthquakes are

associated with the release of low level residual stress by secondary

recovery operations. It is neither proved nor precluded by a

consideration of current best estimates of regional stress regime (Hays,

1977) as discussed in a later subsection.

5.2.5 The Events of July 26, 1972 and November 28, 1974

Questions on the tectonism and seismic activity very near or at the site

are of great interest. For this reason the single most important seismic

event to occur since installation of station CLN at the Los Medanos site

has been the earthquake at 03:35:20 GMT on November 28, 1974 (see Table

5.2-5 and Figure 5.2-3). This earthquake, whose most recently estimated
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magnitude is 3.6 (Sanford et al., 1978), had an epicenter about 40

kilometers northwest of station CLN. If it is an indication of normal

background seismicity in the immediate site area, this event might cause a

reevaluation of previous estimates of seismic risk at the Los Medanos site

by Sanford and Toppozada (1974) who considered the likely principal

sources of site vibratory ground motion to be a major earthquake to the

west, no closer than approximately 115 kilomneters, and a moderate

earthquake in the Central Basin Platform. Because of its potential

importance, this event has attracted considerable notice. It was

prominently mentioned in two studies (Sanford et al. ' 1976a; Sanford et

al., 1978) and was the main topic of another (Caravella and Sanford, 1977).

As may be seen from Table 5.2-5 the event of November 28, 1974 has been

located by the New Mexico Institute of Mining and Technology at about

32.60N, 104.1oW by using phase readings from six stations. An

independent location by the U.S. Geological Survey places this earthquake

at 32.30N, 104.10W. Both solutions give a virtually identical origin

time. At the time of this earthquake, a rockf all and considerable ground

cracking were reported at the National Potash Co. Eddy County Mine. The

location of this rockf all was 32.55 N, 104.040w and it occurred within

about one minute of the calculated earthquake origin time. In view of

this rather remarkable coincidence the question naturally arose as to the

cause and effect relationship of the rockf all to the recorded seismic

event. The issue was whether the source of this event could be related to

a non-tectonic cause such as mine collapse at the Eddy County Mine or if

it should be considered a more normal release of accumulated strain

energy. Clearly the epicentral uncertainty grossly implied by the two

different formal solutions found by the New Mexico Insitute of Mining and

Technology and the U.S. Geological Survey allowed actual spatial

coincidence of rockf all and seismic disturbance. Therefore it was decided

that a more careful location effort would be worthwhile.

As information was being collected for this redetermination effort, it was

discovered that a previous rockf all had occurred at the National Potash

Co. Eddy County Mine on July 26, 1972. A check of past seismograph
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records revealed that a seismic event had been recorded at a number of

regional seismograph stations, too. A subsequent location using these

readings put this event at 32.6 0N, 104.10W and assigned a magnitude of

M L=2.8 (see Table 5.2-3). Thus this event, although weaker, was found

to be located very near the November 28, 1974 event, and study of the

individual station records indicated that its coda was of nearly identical

character to the later event. Since more records were available for the

earlier event, it was decided that a detailed relocation effort would be

attempted for it first. The question of the nature of its source was

still of primary concern.

The relocation method is described thoroughly in Caravella and Sanford

(1977) and will only be outlined here. The origin time was picked by

extrapolation to the S-P interval equal zero intercept of a straight line

fit of S-P versus P data. Such a procedure, using data from all six

stations recording the July 26, 1972 event (LUB, SNM, ALQ, JOT, TUC, and

GOL) yielded an origin time of 04:35:40.4;+ about 3.3 seconds at the 95

percent confidence level. A similar linear regression using only the

first five S-P intervals yielded an origin time of 04:35:43.9 + about 2.8

seconds at the same confidence level. Ultimately, the five interval

origin time was selected because a better location was obtained with it.

To develop a velocity model to use in the relocation effort the following

procedure was adopted: seismic wave arrival times from the underground

nuclear explosion GNOME were noted. This explosion, which was detonated

at 19:00:00 GMT on December 10, 1961, at 32.2640N, l03.866oW (located

about 35 km south of the National Potash Co. Eddy County Mine) was

recorded by many of the stations noted above (see Romney et al., 1962).

From these arrival times, crustal and subcrustal velocities were developed

over the ray paths from GNOME to each individual station. In essence,

each station was modeled as being underlain by two layers over a half

space. The velocity and thickness of the upper layer were assumed known

from independent sources (Reddy, 1966; Romney et al., 1962; Wilson et al.,

1969; Major, 1975; Shurbet, 1975; Toppozada and Sanford, 1976) and the

velocity (and implied critical incidence angles) of the lower (and main)
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crustal. layer was then found by an iterative technique for each station

independently. Subcrustal velocities could then be similarly found.

Corrected crustal velocities (layer two) determined in this way ranged

from 6.31 km/sec to 6.02 km/sec. Thus lateral inhomogeneity is built into

the model.

Using the station-dependent model and the preferred origin time, 95

percent confidence interval arcs were drawn from each station. The

results are shown in Figure 5.2-7. As can be seen, the intersecting arcs

so constructed define a rather large area of approximately 1900 km2.

Although the Eddy County Mine lies very near this area, other locations

within the same area have the same formal likelihood of being the

epicentral location.

The November 28, 1974, seismic event was not relocated in the same way.

Instead, another fundamental question was asked. That is, could the two

events, July 1972 and November 1974, have occurred at the same focus based

on existing seismographic evidence. The test applied is that if the

events had the same hypocenter, the differences in arrival times of

specific phases at common stations should be the same for all stations.

As may be seen from Table 5.2-11 this is not the case for the limited data

set available.

The difference between the smallest and largest time difference is 1.4

sec. Caravella and Sanford (1977) believe this is too large to be

explained by reading errors. The time differences indicate, under this

conclusion, that the two events did not have the same hypocenter, even

though location uncertainties are such that either of them might, by

itself, have occurred at the rockf all site. The time differences can be

explained by locating the hypocenter of the November 28, 1974 event about

10 kilometers northwest or southwest of the July 26, 1972 shock (Caravella

and Sanford, 1977). At this time, then, best available analysis indicates

that both of these small events did not occur at the Eddy County mine and

cannot both be caused by some nontectonic source at that location. In the

seismic risk analysis of the next section, therefore, some background

earthquake activity in the immediate site area is considered.
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5.3 SEISMIC RISK ANALYSIS

In this section, a broad characterization of the site region's seismicity

is developed in a way useful for making conservative earthquake-resistant

design decisions. This risk analysis is intended to be applicable only to

vibratory ground motion resistant design of surface facilities on good

foundations. Generalization of the results of this analysis to less

idealized conditions, such as design of subsurface facilities for shaking

during an earthquake or allowance for poor surface foundation conditions

(should they be encountered), may be accomplished at a later time without

altering the import of the original analysis. However, it must be

emphasized that in this section the risk formally presented is intended to

be a meaningful and conservative estimate of proper design values for

short-term features of the facility. "Short-term" as used here means time

periods on the order of decades. Specifically, it is not believed that

any results presented here can be simply extrapolated to periods of tens

or hundreds of thousands of years even though formal extrapolations of

this kind are possible. This is not a severe handicap in this case.

Although the lifetime of the repository will be longer than the limits of

applicablility of this risk analysis, the length of time for which

vibratory ground motion will be of concern is much shorter (during surface

facilities use) and, in fact, falls well within the intent of this

~ ) analysis.

There are a number of ways to characterize site seismicity in a way useful

for rational design against the effects of earthquake associated ground

shaking. One measure of the proper design value is the maximum historical

site intensity which can be estimated from the historical earthquake

record and some intensity attenuation law, whether this law is explicitly

or only implicitly considered. As noted in the previous section, the

maximum historical intensity at the Los Medanos site is estimated to be

less than or equal to V on the Modified Mercalli Intensity Scale (Wood and

Neumann, 1931). This characterization of earthquake design motion has the

great advantage of being simple and straightforward. It is not, however,

generally used for important structures or facilities because it does not
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provide a basis for estimating whether future events will result in site

intensities exceeding the maximum historical site intensity. This is aW

serious drawback for areas with a relatively short historic record such as

the United States, and especially its western half.

To construct seismic design values for a particular site that go beyond a

simple interpretation of a maximum historical measure of ground motion,

something more than historical seismicity must be considered. Therefore,

the geology of a region is often used in several ways to supplement

historic earthquake data. There are several studies that attempt to

present a seismic zonation of the United States using both seismic and

geologic arguments. The stated intent of one of these (Richter, 1959) is

to present a seismic regionalization showing the maximum reasonably

expectable intensity during future earthquakes on ground of prevailing

character. The Los Medanos; site is in a region of intensity VIII

according to this study. Algermissen 1969) has developed a Seismic Risk

Map that has been closely associated with editions of the Uniform Building

Code since 1970 (Uniform Building Code, 1970, 1973, and 1976) and by this*

association is most directly applicable to an estimate of proper design, of

structures with lifetimes measured in decades. The Los Medanos site

intensity is shown to be V and/or VI in this zonation. Both these seismic

risk maps, which were considered for the site region by Sanford and

Toppozada (1974), are based on essentially the same data. The differences

are due to varying interpretations and intent. That the interpretations

are not really very far apart is indicated by a statement by Richter

(1959) that an individual structure intended for a lifetime of the order

of 30 years might within that life be exposed to shaking of no more than

one scale degree below that mapped. Thus, over several decades, the Los

Medanos site might reasonably be subjected to shaking at around the V to

VII intensity level according to both Richter and Algermissen.

Although based on both historical seismicity and large scale geologic

features, the seismic regionalization maps of Richter and Algermissen do

not explicitly consider frequency of occurrence of damaging earthquakes.

More fundamentally, the subjective decisions implicit in any
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characterization of future earthquake ground motion are largely concealed

and not subject to scrutiny. Any shifts of emphasis or new geologic or

seismic information are, therefore, very difficult to incorporate into

such zonations. In recent years, several procedures have been developed

that allow formal determination of earthquake design parameters to be made

(Cornell, 1968; Cornell and Vanxnarke, 1969), and a number of studies

incorporating these procedures have been performed (e.g., Cornell and

Merz, 1975: Shah et al., 1975; Algermissen and Perkins, 1976). In typical

seismic hazard analyses of this kind, the definition of seismicity is made

by using geologic and tectonic data as well as observed earthquake

locations. The region of study is divided into seismic sources within

which future events are considered equally likely to occur at any

location. For each seismic source area the rate of occurrence of events

above a chosen threshold level is estimated, using the observed frequency

of historical events. The sizes of successive events in each source are

assumed to be independent and exponentially distributed; the slope of the

log-number versus frequency relationship is estimated from the relative

* frequency of different sizes of events observed in the historical data.

This slope, often termed the b value (Richter, 1958), is determined either

for each seismic source individually or for all sources in the region

jointly. Finally, the maximum possible size of events for each source is

determined, using judgment and the historical record (McGuire, 1977).

~ / It is clear from this description that all assumptions, no matter what the

level of subjectivity employed in making them, must be made explicit. In

addition, this method of determining site-specific earthquake risk may be

used for a wide range of geologic and seismic assumptions. In this

section, the method of Cornell (1968) will be applied to the question of

risk as a function of ground shaking at some prescribed level at the Los

Medanos site. Input parameters at each stage of the development will be

taken from current best information available in the literature. These

input parameters are discussed below in some detail following a general

discussion of the mechanics of the Cornell method itself. Finally,

several curves showing probablility of maximum ground surface acceleration

is versus acceleration level, will be presented and discussed for several
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different assumptions about the individual source area capabilities. ~

conclusions that may be drawn from these curves will be considered. ItW

is believed that the data, treated in this way, may be used to arrive at

a general preliminary statement of risk from vibratory ground motion that

is applicable at the site during its active phase of development and use.

5.3.1 The Method of Cornell

Cornell (1968) developed a method to produce relationships between ground

motion parameters, such as peak ground displacement or maximum ground

acceleration, and their average return period. The data used include

best estimates of average activity levels for various potential sources

of earthquakes. Arbitrary geographical relationships are allowed between

these potential sources and the site. Cornell provides a technique for

integrating the individual influences of these sources into the

probability distribution of the ground motion parameter and the average

return period then follows directly. The potential sources are modeled

geometrically in such a way as to permit a solution of closed analytical

form.

In this Section, a calculation is made of the probability that a random

peak ground acceleration n"A" will exceed a given value " a" once an event

of magnitude greater than some threshold level has occurred. Before the

method can be used, a geometric model or characterization of the

potential earthquake sources must be made. Cornell develops the

necessary formulation for point, line, and annular area sources. The

geological structure and seismic history of the Los Medanos site do not

imply that linear or point source models are appropriate, so use of the

technique begins with an approximation of the source regions (Algermissen

and Perkins, 1976) by annular segments (see Fig. 5.3-5). As discussed in

the next subsection, the annular segments are in all cases believed

conservative approximations of the source regions.
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Let acceleration be related to Richter magnitude M and hypocentral

distance R (in kilacleters) by the equation:

a = b exp(b M)R b3
1 2

where a is in units of cr1/sec 2and the values of the constants (b1,

b 2 1 b 3) are discussed in a later subsection. Then if M and R are

assumed to be probabilistically independent within the source areas, the

probability of an acceleration A exceeding a given value a can be

expressed as:

P[IA > al F1 FM(M) = P[IM < (lna + b 3lnR - lnb 1 )/b 2 1

where F(m) is a distribution function of earthquake magnitudes, which can

be calculated using a recurrence relation of the form (Gutenberg and

Richter, 1942):

10gN = a - bM

where a and b are constants.

To find the proportion of events having magnitudes in the range

m<M <m the number of such events (Nmo - Nm) is divided by the total

total number of events with magnitude greater than m 0

F (in) = (N -N)/N =1 exp [B (m -m)
M 111 m 0 0

where m < m - and B is used to denote the constant blnlO. However, it
0

is desirable to impose an upper limit on the magnitude of an event that

may occur in a given source area, i.e., to specify that mn < m < inm
0- - l

Our cumulative distribution function must now satisfy the boundary

condition F M(m > m) = 1 so:

FM M)= C 1i - e xp[1B(m - m)I]
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where C is a constant such that

C = i/[i1 - exp [-B(m 1 - mi] 0 l/ (1 - k)

In this case, the probability expression may be rewritten as

P [A > a] = 1 - F M(m) k [- = exp[-B(m - m 0)]]/(1 - k)

where k =exp [B(m -M )] For values of m less than mi[ A>

a] = 1 while for values of m > inl, P[A > a] = 0.

Aside from the limits on the range of r due to the inner and outer radii

of the annular segment, it is important to note that the condition mi0

m mI1 also places limits on the range over which the above probability

is valid. Specifically, the condition on m implies, for a given

acceleration value a, that:

The lower boundary value of r may be thought of as the distance from the

site within which any event of magnitude mn or greater will result in an

acceleration of a or greater. In other words, the probability is unity

that for values of r less than the cutoff value a random acceleration A

will exceed the chosen a. The upper boundary is the maximum radius from

the site at which an event of magnitude in could have a nonzero

/ A probability of causing an acceleration a, given an attenuation law of the

proper form. A schematic representation of these limits on r, for a

given a, over which the above probability is valid is shown in Figure

5.3-1 (top).

In order to find the cumulative distribution F M(in) for all possible

values of the focal distance and their relative likelihoods, integration

over the annular area under consideration is performed:

P[A Z nua ra 2 a] - 1. f21T r [ 2 a]-f RO(r,6) drde
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where f R,0(r,EO) is the probability density function of R, 0Othe

coordinates of a random focal position within the annulus (see Fig.

5.3-lbottom). Assuming that f R'0) (r,0) is independent of 0, the

probability of the source falling within the annular area bounded by X

(Fig. 5.l-lbottom)is just the ratio of this area to the total area or

F RO(r e) =TX2-A 2 )/rT(Z2 - A2) = (r2 - h2- A2 )/(Z 2 - t2)

so then

f (r, e) = F =2r1(,
2 - A2)

R, ') dr R, E

Substituting the expression for f RE)(r,0D) into the probability

equation and integrating, an expression is found of the form:

PJ v )2 (1 - k )-l1 [Da-B/b2 1 [1
ann. -Aml (-y-l)d' 1 d (Y

- --1r d 2 )1

where

D bB/b2 exp(Bm) :y = Bb /b)-1

The question of the random number of occurrences in any time period is

next considered. It is assumed that for the magnitudes of interest the

\ ~ / occurrence of any event is Poissonian, that earthquakes have equal

likelihood of occurring anywhere within the source area considered, and

that the average occurrence rate, v per year, is constant in time. The

above three assumptions, particularly that of Poissonian distribution of

events, are fundamental.

It may then be shown that the probability that A mx(t), the maximum

value attained by A over a time of t years, will be less than or equal to

a is:

[Ama (t) < a] = exp(-p\:t.)
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where p is the annular area probability, 1PA > aJ 1n. calculated above

and is the average occurrence rate..

The risk or annual probability that A mxwill exceed a is

1 - PA max (t=l) < a]J 1 - exp(-pU)

Sources near the Los Medanos site will be modelled by angular segments of

an annulus. In this case, a simple modification of p in the above

exponential is required but the method is otherwise the same.

The average return period, T, of an acceleration equal to or greater than

a is defined as the reciprocal of P[IA mx> a], that is:

T(years) =l/P[IA mx>a]J

Tables of values of annual risk (and average return period) versus values

of a can be constructed for each source area near and surrounding the

site. The risk at the site arising from all such sources may then be

found by combining the results above in the following way: Consider

source areas A, B, and C to be independent in a statistical sense. Then,

where PABJ ax < a]I is the familiar probability that the maximum

value of A, the peak ground acceleration arising from composite source

area ABC, is less than a at the site, is

PABCA mx< a] = PA [A mx<a OPB [Amax <a I PCIA ax< a]

If it is assumed that all the sources are modeled by annular segments

(i.e., not a combination of annular and line sources), then the composite

probability of exceeding a in terms of the probability results for the

individual areas can be written as

P' [A mx>a] = 1 - P ABC[A max < al
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or:

P AC[A ma a] =1 - [(1 - PA [A max 2 a1).(1 _ PB [A ma 2 a]).(l - P[A mx> a]

This equation is the desired formula for combining the previous

probability results into a composite curve for "risk" which takes into

account influences of all the various source areas near the site.

Thus, given certain input parameters, and estimates of average activity

rates for potential sources of earthquakes, Cornell's method offers the

means by which to make a quantitative estimate of the seismic risk at a

site. Subject to certain fundamental assumptions stated above, the

results can be expressed in a form that is easily applied and interpreted.

In the next subsection, the values used for input parameters such as

constants of attenuation, and average seismic activity rates for

individual source areas, will be discussed. The choice of annular

segments approximating the source areas surrounding the site will also be

discussed in some detail.

5.3.2 Input Parameters

The first input parameters that must be considered are those having to do

with acceleration attenuation as a function of earthquake magnitude and

epicentral distance. An unmodified use of Cornell's (1968) hazard

analysis method requires, as seen above, a law of the form

a=bexp(b M)R 3

1 2
where a is acceleration in cm/sec 2, M is earthquake magnitude, and R is

distance in kilometers. A number of relationships of the above form

exist in the literature (Esteva and Rosenblueth, 1964; Seed, et al.,

1968; Orphal and Lahoud, 1974). In all these studies, however, the

constants bi, b 2 ' and b 3 are found for data collected exclusively,

or almost exclusively in the western part of the United States and are
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therefore applicable there. Recently, several reasons have emerged, both

theoretical and empirical, that indicate fundamental differences in

acceleration attenuation in the central part of the U.S. For example, it

has been demonstrated that the attenuation of body waves (Evernden, 1967)

and surface waves (Mitchell, 1973; Nuttli, 1973a) is appreciably lower

east of the Rocky Mountains than west. This serves to explain the much

larger areas of perceptibility and of damage for central United States

earthquakes than for west coast earthquakes of the same magnitude. It is

also the source of the reluctance here to use previously published

attenuation constants uncritically for this study. With particular

reference to attenuation of acceleration, Nuttli (1973b) found that in

the central United States the acceleration values of greatest engineering

significance may be related to the vector resultants of the vertical and

horizontal components of the sustained maximum surface-wave motion rather

than to isolated peaks. This is true for ground motion at some distance

from the source and for a wide range of magnitudes. The amplitude and

shape of the attenuation curve for surface waves (Lg) in the frequency

range of interest is known (Nuttli, 1973b) so that the accelerations

associated with the Sg/Lg part of the earthquake ground motion coda may

be plotted as a function of frequency and epicentral distance (see

Nuttli, 1973c, Figure 8) for an event of a given magnitude.

The site area is very close to the western margin of the region of

interest in Nuttli's studies so that it is not immediately clear that

central United States attenuation laws are more pertinent than their

western counterparts. It is believed, however, that there are several

reasons for adopting a central United States formula. First, the site

geology seems appropriate. The site is near the western boundary of the

High Plains physiographic province (Sanford et al., 1976b) which extends

eastward well into that part of the continental United States considered

the "central U.S." by Nuttli (1973c). Second, there are features of the

time histories recorded in the site region that are suggestive of kinship

with central United States records. For example, the maximum record

motions are almost always in the Sg part of the coda (Sanford, personal

communication, 1978) in analogy to central United States Sg/Lg motion.



5-39

This feature has the interesting implication that magnitude scales are

most naturally developed for this wave in the site region. Third, as

mentioned in subsection 5.2.2, recent revision in the method of magnitude

determination of events in the source region by stations in this region

has been made necessary by the realization that peak record amplitudes

have not attenuated with distance as quickly as implied by the uncritical

use of Richter's (1958) standard earthquake ground amplitude values.

Finally, the observation made by Sanford and Toppozada (1974) that the

Valentine, Texas isoseismals apparently encompass more area to the east

than to the west of the source is an indication on a very graphic level

that attenuation is less in that direction. All these observations,

although not rigorously indicative, are at least suggestive of

acceleration attenuation in the site region similar to that found

appropriate for the central region of the country. For these reasons, it

was decided to use such a law for this seismic hazard analysis.

Algermissen and Perkins (1976) found that east of 105 0W longitude the

Schnabel and Seed (1973) curve developed from western United States data

was consistent at about the magnitude 7.6 level with the similarly

defined acceleration attenuation curve suggested by Nuttli (1973c) for

the central United States out to distances of about 50 kilometers.

Beyond this distance, the Nuttli curve attenuates at a slower rate.(see

Algermissen and Perkins, 1976, Figure 3). Curves applicable to other

magnitudes are drawn by Algermissen and Perkins (1976) tangent to the

Schnabel and Seed curves, but taking the same general shape as the Nuttli

curve. These curves are shown in Figure 5.3-2 for magnitudes of 4.2,

5.2, 5.6, 6.6, 7.6, and 8.5. It is clear that these curves will not fit

a single attenuation law of the form desired for simple application of

Cornell's (1968) method as discussed in the previous subsection. Such a

form requires not only a constant slope for all distances but a constant

line spacing for equal magnitude intervals. Neither of these

requirements is met by the acceleration attenuation curves taken from

Algermissen and Perkins. The task then is to find proper coefficients

for a Cornell type attenuation law such that the predicted acceleration

* so derived for a given magnitude and distance will be conservative
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relative to the plotted values taken from Algermissen and Perkins. Af ter

some experimentation, the coefficients b =17, b 2=.2 =1.0 were.

selected (Bickers, 1978). Curves using these values are also shown in

Figure 5.3-2 for the same suite of magnitudes. As can be seen from this

figure, the model equation with the above constants yields higher

accelerations for all values of magnitude and distance than the

corresponding Algermissen and Perkins curves and is most closely matched

to these curves in the region 10 kilometers < R < 300 kilometers and

5 < M <6. This adopted attenuation law, therefore, represents a

conservative compromise between the estimated curves of previous authors

and the required form of Cornell.

The next feature needed for hazard curve development for the site is some --

idealization of the regional seismic source areas. Whatever

configuration is ultimately chosen for the geometry and location of the

source regions affecting the site, the fundamental data are basically

regional seismicity and geology. These features of the southeastern New

Mexico region have already been evaluated in the literature (Algermissen

and Perkins, 1976) with precisely the intent of developing an estimate of

maximum acceleration in rock in a probabilistic format. Therefore, it

was decided to investigate the feasibility of using these same source

zones in the slightly different context of the current hazard evaluation.

As originally defined, the probabilistic estimate of maximum acceleration

determined by Algermissen and Perkins (1976) was based primarily on the

seismic record; geologic data, primarily distribution of faults, was

employed only to a minor extent. In particular, the general principle

used by these authors in the construction of seismic source zones was

that future earthquake occurrences are assumed to have the same general

time rate characteristics as the earthquakes in the past in the same

overall region, but that future earthquakes in a particular area might

occur over somewhat more extended areas than indicated by historical

data. In practice, the seismic source zones were drawn using the

following guidelines:
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1) Areas of seismicity where shocks of maximum Modified Mercalli

intensity V or greater have occurred were considered source zones. (Note

that intensity and magnitude are deterministically related by the formula

(Gutenberg and Richter, 1942) Mc = 1.3 + 0.61 0where "M cis the

magnitude corresponding to Ion (Algermissen and Perkins, 1976). Thus

1I = V is equivalent to M c= 4.3). For any given zone the average

distance from the epicenters to the boundary was chosen to be

approximately the average separation distance for earthquakes of the

maximum intensity found there, when these were sufficiently numerous to

establish such a distance. If the maximum intensity earthquake in a

source area only occurred once or twice (as in the case of source areas

in and near southeastern New Mexico), the distance between earthquakes of

the second largest intensity was used.

2) Some zones such as described above were extended to include adjacent

areas where evidence of Holocene faulting is present. This type of

extension was used in the Great Plains and Southern Rocky Mountains where

epicentral clusters could be associated with faults appearing on the

tectonic maps of the United States.

3) From 2) above, areas of known Quaternary faulting are generally

within source z ones, if the faulting is associated with at least

~.- low-level historical seismicity. Except as noted above, Quaternary or

older faulting not associated with historical earthquakes of Modified

Mercalli intensities greater than V or magnitudes greater than 4.0 was

not included within source areas.

Using these principles, the seismic source zones of interest to the

calculation of hazard at the site as drawn by Algermissen and Perkins are

shown in Figure 5.3-3. As seen below, independent studies of regional

Quaternary faulting and the more detailed seismicity studies of the last

several years do not seriously imply the modification of these source

area boundaries with one conceptual exception involving small earthquakes

within the immediate site area. This observation is most directly

supported by considering the historical seismicity through 1972 as shown
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in Figure 5.2-1 in conjunction with the three earthquake source zones of

Algermissen and Perkins as shown in Figure 5.3-3. To aid this

comparison, the epicenters of the former figure have been drafted on to

Figure 5.3-3. It is clear from this superposition that the large

majority of significant historical seismicity conforms well with the

zonation presented. The location of the Valentine, Texas, earthquake and

its aftershocks (if these are formally constrained to share the location

of the main event in this sequence), apparently lie slightly to the east

of the boundary of the southernmost seismic source zone if the Byerly

(1934) location is used. It should be noted, however, that the

instrumental location is not well constrained by the data available at

the time of Byerly's study and, in particular, the epicentral uncertainty

is such that a more southerly or westerly location is equally likely.

For example, as may be seen from Figure 5.3-2 both the U.S.C.G.S.

instrumental location for this event and the town of Valentine, Texas

itself are within the source zone as drawn by Algermissen and Perkins.

For the purposes of this risk analysis, the Valentine earthquake and its

aftershocks are assumed to have occurred within the southernmost seismic

source zone of Algermissen and Perkins.

Of more immediate concern is the scattered residual small magnitude

seismicity occurring throughout the site area which cannot be associated

with any of the source zones as drawn in Figure 5.3-3. This problem was

recognized by Algermissen and Perkins (1976). These authors treated

these isolated earthquakes which could not be associated with known

faults or tectonic features as seismic background and the same shall be

done here. On a nationwide basis these events could have an intensity of

VII or less on the Modified Mercalli Scale and were assumed capable of

happening over broad areas of the midwest; however they produced

acceleration levels below the lowest acceleration contour on their map,

because this contour represented the 0.04g level with a 90-percent

probability of not being exceeded in a 50-year period (Algermissen and

Perkins, 1976). Since acceleration levels for much longer time intervals

are of interest in this study, some more explicit treatment of these

random events will be necessary, and some explicit source zone including
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is the site must be considered. This is the conceptual modification of the

Algermissen and Perkins study mentioned above.

A simple calculation is adequate to show that it is not necessary to

consider any source zone other than the four already mentioned--the three

of Figure 5.3-3 and an additional one including the site. The next

closest source zone of Algermissen and Perkins is approximately 300

kilometers away from the site and all others are even farther away.

Using this distance, the attenuation law considered above and (for the

moment) an arbitrary maximum magnitude 7.5 earthquake, the maximum

acceleration at the site is slightly less than 0.06g. Thus, such a

source zone cannot contribute anything to site accelerations higher than

this at any probability level. Furthermore, as will be more forcibly

indicated in the next subsection where some actual hazard curves will be

discussed, the contributions to probabilities of occurrence from distance

source zones even at lower acceleration levels are insignificant when

compared to the contributions from the closer zones.

An independent estimate of the appropriateness of the source zones as

drawn in Figure 5.3-3 can be obtained from a consideration of faults

offsetting Quaternary geomorphic surfaces. This is an independent

estimate in the sense that no episode of surface faulting associated with

historic seismicity is known in the site region. Nevertheless,

Quaternary faulting has often been used as an indicator of the seismic

activity of an area over a longer time span than is furnished by the

historical seismicity record (e.g. Allen et al., 1965). Sanford and

Toppozada (1974) have made an investigation of fault scarps within 300

kilometers of the disposal site, exclusive of the Permian Basin in which

the site lies. This investigation consisted primarily of a literature

search supplemented by limited reconnaissance of aerial photographs. The

study was restricted to fault scarps offsetting Quaternary alluvial

surfaces because these are the only fault displacements whose age can be

estimated with any certainty. The authors note that tectonic movements

in the area may have occurred during the Quaternary along faults cutting

older rocks, but detection of recent offsets along such faults are nearly
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impossible. Bachman and Johnson (1973) have completed a detailed

investigation of the surface features in the Permian Basin which

indicates recent fault scarps of a tectonic nature do not exist in this

area. Since completion of the Sanford and Toppozada (1974) study,

further studies on the existence or nature of fault scarps in the general

site region have been actively pursued by Dr. Muehiberger and his

students of the University of Texas, Austin (Sanford et al., 1978). To

date, the most recent data are consistent with the picture derived from

the earlier studies. That is, the Rio Grande Rift and southern Basin and

Range provinces have abundant geologic evidence - primarily recent fault

scarps - of recent crustal movements (Sanford et al., 1972; Muehlberger

et al, 1978) whereas the High Plains, which is the physiographic province

of the Permian Salt Basin in the site area, does not. The closest known

Quaternary offset is about 125Km from the site.

Shown in Figure 5.3-4 are the faults noted by Sanford and Toppozada

(1974) and Muehlberger et al. (1978) superimposed on the Algermissen and

Perkins source zones. The references used in construction of these fault

traces are Talmage (1934), Reiche (1938), Kelley (1971), Dake and NelsonW

(1933), King (1948, 1965), Kottlowski (1960), Kottlowski and Foster

(1960), and Pray (1961). Also shown is the eastern boundary of the area

of investigation of Sanford and Toppozada, that is, the western boundary

of the Permian Basin.

It is clear that the Quaternary faults are completely contained within

)the two western seismic source zones of Algermissen and Perkins. These

two zones may be combined under the name "southern Basin and Range--Rio

Grande Rift" source zone since they include the parts of those provinces

significant to the evaluation of probabilistic acceleration at the site.

The reason for combining the two original zones is implied by a

comparison of Figures 5.3-3 and 5.3-4. Although the historical

seismicity has been of a higher level in the more southerly of the two

zones (Algermissen and Perkins assign a maximum intensity of VIII to this

southerly zone to correspond to the Valentine, Texas, earthquake and one

of only V to the northern zone), the Quaternary fault offset strongly
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suggests that to insure conservatism this pattern should be considered a

happenstance of the short historical earthquake record. Thus for the

purposes of this analysis, the seismic capabilities of the southern zone

will be shared by the region to its north. Although only epicenters of

earthquakes occurring prior to 1973 are shown in Figure 5.3-3, the

implications of more recent activity as they affect the southern Basin

and Range--Rio Grande Rift source zone (which will be referred to only as

the Rio Grande Rift source zone in the following discussion for brevity)

are similar. For example, Figures 5.2-3 and 5.2-4 show that the known

epicenters for shocks between April 1974 and November 1977 with Sg-Pg

intervals at station CLN from 31 to 36 seconds occur in apparently

historically active regions, notably centered around Valentine, Texas and

much of the Tularosa Basin. That is, they occur precisely in the Rio

Grande Rift source zone as defined above.

One important implication of these studies is that the easternmost of the

three Algermissen and Perkins source zones, that corresponding to the

post-1964 seismic activity around Wink, Texas, on the Central Basin

Platform, is based on seismic evidence alone. This activity was

discussed in detail in subsection 5.2.4. For the purposes of specifying

a conservative source zone geometry, the only geometrical issue with

regard to the Central Basin Platform source zone, then, is the closest

approach of the Central Basin Platform relative to the source zone used

to model it. Shown in Figure 5.3-4 is an outline of the buried Central

Basin Platform as it appears in Rogers and Malkiel (1978). It may be

easily seen that the closest approach to the site of the Algermissen and

Perkins Central Basin Platform seismic source zone implies its use is

adequate. Therefore, this zone, as drawn, will be used for the model to

be developed. The general model will consist of three source zones:

1) The Rio Grande Rift zone drawn by combining the western source zones

as discussed above.

2) The Central Basin Platform zone as shown in Figure 5.3-4.
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3) A site source zone centered at the site and with a radius to be

spec if ied below.

There are two purely geometrical issues to be resolved. The first

involves specifying a focal depth for the events in each of the source

zones. The second is really an exercise in adapting the irregular zones,

as shown, to Cornell's method much as it was necessary to adapt the form

of the attenuation law.

There is little doubt that the focal depths of earthquakes in the site

region should be considered shallow. As we saw in subsection 5.2.2,

early instrumental locations were achieved using-an arc intersection

method employing travel-time-distance curves calculated fromi a given

crustal model and the assumption that focal depths were either 5

kilometers, 10 kilometers, or for later calculations, 8 kilometers. Good

epicentral locations could generally be obtained under these

assumptions. Confidence in calculated or assumed focal depths is greatly

increased, of course, if at least one recording station is situated not

much farther away from the epicenter than the focal depth. This

situation is not generally realized for New Mexico region earthquakes but

several specialized studies for which this criterion has been satisfied

are suggestive. For an approximately two-year period beginning in June

1960, several hundred natural microearthquakes having S-P intervals of

*less than 2.3 seconds were recorded by high-magnification seismographs

west of Socorro, New Mexico (Sanford and Holmes, 1962). Rather detailed

studies of the depths of these events indicated hypocenters ranging from

2.7 to 6.3 kilometers. More recently, and nearer to the site,

preliminary data from the Kermit, Texas, array indicate focal depths

ranging from very near the surface down to about 10 kilometers although

only about 20 percent of the events are located at depths greater than

about 3.7 kilometers (Rogers and Malkiel, 1978). For the formal

instrumental location procedure with array data, an initial trial

hypocenter at 5 kilometers depth is used by these authors.
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Within the range discussed - that is, focal depths of from 0 to 10

kilometers - the issue of selecting a proper depth for the probabilistic

acceleration analysis at this site is clearly important only in the site

source zone itself. For example, the difference in hypocentral distance

- the distance to be used in the acceleration attenuation formula - for a

closest approach event in the Central Basin Platform is only 1.93

kilometers in this depth range assuming that the closest approach of this

source zone is 25 kilometers as is indicated by Figures 5.3-3 or 5.3-4.

This is clearly the greatest difference of this kind outside the site

source zone. Within the site source zone the selection of focal depth

can be, formally, very important simply because the form of the

attenuation law used asymptotically approaches infinite acceleration at

very small distances. This is certainly not mechanically realistic and

is not the intent of the empirical fitting process to an attenuation law

of this form. There is some empirical evidence that the rate of increase

of peak acceleration with decreasing hypocentral distance becomes less as

the zone of energy release is approached. This is the case for example,

for the Parkfield and San Fernando, California earthquakes of 1966 and

1971, respectively (see Page et al., 1972, Figures 4 and 6). Some

empirical acceleration attenuation curves make use of this property in

extrapolating to the vicinity of energy release. Most importantly for

our purposes here, the attentuation curves of Schnabel and Seed (1973)

are constructed in this manner and it is these curves that form the basis

for near-source acceleration as a function of magnitude used by

Algermissen and Perkins (1976). Since it is the intent here to follow

these authors insofar as conservatism allows, it was decided to use a

focal depth of 5 kilometers in all source zones of this study including

that of the site. For smaller hypocentral distances, the form of the

attenuation law adopted here deviates significantly from that suggested

by Algermissen and Perkins in such a way as to severely exaggerate the

importance of very small but very close shocks in the estimation of

probabilistic acceleration at the site pertinent to design. This may be

seen from Figure 5.3-2.
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The manner in which the irregular source zone geometry of Figures 5.3-3

and 5.3-4 may be adapted to the method of Cornell (1968) is shown in

Figure 5.3-5. As has been implied above, the seismicity of the site

region is, at best, poorly related to observed faults - whether observed

Quaternary faults do not occur, as in the case of the Central Basin

Platform source zone (Rogers and Malkiel, 1978) or whether they do, as in

the case of the Rio Grande Rift source zone (Sanford et al, 1972). Since

the boundaries of the latter zone are so drawn as to be as close or

closer than known recent faults, conservatism is served by allowing the

largest earthquake postulated for specific faults within the region to

occur randomly throughout the region. For these two reasons, lack of

apparent fault control and additional conservatism, areal source zones

were used (see subsection 5.3.1). Thus the object is to approximate the

given source zones by a series of annular segments. This is done in such

a way that total source zone area is conserved, and such that excluded

area of the Algermissen and Perkins zones is replaced by annular areas

closer to the source. Finally, closest approach distances are

conserved. These criteria are followed in construction of the pattern in

Figure 5.3-5. The site source region is drawn to be centered at the site

and to include all area not already in another source zone. The radius

of this site source zone will be determined by magnitude restrictions.

With the attenuation law and geometry defined for this hazard analysis,

the question of the right recurrence formulas for each source zone is

next addressed. A number of empirically fitted curves of the form logN-

a - bM have been published for the site region in a broad sense (Sanford

and Holmes, 1962; Algermissen, 1969). As before, N is the number of

earthquakes of magnitude greater than or equal to M in some area and over

some time period. The constants a and b are determined by fitting the

data, usually in a least squares procedure. Although data for any time

period may be used, all the formulas considered explicitly here will be

normalized to one year. In addition, all formulas will be normalized to

source areas of 10 5square kilometers for ease of comparison. For

these broad regional studies, b values around 1.0 have been found.



5-49

Several studies published recently regarding the immediate site region

are not in good agreement with the previous results. For example, graphs

of magnitude versus number of earthquakes for events within 300

kilometers of the site exclusive of shocks from the Central Basin

Platform and aftershocks of the 1931 Valentine, Texas earthquake yield

recurrence formulas of the form

10gN = 1.65 - 0.6M L per yr per 10 5km2

using instrumental data only, and

logN = 1.27 - 0.6M L per yr per 10 5km2

using both historical and instrumental data (Sanford and Toppozada,

1974). Because the numbers of shocks used to establish the linear

portions of these curves is very small (16 and 25, respectively), and the

total time intervals over which data were collected is very short (11 and

50 years, respectively), an error in the slope (or b value) is quite

possible. In fact, a certain dissatisfaction with these results on the

part of Sanford and Toppozada is indicated by their developm~ent of

alternate curves somewhat arbitrarily defined to have a slope of 1.0

instead of 0.6. Algermissen and Perkins (1976) calculate recurrence

curves for a number of their source zones. For example, for source zone

45 (as defined in either Figure 5.3-3 or 5.3-4) they find the equivalent

of

-~5 
2

)logN =0.53 - 0.52 M C per yr per 10 km

while for source zone 43, no formula is found, presumably for lack of

data. Clearly, the difficulties of finding meaningful recurrence

relations for such a short and areally restrictive interval in a region

of lowi seismicity are formidable. Another problem is also implied by the

last two equations. Magnitude M cin the Algermissen and Perkins
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formulation is somewhat vaguely defined, as mentioned above, as the

magnitude corresponding to 1I in the equation:

m = 1.3 + 0.6 1
C 0

where 1I is maximum intensity on the Modified Mercalli Scale. There

seems to be no rigorous and straightforward way to relate this magnitude

to the M Lof Sanford and Toppozada. Even the definition of ML , upon

which developmnent of recurrence curves is fundamentally dependent, has

been revised in the past few years as was seen in subsection 5.2.2

Fortunately, recent work (Sanford et al., 1976b) allows a preliminary

treatment of the data that circumvents the worst of these problems. This

recent study is based on eleven years of instrumental seismicity data

which have been reinterpreted with respect to magnitude. In addition,

recurrence formulas are computed for broad physiographic regions of New

Mexico vastly increasing the data base. The criterion used in this

current hazard analysis will be to use the Sanford et al. (1976b)

recurrence formula for the physiographic province in which an individual

source zone occurs with the value scaled down to reflect area

differences. For example, Sanford et al. (1976b) find

logN =2.4 -1.0 M L per yr per 10 5km2

for the High Plains province where the site is located, and

logN =2.5 - 1.0 ML per yr per 10 5km2

for the Basin and Range - Rio Grande Rift region. The area of the High

Plains province of interest for this analysis is approximately 3.4 x

10 4km 2surrounding the site but exclusive of part of the Central

Basin Platform. Thus the proper recurrence formula becomes

logN = 1.93 - ML Site source zone
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0 Similarly, the part of the Southern Basin and Range - Rio Grande Rift

region of interest has been referred to in the above discussion as the

Rio Grange Rift source zone and had an area of about 1.15 X 10 5km2

The proper recurrence formula becomnes

logN = 2.56 - 1.0 M L Rio Grande Rift source zone

This leaves only the Central Basin Platform which is essentially a

special case. Although the above two formulas were developed for areas

near 2 X 10 5km 2in extent with the increase in confidence therefrom

derived, this cannot be done for the Central Basin Platform source zone

because it is unique and very limited in area. It, therefore, cannot be

treated as simply a scaled-down version of some broader region. Although

recent work using data from the Kermit array (Rogers and Malkiel, 1978)

is available for this source zone, it was decided to use the recurrence

formulation of Sanford et al., (1978) for this hazard analysis both for

consistency in approach and because this treatment is the only one to

* calculate a recurrence formula for this source zone using revised

magnitude estimates. Based on the seismnicity detected in the Central

Basin Platform since the installation of station CLN in April 1975, the

cumulative number of shocks versus magnitude may be expressed as

logN = 3.84 - 0.9 ML per yr per 10 5km2

Assuming that the active portion of the Central Basin Platform had an

area of 8 X 10~ km during this period (Sanford et al, 1978) the

~ ) proper recurrence relation becomes:

logN = 2.74 - 0.9 ML Central Basin Platform source zone

These are the recurrence relationships used in the current hazard

analysis for the site.

One feature of several of these recurrence formulas is apparent: that

is, they are very similar when normalized to equal source areas. This is



5-52

somewhat surprising in that the geologic indications of recent tectonism

vary from source zone to source zone. One way in which the seismic and

geologic data may be reconciled is to impose some upper limit on the

magnitude of the earthquake that can occur in the geologically quiet

areas that is less than the maximum magnitude event that can occur in

source zones with evidence of Quaternary tectonism in the form of fault

offset. This will be discussed in a later section but is mentioned here

as a preface to the final aspect of source region characterization

necessary to perf orm a hazard analysis: that is, maximum magnitude event

within each source zone.

It is clear that a simple consideration of maximum historical magnitude '~-

within each of the three source zones as specified above will not be

adequate to assure conservatism. This is particularly true of the

northern part of the Rio Grande Rift source zone (Zone 43 of Algermissen

and Perkins, 1976) where a maximum historical intensity of only V is

known. As discussed above, the fault scarps in this area, particularly

along the margins of the San Andres and Sacramento Mountains, indicate

the strong possiblity that major earthquakes have occurred in this region

within the past 5 X 10 5years. The length of the faulting in these two

areas (about 60 to 100 kilometers) suggests earthquakes comparable in

strength to the Sonoran earthquake of 1887 (Sanford and Toppozada,

1974). This major earthquake (M=7.8) produced 80 kilometers of fault

scarp with a maximum displacement of about 8.5 mn extending southward from

the U.S. - Mexico border at about 109 0W longitude. Sanford and

Toppozada (1974) assume that a similar event is possible in the future

west of a line in good agreement with the eastern boundary of the Rio

Grande Rift zone as shown in Figure 5.3-5. This eclipses the more

southerly Valentine, Texas, earthquake whose magnitude has been variously

estimated to be 6.1 (Algermissen and Perkins, 1976) and 6.4 (Sanford and

Toppozada, 1974). For the purposes of this analysis, a maximum magnitude

event of 7.5 will be assumed able to occur anywhere within the Rio Grande

Rift source zone in general agreement with Sanford and Toppozada.
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Selection of maximum magnitude events for the site source zone and the

Central Basin Platform source zone is more difficult. Algermissen and

Perkins (1976) assign a maximum historical intensity of VI to the Central

Basin Platform. This is presumably the earthquake of August 14, 1966

which has been assigned this intensity in United States Earthquakes, 1966

(Von Hake and Cloud, 1968). On the basis of this intensity and the

empirical relationship of Gutenberg and Richter (1942):

M = 1.3 + 0.6 I
0

a maximum magnitude event of 4.9 has been selected for the Central Basin

Platform by Algermissen and Perkins (1976) as appropriate for their

probabilistic acceleration analysis. The magnitude scale was designed to

give some indication of the elastic energy released at the earthquake

source, and in this context, the 4.9 value above is almost certainly an

exaggeration of the energy really released during this particular

earthquake. This conclusion is based on both macroseismic and

instrumental evidence. For example, one of the descriptions of this

shock was, "Like a stick of dynamite being detonated several hundred feet

away" (Von Hake and Cloud, 1968). This and a general consideration of

felt effects are consistent with the contention that this earthquake has

N been assigned a relatively high epicentral intensity primarily because it

occurred very near a population center. In addition, several magnitudes

have been published for this earthquake (U.S.C.G.S. - 3.4; Sanford et al.

1978 - 2.8) which are substantially lower than the 4.9 value used by

Algermissen and Perkins.

The maximum instrumental magnitude for an event in the Central Basin

Platform source zone is open to sane debate because of the apparently

different application of magnitude scale by various agencies for this

region. The largest earthquake in this region before installation of

station CLN had a magnitude less than 3.25 according to the most recent

calculations at N~ew Mexico Institute of Mining and Technology (Sanford et

al., 1978). Between 1974 and October 1977, during the operation period

of CLN for which data is currently available, a number of earthquakes
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have been located by Sanford and his colleagues, none of which have been

assigned magnitudes greater than 3.2. In the Rogers and Malkiel (1978)

study of data frcm the recently established Kermit array, events with

magnitudes approaching 4 are listed. However, as was stated in

subsection 5.2.4, a direct comparison of magnitudes for earthquakes

listed in both the New Mexico Institute of Mining and Technology and

Kermit array data sets shows that events are routinely assigned

magnitudes almost one unit higher in the latter listing. Therefore, the

maximum historical magnitude earthquake in the Central Basin Platform

Source Zone is still a matter for conjecture although some value between

3.0 and 4.0 is most likely.

The features of this source zone that might bear on its possible maximum

magnitude are the lack of recent geologic evidence of tectonism, and the

high activity rate which may or may not be directly associated with

secondary oil recovery efforts. Sanford and Toppozada. (1974) conjecture

that the maximum magnitude might be 6.0 for this source zone, and in this

study of hazard their example will be followed for one set of

calculations. Because this value may be exceptionally conservative, an

alternate maximum magnitude of 5.0 is also considered.

With regard to the site source zone, there is even less indication that

significant magnitude events are reasonably likely. There is no

Quaternary fault offset (Bachman and Johnson, 1973) and seismic activity

is low. However, recent studies (Caravella and Sanford, 1977) have shown

h tat some level of background seismicity must currently be considered for

She site area if conservatism is to be served. Apparently, an earthquake

which may be tectonic in origin and with a magnitude of 3.5 has occurred

within the site source zone itself (see subsection 5.2.5). Two maximum

magnitudes were considered in the hazard analysis of this section: 4.5,

that is the maximum historical event plus one magnitude unit; and 5.0, a

rather ad hoc attempt to consider additional conservatism in general

agreement with the size of a random event possible in the central United

States and not associated with a particular source zone (Algermissen and

Perkins, 1976).
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All the parameters necessary to perform a probabilistic acceleration

hazard calculation for the Los Medanos site after the method of Cornell

(1968) have now been presented and discussed. In the next subsection the

results of these calculations are considered.

5.3.3 Results

The basic results are shown in Figures 5.3-6 and 5.3-7. These are plots

of the probabilities that the maximum annual acceleration will exceed

some specified acceleration versus the specified acceleration. For

example, in Figure 5.3-6, Curve 1, which shows the contribution to risk

at the site due to earthquakes in the Rio Grande Rift'source zone as

shown in Figure 5.3-5, indicates that the probability that the maximum

acceleration at the site from this source zone in any one year will

exceed 0.05g is approximately 1.8 x 10- 5or 1.8 in one hundred

thousand. Probabilities are similarly found for other values of

acceleration.

In both Figures 5.3-6 and 5.3-7, six curves are shown. Curve 1 is the

same in both figures and represents the probabilistic maximum

acceleration distribution for the Rio Grande Rift source zone as

described above. Curves 2 and 2' are also the same in both figures,

representing the risk from the site source zone when its maximum

magnitude is 5.0 and 4.5, respectively. Curve 3 in each figure is the

risk distribution from earthquakes in the Central Basin Platform source

zone. In Figure 5.3-6, the maximum magnitude event in this zone is

assumed to be 6.0 while in Figure 5.3-7 it is given a value of 5.0.

Finally, curves 4 and 4' are the total probabilistic maximum

accelerations at the site from all source areas combined. For example,

Curve 4 in Figure 5.3-6 is the risk at the site assuming the geometric

and recurrence properties, and the acceleration attenuation, of the last

subsection and a maximum magnitude of 6.0 in the Central Basin Platform

source zone and 5.0 in the site source zone.
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Probabilities for accelerations below 0.03g have not been calculated.

This is because of a feature of the method used. For a given source

geanetry and minimum magnitude, the lower limit of validity of

probabilistic acceleration is fixed (see Figure 5.3-ltop) such that

a > a'.

a' = 17 exp 0.92 m0d1

where m 0is the minimum magnitude and d is minimum distance to any

source zone. For the worst case, d = 5 km. The value for m 0, 2.4, is

the seane for all source zones and is derived fron an estimate of the

smallest earthquakes recorded uniformly throughout the state of New

Mexico (Sanford et al., 1978). Substituting these values into the above

expression results in a' = 30.9 cm/sec 2or al = 0.03g.

There are several interesting features that may be derived fron a

comparison of the four curves, 4 and 4' in both Figures 5.3-6 and 5.3-7.

First, it may. be noted that in spite of the greater conservatism

exercised in the selection of model parameters for this study than in the

Algermissen and Perkins (1976) study--on which so much of the current

risk evaluation depends--the basic conclusion of Algermissen and Perkins

that the site is in an area with less than one chance in ten that an

acceleration of 0.04g will be exceeded in any 50 year period is in very

good agreement with the results shown in Figures 5.3-6 and 5.3-7. To see

this it may be noted that the return period for the Algermissen and

Perkins study is about 475 years. For the slightly more conservative

curves of Figure 5.3-6, the maximum accelerations at this return period
x are around 0.045g while in Figure 5.3-7 they are 0.035g.

Secondly, it is interesting to note that under the assumptions of the

previous section the significance of the Rio Grande Rift source zone to

the total risk at the site is relatively small at all acceleration

levels. Because of the earthquake recurrence relationships for the

various source zones, this will be true at lower acceleration levels no

matter what assumptions are made about the maximum magnitudes in the site
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and Central Basin Platform source zones. At higher acceleration levels,

this will be true unless the lowest maximum magnitude proper for the site

source zone is lower than the 4.5 value considered here. Although

probabilities are low at all site acceleration levels from the Rio Grande

Rift source zone, the maximum acceleration at the site from a 7.5 shock

at a distance of 115 kilometers using the attenuation law of subsection

5.3.2 is 0.15g. This is slightly greater than the O.lg acceleration

assumed to be the maximum at the site in previous studies (Sanford and

Toppozada, 1974).

In the case of the Central Basin Platform source zone, a comparison of

the two figures shows an interesting phenomenon. For the case where 6.0

is the maximum magnitude event, probabilities are largely controlled by

earthquakes in this source zone up to accelerations of around 0.1g. For

higher accelerations, the site source zone is more important. If 5.0 is

a better maximum magnitude shock in the Central Basin Platform, its

significance as a source of risk is completely eclipsed by the site

source zone itself at all acceleration levels.

Perhaps the most universal feature of all four total risk curves is their

dominance by the site source zone at higher accelerations. If the

probabilities at which these higher acceleration levels occur are thought

to be of interest, it is the assumptions that are made about the

immediate site area that are most critical.

It is believed that the presentation in this section gives the broadest

possible assessment of seismic risk at the site in a way that shows

explicitly the assumptions used and, to a small extent at least, the

effect of varying some of these assumptions. Acceleration is not the

only parameter of design significance, of course, so that a plot of its

probability is not the whole story even if such a plot is completely

accurate.
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5.4 SEISMOLOGICAL DATA AND SITE REGION TECTONISM

In previous sections the historical record of seismicity in the site

region has been explored as well as the way this record, when combined

with very general geologic arguments, can be used to estimate risk levels

attached to various possible seismic design acceleration values. In this

section the extent to which this seismological data may be used to draw

inferences of a longer term nature is considered. The interval over

which seismological data can be collected is still very brief; the total

available earthquake record, and especially that fraction of it

representing the period of instrumental observation, covers a period of

time that is very short compared to the total geologic time scale. Thus,

a comparison of the regional tectonism derived from a study of geologic

processes and structures, with that derived from a study of earthquakes,

involves a question of consistency: that is, are the characteristics of

regional earthquakes consistent with known geologic structures and the

large-scale stresses thought to have been active in their evolution?

Implicit in this concept of tectonics is the definition of tectonic

earthquake that is used in this section. The subject of tectonics as it

is used here is structural geology. Tectonic earthquakes are those

believed to be associated with faulting. This is taken to exclude minor

shocks due to less important causes (Richter, 1958). As mentioned in

subsections 5.2.4 and 5.2.5 it is not clear that the detected earthquakes

in either the site source zone or the Central Basin Platform are tectonic

7 \ under this definition. There seem to be few geologic structures in

either area that would lead one to expect significant tectonism either

now or for vast times in the past. Nevertheless, conservatism suggests

that these events should be considered tectonic at this stage of our

knowledge, and this assumption was made for the seismic risk analysis of

the previous section.

Seismology, in the context of tectonism, will be considered below under

two general headings: implications about the regional stress regime from

focal mechanism solutions, and implications about regional activity from
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historic recurrence statistics. Although earthquakes are sometimes used

to delineate specific active structures in a way important to discussions

of regional tectonism this will not be attempted here, primarily because

even in areas with recent faulting, such as occur in the southern Basin

and Range province, or in areas with sophisticated seismic array location

capabilities as in the Central Basin Platform, the known earthquakes are

simply not well correlated with specific geologic structures on a

detailed scale.

The ultimate association of seismic and geologic processes is derived

from the observation that the structural behavior of an element of the

earth's crust is often associated with the release of elastic strain

energy in the form of earthquakes. The nature of this association

itself, however, may be far from simple. This is especially true of

small earthquakes whose characteristics are derived from processes taking

place in a very small volume of a crust that, in this context, must be

considered very inhomogeneous. As was seen in Section 5.2, the latest

calculations show that only one instrumentally located earthquake within

300 kilometers of the site (the Valentine, Texas, event) has exceeded

magnitude 4.6. Similarly, within 300 kilometers of the site but outside

the Rio Grande Rift source zone as defined in Section 5.3 no earthquake

has exceeded magnitude 3.5. This should be kept in mind throughout this

section. It may also be noted that most empirical experience in relating

tectonic features to seismicity, or vice versa, has been gathered in

regions that are much more active than the site region. This too was

mentioned in Section 5.2 and is made very clear by comparing earthquake

recurrence statistics for the site region with similar statistics for an

area such as California. The picture presented by a comparison of

seismologic with structural geologic data appears confused for the site

region. At least these two data sources are not consistent in the same

way or to the same degree that is found in other regions characterized by

larger historical earthquakes. It is premature to attempt a

reconciliation here, if indeed one is necessary, so that in this section

existing evidence (although often only preliminary) is outlined and

* briefly discussed.



5-60

5.4.1- Regional__Stress Orientation

The catalog of published crustal stress measurements in the Los Medanos

region is a short one. It consists of three focal mechanism solutions

and one in situ hydrofracture determination. Another in-situ stress

measurement was quoted recently in connection with west Texas studies

(Rogers and Malkiel, 1978), but this measurement is some distance to the

east, on the Llano uplift. In this very limited data collection, there

is little agreement, and none should necessarily be expected since the

measurements come from different structural blocks.

The earliest indication of the stress regime for a point within the

general Los Medanos site region (when defined as it has been in this

chapter as within 300 kilometers of the site) comes from an analysis of

first motion polarities from the Valentine, Texas, earthquake of August

16, 1931. In his study of this event Byerly (1934), carefully noted the

polarity, azimuth, and epicentral distances of waves at all stations

recording this earthquake. He concluded that the observed polarity

pattern could be explained by normal movement on a shallow fault striking

N350W, and dipping very steeply to the west. He also noted that

certain stations did not fit this pattern and attributed most of these

discrepancies to difficulties in observing the true first arrival, which

was apparently lost in the noise at these stations. Fortunately, all

poaiyraig eelse nByryspprfrti atqae

polarity~ ~ rednswr0itdi yryspprfrti atqae
which was recorded at distances ranging from 5.80 to 104.80

Applying the recent techniques of stereographic projection to Byerly's

data, Sanford and Toppozada (1974) obtained an independent but very

similar solution shown in Figure 5.4-la. This solution indicates

predominantly dip-slip motion along a normal fault striking N40
0w and

dipping 74 0 southwest, or motion of a similar nature on a fault

striking N190W and dipping 180 northeast. The first possibility is

preferred because of the structural fabric of the epicentral region with

which it is consistent. The inconsistent polarity readings are those

noted previously by Byerly. It is worth mentioning that the regional

stresses implied by this solution (P-axis or axis of maximum compressive
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.stress striking N51 0E and plunging 62 0 to the northeast and T-axis or

axis of least compressive stress st riking S6 1loW and plunging 28 0 to

the southwest) are the only ones for this region that are

incontrovertibly of some tectonic significance.

The remaining two focal mechanism solutions available at this time for

the site region have been very recently determined from data recorded at

the Kermit array. One solution is a composite of data from three small

earthquakes that occurred within a 7-day period in January 1976 and is

reproduced from Rogers and Malkiel (1978) in Figure 5.4-lb. The other

solution is from a single earthquake on April 26, 1977, in the same area

as the other three near array station KT5 (see Figure 5.2-5) and is

reproduced, also from Rogers and Malkiel, in Figure 5.4-1c. These are

the only events occurring during array operation that have produced a

sufficient number of clear first motion polarities to allow focal

mechanism solutions.

. The earthquakes from which the composite solution of Fig. 5.4-lbottomn was

derived occurred on January 19, 22, and 25, 1976 and had U.S.G.S.

assigned magnitudes of 3.47, 2.83, and 3.92, respectively. It has

already been noted in Section 5.2 that these magnitudes appear to be

I __ almost a unit larger than those most recently calculated for shocks in

this area by Sanford and his colleagues at the New Mexico Institute of

Mining and Technology. The preferred fault plane, based on the geologic

structure of the Central Basin Platform, strikes N190W and dips to the

west at 530. The sense of fault motion is that of normal faulting.

Similarity to the solution for the Valentine earthquake is clear. The

data for the April 1977 event do not fit this type of solution and do not

permit a unique mechanism to be obtained. Normal, thrust, and

strike-slip mechanism are possible. The normal solution shown in Figure

5.4-1c is the only one considered by Rogers and Malkiel to be relatively

consistent with the composite mechanism and the regional tectonics.

The tectonic significance of these last two focal mechanisms is confused

by their occurrence in an area where both active fluid withdrawal and
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injection are taking place. This confusion is apparently not lessened by

considering the in situ stress data. Hydrofracture data from a well in

Howard County, Texas to the east (Fraser and Pettit, 1962) indicate a

tension axis that trends south-southeast. Overcoring data from Hooker

and Johnson (1969) even further to the east in Burnet County, Texas, on

the Llano uplift show reversion to a southwest trend for the tension

axis. According to Rogers and Malkiel (1978), both the Howard and Burnet

County data show a horizontal axis of maximum compression. This is in

disagreement with the focal mechanisms, for which the greatest

compressive stress is steeply plunging. Also, von Schonfeldt et al.

(1973) have indicated that the greatest principal stress in this area is

a vertically oriented, overburden induced compressive stress because

hydrofracture experiments generally produce vertical fractures in Texas,

except in some shallow wells (Hays, 1977). In the face of such a variety

of interpretations, it is premature to speculate on the significance, or

lack of it, of these data. Any such speculation will have to wait on the

collection of new data or additional analysis of existing information.

5.4.2 Tectonism and Earthquake Recurrence Relations(

In Section 5.2 the seismicity of the Los Medanos site region was

studied. It was noted that most of the activity of recent years had

occurred in the Central Basin Platform in two particular areas located

such that Sg-Pg intervals at station CLN very near the site were 8 to 13

seconds and 22 to 24 seconds (Sanford, et al. 1978). Another group of

epicenters for shocks with Sg-Pg intervals from 31 to 36 seconds were

found by these authors to occur in several tectonically active regions to

the southwest and west of the site--notably near Valentine, Texas, and in

much of the Tularosa Basin. These three Sg-Pg intervals account for the

most important peaks on the histogram appearing in Figure 5.2-5.

Earthquakes at other distances contribute a general background occurrence

level also apparent in this histogram. At least some of these events are

known to have occurred in the general site region and not in association

with either the Central Basin Platform or the Rio Grande Rift source
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zones of the previous section. This characterization of the regional

seismicity is interesting because there is abundant geologic evidence for

recent tectonic activity for the source zones to the west and none for

the Central Basin Platform.

This situation can be described more quantitatively by considering

earthquake recurrence statistics. Relations of the form logN=a-bM for

the three source zones of Section 5.3 have already been shown. These

formulas, taken from Sanford et al. (1976b) and Sanford et al. (1978) may

be normalized to equal time intervals and areas for comparison (assuming

such a comparison is meaningful) to give:

log N = 2.5 - bL Rio Grande Rift zone

log N = 2.4 - ML High Plains Province

log N = 3.84 - 0.9 ML Central Basin Platform

where in each case the formulas give the number of occurrences, N, of

events with magnitude M L or greater per year in a 10 5km 2area. It

is clear that if these relations truly indicated some measure of tectonic

activity in effect for a long time period the relative tectonic

N importance of these areas would be in conflict with that implied by the

geologic data. This is particularly true for the Central Basin Platform

activity.

Several explanations have been offered to resolve this conflict (Sanford

et al., 1978). One is that a recent change in regional stress may be

responsible. In this view, the tectonic implications of very recent

seismicity are preferred to those of the geologic record. The other

extreme possibility is that the observed recent seismicity, especially in

the Central Basin Platform, has little bearing on tectonism in the sense

normally used in connection with magnitude recurrence relations. Thus,

the geologic implications to past and recent (and, by extrapolation,

future) tectonism are preferred to those of recent seismicity. Finally,
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there is an intermediate position which attempts reconciliation of both

the geologic and seismic data by prescribing some particular mode of

crustal behavior in the High Plains physiographic province and the

Central Basin Platform. The only explicit property of this mode of

behavior is that large magnitude earthquakes do not occur; hence,

extrapolation of the recurrence formulas above to large magnitudes is

fundamentally inaccurate.

The first possibility, that the regional geology of the High Plains

province and Central Basin Platform is in essence misleading, is the

least satisfactory. There does not seem to be any implication of recent

regional stress changes in the more active areas of New Mexico. Sanford

et al. (1972) performed calculations comparing the implications to

tectonic activity of recent fault offset in the Rio Grande Rift (where

recent is defined as less than 4 x 10 5years old) with similar

implications from recurrence statistics both from historical earthquakes

and from microearthquake studies (Sanford and Singh, 1968). These

calculations show that if the fault scarps are less than 4 x 10 4 years

old, the seismicity obtained is compatible with the historical earthquake

activity in the Socorro region. If the age span of the fault scarps is

increased to about 2 x 10 5years, the seismicity becomes close to that

indicated by the microearthquake studies. It may also be noted here that

the focal mechanism solution obtained for the Valentine, Texas,

earthquake is consistent with the sense of fault motion implied by the

Sgeologic structure of that area.

/Using similar types of arguments some limits can be placed on how

recently the change in stress postulated for the High Plains province and

the Central Basin Platform must have taken place. Consider that part of

the High Plains province designated as the site source zone in Section

5.3. Then the recurrence relation is, after Sanford et al. (1976b):

log N = 1.93 -M L
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The use of this formula in an uncritical way leads to the conclusion that

an earthquake of magnitude greater than or equal to 7.0 should occur in

this zone on the average of once in about 10 5years. Such an

earthquake would certainly leave physical evidence of fault offset. If

the High Plains province of New Mexico is taken as a whole, a similar

earthquake would be expected on the average of once in slightly over 2 x

10 4years. Assuming that earthquake occurrence is distributed as a

Poisson process, it can be concluded that an earthquake of magnitude 7.0

or greater has a 63 percent likelihood of occurring in a given 2 x 10 4

year period and that it has a 90 percent likelihood of occurring in a

given 2 x 10 5year period. Nevertheless, no evidence is known of fault

offset suggesting earthquakes of this size anywhere in the High Plains

during comparable or longer time periods. Thus, if there have been

changes in regional stress that are responsible for the observed conflict

between geologic and seismic data, these changes probably have taken

place more recently than within the last 2 X 10 4to 2 X 10 5years.

A similar calculation may be applied to the Central Basin Platform. In

this case on the basis of seismic evidence the recurrence interval for a

magnitude 7.0 earthquake is about 3500 years. As in the High Plains,

there is no geologic evidence for such an earthquake. Thus, the geologic

and seismic evidence appear to contradict one another unless the current

S se ismicity is the result of a tectonic stress change that took place

within the last several thousands or tens of thousands of years. The

implications of recurrence intervals for large earthquakes developed from

short term seismic data should not form the basis for rationally

discarding contradicting geologic evidence.

The second possibility as it is presented here applies only to the

Central Basin Platform. That is, the recurrence statistics for

earthquakes in this small area are not related to tectonism in the usual

sense of this concept and should not be used for tectonic implications of

long time intervals. The principal support for this view is outlined in

Sanford and Toppozada (1974). Basically, it has been postulated that the

earthquakes on the Central Basin Platform are related to massive fluid
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injection for secondary recovery of oil. Both the spatial and temporal

association of this seismicity with these secondary recovery projects are

very suggestive. This has already been discussed in greater detail in

subsection 5.2.4 and will not be repeated here. The wide variety of

hypotheses regarding the stress field in the area of the Central Basin

Platform neither preclude nor prove any causal relationship between the

earthquakes and secondary recovery operations (Hays, 1977), but, the

widely observed phenomenon of increased seismic activity during fluid

injection (Healy et al., 1968; Healy et al., 1972) argues strongly

against the uncritical extrapolation of short term magnitude recurrence

formulas under the present conditions.

The third possibility, that the geologic and seismic data are not really

in conflict, is the most satisfying from a philosophical viewpoint. It

is certainly simpler to derive meaningful conclusions about the physical

properties of a system that is not changing than about one that is. It

has already been mentioned that such consistency exists for the Rio

Grande Rift, at least in gross terms. A similar reconciliation might be

possible for the High Plains province or the Central Basin Platform by

restricting the maximum magnitude of an earthquake that can occur in

either the High Plains physiographic province or the Central Basin

Platform.

The simplest restriction that can be applied to the magnitude of shallow

seismic events that have occurred in the past is imposed by the size or

absence of observed faulting. An argument of this type has been used

above in considering the questions of recent stress regime changes. In

very general terms, it is believed that where recent geologic faulting

exists, even in the absence of observed large magnitude earthquakes,

conservatism requires that such seismic activity should be anticipated

(Allen et al., 1965; Sanford et al., 1972); that is, to a high level of

confidence, large recent faults in an area imply large magnitude

earthquakes must be considered there. The converse argument, that large

magnitude shallow earthquakes always produce episodes of large scale

shallow faulting is even more widely believed. This assertion appears so
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absolute because the definitions of "large" earthquake and "large-scale"

faulting have been left purposely vague. A more empirically useful

statement might be that the largest recent fault offsets (in terms of

both fault length and fault displacement) that are found in an area under

a given set of geologic conditions and after an adequate search impose an

upper limit on the magnitudes of past earthquakes.

The general relation between magnitude of shallow-focus earthquakes and

size or volume of the deformed region and the length and amount of

displacement of activated surface faults has long been recognized

(Tsuboi, 1956; Richter, 1958). Tocher (1958) developed an early

empirical relation between magnitude and fault length, -'and between

magnitude and the product of fault length and maximum displacement. Many

subsequent refinements have been formulated by adding additional data

points (lida, 1959 and 1965), applying the method to specific areas, as

for southern California (Albee and Smith, 1966), and by refining the

source data either for the western United States (Bonilla, 1967 and 1970;. Bonilla and Buchanan, 1970) or for the world (Ambraseys and Tchalenko,

1968; Bonilla and Buchanan, 1970). Various dislocation models have been

proposed by seismologists (Aki, 1967; Brune, 1968; Chinnery, 1969; King

and Knopoff, 1968 and 1969; Press, 1967; and Wyss and Brune, 1968) one of

which (King and Knopoff, 1968) was used by Sanford et al. (1972) in

connection with fault offset-magnitude comparisons in the Rio Grande Rift

as discussed above. A recent recompilation and reconsideration of fault

offset data has been performed by Slemmons (1977). He finds, for North

America data and faulting of all types that

log D = -4.47 + 0.67M

log L = 1.61 + 0.44M

where both D (fault displacement) and L (fault length) are in meters.

Using these formulas, fault lengths of 6.46, 10.72, 17.78, 29.51, 48.98,

and 81.28 kilometers are found for magnitudes from 5.0 to 7.5 in half. magnitude increments. The respective displacements are 0.08, 0.16, 0.35,
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0.77, 1.66, and 3.59 meters. Thus, if an area has been mapped so well

that no fault of length about 18 kilometers and maximum displacement of

about 1/3 meter could escape notice in strata of a given age, then it

could be maintained that no event of magnitude greater than or equal to

6.0 had occurred in that area in the time since formation of the strata.

Explicit statements of the kind necessary about the minimum observable

fault are not generally available in the literature. If it is assumed

that the conclusion of Bachman and Johnson (1973), that no recent fault

scarps of a tectonic nature exist in the Permian Basin, is applicable at

the scale of the minimum observable fault associated with a magnitude 6.0

earthquake, then the conflict between the geologic and seismic recurrence

data is resolved. That is, the recurrence data may not be extrapolated

beyond magnitude 6.0. Arguments of this type, although they are clearly

over-simplified and depend on relationships between magnitude and fault

offset derived from widely scattered data, are of interest at least for

purposes of comparison with similiar studies made in other areas.

A more complete treatmient of this type would have to address the issue of

regional deformation. This involves not only the offset associated with

a single earthquake but the deformation implied by summing the effects of

all earthquakes. If total strain energy released as seismic waves is -

calculated from the magnitude recurrence relations, estimates of total

available strain energy and total implied steady state deformation may be

derived. These are both dependent on the maximum magnitude event

allowied, since significant strain and most of the energy are associated

with the larger events (Richter 1958). Thus, general deformation rates

may be derived as a function of maximum magnitudes, and observed

deformation rates may be used to infer an acceptable maximum magnitude

for the region over which deformation is observed. Unfortunately,

application of this type of analysis is subject to more complication and

uncertainty than a simple fault argument. It seems clear, however, that

deformation of a type that would be associated with accumulation and

release of elastic strain energy has not been very important in the

Permian Basin for very long periods of time.
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Although other explanations cannot be precluded, it seems that the

most reasonable interpretations of seismic implications to tectonism

at this time are:

1) Observed geologic and seismic data are in general agreement in

the Rio Grande Rift and Southern Basin and Range zones and that

future significant earthquakes can be expected there.

2) The current level of activity on the Central Basin Platform is

probably related to fluid injection for secondary recovery of oil.

This fluid injection makes it unwise to question the geologic data

of the area solely on the basis of this high seismic activity level

(see Chapter 10).

3) The geologic data, principally the lack of recent geologic

faulting, and the seismic data for the High Plains province, in

which the site lies, can probably be reconciled by imposing a

maximum magnitude limit on the earthquakes that may occur here.

5.5 SUMMARY

Non-instrumental and regional instrumental studies of earthquakes

prior to 1972 in southeastern New Mexico indicate that the most

significant sources of earthquakes were the Central Basin Platform

region near Kermit, Texas, and the area about 200 km or more west

and southwest of the site (Rio Grande Rift Zone). The strongest

earthquake reported to occur within 300 km is the intensity VIII

Valentine, Texas, event of August 16, 1931, at a distance of

approximately 210 km. The closest shock (as of 1972) reported from

these studies was a magnitude 2.8 event on July 26, 1972, about 40

km northwest of the site. The record from regional studies of

events west and southwest of the WIPP site 200 km or more is

consistent with the record of Quaternary faulting in that area.
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Instrumental studies near the WIPP site since 1974 and near Kermit,

Texas, since late 1975 have recorded additional evidence of the

seismic activity for the site and region. The pattern obtained from

near the site is similar to that from regional studies; about

one-half of the located events in the data set occur on the Central

Basin Platform while most of the rest occur to the west and

southwest of the site in the Rio Grande Rift Zone. The data set

also includes three events within about 40 km of the WIPP site since

1972. Two events have been assigned magnitudes of 2.8 and 3.6; the

third event (from 1978) has only preliminary data available.

Data reported for the Central Basin Platform from the Kermit, Texas,

array continue to show that location as the most active seismic area

within 300 kmn of the site in terms of number of events. The largest

earthquake known to occur in the Central Basin Platform had, by the

most recent estimate, a magnitude of less than 3-1/4. The activity

appears equally likely to occur anywhere along the Central Basin

Platform structure without particular regard to small scale

structural details such as pre-Permian buried faults. The spatial

and temporal coincidence of this seismicity with secondary petroleum

recovery projects suggest a close relationship, but this has not yet

been satisfactorily established. The lack of known Quaternary

faults from the seismically active region of the Central Basin

Platform is suggestive that large magnitude earthquakes are not

occuring or have not occurred within the recent geologic past in the

area.

Analysis of the regional and local seismic data indicate that the

1000 year acceleration is less than or equal to 0.06 g and the

10,000 year acceleration is less than or equal to 0.1 g for all

models tried. Probabilities at which higher acceleration levels

occur depend almost exclusively on the assumptions made about the

seismic potential of the immnediate site area.
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page 1 of 1

Table 5.2-1

EARTHQUAKES OCCURRING BEFORE 1961 AND
CENTERED WITHIN 300 KILOMETERS OF THE SITE

DATE ORIGIN TIME LOCATION INTENSITY DISTANCE
Yr/Mo! /Day (GMT -19

23/03/07 04:03 El Paso, Tex. V 260

26/07/17 22:00 Hope and Lake 111 90
Arthur, N.M.

30/10/04 03:25 34.5"N 105.4"W (IV) 280

31/08/16 11:40 Valentine, Tex. VIII 210

31/08/16 19:33 Valentine, Tex. (V) 210

31/08/18 19:36 Valentine, Tex. V 210

31/08/19 01:36 Valentine, Tex. (V) 210

31/10/02 ?El Paso, Tex. (111) 260

31/11/03 14:50 29.90N 104.20W (V) 295.35/12/20 05:30 34.40N 103.20W III-IV 230

36/01/08 06:46 Carlsbad, N.M. (IV) 40

36/08/08 01:40 El Paso, Tex. (111) 260

36/10/15 -18:00 El Paso, Tex (111) 260

37/03/31 22:45 El Paso, Tex. (IV) 260

37/09/30 06:15 Ft. Stanton, N.M. (V) 200

43/12/27 04:00 Tularosa, N.M. IV 220

49/02/02 23:00 Carlsbad, N.M. (IV) 40

49/05/23 07:22 34.60N 105.2 0W IV 280

52/05/22 04:20 Dog Canyon, N.M. IV 158

55(01/27 00:37 Valentine, Tex. IV 210



Table 5.2-2 page 1 of 1
MODIFIED MERCALLI INTENSITY SCALE OF 1931

[Abridged]

1.Not felt except by a very few under especially favorable circumstances.
(I Rossi-Forel scale.)

11. Felt only by a few persons at rest, especially on upper floors of buildings.
Delicately suspended objects may swing. (I to 11 Rossi-Forel scale.)

111. Felt quite noticeably indoors, especially on upper floors of buildings, but
many people do not recognize it as an earthquake. Standing motor cars
may rock slightly. Vibration like passing of truck. Duration estimated.
(Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some
awakened. Dishes, windows, doors disturbed; walls make cracking
sound. Sensation like heavy truck striking building. Standing motor
cars rock noticeably. (IV to V Rossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc.,
broken; a few instances of cracked plaster; unstable objects overturned.
Disturbance of trees, poles, and other tall objects sometimes noticed.
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture
moved; a few instances of fallen plaster or damaged chimneys. Damage
slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design
and construction; slight to moderate in well-built ordinary structures;
considerable in poorly built or badly designed structures; some chim-
neys broken. Noticed by persons driving motor cars. (ViII Rossi-
Forel scale.)

ViII. Damage slight in specially designed structures; considerable in ordinary
substantial buildings with partial collapse; great in poorly built struc-
tures. Panel walls thrown out of frame structures. Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture over-
turned. Sand and mud ejected in small amounts. Changes in well
water. Disturbs persons driving motor cars. (Vill+ to IX Rossi-
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb; great in substantial buildings, with
partial collapse. Buildings shifted off foundations. Ground cracked
conspicuously. Underground pipes broken. (IX+Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame
structures destroyed with foundations; ground badly cracked. Rails
bent. Landslides considerable from -river banks and steep slopes.
Shifted sand and mud. Water splashed (slopped) over banks. (X
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed,
Broad fissures in ground. Underground 'pipe lines completely out of
service. Earth slumps and land slips in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into the air.



Table 5. 2-3 Page 2 of 2

INSTRUMENTALLY LOCATED EARTHQUAKES WITHIN 300 KM
OF THE LOS MbEDANCS SITE: 1962-1972

DATE ORIGIN TIME LOCATION MAGNITUDE
Yr/Mo/Day GMVT Lat N/Long W

____ ___ ___ ___ __ ____ ___ ___ ___ ___L

69 May 12 08:26:18 32.0 106.4 3.0

69 May 12 08:49:16 32.0 106.4 2.6

69 Jun 1 17: 18:24 34.2 105.2 2.0

69 Jun 8 11:36:02 34.2 105.2 2.4

69 Oct 19 11:51 :34 30.8 105.7 2.8

71 Jul 30 01:45:50 31.7 103.1 3.1

71 Jul 31 14:53:48 31.6 103.1 3.2

71 Sep 24 01:01:54 31.6 103.2 3.0

72 Feb 27 15:50:04 32.9 106.0 2.3

72 Jul 26 04:35:44 32.6 104.1 2.8

72 Dec 9 05:58:39 31.7 106.4 2.2

72 Dec 10 14:37:50 31.7 106.5 2.2

72 Dec 10 14:58:02 31.7 106.5 1.8



Table 5. 2-3 Page 1 of 2

INSTRUMENTALLY LOCATED EkRTBQUAKES WITHIN 300 KM
OF THE LOS I4EDANOS SITE: 1962-1972

DATE ORIGIN TIM4E LOCATION MAGNITUDE
Yr/Mo/Day GMT Lat N/Long W M

L
62 Mar 3 18:16:47 33.8 106.4 1.2

62 Mar 6 09:59:10 31.1 104.6 3.0

64 Feb 11 09:24:10 34.4 103.7 2.5

64 Mar 3 01:26: 27 35.0 103.6 2.2

64 Jun 18 20:20:18 33.1 106.1 1.2

64 Jun 19 05:28:39 33.1 106.0 1.7

64 Oct 20 00:53:00 30.7 106.8 3.1

64 Nov 8 09:26:00 31.9 103.0 2.7

64 Nov 21 11:21:24 31.9 103.0 2.5

65 Feb 3 19:59: 32 31.9 103.0 3.0

65 Apr 13 ( s)09:35:46 30.3 105.0 2.5

65 Aug 30 05:17:30 31.9 103.0 2.6

66 Aug 14 15:25:47 31.9 103.0 2.8

66 Aug 17 18:47:21 30.7 105.5 2.9

66 Aug 19 04:15:44 30.3 105.6 4.6

66 Aug 19 08:38:21 30.3 105.6 3.6

66 Sep 17 21:30: 13 34.9 103.7 2.2

66 Nov 26 20:05:41 30.9 105.4 2.6

66 Nov 28 02:20:57 30.4 105.4 3.3

66 Dec 5 10: 10:37 30.4 105.4 3.3

67 Sep 29 03:52:48 32.3 106.9 2.0

68 Mar 9 21:54:26 32.7 106.0 2.9

68 Mar 23 11:53: 39 32.7 106.0 2.3

68 May 2 02:56:44 33.0 105.3 2.6

68 Aug 22 02:22:26 34.3 105.8 2.1
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Table 5.2-5
WELL DETERMINED EPICENTRAL LOCATIONS

FOR
EARTHQUAKES AFTER INSTALLATION OF STATION CLN

DATE ORIGIN TIME LOCATION DISTANCE CLN
Yr/ Mo/Day Lat0N/Long0W to CLN (ki) MAGRIfTUDE

74/08/26 07:33:22.0 34.4 105.8 305.9 2.4

74/09/26 23:44:08.5 32.8 106.2 235.8 2.4

74/10/15 10:07:57.9 33.9 106.5 316.9 2.3

74/11/01 10:45:49.6 33.8 106.6 314.9 2.0

74/11/12 02:31:57.3 31.9 100.8 288.9 2.5

74/11/12 07:14:28.5 31.9 100.8 273.7 2.2

74/11/21 16:22:58.6 32.5 106.3 240.3 2.4

74/11/21 18:59:05.8 32.1 102.7 105.7 2.1

74/11/22 08:54:05.1 32.8 101.5 213.6 2.0

-- > 74/11/22 14:11:13.2- 33.8 105.1 211.7 1.9

74/11/28 03:35:20.5 32.6 104.1 43.1 3.6

75/02/02 20:39:22.6 35.1 103.1 317.3 2.7

75/07/25 08:11:40.0 29.9 102.5 309.8 2.8

75/08/01 07:27:47.3 30.4 104.6 239.3 3.9

75/10/10 11:16:55.9 33. 105.0 160.4 2.1

76/01/10 01:49:57.0 31.7 102.8 123.4 2.1

76/01/14 07:01:31.5 34.1 106.8 353.7 2.6

76/01/19 04:03:30.4 31.9 103.0 93.8 2.4

76/01/22 07:21:57.8 31.9 103.0 89.1 2.0

76/01/25 04:48:27.5 32.0 103.1 80.2 2.9

76/01/28 07:37:48.5 32.0 101.0 262.9 2.4

76/03/18 23:07:04.8 32.2 102.9 77.9 1.6

76/03/20 16:15:58.0 32.2 103.1 63.8 1.4 @

76/03/27 22:25:22.0 32.2 103.1 64.1 1.8



Table 5.2-5 (Continued) page 2 of 2

__ DATE ORIGIN TIME LOCATION DISTANCE CLN
Yr7M57Day LatN/Long0W to CLN (kmn) MAGNITUDE

76/04/01 14:46:58.0 33.9 106.0 275.5 2.6

76/04106 18:09:00.2 33.9 105.0 208.6 2.7

76/04/18 03:48:18.5 33.9 106.0 271.2 2.1

76/04/21 08:40:05.5 32.3 102.9 81.4 1.7

76/05/03 06:52:59.0 32.4 105.6 182.4 2.4

76/05/06 17:18:23.8 32.0 103.2 71.9 1.8

76/05/21 13:17:35.0 32.3 105.3 149.0 2.2

76/06/15 02:19:58.3 31.6 102.4 158.4 1.7

76/06/15 08:50:20.0 31.5 102.4 164.0 2.1

76/08/10 09:03:11.6 31.8 102.2 158.0 1.4

76/08/10 10:15:13.8 31.8 102.2 166.0 1.7

76/08/25 01:27:48.5 31.5 102.5 156.3 1.8

@76/08/26 15:22:12.7 31.8 102.2 160.8 1.7

76/08/30 11:51:25.2 31.5 102.6 145.9 1.4

76/08/30 13:07:47.5 33.9 106.3 297.8 2.3

76/08/31 12:46:22.4 31.5 102.8 130.6 1.9

* , 76/09/05 10:39:45.7 32.2 102.8 93.8 1.4

76/09/17 02:47:46.9 32.2 103.1 62.7 2.1

76/09/19 10:40:46.4 30.6 104.5 222.9 3.0

76/10/14 11:02:59.7 32.3 103.1 63.9 0.9

76/10/22 05:06:11.8 31.5 102.2 176.2 2.0

76/10/23 12:51:36.9 31.6 102.4 161.6 1.6

76/11/03 23:24:14.7 31.0 102.5 199.3 1.8

77/01/29 09:40:43.5 30.6 104.6 220.0 2.1

@77/02/10 01:22:49.4 32.3 103.1 60.2 1.0
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Table 5.2-6

TENTATIVE EPICENTRAL LOCATIONS FOR

EARTHQUAKES AFTER INSTALLATION OF STATION CLN

DATE ORIGIN TIME LOCATION DISTANCE CLN
Yr/Mo/Day LatwNLong0W TO CLN (kin) MAGNITUDE

74/08/17 07:35:18 30.4 105.8 300 3.5

76/03/20 12:42:20 31.2 105.0 180 2.3

76/04/01 14:40:26 34.1 105.8 280 2.8

76/04/01 14:51:17 33.9 105.9 270 2.8

76/05/04 15:05:40 32.0 103.2 70 1.9

76/05/08 11:46:38 32.0 102.8 100 1.8

76/05/11 23:04:38 32.3 102.8 90 1.9

76/05/26 11:52:26 32.4 102.6 110 1.7

76/06/14 23:29:50 31.6 101.9 200 2.3

76/06/16 14:05:12 31.6 101.9 200 2.3

76/08/05 22:23:29 30.8 101.8 26030

76/08/25 01:21:01 --- ' 32.8 101.1 260 2.8

76/09/10 23:17:48 30.9 101.7 260 2.8

76/10/13 19:11:06 32.0 103.0 90 1.5

77/03/14 10:10:22 32.9 100.8 290 3.5

77/03/19 21:27:49 31.3 102.8 160 2.2

77/03/20 07:54:05 32.3 102.8 90 2.3

77/04/12 23:18:27 31.2 102.6 170 2.9

77/04/16 06:44:22 31.2 102.9 160, 2.1

77/04/17 21:47:*07 31.5 102.0 190 2.1

77/04/26 09:03:05 31.9 103.0 100 2.6

77/06/07 23:01:17 32.7 100.6 300 4.5

77/06/08 00:51:29 32.8 100.8 280 4.0

77/06/17 03:37:05 32.8 100.9 270 3.9

77/08/03 02:11:48 32.8 105.3 150 2.5

77/08/21 03:01:16 30.8 104.8 210 3.4



Table 5.2-7 page 1 of1
Central Basin Platform earthquakes recorded at Ft. Stockton Station (F0TX)

from June 21, T-964 through April 12, 1965,

FOTX-P FOTX-S-P LC-P
Date Arrival Time Interval Arrival Time

Yr/14o/Day GMT Secs. GMT

64/06/22 07:07:47 14 07:08:22

64/07/13 12:20:03 14

64/07/13 16:18:17 14

64/07/19 02:34:16 13

64/08/14 14:56:37 14 14:57:11

64/09/07 13:42:36 14 13:43:10

64/09/08 22:06:20 15

64/09/11 12:33:08 14

64/11/08 09:26:19 W*09:26:53

64/11/16 02:06:05 15
64/11/17 08:05:14 14

64/11/18 10:20:30 14

64/11/19 11:39:59 14

64/11/19 11:40:30 14

64/11/23 03:30:18 14

64/11/25 23:18:43 14

64/11/26 00:03:13 14

64/11/27 16:29:53 14 16:30:23

64/11/28 23:46:55 14

64/12/01 20:59:50 13

64/12/01 06:49:47 13

64/12/05 23:09:43 14

64/12/07 06:24:12 14

64/12/07 06:31:40 14

64/12/03 17:16:02 14

64/12/13 19:19:19 13

64/12/14 15:20:26 14

64/12/26 00,08:29 14

65/01/08 14:01:13 14

65/01/12 20:35:19 14

65/01/12 20:49:38 14

64/01/21 11:51:51 14

65/02/02 09:59:19 13

65/02/03 19:59:52 S* 20:00:27

65/03/08 21:00:01 14

65/03/09 03:46:18 14

65/04/02 07:30:58 14

* Listing of shocks restricted to events whose maximum peak to peak amplitudes

exceeded 20 imm.

W Earthquake too strong on the seismogram to read S-P interval
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Table 5.2-8

EARTHQUAKES IN THE CBP LOCATED WITH
REGIONAL STATIONS BETWEEN 1962-1972

DATE ORIGIN TIME LOCATION MAGNITUDE
Yr/Mo/Day (GMT) Lat 0N/Long0W

64/11/08 09:26:00 31.9 103.0 z.7

64/11/21 11:21:24 31.9 103.0 2.5

65/02/03 19:59:32 31.9 103.0 3.0

65/08/30 05:17:30 31.9 103.0 2.6

66/08/14 15:25:47 31.9 103.0 2.8

71/07/30 01:45:50 31.7 103.1 3.1

71/07/31 14:53:48 31.6 103.1 3.2

71/09/24 01:01:54 31.6 103.2 3.0



Table 5.2-9 Page 1 of 3
EARTHQUAKES LOCATED WITHIN THE

is KERMIT ARRAY NOV 75-JUL 77

Date Origin time Lat N Long W Depth ML #Sta

1976

Jan 19 04:03:30.4 31.91 103.07 0.12 3.47 6

22 07:21:57.0 31.90 103.08 0.01 2.83 9

25 04:48:27.7 31.90 103.08 0.89 3.92 9

Feb 25 22:22:59.4 31.78 103.23 0.03 - 4

i%.'ay 03 08:00:40.1 31.99 103.29 5.56 1.96 5

03 11:27:41.8 32.00 103.27 6.54 2.00 5

04 15:05:39.1 31.97 103.24 0.16 2.32 5

06 17:18:23.6 31.97 103.23 6.88 2.59 6

08 11:46:41.8 31.90 103.18 1.17 1.90 6

27 21:16:06.9 31.89 103.30 5.00* 1.60 3

28 16:15:23.6 31.89 103.32 5.00* 1.49 3

Jun 18 16:51:18.4 31.79 103.32 5.00* 1.68 3

Aug 05 18:53:09.2 31.57 103.02 9.29 3.01 4

Sep 05 16:10:27.7 31.61 103.31 5.00* 2.24 3

10 19:18:43.4 31.91 103.09 5.00* 2.25 3

N~ov 04 23:27:54.0 31.67 103.26 0.12 1.74 4

05 22:55:30.4 31.65 103.22 5.00* 1.63 3

06 22:30:23.6 31.68 103.26 0.16 1.64 4

Dec 18 18:27:45.7 31.62 103.02 0.17 2.26 6

24 07:34:53.3 31.61 103.30 5.00* 1.45 3

25 12:58:34.9 31.63 103.29 0.41 1.18 4

26 12:15:04.6 31.63 103.26 0.00 1.17 4



Table 5.2-9 Page 2 of 3
EARTHQUAKES LOCATED WITHIN THE
KERMIT ARRAY NOV 75-JUL 77

Date Origin time Lat N Long W Depth ML *Sta

1977

Jan 08 20:20:27.2 31.50 102.98 5.00* 1.95 3

14 13:33:33.4 31.60 103.31 5.00* 1.12 3

18 04:39:59.5 31.61 103.27 0.52 0.25 4

20 23:01:01.2 31.61 103.27 5.00* 1.75 3

Mar 12 00:05:23.8 31.62 103.29 5.00* 1.90 3

24 10:31:36.3 31.61 103.27 3.93 0.81 4

24 21:13:10.4 31.67 102.95 2.65 1.77 4

29 00:35:34.9 31.62 103.27 3.43 1.67 5

Apr 03 13:48:09.2 31.49 103.17 0.12 2.36 5

03 14:24:07.1 31.49 103.17 0.04 2.43 6

04 00:44:05.3 31.48 103.17 0.29 2.37 5

04 04:35:56.8 31.50 103.17 0.41 2.11 6

04 04:47:29.9 31.49 103.17 0.17 1.77 5

04 21:40:16.3 31.59 103.31 5.00* 1.68 3

04 22:55:54.0 31.59 103.30 5.00* 1.77 3

05 19:23:03.2 31.58 103.30 5.00* 1.60 3

06 23:22:30.9 31.59 103.31 5.00* 1.66 3

07 18:56:55.6 31.59 103.30 5.00* 1.67 3

07 22:32:29.3 31.60 103.30 5.00* 1.78 3

09 09:44:39.5 31.62 103.28 4.12 0.64 4

09 11:04:14.2 31.62 103.27 1.80 0.56 4

16 01:21:11.4 31.61 103.30 5.00* 0.51 3

16 06:44:22.0 31.62 103.26 3.91 1.26 4

16 14:38:39.6 31.61 103.25 0.34 0.527

17 20:52:38.3 31.63 103.31 5.00* 0.63 3



Table 5.2-9 Page 3 of 3
EARTHQUAKES L4OCATED WITHIN THE

KERMIT ARRAY NOV 75-JUL 77

Date Origin time Lat N Long W Depth ML Sta

18 18:08:24.1 31.61 103.27 6.63 2.14 7

20 12:59:58.7 31.61 103.31 5.00* 0.74 3

23 18:58:46.7 31.59 103.14 0.01 0.69 4

26 09:03:07.3 31.90 103.07 4.02 3.10 8

26 09:05:50.4 31.89 103.09 2.67 1.06 5

May 19 04:25:30.6 31.62 103.26 0.20 1.00 4

Jun 09 11:37:35.4 31.61 103.26 5.00* 1.33 3

29 23:59:46.6 31.54 103.30 0.14 2.76 5

Jul 25 17:45:48.1 31.57 103.30 5.00* 1.27 3

*Focal depths constrained to 5 km



Table 5.2-10 Page 1 of 3
EARTHQUAKES LOCATED AROUND TEE PERIPHERY OF THE

KERMIT ARRAY BY 5 OR 14ORE ARRAY STATIONS

Date Origin time Lat N Lcrg W Depth ML $Sta

1976

M~ar 15 02:30:48.3 32.15 102.96 0.12 1.56 5

20 16:15:55.5 32.30 103.05 0.35 1.70 5

27 22:25:21.0 32.21 103.10 0.06 1.49 9

Apr 12 08:02:35.9 32.17 103.11 0.45 2.38 5

21 08:40:07.4 32.21 103.10 0.25 2.53 6

Ivia y 01 11:13:40.8 32.27 103.14 9.92 3.04 8

Jun 15 02:20:00.5 31.58 102.65 0.76 2.39 7

15 08:50:20.9 31.55 102.48 6.85 2.67 13

Aug 10 09:03:12.2 31.86 102.35 0.14 2.39 7

10 10:15:18.2 31.80 102.55 0.55 2.87 9

25 01:27:49.3 31.56 102.58 3.89 2.799

26 15:22:17.7 31.79 102.59 0.75 3.03 11

31 12:46:21.1 31.56 102.73 7.84 2.78 9

Sep 05 10:39:49.4 32.16 103.11 0.18 1.68 5

~-.17 02:47:45.4 32.21 103. 10 0.20 2.98 10

17 03:56:28.9 31.42 102.54 1.66 3.44 7

19 10:23:24.4 32.14 103.09 7.29 2.41 6

Oct 14 11:03:00.1 32.21 103.07 2.74 2.32 6

22 05:06:15.9 31.57 102.54 3.03 2.94 7

25 00:27:04.2 31.81 102.58 6.59 2.95 7

25 10:52:27.3 31.85 102.40 0.17 2.15 5

26 10:44:44.1 31.33 103.28 0.46 2.81 7

Dec 12 23:00:14.0 31.52 102.53 7.59 3.21 11

12 23:25:56.0 31.55 102.58 0.13 2.33 7

19 21:26:16.0 31.79 102.64 0.25 2.61 5



Table 5.2-10 Page 2 of 3
EARTHQUAKES LOCATED AROUND THE PERIPHERY OF THE

KERMIT ARRAY BY 5 OR MORE ARRAY STATIONS

Date Origin time Iat N IWng W Depth ML # St

19 23:54:22.7 32.18 103.11 1.48 2.26 6

19 23:56:46.5 32.26 103.08 1.04 2.85 6

1977

Feb 10 01:22:50.5 32.17 103.10 2.04 2.03 6

18 14:10:36.8 32.20 103.10 3.89 1.17 5

Mvar 05 22:56:10.0 31.30 102.65 2.14 2.35 9

17 15:14:13.3 32.14 103.07 2.21 0.95 6

20 07:54:08.0 32.21 103.10 0.99 2.22 8

23 11:02:51.8 31.81 102.51 4.69 1.93 6

Apr 04 01:47:50.4 31.44 103.18 3.96 2.11 5

W07 05:45:39.4 32.24 103.17 1.53 2.91 7

12 23:18:26.4 31.26 102.61 0.21 2.24 9

25 10:12:51.1 32.08 102.80 5.94 1.35 6

28 12:54:36.9 31.81 102.51 0.46 2.16 7

28 12:55:40.5 31.79 102.59 4.21 2.17 7

28 12:57:20.3 31.80 102.59 4.77 1.73 7

28 15:22:37.7 31.79 102.61 3.14 2.46 8

29 03:09:40.4 31.80 102.58 1.25 1.73 6

Jul 11 12:31:55.7 31.79 102.73 2.93 2.74 10

11 13:29:49.8 31.79 102.73 2.49 2.19 9

12 17:06:06.3 31.79 102.71 4.86 2.44 9

18 12:37:30.6 31.80 102.74 0.97 2.90 8

22 04:01:10.1 31.80 102.73 3.42 3.35 8

22 04:18:10.5 31.80 102.73 2.30 2.50 7

22 04:36:51.0 31.81 102.75 0.38 1.67 6



Table 5.2-10 Page 3 of 3
EARTHQUAKES LOCATED AROUND THE PERIPHERY OF THE

KERMIT ARRAY BY 5 OR MORE ARRAY STATIONS

Date Origin time Lat N 1=1g W Depth ML ISta
24 09:23:00.5 31.80 102.73 2.04 2.49 10

26 02:01:09.3 31.81 102.77 0.27 1.45 9
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Table 5.2-11 Page 1 of 1

DIFFERENCES IN ARRIVAL TIMES BETWEEN THE EARTHQUAKES ON

JULY 26, 1972 AND NOVEMBER 28, 1974

Earthquake on Earthquake on

Station Phase July 26, 1972 Nov. 28, 1974Al

LUB Pn 04:36:20.3 03:35:58.25 22.05

ALQ Pn 04:36:36.8 03:36:13.35 23.45

S~i'dPg 04:36:36.9 03:3:1.8 30



r



pAS4. Copy Available

DOE/CAO-96-2 160

Final
No-Migration

Variance Petition

June 14, 1996

United States Department of Energy
Waste Isolation Pilot Plant

Carlsbad Area Office

Carlsbad, New Mexico

Volume VI of V1II

Appendices GCR(cont.), LTHBL, LTM, MASS



SAND 78-1596
UNLIMITED RELEASE

Geological Characterization Report,
Waste Isolation Pilot Plant (WIPP) Site,
Southeastern New Mexico
Volume 11

August 1978

Dennis W. Powers, Steven J. Lambert, Sue-Ellen Shaffer,J
Leslie R. Hill, Wendell D. Weart, Editors

Sa di Laboratories

*2900 Q(7-73)



Issued by Sandia Laboratories, operated for the United States
Department of Energy by Sandia Corporation.

NOTICE

This report was prepared as an account of work sponsored by
the United States Government. Neither the United States nor
the Department of Energy, nor any of their employees, nor
any of their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness or
usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe
privately owned rights.



GEOLOGICAL CHARACTERIZATION REPORT
WASTE ISOLATION PILOT PLANT (WIPP) SITE,

SOUTHEASTERN NEW MEXICO

SAND78- 1596

VOLUME II

Dennis W. Powers, Steven J. Lambert, Sue-Ellen Shaffer,
Leslie R. Hill, Wendell D. Weart, Editors

Department 4510
Waste Management Technology

Sandia Laboratories
Albuquerque, New Mexico 87185

AUGUST, 1978
PRINTED DECEMBER, 1978





GEOLOGICAL CHARACTERI ZAT ION REPORT

TABLE OF CONTENTS

VOLUME II

PAGE

6.0 HYDROLOGY.................................. .............. 6- 1

6.1 INTRODUCTION............................................. 6- 1

6.2 SURFACE HYDROLOGY....................................... 6- 2

6.2.1 Surface Water Features........................... 6- 2

6.2.2 Precipitation Patterns........................... 6- 4

6.2.3 Drainage......................................... 6- 5

6.2.4 Floods.............................. ............. 6- 5

6.2.5 Evaporation and Transpiration.....................6- 6

6.2.6 Infiltration..................................... 6- 7

6.2.7 Surface Water Quality .............. 6- 7

6.3 GROUND WATER HYDROLOGY.................................. 6- 8

6.3.1 Regional Ground Water Conditions..................6- 8

6.3.2 Hydrology of Rocks Underlying the Salado

Formation........................ ................ 6- 10

Deep Hydrologic Units.................. ........ 6- 11

Ellenburger Group..........................6- 11

Devonian Zone............................ 6- 12

Mississippian-Pennsylvanian Zone..........6- 12

Bone Springs Formation....................6- 13

Guadalupian Age Rocks Hydrologic System. 6- 13

Castile Formation......................... 6- 19

Salado Formation.......................... 6- 20

6.3.3 Hydrology of Rocks Overlying the Salado

Formation........................................ 6- 21

Rustler Formation............................. 6- 22

The Dewey Lake Red Beds........................ 6- 23

Dockum Group.................................. 6- 23

.Ogallala Formation........................... . 6- 24

Quaternary Deposits.............................6- 25



-2-

PAGE

6.3.4 Regional Ground Water Use ........................ 6- 26

Oil Field Secondary Recovery..................6- 27

Ground Water Utilization East of the

Pecos River, Southeast New Mexico ............. 6- 28

6.3.5 Ground-Water occurrence at the Proposed Site .. 6- 28

Fluid-Bearing Zones...........................6- 29

Hydrologic Testing............................6- 30

Bell Canyon Formation ......................... 6- 34

Rustier-Salado Contact ........................ 6- 35

Culebra Dolomite .............................. 6- 35

Magenta Dolomite .............................. 6- 36

Salt-Residue Zone.............................6- 36

6.3.6 Dissolution of Salt in the Permian Evaporites .. 6- 37

Shallow Dissolution ........................... 6- 38

Deep Dissolution .............................. 6- 40

Rates of Dissolution .......................... 6- 42

6.4 HYDROLOGY DRILLING AND TESTING SUMMARY ............. .....
6- 46

6.4.1 Hole No. H-1.................................... 6- 46

6.4.2 Hole No. H-2a ................................... 6- 48

6.4.3 Hole No. H-2b ................................... 6- 49

6.4.4 Hole No. H-2c ................................... 6- 50

6.4.5 Hole No. H-3.....................................6- 51

6.4.6 Hole No. P-14....................................6- 53

6.4.7 Hole No. P-15....................................6- 54

6.4.8 Hole No. P-17....................................6- 56

6.4.9 Hole No. P-lB....................................6- 57

6.4.10 Hole No. AEC-8...................................6- 
58

6.5 SUMMARY ................................................ 
6- 60

6.6 REFERENCES .............................................
6- 62



-3-

PAGE

7.0 GEOCHEMISTRY................................................. 7- 1

7.1 INTRODUCTION............................................. 7- 1

7.2 THE MINERALOGY OF DELAWARE BASIN EVAPORITES AND

RELATED ROCKS OF THE LOS MEDANOS AREA....................7- 2

7.2.1 Introduction..................................... 7- 2

7.2.2 Previous Work....................................7- 3

7.2.3 overview of Evaporite Mineralogy..................7- 3

7.2.4 Mineralogy of Fluid-Bearing Zones in the

Rustler Formation and Delaware Mountain Group .. 7- 4

Magenta Member, Rustler Formation (AEC No. 8) 7- 4

Culebra Member, Rustler Formation (ABC No. 8) 7- 4

Bell Canyon Sandstone (ABC No. 8).............7- 4

Cherry Canyon Sandstone (Pine Springs Outcrop) 7- 4

7.3 DETAILED CHEMISTRY AND MINERALOGY OF SOLUBLE AND

INSOLUBLE COMPONENTS OF THE SALADO FORMATION.............7- 5

7.3.1 Introduction..................................... 7- 5

7.3.2 Material and Methods.............................7- 6

Sample Preparation and Handling................7- 6

Analysis of Soluble Portion....................7- 6

Analysis of Insoluble Portion..................7- 6

Thermal Analysis.............................. 7- 7

Results of Analyses............................ 7- 7

7.3.3 Results and Discussion............................ 7- 8

Distribution of Mineral Phases.................7- 8

Effects of Heating Samples.....................7- 12

7.3.4 Conclusion....................................... 7- 14

7.4 DETAILED PETROLOGY AND SILICATE MINERALOGY OF SOME

PERMIAN BASIN ROCKS..................................... 7- 15

7.4.1 Introduction..................................... 7- 15

7.4.2 Procedure........................................ 7- 15

7.4.3 Silicate Mineralogy and Geochemistry..............7- 16

Sample Preparation and Analysis................7- 17

Silicate Mineralogy............................ 7- 18

Distribution of Clay Materials.................7- 21



-4-

PAGE

7.4.4 Mineralogy of Duval Mine Samples ................. 7- 21

7.4.5 Chemical Composition ............................. 7- 22

7.4.6 Petrography ..................................... 7- 23

Macroscopic Petrography.......................7- 23

Microscopic Petrography ....................... 7- 25

7.4.7 Interpretations and Tentative Conclusions ........ 7- 27

7.5 VOLATILES AND FLUID INCLUSIONS IN MINERALS OF THE

SALADO FORMATION ....................................... 7- 31

7.5.1 Introduction .................................... 7- 31

7.5.2 Overview of Volatile Contents of Evaporites .... 7- 32

7.5.3 Mineral Sources of Water in the Salado

Evaporite Sequence...............................7- 35

Introduction ................................ -3

Sampling and Sample Preparation ............... 7- 36

Analytical Methods Used in This Study ......... 7- 37

Weight Losses for Cores, AEC No. 7 and 8 ... 7- 38

Mineralogy and Petrology of Cores No. 7 and 8 7- 40

Summary and Conclusions ....................... 7- 45

7.6 FLUID INCLUSIONS IN CORE SAMPLES FROM ERDA NO. 9.........7- 47

7.6.1 Introduction .....................................- 4

7.6.2 Samples Studied ................................. 7- 48

7.6.3 Sample Preparation ............................... 7- 49

Sections ..................................... 7- 49

( >)Coarse water-soluble residues ................. 7-50

7.6.4 Methods of Study ................................. 7- 50

Petrographic Examfination ......................... 7- 50

Heating Stage .................................... 7- 51

Freezing stage ................................ 7- 51

Crushing stage................................7- 52

Coarse water-soluble residues.................7- 52

Decrepitation ................................ 7- 52

7.6.5 Results of Petrographic Examination .............. 7- 53

Inclusion tyPe A ............................. 7- 53

Inclusion type B .............................. 7- 54

Inclusion type C......*.........,....o...........7- 55

Inclusion type D.............................7- 55



-5-

PAGE

7.6.6 Weight Percent of Fluid........................... 7- 55

7.6.7 Results of Heating Stage Studies..................7- 56

7.6.8 Results of Freezing Stage Studies.................7- 57

7.6.9 Results of Crushing Stage Studies.................7- 57

7.6.10 Results of Study of coarse Water-Insoluble

Residues......................................... 7- 58

7.6.11 Decrepitation Tests.............................. 7- 58

7.6.12 Study of Suite of Samples from Kerr-McGee.........7- 59

7.6.13 Discussion....................................... 7- 61

Geological Significance........................ 7- 61

Nuclear Waste Disposal Significance............7- 63

7.7 THE GEOCHEMISTRY OF DELAWARE BASIN GROUNDWATERS IN

RELATION TO THEIR HOST ROCKS............................ 7- 70

7.7.1 Introduction..................................... 7- 70

7.7.2 Data.............................................. 7- 72

Solutes....................................... 7- 72

Thermodynamics................................ 7- 75

Stable Isotopes............................... 7- 76

7.7.3 Summary.......................................... 7- 79

7.8 RUBIDIUM- STRONTIUM SYSTEMATICS OF THE SALADO FORMATION,

SOUTHEASTERN NEW MEXICO................................. 7- 79

7.8.1 Introduction.....................................7- 79

7.8.2 Previous Work.................................... 7- 81

7.8.3 Analytical Procedure............................. 7- 82

Sample Preparation............................. 7- 82

Rb- Sr Isotopic Analysis....................... 7- 84

7. 8.4 Results.......................................... 7- 85

7.8.5 Discussion....................................... 7- 87

7.8.6 Concluding Statements............................ 7- 88

7.9 URANIUM ISOTOPE DISEQUILIBRIUM IN GROUNDWATERS OF

SOUTHEASTERN NEW MEXICO AND IMPLICATIONS REGARDING

AGE-DATING OF WATERS.................................... 7- 89

7.9.1 Introduction..................................... 7- 89

History....................................... 7- 89

Implications.................................. 7- 90



-6-

PAGE

7.9.2 Analytical Approach...............................7- 91

General Geochemistry of GroundwaterS...........7- 91

Experimental Procedures........................ 7- 91

7.9.3 Results and Discussion............................ 7- 93

7.9.4 Application of the Uranium Isotope

Disequilibrium Model..............................7- 93

7.9.5 Model Ages Based on No Leaching...................7- 97

7.9.6 Implications and Conclusions...................... 7- 99

7.10 SUMMA~RY................................................... 7-101

7.11 REFERENCES................................................ 7-103

7.12 ACKNOWLEDGEMENTS......................................... 7-109

8.0 RESOURCES..................................................... 8- 1

8.1 INTRODUCTION............................................. 8- 1

8.*2 ORGANI ZATIONS INVOLVED IN RESOURCE EVALUATION AND

83THEIR REPORTS............................................ 8- 1

83POTENTIAL RESOURCES IN RELATIONSHIP T[O STRATIGRAPHY

AT THE WIPP SITE......................................... 8- 2

8.4 RESOURCE DESCRIPTION BY SPECIFIC COMMODITIES.............8- 2

8.4.1 Caliche........................................... 8- 2

8.4.2 Uranium ........................................... 8- 3

8.4.3 Gypsum............... o............................. 8- 3

8.4.4 Halite (Salt)..................................... 8- 4

8.4.5 Sulfur............................................ 8- 4

8.4.6 Lithium............................... o............ 8- 5

8.4.7 Potash ............................................ 8- 5

Method of Evaluation........................... 8- 5

Description of the Potash Exploration

Drilling Phase ........ .. o........ o.... o.........8- 6

Calculation of Potash Resource Distribution

Volume and Grade............................... 8- 7

Results of the USGS Resource Estimate..........8- 9

Results of the USBM Valuation of Potash

Resources ............................ o....... o...8- 10

Summary of Conclusions Concerning Potash

Resources in the WIPP Site.....................8- 11



-7-

PAGE

8.4.8 Hydrocarbons..................................... 8- 12

Method of Evaluation........................... 8- 12

Total Hydrocarbon Resources at the WIPP Site 8- 14

Estimate of the Economically Recoverable

Hydrocarbon Resources.......................... 8- 16

Summary of Conclusions Concerning Hydrocarbon

Resources..................................... 8- 19

8.4.9 Metalliferous Deposits in the Precambrian.........8- 19

8.5 SUMMARY.................................................. 8- 20

8.6 REFERENCES............................................... 8- 22

9.0 SPECIAL STUDIES OF WIPP REPOSITORY ROCKS

9.1 INTRODUCTION............................................. 9- 1

9.2 THERMOPHYSICAL PROPERTIES............................... 9- 2

9.2.1 Introduction.....................................9- 2

9.2.2 Petrography...................................... 9- 3

*Fabric........................................ 9

Fracture......................................9- 5

9.2.3 Physical Properties..............................9- 6

Density and Resistivity........................ 9- 6

Volatile Mass Loss............................9- 6

Permeability.................................. 9 7

Thermal Conductivity .......................... 9- 7

Sonic Pulse Velocity........................... 9- 8

Summary of Data............................... 9- 8

9.2.4 Thermomechanical Properties............... ...... 9- 8

Introduction.................................. 9- 8

Apparatus, Experiments, Capabilities and

Data Handling Material and Test Specimens .. 9- 10

Quasistatic Rock Salt Properties...............9- 11

Quasistatic Unconfined Properties.........9- 12

Quasistatic Triaxial Properties...........9- 12

Quasistatic Stress-Strain Relationships. 9- 14

Deviatoric Loading at Constant Confining

Pressure ................................ 9- 14



PAGE

Nonelastic Behavior and Pressure Effects

at Ambient Temperature ................... 9- 15

Elevated Temperature Data ................ 9- 15

Influence of Load Path ................... 9- 15

Interpretation of Quasistatic Data ....... 9- 18

Creep of Rock Salt ............................ 9- 18

Creep Strain Limits of Rock Salt at

Failure ..................................- 19

Applicability of Laboratory Measurements ... 9- 20

9.2.5 Summary and Conclusions ..........................9- 20

9.3 RADIONUCLIDE SORPTION ON WIPP ROCKS ..................... 9- 21

9.3.1 Introduction .................................... 9- 21

9.3.2 Geological Media ................................. 9- 23

Sample Selection .............................. 9- 23

Sample Preparation ............................ 9- 24

9.3.3 Brine and Groundwater Simulants .................. 9- 24

9.3.4 Solution Chemistry ............................... 9- 24

Solutes ...................................... 9- 24

Oxidation Potential..............9- 25

Hydrogen Ion Activity ......................... 9- 25

Radionuclide Concentration .................... 9- 26

9.3.5 Experimental Procedures .......................... 9- 26

Apparatus, Sample Size and Sampling...........9- 26

Analyses ..................................... 9- 27

Equilibration Time ............................ 9- 27

9.3.6 Kd Data ......................................... 9- 28

9.3.7 Discussion of KdData ............................ 9- 28

Cesium.......................................9- 28

Strontium .................................... 9- 29

Europium, Gadalinium and Cerium ............... 9- 29

Technetium and Iodine ......................... 9- 30

Ruthenium and Antimony ........................ 9- 30

Actinides .................................... 9- 31

9.3.8 Parametric Effects ............................... 9- 31



-9-

PAGE

pH and Nuclide Concentration Effects on Kd .. 9- 31

The Effect of Trace Organic Contaminants on

Kd's of 12Eu, 13Gd, and 14Ce................9- 32

The Effect of Oxidation State on Radionuclide-

Sorption......................................9- 34

9.3.9 Summary........................................... 9 38

9.4 REFERENCES............................................... 9- 40

10.0 CONTINUING STUDIES......................................... 10- 1

10.1 INTRODUCTION............................................. 10- 1

10.2 SITE SELECTION.......................................... 10- 1

10.3 REGIONAL GEOLOGY........................................ 10- 1

10.3.1 Paleoclimatology................................. 10- 1

10.3.2 Regional Tectonic Studies......................... 10- 2

Landsat.................................. 10- 2

Leveling Surveys.......................... 10- 2

West Texas Salt Flats Graben..............10- 3

10.4 SITE GEOLOGY............................................. 10- 3

10.4.1 Geologic Mapping................................. 10- 3

10.4.2 Aeromagnetic Survey.............................. 10- 3

10.5 SEISMOLOGY............................................... 10- 4

10.5.1 Near-Site Activity............................... 10- 4

10.5.2 Central Basin Platform............................ 10- 4

10.6 HYDROLOGY................................................ 10- 5

10.6.1 Introduction............... ............. ........ 10- 5

10.6.2 Purpose of Hydrologic Testing..................... 10- 5

10.6.3 Direction and Rate of Fluid Migration.............10- 6

10.6.4 Dewey Lake Redbeds............................... 10- 7

10.6.5 Long-Term Monitoring............................. 10- 7

10.6.6 Surface Hydrology................................ 10- 8

10.6.7 Overview of Deep Hydrologic Testing...............10- 9

10.6.8 Long-Term Monitoring of Deep Wells................10- 9

10.6.9 Continuing Studies in Salt Dissolution and



-10-

PAGE

overburden Subsidence Program Objectives ......... 10- 10

Nash Draw Investigations ................. 10- 10

Cemented Rubble Chimney Investigations. 10- 12

Mine Subsidence Investigations ........... 10- 13

10.6.10 Modeling of Regional Hydrology ................ 10- 13

10.7 GEOCHEMISTRY ........................................... 10- 14

10.7.1 Introduction .................................... 10- 14

10.7.2 Mineralogy and Petrology .........................10- 15

10.7.3 Volatiles Characterization .......................10- 15

10.7.4 Origins of Evaporite Assemblages ................. 10- 16

10.7.5 Igneous Dike .................................... 10- 17

10.7.6 Trace Elements and Age-Dating .................... 10- 17

10.7.7 Reef and Back-Reef Waters ........................ 10- 19

10.7.8 Future Work on Fluid Inclusions .................. 10- 19

10.8 RESOURCES .............................................. 10- 20

10.9 SPECIAL STUDIES ........................................ 10- 20

10.9.1 Purpose ......................................... 10- 20

10.9.2 Thermophysical Properties ........................10- 20

Scope ................................... 10- 20

Continuing Studies ............ 10- 21

10.9.3 Radionuclide Sorption Properties ................. 10- 22

(Scope .................................... 10- 22

_Continuing Studies ....................... 10- 22

APPENDICES



GCR CHAPTER 6

HYDROLOGY

6.1 INTRODUCTION

The location of the proposed WIPP site is within the surface water

boundaries of the Rio Grande Water Resources Region and the groundwater

boundaries of the Unglaciated Central region of the Permian Basin. In

addition, the site lies within the boundaries of the Delaware Basin, a

portion of the Unglaciated Central region that includes some of the least

productive aquifers in the United States. The Delaware Basin is

characterized by a semiarid climate with low rainfall and runoff, high

evaporation, and frequent strong winds. The proposed site contains

neither perennial streams nor surface water impoundment, and the water

bearing strata beneath the site do not yield large quantities of water to

wells. Shallow wells in the local area are generally used only for

watering livestock and typically produce non-potable groundwater with

total dissolved solids (TDS) concentrations in excess of 3,000 parts per

million (prxn).

Hydrologic studies of the water resources surrounding the site have been

supported by universities and state and federal agencies since the late

1930's (Robinson and Lang, 1938; Theis and Sayre, 1942; Hendrickson and

Jones, 1952; Bjorklund and Motts, 1959; Nicholson and Clebsch, 1961;

Brokaw et al., 1972; Hiss, 1975a). The early studies were primarily

concerned with the control of water quality in the Pecos River for

agricultural usage downstream from the brine discharge at Malaga Bend

(Robinson and Lang, 1938; Hale et al., 1954). The first investigations

of hydrogeologic parameters describing the occurrence and flow of

groundwater in close proximity to the proposed WIPP location began in the

late 1950's with Project Gnome (Cooper, 1962; Gard, 1968; Cooper, 1971).

Hydrologic studies at the site and adjacent site areas have concentrated

on defining the hydrogeology and associated salt dissolution phenomena

(Griswold, 1977; Lambert and Mercer, 1977; Mercer and Orr, 1977; Mercer

and Orr, 1978; Anderson, 1978). These investigations are directed toward

a more quantitative evaluation of the salt dissolution process, the



6-2

hydrogeologic parameters affecting groundwater movement, and the major

elements of surface and groundwater quality affecting water resource useV

and local ecology. The collection of hydrologic data is projected to

continue for several years to provide site-specific information for a

detailed safety analysis of the WIPP.

Hydrologic test results to date have been used to make bounding

calculations of hypothetical occurrences based upon simplifying

assumptions of the physical system. Future measurements obtained from

the experimental programs and analysis of the test data will be used to

refine the initial bounding calculations and to provide a more detailed

description of the physical system and system dynamics. The use of

computer models as predictive tools is expected to be closely coordinated

with current test results from an established monitoring network.

Compatible chemical tracers will be injected directly into the

groundwater system as a test of the predictive computer results. Also,

the use of chemical tracers during construction phases of the WIPP may

provide an early indication of leaky borehole plugs or faulty repository

seals, if any, far in advance of radionuclide concentrations in the

groundwater system.

6.2 SURFACE WATER HYDROLOGY

The area proposed for the Waste Isolation Pilot Plant (WIPP), located in

southeastern Eddy County, New Mexico, lies at an average elevation of

3410 feet above mean sea level (MSL) in the Northern Chihuahuan Desert.

Although the area belongs to the drainage basin of the Pecos River,

surface drainage patterns at the site are not well defined. Preliminary

studies indicated that area requirements for the surface facilities,

underground storage, and safety considerations during the operation of

the repository would be as shown in Table 6.2-1 (see also Table 2.1).

6.2.1 Surface Water Features

The Rio Grande Water Resources Region, which includes the Pecos River

basin, is an area of 88,968 square miles. The Pecos River basin has a
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total drainage area of about 44,535 square miles (approximately 20,500

square miles of which do not contribute to river flow), a maximum basin

width of about 130 miles, and an overall length of about 500 miles before

combining with the Rio Grande River. The Pecos is generally perennial,

except in the reach below Anton Chico and in the reach between Fort

Sumner and Roswell, where the low flows percolate into the stream bed.

About 60 percent of the annual flow occurs between April and September.

The Pecos River is located west of the site and flows southeast through

Carlsbad. At the closest point (river mile 430), the Pecos River is

approximately 14 miles west of the WIPP site center. The total drainage

area of the river at this location is 19,000 sq. miles. A few small

unnamed creeks and draws constitute all tributaries flowing westward of

the Pecos River within 20 miles north or south of the site. From the

west, the Black River (drainage area of 400 square miles) joins the Pecos

at a point approximately 16 miles southwest of the site near river mile

436. The Delaware River (drainage area of 700 square miles) joins the

Pecos near river mile 446, and a number of small unnamed creeks and draws

join at various points along this reach. Pecos River flow in this reach

is regulated by storage in Lake Sumner (river mile 401.9), Lake McMillan

(river mile 404.2), Lake Avalon (river mile 407.2) and several other

S smaller upstream dams that divert water for irrigation. The salient

features of the five existing dams on the Pecos River in a reach

extending 25 miles upstream and 25 miles downstream of the WIPP site are

listed in Table 6.2-2. The approximate slope of the Pecos riverbed in

the vicinity of the WIPP site is 4.5 ft/mile (U.S.G.S. Topographic Maps

NI 13-11 & NI 13-12).

There are no major lakes or ponds within 10 miles of the WIPP site

center. Laguna Gatuna, Laguna Tonto, Laguna Plata and Laguna Toston are

lakes located to the north more than 10 miles from the site. All these

lakes are at or above elevation 3,450 feet. Therefore, surface runoff

from the site would not flow toward any of the lakes to the north. To

the west and northwest, Red Lake, Lindsey Lake, Salt Lake, and a few

unnamed ponds are located more than 10 miles from the site, between

elevations 3,000 and 3,300 feet (U.S.G.S. Topo. Maps, 1:250,000).
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Surface water and groundwater withdrawals in the Pecos River basin are

listed in Table 6.2-3.

6.2.2 Precipitation Patterns

The nearest station to the WIPP site for which climatological records are

available is located at Carlsbad, about 26 miles west of the site, at an

elevation of 3,120 feet MSL (U.S. Weather Bureau, 1961). Over a period

of more than 71 years (NOAA, 1977), the annual precipitation at Carlsbad

ranged from 2.95 inches to 33.94 inches. The average annual

precipitation over a period of 30 years (1931-1960) was 12.43 inches

(U.S. weather Bureau, 1961). The average annual precipitation from 1951

to 1974 was 9.78 inches at Artesia (elevation 3320 feet), which is about

48 miles northwest of the WIPP site. At Hobbs (elevation 3615 feet),

which is about 44 miles northeast of the site, the average annual

precipitation for the period 1951-1974 was 14.29 inches. Interpolation

of precipitation data for Carlsbad, Artesia and Hobbs indicates that the

average annual precipitation at the site should be approximately 12

inches, which is nearly equal to the average annual precipitation at

Carlsbad. Therefore, the precipitation patterns at Carlsbad are assumed

to be representative of the conditions at the WIPP site.

Maximum, average, and minimum monthly precipitation at Carlsbad over a

period of 30 years (1931-1960) are given in Table 6.2-4. The maximum

monthly precipitation, 12.28 inches, occurred in May. With the exception

of May and August, when the record minimum monthly precipitation were

0.18 and 0.01 inch, respectively, the record minimum precipitation for

all other months has been 0.00 inch. The maximum daily precipitation

since 1905 occurred in August, 1916, and was 5.12 inches.

The maximum daily and monthly snowfalls at Carlsbad since 1905 have been

10 inches (December, 1923) and 17.8 inches (February, 1905), respectively

(U.S. Weather Bureau, 1961).
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In general, suimmer rain is more abundant than that of other seasons and

is caused by thunderstorms generated by the southeasterly circulation of

moist air from the Gulf of Mexico. Approximately 75 percent of the total

annual precipitation occurs from April through September. Winter

rainfall is least abundant and is caused mainly by frontal activity

associated with the movement of the Pacific storms across the country

from west to east (NOAA, 1977).

6.2.3 Drainage

The site is located between elevations 3,250 and 3,570 feet MSL

(Griswold, 1977). General ground slope in the vicinity is approximately

39 feet/mile from the northeast to southwest. Average ground slope from

north to south is approximately 13 feet/mile. A topographic and surface

water divide (Antelope Ridge) exists approximately 8 miles east of the

site center and 4 miles from the exterior boundary of Zone IV (Refer to

Table 6.2-1).

In general, the surface in the site vicinity is hummxocky and covered by

sand dunes. The local slope is poorly defined, and rain collects in

pools between sand dunes and evaporates, is transpired, or sinks into the

sand. Surface runoff from an area of about 10 sq. miles to the

northeast, along with that from the site area, drains through a number of

small draws which terminate in unnamed ponds to the southwest. Runoff is

typically 0.1 to 0.2 inches annually.

6.2.4 Floods

Historically, floods for the Pecos River are reported to have occurred in

1904, 1905, 1915, 1916, 1919, 1937, 1941, 1942, and 1966 (NOAA, 1977).

The earliest flood for which discharge information is available occurred

on October 2, 1904, following the failure of Avalon Dam. During this

flood, the flow at Avalon gaging station (river mile 406.3) exceeded

90,000 cf 5. The corresponding river stage is not available. The river

stage at Red Bluff (river mile 459.8) is reported to have reached 28 feet



6-6

(gage datum of 2850.05 feet) during this flood. Another major flood

occurred on August 7, 1916, when the discharge at Carlsbad Station (river

mile 419.1) reached 70,000 cfs.

A third major flood occurred in September, 1919, when the river stage at

Malaga gaging station (river mile 432.2) was recorded as 29.4 feet (gage

datum of 2895.64 feet). The corresponding discharge was 40,400 cf 5. The

highest flood of record (through 1976) for the Pecos River occurred on

August 23, 1966, when the discharge and stage at Malaga were 120,000 cfs

and 42.1 feet, respectively (U.S. Geological Survey, 1976). The minimum

surface elevation of the site is more than 310 feet above this maximum

historic flood level.

6.2.5 Evaporation and Transpiration

In New Mexico, potential evaporation is much greater than the average

annual precipitation. In the southeastern valleys, evaporation from a

class A pan is on the order of 110 inches per year. During the warm

months, May through October, evaporation in the southeast portion of the

state is approximately 73 inches.

The record high temperature at Carlsbad is 112 0 (June, 1902). The

record low temperature at this station is 70F (January, 1911). The

maximum, average and minimum monthly temperatures at this station over a

period of 30 years (1931-1960) are given in Table 6.2-5 (U.S. Weather

Bureau, 1961). June, July and August are the warmest (average

temperature of 80.70) while December and January are the coldest

months of the year (average temperature of 44.30F)

In this type of desert climate, more than 90 percent of all infiltrated

water evaporates or transpires. The high rate of evapotranspiration is

aided by the frequent winds, the low relative humidity (typically 36

percent during daylight hours) , and the high mean annual temperature

(610F).
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6.2.6 Infiltration

Soils at the site are generally comprised of sands extending to a depth

of as much as 25 feet. Actual sand dunes cover a good portion of the

site area. With pervious sand on the surface, infiltration rates are

high and probably similar to the 1.6 inch-per-hour intake rate of Harkey

Sand Loam (75 percent sand) near Carlsbad (Blaney and Hanson, 1965).

Groundwater in the area of the site is more than 50 feet below surface

elevations. Because the surface sands are underlain by a caliche layer

about 2 to 8 feet thick, percolation of rainfall through the sands to the

nearest groundwater would be only a portion of the total infiltration.

Most infiltration will return to the atmosphere by evapotranspiration.

6.2.7 Surface Water Quality

Water quality in the Pecos River basin is affected by mineral pollution

from natural sources and from irrigation return flows. Springs near the

headwaters of the basin below Colonias, New Mexico, are estimated to

discharge approximately 707 tons per day of dissolved solids into the

Pecos River. Below Lake McMillan, springs flowing into the river are

usually submnerged and difficult to sample; however, dissolved solids

concentrations between 3350 and 4000 ppin have been measured in springs

that could be sampled. The chemical quality of these mineral discharges

indicates the nonpotable character of the ground water in contributing

source beds. Inflow of concentrated brine solutions at Malaga Bend

increases the chloride content of the Pecos River by an estimated 370

tons per day (see account by Swenson in Bachmnan and Johnson, 1973).

Time-weighted averages of water quality parameters for three sampling

stations on the Pecos River between Carlsbad and Malaga Bend are shown in

Table 6.2-6. In general, natural spring flows and irrigation return

flows progressively concentrate salts downstream. Further downstream at

Red Bluff Reservoir, the water is useable occasionally during high flow

periods.



6-8

6.3 GROUND WATER HYDROLOGY

Detailed investigations of ground water conditions at the proposed site

are being conducted to identify the presence of ground water, to measure

ground water quality, and to determine hydraulic conductivity and other

characteristics of the stratified rocks. The data will provide a basis

for assessment of the continued isolation of the proposed repository from

ground water circulation. The thick halite beds of the Salado Formation

at the WIPP site are isolated from circulating ground water by beds of

low hydraulic conductivity, both above and below the formation. In the

vicinity of the proposed site, fresh or potable ground water is not

present except in small, isolated, near-surface perched bodies.

Investigations to evaluate the transport of radionuclides by ground water

flow in the southeastern New Mexico portion of the Delaware Basin were

made by the Water Resources Division of the U.S. Geological Survey for

Project Gnome in the late 1950's. Since that time, several studies have

been carried out by individual consultants, the U.S. Geological Survey,

Oak Ridge National Laboratories, and Sandia Laboratories. These studiesV

have been directed to the specific task of providing a better

understanding of the relationship between the proposed waste repository

and ground water movement. The following is a description of ground

water occurrence and flow as understood from the studies completed to

date. Ground water is first described on a regional basis, then the

results of site sp-cific studies are reviewed, and, finally, dissolution

of salt evaporites is discussed.

6.3.1 Regional Ground Water Conditions

Ground water within the Delaware Basin is predominantly of poor quality,

with total dissolved solids concentrations in excess of 3,000 ppm. The

only large quantities of potable ground water are found in aquifers west

of and along the Pecos River. To the west in the Guadalupe Mountains,

many rock units of the basin crop out, and the soluble salts have been

leached from the Ochoan evaporites.
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Important aquifers of the region are the San Andres Limestone and the

Capitan Limestone and related reef limestones. The San Andres is a major

source for irrigation waters in the Roswell basin, and other areas to the

north and northwest of the site. The Capitan aquifer southwest of the

community of Carlsbad is the primary source of municipal water. An

important aquifer in the region east of the proposed site is the Ogallala

Formation. Unconsolidated alluvium along the Pecos River yields large

amounts of relatively fresh ground water in some areas, although it is

commonly of marginal quality for drinking purposes.

From the outcrop areas west of the Pecos River, ground water moves

eastward. The shallow aquifers, those cut by the Pecos River, discharge

to the river, either directly or to alluvium of the river channel. The

Capitan aquifer is the oldest permeable formation that may have contact

with the river. Ground water in permeable formations older than the

Capitan is not directly affected by the river, is present under confined

conditions, and migrates eastward into the Delaware Basin.

East of the Pecos River, thick beds of evaporites are present at depth,

and brines are common in the underlying permeable formations. Ground

water in any of the rock units east of the river in Eddy County is of

brackish quality, at best. Fresh meteorically-derived ground water does

not flush out the poor quality waters in these aquifers. Consequently,

the major utilization of ground water in the central and eastern Delaware

Basin is for oil-field flooding. The predominant source of the ground

water is the Capitan aquifer.

The shallow aquifers east of the Pecos River are limited in extent, are

low yielding, and usually contain water of poor quality. Recharge to

these shallow aquifers is presumed to be from precipitation on outcrop

areas or from overlying formations, and migration of the water generally

follows surface drainage patterns, eventually reaching the Pecos River.
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In discussing ground water occurrences in relation to the proposed

repository, it is convenient to relate them to the Salado Formation 4

because the Salado and its associated evaporite formations have very low

hydraulic conductivities and form a barrier to vertical flow (see

Table 9.2.3-1). Aquifers stratigraphically below the Salado are wide-

spread and contain large quantities of brine under confined conditions.

Aquifers present above the Salado in the proposed site area are either

limited in extent or very low-yielding. This upper ground water is of

poor quality (TDS concentrations greater than 3,000 ppm) and occurs under

unconfined, as well as confined, conditions.

6.3.2 Hydrology of Rocks Underlying the Salado Formation

The halite beds of the Salado Formation that are proposed for the

repository are underlain by thick anhydrite and salt beds of the Castile

Formation. They act as an aquiclude, separating the Salado from the

underlying sandstones of the Delaware Mountain Group. The sandstones are

present at a depth of about 4,200 feet in the site area. The hydraulic

conductivity of the sandstones of the Delaware Mountain Group, associatedV

with the relatively high hydraulic conductivity of the shelf-margin

facies (the Capitan Limestone) and the shelf facies (which includes the

San Andres Limestone) make this group the most important hydrologic

system underlying the Salado. The hydrology of these Guadalupian-age

rocks has been investigated in detail by Hiss (1975a).

Considerable information derived from hydrocarbon exploration in the

basin is available on the hydrologic properties of the formations

underlying the Permian evaporites. As reported by Lambert and Mercer

(1977), the Delaware Mountain Group is the uppermost of the oil- and

gas-producing horizons, which extend to the Ellenburger Group at a depth

of about 18,000 feet. Several zones are encountered that contain water,

oil, and/or gas that are under sufficient pressure to maintain a

potentiometric surface at an elevation above that of the Salado

Formation. Some of the zones have sufficient hydraulic conductivity to

allow flow rates of several hundred barrels per day. In addition to the
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Delaware Mountain Group, the Atoka zone at a depth of about 13,150 feet,

and the Strawn (Desmoinesian) zone at about 12,900 feet are other oil and

gas production zones that are considered deep aquifers by Lambert and

Mercer (1977) .

Deep Hydrologic-Units. The hydrologic parameters of pre-Guadalupian

zones are not as well defined, nor are they as hydrologically significant

to the proposed repository as the Guadalupian-age rocks. Nevertheless, a

review of them is presented, based primarily on McNeal's (1965) analysis

of hydrodynamics of the Permian Basin. He described the potentiometric

surfaces of seven zones, using elevations of outcrops where cut by a

stream or body of water, static water levels in cable tool holes or water

wells, and formation pressures converted to potentiometric surface

elevations. McNeal prepared maps showing the regional potentiometric

surfaces in terms of fresh water, using density differences of the

various brine concentrations and depths of the nearby wells. The three

deep hydrologic units reviewed are the Ellenburger Group, the Devonian

zone, and the Mississippian- Pennsylvanian zone.

1) Ellenburger Group. The Ellenburger Group consists mainly of

chert-bearing limestones and dolomites. It is a widespread unit,

covering some 100,000 square miles in southeastern New Mexico and

northwestern Texas (McNeal, 1965, Figure 1). The unit is estimated to be

350 feet thick at the proposed site (Lambert and Mercer, 1977) and as

much as 1000 feet thick elsewhere in the region. The potentiometric

surface compiled by McNeal for the Ellenburger indicates an altitude

range from 4,200 feet MSL southwest of the site to less than 1,400 feet

MSL in central Texas. In the vicinity of the WIPP site, the ground

surface elevation is about 3200 feet MSL. The average gradient of the

potentiometric surface is about 8 feet per mile in an easterly

direction. Water in the Ellenburger is a brine solution, with a

dissolved solids range of 50,000 ppm to more than 200,000 ppxn. No water

production data are available for this group.
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2) Devonian Zone. McNeal's potentianetric surface for the Devonlian

hydrodynamic zone ranges in altitude from 4,000 feet MSL in the vicinity

of the Glass Mountains to 3,200 MSL feet along the Lea County - Texas

line. In the Midland Basin, there are nearly hydrostatic conditions at

an elevation range of 2,800 to 3,200 feet MSL. A high potentiornetric

nose extending across southeast Eddy County indicates a potentiometric

surface at the proposed site of about 3,700 feet MSL. Salinity of the

formation water is less than 50,000 ppm in most of southeast New Mexico.

In west Texas, salinity reaches 200,000 ppm in one area.

The Devonian, as inferred from McNeal's potentiometric map, extends

throughout southeast New Mexico and northwest Texas. He has included

Silurian data in the eastern (Texas) subcrop area. The potentiometric

surface generally slopes to the east, and the average gradient appears to

be about 7 feet per mile.

3) Mississippian-Pennsylvanian Zone. Mississippian rocks are thin and

few data are available on the occurrence of fluids under the Delaware

Basin. McNeal (1965) delineated a potentiometric surface for the

Mississippian zone of West Texas, but has not extended it into New Mexico.

There are three water-bearing zones in Pennsylvanian age rocks. In

ascending order they are the Morrow, the Atoka, and the Strawn

' ~~(Desmoinesian). Lambert and Mercer (1977, p. 111-2) report that the

(~$ ')Morrow may be a high pressure, low capacity reservoir with
Iwater-production rates ranging from 10 to 20 barrels per day. The Atoka

also may be an overpressured reservoir with enough head to yield fluid

columns of 3375 to 6552 feet MSL at gradients of 0.47 psi per foot. The

water is produced from gas wells at rates ranging from 21.6 barrels per

day to as much as 214.4 barrels per day (Texas American's Todd Federal

Well No. 1).

Lambert and Mercer (1977) report that several wells have been drill stem

tested in the Desmoinesian age Strawn zone and several others have been

completed as oil wells. On five drill stemn tests, the calculated heads
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ranged from 3350 to 6203 feet MSL. Water production was reported to be

as much as 416 barrels per day in one drill-stem test, and one well

(Phillip's James nE" No. 1) produced an average of 106 barrels per day.

A potentiometric surface of the Strawn zone is presented by McNeal (1964,

Figure 4), but the only area in the Delaware Basin for which data were

available was in the southwestern part of Eddy County. Elevation of

levels in that area range from 3,200 feet to 3,800 feet MSL. The

gradient is easterly at about 20 feet per mile.

Bone Spring Formation. According to Lambert and Mercer (1977), the Bone

Spring Formation (Leonardian Series) can be considered an aquiclude.

They report that bottom-hole pressure data from the majority of seven

wells tested had insufficient heads to prevent downward movement of

shallower water. They suggest the pressure data indicate the formation

has a low capacity and contains reservoirs of limited volume.

Guadalupian Age Rocks. The most important aquifers of the Delaware Basin

are part of a hydrologic system that incorporates rocks of Guadalupian

age. The system comprises three interconnected aquifer groups; the shelf

aquifers (including the San Andres Limestone and the Artesia Group), the

Capitan aquifer (including primarily the reef deposits - Capitan and Goat

Seep Limestones), and the basin aquifers (sands of the Delaware Mountain

Group). These aquifers are depositionally juxtaposed, but are
distinguished in most'areas by contrasting hydraulic conductivities,

water salinities, and potentiometric levels. Along the north and

northwest interface, hydraulic conductivity of the shelf aquifer,

although lower, is near the hydraulic conductivity of the Capitan

aquifer. The basin aquifers have the lowest values of hydraulic

conductivity, and the Capitan is a discharge point for ground water flows

in them. Recharge to these basin aquifers probably occurs in outcrop

areas along the west flank of the Delaware Basin. Ground water then

moves generally eastward, downdip in the tilted beds. Data on aquifer

characteristics, compiled by Hiss (1975a), are summarized in Table

6.3-1. Hydrologic, lithologic, and physical properties of the formations

* in which these aquifers occur are discussed below.
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1) Delaware Mountain Group Aquifer. The Delaware Mountain Group

includes, in ascending order, the Brushy Canyon, Cherry Canyon, and Bell

Canyon Formations and comprises the basin facies of the system. The

combined thickness of these formations ranges from less than 2,000 feet

in the southern part of the Delaware Basin to more than 4,000 feet in

southwestern Lea and eastern Eddy Counties, New Mexico (Hiss, 1975a).

The Brushy Canyon Formation is as much as 1,000 feet thick and consists

chiefly of sandstone with limestone lenses and occasional conglomerate at

the base. No wells are known to be extracting water from this formation

in Eddy County (Hendrickson and Jones, 1952).

The Cherry Canyon Formation is also as much as 1,000 feet thick and

consists of thin-bedded, fine-grained sandstone and some persistent

limestone beds. The lower one-fourth of the formation persists as a

sandstone tongue striking northwestward into the Guadalupe Mountains

which may yield water to some wells and springs in that area (Hendrickson

and Jones, 1952) .

The Bell Canyon Formation ranges in thickness from 670 to 1,040 feý,t and

consists mainly of sandstone and thin beds of limestone (King, 1948).

The formation interfingers to the northwest with the reef limestone of

the Capitan Formation, providing the potential hydrologic interconnection

of the Guadalupian Age rocks. Large springs near the base of the reef

,/escarpment west of the Pecos River - e probably supplied by ground water

moving through the upper beds of tL;, Bell Canyon Formation (Hendrickson

and Jones, 1952) .

An average hydraulic conductivity of 0.016 ft/d (feet per day) and a

porosity of 15.65 percent were determined by Hiss (1975a) from analyses

of approximately 4,500 samples of rock core cut from the Delaware

Mountain Group in Eddy and Lea Counties, New Mexico, and Ward and Winkler

Counties, Texas. Hiss also computed a similar hydraulic conductivity

from productivity indexes (approximately equivalent to specific
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capacities) obtained from an oil company for two wells in the El Mar

0 field located on the boundary between Lea County, New Mexico, and Loving

County, Texas.

Hiss (1975a) indicated that similar values of hydraulic conductivity were

reported by earlier writers for much of the same part of the Delaware

Basin.

Hiss compiled a potentiometric surface map of the Delaware Mountain

Group, of which the northern Delaware Basin portion is shown in Figure

6.3-1. The data used by Hiss in compiling the map were taken at

different times over a period of about 25 years between the late 1940's

and early 1970's. However, he believes the contours are representative

of conditions during the period 1960 and 1970. Although some local

changes to the potentiometric surface are due to oil and water

withdrawals during that period, no data suggest that the regional

directional trend has changed. The potentiometric surface data for the

brines have been corrected to "fresh-water" density, indicating a

potentiometric elevation of 3350 feet MSL in the vicinity of the proposed
WIPP site. The hydraulic gradient in the northern portion of the basin

dips northeasterly at approximately 15 feet per mile.

Quality of the water in the Delaware Mountain Group is generally Poo.

An isochlor map compiled by Hiss (1975a, Figure 26) shows a chloride-ion

concentration range from 50,000 to 150,000 ppm in the east half of the

Delaware Basin. Concentration diminishes to approximately 1,000 ppm

southward in the vicinity of the Glass Mountains and northwestward in the

vicinity of the Guadalupe Mountains. These are outcrop areas where the

Guadalupian Age rocks probably have been recharged by precipitation.

However, analyses of water samples taken from the hydrologic system in

the vicinity of the repository site indicate that the brine solutions do

not contain oxygen and hydrogen isotopes in ratios characteristic of

meteoric waters. The relative proportions of 018/016, and deuterium/

hydrogen ratios have probably been altered through interaction with the

rock of the formation (Lambert, 1978; see also Chapter 7 of this report).
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According to Hiss, recharge to the basin aquifers is through

precipitation on the outcrops in the Guadalupe, Delaware, Apache, and

Glass Mountains, and from downward leakage through the younger rocks in

areas where the overlying soluble Ochoan evaporites have been removed.

The potentiometric surface (Figure 6.3-1) indicates water moves north and

northeastward, and discharge is to the overlying Capitan and shelf

aquifers.

2) Capitan Aquifer. The Capitan Limestone and the underlying Goat Seep

Limestone constitute the main body of the Capitan aquifer, which is the

reef facies of the Guadalupian rocks. Hiss (1975a) describes the aquifer

as a long continuous unit that extends in an arcuate strip along the

north and east margins of the basin, with exposures in the Guadalupe and

Glass Mountains, as well as the Delaware and Apache Mountains. The

thickness of the aquifer ranges from a few hundred to more than 2,900

feet, and the average width is approximately 10 miles (Hiss, 1975a,

Figure 11). It is one of the most important aquifers of the region and

is a major control in the hydrologic system (Mercer and Orr, 1977).

Relatively few aquifer tests have been performed to measure the hydraulic

conductivity of the Capitan aquifer. The data compiled by Hiss (1975a)

are summarized in Table 6.3-1. Hiss calculated that the hydraulic

conductivity of the Capitan aquifer along the western margin of the

Central Basin Platform in Texas and New Mexico ranges from 1 to 25 ft/d

(4 and estimated that for most of southern 
Lea County and for about 15 miles

~-'east of the Pecos River valley from Carlsbad it is about 5.0 ft/d.

Although Hiss was unable to conduct any aquifer tests in the area west of

the Pecos River, he concluded that high production wells, the presence of

caverns, and high porosity suggest that the hydraulic conductivity of the

Capitan is higher west of the river than east of the river. The

hydraulic conductivity is probably very high, as well, in the Glass

Mountains, because of numerous small caverns (Hiss, 1975a). The

coefficient of transmissivity of the Capitan aquifer along the northern

and eastern margins of the Delaware Basin is estimated by Hiss to range

from 10,000 ft2 /d (square feet per day) in thick sections to less than

500 ft 2/d in the vicinity of eroded, thin sections of the reef.
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The Capitan aquifer receives some recharge by direct infiltration on

outcrops in the Guadalupe and Glass Mountains, and probably more by

percolation of discharge from the basin and shelf aquifers along the

north and east margins of the basin. Water-table conditions exist in the

aquifer west of the Pecos River and in the Glass Mountains, but to the

north of the Glass Mountains and east of Carlsbad water in the aquifer is

confined. Hiss believes that water entering the Capitan aquifer in the

Guadalupe Mountains moves northeastward toward Carlsbad where most of the

water discharges into the Pecos and Carlsbad Springs. The Pecos River

controls the movement of ground water in the Capitan aquifer in the

vicinity of Carlsbad, and east to the ground-water divide near the

Eddy-Lea County line (figure 6.3-1).

Hiss (1975a) believes that a deep submarine canyon cut into the Capitan

Limestone is present near the Eddy-Lea county line, and a hydraulic

restriction is formed to constrain the eastward movement of water in the

aquifer from the vicinity of the Pecos River. Apparently there is little

movement of water between the Pecos River and the Eddy - Lea County0 line. East of the hydraulic restriction, the potentiometric surface

declines with an eastward gradient. Hydrographs of observation wells,

established by the U. S. Geological survey in the Capitan aquifer from

Carlsbad east and south to the Texas - New Mexico state line have

recorded these water level differences. Water levels during the years
1967 through 1972 indicate that from Carlsbad eastward to near the Eddy -

Lea County line, the potentiometric surface has remained nearly constant,

responding to minor fluctuations of the Pecos River. East of the county

line, water levels declined more than 100 feet, at a constant rate,

during those 6 years (Hiss, 1975a, Figure 24). The eastward gradient and

decline in potentiometric surface are caused primarily by the large

withdrawals of water for oil-field water flooding in eastern New Mexico

and western Texas (Mercer and Orr, 1977). These withdrawals are

apparently the primary discharge from the aquifer at the present time.

The similar potentiometric heads and directions of movement of the

Capitan and shelf aquifers along the northeast and east sides of the

basin (Figure 6.3-1) suggest some discharge from the shelf aquifer also
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occurs. In analyzing potentiometric data prior to 1950, when large

extractions of water from the Capitan had not developed, Hiss (1975a),

concluded that discharge at the time was east, into the shelf 
aquifers.

Water of good quality, although hard, is available in the Capitan aquifer

in the area west of Carlsbad (Hendrickson and Jones, 1952), and

apparently in the Glass Mountains. However, in the major portion of the

aquifer, east of the Pecos River, quality is poor. Chloride-ion

concentration increases from 200 ppm just west of Carlsbad to as much as

23,000 ppm east of the community. Along the east flank of the basin,

salinity of Capitan water is significantly lower than that in the

adjacent shelf and basin aquifers, ranging from about 1,100 to 5,000 ppm

in most wells (Hiss, 1975a, Figure 26).

3) Shelf Aquifers.

The shelf aquifers do not have a direct impact on hydrologic conditions

underlying the proposed site because the Capitan aquifer is 
a hydrologic

boundary. Nevertheless, they are in close hydraulic connection with thatW

aquifer, and would apparently accept scme discharge from the Capitan,

should the extensive pumping from the Capitan be discontinued.

The lowermost unit of the Guadalupian age shelf or "back-reef" 
facies,

known as the San Andres Limestone, extends over much of southeast New

/Mexico and into northwest Texas. The average thickness of the unit is

about 1500 feet. Overlying the San Andres are formations of the Artesia

Group. Strata in these formations that yield significant quantities 
of

water are the shelf aquifers. The contact between the Capitan and shelf

aquifers is gradational and difficult to differentiate in some 
areas. In

the Pecos River Valley between Carlsbad and Roswell, and to 
the west of

that area, the shelf aquifers are quite porous and yield large 
quantities

of potable water to wells (Hendrickson and Jones 1952). The hydraulic

conductivity of the aquifers east of the river and in the Central Basin

Platform are significantly less than those to the west, and water 
quality

is poor (Hiss, 1975a).



6-19

Measurements of hydraulic conductivity and porosity of core samples of
the shelf aquifers were collected by Hiss (1975a) and the data are

summarized in Table 6.3-1. It can be seen that the hydraulic

conductivities in this area are at least one order of magnitude less than
hydraulic conductivities of the Capitan aquifer. Potentiometric levels
of the shelf aquifer, shown on Figure 6.3-1, are similar to those of the
Capitan aquifer along the east side of the Delaware Basin. In the
vicinity of Carlsbad, however, the levels are as much as 200 feet higher

than those of the Capitan, suggesting poor interconnection between

aquifers in that area.

The major areas of recharge to the shelf aquifers are probably north and
west of Carlsbad in the Guadalupe mountains and areas west of the Roswell
basin. Water in the shelf aquifers to the north moves either

southwestward to the Pecos River, or southeastward onto the Central Basin
Platform. Water quality in the shelf aquifers varies considerably from
one area to another, but is generally poor east of the Pecos River.

Chloride-ion concentrations in excess of 150,000 ppm are indicated by

Hiss (1975a, Figure 26) north of the Capitan aquifer and along the east
flank of the Delaware Basin. However, a narrow band of better quality

water (salinity less than 10,000 ppm) in the San Andres Limestone is

indicated to the northeast, between the shelf and the Central Basin

Platform.

Castile Formation. The Castile Formation overlies the Delaware Mountain

Group and consists predominantly of anhydrite with halite interbeds, and
subordinate limestone. Its thickness ranges from 1,300 to 2,000 feet

over most of the Delaware Basin. In most of the basin hydraulic

conductivity of the Castile is very low so that this formation acts as a

confining layer for the underlying Delaware Mountain Group (Mercer and

Orr, 1977). However, west of the Pecos River, the salt beds have been

removed, hydraulic conductivity of the residuum is higher and water is
available to wells (Bjorklund and Motts, 1959).

In the central Delaware Basin, isolated pockets of brine and associated
hydrogen-sulfide gas have been encountered by various oil companies in
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the Castile, and also in the Sandia Laboratories exploratory 
hole, ERDA-6

(Mercer and Orr, 1977). High-pressured brines encountered in three oilW

wells east of the proposed site reportedly have had flow rates as high as

20,000 barrels per day. These brines are present near the top of the

formation, suggesting a brine zone, but since no other wells have

encountered brines, the zone is apparently not continuous (Rose, 1977).

Brine from ERDA-6 further suggests a long isolation time on the 
order of

one million years for that pocket (Barr, Lamnbert and Carter, 1978).

Salado Formation. Massive beds of halite of the Salado Formation are the

intended host rock for the WIPP repository. The formation extends more

than 100 miles both north and east of the Delaware Basin and 
underlies an

area of approximately 25,000 square miles (Pierce and Rich, 
1962).

Formation thickness in the Los Medanos area is 1,976 feet, as measured at

ERDA-9, and the depth to the top is 848 feet.

Porosity of the halite is very low and interconnected pores are virtually

non-existent. Lack of open fractures is assured because of the high

plasticity of the material. As a result, hydraulic conductivity of theW

beds is effectively zero. As reported by C. L. Jones (1973), microscopic

to very small angular cavities in grains of halite contain very minor

amounts of brine and gas. Less common are much larger cavities or

pockets in the halite beds that contain halite-saturated brine and

nitrogenous gas confined under pressure sufficient to produce 
a

"blow-out" when encountered during drilling. Nevertheless, the brine

pockets do not appear to be interconnected, but seem to be isolated fluid

bodies within the rock.

Because halite is quite soluble, it would readily dissolve if the beds

came in contact with circulating, unsaturated solutions. 
West of the

proposed site, where the Salado rises to the surface, progressively less

halite is present as a result of leaching by percolating ground water.

Where exposures existed, all of the salt has been removed (see Section

4.3.2.).
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As discussed in Section 4.3.2., removal of salt fra1 the Salado Formation

in the western portion of the basin where it is exposed, or near the

surface, has formed a residuum of clay, gypsum and sand. In the Carlsbad

area along the Pecos River and to the west, Bjorklund and Motts (1959)

report that these clays are dense, and are referred to as "red beds".

They suggested that the residue has slowed ground-water infiltration and

subsequent salt removal.

Underlying Nash Draw, a salt dissolution zone is present in the residuum

at the contact between the Salado and the overlying Rustler Formation.

As reported by Mercer and Orr (1977), the dissolution zone extends from

the recharge area north of Nash Draw to its termination in the vicinity

of Malaga Bend. Water penetrates the overlying units through fractures

and solution zones in the recharge area and moves southward along the top

salt, and discharges into the Pecos River at Malaga Bend (Figure 6.3-2).

The dissolved solids content of the brine at the river has been reported

to be in excess of 300,000 ppm. Theis and Sayre (1942) calculated the

discharge from the brine aquifer into the Pecos River at Malaga Bend to

be about 200 gpm. Hale (in Hale, Hughes, and Cox, 1954) calculated a

value of transmissivity of 8,000 ft2/d from aquifer tests in the area

between Malaga Bend and Laguna Grande de la Sal. Apparently, as salt has

been progressively leached from the overlying beds, the residuum has

developed a base of low hydraulic conductivity, preventing further

downward leaching, and the dissolution zone has developed along the same

structural control as Nash Draw (Robinson and Lang, 1938).

6.3.3 Hydrology of Rocks Overlying the Salado Formation

Nearly all of the water bearing formations overlying the Salado in the

Delaware Basin are of materials with low hydraulic conductivity and which

contain limited amounts of poor-quality water. The major hydrologic unit

in the area that yields moderate quantities of marginal-quality water to

wells is the alluvium of the Pecos River valley. Information on the

hydraulic characteristics of these water bearing formations is limited,

and only regional descriptions of potentiometric levels and hydraulic

* conductivity can be established.
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Rustler Formation The Rustler Formation extends laterally beyond the

limits of the Salado Formation and consists of interbedded anhydrite,

dolomite, siltstones, clays, and halite. Two dolomite beds in the

formation are water-bearing units, other than the Rustler-Salado contact,

discussed above. The thickness of the dolomite beds ranges from 20 to 30

feet; these beds are areally extensive. The Magenta Dolomite is a finely

crystalline, dense dolomite, and the Culebra Dolomite is vuggy and

commonly associated with some anhydrite. The Magenta transmits only

minor amounts of water and is not considered an important aquifer

(Lambert and Mercer, 1977).

Although the Culebra Dolomite is areally persistent, yields of water vary

considerably from place to place. Cooper and Glanzman (1971) suggested

that the variability of yields is related to the size and number of

fractures and openings in the dolomite, which in turn, could be related

to its depth. In the northern part of Nash Draw, the dolomite is near

the surface and is reported to yield as much as 700 gpm. East of Nash

Draw, where the dolomite is covered with Triassic and younger rocks,

yields are typically at least two orders of magnitude less.0

Measurements of the hydraulic properties of the Culebra in the region are

scarce, primarily originating from studies related to Project Gnome

investigations (Cooper and Glanzman, 1971). Aquifer-performance tests in

holes drilled for Project Gnome studies indicate a transmissivity of 460

ft2/d, an average hydraulic conductivity of 16 ft/d, a storage

coefficient of about 10-4, and an average effective porosity of 10

per 2.,nt.

Mercer and Orr (1977) prepared a map of the potentiometric sur~f ce from

water levels measured in wells open to the Rustler Formation in the north

portion of the Delaware Basin (Figure 6.3-2). The data were taken from

several sources and represent a composite of the Culebra and Magenta

dolomites, or other zones. However, it is believed that most wells are

open to the Culebra dolomite bed because it is the most consistently

producing rock in the vicinity.
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These data indicate that water in the Rustler Formation moves west and

southwestward across the Lea - Eddy County line, and southeastward from

the community of Carlsbad toward Nash Draw, and the Pecos River to the

south. Only the Magenta is exposed locally on the flanks of Nash Draw,

and both the Culebra and the Magenta form the floor of wide sections of

Nash Draw in the vicinity of Laguna Grande de la Sal.

A single water well in Lea County is reportedly deep enough to have

reached Permian beds (Nicholson and Clebsch, 1961); otherwise no

additional information is available on occurrence of water in the Rustler

Formation in the area.

The Dewey Lake Redbeds. The youngest formation in the Ochoan Series, the

Dewey Lake Redbeds, consists of orange-red siltstone with some mudstone

and sandstone. This formation has been removed from the western and

southern parts of the Delaware Basin by post-Permian erosion but is

present in the subsurface throughout most of the site area. The

thickness of the formation varies from about 200 feet to as much as 600

W feet (Hiss, 1975a).

The Dewey Lake Redbeds are not an aquifer, although some permeable sand

lenses are present and yield small quantities of water to a few wells.

Regionally, the beds act as an aquiclude, restricting water at the

surface from percolating downward to more permeable units in the

underlying Rustler Formation.

Dockum Group. The Dockum. Group consists of three formations. In

ascending order, they are, 1) the Tecovas Formation, which consists of up

to 300 feet of red shale, siltstone, and fine-grained sandstone, 2) the

Santa Rosa Sandstone, which is composed of 100 to 650 feet of red, brown,

and gray sandstone, and 3) the Chinle Formation equivalent, which

consists of up to 1,300 feet of red, maroon, and purple shales and

siltstones with lenses of fine-grained red-to-gray sandstone (Hiss,

1975a). The group is present only as a thin wedge in Eddy County,

* thickening to the east in Lea County and in Texas.
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Both the Chinle Formation equilvalent and the Tecovas Formation are

present only as thin, isolated remnants in southeastern New Mexico,

primarily in Lea County. The few wells drilled into these formations

yield small quantities of poor-quality water (Hiss, 1975a). In contrast,

the Tecovas and Chinle are not considered aquifers in the Delaware

Basin. The Santa Rosa Sandstone is a principal aquifer in several areas,

particularly in Winkler and Ward Counties, Texas (Hiss, 1975a). It

produces both fresh and saline water, depending on location. The

westernmost extent of the Santa Rosa Sandstone is just into Eddy County,

as shown in Figure 6.3-3. Water levels in wells open to the Santa Rosa

Sandstone, reported by several sources, are the basis of the

potentiometric surface by Mercer and Orr (1977) shown in Figure 6.3-3.

Wells completed in the Santa Rosa Sandstone have low yields with specific

capacities of 0.14-0.2 grin per foot of drawdown (Nicholson and Clebsch,

1961); the formation porosity is about 13 percent.

Ground water recharge to the Santa Rosa Formation is from precipitation

on the outcrop and percolation through sand dunes and the overlying

Ogallala Formation to the east (Nicholson and Clebsch, 1961). Movement

is generally southwest, but additional recharge apparently occurs along

the potentiometric high that trends southwest along the eastern side of

Eddy County. Discharge is to underlying formations at the edge of

outcrops and reportedly downward through collapse zones such as San Simon

Swale.

Ogallala Formation. The High Plains (Llano Estacado) region south of the

SCanadian River is mantled by the Ogallala Formation, which consists of

Pleistocene sediments from 0 to 500 feet thick. South of Mescalero Ridge

in Lea County the formation becoimes discontinuous, and there are no

definite remnants of the Ogallala west of easternmost Eddy County.

Recharge to the Ogallala is by direct precipitation on the outcrop and by

percolation through overlying sand dunes and alluvium. Nicholson and

Clebsch (1961) reported that the saturated thickness of the Ogallala

ranges from 25 to 175 feet. This variability can be attributed to the

very irregular Triassic surface that underlies it. Movement of water in
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the Ogallala is controlled to a great extent by the generally

southeastward slope of the underlying Triassic red beds (Mercer and Orr,

1977).

Quaternary Deposits The Gatuna Formation is the oldest known Quaternary

formation in the area and fills channels and steep-walled valleys cut

primarily into the Dewey Lake red beds and Rustler Formation. In the

type section and in the vicinity of Nash Draw where the Gatuna is readily

recognizable, it is overlain by an extensive caliche zone that marks the

Mescalero surface (Bachman, 1974). East of Nash Draw, there are few

outcrops of the formation.

The Gatuna Formation yields limited amounts of water to wells where the

water is in isolated gravel and sand lenses. Yields of one to five gpm

are small but are usually sufficient for stock and domestic use. Ground

water from the Gatuna probably percolates downward into Triassic

sandstone or the Rustler Formation (Mercer and Orr, 1977).

Younger quaternary deposits are represented by alluvium. The most

extensive alluvial deposits are along the west side of the Pecos River

north of Malaga. Isolated patches of alluvium, however, occur along the

Pecos to the south. In some areas the thickness is nearly 300 feet, and

yields are reported to be as much as 3,000 gpm (Hendrickson and Jones,

1952). The source of water is primarily underflow from west of the Pecos

River augmented by leakage from canals and from irrigation return flow.

Alluvium east of the Pecos River is restricted to relatively small closed

depressions. Nash Draw and Clayton Basin contain Quaternary alluvium,

and, in places such as Laguna Grande de la Sal, contain lake or playa

deposits. The thickest alluvial deposits occur within San Simon Swale

where they are in excess of 500 feet. Ground water present in the San

Simon alluvium may be derived from discharge from the Santa Rosa

Sandstone (Mercer and Orr, 1977). The lake and playa deposits often

yield some water, although it is generally highly mineralized.



6-26

6.3.4 Regional Ground Water Use

Ground water is used in the region for irrigation, municipal supplies,

rural domestic supplies, stock watering, a few industrial purposes, and

for secondary oil recovery (usually referred to as "oil field

flooding"). In southeastern New Mexico and western Texas almost all the

ground water produced is used for this latter category. The Capitan

aquifer is the largest source, but supplies are also taken from the Santa

Rosa Sandstone and the Rustler Formation (Hiss, 1975a).

Demand for water throughout the region has increased steadily over the

past three decades and is expected to continue into the 1980's.

Production from the Capitan aquifer alone increased from approximately

80,000 acre-feet in 1950 to about 700,000 acre-feet in 1970 (Hiss, 1975a,

Figure 38). The increase has been fairly linear over the 20 year

period. Most of the increased demand has been for oil-field flooding

which began in the early 1950's. The largest amount of pumping for this

purpose is in Ward and Winkler Counties, Texas, and is primarily

extracted from the Capitan aquifer. The other major source is the San

Andres Limestone. According to Hiss (1975a), the cumulative total of

water produced from these aquifers for the period 1920-1969, in thousands

of acre-feet, is as follows:

Eddy County Lea County West Texas Total

Industrial 65.4 -65.4

Irrigation 151.0 -223.7 374.7

Municipal 162.0 -- 162.0

Secondary Recovery 0.6 2.8 293.0 296.4

TOTAL 379.0 2.8 516.7 898.5

Listed below (in acre-feet) is a summary of usage in Eddy County for the

year 1949 (Hendrikson and Jones, 1952) and in Lea County for the year

1954 (Nicholson and Clebsch, 1961). It is reasonable to assume that the

quantities reported for industrial, irrigation, municipal, and rural use
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have increased a moderate amount. The quantity listed for secondary

recovery has increased moderately in southeastern New Mexico and

dramatically in west Texas, as noted above.

Eddy County (1949) Lea County (1954)

Industrial 4,000 2,710

Irrigation 130,000 2,600

Secondary Recovery 0 40

Rural Domestic/Stock 2,000 450

TOTAL 141,000 6,350

Occurrence of large quantities of potable ground water is restricted to

west of the Pecos River, and most of this water is extracted from the

Capitan aquifer. Hiss (1975a) reported that the municipal water supplies

for the communities of Carlsbad and White's City are obtained from wells

completed in the Capitan aquifer. Hiss also reported that water pumped

from the Capitan aquifer is used to irrigate about 2,300 acres of

farmland in the Pecos River valley, the immediate vicinity of Carlsbad.

In addition, water pumped from the Capitan aquifer at Carlsbad is

transported by pipeline to a potash refining plant located about 18 miles

east of Carlsbad. Approximately 3,740 acre-feet of water per year was

used to refine potash ore during the period 1965-1969.

Oil Field Secondary Recovery. In the early 1950's, the petroleum

companies operating in the region initiated a process to recover crude

oil that could no longer move to wells under existing reservoir

pressure. This secondary recovery technique is one in which water is

injected under pressure into the oil-bearing formation to drive the

residual oil to the pumping wells. Injection may be into existing

depleted wells or into wells constructed specifically for this purpose.

According to Hiss (1975a, Table 15), a cumulative total of nearly 300,000

acre-feet of water has been produced from the Capitan aquifer for
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secondary recovery versus a total of about 725,000 acre-feet actually

used in the flooding process. The difference of 425,000 acre-feet has

been supplied from other sources including the San Andres Limestone and

the Ogallala and Rustler Formations. The major areas of extraction for

this use are in Ward and Winkler Counties, Texas.

Ground Water Utilization East of the Pecos River, Southeast New Mexico.

In this area, small amounts of ground water are used for rural domestic

supplies, stock watering, gasoline plants, and gas stripping. The

Rustler Formation, the Santa Rosa Sandstone, and the Artesia Group are

the principal hydrologic units pumped for those purposes. In the Nash

Draw area, relatively large quantities of ground water have been taken

from the Rustler Formation for use in potash refining. In the past,

considerable amounts were pumped for irrigation in Lea County, but this

has apparently been discontinued (Nicholson and Clebsch, 1961).

Gasoline plants use a considerable amount of water for their cooling and

boiler systems. Nicholson and Clebsch (1961) report that in Lea County a

total of 2400 acre-feet of ground water was used for this purpose in

1959. Gas stripping plants in the area also use water for extracting

hydrogen sulfide and carbon dioxide from residual gas. Nicholson and

Clebsch (1961) estimated that 150 acre-feet per year is used for this

purpose.

In 1972, Cooley (1973, Table 4) inventoried the existing and abandoned

wells in a nine-township block in east-central Eddy and west-central Lea

Counties, New Mexico. Most of these wells are of low yields and are used

mainly for domestic supplies and stock watering. Table 6.3-2 is

extracted from the Cooley survey; well locations are shown on Figure

6.3-4.

6.3.5 Ground-Water Occurrence at the Proposed Site

The wells in the vicinity of the site (Figure 6.3-4) indicate that ground

water above the Salado Formation is found only in limited quantities, and
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is commonly of such poor quality, that it is not usable. Where the

quality is marginal, it is utilized for watering stock, and is considered

a valuable resource (Nicholson and Clebsch, 1961). Below the Castile

Formation, at considerable depth, the Bell Canyon Formation might yield

large quantities of water, but it would be brine. Although these units

are technically regarded as aquifers, in the following discussion, only

the hydrologic characteristics of fluid-bearing zones underlying the

proposed site will be described. These zones are not identified as

aquifers because an aquifer readily yields good quality water to wells.

Fluid-bearing Zones. The hydrologic exploration at the proposed site

performed by the U. S. Geological Survey to date has been directed

primarily to the fluid-bearing rocks of the Rustler Formation, and to the

Rustler-Salado contact zone. They directly overlie the Salado salt and
furnish a potential, although remote avenue for salt dissolution and

radionuclide transport (Mercer and Orr, 1978). Additionally, brines in

the sands of the underlying Bell Canyon Formation have been tested.

These fluids are under sufficient head to allow them to reach the Salado

salt. Because the brines are undersaturated, they could dissolve the

salt. However, to reach the Salado, these fluids would have to first

penetrate the Castile Formation. Permeabilities (or lack of

permeability) of the Castile and Salado Formations at the site have been

determined by drill-stem tests in two exploratory holes: ERDA No. 9 and

AEC No. 8. The tests, summarized by Lambert and Mercer, 1977, Tables 1
and 2, indicate that the two formations are extremely tight. The tests

gave no indication of fluid content in either formation.

Other zones that were briefly tested include zones in the Dewey Lake red

beds where circulation was lost during drilling, or where hydraulic

conductivity was believed to be measurable. However, no appreciable

amounts of fluid were encountered (Mercer and Orr, 1978).

When the exploration and testing were completed, Mercer and Orr (1978)

made several conclusions concerning the occurrence of fluids in the

rocks. These include the following:



6-30

Monitoring of fluid-bearing zones in the Rustler Formation indicate

that stabilized heads decrease with depth; consequently, 
potential

fluid movement would be downward in rocks above the 
Salt. However,

the large head differences between fluid-bearing units within 
the

Rustler indicate little or no vertical connection.

Head distribution determined for the Culebra dolomite 
indicates

fluid movement to the southeast across the site. Gradients range

from 7 to 120 ft/mi and vary as a function of hydraulic 
conductivity.

Head distribution within the Magenta dolomite has 
been determined

only in three holes and indicates fluid movement 
to the southwest.

The hydraulic gradient is 50 ft/mi.

Fluids in the Culebra and Magenta are expected to move 
primarily

along fracture systems, and measurements of the effective porosities

and hydraulic conductivities in low-yielding fractured 
rocks are

very difficult to obtain.

Brines were found at som locations along the Rustler-Salado

contact, but extremely low yields were measured.

-~Although evaluation of the testing of Bell Canyon sands is not

/ complete, preliminary results at AEC-8 indicate the potentiafletric

-, surface, corrected to fresh-water density, is higher than similarily

corrected levels of fluid zones in the Rustler Formation.

Hydrologic Testing. The geologic and geophysical exploration performed

at the site provides a detailed understanding of the 
stratigraphy and

structure of the underlying formations. This work was described in

previous sections. In coordination with the exploratory drilling, a

program of hydrologic testing and monitoring was established. 
As a

result, considerable data on the occurrence of 
ground water have been

collected. The ground-water studies are continuing and the data

collected will further our understanding of the site conditions.
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In addition to continued monitoring of the existing observation wells,

long-term pumping tests to measure vertical connection between zones, and

other tests have been planned. Also, sane hydrologic information is

available from the recently completed ERDA 10 test hole, located

approximately 8.5 miles southwest of the proposed site.

One of the major problems faced in this program is the difficulty of

measuring hydrologic parameters in materials of extremely low hydraulic

conductivity in the field. Thorough testing of even the more permeable

zones, such as the Culebra Dolomite, requires long periods of time, as

well as close control of the interval being tested. To collect a

sufficient quantity of water from these materials for proper water

quality sampling requires long periods of time. Recovery of water levels

in observation wells to static conditions is very slow; levels in sane of

the wells on site had not stabilized after more than 12 months of

monitoring. Nevertheless, the data collected are sufficient to provide a

good measure of the hydraulic characteristics and an understanding of

ground-water occurrence at the proposed site. Hydrologic test data as of

August, 1978, are available from 9 exploratory holes within the proposed

land withdrawal boundary, and f ran the hole designated AEC 8, which is

just outside the boundary, as shown on Figure 6.3-5. The U. S.

Geological Survey Water Resources Division has been directing the testing

program. A summary of drilling and testing operations is given for each

hole in Section 6.4. A full description of the testing program and the

data collected is presented in Mercer and Orr, 1978. The following

discussion is extracted from that report.

The objectives of the program have been to determine the static head or

reservoir pressure, the water-yielding potential (i.e., hydraulic

conductivity and transmissivity) of the rock strata, and the chemistry of

formation waters. These hydrologic tests are made in the exploratory

test holes both during drilling and after the hole has been drilled to

total depth.
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Five of the test holes were specifically designed for hydrologic 
testing

(H-1, H-2 complex, and H-3); the others were drilled for other purposes

as well (potash mineral evaluation and/or geologic exploration) but were

adapted for hydrologic testing. After drilling and testing wells H-1 and

H-3, triangular arrays H-4, H-5, and H-6 complexes were designed 
similar

to the H-2 complex but with a 100-foot well spacing. The additional sets

of triangular arrays (H-4, H-5, and H-6) have been completed recently and

testing has started.

The H-series test holes were drilled with air and detergent to avoid the

undesirable mudcake that occurs when drilling with gel. This method also

allows detection of fluid-producing zones that are encountered 
during

drilling. When detected, some of these zones were tested before

completion of drilling for a preliminary estimate of yield. 
On

completion of drilling, geophysical logging was performed 
in all holes.

These logs provided detailed information on lithologic changes,

formational characterstics, potential zones of water yield, 
and borehole

diameter changes. These data are used to select intervals to be tested,

as well as provide information on hole conditions in the selection ofV

packer seats.

Following logging, each potential zone of water yield was isolated 
with

packers, and a drill-stem test (DST) was conducted. The DST is a

-~temporary well completion designed to furnish hydrologic data, such as

representative samples of formation fluid, undisturbed formation

-/pressures, and indications of the formation permeablity, and/or

transmissivity. The standard DST, as used in oil-field exploration, was

run in test holes AEC 8 and ERDA 9, but in the other tests the procedures

were modified. The modification most commonly made was in the method of

recording formation pressures. In the standard DST, pressures are

recorded throughout the test by a Bourdon-tube pressure recording gage

(pressure bomb) located near the bottom of the drill string. Data from

this pressure bomb cannot be retrieved until after completion of the

test. In the modification DST used in these investigations, the fluid

was initially removed from the tubing, and the stabilizing 
fluid levels
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were measured in the drill string. This modification allowed for
continuous monitoring throughout the test. Additionally,
pressure-monitoring devices were placed above and below packers to
determine the degree of isolation of the zone from the rest of the
borehole.

The test zones were bailed or swabbed until temperature, conductivity,
and density of fluid in the casing stabilized to assure that the fluid
was representative of formation fluid. Samples were then collected,
treated according to standard U. S. Geological Survey techniques, and
chemically analyzed for the major and trace elements and for
radiochemistry. Results of these analyses are listed in Table 6.3-3.
The geochemistry of these fluids is discussed in Chapter 7.

During the bailing, the volume and rate of fluid withdrawal were
monitored. The rate of recovery following withdrawal was measured, and
yields from test zones were then calculated. The results of these tests
are summarized in Table 6.3-4.

After all potential water zones were tested in the open hole, casing was
installed and grouted in all holes except ERDA 9. Selected intervals
were perforated for monitoring potentiometric levels, and provision was
made for long-term hydrologic testing. Radioactive tracer tests were
conducted in some of the holes after they had been cased and perforated
to examine the cement-bond for leaks between casing and the borehole
wall. These tests also yielded some information on vertical distribution
of permeability across the test interval. The perforated zones were then
tested for yield by bailing or swabbing, as was done in the open hole,
and results are summarized in Table 6.3-4.

When the testing of the cased holes was completed, the holes were
prepared as multiple observation wells. The holes are used to monitor
potentiometric levels of two separate zones with the use of packers and
inner tubing. In some wells, a third zone was perforated, but a bridge
plug was set above it, and the zone is not available for periodic
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monitoring. Figure 6.3-6 illustrates the method of completing the wells,

and Table 6.3-5 indicates the zones monitored 
at each observation well.

Periodic monitoring of the fluid levels in the wells began after

completion of testing. Because of the low yield of the zones tested,

considerable time is required after bailing for 
the recovery of fluid to

reach a stabilized level. Most levels had stabilized by October 1977, as

indicated in Table 6.3-6. These levels provide a measure of the

potentionetric surfaces of the monitored zones, and an indication of

hydraulic gradients.

Bell Canyon Formation. During the WIPP hydrologic testing program, cores

were taken in the Bell Canyon Formation in exploratory 
hole AEC 8.

Analyses of these cores indicated the presence of two sandstone units

whose permeabilities were higher than those of 
the surrounding rocks.

These units are referred to as the lower sand and 
upper sand; their

depths are, respectively, 4,844 to 4,860 feet, and 4,821 
to 4,827 feet.

Hydrologic testing of the two sand units was made only in cased,

perforated zones. There was no open-hole testing. These tests included

formation pressure testing, fluid level monitoring, 
aquifer yields,

recovery rates, water sampling, and geophysical 
logs. Radioactive tracer

logs were also run on this hole. Analysis of the data had not been

completed at the time of the report by Mercer and 
Orr (1978).

After the fluid in the casing had been removed by swabbing 
to a depth of

approximately 4,200 feet, the lower sand yielded 
31 gallons of fluid in

166 minutes (average 0.2 gpm), recovering to a depth of 4,095 feet. The

zone was then shut-in, and a static formation 
pressure of 2,037 lbs/in

2

was reached in 44-1/2 hrs. The upper sand was not tested for yield.

Static formation pressure was 2,044 lbs/in
2 after 57 hours.

Samples collected from the two sand units indicate 
that these units

contain dense brines. For example, the upper sand contains 189,000 ppm

of total dissolved solids, 175,000 ppm of which 
is sodiwn chloride
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(Mercer and Orr, 1978, p. 80). The major constituents from the analyses
are listed in Table 6.3-3. Density of the brines of each zone was

determined to be 1.11 gm/cm3 for the upper sand, and 1.12 gm/cm3 for

the lower sand. These values were used to correct static heads to

fresh-water equivalents (Table 6.3-6).

Rustler-Salado Contact. The contact zone between the Rustler and Salado

Formations was tested in holes H-1, H-2c, H-3, P-14, P-15, P-17, and P-18.

Both open-hole and cased-hole tests were run on the Rustler-Salado
contact in H-i and H-3, and cased hole tests were run in H-2c, P-14,

P-i5, P-17, and P-18. Without exception, all tests showed very low
yields, typically producing a few gallons per day in the cased holes and

only slightly more in the open holes (Table 6.3-4). A yield of 9.1

gallons in a 20-hour period (in H-1) was the highest yield recorded.

Based on the collected data, Mercer and Orr (1978, p. 83) calculated

transmissivities from the yield data, ranging from 10-1 ft2/day (in

P-14) to 10-4 ft2/day (in P-18). Recovery rates in the monitoring

wells are so slow that the level had not stabilized in P-18, after 4

months (Table 6.3-6).

Samples were taken from all of the test wells except P-18. Analyses of

these samples show that the fluid in the Rustler-Salado contact zone is a

saturated brine containing more than 300,000 ppm total dissolved solids

(Table 6.3-3).

Culebra Dolomite. The Culebra dolomite was tested in holes H-i, H-2b,

H-2c, H-3, P-14, P-i5, P-17, and P-l8. Logs of these holes indicate that

the thickness of this unit is about 28 feet and that its depth ranges

from 410 to 940 feet below ground level.

Both open-hole and cased-hole tests were run in the Culebra in H-i and

H-3, and cased hole tests were run in H-2c, P-14, P-15, P-17, and P-l8.

Yields varied considerably. At P-14, 720 gallons of fluid were bailed

with no noticable drawdown, while P-i8 produced only 16 gallons of fluid
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in 33 days of monitoring. Preliminary transmissivity values calculated

by Mercer and Orr (1978) also reflect the variability with values of 140V

ft2/day at P-14, 10-1 ft2/day at H-1, and 10-4 ft
2/day at P-l8.

Mercer and Orr (1978) reported that fluids in the Culebra have a total

dissolved solid range of 23,700 to 118,300 ppm, and a sodium chloride

range of 17,900 to 89,200 ppm. The major constituents of samples taken

from the Culebra are listed in Table 6.3-3.

Magenta Dolomite. The Magenta Dolomite was tested only in H-i, il-2a, and

H-3. In these holes the Magenta is 25 feet thick and the top of the unit

is 502 feet below ground level.

Both open-hole and cased-hole modified drill stem tests were run on the

Magenta in H-i and H-3; well number H-2a was constructed as an

observation well for the Magenta. The open-hole drill-stem test on the

Magenta in H-i produced only 13 gallons of fluid in 13 hours. A

subsequent swabbing of the permeable zone produced 107 gallons of fluid,

which indicated higher productivity than the DST displayed. In the

cased-hole test, the Magenta zone was bailed constantly until a pumping

level of 424 feet (depth) was attained. After bailing was stopped, the

fluid level recovered to a depth of 340 feet in 33 days. In H-3, an open

hole drill-stem test produced 23 gallons of fluid in 38 hours, but 442

gallons were swabbed from the hole after the DST was discontinued. In

the cased hole test, 1 hour of bailing produced 6 feet of drawdown, and

'Nrecovery was from 405 to 401 feet in 33 days of monitoring. Preliminary

( ~ transmissivity values computed by Mercer and Orr (1978) range from 40

ft2/d to less than 1 ft2/d.

The quality of the Magenta fluids is poor (Table 6.3-3), with a total

dissolved solids range of 10,300 to 29,700 ppm. The sodium chloride

range is from 6800 to 24,300 ppm.

Salt-Residue Zone. Rocks of the Rustler Formation in which halite beds

have been removed by leaching--salt-residue zones--were considered to be
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areas for possible fluid retention. A potential zone was identified from

geophysical logging and drill stem tests performed in H-1 and H-3.

Results show that very little fluid now exists in those zones. In H-i,

the suspected zone yielded 11.2 gallons of fluid in 12 hours of

monitoring.

6.3.6 Dissolution of Salt in the Permian Evaporites

Features apparently caused by solution and/or subsidence are common in

southeastern New Mexico. The extensive karst plain of the Llano Estacado

(the High Plains or Caprock region) indicate the prominence or rock

solution as a geologic process. Depressions near the WIPP site range

fromn small features no more than a few meters in diameter to large

features such as Laguna Grande de la Sal (Salt Lake), 11 miles to the

west-southwest of the WIPP site, and Laguna Plata and Laguna Gatuna, 14

miles to the north. Not all depressions in the region, however, have

been formed by solution and collapse. Some have been formed by wind

action, and others are the result of solution or etching of the caliche.

V Salt Lake does appear to occupy an area of coalesced collapse dissolution

sinks, but Laguna Plata and Laguna Gatuna appear to have formed as

solution blowouts in windborne sand deposits.

A report to Sandia Laboratories by R. Y. Anderson was prepared in early

1978. This report served to assemble and summarize available data

regarding the dissolution of evaporites in the Delaware Basin. The

Anderson (1978) report also proposed a set of working hypotheses for the

origin of various dissolution features, in order to guide future Sandia

investigations of evaporite dissolution relevant to the potential

integrity of the WIPP horizons and adjacent evaporites. In the text that

follows, an attempt is made to distinguish available data from working

hypothesis, whenever Anderson (1978) is cited.

It has been estimated that as much as 50 percent of the original salt of

the Delaware Basin evaporites has been removed (Anderson, 1978) either by

surface erosion or by subsurface dissolution and transport by ground
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water. These processes have been in progress intermittently through more

than 100 million years (Bachman, 1974). At least four erosional periods,

in which the removal of salt could have been accomplished, can be

recognized. These include: 1) Early Triassic time, 2) Jurassic through

Early Cretaceous time, 3) a Late Cretaceous through mid-Tertiary period,

and 4) post-Ogallala uplift and erosion.

Of the processes which accomplished the removal, two types of salt

dissolution have been recognized in the Delaware Basin. The more

familiar dissolution is the removal of salt by waters percolating

downward from above (primarily from precipitation falling directly on the

ground surface above the salt). The percolating water removes soluble

salts, leaving behind a residuum of insoluble material that is referred

to as a leached zone (Vine, 1963). The shallow dissolution beneath Nash

Draw is such a zone and is apparently the route of lateral migration of

the leached salts that discharge into the Pecos River.

A second type of salt dissolution has been recognized as having dissolved

salt from somewhere within the body of evaporites, generally resulting in

the collapse and lowering of the overlying stratigraphic units. Anderson

(1978) recognized the resulting insoluble residue as a blanket

dissolution breccia which occurs to the west of the present salt edge in

the basin. In addition, deep dissolution phenomena within the evaporites

may have developed more localized collapse features that have been

recognized around the margin of the basin and within the basin (Maley and

Huff ington, 1953). The origin of these deep dissolution features and

7,, breccias is more problematical than the origin of surface dissolution and

the rates of dissolution more difficult to assess. Source of the water

to dissolve the salt is hypothetically assumed to be aquifers underlying

the salt beds, communicating through fracture systems in the intervening

anhydrite beds.

Shallow Dissolution. The depth of shallow dissolution in the evaporites

(base of leached zone) is highly irregular, but is usually less than 300

feet in the vicinity of the proposed site (see Section 4.3.2). It is
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developed in the western part of the Delaware Basin where the evaporites

are exposed, or near the surface. For example, in Nash Draw, where the

Rustler Formation is exposed, leaching extends into the Salado, and the

permeable residuum contains brine (Vine, 1963). It appears that

percolating ground waters move laterally toward Nash Draw, eventually

discharging to the Pecos River after becoming saturated with salt.

East of Nash Draw, down dip into the basin, the evaporite formations

becomie progressively deeper, and the present-day top of salt becomes

progressively higher in the stratigraphic section. The top of salt is at

the top of the Salado Formation about 2 miles west of the center of the

proposed site, and becomes progressively higher in the Rustler Formation

across the site (Figure 6.3-7, also see Figure 2-6).

Jones (1972) reported the solution front in the Salado Formation to be

between 2 and 3 miles west of the center of the site. Bachman (1974)

described a thinning of the upper member of the Salado Formation to the

west and north that he attributed to a combination of thinning inherent

in the original deposition processes and thinning due to subrosion

"during the middle and late Cenozoic. West of the line marked "edge of

Salado salt" in Figure 6.3-8, there is almost a fourfold reduction in

thickness of the upper member of the Salado Formation to as little as

150-170 feet in some places. This is the residue of a 500-foot thick

section from which the soluble portions have been leached by circulating

ground water. Wherever the upper member of the Salado has been thinned

by dissolution, the section of rock between the upper surface of the

remaining salt and the top of the formation consists of clay with crudely

interlayered seams of broken gypsum (from rehydration of anhydrite) and

fine-grained sandstone.

As dissolution progresses and the salts are carried away, voids develop

and the residual layer is weakened until it is no longer able to support

the overlying material. Slumping of the residue and the associated

collapse of the roof can extend to surface elevations, resulting in a
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topographic sink. The distinctive Pitted topography that results is

termed karst. Such topography, in which surface drainage is poorly

defined, is extensive in southeastern New Mexico.

Bachman (1974) reported that dolines (that are believed to develop into

shallow sinks on the rock surface beneath the soil mantle) are very

common, and suggested that the course of the Pecos River southward from

Carlsbad to the proximity of the New Mexico-Texas state line lies in a

major belt of collapsed sinks. For example, along the east side of the

Pecos River, southeast of Carlsbad at Malaga Bend, a linear scarp is

believed to have formed along a collapse structure that is now occupied

by the river. Other major collapse features mentioned by Bachman include

Clayton Basin and Nash Draw. Bachman believes that these features formed

as coalescing sinks, probably during Pleistocene time.

Another large depression cited by Bachman is San Simon Sink, located 22

miles east of the proposed site. Shallow dissolution is a factor in the

development of this sink, which is apparently still in process. The last

recorded collapse in San Simon Sink occurred approximately 40 years agoW

(Nicholson and Clebsch, 1961). Many sinks along the Pecos River Valley

have collapsed in historic time (Bachman, 1974). As recently as 1973 a

small collapse sink formed at Lake Arthur, N.M., about 50 miles (80 kin)

north of Carlsbad.

Deep Dissolution. Large, deep dissolution features filled with Cenozoic

> sediments overlying the inner margin of the Capitan reef (Figure 6.3-8)

were recognized by some of the first geologists working in the Delaware

/Basin (Maley and Huff ington, 1953). The source of water to dissolve the

salt was assumed to be the Capitan aquifer.

The extent of large-scale dissolution structures is shown on Figure

6.3-8. The dissolution wedges were identified through varve correlation

across the basin in the Castile Formation and recognition of dissolution

breccia beds in the western part of the basin (Anderson et al., 1972).

These studies suggest that deep dissolution wedges in the Castile
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Formation occurred in the lower Salado and upper Castile salt beds

(Anderson, 1978). The position of the eastern margin of the western

wedge coincides with the location of dissolution features containing deep

Cenozoic fill (Figure 6.3-8). The development of these features and the

wedge was apparently a complex process. It probably included initial

wedge developmnent adjacent to the reef, similar to that seen in the

eastern wedge (Anderson 1978), and later combined with shallow

dissolution.

The most prominent small-scale, (less than 1 mile across) dissolution

features in the vicinity of the Delaware Basin have been described by

Vine (1960) as "domal karst features". The subsurface projection of one

of these (dome "C") was encountered at the level of the McNutt potash

zone by Mississippi Chemical Corporation. It was found to be a chimney

in the Salado Formation filled with clay-cemented brecciated rock

belonging to strata above the 7th ore zone. There are other

erosion-breached domes similar to Vine's dome "C" in the vicinity of Nash

Draw. The subsurface expression of the domes, if any, is virtually

unknown. A chimney containing cemented rubble (incorrectly termed a

"breccia pipe") was encountered in commercial exploratory drilling within

the proximity of a low circular hill near the Wills-Weaver Mine, but this

chimney was not associated with a breached-dome at the surface. Recent

geophysical surveys of the region have revealed that some of these hills,

including the "Weaver Pipe" and dome "C", are associated with resistivity

lows. Both Vine (1960) and Anderson (1978) have proposed mechanisms for

origin of these features, all of which remain to be tested by field

investigations of their subsurface structure and composition (see Chapter

10). These mechanisms involve various combinations of differential

solution, hydration of anhydrite to gypsum, and salt intrusion. An

attempt to reconcile these mechanisms and apply them to the origin of

domes near Queen Lake southwest of Nash Draw was made by Reddy (1961).

Anderson believes that the dissolution giving rise to these features is

an ongoing process. The proposed site is in an area of the Delaware

Basin that is free of regional deep dissolution, but localized features
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are present in the vicinity. Nevertheless, the extensive investigation

carried out at and near the proposed site, including exploratory holes,

ERDA-lO, ERDA-ll, ERDA-9, and AEC-8, indicate that deep dissolution is5

not taking place there. ERDA 10 was located and drilled specifically to

evaluate the suggestion of Anderson that the absence of Halite III in the

Castile south of the WIPP site was due to deep dissolution. 
Examination

of the core revealed no apparent solution residue or collapse breccia;

the recently collected data indicate nondeposition rather than

dissolution since this was the nearest probable location of regional deep

dissolution, its absence implies a lack of threat to the WIPP site from

this phenomenon.

Rates of Dissolution. It is evident that dissolution is an active

process, and can be expected to continue in the future. The potential

hazard to the proposed site by continued dissolution in nearby places

such as Nash Draw, 7 to 8 miles west of the site, can be evaluated if the

rates of dissolution are known. In relation to human activity, the rate

of dissolution is almost immeasureably slow. However, in terms of

geologic processes, an attempt to estimate the rate is not altogether

impractical. As stated by Bachman (1974): "Active geologic processes

have not changed since the close of Tertiary Ogallala time, about 3-4

m.y. (million years) ago. However, the rates of these processes have

varied considerably. It is assumed that the rates of these processes

K~) will continue to vary and that prediction of future events can 
be made by

assuming that the extremes of past conditions will not be exceeded in the

future."

With this in mind, Bachman analyzed the rate of dissolution 
in Nash Draw

since the developmuent of the Mescalero caliche, estimated to be 600,000

years ago. The following summarizes his analysis (Bachman, 1974):

Collapse of the Mescalero caliche along the margins of Nash 
Draw

indicates that this depression has formed, at least in part, since the

deposition of the caliche.
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Along Livingstone Ridge on the east side of Nash Draw, the Mescalero

caliche is undeformed at elevations above 3,300 feet. It dips steeply

into the depression along the ridge and occurs at elevations of 3,200

feet, and less, within the depression. Along Quahada Ridge on the west

side of Nash Draw the Mescalero is likewise undeformed at elevations

about 3,300 feet, but it dips steeply into Nash Draw and occurs as

collapsed fractured masses within the depression (NE 1/4 sec. 1, T. 22

S., R. 29 E.).

A cross section through potash exploratory holes in Nash Draw indicates

the approximate extent of salt dissolution in the Salado Formation since

Mescalero time (Figure 6.3-9).

Nash Draw appears to have subsided between Livingstone and Quahada Ridges

as much as 180 feet since Mescalero time. At one locality the surface of

Nash Draw is 180 feet below the projected altitude of the Mescalero

caliche (See figure 6.3-9). However, the interval between the top of the

Salado Formation and the top of marker bed 124 at the same location is

420 feet, or 330 feet less than at Livingston Ridge where relatively

little Salado salt has been removed. It is therefore interpreted that

a bout 150 feet of Salado salt was removed before Mescalero time and about

180 feet has been removed since Mescalero time. At another locality,

Nash Draw subsided approximatley 160 feet below the projected elevation

of the Mescalero caliche while about 120 feet of Salado salt was being

removed. There is a discrepancy here of about 40 feet that could be

explained by surficial erosion.

Thus, in the area of Nash Draw that subsided 180 feet, the average rate

of vertical dissolution over the 600,000 years was about 0.33 feet per

1000 years (Bachman, 1974).

These conclusions are based on the available geologic evidence, but the

assumption should not be made that this rate of dissolution is a constant

for the region. At least two other factors must be considered in this

interpretation, but geologic information is not currently available to

permit evaluation of them. The factors are:
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Dissolution and subsidence rates probably have not been constant in

Nash Draw during the past 600,000 years. A major part of this

subsidence may have occurred during periods of high humidity in late

Pleistocene (Wisconsin time).

The subsidence in Nash Draw, whenever it occurred in the

Pleistocene, is not an average rate for the region. In the area of

"the Divide," between Antelope and Livingstone Ridges, the Mescalero

caliche is relatively undisturbed and probably no dissolution has

occurred there since Mescalero time.

Calculations have also been made of the removal of salt from the Rustler

and Salado Formations in Nash Draw based on the rates of discharge of

dissolved sodium chloride and calcium sulfate into the Pecos River by

brine seeps at Malaga Bend. Active dissolution of halite from the upper

part of the Salado Formation occurs in the solution breccia zone at the

base of the Rustler Formation in Nash Draw (Brokaw et al. 1972). The

brine solution is believed to be recharged by aquifers in the Rustler and

above, and its discharge is thought to be primarily at the Malaga Bend

brine seeps and the salt lakes in Nash Draw. Piper (1973) calculated

that the salts discharged into the Pecos River between Malaga Bend and a

point 6 miles (10 kmn) downstream amount to 310,000 tons (2.8 x 108 kg)

of NaCl and 170 tons (1.5 X 108 kg) of CaSO 4 each year. This is

equivalent to a loss of 0.16 vertical feet of salt section per thousand

years, a rate of the same order of magnitude as that calculated from the

subsidence of Nash Draw.

An alternative approach of estimating vertical dissolution was used by

F.A. Swenson (Bachman and Johnson 1973). He investigated the tonnage of

salt dissolved and discharged by springs and streams along the east flank

of the basin and found the maximum tonnage for the many subbasiis to be

955 tons per square mile of drainage area each year. If the discharge

continued at that rate it would mean a vertical dissolution of about 0.5

foot of salt in 1,000 years, provided the dissolution was distributed

evenly over the area drained.
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A rate of lateral shallow dissolution of salt in the western part of the

Delaware Basin has been estimated to be about 6 to 8 miles per million

years horizontally (Bachman and Johnson 1973). These estimates were

based on the assumption that the salt-bearing Salado Formation extended

to the Capitan reef escarpnent on the western edge of the basin at the

end of Ogallala time. It is now recognized that dissolution of this salt

could have occurred at previous times in the past, and the average rate

of salt removal by shallow dissolution is believed to be much slower than

those estimates which establish an upper bound.

As stated previously, it is estimated that about 50 percent of the

original volume of salt has been removed fromn the Basin. In considering

the rate at which the salt was removed, it is generally recognized that

much of the erosion and dissolution probably occurred since the beginning

of Cenozoic time. This is a period of major uplift and erosion.

Anderson pointed out (1978) that the dissolution features are closely

associated with Cenozoic and postuplift hydrologic and structural

controls. Nevertheless, as early as Jurassic time the basin was tilted

and the western portion shown on Figure 6.3-8 was exposed and subject to

erosion (Bachman, 1976). The hydrologic and structural conditions were

apparently similar at that time to those of the Cenozoic, and the

Jurassic climate is recognized to have been wet. Thus, it seems quite

likely that the deep dissolution and erosional processes of salt removal

could have been significantly accelerated during the Jurassic period.

The rate of deep dissolution is difficult to assess, and Anderson (1978)

does not believe that estimates can be made with any degree of

confidence, considering the available data. He suggests that if it is

assumed that 1) deep dissolution progresses at a constant rate, and 2)

that significant dissolution did not begin until after stripping of the

Ogallala Formation from the basin (3-4 million years ago), projection of

that rate would imply all of the lower Salado salt would be removed in

about another million years. However, he does not believe the

assumptions are valid.
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Deep dissolution, as hypothesized by Anderson, would seem to have been a

significant geologic process in Jurassic time, as well as in the

Cenozoic. It is apparent that further study of these factors is needed

to fully assess the impact on the proposed site. Sandia Laboratories and

the U.S. Geological Survey are currently performing studies to provide

data which should aid in this evaluation (see Chapter 10).

6.4 HYDROLOGY DRILLING AND TESTING SUMMARY

6.4.1 HOLE NO. H-1

LOCATION: T.22 S., R.31 E., Sec. 29

ELEVATION: 3,403.2 feet (ground level)

DEPTH DRILLED: 848 feet

DATE COMPLETED: June 9, 1976

DRILLING CONTRACTOR: Sonora Drilling Co., Carlsbad, N. Mexico

DRILLING METHOD: Auger 18 inch hole (0-40 feet)

Rotary 7.88 inch hole with air-air/mist (40-731 feet)

Core 4.75 inch hole with air mist (731-842 feet)

Ream 9.88 inch hole (40-848 feet)

/CASING RECORD: 10.75 inch O.D. steel surface pipe, (0-40 feet) cemented

to surface

7 inch O.D. steel casing (0-848 feet), cemented to surface (cement plug

to 797 feet, drilled to 831 feet)

GEOPHYSICAL LOGS: Differential Temperatures

BHC Acoustic

Compensated Densilog

Dual-Laterolog
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Micro-Laterolog

Compensated Neutron-Gamma

Sperry-Sun Magnetic Survey

HYDROLOGIC TESTING (OPEN HOLE):

A. 699-842 feet: DST, of Rustler-Salado Contact, 9.1 gallons of water

in 20 hours

B. 667-699 feet: DST of Culebra Dolomite, 10.6 gallons of water in 11.5

hours

C. 626-667 feet: DST, of suspected salt residue, 11.2 gallons of water

in 12 hours.

D. 562-592: DST of Magenta Dolomite, 13 gallons of water in 13.5 hours;

after hole was drilled to 592 feet inflow of 490 gpd was observed.

HYDROLOGIC TESTING (CASED HOLE):

E. 803-837 feet: Perforated zone, Rustler-Salado contact, water level

rose from 826.5 to 811 (25 gallons) in 33 days.

F. 675-703 feet: Perforated zone, Culebra Dolomite, fluid level rose

from 665 to 406 (416 gallons) in nine days.

G. Tracer, 1311, no annulus leaks, no flow in 694-703 interval, major

loss in 675-694 interval, tracer injection rate of 8 gpm, total 1634 gal.

injected.

H. 562-590 feet: Perforated zone, Magenta Dolomite, after bailing,

water rose from 424.5 to 340.7 feet in 33 days (53 gallons), could not

bail below 424 feet.
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I. Culebra water level stable at 390 feet depth. (October 1977)

J. Magenta water level stable at 249 feet depth. (October 1977)

DRILLING & TESTING SUMMARY

6.4.2 HOLE No. H-2a

LOCATION: T.22 S., R.31, E., Sec. 29

ELEVATION: 3,377.1 feet (ground level)

DEPTH DRILLED: 563 feet

DATE COMPLETED: February 19, 1977

DRILLING CONTRACTOR: Pennsylvania drilling Co., Carlsbad, N. Mexico

DRILLING METHOD: Auger 18 inch hole (0-33 feet)

Rotary 8.75 inch hole with air-air/mist (33-513 feet)

Core 4.75 inch hole with air/mist (513-563 feet)

(cut 2.25 -inch diameter core)

CASING RECORD: 10.75 inch O.D. steel casing (C-33 feet) cemented to

surface

6.63 inch O.D. steel casing, (0-511 feet), cemented to surface

Geophysical Logs: None. Available from H2C, 90 feet away.

HYDROLOGIC TESTING:

A. 0-188 feet: Stopped drilling after encountering wet zone at 185

feet; interval produced no appreciable fluid in 5 hours
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B, 513-563 feet:- Open hole, Magenta Dolomite, water rose from 556.*8 to

538.7 in one day (22 gallons).

C. Magenta static level at 249 feet, October, 1977

DRILLING & TESTING SUMMARY

6.4.3 HOLE NO. H-2b

LOCATION: T.22 S., R. 31 E., Sec 29

ELEVATION: 3,377.1 feet (ground level)

DEPTH DRILLED: 661 feet

DATE COMPLETED: February 12, 1977

DRILLING CONTRACTOR: Pennsylvania Drilling Co., Carlsbad, N. Mexico

DRILLING METHOD: Auger 18 inch hole (0-33 feet)

Rotary 8.75 feet hole with air-air/mist (33-611 feet)

Core 4.75 inch hole with air/mist (611-661 feet) (cut 2.25 inch diameter

core)

CASING RECORD: 10.75 inch O.D. steel casing (0-33 feet) cemented to

surface

6.63 inch O.D. steel casing, (0-609 feet)., cemented to surface

Geophysical Logs: None. Available from H2C, 75 feet away.

HYDROLOGIC TESTING:

A. 611-661 feet: Open hole, Culebra cored interval, water rose from

636.9 to 458.0 feet in one day (260 gallons). Level stable at 352 feet

(February 1977)
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B. Hole # H-2c was bailed from the Culebra while monitoring H-2b in the

Culebra. First response in H2b was detected 50 minutes after bailing of

H2C started.

C. 510-538 feet: Perforated zone, Magenta Dolomite, water rose from 560

to 420 feet in one day (210 gallons).

D. Well constructed for monitoring at Culebra Dolomite via tubing and

Magenta via annulus. Culebra static level at 351 feet, Magenta static

level at 292 feet (perforations may be blocked).

DRILLING & TESTING SUMMARY

6.4.4 HOLE NO. H-2c

LOCATION: T.22 S., R.31 E., Sec 29

ELEVATION: 3,377.1 feet (ground level)

DEPTH DRILLED: 795 feet

DATE COMPLETED: February 5, 1977

DRILLING METHOD: Auger 18 inch hole (0-33 feet)

Rotary 8.75 inch hole with air/mist (33-743 feet)

Core 4.75 inch hole with air/mist (743-795 feet)

(cut 2.25 inch diameter core)

CASING RECORD: 10.75 inch steel casing (0-33 feet) cemented to surface

6.63 inch O.D. steel casing, (0-742 feet), cemented to surface.

Geophysical Logs: Compensated Densilog

Dual-Laterolog

BHC Acoustilog

Micro-Laterolog
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Compensated Neutron-Gamma

4-Arm Caliper

USGS Lithologic-log

HYDROLOGIC TESTING:

A. 743-795 feet: open hole, Rustler-Salado cored interval produced 14

gallons in 18 days.

B. 624-652 feet: Culebra perforated zone, water rose from 656.4 to

446.6 in one day (310 gallons). Static level at 352 feet. (March 1977)

C. Tracer 1311. no flow below 642 in casing, fluid loss zone was

between 631 and 644, especially 640-644 where core indicates pitted and

fractured dolomite, tracer injection rate was 8 gpm, total 697 gal.

ijected.

D. Dual completion monitoring (Rustler-Salado via tubing and Culebra via

annulus) shows Culebra stable at 355 feet (October 1977) and

Rustler-Salado still recovering at 34 feet per month. (June 1978)

DRILLING AND TESTING SUMMARY

6.4.5 HOLE NO. H-3

LOCATION: T.22 S., R.31 E., Sec. 29

ELEVATION: 3,388.7 feet (ground level)

DEPTH DRILLED: 894 feet

DATE COMPLETED: August 12, 1976

DRILLING CONTRACTOR: Pennsylvania Drilling Co., Carlsbad, New Mexico
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DRILLING METHOD: Auger 18 inch hole (0-38 feet)

Rotary 7.88 inch hole with air-air/mist (38-894 feet)

Ream 8.75 inch hole (38-894 feet)

CASING RECORD: 10.75 inch O.D. steel surface pipe (0-38 feet) cemented

to surface.

6.63 inch O.D. steel casing, (0-891 feet), cemented to surface (cement

plug to 804 feet drilled to 864 feet)

Geophysical Logs: Compensated Densilog

Micro-Laterolog

Dual-Laterolog

BHC Acoustilog

Compensated Neutron-Gamma

Differential Temperature

HYDROLOGIC TESTING (OPEN HOLE)

A. 800-868 feet: DST, Rustler-Salado contact, produced 1.8 gallons of

water in 16.5 hours;

B. 672-703 feet: DST, Culebra, produced 2.1 gallons of water in 21.5

hours.

C. 703-780 feet: DST, salt residue, 2 gallons of water in 26 hours.

D. 558-608 feet: DST, magenta, 23 gallons after 37.5 hours. after

developing operation via swabbing.

HYDROLOGIC TESTING (CASED HOLE)

E. 813-837 feet: Perforated Rustler-Salado contact; produced 37 gallons

in 32 days.
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F. 675-703 feet: Perforated Culebra, bailed hole and monitored,

recovery was up to 410 from an initial level of 550 feet (200 gallons in

8 days).

G. Tracer 1311, showed no flow below 696 feet; major fluid losses in

intervals 684-692 and 692-695; tracer injection rate was 8 gpm total

injected 450 gal.

H. 562-590 feet: Perforated Magenta, bailed 360 gallons in one hour

with 6 feet of drawdown.

I. Dual-completion monitoring (Culebra via tubing and Magenta via

annulus) indicate Culebra static level at 404.5 and Magenta static level

at 245.1 as of October 1977.

DRILLING & TESTING SUMMARY

6.4.6 HOLE No. P-14

LOCATION: T.22 S., R.30 E., Sec. 24

ELEVATION: 3,358.1 feet (ground level)

DEPTH DRILLED: 1,545 feet.

DATE COMPLETED: October 3, 1976

DRILLING CONTRACTOR: Boyles Brothers Drilling Co., Las Cruces, New

Mexico

DRILLING METHOD: Rotary 8.75 inch hole with air (0-20 feet)

Rotary 7.88 inch hole with air-air/mist (20-784 feet)

Rotary with air/mist (784-1,168 feet)

Core with brine mud (1,168-1,545 feet)
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CASING RECORD: 8.63 inch O.D. steel casing (0-20 feet)

4.50 inch O.D. steel casing, (0-775 feet) cemented to surface, hole

plugged back from 1,345 feet to 759 feet with cement.

Geophysical Logs: Gamma

Gamma-Gamma

Neutron

Caliper

HYDROLOGIC TESTING (CASED HOLE)

A. 676-700 feet: Perforated Rustler-Salado, fluid level rose from 730

to 620 feet in one day (75 gallons).

B. 573-601 feet: Perforated Culebra, bailed 720 gallons of water in

three hours with no drawdown.

C. Tracer 1311, showed 63 percent fluid loss in interval 583-590,

remaining loss in interval 573-583; no loss below 590 feet. Injection

rate 7 gpm. Total injected 1634 gal.

D. Dual-completion monitoring (Rustler-Salado via tubing and Culebra via

annulus); Rustler-Salado stabilized at 386 feet, Culebra stabilized at

324 feet (October 1977)

DRILLING & TESTING SUMMARY

6.4.7 HOLE NO. P-15

LOCATION: T.22 S., R.31 E., Sec. 31

ELEVATION: 3,309.7 feet (ground level)

DEPTH DRILLED: 1,465 feet
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DATE COM4PLETED: October 14, 1976

DRILLING CONTRACTOR: Boyles Brothers Drilling Co., Las Cruces, New

Mexico.

DRILLING METHOD: Rotary 8.75 inch hole with air (0-20 feet)

Rotary 7.88 inch hole with air-air/mist (20-515 feet)

Core 4.75 inch hole with air/mist (515-600 feet) (cut 2.25 inch diameter

core)

Ream 7.88 inch hole with air/mist (515-637 feet)

Rotary 5 inch hole with air/mist (637-1,038 feet)

Core with brine mud (1,038-1,465 feet)

CASING RECORD: 8.63 inch O.D. steel casing (0-20 feet)

4.50 inch O.D. steel casing, (0-635 feet), cemented to surface, hole

plugged back from 1,465 to 600 feet with cement, cement drilled out to

620 feet.

Geophysical Logs: Gamma

Gamma-Gamma

Neutron

Caliper

Spectralog

HYDROLOGIC TESTING:

A. 532-556 feet: Perforated Rustler-Salado contact, fluid rise from 618

to 497 in 42 days (81 gallons).

B. 410-438 feet: perforated Culebra, fluid rose from 496 to 420 feet in

one day (50 gallons); 125 gallons in 33 days

C. Dual Completion monitoring (Rustler-Salado via tubing and Culebra via

annulus) shows Rustler-Salado static level at 324 feet and Culebra at

308 feet as of October, 1977.
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DRILLING AND TESTING SUMMARY

6.4.8 HOLE NO. P-17

LOCATION: T.23 S., R.31 E., Sec. 4

ELEVATION: 3,339.5 feet (ground level)

DEPTH DRILLED: 1,660 feet

DATE COMPLETED: October 26, 1976

DRILLING CONTRACTOR: Boyles Brothers Drilling Co., Las Cruces, New

Mexico.

DRILLING METHOD: Rotary 8.75 inch hole with air (0-20 feet)

Rotary 7.88 inch hole with air-air/mist (20-755 feet)

Rotary with air/mist (755-1,220 feet)

Core with brine mud (1,220-1,660 feet)

CASING: 8.63 inch O.D. steel casing (0-20 feet)

4.50 inch O.D. steel casing, (0-751 feet), cemented to surface, hole

plugged back from 1,660 feet to 720 feet with cement, cement drilled out

to 731 feet.

Geophysical Logs: Gamma

Gamma-Gamma

Neutron

Caliper

HYDROLOGIC TESTING (CASED HOLE)

A. 702-726 feet: Perforated Rustler-Salado contact; fluid rose from 726

to 622 feet (71 gallons in 73 days).
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B. 558-586 feet: Perforated Culebra, single packer set at 683 feet,

bailed and monitored for 29 days with fluid rise from 622 to 372 feet.

C. Dual Completion monitoring (Rustler-Salado via tubing and Culebra via

annulus) indicates fluctuating levels; problem could be leaking bridge

packer or communication in cemented annulus.

DRILLING & TESTING SUMMARY

6.4.9 HOLE NO. P-18

LOCATION: T.22 S., R.31 E., Sec. 26

ELEVATON: 3,478.7 feet (ground level)

DEPTH DRILLED: 1,998 feet

DATE COMPLETED: November 5, 1976

DRILLING CONTRACTOR: Pennylsvania Drilling Co., Carlsbad, New Mexico.

DRILLING METHOD: Rotary 8.75 inch hole with brine mud (0-18 feet)

Rotary 7.88 inch hole with brine mud (18-1139 feet) to casing depth.

Roaywt rn ud(,3-,3 et

Rotar with brine mud (1,3-1,630 feet)

CASING RECORD: 8.63 inch O.D. steel casing (0-18 feet)

4.50 inch O.D. steel casing, (0-1, 138 feet), cemented to surface, hole

plugged back from 1,998 feet to 1,125 feet with cement.

Geophysical Logs: Gamma

Gamma-Gamma

Neutron

Caliper
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HYDROLOGIC TESTING (CASED HOLE)

A. 1076-1100 feet: Perforated Rustler-Salado contact, fluid rise fromi

1123 to 1073 feet in 73 days (34 gallons)

B. 912-940 feet: Perforated Culebra, bailed and monitored recovery for

33 days with fluid rise from 1045 to 1022 feet (16 gallons).

C. Dual completion (Rustler-Salado via tubing, Culebra via annulus)

indicated Rustler-Salado at 755 feet and still recovering as of October,

1977.

DRILLING & TESTING SUMMARY

6.4.10 HOLE NO. AEC-8

LOCATION: T.22 S., R.31 E., Sec. 11

ELEVATION: 3,531.9 feet (ground level)

DEPTH DRILLED: 3,019 feet (1974), deepened to 4,910 feet (1976)

DATE COMPLETED: August 5, 1976

DRILLING CONTRACTOR: Sonora Drilling Co., Carlsbad, New Mexico

DRILLING METHOD: Core, ream, rotary 7.88 inch hole with brine mud

(31-3,019 feet)

Core, ream, rotary 7.88 inch hole with brine mud (3,018.5-4,910.5 feet)

CASING RECORD: 8.63 feet O.D. steel casing (0-874 feet), cemented to

surface.

5.50 inch O.D. steel casing, (0-4,907 feet), cemented to 880 feet.
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Geophysical Logs; Compensated Neutron

Micro-Later log

Dual-Laterolog

Gamma

HYDROLOGIC TESTING (CASED HOLE)

A. 4,844-4,860 feet: Perforated lower sand lense of Bell Canyon

Formation; fluid level rose from 4126 feet to 4095 feet in 166 minutes

(31 gallons).

B. 4,832 - 4,910 feet: Production packer with sentry monitoring device

showed formational pressure of 2037 lbs/ in2 reached in 44.5 hours;

fluid density was 1.11 g/cm3.

C. Tracer 1311, along with temperature logs, indicated major fluid

loss in interval 4839 to 4860 feet; minor communication down casing to

4870 feet; tracer injection rate was 14 gpxn. Total injected 2289 gal.

D. 4,821-4,827 feet: Perforated upper sand lense of Bell Canyon

Formation; single packer set at 4835 feet; swabbed fluid to 2600 feet;

pressure monitor installed at 4805 feet; shut-in pressure recovered to

2037 lbs/in2 in 57 hours, fluid density was 1.12 gm/cm3

E. Tracer 1311, showed no upward or downward communication; injection

rate at tracer was 11 gpn. Total injected 300 gal. Injection was

occurring uniformly in the lower 4 feet of perforations.

F. Dual completion monitoring (lowering sand via tubing and upper sand

via annulus) indicate lower sand stablized at 615 feet and upper sand at

560 feet as of November, 1977.
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6.5 SUMMARY

The proposed site contains neither perennial streams nor surface water

impoundment, and the water bearing strata above and below the evaporite

section do not yield large quantities of water to wells. At its closest

point, the Pecos River is approximately 14 miles southwest of the WIPP

site. Water bearing strata in the local site area at stratigraphic

horizons above the proposed repository include the Santa Rosa Sandstone

and the Culebra and Magenta members of the Rustler Formation. Hydrologic

units below the repository horizons include the Bell Canyon Formation of

the Delaware Mountain Group. Ground water velocities vary with porosity,

hydraulic conductivity, and head gradient but are typically 0.3 ft/d in

the Santa Rosa Sandstone, 0.5 ft/d in the Rustler Formation, and 0.0006

ft/d in the Bell Canyon Formation. Shallow wells in the local area are

generally used only for watering livestock and typically produce

nonpotable ground water with total solute concentrations in excess of

3,000 ppm.

Natural potentiometric levels of fluids from rocks above and below the

evaporites at the WIPP site (from the Rustler and Bell Canyon Formations,

respectively) are comparable (about 2950 to 3050 above mean sea level).

The head differential between upper and lower units varies within about

200 feet on the periphery of the site, the sign and magnitude of the

differential depending upon precise geographic location.

\Gentle eastward tilting of the Delaware Basin resulting in the exposure

<j.)of the Salado Formation to near-surface waters has given rise to the

removal of a wedge-shaped mass of soluble salts between the Guadalupe

escarpment (30 miles due west of the site), where there remains no rock

salt, and a point about 3 miles due west of the site center, where the

Salado Formation is intact.

The proposed site is in an area of the Delaware Basin that is free of

regional deep dissolution, but localized shallow features are present in

the vicinity. A shallow salt dissolution zone (called the "brine

aquifer") occurs in Nash Draw at the contact between the Salado and
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Rustler Formations. This local shallow dissolution area ranges in width

from 2 to 10 miles and has a length of approximately 30 miles. The brine

solution flows southwesterly at a rate of about 0.2 ft/d and discharges

into the Pecos River at Malaga Bend. The average rate of vertical

dissolution has been estimated to be between 0.33 and 0.5 feet per 1,000

years, and the average rate for lateral dissolution has been estimated to

be between 6 and 8 miles per million years.

Climatological records show that mean annual precipitation of the site is

approximately 12 inches per year. Aided by the low relative humidity

(typically 36% during daylight hours) and high mean annual temperature

(610F), most of the annual precipitation returns to the atmosphere

through evaporation and transpiration. Runoff is typically 0.1 to 0.2

inches annually.
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DEPTHS IN
FEET Elevation of Ground Surface 3388.7 ft.

0

22 103 /4 inch ~'casing to 38 ft.

ZDu ne sand&

Gatuna Formation

DEWEY LAKE

658inch casing to 894 ft.

Cement grout

REDBEDS
.2 inch pr tubing to
production packer(652 ft.)

502 * Perforated interval, 564-592 ft.
RUSTLE ~ .. (3 -1/2 inch jet shots per foot)

xxXXX

Magenta Dolomite
(560-584) .Inflatable production packer at 652 ft.

Culebra Dolomite
(670694 x xy (w._- -Perforated interval, 675-703 ft.

To-xSlc~78.~X " XX(1/2 inch jet shots per foot)

Inflatable bridge plug at 795 ft.
FORMATION

820 XX X XXX, - -- Perforated interval, 813-837 ft.
......... .........X (3-1./2 inch jet shots per foot)

SALADO Top cement plug 864 ft.

FORMATION :. .

Status October 1977'

Total depth drilled 894ft.
Diameter of dri IlIed hole'.9 7/8 i nc h

Monitoring Culebra through tubing

Monitoring Magenta in annulus
Contact zone not accessible (bridge plug)

CONSTRUCTION OF OBSERVATION WELL*

FIGURE 6.3-6
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Table 6.2-1. AREAL REQUIREMENTS OF THE WIPP SITE

Zone Zone Use Approximate Acreage

I Surface Facilities 60- (100)

II Underground Storage 1,860

III 1-mile wide zone surrounding Zone II
No mining or drilling. 6,230

IV 1-mile wide zone surrounding Zone III.
Mining and drilling in conformance with ERDA
specifications are allowed. 10,810

TOTAL 18,960

29.6 square miles
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TABLE 6.2-3

WATER USE DATA FOR THE PECOS BASIN

Surface-water and
groundwater withdrawals (mgd)

Use category 1975a

Agriculture 15146
Steam-electricity 12
Manufacturing 0
Domestic 147
Commercial 8
Mining 151
Public lands 14
Fish hatcheries 3

Total 1771

SOURCE: U.S. Water Resources Council, Second National
Assessment of Water and Related Land Resources,

aThe total groundwater withdrawal for 1975 was 1079 mgd.
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TABLE No. 6.2-6

WATER QUALITY PARAMETERS (TIME-WEIGHTED AVERAGE)
FOR SAMPLING STATIONS ON THE PECOS RIVER,

OCTOBER, 1975, TO SEPTEMBER, 1976

Dissolved-solids concentration (mg/ 1)

Station Discharge
No. (cfs) pH Total Chloride Sulfate Sodium Calcium

081405000 12 7.7 2,500 531 1100 322 3314
(Carlsbad)

08406500 26 7.7 5,390 1690 1820 1030 5214
(Near Malaga)

081407000 28 7.5 13,900 6500 2280 4020 551
(Pierce
Canyon
Crossing)

SOURCE: U. W. Geological Survey, Water-Data Report 1*1-76-1.
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TABLE NO. 6.3-5

*OBSERVATION WELLS -MONITORING ZONES

WELL NO.
(GROUND ACCESSIBLE INTERVALS
ELEV.) ZONE TESTED DEPTH ELEV.

H-1 Magenta 562-590 2841-2813
(3403) Culebra 675-703 2728-2700

Rustler-Salado 803-827 2600-2576

H-2a Magenta No tests except levels

H-2b Culebra 510-538 2867-2839

H-2c Culebra 624-652 2753-2725

(3377) Rustler-Salado 743-795 2634-2582

H-3 Magenta 562-590 2837-2799
(3389) Culebra 675-703 2714-2686

Rustler-Salado 813-837 2576-2552.P-14 Culebra 573-601 2785-2757
(3358) Rustler-Salado 676-700 2682-2658

P-15 Culebra 410-438 2900-2872
(3310) Rustler-Salado 532-556 2778-2754

P-17 Culebra 558-586 2782-2754
(3340) Rustler-Salado 702-726 2638-2614

P-18 Culebra 912,940 2567-2539
(3479) Rustler-Salado 1076-1100 2403-2379

AEc-8 Bell Canyon
(Upper) 4821-4827 [1289-12951*

(3532) Bell Canyon
(Lower) 4844-4860 [1312-13281*

*Elevations in brackets are below mean sea level; all other
elevations are above msl. All depths and elevations are given in
feet.



TABLE NO. 6.3-6 4

POTENTIOMETRIC LEVELS
OCTOBER 1977

(Elevation in Feet)

Ground Rustler-
observation Surface Magenta Culebra Salado Delaware Sands

Well Elevation Dolomite Dolomite Contact "Upper" "Lower"

H-1 3,403 3,154 3,013 Not
Monitored1

H-2a 3,377 3,128 Not Not
Penetrated Penetrated

H-2b 3,377 3,081 3,026 Not
Penetrated

H-2c 3,377 Not 3,021 34'/Month 2

Screened

H-3 3,389 3,141 2,984 Not
Monitoredl

P-14t 3,358 Not 3,034 2,970
Screened

P-i5 3,310 Not 3,002 2,975
Screened

P-17 3,340 Not 2,968 2,970

Screened

P-18 3,479 Not 8'/month2  40'/month2

Screened

AEc-8 3,532 Not Not Not 2,927 2,933
Screened Screened Screened

NOTES:

1The Rustler-Salado contact is accessible, but is temporarily off.

2 Recovery Rate: Level in tubing had not reached static level in October, 197w



GCR CHAPTER 7

GEOCHEMI STRY

7.1 INTRODUCTION

In the context of this Geological Characterization Report, "geochemistry"

is taken here to include a description of chemical properties of geologic

media presently found in the surface and subsurface environments of

southeastern New Mexico in general, and of the proposed WIPP withdrawal

area in particular. "Chemical properties of geologic media" might be

extended to include a description of present understanding of chemical

processes which have taken or are taking place in southeastern New Mexico

rocks. This geochemistry chapter of the WIPP Geological Characterization

Report does not consider any aspect of artificially-introduced material,

temperature, pressure, or any other physico-chemical condition not native

to the rocks of southeastern New Mexico. These as-yet hypothetical

considerations belong in the realm of interactions between radioactive

waste and rock, a subject of the experimental programs initiated as part

of the WIPP studies that are not yet completed. Early experimental

results of radionuclide interactions with southeast New Mexico rocks and

fluids are reported in Chapter 9.

A substantial fraction of this chapter consists of original source

material, never before published in any format aside from reports of

investigations resulting from research contracts. Much of this material

is, however, in the process of being recast so as to be suitable for

presentation in various professional forums. Some material has already

been so presented.

Information contained herein was offered if the work involved was at a

suitable stage of completion so as to allow conclusions to be drawn.

Some subjects of investigation related to geochemistry require several

years more investigation, even for final site characterization, and are

discussed in Chapter 10, "Continuing Studies." Subjects of the present

chapter are those which provide background data of relevance to (1)
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experimental programs involving radioactive waste and its interaction

with geomedia, (2) borehole plugging, (3) the intrinsic physico-chemical

stability of southeastern New Mexico rocks in the geologic past, and (4)

safety assessment, which is described in other major documents relating

to the proposed WIPP. These data include mineralogy, volatile

constituents of rocks, the constitution, origin and history of liquids

and gases found in rocks, and the lengths of time which have passed since

the latest episodes of thermodynamic instability resulting in rock/fluid

interactions.

In the absence of a satisfactory theoretically-formulated mathematical

model which can accurately predict phase equilibria among complex

evaporite minerals, an empirical approach, based on observed assemblages,

is adopted here. Such modelling is beyond the scope of this document.

It will be noted that volatile contents of evaporites were determined by

three different methods: static heating (Section 7.5.3),

thermogravimetric analysis (Section 7.5.2) and counting of fluid

inclusions (Section 7.6). Each set of data was collected for a different

geochemical purpose, but results from all techniques show comparable

amounts of volatile constituents in the evaporites. The most accurate

results, however, are probably those derived from static heating.

7.2 THE MINERALOGY OF DELAWARE BASIN EVAPORITES AND RELATED ROCKS OF

K THE LOS MEDANOS AREA

7.2.1 Introduction

The foregoing sections on geology and stratigraphy have briefly mentioned

generalized mineralogies of Delaware Basin rocks of the Los Medanos

area. Here it becomes of interest to present a more thorough exposition

of mineralogies. This is done for a variety of reasons: (1)

mineralogies affect properties of rocks important to physical aspects of

mining, (2) soluble minerals in rocks potentially give rise to solutions

which can interact with waste and its containers, and (3) minerals in
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rocks have various degrees of sorptive affinities for radionuclides and

can serve to decrease their mobility. While this section is devoted

mainly to an account of the minerals found in the main Ochoan evaporite

section (Castile and Salado Formations), mineralogies of some Guadalupian

rocks and some rocks above the main evaporite section are included. This

information is particularly useful to the consideration of radionuclide

mobility in rocks containing substantially more fluid than the

evaporites, and is of fundamental importance to in situ experiments

involving waste-rock interactions. Also, investigations of fluid

inclusions, sources of volatiles, groundwater geochemistry and age-dating

of rocks and waters are closely related to mineralogy.

7.2.2 Previous Work

Southeastern New Mexico evaporites have been economically important for

many years because they contain the well-known McNutt Potash Zone in the

middle part of the Salado Formation. Descriptions of mineralogies of the

McNutt and adjacent portions of the Salado have been given in several

previous reports covering much of the Permian Basin, and environs of

southeastern New Mexico (Brokaw et al., 1972; Jones, 1973; Jones, 1974a;

Jones, 1974b; Jones, 1975). A detailed review of the economic mineralogy

of the McNutt Potash Zone underlying Los Medanos appears in Chapter 8 of

this report. This section on mineralogy has been developed as background

critical to mine design, waste-rock-fluid interactions, and other aspects

of geochemistry, such as age-dating and radionuclide migration.

7.2.3 Overview of Evaporite Mineralogy

X-ray powder diffraction examination of 50 core samples from ERDA #9 in

the center of the study area (Figure 4.1-2) has been completed. Only

qualitative information was obtained from these preliminary cores in

order to assess mineralogical variations among selected horizons.

As-received cores were crushed and ground to bulk powder to provide a

representative sample of that zone, x-ray specimen mounts weres scanned
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at 1 0/min on a diffractometer equipped with copper x-ray source,

graphite monochrometer and scintillation detector.

Eight minerals were identified in the 50 samples:

1. anhydrite CaSO 4

2. clay A12 Si 4010 (OH) 2  X 2 0

3. halite NaCl

4. loeweite Na 12Mg7 (SO4)13  15HO2

5. magnesite MgCO 3

6. polyhalite K2 Ca 2mg (SO4)4  2H 20

7. quartz Sio 2

B. sylvite KCl

Their occurrence is given qualitatively in Table 7.1 with 
a corresponding

graphical distribution shown in Figure 7.1. Trace amounts of the

potassium minerals sylvite and polyhalite were found in 
the proposed TRU

horizon (2034-2110'), and the high-level horizon (2594-2692') was void of

potash.

7.2.4 Mineralogy bf Fluid-Bearing Zones in the Rustler Formation and

Delaware Mountain Group

Mineralogies of certain fluid-bearing rocks above and 
below the main

evaporite sequence have been determined as background information for

radionuclide sorption studies.

Magenta Member, Rustler Formation (AEC No. 8). The Magenta member of the

Rustler Formation is largely ferroan dolomite, probably 
containing minor

ankerite which gives rise to the reddish color in 
weathered outcrops.

This rock also contains detrital quartz, and gypsum forms 
as crystals,

filling the vugs in the dolomite, which can be up 
to several cm across.

Culebra Member, Rustler Formation (AEC No. 8). Like the Magenta, the

Culebra member is largely dolomite, with traces of 
detrital quartz. In

addition, small amounts of calcite are found.
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Bell Canyon Sandstone (AEC No. 8). The Bell Canyon Formation is the

uppermost unit in the Delaware Mountain Group immediately underneath the

main evaporite sequence. It is mostly detrital quartz and major feldspar

with a matrix of kaolinite and chlorite cemented with calcite and minor

amounts of dolomite.

Cherry Canyon Sandstone (Pine Springs Outcrop). Although the Cherry

Canyon Formation was not sampled in any WIPP exploratory borehole, its

stratigraphic position directly underneath the Bell Canyon made it of

interest in preliminary radionuclide sorption measurements. The detrital

component is largely quartz, and the cement is mostly dolomite. Minor

amounts of albite and microcline contribute to the detrital component,

and minor amounts of gypsum and calcite are found in the cement.

7.3 DETAILED CHEMI STRY AND MINERALOGY OF SOLUBLE AND INSOLUBLE

COMPONENTS OF THE SALADO FORMATION

*7.3.1 Introduction

While this section deals primarily with results obtained from cores from

AEC No. 7 and ABC No. 8, exploratory holes three miles northeast of the

present study area (Figure 4.1-2), these holes provided material of

sufficient lithologic similarity to ERDA No. 9 so as to be of value. The

analytical strategy employs a normative-type calculation, in which

mineralogical compositions are derived mathematically from bulk chemical

compositions. The results of those calculations then can be compared to

mineralogies determined petrographically or by x-ray diffraction. This

section serves as fundamental background information for the chapters on

silicate mineralogy and sources of volatile components within the

evapor ites.
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7.3.2 Materials and Methods

Sample Preparation and Handling. The core samples as received were

halved and one-half was retained while the remaining half was crushed and

ground. The ground sample was size-distributed as shown in Table 7.2.

The samples were all double-wrapped for storage in plastic bags due to

their hygroscopic nature. A portion of the crushed sample weighing

approximately 20 grams was accurately weighed and dried in an oven at

700C for two hours to determine weight loss. The dried sample was then

added to 200 ml of distilled water, stirred for 1 hour, and filtered.

The filtered material was dried and weighed to determine the insoluble

portion of the sample while the filtrate contained the soluble portion of

the sample.

Analysis of Soluble Portion. The elements potassium, calcium, magnesium,

silicon, iron, aluminum, and strontium were analyzed by standard atomic

absorption methods using a Per kin-Elmer 403 Atomic Absorption

Spectrophotcfleter. Sodium, typically difficult to analyze precisely, was

analyzed using an Orion Specific Ion Sodium electrode and an Orion

Research Model 801 pH meter. Sulfate was determined gravimetrically as

barium sulfate; chloride was determined volumetrically by titrating with

mercuric nitrate (Vogel, 1961)

S)Analysis of Insoluble Portion. The insoluble portion was separately

analyzed only if the insoluble percentage was greater than 0.5% of the

total sample weight. Samples containing less than 0.5% insolubles did

not provide sufficient material for analysis, and it was deemed that even

a major constituent in such a small percentage of the total would not

contribute significantly to the sample behavior. A portion of the

water-insoluble material weighing about 100 mg was dissolved in HF, using

the following procedure in a teflon-lined high pressure bomb (BernaS,

1968; 1973) obtained from Parr Instruments. Nitric acid (1 ml) was added
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to wet the sample and 3 ml of 50% HF were added. The bomb was assembled

and placed in a 70 0C oven for 2 hours. The contents of the bomb were

quantitatively transferred to a polypropylene beaker containing 2.8 g of

boric acid and about 30-40 ml deionized water. The boric acid was

allowed to dissolve with stirring and the solution diluted to 100 ml in a

volumetric flask and stored in a polyethylene bottle. A solution

containing all of the matrix material was prepared for use in making

standards for the atomic absorption spectrophotometer. All analyses were

performed as described in the preceding section. Samples were tested for

the presence of carbonates using concentrated HCl but only occasionally

was a trace amount detected.

Thermal Analysis. Samples analyzed for weight loss upon heating were

ground so that greater than 90% of the sample was smaller than 100 mesh.

Each sample was dried for at least 3 days at 65 0C in a thermostatically

regulated oven. This temperature was chosen to avoid the long-term

dehydration of gypsum described elsewhere in this report. Low

w temperature weight loss ( 70C for 2 hours) was used to measure

absorbed water. This weight loss is probably higher than for rock

distant from the sample collection point owing to absorption of drilling

water. Samples of 100 mg weight were heated for differential thermal

analysis (DTA) using a Fisher 200A DTA apparatus at a rate of 10 0C/min

from 25 0 Cto 5000C

Thermogravimetric analysis was carried out with a Fisher 100A TGA

apparatus and a Cahn Model R6 electrobalance at a rate of 50C/min from

60 0C to 5000C using 100 mg of sample material. A few samples were

heated to 8000 and are described elsewhere in this subsection.

Results of Analyses. Whole-rock chemical analyses, soluble-insoluble

fractions, and weight losses upon heating are presented in Appendix 7.A.

These analyses are converted to relative numbers of moles of components

by multiplying weight percents by appropriate values of 1000/molecular

weight. The results are listed in Appendix 7.B. If the insoluble

fraction of a sample exceeds 0.5 weight percent, separate calculations

are provided for both the soluble and insoluble fractions of the sample.
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7.3.3 Results and Discussion

Distribution of Mineral Phases. Chemical analyses may be used to

estimate, semiquantitatively, the amounts of constituent minerals 
present

in a rock. This is accomplished by distributing the quantitatively

determined chemical components among mineral phases known qualitatively

to be present in the rock. The method was as follows:

The distribution of the total number of moles (Nt) of a given

chemical component (c) among the various mineral phases (p) present

in a rock is described by the equation

Nt,c = (Np) (Nc, p)

where:

Nt, c = the total number of moles of the component c in the rock

Np = the total number of moles of each of the mineral phases p in the

rock,

i~.) Nc,p = the number of moles of the component c in one mole of phase p.

This equation is simply a statement of conservation of mass, indicating

that the total amount of a given chemical component must be distributed

among the minerals containing that component; this distribution is

controlled by the specific chemical compositions of the minerals.

An expression of the form of the above equation may be written for 
each

of the components present in a rock sample. For a given rock, one of

three conditions are possible for the set of simultaneous equations

describing the distribution of all components in that rock:

1) if the number of equations (I for each component) is equal to

the number of unknowns (the moles of each of the phases), an

exact solution to the equations may be determined.

2) if the number of components exceeds the number of phases (more

equations than unknowns) the system is overdetermined and a

solution to the equations may be evaluated by a method such as

least squares regression.

3) if the number of components is less than the number of phases

(more unknowns than equations), the system is indeterminate.
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If either of the first two criteria are met, the chemical composition of

the rock can be employed to calculate the quantitative amounts of

minerals known, qualitatively, to be present.

An important assumption for the treatment described above is that the

chemical composition of all mineral phases is known. This is necessary

in order to define Nc,p for all phases in the mass balance equations. If

a mineral of variable composition is present in a rock sample (i.e., a

solid solution), an additional variable is introduced to the set of

equations; that is, the composition of the solid solution. This

additional variable may change a set of N equations and N unknowns

(condition 1 above) to an indeterminate set containing N + 1 unknowns.

If such is the case, it is necessary to employ some additional analytical

technique to determine the actual composition of the unknown. On the

other hand, if the solid solution is present in a rock meeting condition

2 above, it will suffice to simply introduce two values of Np for the

phase; in other words, an unknown for the number of moles of each of the

pure end-members of the solid solution present. The composition of the

mineral is then defined by the relative number of moles of each of the

end-members present.

Qualitative mineralogy may be carried out by a variety of methods such as

x-ray diffraction and thin-section analysis in addition to

straight-forward examination. The chemical data obtained during this

study have been used to attempt to estimate relative amounts of minerals

present in the various samples. With only a few exceptions, the rocks

are made up essentially of halite, and other mineral phases are present

in comparatively minor or trace amounts.

Samples from the Carlsbad boreholes consist of two chemically distinct

fractions: (1) water-soluble chlorides and sulfates of sodium,

potassium, calcium, and magnesium, and (2) water-insoluble silicates of

potassium, magnesium, and aluminum with quartz and iron oxide. Minerals

of the first group generally contain stoichiometric compositions, whereas

those of the second group exhibit extensive compositional variation. In
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the case of the soluble portion, sodium occurs mainly with chloride 
as

halite, while the other cations combine in various proportions with

sulfate (and only occasionally chloride) forming minerals such as

polyhalite, anhydrite, and kainite. These sulfates are of importance

because they contain hydrate water which may be released 
upon heating.

Silicates also undergo dehydration at elevated temperatures, 
but

generally much higher temperatures are required than 
for the soluble

salts because the water must be derived through destruction 
of hydroxyl

groups. Compositions of minerals from these two classes are 
listed in

Table 7.3.

Recognizing that soluble potassium, calcium, and magnesium 
are combined

with sulfate, a semiquantitative estimate of various 
sulfate phases may

be made by plotting the relative numbers of moles of 
the cations on

triangular composition diagrams. The compositions of various

stoichiometric mineral phases in the sulfate group 
are shown on such a

diagram in Figure 7.2. No sulfate of potassium alone is commuon in

nature, so sylvite is placed at the potassium apex of the triangle. 
Also

shown on this diagram are the chloride and chloride-sulfate of potassium

and magnesium. Not shown on Figure 7.2 are the soluble sulfates

containing sodium. After plotting a given sample composition in terms 
of

relative numbers of moles of soluble K 20, CaQ, and MgO, 
the total

1 / ~number of moles of these cations is compared to the number 
of moles of

sulfate determined analytically; if the two are equal, 
then the minerals

in the rock are estimated using the location of the 
sample on the

diagram. If the cation sum is greater than available sulfate, an

appropriate amount of chloride is added to make up 
the charge balance.

Relative amounts of chloride and sulfate are then used in conjunction

with the cations to determine appropriate amounts of carnallite, kainite

and/or sylvite. If on the other hand, cations are deficient relative 
to

sulfate, then sodium is added to the sulfate group 
to form bloedite,

glaserite and/or glauberite.

The addition of sodium or chloride must be compatible 
with the relative

amounts of these two components in the analysis. Generally, these areV
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present in such large amounts that a small error in their contents

provides sufficient amounts for addition to the potassium-calcium-

magnesium-sulfate fraction. In many instances, it is found that when it

is necessary to do such addition, the appropriate component (sodium or

chloride) is present in excess of the other necessary to form halite.

Where such addition is not compatible with the chemical analysis,

examination must be made of the insoluble portion of the sample. Where

anhydrite-gypsum is present in significant amounts in a sample, the

relatively low solubility of CaSO 4(and possibly polyhalite) causes

this phase to appear in both the soluble and insoluble fractions.

Minerals of the insoluble fraction consist of quartz, iron oxide, and a

variety of clay minerals which are difficult to identify due to

fine-grain-size and compositional variability. Iron probably occurs

chiefly as either hematite (much of the halite is tinted orange) or an

equivalent hydrated form although it may substitute for aluminum to a

* minor extent in clay minerals.

According to our chemical analyses, the remainder of the insoluble

fraction is made up of the components K 20, A12 0 3 ' MgO, and SiO2.

Because the first three of these generally occur combined with the

fourth, potential mineralogy of the samples may be evaluated by comparing

insoluble analyses to mineral compositions plotted on the compositonal

triangle K 0 -Al 20 3-MgO shown in Figure 7.3. On this diagram,

mixed-layer solid solution among potassium and magnesium montmorillonites

and seawater-illite is indicated by the shaded area between these three

endmember components. It should be noted that the chlorite composition

plotted on Figure 7.3 is that which has been observed in present day

seawater sediments and evaporites. Relative proportions and amounts of

minerals occurring in a given sample are evaluated by distributing

potassium, aluminum, and magnesium along appropriate limiting phase

compositions. Silica is then distributed among these phases according to

stoichiometry, and any excess occurring in the sample analysis is

* considered to be free quartz.
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Halite is by far the most abundant mineral in the soluble fractions of

the samples. In only a few cases is halite a minor or trace

constituent. Polyhalite and anhydrite/gypsum are accessory minerals in

most samples, and in two of these, CaSO 4 f is a major component. In

normative calculations for sulfate deficient samples, kainite and

carnallite are included, whereas thenardite, glaserite, bloedite, and

kieserite appear in sulfate-excess and balanced samples. These phases

are rarely present in more than trace amounts and are calculated to occur

in such small quantities as to be insignificant in terms of contributions

to hydrate water. Sample 8-1652 (i.e., 1652 feet depth in AEC No. 8) is

significantly different from other soluble material in that it is

calculated to contain relatively large amounts of the soluble salts

sylvite, polyhalite, leonite, and glaserite. The drilling log reports

loss of mud at this point, so it is uncertain as to whether a rock is of

exotic mineralogy, or one from which certain cations have been leached by

moving drilling mud, or one which has exhibited the incongruent

solubility of polyhalite, leaving a sample of abnormal chemistry.

Most of the insoluble analyses plot within the triangle bounded by the

phases Mg chlorite-K feldspar-talc on Figure 7.3. These minerals are

recognized to occur in evaporite sequences which have undergone mild
0

diagenesis (P <100 atm, T <100 C), forming as a result of interaction

of brine with amorphous aluminosilicate detrital material (Braitsch,

1971). The only other phases calculated to occur in the insoluble

fraction are mixed-layer illite-montmorillonite, quartz, and iron oxide.

It should be noted that the presence of the mixed layer silicate as well

as chlorite and talc may be difficult to establish if they occur in very

fine grain size. None of the observed silicate phases undergo

dehydration below 500 0C, according to the DTA.

Effects of Heating Samples. A number of different responses to heating

were exhibited by the samples. Heating to 700C was designed to measure

absorbed water recognizing that gypsum dehydrates, according to

thermochemical data, at about 700C. In normal differential thermal

analysis, gypsum undergoes stepwise dehydration to hemihydrite and
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anhydrite at about 150 0 and 185 0C, respectively. Kopp, (University

of Tennessee, pers. comm.) has observed that gypsum dehydrates upon fine

grinding and prolonged heating at 700C, hence the observed DTA

breakdown is probably a result of kinetic factors. Consequently, samples

analyzed using thermogravimetric analysis were powdered and placed in an

oven at 70 0c for several days prior to analysis of weight loss at

elevated temperatures. Samples 7-1171 and 8-2563 both contain major

CaSO 4 ' but only the latter showed gypsum-type dehydration. This

appears to indicate that sample 7-1171 actually contained anhydrite

whereas sample 8-2563 contained gypsum since only 8-2563 showed

significant weight loss at 700C but both analyses summed to near 100%.

Essentially isothermal dehydration was observed over a continuum of

temperatures from 100 0 to 500 0C for a large number of samples. In

addition, weight loss over a 50 0 to 1000C span in temperature was

observed for most samples, but generally at temperatures above 300 0C.

These two types of weight loss probably indicate single-mineral

dehydration for isothermal loss, and dehydration as a result of

mineral-mineral chemical interaction for the weight loss occurring over a

large temperature span. Such solid interaction is demonstrated by sample

8-1953 which contains both anhydrite and polyhalite but minimal

bloedite. Figure 7.4 shows the DTA curves for pure polyhalite and

gypsum. Comparison of these two curves to that of sample 8-1953 shows

the 325 0 Cexotherm of polyhalite to be lacking while the lower

temperature endotherms; of gypsum are present. We suggest the missing

polyhalite endotherm is a result of chemical interaction between

polyhalite and anhydrite somewhere between 2000 and 3250C. Such

interaction among evaporite minerals should probably be investigated in

some detail in terms of retention of hydrate H 20.

A few samples were heated to 800C to get an indication of how much

weight might be lost from samples at high temperatures (>5000C). of

the nine samples examined under these n"extreme" conditions, four began

gaining weight at about 700 0c. one sample increased in weight by about

15% between 725 0 and 8000C. This gain in weight is not a result of
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oxidation of iron (eg. Fe +2 in chlorite) since sample 8-2050 did not

contain any iron. That the gain in weight may be caused by formation of

an extremely hygroscopic phase at high temperatures as a result of

solid-solid chemical interaction upon heating. Whether or not such a

phase forms would undoubtedly depend upon the initial mineralogy of the

rock to provide the correct reactant phases since not all sample

exhibited this weight gain. The water necessary for this rehydration is

probably a result of the fact that the testing laboratory is cooled

during the summer months (the analyses were run in early June) by

evaporation which results in high relative humidity.

A composite histogram of weight loss of all samples at elevated

temperatures is shown in Figure 7.5. The distribution appears to be

log-normal with the maximum density near 0.25% weight loss upon heating

5000C. Over half of the samples (56%) show weight loss of 0.5% or

less, and only 15 samples exceed 1%. Figures 7.6A and 7.6B are plots of

sample weight loss vs depth for the two drill holes. Samples showing

more than 1% weight loss upon heating are scattered throughout the depth

range but are generally separated by more than one hundred feet of

low-water-loss material. There is a broad correlation between higher

weight loss and increasing insoluble content of sample, but no clearcut

relationship is seen between weight loss and silica content. It is

concluded that high temperature weight loss is contributed by both

silicate and sulfate minerals. It can be stated in general, however,

that samples showing less than 1% weight loss contain less than 10 wt %

insoluble material.

7.3.4 Conclusion

Most of the samples showed very little water loss between 200 0 and

300 0 C and there were only small water losses at temperatures 2000C

and 3000C. As can be seen by examining the data, there are several

zones where there is essentially no change in sample behavior with

heating to moderate temperatures. These areas show good potential as

burial sites for nuclear waste.
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7.4 DETAILED PETROLOGY AND SILICATE MINERALOGY OF SOME PERMIAN BA&U-)N

ROCKS

7.4.1 Introduction

The purpose of this section is to describe and evaluate the petrologic,

mineralogic and geochemical properties of designated core samples,

primarily from the ERDA - 9 drill hole and various grab samples exposed

in mines and at the surface, in connection with the WIPP (Waste Isolation

Pilot Plant) site evaluation.

ERDA - 9 penetrates the Mescalero Caliche, Gatuna Formation Santa Rosa

Sandstone, Dewey Lake Red Beds, Rustler Formation, Salado Formation and

the uppermost 50 feet of the Castile Formation (Figure 4.3-3). Primary

interest is focused on selected intervals within the Salado and uppermost

Castile Formations.

The general problems under study are: 1) the genesis of the dominantly

evaporite succession with associated silicates and 2) the extent of

post-depositional alteration of these sediments. The basic approach (and

analytical method) is broadly threefold. First, detailed study of the

occurrence and mineralogy of silicates, particularly clay minerals, in

the evaporite succession (disaggregation, size fractionation, x-ray

diffractometry). Second, bulk chemical analysis of whole rock, water

soluble, acid insoluble, and clay size fraction (x-ray fluorescence,

atomic absorbtion spectroscopy, other rapid procedures). Third,

macroscopic and microscopic petrography (handspecimen and microscope

mineral identification, description of form, texture and lithology of

mineral associations, and x-ray diffractometry of bulk samples).

7.4.2 Procedure

After core intervals were selected for study, cores were cut lengthwise,

mostly in the form of 1/2, less commonly 1/4, of the core. Criteria for

selection and additional procedures for analysis of these samples are
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described in the following sections on the silicate mineralogy,

geochemistry and petrography.

7.4.3 Silicate Mineralogy and Geochemistry

Systematic logging of ERDA - 9 core and accompanying gross mineralogy

have been described in Chapter 4. This section is focused on selected

segments of the core and examination of the paragenesis of minor

constituents, namely the silicate minerals, their composition, and their

interpretation in terms of depositional and postdepositional phenomena.

Silicate mineralogy and geochemistry have not been comprehensively

studied within the Ochoan rocks and the Permian Basin. Adams (1969) has

reported briefly on the occurrences of talc in argillaceous rocks as a

part of this extensive study of bromine distribution throughout the

section; specialized clay mineral determinations by Grim et al. (1961)

and Fournier (1961) have been undertaken on a limited number of samples

and with minimal regard to their detailed stratigraphic setting and

geneses.

In an effort to provide substantially more complete understanding of the

7 Nsilicates associated with the Permian evaporites, some 70 samples of the

/ 'ERDA - 9 core ranging from 300 feet below the Salado-Rustler contact

Z" (1163.3 foot depth) down to a few tens of feet below the Salado-Castile

contact (2867.6 foot depth) were selected. The following criteria were

used in the selection: (1) representation of major lithologies; (2)

detailed representation of an apparent "cycle" of evaporite deposition

which occurs repeatedly through the Salado Formation section; (3)

representation of intervals under consideration for waste storage sites;

(4) detailed representation of selected polyhalite-anhydrite occurrences

toward interpreting the genesis of the unusually abundant polyhalite; and

(5) representation of the sequences which may provide data for

interpreting postdepositional solution and recrystallization phenomena.

In Table 7.4, we list the samples by depth, gross lithology, and

stratigraphic position, as well as by character of data obtained; Table

7.5 provides a cross-listing for relating sample number to depth.
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Sample Preparation and Analysis. The core was split and one split

rebagged for future reference. One to 10 cm segments of the remaining

half were selected for analysis (petrographic, mineralogic, and/or

chemical) and sectioned off. A 1 cm slab of this was retained for

petrographic examination; the remainder was coarsely crushed and a split

retained for whole rock analysis. The larger fraction of the sample was

leached with excess demineralized water to dissolve the halite host.

This was repeatedly centrifuged, decanted, and rewashed to remove all

traces of dissolved halite from the residue. The residue was dried,

reweighed, and a split suspended in boiling EDTA solution in order to

separate the "acid-soluble" salts (sulfate and carbonate minerals)

following the procedure of Bodine and Fernalld (1973). Again, after

repeated centrifuging, decanting and washing to remove EDTA and to

dissolve solid components from the insoluble residue, the suspension was

dried and reweighed. Table 7.6 depicts the quantities of sample residues

insoluble in water and EDTA. A split of this fraction was resuspended in

water, thoroughly disaggregated with an ultrasonic probe, and separated

into the >2 jm arnd < 211m (effective spherical diameter) fractions by

timed gravity settling. Oriented diffractometer mounts of the fine

-~ fraction were prepared by pipetting several drops of each suspension onto

glass slides and air-drying. Smear (paste) mounts and mounts using the

conventional commercial powder mounts were used for the < 211~m insoluble

fraction as well as for the other fractions. In addition, pellet or

uniformly compressed mounts or "briquettes" of these fractions prepared

for x-ray fluoresence were also used for diffraction.

Where sufficient sample was available, normal procedure for the silicate

fraction included: (1) diffraction data for the whole EDTA-insoluble

fraction using the briquettes or paste mounts; (2) oriented (sedimented)

clay-size mounts on glass which were air-dried, glycol saturated, heated

to 300 0c, and heated to 500 0C. Conventional x-ray diffractometer

traces were obtained at a scanning speed of 20 2e/min with Cu-radiation

and a curved crystal monochromator.
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X-ray fluorescence work involved briquette mounts using the vacuum-path

Norelco fluorescence goniometer with quartz and gypsum analyzing

crystals. In this study, standard regression procedures are used along

with matrix evaluation for calculating abundances from the raw data.

However, at this time the data can only be reported in terms of a

unit-slope regression from one standard. Because of the severe errors

such a procedure may induce, only "semi-quantitative" chemical results

are claimed for this report.

Silicate Mineralogy. The following silicate minerals have been

identified in the course of this study; their distribution is given in

Table 7.7.

Quartz - Quartz occurs throughout the entire interval of the

stratigraphic section analyzed; however, it does not occur in every

sample. Quartz is generally fine-grained ( <10pJm), subhedral to

anhedral, and readily identified in diffraction traces by its very strong

peak at 3.34j and moderate peak at 4.26 1; interference by the micas and

mica-clays with the former and by potash feldspar for the latter only

rarely preclude its ready identification.

Illite (mica-clay) - Illite also occurs throughout much of the

stratigraphic interval. It is readily observable in diffraction traces

with its strong 101 and 3.34A*peaks and its moderate 5.01. peak (001, 003,

/and 003 respectively). All illites observed in the core are dioctahedral

as based upon (060) <l1.52 ' and (001, 002, and 003) < 1.0, 5.1, and 3.44 A

respectively. Many of the illites contain recognizable but small

quantities of interlayered smectite, presumably saponite or other

trioctahedral varieties, based on the slight asymmetry of the (001)

reflection.

Feldspar - Feldspar occurs frequently, but generally in small quantities,

throughout the section and its identification is based principally on one

or more diffraction maxima in the 3.17 - 3.30i range. Unfortunately, its

abundance is usually low and when coupled with the presence of other
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minerals its diffraction maxima for resolving its composition and its

thermal character are not interpretable; both plagioclase and K-feldspar

have, on occasion, been recognized.

Chlorite - Chlorite is commonly a minor constituent and its presence is

often difficult to establish. With a 14 Aperiodicity its maxima can be

masked by smectities, various interlayered species, and by the 7A*

minerals, kaolinite and serpentine. In glycol saturated specimens, the

14k peak from expandable clays can be removed and at 5000C the 7' peak

from kaolinite is lost. Even so with only a small amount present in such

an assemblage it can remain undetected.

Talc - Talc is rare throughout the core. It is common in the ore zones

(Adams, 1969) but appears to be nearly absent from the other

lithologies. Talc is identified by very sharp, strong reflections at 9.5

and 3.15 A(001 and 003); the former is quite distinct from the broad

reflection at 9.0 - 9.7 from a regular interlayered chlorite-saponite

(corrensite).

Serpentine - Serpentine, like talc, is relatively rare in the section and

is confined to the lowermost interval (below 2820.3 and at or below the

Salado-Castile contact) in rock salt and anhydrite. Serpentine is

identified by strong peaks at -7.3k and -3.6A (001 and 002 respectively

for a single-layered variety). These maxima are noticeably greater than

the 7.0 - 7.2 Aand 3.5 - 3.65 A reflections attributable to chlorite. In

our samples, these larger spacings are characteristically sharp and are

not accompanied by the odd (00 ) reflections of the 14k minerals.

Expandable Clays - Expandable clays, the smectities, vermiculites, and

mixed-layer clays containing either of these constituents, are the

dominant clays of the section and are ubiquitous (Table 7.8). We have

recognized at least four such clays; however, their definitive identity

has not yet been resolved.
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a. Saponite (e.g. JS-CS-9 at 1466.9') expands to >l61 with glycol

saturation and collapses to < 14A upon heating, (further heating

would yield an -9.5i peak).

b. (?) Illite-saponite (e.g. JL-CS-2 at 1440.5' JL-CS-10 at 1325.3')

with an air-dried maximum at 10.2 - 10.3 1 glycol saturation at

lO.0A and with or without a less intense shoulder or separate peak

at 11.3 - l2.1j , and collapsing to 9.8g. at 300 0C. We have not

ruled out a mixed-layer talc saponite identification for this

phase.

c. Chlorite-saponite (e.g. MB-CS-21 at 1404.6' and MB-CS-32 at

2541.5') exhibits a 141 peak expanding to 15.5k: with glycol

saturation and collapse to <141 upon heating. The

chlorite-vermiculite phase described by Fournier (1961) and Grim

et al. (1961) is probably this chlorite-saponite; the expansion

with glycol is too great for this to be a chlorite-vermiculite.

/ In some cases the interlaying is random; in others it is regular

~' .#', N and produces a distinct superlattice peak (-29A); in most there is

~ some regularity with a slight shoulder present in the 25-300 20

present (these shoulder "maxima" are exceedingly difficult to plot

precisely and all contain ±0.3-0.5 0 28 definition).

Nearly all of the diffraction data in Table 7.8 can be assigned to one of

these three clay phases, yet data from several samples are not yet

resolved, e~g MG-CS-13 at 2518.3. It should be noted that smectiti.es

are smectite-bearing mixed-layer clays which commonly appear to be

"stripped" by the EDTA-dissolution of nonsilicates; they commonly show

12-13.8A air-dried spacings. However, suspending these clays in MgCl 2

or NaCl solutions and then rewashing and redrying restores the

appropriate 14-15A. spacing.

In Appendix 7.C, we present a number of the diffraction diagrams

illustrating these silicate assemblages.
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Distribution of Clay Materials. Some general but tentative observations

regarding these minerals throughout the section are:

(1) Serpentine appears to be restricted to the lower

40 feet of the analyzed section; it most commonly occurs in

anhydrite and associated rock salt.

(2) Talc is not restricted to assemblages from bitterns as suggested

by Adams (1969).

(3) Interlayered illite-saponite (or talc-saponite) appears to be

resricted to polyhalite lithologies or adjacent anhydrite. It

appears to be absent from clay beds and associated rock salts and

from the polyhalite-free remainder of the section.

(4) Expandable clays appear to show somewhat less relative abundance

in clay beds (1244.8, 1247.2, 1328.6, 1441.7, and 1468.1 ft.) than

in the silicate assemblages from the evaporite rocks.

(5) Furthermore, the mixed-layered clay species in each of these clay

seams consists solely of the well developed regularly

interstratified chlorite-saponite (corrensite).

7.4.4 Mineralogy of-Duval Mine Samples

Several samples of wall-rock were taken from the 4th ore zone

(langbeinite level) of the Duval Nash Draw potash mine, about 5 miles

west-by-southwest from the study area. These samples include a dark

brown clay parting (the DV-4 series) taken from the upper boundary of the

4th ore zone.

Untreated oriented powders were scanned from 2 to 60 degrees two theta.

The untreated slide was glycolated by vapor-soaking on a rack in a

container filled partially with ethylene glycol. An additional oriented

powder was heated at 4500C. Both the glycolated and the heated

specimens were scanned from 2 to 3 degrees two theta.
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Whole rock samples were analyzed by loading a small amount of randomly

oriented rock powder in a Norelco powder holder. This powder was scanned

from 5 to 80 degrees two theta and the resulting diffractogram compared

to values compiled in the Joint Committee on Powder Diffraction Standards

file to determine bulk mineralogic composition. Mineralogic abundances

noted were estimates based on comparative peak intensities.

All samples x-rayed (both clays and whole rocks) were scanned with

Ni-filtered CuKct radiation. A time constant of two seconds was used with

a scintillation counter detector and pulse height analyzer. The

goniometer slit system consisted of a divergent and anti-scatter slit of

1 degree and a 0.003 inch receiving slit.

The results for Duval Mine samples appear in Table 7.9. For comparison,

"dirty salt" from about 2100 feet depth in ERDA No. 9 has about 8% by

weight insolubles.

7.4.5 Chemical Composition

Since appropriate regressions for each component based on several

standards have not yet been calculated and matrix effect corrections have

not yet been made, the analyses in Table 7.10 must be considered as only

semiquantitative. In most cases, most totals are between 85 and 98%;

perfectly reasonable totals with the remainder being chiefly water. A

few totals exceed 100% and a few others are less than 85%; these are

unquestionably in error. These data, however, do illustrate a number of

important relations and are compatible with the mineralogic data.

Thus for example, those analyses with high alkali content (JS-CS-2 at

1440.5', JC-CS-6 at 1441.5, MB-CS-27 at 2067.0, MB-CS-31 at 2512.5,

MB-CS-13 at 2518.3, MB-CS-10 at 2705.8, and MB-CS-36 at 2758.4) show

substantial feldspar with or without abundant mica-clay.

In general, the chemical data support the mineralogic determinations.

The silicate fractions are extraordinarily high in MgO (-20-30 wt % MgO)V
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and correspondingly low in CaO (-l- wt % CaO); Al 20 3is low (-'8-12 wt

% A12 0 3) for clay mineral assemblages. Thus, except for illite, our

clays are trioctahedral with only chlorite containing appreciable

Al 20 3

7.4.6 Petrography

Petrographic analysis, both macroscopic and microscopic, is used in three

ways: first, determination of the mineralogy of samples; second, given

the mineralogy of a sample, description of lithology; third, the primary

utility of petrographic analysis in this study, description of the

texture of the sample. Texture refers to grain or crystal size, shape

(habit or form), orientation, relationships (such as nature of contacts

between crystals or grains) among different minerals and lithologies.

Macroscopic Petrography.

Sample Preparation and Procedures - Slabs, approximately 1 cm thick, were

cut lengthwise using a band saw, from the 1/2 or 1/4 core samples. One

face of a remaining core sample was then polished using a sander with

various grit sandpapers. The sample was not to be used for silicate

mineralogy-geochemistry analysis in order to avoid contamination. The

polishing enhanced textural detail. Faces were also polished on some

slabs.

Samples were selected from the core in which mineralogy based on

macroscopic identification was obscure or uncertain for x-ray

diffractometry of the bulk sample. Conventional diffractometry methods,

as described previously, were used.

Macroscopic Petrographic Description - The mineralogy, lithology and

texture in the polished sections of all the core intervals selected were

described. Appendix 7.D is a brief extract from 54 pages of sketches

accompanied by textural descriptions of these core intervals. Table 7.110 is a summary of the gross lithology reported largely as macroscopic
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mineral identification and core footage. Table 7.11 indicates that

macroscopic mineral identifications are generally reliable, especially

for coarse-grained minerals, but visual estimation of the relative

minerals abundances are less reliable. Estimates of relative abundances

based on x-ray diffraction analysis are regarded as " semi-quantitative"n

and maybe in error, but it is still more reliable because of its greater

precision, if not accuracy, compared to visual estimation.

Plates 7.1 through 7.6 are photographs of polished faces of cores or

slabs illustrating typical textures. Plate 7.1 shows a variety of shapes

of halite in anhydrite. The occurrence as beds or laminae or irregular

lenses is inferred to be primary because halite and anhydrite can

precipitate jointly or alternately from evaporating seawater. The

apparent swallow-tail form of halite in laminated anhydrite is a problem

because no primary occurrence of this form of halite is known. The

swallow-tail form can occur as a twinned crystal of gypsum, but

coprecipitation of gypsum and anhydrite is thermodynamically impossible.

One interpretation is primary precipitation of calcium sulfate only as

gypsum in the form of rapidly growing swallow-tail twins and finely

crystalline aggregates. Then post-depositional alteration of the finely

crystalline aggregates to anhydrite takes place, and the twinned crystals

alter either directly to halite or first to anhydrite which then alters

to halite, with pr'eservation of the primary swallow-tail forms. This

~% )interpretation is favored by the almost exclusive dominance of gypsum

rather than anhydrite as the primary precipitate in modern environments

and lab experiments. Controversial thermodynamic analyses also favor

gypsum as the primary precipitate, even metastably.

Plate 7.2 also illustrates occurrence of halite in well laminated

anhydrite. This is interpreted as primary coprecipitation of halite and

gypsum with these textures followed by post-depositional alteration of

gypsum to anhydrite with preservation of primary texture.

Plate 7.3 illustrates an occurrence of halite and polyhalite. The

triclinic crystal system of polyhalite is unlikely to produce a

rectangular outline in cross section whereas the cubic habit of halite or
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the orthogonal morphology of anhydrite would. Thus, the rectangular

outline of the polyhalite body suggests post-depositional alteration of

anhydrite, (to a lesser extent of halite) to polyhalite as does the

occurrence of most polyhalite in irregular masses among halite masses.

Thermodynamic and experimental considerations as well as observation of

modern evaporites indicate that polyhalite does not precipitate from

evaporating seawater.

Plate 7.4 illustrates coarse, relatively pure halite with anhedral,

granular texture. The halite contains small crystals of anhydrite,

probably a post-depositional alteration product of a primary

coprecipitate of halite and gypsum.

Plate 7.5 illustrates another texture of halite in anhydrite with traces

of magnesite. As previously indicated, it is believed to result from

primary co-precipitation of halite and gypsum with post-depositional

alteration of gypsum to anhydrite with preservation of primary texture.

Magnesite is not known to precipitate from evaporating seawater but

calcite does, suggesting post-depositional alteration of a primary

(probably calcium) carbonate to magnesium carbonate.

Plate 7.6 illustrates textures in a dominantly anhydrite rock. The

occurrence of the swallow-tail form near the stratigraphic top of the

specimen as well as previously related discussions suggest primary

precipitation of gypsum followed by post-depositional alteration of

anhydrite, which could occur shortly after deposition, with preservation

of primary textures.

Microscopic Petrography.

Sample Preparation and Procedure - The 1 cm thick slabs were converted to

standard and oversize thin sections following conventional procedures

(with the following exceptions) to minimize chemical alteration of the

sample. Fluid in contact with the sample was a pure vegetable cooking
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oil. Temperatures during the thin sectioning process did not exceed

30'C. Samples were put in dessication jars during impregnation to

minimize contact of fluid acetone with the sample.

Microscopic Petrographic Description - Plates 7.7 through 7.12B are

photomicrographs of thin sections of rock samples from the Permian Basin

of southeast New Mexico. The samples are not from EP.DA-9 core but are

representative of mineralogies, lithologies and textures commonly

encountered in the core.

Plate 7.7 is a photomicrograph of relatively finely crystalline euhedral

to subhedral halite. The crystal form, relative clarity (although

containing very fine crystals of anhydrite) and occurrence of fluid

inclusions as both negative crystals and subspherical forms all suggest

little post-depositional alteration with the exception of alteration of

primary gypsum to anhydrite.

In Plate 7.8 also dominantly of halite (typical of the rock in Plate

7.4), there is a startling contrast to the texture in Plate 7.7.

Crystals in Plate 7.8 are anhedral to subhedral, cloudy, coarser and

devoid of fluid inclusions (the apparent void in the lower left was

produced by plucking of a cleavage fragment from the specimen during

sectioning). Because the texture shown in Plate 7.7 is regarded as

indicative of little post-depositional alteration, the texture in Plate

N,7.8 is considered as indicative of extensive alteration, greater than

that required for the postulated gypsum to anhydrite alteration which is

also postulated for very fine crystals of anhydrite within the halite in

Plate 7.8. These contrasting textures are also apparent in thin sections

of carbonate rocks. Bathurst, (1975, especially Chapter 12), deals with

recognition of chemically precipitated calcite (analogous to Plate 7.7)

versus calcite post-depositionally altered from argonite or some other

form of pre-existing calcite (analogous to Plate 7.8). Bathurst uses and

builds upon terminology and concepts of the causes and processes of these

alterations developed by Folk (1965).
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Plate 7 .9dshows an occurrence of halite with sylvite. The irregular

bodies adirregular contacts of the sylvite (as well as the anhedral

nature of the halite and bodies of intimately mixed halite and sylvite)

are interpreted to be the product of post-depositional alteration. This

interpretation is also favored by the fact that sylvite does not occur as

a primary precipitate in the marine evaporite succession.

Plates 7.10A and 7.10B show the irregular and gradational nature of the

contact between polyhalite and halite and the concentration of opaques,

probably hematite, along the contact. These observations and those

discussed under Plate 7.3 are interpreted to be products of

post-depositional alteration of either anhydrite or halite to, polyhalite.

Plate 7.11 shows the microscopic texture typical of many laminated or

banded anhydrites of the Castile and Salado Formations. Neither x-ray

diffractometry nor staining techniques have been used to determine the

mineralogy of the carbonate. This texture is interpreted as annual

varves, by Anderson et al. (1972).

Plate 7.12A and 7.12B show dominately massive anhydrite, typical of much

of the unlaminated anhydrite in the Salado Formation but atypically cut

by a veinlet of gypsum. The rock sample was taken from outcrop and the

gypsum veinlet is interpreted to have been produced by alteration of

anhydrite to gypsum during uplift and exposure.

The petrographic descriptions and interpretations generally agree with

those in the classic and relevant report of Schaller and Henderson (1932).

7.4.7 Interpretations and Tentative Conclusions

1. All of the samples discussed under macroscopic and microscopic

petrography exhibit mineralogy, lithology and textures which are

indicative of post-depositional alteration of the sediments (dated at

204 million years in Section 7.8). It is believed that fluids
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migrating through the sediments are responsible for most of these

alterations. Interestingly, the alteration of primary gypsum to

anhydrite would liberate abundant volumes of fluid.

2. The abundance of polyhalite and the atypical mineral assemblages

(sylvite-langbeinite vs kainite/carnallite-kieSerite) of the ore zones

suggest either drastic recrystallization or a former primary evaporite

depositional environment. The areal extent of the Ochoan rocks and

their great thickness coupled with paleogeographic evidence and the

marine character of the underlying Permian strata appear to preclude

the second alternative. Further evidence of the post-depositional

origin of the present assemblage includes the low and highly variable

bromine values in the Salado Formation rock salts (Holser, 1966;

Adams, 1969). Age dates on K-bearing salts, discussed later in this

chapter, further suggest recrystallization shortly after deposition.

3. The general mineralogy and chemistry of the EDTA-insoluble (silicate)

fractions of the evaporite beds throughout the Salado and uppermost

Castile Formations preclude their detrital origin.

4. The silicate assemblages and their chemistry further supports the

hypothesis of post-depositional alteration of these rocks -- at least

throughout much of the Salado Formation.

a. The predominance of smectities (saponite) and trioctahedral

smectite-bearing clays suggest relatively immature assemblages.

The silicate assemblages of the Zechstein (Permian) of Germany are

almost entirely nonsmectitic except for the well-crystallized,

well-ordered regular interstratified

chlorite- (smectite/vermiculite) mineral corrensite (Fuchtbauer and

Goldschmidt, 1969). The Haselgebrige (Permo-triassic) of the

Austrian alps similarly contains no smectites nor even

smectite-bearing mixed-layered clays (Bodine, 1971), and the same

is true for the Silurian salts of New York (Bodine and Standaert,

1977). The developmnent of the unusual illite-saponite/talc/

saponite phase with polyhalite suggests immaturity of the silicateW
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phase with respect to the evaporite phase. Any further phase

changes that would take place in the silicate appear to be

kinetically inhibited.

b. The variability of the clay assemblages and their lack of

correlation with major evaporite lithologies bespeaks strongly of

recrystallization accompanying migrating post-depositional pore

fluids. Except for the unusual lO.3A*phase with polyhalite, the

only other lithic correlations are: (1) reasonably well

crystallized corrensite as the only expandable clay in the

discreet clay seams and (2) the occurrence of serpentine in the

uppermost Castile Formation. The former is tentatively attributed

to the "closed system" nature of the impermeable salzton beds;

they were not subject to the attacks by a variety of migrating

pore fluids of different composition. The latter relates to the

vertical distance between K-Mg-bearing salt beds and the Castile

Formation, which essentially comes in contact only with less

mobile fluids in equilibrium with halite-anhydrite.

c. It is very tentatively suggested that many of the salzton seams

formed through accumulation of silicate debris included in salts

which have been dissolved; their association with the soluble K-Mg

salt ore zones and with the extensive polyhalite replacement of

anhydrite beds appears remarkable and may provide the geometry for

the "plumbing system" in which migrating pore fluids circulated.

It is also recognized that some of the salzton beds may well

represent recrystallized detrital accumulations during periods of

no evaporite deposition as suggested by Adams (1969). If

migrating groundwaters do flow in some such controlled pattern,

ore mineral distribution in each ore zone should reflect this,

i.e. remnants of the primary carnallite-kieserite farthest from

the source of the brines, enveloped by langbeinite and

langbeinite-sylvite assemblages, in turn enveloped by langbeinite

and langbeinite-sylvite assemblages, in turn enveloped by sylvite,

and finally by barren halite. Similarly polyhalite
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crystallization should be at a maximum under the

langbeinite-sylvite assemblage within a given "cell" and would

likely decrease both away from and toward the lateral pore fluid

source.

In summary, substantial evidence has been accumulated that there has been

extensive salt recrystallization, most noticeably within the McNutt ore

zone. This is considerably less noticeable in the lower Salado and

Castile Formations, but may simply reflect the far simpler evaporite

mineralogy and persistence of substantially more homogeneous compositions

within the pore fluids.

Preliminary computer modeling does, for example, substantiate that a

typical primary marine evaporite salt assemblage of

carnallite-kieserite~-halite can, when under continued attack by migrating

halite-gypsum saturated pore fluids flowing down dip in a hypothetical

cell, generate a progression of salt facies with remnants of the primary

assemblages farthest from the source. Toward the source, the followingW

succeEc _n of assemblages would be found: langbeinite-carnallite-halite

(or lai~gbeinite-kieserite-halite) then langbeinite-halite, then

langbeinite-sylvite-halite facies, then sylvite-halite, culminating

toward the source in a barren halite facies. At the same time, the K-Mg

rich pore fluids which were generated through ore mineral dissolution and

' alteration would no longer be in equilibrium with anhydrite; anhydrite

would alter to polyhalite until the solution chemistry reached the

polyhalite-anhydrite equilibrium composition. The precise thermodynamic

conditions and mineralogic reactions which governed these alterations are

not known; however, the age of this recrystallization of evaporites has

been determined to be in excess of 204 million years. For more details

regarding this recrystallization which closely followed deposition, the

reader is referred to Section 7.8.
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7.5 VOIATILES AND FLUID INCLUSIONS IN MINERALS OF THE SALADO FORMATION

7.5.1 Introduction

Sources of liquids and gases native to the evaporites must be

considered. One source is the intergranular fluid to be found in the

pore spaces between mineral crystals and lithic fragments. These fluids

are discussed in detail in a subsequent section (7.7). Another fluid

source is the water of crystallization chemically bound in hydrous

minerals. Yet a third source is fluid inclusions inside the mineral

crystals themselves, which can behave as separate micro-geochemical

systems.

Data presented in the overview Section 7.5.2, and Section 7.5.3 result

from heating bulk rock samples to recover all types of fluid. In the

major portion of the Salado, the total recovered amounted to less than

0.5 weight percent of the rock. As discussed in the overview section, it

was possible to separately identify: (1) loosely-bound volatiles, (2)

chemically-bound volatiles, and (3) fluid inclusions.

The sections on mineral sources of water and on fluid inclusions endeavor

to place the data in the context of the mineralogy of the rocks serving

as hosts for the volatiles. It will be noted that geochemistry in the

context of the mineralogy is a pervasive theme in all parts of the

geochemistry section of this report. This is true for the sections which

follow on groundwater geochemistry and radiometric age-dating also. It

will also be noted that the characterization of geochemical properties of

solutions in the Salado confirm the qualitative measurements of fluid

inclusion solute contents.

This chapter contains considerable data which will assist in the

anticipation of short and long term physico-chemical conditions likely to

arise during the experiments involving heat-producing radioactive wastes.
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7.5.2 Overview of Volatile Contents of Evaporites

Themogravimetric analyses of 35 selected core samples from ERDA No. 9

were made. These were many of the same samples which were qualitatively

examined for mineralogy by x-ray diffraction (refer to Section 7.2.3).

These analyses were made by suspending powdered samples from a

microbalance while dry nitrogen flowed above the sample. The samples

were heated by 50Cmnt until the temperature reached 500 0 and

were held there until gas evolution had ceased. A hygrometer was

inserted downstream to register qualitatively whenever moisture was

evolved.

The as-received salt core specimens were massive pieces approximately 4

inches in diameter and 1-2 inches thick. No attempt was made to obtain

homogenized samples by powdering the entire piece. Instead nuggets were

chiseled from the center of the specimen. The nuggets were crushed and

ground to a powder just prior to the weighing and transferring to the

microbalance system. A maximum of ten minutes elapsed between the start

of crushing and the start of analysis. Thus, the possible loss or gain

of moisture prior to testing was minimized. Powdered samples were

necessary to minimize decrepitation.

The complete test results are presented in Table 7.12. Figure 7.7

illustrates the typical kinds of weight-loss curves observed. About half

the specimens showed 0.5% weight-loss (curve A). Curve B is common with

the rapid weight-loss occurring sometimes at 3000 and sometimes above

400 0C. some samples show two stages. Only two samples followed curve

C, where weight-loss was observed from the beginning of the run. The

weight-loss curves for all samples are filed and are available for

inspections.

Replicate runs were made in several cases, predominantly those which

showed the larger weight-losses, and good agreement, i.e. within 5%, was

observed.W
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All mass-loss is not due solely to water. Only the weight-loss below

300 0 C can be attributed largely to water; the weight-loss at higher

temperatures is in part due to decomposition of carbonates or other

volatile-bearing minerals.

Results were correlated with the x-ray diffraction results previously

reported in an effort to identify which minerals may be decomposing. No

definite conclusions could be reached so selected samples were analyzed

for the evolved gases by gas chromatography/mass spectrometry. In

particular, this was done for the samples 2302.6, 2516.3, 2658.5, 2786.5

and 2821.0.

The highest weight-loss was experienced by sample 2302.6. Its total ion

chromatogram (Appendix 7.E) shows data channel numbers calibrated

approximately in terms of temperature. Conspicious peaks occur at

1000C, 250'C and 300 0C. Detailed mass spectra are given for

50 0C, 100 0C, 1500C, 200 0C and 250 0 ;the most prominent mass

peak is 18, corresponding to water. At higher temperatures, mass 14

(monoatomic nitrogen) becomes abundant. Even at lower temperatures, mass

28 (diatomic nitrogen) is present.

Sets of peaks separated by 12 mass units, corresponding to carbon, (95,

83, 71; 81, 69, 57, 45) probably represent fragments of hydrocarbons

present in the diesel oil which was the lubricant used to core the hole.

The contribution of mass 44 (C02 ) to the spectrum is a minimum at

200 0Cand rises again at higher temperatures. The low-temperature

contribution is again probably due to the contaminant diesel oil.

At the highest temperatures, the mass peaks 15, 16, and 17 (CH 3 " CH 4 '

0, OH) are accentuated along with 14, 18, and 28 (N, H 20 andN2)

All the individual ion chromatrograms for mass numbers 14, 18, 19, 20 and

44 have coincidental peaks at about 250C and 300 0C. Water and carbon

dioxide are almost continuously evolved over the entire temperature

range, but the coincidence of all the peaks for N, H12 0, F(?) and CO 2

(mass peaks 14, 18, 19, and 44, respectively) implies that evolution of
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these components at 250 "C and 300 0c is related to a commnon source.

Since halite decrepitates, releasing its fluid inclusions at about

2500C, those inclusions appear to be the most probable source of

volatiles evolved at 250%C. Similarly since polyhalite dehydrates at a

temperature slightly above 3000C, fluid inclusions in that mineral

might be also released at that temperature (see Section 7.3). A detailed

treatment of fluid inclusions appears in a subsequent discussion.

mass numbers 32, 48, 64 and 80 have sharp coincidental chromatogram peaks
+2

at channel 517. These mass numbers most probably represent 0 2' So
(possibly 0 3 made inside the mass spectrometer) SO 2 and SO3

released from the sudden decomposition of a sulfate. Similarly mass 36

(HCl) is released in major quantity at this point. All these phenomena

occur at a slightly lower temperature than the main 2000C event, and

their relationship with that event possibly indicates the presence of a

very volatile sulfate phase rapidly decomposing when the halite fluid

inclusions begin to rupture. Daughter crystals of gypsum in halite fluid

inclusions would indicate a high concentration of sulfate in the

inclusions (see subsequent discussion) and such a solution might give

rise to the observed sulfur species in the mass spectrum.

The sample with the next greatest total mass loss (2786.5, 3.64%) is

7 considered next. Many of the same features of the chromatograms in

Appendix 7.E are observed here as in the previous sample. The main

difference is the appearance of a large hump of many volatiles (H 20, F,

N 2, 0 2) released at less than 1000C. This is consistent with the

occurrence of clay minerals which can absorb various volatiles at surface

and interlayer sites. Volatiles would be expected to be weakly bound at

these sites. The same hump as before appears at 250
0C, incorporating

HF"'' 0 and +2
N, H 20, H'(?' N2 2' HCl, Co2 adSo , but only the

postulated SO species appears to be catastrophically released and is
2

probably a product of ionization in the mass spectrometer.
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A hump incorporating N, H 20, HF, N, 2F 2 HCl, CO andSO+

occurs substantially below 300 0C. This peak probably corresponds to

release of water and other volatiles born of OH and fluid inclusions in

the clay minerals, when the clays decompose upon dehydration.

Sample 2516.3 (2.15% mass loss) was unusual in that it contained

magnesite. As is seen in the chromatograms in Appendix 7.E, the loss of

H 20 and N 2from various sources provides most of the pattern, which

was not sampled at a temperature greater than about 240 0C. There is

almost a continuum of absorbed 0 2released. The most significant

feature of this sample is the high-temperature loss of CO02 F presumably

from the decomposition of magnesite.

Finally, the most abundant-type sample is considered: those which have

mass losses less than 0.5%. These are characteristic of most of the main

evaporite section and contain very little other than halite and

anhydrite. Typical examples of these rocks are samples 2658.5 and 2821.0

W (Appendix 7.E). The main difference between these two is the apparent

larger number of types of volatile sites in the shallower sample.

Absorbed N, H 20, N 2, and 0 2 form a large, broad hump at low

temperature, with catastrophic release (of fluid inclusions?) of H 20,

N FHCI, and CO 2at higher temperature in 2821.0. In 2658.5, the

catastrophic release of H 20, N 2, HCl, and CO 2 (with possibly some

so + ) appears to occur in smaller episodes as various sets of fluid

inclusions are ruptured at higher temperature.

7.5.3 Mineral Sources of Water in the Salado Evaporite Sequence

Introduction. The purpose of this section is to describe the mineralogy

and petrologic characteristics of samples taken from two coreholes of the

Salado salt from the boreholes ABC Nos. 7 and 8 in Lea and Eddy Counties,

near Carlsbad, New Mexico, and the degree to which the evaporite rocks

present would dehydrate if subjected to the heat generated by containers

of radioactive wastes (radwaste). In a previous study, (Fallis, 1973)

the general characteristics of evaporite deposits and their minerals were
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described and a detailed mineralogic and petrologic study of two cores

from the Hutchinson Salt near Lyons, Kansas, was made. The results at

that time indicated that water losses ranging from 0.4 to 19.0 weight %

might be anticipated if the surrounding rocks were heated to 1000C.

Sample splits corresponding to ones in this section were also discussed

in Section 7.3. A comparison of those results and these is presented in

the following section.

Sampling and Sample Preparation. Segments of the original 4 inch (10.2

cm) cores were split in half, lengthwise, for chemical analysis and

weight loss determination by thermogravimetric analysis (previous

section). Eighty-three samples (coded by core number and depth) arrived

wrapped in plastic to reduce the possibility of absorption of moisture

during shipping and handling. Core AEC-7 was drilled in Lea County, New

Mexico, and core AEC-8 in Eddy County, New Mexico.

Throughout the sample preparation, care was taken to not expose any of

the samples to water; however, since it was necessary to cut, grind and

sieve various portions of the samples, it was not possible to completely

protect them from exposure to moisture in the air. During those periods

when samples were not actively being worked upon, they were kept in

plastic bags, tigh'tly-stoppered bottles, etc.

/ Since several different analyses were to be made, it was necessary to

/obtain representative sample splits which would correspond to each other

as closely as possible. A more complete discussion of sample preparation

is given in the thesis by Combs. However, for convenience, a brief

summary of the methods used in sample preparation is given below:

1. A representative segment of each core sample was chosen and

removed by sawing the original core (normal to the axis of the

core) with a dry blade, masonry-type saw. This new segment was

typically about three inches (8 cm) long.
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2. Next, a slice was cut from each core segment (parallel to the axis

of the core) with the approximate dimensions 3 x 2 x 1/2 inches (8

x 5 x 1 cm) for use in preparing the thin sections. The sections

were prepared by Fred Roberts Petrographic Section Service,

Monterey Park, California. They were cut using oil rather than

water and mounted with an epoxy cement which was not heated.

3. About one-half of the remainder of each core segment was crushed

and sieved, and representative portions selected to be analyzed by

x-ray diffraction, x-ray spectroscopy and by static heating

methods for water loss determination. (Later, some additional

separations were made and portions of the samples selected for

bromine analysis using x-ray spectrocopy. These procedures will

be described briefly in the following sections.)

Analytical Methods Used in This Study. Several different kinds of

analyses were performed on the samples received. The methods used

include static weight loss determinations (water loss), mineralogical and

petrological analysis, and some chemical analyses using x-ray spectrocopy.

The weight loss determinations were made in essentially the same manner

as for samples studied from Lyons, Kansas, and which was reported

previously (Fallis, 1973). Splits of the several samples (sample size

generally ranged from 1.5 to 2.0 gins and in the 60 to 120 mesh size

fraction) were heated to 102+50C for periods ranging from 2 to 42

days. The results of repeated analyses indicated that the precision of

weight loss determinations was generally ± 0.1 to 0.2%. When new sample

splits were used, the "precision" dropped to approximately ± 0.2 to

0.3%. Some data concerning precision are presented in Appendix 7.F.

In addition to the weight loss determinations performed near 1000C,

weight loss determinations were also made for several samples which had

been heated to 170+50 (for 2 days) and 300+10 0C for (2 to 3 days).

The results of the weight loss analyses are reported in Appendix 7.G and

discussed in the following section.
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Mineralogical and petrological analyses were made using x-ray diffraction

and standard petrological techniques. A suxmmary of important

mineralogical and petrological data is given in Appendix 7.H and

discussed following the next section. The chemical analyses were made

using two variants of the x-ray spectrographic method, x-ray fluorescence

analysis (wave length dispersive) and x-ray emission spectroscopy

(non-dispersive). The chemical analyses were made primarily for bromine,

which can be used to aid in the interpretation of the origin of evaporite

deposits, and semi-quantitative analyses were made for chlorine, sulfur

and iron.

Weight Lasses for Cores, AEC NO. 7 and 8. Weight loss data for the

samples studied are tabulated in Appendix 7.G and illustrated in Figure

7.8. In general, the weight losses are much less than those found for

samples from the site at Lyons, Kansas. The range of weight loss values

at 102+50C for the Carlsbad samples (Salado salt), Cores Nos.7 and 8

was from 0.0 to 3.5% with the majority of samples showing losses less

than 0.5%, while the Hutchinson salt, Cores Nos. 1 and 2 was from 0.5 to

19.0%, and most of the samples showed weight losses from 1 to 5%. A plot

of approximate range of water loss at C.+ 0 Cto be expected at various

depths is shown in Figure 7.9. This is based on data from both Lyons,

Kansas and Carlsbad, New Mexico sites.

Based on the results of the various heat treatments, the following

( , conclusions can be drawn concerning the behaviour of the samples from

Carlsbad:

1. Samples consisting almost entirely of halite and/or anhydrite

show weight losses (up to 3000C which are typically less

than 0.5% and probably less than 0.3%. The final total loss

will depend on the amounts of clay minerals and minor hydrated

evaporite minerals, such as polyhalite, which are present.

2. Larger water losses (>1% at 102+50) are generally

associated with the presence of clay minerals (and/or gypsum)

in more than trace amounts. The exact losses will depend on
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the kinds and amounts of clays present, the temperatures to

which they are heated and the length of time for which they

are heated.

3. At some temperatures between 170 0and 3000C, polyhalite,

which is a commnon accessory mineral constituent in some parts

of the Salado salt, will start to break down. It can

contribute water to the extent of about 6% of its weight in

the rock being heated.

4. Although present in only minor amounts (or absent) in the

samples that were analyzed, there are other evaporite minerals

such as carnallite, kainite, leonite, etc., near the potash

ore zones (the McNutt potash zone at approximately 1600' to

1800').

The weight losses determined in Section 7.3 are compared with these in

Appendix 7.G. It should be noted that the earlier data were determined

by thermogravimetric analysis; hence, weight losses were not determined

at any ftxed temperatures but at the actual temperatures at which the

decompositions were detected. In order to make the data more comparable,

the previous data were rearranged and weight losses taking place within

certain temperature ranges were combined. The reader is referred to

Section 7.3 for the specific temperatures at which weight losses

occurred. It should also be noted that the two sets of data are not

directly comparable, since the weight losses of this section were

accomplished by heating under static heating conditions for periods of 2

or more days, while the previous data were obtained under dynamic

conditions (much more rapid heating). As a general rule, the

decomposition temperature of any given mineral will be higher under

conditions of dynamic heating rather than static heating.

Even so, there is generally good agreement between the two sets of data

which were obtained by different investigators using different

techniques. Most minor discrepancies can be explained on the basis of
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differences in the methods of analysis. Only a few real discrepancies

seem to exist (such as for sample at 1697 in Core #7). This is to be

expected since each group rceived different halves of the core and since

Section 7.3 involved sample splits of the entire core segment while this

work involved only a sample split corresponding to the portion of the

core used in preparing the thin section. Since there are both vertical

and lateral variations in mineral content within the cores, samples might

occasionally have been analyzed which were mineralogically different.

The rocks being considered at the proposed WIPP site, New Mexico, appear

to be much more favorable than those from Lyons, Kansas. Even so, some

mineral water is still present and is apt to be released during the

period when the rocks are heated by the waste containers. It will be

important to determine the maximum temperatures to be reached, the volume

of rock which will be heated, and the probable maximum volume of water

which will be released.

Mineralogy and Petrology of Cores No. 7 and 8. In some respects the

mineralogy and petrology of the core samples from Carlsbad are similar to

those of the core samples from Lyons. Both cores were taken through

evaporite sequences and hence encountered sedimentary sequences

containing typical saline minerals such as halite, anhydrite and

polyhalite. In addition, clay minerals, magnesite, gypsum, quartz,

f feldspar, carnallite, celestite (?), glauconite and kainite (?), were

detected in smaller amounts. The presence of any of the other less

common evaporite minerals in the samples studied is uncertain. In

general, they only occur in such small amounts and/or such fine grain

sizes that positive identification was not possible using the

diffractcmeter and petrographic miscroscope. In Section 7.3 it was noted

that several of these less common minerals are apparently present in many

of the samples analyzed. Readers of this section should be aware that

the analyses are based on the actual minerals observed (modal analysis)

in thin section as supplemented by X-ray diffraction while the analyses

presented in Section 7.3 were done by computer manipulation of the

chemical analyses determined for each sample (normative analysis). Such
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normative analyses can be quite useful, especialy when working with very

fine grained or glassy materials. However, it should be noted that

normative analyses may generate mineral assemblages which do not agree

with the actual minerals present, as was pointed out in section 7.3.

Surmmaries of the mineralogic and petrologic features of the individual

samples studies are presented in Appendix 7.H. For the reader's

convenience, some general comments about the mineralogy and petrology of

these samples are presented below. An excellent study of the mineralogy

and petrology of the rocks in this region is given by Schaller and

Henderson, 1932. Brief description of the major minerals noted in the

Carlsbad samples follow.

Halite. Most of the halite is colorless and shows excellent cubic

cleavage. These features, coupled with less low relief and isotropic

optical character, make its identification easy. Sometimes the halite is

colored red or orange by minute inclusions of hematite (or other iron

oxides) or other minerals such as polyhalite. The grain size showed a

wide range, from less than 1 mm (fine grained), to greater than 1 cm

(coarse grained). Grains between 1 rmm and 1 cm are considered to be

medium grained.

Because halite fractures and cleaves so readily, it is difficult to

determine whether the numerous breaks observed in thin sections were

already present at depth or whether they developed during the coring

operation, shipping, handling, thin section preparation, etc. More

fractures are noted at the outer margins of each of the thin sections.

However, some of them must have occurred prior to the taking of the core

because they are filled (at least in part) with other minerals,

petroliferous material, etc. In several cases fracture zones could be

traced across the entire width of a thin section.

Inclusions (liquid, solid and gas) are common in the halite. During the

preparation of some samples hydrogen sulfide (gas) was released. In many

cases the inclusions are oriented with respect to the cubic crystal
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planes. These oriented inclusions appear to represent hopper crystals

which grew at the water surface in times of quiet water and are inferred

to represent deposition from shallow water.

Intergrowths of relatively well-formed, cubic crystals of halite with

clay and silt-size minerals are likewise inferred to represent very

shallow conditions, perhaps even subaerial exposure for brief period.

"Patches" (regular to irregular, more or less equidimensional areas) and

"stringers" (regular to irregular areas which are generally elongated in

one direction) of anhydrite, polyhalite, clay and silt-sized minerals are

common in halite. Sometimes these patches and stringers follow grain

boundaries, but often they cut across grains. Where they follow grain

boundaries, they may represent (nearly) simultaneous growth of the halite

crystals and smaller amounts of the other mineral phase(s). Where they

cut across grains, they presumably represent deposition of the minerals

along zones of weakness or along which solutions passed. Enough of this

latter material is present to demonstrate that there were opportunitiesW

f or solutions to migrate through these relatively impermeable rocks, even

though it is not possible to determine just how far the solutions

actually traveled.

N~Anhydrite. Anhydrite was recognized on the basis of its relatively high

birefringence, differences in relief upon rotation and cleavages at right

angles. Normally, anhydrite shows parallel extinction, too, but because

of twinning, replacement phenomena, etc., this characteristic was not

always useful.

Anhydrite occurs in three major types. "Primary" anhydrite, which is

commonly bedded, is very fine grained (much less than 1 mm) and somewhat

fibrous in character. It also occurs in coarser-grained crystals and

twinned crystals (sometimes over 1 cm long). At least some of these

larger crystals appear to be pseudomorphs (replacement) after

previously-existing gypsum crystals. Sometimes, very small amounts of

questionable gypsum are noted nearby, perhaps as a result of partial
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rehydration of the anhydrite. Finally, there are more or less isolated

crystals and crystal clusters of anhydrite which occur in patches and

stringers within the halite or are intergranular with halite. These may

be associated with polyhalite and/or clay and silt-sized minerals. This

type of anhydrite is thought to be authigenic (formed in place from

fluids contained in the pores of the rock or passing through the rock).

Anhydrite can be replaced by polyhalite if fluids containing potassium,

magnesium and additional sulfate ions are present. Many examples of this

replacement were observed.

A few examples of bedded, nodular anhydrite were observed. The nodules

may have originally been composed of gypsum which was later replaced by

anhydrite. The origin of such bedded nodules is thought by some workers

to represent depositions in very shallow water which was periodically

exposed (Sabkha facies).

Polyhalite. Polyhalite was recognized on the basis of its relatively low

birefringence, inclined extinction and complex twinning. (Unfortunately

in some fine-grained material and/or mixtures, polyhalite and anhydrite

can be confused because their optical properties of relief and

birefringence are almost the same in certain orientations).

Much of the polyhalite observed is rather fine grained (much less than 1

mm in size for the individual cyrstallites) and often fibrous. However,

some larger crystals are numerous, isolated crystals and crystal clusters

were observed. Polyhalite is often reddish due to iron oxide inclusions,

but this is not universally true.

Some of the polyhalite appeared to be a bedded form associated primarily

with halite and lesser anhydrite. Polyhalite also is found replacing

anhydrite and associated with nearby patches and stringers of clay and

silt-sized minerals. Whether the clay, etc., provided some of the ions

necessary for formation of polyhalite or just acted as a pathway for

solutions passing through the rock cannot be determined.
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Minor Minerals. Minor minerals were identified on the basis of their

optical properties and X-ray diffraction analyses, which were

occasionally aided by information contained in the well logs for the

cores. Just a few brief comments for each mineral are given here.

Clay minerals. Overall, much less clay is present in the samples from

Carlsbad than was present in the Lyons samples. X-ray diffraction peaks

attributed to clay minerals were noted in nine samples from Core -_and

in fourteen samples from Core #8. Based on the X-ray patterns and peaks

noted at approximately 7, 10, 11.5, 14 and 15 angstroms, major clay

minerals present include illite, chlorite, mixed-layer clays and possibly

some kaolinite.

Magnesite. Although well-crystallized magnesite was not detected in thin

sections, some very fine-grained, relatively high birefringent phase was

noted in some thin sections and magnesite peaks were detected in some

thin sections and magnesite peaks were detected in a number of X-ray

patterns. Schaller and Henderson (1932) stated that many of the clays inW

the samples they studied were magnesitic. The common association of

polyhalite with clay and silt-sized minerals may be due in part to the

magnesium ions in the magnesitic shales and clays.

Gypsum. Gypsum is monoclinic and in thin section has low birefringence

and low, negative relief. Twins ("swallowtail") are fairly common.

-/Well-crystallized gypsum was detected in only one thin section among the

samples studied. In addition, several of the sections contained small

amounts of questionable gypsum in association with anhydrite and/or

polyhalite. However, the amounts present were much less than 1% and

could not be confirmed by X-ray diffraction.

Quartz and feldspar. These minerals are present in two forms, as

detrital (silt and very fine sand-sized) material deposited along with

the clays, and also as authigenic minerals which formed in or near

patches and stringers of clay and silt-sized minerals.
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Sylvite. A few thin sections contain small amounts of sylvite which was

recognized on the basis of its distinctive reddish purple color (due to

iron oxide inclusions) and lower relief than halite. Most of the sylvite

observed was associated with polyhalite as well as with halite. There

were no samples from the sylvinite (mixed halite and sylvite) zones.

Adams (1967) reported that not all sylvite is colored; however, in the

thin sections studied, the distinctive color was useful in locating the

small amounts present.

Carnallite. Only one section contains detectable carnallite. This

mineral was suspected on the basis of nearby carnallite as noted in the

well log. Its high negative relief and "metallic" luster due to

inclusions were used to confirm its presence.

Celestite (?). In two or three thin sections some isolated spear-shaped

crystals and clusters of crystals with relatively high relief were

noted. Although no positive identification could be made, it is

suspected that these are celestite, which is the most common strontium

mineral present in evaporite deposits.

Glauconite. A few greenish, rounded grains of glauconite were noted,

generally associated with the clay and silt-sized minerals. Not enough

of this material was present to attempt to determine its origin or source.

Kainite(?). Kainite (?) was observed in only one thin section. It is a

monoclinic mineral with moderate birefringence and negative relief.

Summary and conclusions. The results of this study indicate that the

Salado Salt in the samples received is composed primarily of fine to

coarse-grained halite with polyhalite, anhydrite, and clay minerals.

Other minerals detected in small amounts include gypsum, magnesite,

quartz, feldspar, sylvite, carnallite, celestite (?), glauconite, and

kainite(?). It should be noted that the samples received for analysis

were selected from halite-rich zones in most cases; hence, some of the

rarer evaporite minerals such as kieserite, langbeinite, leonite,
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bischofite, etc., noted by Schaller and Henderson (1932) were not

detected either because they were absent from the specimens analyzed or

present in amounts too small (or too fine grained) to identify.

There is much petrographic evidence that the Salado salt was deposited in

rather shallow water and may have been exposed subaerially at times.

This evidence includes the presence of numerous hopper crystals (which

can develop at the air-water interface of quiet, shallow seas) and the

intergrowth of euhedral grains of halite with clay and silt-sized

minerals, anhydrite, and polyhalite. The latter texture can develop in

an exposed, mud-flat type environment. Previous workers, such as

Anderson, et al. (1972), have concluded that the underlying, Castile

Formation was deposited in deep water, perhaps as much as 2100' (650 m)

deep. Hence, there must have been a major change in environmental

conditions between the deposition of Castile and that of the Salado.

Petrographic evidence also suggests that local fluids native to the

Salado have been able to move through the Salado salt (during0

recrystallization) along beds and seams of clay and silt, and to a lesser

degree along fractures (see Section 7.8). These paths are now marked by

entrapped fluid inclusions, zones of altered minerals and zones along

which new minerals have been deposited.

( ~ Water loss determinations for over eighty samples from cores #7 and #8,

/ ;indicate a range of water loss (upon heating to 102+5 0 C)from 0.0 to

3.5%, which is considerably below the water losses for samples from

Lyons, Kansas. It whould be noted that the samples from the Lyons site

came from much shallower depths than those from the Carlsbad area. In

the section on weight losses, the ranges of dehydration to be anticipated

with respect to depth are shown graphically. It appears that the ranges

determined for the relatively shallow Lyons site merge with the ranges

determined for the deeper Carlsbad site.

Most of the dehydration water at relatively low temperatures (near

100 0 C)appears to come from clay minerals, although gypsum may make a0
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contribution for samples taken at shallow depths. At higher

temperatures, polyhalite will start to contribute to the dehydration of

water. This dehydration takes place somewhere between 170 0 and

300 0 C. Pure polyhalite rock can lose up to 6% water. In general, the

purer halite beds have weight losses below 0.3 to 0.5%.

As far as can be determined from the samples available for study, the

rock units present in the Salado salt seem to release much less water

when dehydrated than do the rocks of the Hutchinson salt from Lyons.

Hence, the site near Carlsbad would seem to be more favorable (in so far

as dehydration water goes) than Lyons. However, these rocks are not

totally without water, and most units will lose from 0.0 to 0.3% water

when heated and some units may lose up to 3.5% water.

Finally, it was noted during the preparaton of some of the samples that

H 2S (and possibly some natural gas) was released when the samples were

crushed. No H2S was detected mass spectrometrically (previous

section), which probably attests to a sensitivity of the human nose for

H 2 S that is unapproachable even with the most sophisticated available

instrumentation.

7.6 FLUID INCLUSIONS IN CORE SAMPLES FROM ERDA NO. 9

7.6.1 Introduction

Fluid inclusions in the host rock are of interest to several aspects of

nuclear waste disposal. First, determination of their origin and nature

may provide insight into the complex sequence of processes and events

from original deposition of the salt through to the present; such insight

may well be of value in site evaluation. Second, fluid inclusions

provide one source of water (and other volatiles) that would certainly

aid in the corrosion and eventual breach of the waste containers, and

subsequent leaching of the waste itself. Third, fluid inclusions, and

their reaction under the thermal pulse from hot wastes, could have an

effect on important physical properties of the hot host rock, such as

deformation rates and particularly melting.
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7.6.2 Samples Studied

Most samples studied were taken from ERDA core No. 9, and came from the

following footage intervals:

From TO

1799.0 1799.5

1902.0 1902.3

2065.0 2065.4

2095.1 2095.5

2272.4 2272.7

2391.0 2391.3

2611.5 2611.8

2658.7 2659.0

2760.0 2760.2

2820.8 2821.2

2058.8 2059.0

2070.4 2070.6

2606.5 2606.9

2617.2 2617.7

'7 - 2626.7 2627.0

2659.0 2659.2

2665.0 2665.1

2692.4 2692.6

2699.8 2700.0

In addition to the above "representative" samples, four nonrepresentative

samples from ERDA No.9 were selected because they contained plainly

visible large inclusions, suitable for special tests:

2061.2 - 2061.6

2064.5 - 2065.0

2614.7 - 2615.0

2518.5 - 2619.0
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In order to test certain sample preparation and inclusio n extraction

procedures with no loss of important core, two pieces of core from AEC 8

were also picked:

2059.5 - 2059.8

2462.0 - 2462.9

In the Kerr-McGee potash mine, Lea County, New Mexico, northwest of the
WIPP site a 4-rn igneous dike has cut potash ore beds. As this represents

a natural simulation of some of the heat effects of canister storage, it

is instructive to examine the fluid inclusions in samples taken at

measured distances from this dike:

MB-77-8 White halite 1-2 cm from dike

MB-76-3 Barren salt 0.2 m from dike

MB-76-4 "Ore" horizon 2.5 m from dike

M<B-76-5 "Ore" -21 m from dike

Of these samples, the field evidence indicates that only MB-77-8 has been
molten. The others show some mineralogical effects of the heating, but
as sedimentary structures are preserved, they have presumably not melted

(M. Bodine, personal communication).

7.6.3 Sample Preparation

Sections. A thick slice was cut from each sample using a diamond saw and
ethyl alcohol lubricant. One side was fine ground with an alcohol slurry
of abrasive (1200 grit), ultrasonically cleaned in alcohol, mounted on

glass with cold-setting epoxy resin, and cured in 16 hrs. at room

temperature. The section was then ground down on a lap, using an alcohol

slurry, to 3-8 mm thickness (depending on opacity) and then polished by
finer abrasives, ending with either 1200 grit or 0.3 urn Al 20 3
Plates with fine-ground surfaces were examined using a matching silicone
oil or saturated brine and covergiass. Coarse cleavages could be

examined directly, without polishing.

A small section ( - 2 X 4 cm) was cut first, perpendicular to the core

axis (when nature of sample permitted orienting), then one or more larger
plates (5 X 8 cm) were cut parallel with the core axis.
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Coarse water-soluble residues. 100- to 150- gram samples were dissolved

in tap water at room temperature with frequent stirring. The solution

was decanted frequently to remove dissolved salts and finely divided

solids such as clays.

7.6.4 Methods of study

Petrographic Examination. All slides and preparations were examained with

the petrographic microscope, but phases present other than halite were

not determined due to the short time available and the redundancy with

extensive mineralogical work by others. Most examination time was spent

on finding and characterizing the nature, size, frequency and

distribution of the fluid inclusions.

Considerable time was spent determining the volume of fluid inclusions in

the plates, through counts of representative portions. This

determination was based on measurements with a graduated ocular

(calibrated with a stage micrometer) and several assumptions. First, the

inclusions were considered to be cubes (based on observation); one edge

was measured and then the volume calculated. Larger inclusions ( - nu

edge length) that were obviously not cubes were estimated from the

summation of a series of smaller cubes. Second, since bubbles were very

rare (only about 0.1% of the inclusions), and small ( - 1% of inclusion

volume), they were ignored. Third, most inclusions in these samples were

- of one or the other of two types (essentially the same as the types "A"

,' '~\and "B- discussed in a later section on Results), and any given small

portion of salt contained only one type. As the bulk of the sample in

any plate could be characterized easily into these two types the

approximate volume percent of the samples for each type could be

estimated. A - 500 nun3 volume of the plate was then selected from each

type, visually estimated to be representative of that type in that plate,

and the volume percent of inclusions determined in it by measurement and

counting, using a transparent grid template at 500X. The total volume

percent of inclusions was then calculated from the weighted average. The

weight percent of inclusion fluid was calculated, assuming the salt to

have a density of 2.2 and the brine to be 1.3 g/cm . Large numbers of

very tiny inclusions were estimated from counts and estimates of small
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but visually representative volumes. Although the relative errors

involved in this step are large, the total contribution by these small

inclusions, even though they are extremely abundant, was very small.

Most of the fluid found was present as a small number of large inclusions

that could be measured more accurately. All inclusions over 200 Pm

(edge length) in the count volume were measured. The overall measurement

error in volume percent of inclusions present is believed to be on the

order of +5% of the value stated for a given plate. Other variables,

particularly rare, still larger, centimeter-sized inclusions that were

opened during coring or sample preparation (and hence not counted), and

the large difference between different plates from the same sample,

introduced much larger errors.

Heating Stage. The liquid in inclusions trapped as homogenous fluid at

above surface temperature shrinks on cooling, forming a bubble that

provides a measure of the amount of differential shrinkage of liquid and

host crystal. As the bubbles in the inclusions were small, relatively

little heating was needed to cause homogenization. Hence a new heating

stage was set up, consisting of a bath of silicone oil with an electric

immersion heater and thermometer. Temperature equilibration was achieved

through convection and frequent stirring. The individual runs were

approximately 2-3 hrs. in length. Many inclusions that had no bubble as

received developed one on cooling the silicone to - -60C with solid

CO 2 On ubsequent heating this bubble would decrease in volume but
persist as a very small bubble at room temperature. Heating was done on

the stage of a low power binocular microscope, since the inclusions were

large and scattered.

Freezing stage. The depression of the freezing point of the fluid in an

inclusion (i.e., the "freezing temperature") is a function of the

composition of the fluid. Using this techique under the microscope can

permit a quick measure of the salinity of 10-10 g of fluid, a far

smaller sample than can be measured by any other method. Metastable

supercooling is conmmon, so most inclusions had to be cooled to very low

temperatures (three hours in CO 2 actn at -78 0 or even LN 2 at

-196 0 )to cause freezing. Subsequent slow warming of the sample while
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surrounded by rapidly circulating refrigerated acetone of known

temperature under the microscope permits recording the temperature of

disappearance of the various solid phases formed on freezing (salts,

hydrates, and ice), under equilibrium conditions.

If an inclusion is frozen completely to a mixture of solids, with no

liquid, it becomes rather opaque. On warming, the first melting wets the

crystal interfaces, suddenly making the mass more translucent, and

permitting recrystallization to coarser crystals with time. This is

called the "first melting temperature." It ranges from -210C for pure

NaCl solutions to -51 0C for CaCl 2solutions.

Crushing stage. If a host crystal containing an inclusion with a bubble

is surrounded by a fluid and gradually crushed while under the microscope

so that the behavior of the bubble can be observed, the presence of

noncondensable gas in the bubble, and its pressure, can be determined.

The test is only crudely quantitative in terms of pressure (based on the

volume precent expansion), but it is extremely sensitive as a detector ofV

small amounts of gas. Less than one billion molecules of gas can be

detected readily. Numerous cleavage fragments of salt containing various

types of inclusions were crushed on several models of crushing stages to

determine the amount and pressure of any noncondensable gases present.

Coarse water-soluble residues. These were studied in oil immersion

mounts in hopes that some of these phases were sufficiently coarse to

contain fluid inclusions that would provide data on their conditions of

formation.

Decrepitation. A portion of the core weighing approximately 100 g was

split out with a rock splitter; where possible the outside core surface

was avoided, due to the probability of physical deformation and resultant

leakage of incluions. This piece was wrapped loosely in aluminum foil,

weighed, and heated to the run temperature (150-2500C) over a period of

8 hours to avoid thermal shock, held at run temperature for 3-4 days,

cooled and reweighed to determine weight loss. Following this the

homogenization temperature range was redetermined for a series of
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inclusions that appeared, on petrographic examination, to be

representative. Crushing tests were also repeated on the heated samples

to detect the presence of noncondensable gases under pressure.

7.6.5 Results of Petrographic Examination

Inclusions type A. This is the most abundant type by far. It consists

of slightly rounded cubic cavities (Plates 7.13 and 7.14) filled with

liquid and generally no other phase, except for rare tiny vacuum

(shrinkage) bubbles that comprise -1% by volume of those inclusions

having bubbles. Only about 0.1% of the inclusions have bubbles, usually

the larger inclusions only, but there are exceptions (see below). Type A

inclusions occur as dense irregularly shaped clouds of randomly

distributed but crystallographically oriented inclusions (e.g., Plate

7.16). In such dense arrays, individual inclusions are rarely over 2Oi i

m on an edge (Plate 7.18), few are > 5 pi m, and most are in the range

0.5-2.0-p m, with the highest concentrations in the smallest sizes (Plate

7.19). Estimates of the maximum number of such inclusions, based on

counts of representative volumes, show about one inclusion per 100 pj
3 10 3 3m , or 10 per cm .If these are assumed to average one ii m in

volume, such cloudy halite would contain about one volume percent of

fluid.

In addition to these irregular clouds, abundant type A inclusions occur

in crystallographically arranged (cubic) planes and zones in the host

halite, frequently with parallel inclusion-free zones (Plates 7.13 and

7.14).

In some zones type A inclusions grade into more sparsely distributed but

larger inclusions ( < 100 p in), as seen in Plates 7.14 and 23-24. These

coarser inclusions may represent incipient recrystallization of the

host. The distinction between these larger type A inclusions and type B

(next section) may seem inexact, but actually there is little overlap.
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Inclusion type B. Type B inclusions, although far less abundant than I

type A, carry most of the inclusion fluid in these samples, 
since they

are much larger ( > 100 -p m to several millimeters). Although large,

many have no bubble as found (Plate 7.20), but may develop one if cooled

slightly ( - -70C and warmed back to room temperature. They are

generally irregular if large ( > 500 -p m) and are more nearly euhedral

negative cubes if smaller (Plates 7.15 and 7.17). They occur as single

isolated inclusions in otherwise almost optically clear 
halite, and as

dense groups of many inclusions, in part interconnected 
with tubular

extensions (Plate 7.15).

The host halite for type B inclusions may occasionally have cloudy wisps

of type A inclusions, but they are never immuediately adjacent to a large

inclusion (Plates 7.15 and 7.17). These features suggest that salt

originally containing only clouds of "primary" type 
A inclusions has been

partly or completely recrystallized to form coarser 
crystals of clear

salt with type B inclusions. This interpretation is supported by the

grain size of the host salt, which is almost always 
coarser in those

parts of a sample containing type B inclusions (see Table 7.13 in next

section on weight percent of fluid). The boundary between cloudy primary

and clear recrystallized salt is sometimes curved (Plate 
7.16). If it

were straight, it might not be possible to distinguish 
it from a primary

/ ~ N growth zone boundary between fast cloudy and slow clear 
growth. Most

/~/areas of type A occur as irregular masses within single crystals of

mainly recrystallized halite (Plates 7.15 and 7.17).

Relatively few samples, particularly sample 1902.2, 
show birefringent

crystals of an unidentified phase inside what appear 
otherwise to be type

B inclusions. These are equant to bladed crystals of moderately 
high

birefringence - 0.06) and moderate index of refraction (but well above

that of the surrounding brine). Many are twinned (Plates 7.25 and 7.26),

and when prismatic or bladed, the extinction positions 
are strongly

inclined to the crystal elongation. As the distribution of these

crystals is irregular, and as a similar birefringent 
phase occurs in some

of the same samples (Plate 7.27) the occurrence in the inclusions might

be interpreted as accidental trapping of solids present 
at the time of
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trapping of the inclusions. All 10 inclusions in one group in sample

1902.2 (Plate 7.27) contain these crystals, in roughly the same amount

(estimated at -5% by volume), thus suggesting that they are true

daughter crystals, formed by precipitation from the trapped fluid.

Another plane of inclusions in this same sample, only 40011 m away,

contains only liquid (Plate 7.28) so it is concluded that the fluids

present during recrystallization changed in composition with time.

Inclusions Type C. This type is similar to type B in size, shape, and

occurrence, but rarer, and differs only in containing a relatively larger

gas bubble, of variable volume, but > 1% by vol. (Plate 7.29). A larger

gas bubble can originiate by several processes -- leakage, necking down,

higher temperature of trapping, or primary gas. The gas bubbles in these

inclusions are found to be under pressure (see "Results of crushing stage

studies"), so it is believed that such inclusions have trapped a mixture

of gas and liquid (i.e., primary gas). In some (e.g., Plate 7.30), such

inclusions have apparently formed by a refilling of an earlier type B

* inclusion with a gas-liquid mixture along a crack.

Inclusion Type D. This type occurs in curving planes outlining some of

the individual crystal boundaries (Plates 7.31 and 7.32). It was

probably full of fluid under natural conditions, but as the grain

boundary permitted leakage and desiccation, these are now full of gas

(presumably air).

7.6.6 Weight Percent of Fluid

A summary of the results of measurements of the volume percent of fluid

in the inclusions is given in Table 7.13. In calculating these volumes

some simplifying assumptions had to be made, in addition to those

mentioned in Section 7.6.5. For simplicity the host salt volume counted

was categorized as type A or B on the basis of the maxiumum size of

inclusions it contained. If these were < 1 mm, it was called type A.

This division is not the same as given in the descriptions of type A and

B inclusions, where -1001~i m inclusions are considered as probably

indicative of recrystallization, but this has little effect on the

results, since on the average, over 90% of the fluid is present as type B
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inclusions > 1mm in about 30% of the volume of the salt. Table 7.13

shows that these samples now contain a total of from 
0.17 to 2.86% fluid

by volume, and average 0.61. These values correspond to 0.1 to 1.7

weight percent fluid as extremes, and average 0.36 weight 
percent. These

results are compatible with those reported in Sections 
7.5.2 and 7.5.3.

These values have a measurement error of about + 5% of the amount found.

Much larger, however, is the variability introduced by the samples

themselves. Thus three parallel plates were cut at '- 3-cm intervals

through samples 2272, and yielded 1.23, 0.36, and 0.20 volume percent

fluid.

Even more important to consider is the bias inherent in these

measurements due to substantial and unpreventable loss of inclusions.

Examination of the cores showed some centimeter-sized 
cavities, the sites

of former fluid inclusions. No inclusion this size could possibly be

included in our count since the plates counted had to be <1 cm in

thickness to be translucent. In addition, in situ all natural

intergranular porosity in these salt beds was possibly 
full of fluids.

The type D inclusions found represent probably only 
a trivial part of the

total in situ water content present as such "imperfectly 
sealed fluid

inclusion." Large scale in situ porosity tests would be needed 
to

:evaluate this variable.

7.6.7 Results of Heating Stage Studies

Only 35 inclusions were run, as listed in Table 7.14. These are mostly

from type B inclusions. Some of these inclusions had to be cooled to

below room temperature to nucleate a bubble before 
the run (Plates 7.20,

33 and 34). Why some very tiny inclusions have vapor bubbles 
(Plate

7.36), yet many large ones have persisted metastably as 
stretched liquid

(i.e., one phase) is puzzling. The data are too sparsely distributed to

determine whether the range of values (20.4 to 45.50C) represents a

real difference between samples. One group of inclusions in sample 2821

with birefringent daughter crystals showed no change 
in the crystals on

heating to 24.5 0C.
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7.6.8 Results of Freezing Stage Studies

Inclusions in NaCi have a special type of behavior on freezing, as a

result of reaction of the water of the inclusions with the walls to form

the new incongruently-melting phase hydrohalite (NaCl.2H 20), at

temperatures below +0.150C. As a result, the inclusion enlarges and

becomes full of birefingent crystals upon being held at low

temperatures. Evidence of this expansion remains on warming to room

temperature. Furthermore, the volume resulting from expansion to form

ice is frequently larger than the original volume of the inclusion, and

the inclusion's walls crack to relieve the pressure (Plate 7.35).

The freezing data are summarized in Table 7.15. If the solution present

is simply NaCl and H 20, the last crystal of hydrohalite will melt at

+0.150C, assuming equilibrium has been obtained (which is an extremely

slow process for this phase). Although only relatively few large type B

inclusions were run, many smaller type A inclusions were also watched at

the same time. None were found to have either first melting at -21O0 or

freezing at +0.15 0C, so none consist of essentially pure NaCl
solutions. Much hydrohalite formed in these inclusions, but as there

were birefringent crystals (generally with birefringence less than that

of hydrohalite) that persisted well above +0.150C, the last solid is a

phase other than hydrohalite, and the solutions must contain significant

quantities of materials other than NaCl (Plate 7.37). This is also very

evident from the first melting temperatures.

7.6.9 Results of Crushing Stage Studies

Bubbles in types B and D inclusions from several samples were examined on

the crushing stage. All disappeared immediately on opening, indicating

that they consist of water vapor (at - 20 mm pressure), and hence

collapse at one atmosphere. The bubbles in several type C inclusions

showed considerable expansion, however, indicating gas under pressure.

Thus the bubble in the inclusions shown in Plate 7.38 expanded 270% by

volume on opening (Plate 7.39), indicating that nearly three atmospheres

of noncondensable gas is present. The composition of this gas is unknown

at present.
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A previously unrecorded inclusion deformation phenomenon 
was also

observed in some inclusions that were in a sample that was under uniaxial

stress on the crushing stage at room temperature but had not been broken

to release the inclusions. These inclusions developed a scalloped

pattern along the corners (Plate 7.40), presumably due to solution at

points of stress concentration and redeposition elsewhere. 
This pattern

developed over a relatively few minutes at effectively 
constant stress.

At least some volume change occurred in this process, since the 
bubble in

the inclusion disappeared at constant temperature.

7.6.10 Results of Study of Coarse Water-Insoluble Residues

The weight percent of such residues ranged from 0.005% 
(sample 2391 to

0.3% (sample 2821). Unfortunately, however, although there were a

variety of phases present in the residues, none of the 
crystals contained

visible fluid inclusions. Some samples emitted a petroliferous odor and

showed oily films on the water surface during leaching; 
it is not known

whether these represent contamination from the oil-based drilling 
mud

used in part of the coring, or natural oil in the samples (as is present

in other salt deposits, as integranular films and inclusions). No oil

inclusions were seen in this work.

7.6.11 Decrepitation Tests

These tests were run only on the last nine samples of 
the first 19. A

summary of the test data and results is given in Table 7.16. On

examination of the material after the decrepitation 
tests, several

general features were evident. The nature of the test is such that

systematic inclusion counts before and after the test on the same sample

are impossible. It was obvious that although most of the larger

inclusions had decrepitated, and were empty, many small inclusions

( < -100 j m) had not. These small inclusions appear perfectly normal

in distribution, but almost all had developed appreciable 
vapor bubbles

(Plate 7.41), with a vapor/liquid ratio that is 
obviously higher after

heating than that present in two-phase inclusions before heating. 
Only

the 150 0C sample still had inclusions without bubbles; 
a few 10-20 P m

one-phase liquid inclusions were found there. All three samples showed

some "steam" inclusions - cubic negative crystals with fillets of liquid
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in the corners. No gas under pressure was found in any of the heated

inclusions. In most cases, the weight losses increase with increasing

run temperature; the several exceptions are probably a result of

nonhomogeneous distribution of inclusion in the sample aliquots taken.

Homogenization temperatures were determined on two-phase inclusions

remaining in the samples after the decrepitation tests. The results are

given in Table 7.17, along with the volume percent of vapor phase,

estimated from measurements of bubble diameters.

7.6.12 Study of Suite of Samples from Kerr-McGee

The three samples closest to the lamprophyre dike (See Chapter 3) yielded

usable inclusions. (Sample MB-76-5 was too fine grained and opaque to be

usable by the sample preparation techniques used here, and will not be

considered futher in this report.) In all three samples about 15% of the

small inclusions ( < - 20 jm) were without bubbles as received. Most

inclusions in all three samples were normal, two-phase inclusions with a

small bubble. Homogenization temperatures were determined on a

representative group of these two-phase inclusions in each, with results

as shown in Table 7.18.

Freezing runs were made on inclusions in two of these samples. In both

cases the first melting temperatures were well below that of a pure

NalH2 0system ( < -280C for MB-77-8 and < -31.0'C for MB-76-4).
On warming, the last solid phase to dissolve in both samples was an

unidentified phase, presumably a hydrate other than NaCl'2H 20. This

dissolved at +11 to +180C (mB-77-8) and at +4 to +7.20C (mB-76-4).

One 75- jm inclusion was found in MB-77-8 that yielded an entirely

different freezing behavior. This inclusion contains a single homogenous

fluid at-room temperature, presumed to be gas (Plate 7.43a). On cooling

to the range -70 to -750C this inclusion develops a number of grains of

an unidentified solid (Plate 7.43f). On warming to about -680C, a
liquid/vapor meniscus becomes visible (Plate 7.43e), with solid grains
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still present. The last of these grains disappears at -- 56 0C (Plate

7.43d); on further warming the liquid/gas meniscus becomes faint (Plate

7.43c) and the two homogenize, by expansion of the liquid, at -20.9
0 C

(Plate 7.43b). This behavior is difficult to interpret in terms of

composition. CO2 has its triple point at -56 0C, in exact agreement

with the disappearance of the solid phase at -560C observed here, but

obviously the inclusions cannot contain just CO 2 F as there is liquid

present at a lower temperature. The nature of the mixture of gases can

only be guessed at this time.I

The crushing tests in the Kerr-McGee mine samples were most revealing.

The normal, small-bubble inclusions contain a vacuum bubble (i.e., water

vapor at -20 mm presure). Many inclusions that either had a very large

bubble or appeared to contain gas only, from all three samples, were

found to contain either vacuum (Plates 7.44 and 7.45), or a partial

vacuum (Plates 7.46 and 7.47). These are probably from the trapping of

bubbles of steam, with or without some noncondensable gas and brine. All

three samples also contained a few inclusions with gas under greater than

atmospheric pressure. These inclusions were one-phase as first observed,

and except under special circumstances, it is not possible to distinguish

between a vacuum, dense gas, or even liquid, in such single inclusions.

It is only on crushing, when these inclusions formed bubbles of

noncondensable ga's in the surrounding fluid, that the internal pressure

became evident. By measuring the size of the inclusions before crushing,

and the diameter of the bubbles evolved, we obtain a crude measure of the

internal pressure, assuming each unit volume expansion corresponds to one

bar pressure. In a few inclusions, the contents changed to a two-phase,

liquid + vapor system during the expansion (Plate 7.48), but usually the

pressure release was too sudden to reveal if there was a transient

two-phase condition. The volume expansion varies for different

inclusions, from 30- to 40-fold (Plates 7.49 and 7.50) to a maxiumum of

perhaps 100-fold (Plate 7.51). As the immersion medium used is an oil in

which methane is probably readily soluble, this gas is more likely C02 '

since the bubbles dissolve in the oil very slowly.
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Interpretation of the data from the Kerr-McGee mine samples is difficult

at this time. The presence of an inclusion filled with a dense

C0 2-rich (?) gas in sample MB-77-8, (in halite that was probably molten

at the time of intrusion of the dike) is not unexpected, since there is a

small amount (0.2-2%) of magnesite in the adjoining rock (M. Bodine,

personal communication). The dike shows no evidence of carbonate

alteration, however, and there is a problem in explaining the presence of

inclusions of low-temperature, gas-free brine, apparently pure steam, and

dense CO 2in the same sample. Formation of these types at different

times is obviously required, but there is no other indication of

differences in conditions or time of origin.

The temperature at which the dense gas inclusion was trapped is of

interest. Although the melting point of pure Nadl is 8000C, other

materials present here in the potash ore zone (such as KCl) will lower

this temperature. If we assume that the gas inclusion contains pure

C0 2, the -21lC homogenization indicates a filling density of about

1.03 g/cm 3(Roedder, 1965). Combining this with the estimate of

confining pressure of - 38 MPa (380 bars) yields an obviously erroneous

"trapping temperature" of 0 0 C. The several inconsistencies and

difficulties in interpretation of the data from the Kerr-McGee samples

cannot be resolved until additional studies are made.

7.6.13 Discussion

Geological Significance. Several aspects are evident from these various

results. First, the fluids in all the inclusions, both type A in primary

salt crystals and type B in recrystallized salt, are strongly saline

brines, with significant amounts of other salts present in addition to

NaCl. These brines differ from one inclusion to another, indicating that

a range of fluids has been present at various times in these beds, but no

inclusions with simple NaCl solutions were found, as are found in other

salt beds and as might be expected if pure salt beds have been fractured

in the presence of meteroically-derived (fresh) ground water. The

original deposition of salt occurred from highly-concentrated brines, and
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presumably all waters that have passed through these samples since have

had dissolved in them amounts of other minerals in addition to NaCl.

Such fluids have caused extensive recrystallization of the salt, and

presumably other mineralogical changes, so that little of the original

salt texture remains. Second, at some stage in this recrystallization,

gas-liquid mixtures were present in the pores of these beds. Third, this

recrystallization occurred at near-surface temperatures (20-450C).

Fourth, the movement of these fluids must have been slow, as the evidence

of extensive inclusion metastability indicates very clean solutions, free

from the solid nuclei present in most fast-moving near-surface waters.

The fluids from which the salt crystals making up these beds originally

crystallized were exceedingly saline brines with much material other than

NaCi in solution, as shown by the freezing data on primary inclusions in

hopper salt. These hopper crystals appear to have grown on the surface

and then to have sunk, as described by Dellwig (1955). All but about 1%

of this original hopper salt texture has been eliminated by

recrystallization at some unknown later time, yielding coarser, clearer

crystals of salt, and presumably gross changes in the mineral assemblage

other than halite. Some of the clear salt surrounding the chevron

structures may represent crystallization of these hopper nuclei on the

bottom of the basin, but most is believed to be from recrystallization.

This recrystallization occurred in the presence of exceedingly saline

brines and with much material other than NaCl in solution. The brine may

have been composed essent--ally of fluids from the primary fluid

inclusions, released during the recrystallization. It' was trapped as

large inclusions in the recrystallized salt and comprised the bulk of the

liquid now present in the samples as studied in the laboratory. Although

the salt beds now. appear dry to the eye, the samples contain 0.1 to 1.7

weight % fluid as examined, and may contain more in situ. At some stage

or stages early in the histor y of these beds, the fluids present in these

rocks varied in composition. (See section 7.7) A very few were

saturated with organic gases such as methane and actually contained

bubbles of a separate gas phase. Others contained additional salts in

solution, resulting in the precipitation of various crystalline solids
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from the liquid within inclusions in halite. The relative time sequence

of the'se various fluids is not known, and most inclusions have neither

methane nor crystalline solids. The latest episode of any

recrystallization has been dated at 204 million years, slightly younger

than Permian.

Homogenization temperatures of inclusions in recrystallized salt range

from 20.4 to 45.50C. During burial, creep from recrystallization in a

salt bed with intergranular films of solution should result in the

hydrostatic pressure on fluids (during trapping in a crystal) being

essentially equal to the lithostatic pressure. If an overburden of 5000

ft. (1524 m) is assumed to have been present during the recrystalliza-

tion, the maxiumum pressure (lithostatic) would have been -~ 38 MPa

(380 bars). There are no PVT data on the specific fluids present in the

inclusions, but if the data on a 25-percent NaCl solution are used, this

pressure would suggest a maximum pressure correction of 36C (Potter,

1977), and hence trapping (i.e., recrystallization) temperatures of

W56-82 0C. However, the true pressure correction may be lower,

particularly since the fluids are more saline than 25-percent NaCl. Thus

there is a drop of 12c in the pressure correction on changing from

20-percent NaCl to 25-percent NaCl.

The presence of smooth planes of primary hopper salt inclusions of

various sizes, separated by planes of inclusion-free salt, with the plane

orientation horizontal, proves that these minute inclusions have not

moved measurably since deposition, although they have been in a

geothermal gradient presumably similar to that of the present for about

225 m.y.

The widespread occurrence of metastable phenomena in these inclusions,

even in some large ones, suggests that fluid flow in the past through

these beds has been very slow. Also, the fact that all inclusions that

have been frozen prove to contain bitterns, and none was found with just

NaCl-H 0 solution, proves that at no time during the history of these

samples did ground water, saturated only with respect to NaCl, ever

penetrate into these particular samples.
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Nuclear Waste Disposal Significance. The most signficant aspects at this

stage in the study are as follows: First, the amount of fluid water

solution now present in the samples as fluid inclusions averages 0.36

weight percent. Second, although noncondensable gases are present under

pressure in some inclusions, the total amount is very small. Third, the

inclusions change dimensions signficantly within minutes at room

temperatures when the host crystal is subjected to uniaxial stress; this

might suggest more rapid movement of inclusions in a thermal gradient if

simultaneously under stress, as in mine pillars. Fourth, and possibly

most significantly, the distribution of primary inclusions indicates that

they have not moved visibly (i.e., less than a few micrometers at most),

in the 225 million years since they formed, yet they have been in the

small but finite geothermal gradient all this time. All fluid inclusions

can be expected to move when placed in a thermal gradient. Since there

is usually a thermal coefficient of solubility, material will dissolve on

one wall and precipitate on the other. The rate of movement is a complex

function of numerous variables (including inclusion size), but the

temperature coefficient of solubility is probably the most limiting

parameter in the case of NaCl. In the pure system NaCl-H 20, the

solubility change per 100g H 20 is low, only 0.03gm! C in the range of

0-100 0C. This increases by approximately a f actor of two at the

elevated temperatures expected near the wastes. This coefficient is

comparable in the NaCl-MgCl 2-H 20 system. -1"1\

All these aspects will now be treated in expanded detail.

Amount of Water in the Beds. Although this is the most important single

datum that might be obtained from inclusion studies, fluid inclusion

counting can provide only approximate values. The nature of the samples

and the necessary sample preparation are such that there is a bias toward

low values built into these data. Superimposed on this uncertainty in

accuracy is poor precision in the measurement, due to variability of the

sample material. For example, adjacent slabs of the same sample showed a

five-fold range. It is probable that precisely calibrated neutron logs,

reflecting the amount of hydrogen in the beds, give a more accurate i
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evaluation of the total water present, since they would effectively

integrate over a much larger sample and would include the effects of the

liquid-filled intergranular cavities which these tests miss.

One important aspect of the inclusions on the properties of the salt is

the effect of the constitutents present on the lowering of the

temperature of melting, and on the amount of liquid present at any given

temperature. In this connection it is important to note that the

inclusions' fluid is not water, but a strong bittern with probably

significant quantities of magnesium ions. This will certainly affect the

temperature coefficient of solubility of NaCl in these liquids, and will

have important effects on the vapor pressure of these liquids (see below).

Corrosive Gases in the Inclusions. Although gas analyses by mass

spectrometry are still to be made on the inclusion fluids, it is evident

from the crushing studies that the inclusions in these samples, at least,

contain very little noncondensable gases. Although hydrogen sulfide was

found as an important constituent of gases in a gas pocket in another

drill hole, (ERDA-No. 6, Section 7.7), there can be very little, if any,

in these inclusions. The human nose is a rather sensitive detector of

H 2S, ordinarily responding to a minimum of - 10-1 g. No odor of

H 2S was detected during preparation of these samples, when relatively

large volumes of inclusion liquid were exposed to the air. Gases such as

HCl formed within the inclusions or by reactions of inclusion fluids with

other minerals during heating, and under intense gammua radiation, may be

a much more important cause for corrosion than those now present in the

inclusions.

Effects of Water on Physical Properties of the Salt. The intergranular

porosity in these salt beds, in situ, possibly contains some aqueous

solution. Such fluids will tend to be squeezed out of the salt beds over

geological time as recrystallization along grain boundaries and other

processes permit compaction, just as the residual water in a sandstone is

eliminated during the formation of a quartzite. Such flow will occur,

however, only if there is an escape route for the fluid to take. As



7-66

pointed out very aptly by Baar (1977), there is much evidence from high

pressure fluid pockets that salt rocks in situ are generally impermeable

at depths exceeding about 300 m. It may well be that under such

conditions, which preclude further "dewatering", the fluid in these

intergranular films is still able to migrate short distances, enough to

permit it to coalesce into "pockets", perhaps at points of slightly

reduced pressure, just as a plastic shale will flow to the crest of folds

in firmer rocks. These "pockets" might be represented in part as the

short-lived seeps observed in potash mines.

Even if the intergranular liquid were to be removed completely, yielding

a polycrystalline texture with salt crystals in true contact with each

other, there is no driving force to remove the fluid inclusions from

within the individual halite crystals. If such a salt bed is deformed to

the point of rupture of salt crystals, any inclusions along the rupture

will provide water to "lubricate" the fracture and hence lower the

apparent strength of the rock. Although one might expect that a new

fracture would preferentially follow planes of inclusions, as from the

healing of former fractures, Gerlach and Heller (1966) have shown that

the salt recrystallized in the vicinity of such a healed fracture is ~

actually stronger than the adjacent unrecrystallized salt, and new

fractures could not be made through the inclusions. Actually, most of

the fluid in inclusions in the Carlsbad salt is in large, apparently

randomly arrayed inclusions in recrystallized salt, and examination of

fractures through such samples suggests that cracks induced in the

laboratory experiments reported here have preferentially taken routes

through such inclusions.

One example of the surprising effects of inclusion fluids on the

properties of salt crystals is found in the behavior of fluid inclusions

in single crystals of salt under uniaxial stress (Plate 7.40). Under

these conditions, fluid inclusions visibly change shape, and volume,

within a few minutes, at room temperature. This is a new inclusion

phenomenon, never reported before.
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Evidence of Previous Solution Movement in These Beds. The fluid

inclusion evidence obtained so far on solution movements is encouraging

in that it indicates at most only very slow movement, and suggests that

part of the fluids now present in these beds may even be nearly Permian

in age. The lack of any pure NaCl-H 20 inclusions also argues against

any previous sudden inrush of groundwater that could be trapped as

inclusions in halite before it had time to acquire a full complement of

other salts.

Movement of Inclusions in a Thermal Gradient. All fluid inclusions

should move when the host crystal is placed in a thermal gradient. The

nature and rate of such movement has been the subject of numerous

studies, since it is of consequence in the chemical industry. Wilcox

(1968) summarizes this extensive work -(citing 111 references). Similar

migration of inclusions is also an important cause for degradation of

laser crystals grown at high temperatures by the Czochralski technique

(Hopkins et al., 1976). Most liquid inclusions move up the thermal

gradient, but if the vapor bubble is large relative to the liquid, and

particularly if boiling occurs, the movement may be in the reverse

direction (Wilcox, 1969; Anthony and Cline, 1972; Chen and Wilcox,

1972). The rate of movement is independent of inclusion size in many

systems, but strongly (and directly) dependent on inclusion size in

others (Wilcox, 1969); there may be a threshold size below which no

movement occurs ( - 10 pa m in KCl; Anthony and Cline, 1971a). Large

inclusions may break up during movement (Wilcox, 1968; Anthony and Cline,

1973). Many factors may affect the rate of migration, even in a given

host, including gravity, composition, surface tension, inclusion shape,

crystal anisotropy and imperfections, presence of a foreign gas, etc. In

salt, since the thermal coefficient of solubility is small at surface

temperatures, but increases greatly with increase in temperature, the

rate of movement in a given gradient can be expected to increase with

increase in ambient temperature. Higher ambient temperature also

increases the travel rate by increasing the solubility, the diffusion

coefficient, and the interface kinetics, and the increase in rate was

found to be particularly striking in NaCl (Wilcox, 1968, p. 20). The
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fact that the inclusions in Carlsbad salt have not moved measurably

during geological time in the geothermal gradient is perhaps an

indication of exceedingly slow rate, or perhaps a result of a very weak

driving force.

Accurate prediction of behavior of in situ inclusions in the thermal

gradient around a canister in salt cannot be obtained at this time, as

there are too many uncontrolled variables. Since most inclusions at

Carlsbad contain no bubble or only a very small bubble, they will move

toward the canister, as was shown to occur at Project Salt Vault

(Holdoway, 1974). The rate of this movement will depend most

particularly on the inclusion size, the ambient temperature of the grain,

the temperature gradient, and the temperature coefficient of solubility

of NaCl in the particular inclusion fluid involved. The average distance

that an inclusion must travel before it intersects a grain boundary will

vary with the grain size of the salt, but seldom would be over 1 cm.

What can be expected when the inclusion reaches a grain boundary?

Anthony and Cline (1971b) showed that grain boundaries in crystal

aggregates tend to trap migrating droplets, but Anthony and Sigsbee

(1971) showed that gas bubbles (10-50 -p~m) migrating in polycrystalline

camphor could cross grain boundaries. However, migrating bubbles were

observed to drag grain boundaries when the bubble concentration on the

( , >grain boundary was large. In Project Salt Vault, Holdoway (1974) says

K;;; only that "little migration across grain boundaries appears to have

occurred." Obviously, if a grain boundary is very tight, a large

inclusion could cross it without effect. But if the grain boundary is

composed of different material, the fluid could spread out along it as a

film. Any such film should act as an inclusion, with material diffusing

across it away from the heat source.

The behavior of an inclusion migrating to the wall of an open cavity

(e.g., that holding the canister) will be different. On contacting the

cavity, Anthony and Cline (1974) and Wilcox (1968, 1969) have shown that
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some evaporation occurs, a vapor bubble forms, the inclusion seals

itself, and now that it has a large bubble, it reverses direction and

moves back the way it camne, this time going down the gradient.

Decrepitation Release of Liquid Inclusions. In view of the expected slow

migration rates of liquid inclusions in the thermal gradients established

by the canisters, it seems probable that release of inclusion fluid by

decrepitation will be an important process. An individual inclusion, if

it is assumed to have rigid walls, to contain 25-percent NaCl solution,

and to homogenize at 40 0C, will develop 70.0 MPa (700 bars) internal

pressure when heated to 100 0 C, and 200 MPa (2000 bars) at 2000

(Potter, 1977). However, salt cannot stand such internal pressures

without yielding. Even a strong, hard mineral such as quartz starts to

decrepitate when the internal pressure in its fluid inclusion reaches 80

+ 3 MPs (800 + 3 bars) (Khetchikov and Samoilovich, 1970), and halite can

be expected to decrepitate when the internal (inclusion) pressure reaches

four times the yield stress for monolithic halite, under no confining

stress (Cline and Anthony, 1971).

When Carlsbad halites were heated, some of the inclusions decrepitated in

part causing the samples to fragment, and yielding an average weight loss

of 0.13% (1500C), 0.22% (2000C), and 0.73% (2500C). This means

that this much volatiles left the system. More inclusion fluid may well

have been exposed, and merely lost water until its concentration of salts

was such that the vapor pressure of H 20 at that temperature was less

than one atmosphere. Salts in solutions in these brines (including

materials other than NaCl as well) have effects on the vapor presure and

hence on any vapor transport.

In addition to those inclusions that decrepitated, however, many

inclusions remain sealed as liquid inclusions in the sample after

heating, albeit in a changed form. These have permanently deformed their

walls to form a larger chamber, and now have a much larger shrinkage

bubble, proportional to the amount of expansion. (Why some decrepitate

and others expand is at present unanswered; residual stresses in the host
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crystal may be involved.) This expansion phenomenon is not new - it has

been reported at various times in the past. It is the net result of

several volume changes during heating of the inclusion. On heating, the

host salt expands, enlarging the cavity as well. This effect is small,

yielding a cavity volume increase of only 1.2% from 40 to 1400C. The

fluid in the inclusion dissolves more salt from the walls on heating; the

net volume effect of this (generally a decrease; i.e., an increase in

cavity volume) will vary widely with the composition of the solution.

Thermal expansion of the brine would develop high pressures if the walls

were rigid, but instead, in the presence of liquid, the inclusion walls

frequently just expand. The amount of expansion is roughly proportional

to the temperature of heating, i.e., the inclusion fluid streches the

walls until its internal pressure drops just below that needed to cause

further stretching at that temperature. Nucleation of a vapor phase may

even occur (Geguzin and Dzyba, 1973), in which case loss of water to the

expanding vapor phase also helps to limit the expansion. Some of the

thermodynamic variables of the process have been modeled by Cline and

Anthony (1971) for the pure halite system.

7.7 THE GEOCHEMISTRY OF DELAWARE BASIN GROUNDWATERS IN RELATION TOV

THEIR HOST ROCKS

7.7.1 Introduction

Geochemical studies of waters found in Permian and younger rocks of the

Delaware Basin (Southeast New Mexico, West Texas) have assumed a new

importance in recent years. This began in 1975 when Sandia Laboratories,

in cooperation with the United States Energy Research and Development

Administration undertook studies of the suitability of Delaware Basin

evaporite deposits for the long-term storage of radioactive wastes

generated by the national nuclear defense program.

In particular, three aspects of fluid geochemistry have bearing on an

understanding of the geology of the area:
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*1. Rock history -the relationships between dissolution features

and nearby fluids which may have dissolved evaporites.

2. Fluid history - evidence of rock/fluid interactions preserved

in fluid chemistry, indicating the complexities of fluid

movement.

3. Fluid origins - the ultimate sources of fluids which have

participated or have potential for participating in

dissolution of evaporites.

Many of the waters considered here were bailed from preexisting wells

with the assistance of the United States Geological Survey, between

December, 1975, and June, 1976. In addition, boreholes for subsurface

exploration of Los Medanos (the ERDA study area) tapped some fluid

producing zones. These holes include ERDA No. 6,. which at a depth of

2711 feet produced saturated brine associated with H2 S-ihgas from

the Castile Formation. In this hole, stratigraphic marker beds were

found several hundred feet above their expected positions (Anderson and

Powers, 1978). Nine holes penetrating the Rustler Formation have

facilited hydrological testing and sampling of Rustler waters. Finally,

samples of waters were collected from pools in Carlsbad Caverns. Table

7.19 is an inventory of water samples, together with their collection

locations. New Mexico locations are given in Figure 7.10, showing their

distribution with respect to the Capitan Limestone.

Three geochemical approaches will be followed in this subchapter. Each

approach will consider a few examples of various "types" of water:

1. Solute chemistry - dissolved solids content.

2. Thermodynamics - equilibia and non-equilibria of a fluid-gas

system.

3. Stable isotope ratios - variations in deuterium and oxygen -

18 content.
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7.7.2 Data

Analytical results for the 29 waters are given in Table 7.20. Solute

analyses are expressed in mg/l, performed according to APHA (1971)

methods, with modifications by Collins (1975). Analyses by Martin Water

Laboratories have a precision of about + 5 to 10%; others + 3% (Table

7.19).

Stable isotope analyses were made according to Epstein and Mayeda (1953)

and Bigeleisen et al (1952), and are reported in " 6" notation as

deviation of the D/H or 180/ 160 ratio from the corresponding ratio of

Standard Mean Ocean Water (SMOW) (Craig, 1961b, Epstein and Mayeda,

1953), in parts per thousand (0/, "per mille") for example:

(DIR) sample - (D/H)SMOW
6 D= ___________ __X 1000

4. (D/H) SMOW

The precision of 6 1 0 values is better than + 0.1%. and that of 6 D

is better than +M

Solutes. In this discussion "fresh water" is taken to contain less than

3000 mg/l total dissolved solids (TDS), and is potable at least to local

cattle. "Brackish water" refers to TDS contents between 3000 and 30000

mg/l. Brines are waters containing more than 30000 mg/l TDS. According

to these definitions, number 1, probably 18 and 26 through 29 (Table

7.19) are fresh waters, found in the Capitan and Santa Rosa Formations.

Numbers 2, 6, 11, 17, 22, 24 and probably 19 through 21 are brackish, and

include most Rustler waters, one Capitan and one Castile. The fresh and

brackish waters contain the solutes expected to be found in carbonate and

anhydritic or gypsiferous aquifers. All the other waters are brines, and

include the Salado, Morrow, Delaware (Bell Canyon) waters, two Castile,

one Capitan, and even two Rustler waters; these Rustler samples came from

the Culebra dolomite member, adjacent to halite-bearing parts of the

Rustler Formation.
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Brines are treated in the most detail here, since their presence has

implications regarding either their representation of original evaporite

mother-liquors, or their solutes having been derived through rock-water

interaction. Their geochemical complexity cannot be understood from

solute chemistry alone, and a brine occurrence in a particular rock unit

does not necessarily imply that the brine has interacted with its host

rock.

The chloride/bromide ratios, where obtainable, of all the brines were

between 430 and 900, compared to 292 for modern sea water (Collins,

1975). If the Permian Basin water had a Cl/Br ratio similar to that of

sea water, as suggested by Holser (1963) for fluid inclusions in Kansas

salt, then these Delaware Basin brines do not contain "original" Permian

water as a major component. Since halite crystallizing from sea water

selectively excludes bromide from the NaCl lattice, halite has a Cl/Br

greater than 300 (Adams, 1969), as would brine resulting from the

dissolution of halite. Hence, the sodium chloride in these brines has

been dissolved from rocks, but not necessarily the rocks in which the

brines were found.

Rather than discuss abundances of individual ions in brine solutions, it

is more instructive to consider solute ions combined as solids which

might be expected to precipitate from solution upon complete

evaporation. Following the crystallization sequences compiled by

Braitsch (1971), not only some similarities will be noted between the

resulting normative mineral assemblages, but also some significant

differences. Waters 16, 9, and 14 (Salado, Bell Canyon, Castile) will be

presented as examples.

Water from the Duval Mine Vent Hole is similar to the other potash mine

seeps (Numbers 3, 4 and 5) all of which are saturated solutions. Table

7.21 shows the relative proportions of minerals expected to precipitate

from this solution. This assemblage is similar to that expected to

precipitate from sea water, even though the relative proportions are

different (note the overwhelming preponderance of carnallite). In view
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of the incongruent dissolution of polyhalite resulting in a calcium-poor

solution, this brine is what one would expect for water which has

dissolved a potash deposit. Note the presence of normative borax, an

evaporite mineral not commonly reported in the Carlsbad potash district

(cf. Jones, 1975).

Waters from the more saline portions of the Capitan aquifer (numbers 11,

12 and 13) contain the normative assemblage dolomite-anhydrite-kainite(or

carnallite)-halite+sylvite, in various proportions, and are also

indicative of solutes obtained by dissolution of adjacent evaporites.

Water number 9, from the Bell Canyon Formation, is examined in Table

7.22. The solution is calcium-rich, as indicated by the less common

minerals tachyhydrite and antarcticite. These two minerals are not known

to precipitate from sea water, and together with a magnesium deficit

distinguish this water from a simple solution of primary evaporites.

Graf et al. (1966), have given attention to the origin of calcium

chloride waters, and emphasized shale ultrafiltration as an explanation.

Other possibilities include diagenetic reactions in which magnesium 
in

solution displaces calcium in carbonates to form dolomite, or in which

Mg-rich sheet silicates are formed, having given up more easily

replaceable cations such as Na and Ca (Grim, 1968), which were present in

the original minerals (kandites and smectities). Mg-rich sheet silicates

are present in the Ochoan evaporites overlying the Bell Canyon (see

/subsection 7.4). Since brine number 9 is a saturated solution, and since

calcite, not dolomite is the prevalent carbonate mineral of the Bell

Canyon, neither dolomitization nor shale ultrafiltration (which tends

also to produce a low-Ca water, which has not yet been found) appears 
to

be a satisfactory model for the in situ evolution of Bell Canyon 
brine.

The sulfate deficiency could have arisen from biogenic degradation 
of

sulfate. The most likely explanation for the in situ Ca-enrichment is

ion exchange. This brine probably did not originate in the Bell Canyon,

but its solutes probably came from nearby evaporites.
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Waters 8 and 10 have a much lower TDS content than does 9, but otherwise

yield most of the same minerals. The high strontium content of all three

could be taken to indicate that these waters have indeed participated in

the recrystallization of carbonates, but probably not within the Delaware

Mountain Group of sandstones, which includes the Bell Canyon Formation.

According to the Sr/Ca studies of Oxburgh et al. (1959), this solution

would have been in equilibrium with a calcite containing about 4000 ppm

Sr. a value too high for most natural calcites and dolomites. The Sr in

solution could easily have come from the diagenetic alteration of

aragonite outside the Bell Canyon.

On July 30, 1975, borehole ERDA No. 6 produced saturated brine (number

14, Table 7.19) and H 2S-rich gas (0.16 cubic feet STP per gallon) from

a fractured, gray, laminated Castile anhydrite unit 2711 feet below the

surface. Similar phenomena in the Castile have been reported by oil

companies, but with an order of magnitude more gas. The analysis of one

other such brine (Shell Bootleg, number 15 in Table 7.19) is given in

Table 7.20, and is quite similar to the ERDA No. 6 brine. The solutes

are resolved in Table 7.23, and aside from thenardite and LiCl (resulting

from an almost economic concentration of lithium) are similar to the case

of the dissolved potash deposit. Na 2 SO4 has been previously reported

in subsurface brines (Reeves, 1963), and thenardite is known to

precipitate from local surface lakes. Lithium is a common component of

evaporites formed near igneous rocks, but the nearest igneous rock is

several kilometers away (Calzia and Hiss, 1978). The brine is

sodium-rich and magnesium poor. Once again in terms of ion exchange, a

loss of evaporite-derived magnesium into silicates, which give up sodium,

appears to be the mechanism here, although this need not have taken place

in the Castile. Such like processes may account both for magnesium

depletion in the solution and the formation of magnesium silicates in the

evaporite sequence.

Thermodynamics. The ERDA No. 6 gas and brine are the only fluids which

lend themselves to multiphase thermodynamic considerations. The gas

amounted to 1.22 liters (STP) per liter of liquid, and consisted of
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55% C02 , 28% H 2S' 15% CH 4 ' 1.5 N 2 and 0.5% 
C2 H6, determined

mass spectrometricallY. The H 2S is not saturated in the solution, even

in the light of the salting-out effect of high TDS content (Randall and

Failey, 1927), and amounts only to 0.02 molal. In order to examine the

role of sulfur in this system (the only multivalent element common to

both liquid and gas phases) a predominance area diagram 
(cf. Garrels and

Christ, 1965), was constructed for the system S-0-H with the variables 
pH

and oxygen partial pressure, and with total sulfur equal to 0.36 molal

(approximating the sulfate and H 2S in solution). The resulting diagram

is Figure 7.11, for the field-temperature of 25 0C. The field-measured

pH is 6.3, and samples of the brine containing dissolved H 2S were

observed to precipitate elemental sulfur upon standing at atmospheric

conditions. The diagram shows that at pH 6.3, the sulfur field occurs

between the sulfate and H 2S fields. Thus, the diagram correctly

predicts the oxidation of H 2S to sulfur, and the sulfate and H2 S

cannot be in thermodynamic equilibrium with one another 
at pH < 7.

Unfortunately, the oxidation potential was not measured, and the precise

position of the ERDA No. 6 system on the diagram is not 
known. The most

probable origin of the H2 S is biogenic reduction of sulfate, an ion

abundant in the surrounding rocks as anhydrite as well as in solution.

Kuznetsov et al (1963), have indicated that bacteria such as

Desulfovibrio aestuarii can exist in saturated NaCl solutions, although

their activity is inhibited by bivalent cations, which are 
not prevalent

in the ERDA No. 6 brine.

Stable Isotopes. Analysis of water samples for their 1 0/ 1 0 and D/H

ratios has been found to be a useful method of identifying the 
source of

water molecules, and to some degree identifying the types 
of interactions

the water has undergone in the presence of other phases. 
-

18

Figure 7.12 is a 6 D versus 50 plot for Delaware Basin

groundwaters. Most of the earth's meteoric waters have isotopic

compositions which fall between the lines described 
by the equations:
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6D = 8 6 18 0 + 5 (Epstein et al., 1965; 1970)

and

6D = 8 6 18 0+ 10 (Craig, 1961a).

These lines are included in Figure 7.12, and the area between them is

labelled "Meteoric Field."

Most of the points in Figure 7.12 lie in or near the meteoric field.

Except for Carlsbad Caverns, a 6 180 value of -70"n and a 6 D value of

-5011 appears to be a good approximation to local meteoric water in the

Delaware Basin. The Caverns are part of the hydrologic system

independent of the rest of the Capitan. Their enrichment in D and 180

reflects the water's origin from air mass conditions different from those

which produce other Basin rains.

Bracketing the cluster of met eoric points are two dashed lines whose

intervening field is 'Labelled "evaporation." This field is the

trajectory of isotopic compositions that the meteoric waters would follow

during evaporation. The trajectory slope is 5, according to Craig et al.

(1963). The few points that lie in or near the evaporation field (4

Rustler and 1 Castile) may indeed have suffered partial evaporation prior

to infiltration, but definitely originated as metoric water.

The dashed line through the origin, also of slope 5, is the trajectory of

isotopic compositions of evaporating sea water. This line is also valid

for the evaporation of warm-climate coastal meteoric waters

( 618 0 ;::-2 0' , 6 D =- 10 '0' , as indicated by the intersection

of this line with the meteoric field. Such waters were postulated by

Holser (1963; 1966) to have been potential contributors to the Delaware

Basin. The figure shows that the waters of positive 6 18 0 values are

not the products of partial evaporation either of Delaware Basin water or

of modern meteoric water. This conclusion is the same as that drawn from

the Cl/Br ratios.
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The environments in which the Salado, Morrow and Delaware (Bell Canyon)

waters were found involved a rock/water ratio that was very large, as

deduced from the low productivity of these reservoirs, Consequently, any

interaction involving isotopic exchange between these waters and host

rocks would tend to alter the isotopic composition of the water

toward 6 D and 6 180 values consistent with equilibrium isotopic

fractionation between water and minerals in the rock. Calcite in the

Bell Canyon Sandstone had a 6 180 value of +25.1%, a value only

slightly less than typical marine carbonate. This implies only minor

isotopic alteration of easily exchanged carbonate oxygen in the rock

through the action of water, and indicates lack of calcite-water isotopic

equilibrium in the Bell Canyon. The oxygen and hydrogen in clay minerals

are known to be readily exchangeable with water (O'Neil and Kharaka,

1976). The Delaware, Morrow and Salado waters have isotopic compositions

that are suggestive of at least partial isotopic exchange between local

meteoric waters and clay minerals in the sediments, in which the

mineral/water ratio was very large (cf. Savin and Epstein, 1970) for at

least several thousand years. Other mineral sources of exchangeable

oxygen and hydrogen are fluid inclusions, whose stable isotopes have yet

to be studied, and the water of crystallization of many evaporite

minerals. The potash seep waters may have interacted with hydrous

minerals. However, gypsum-water is the only such mineral-water system

for which the 180/ 160 and D/H fractionation factors are known.

None of the waters have resulted directly from the dehydration of gypsum

to form anhydrite. If ERDA No. 6 were such a water, the point marked "Ge

in Figure 7.12 would be the isotopic composition of the water from which

that gypsum precipitated (using the gypsum-water fractionation factors of

Fontes and Gonfiantini, 1967). "G" is not consistent with evaporating

Delaware Basin water, whose anticipated 6 D - 6 180 trajectory was

discussed above. The isotopic composition of ERDA No. 6 brine is

consistent with an approach to isotopic equilibrium between water and

clay minerals, not necessarily in the Castile. Its isotopic exchange,

together with its history of cation exchange, has resulted in a brine

whose history appears to be similar to that of oil field brines of

Alberta and the Gulf Coast (cf. Clayton et al., 1966).
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O 7.7.3 Summary

Many types of rock/fluid interactions are evident in the geochemistry of

groundwaters found in the Delaware Basin. It is not possible to

completely characterize these interactions from solutes or stable

isotopes alone, nor through a study of water alone without a similar

study of rock. In addition to fresh and brackish waters, which have

acquired solutes from their host rocks, the brines have here illustrated

three examples of various types of rock/fluid interactions:

1. dissolution of evaporites (saline Capitan waters).

2. dissolution of evaporites with isotopic exchange between fluid

and rock (Salado potash seeps).

3. dissolution of evaporites, isotopic exchange, and cationic

exchange (Delaware, Morrow and ERDA No. 6 waters).

The latter two types indicate more profound interaction than the first,

since these involve changes in the water molecules themselves.

No original Permian waters could be identified. If much of the evaporite

section has been recrystallized, as Holser (1963) suggests, not even the

* fluid inclusions are expected to preserve such waters.

7.8 RUBIDIUM-STRONTIUM SYSTEMATICS OF THE SALADO FORMATION, SOUTHEASTERN

NEW MEXICOl

7.8.1 Introduction

One of the important reasons for studying bedded salt deposits for a

radioactive waste repository is to determine their intrinsic geological

stability and to understand the behavior of alkali and alkaline earths in

such a system assuming leakage of isotopes such as 90Sr and 17Cs.
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If it can be demonstrated that such isotopes are likely to be retained at

or very near the possible leakage area, then the potential danger of such

leakage is minimized. Alternately, if it is found that there has been

widespread migration of alkali and alkaline earth elements in the

prospective storage sites, then these sites may be unfavorable for

retention of 90Sr, 17Cs, etc. assuming leakage occurs. Furthermore,

if the latest episode of diagenetic evaporite recrystallization can 
be

dated, arguments can be made for the geochemical requilibration of the

evaporite assemblage into a thermodynamically stable configuration,

reducing the liklihood of such events in the future.

To address this problem the WIPP study area and nearby sites were 
chosen

for investigation, utilizing the well-established Rb-Sr geochronologic

method of age determinations. This method is especially well suited for

addressing alkali and alkaline earth retention and/or migration because

of the species involved and its simplicity. Because of geochemical

simlartie (inicradiionization potential, charge) Rb can be used

as an analogue for Cs, and 90Sr will behave as any other Sr isotope.

Hence the Rb-Sr ages will allow, in theory, meaningful interpretation of

the stability of the Salado Formation in terms of Rb and Sr retention

and/or migration.

The basic age equation is:

(87 S/86 S _(87 S/86 S

87 86
(Rb/ Sr) ()

where:

T age in years

8Sr/ 86Sr)m = measured isotopic ratio normalized to

( 6Sr/ 88Sr) = 0.1194 (the average

abundance ratio in the earth)

(7Sr/8 Sr)0 = initial isotopic ratio before

8Rb ( -) 87Sr radiogenic decay

(R ) occurs.
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127 86
Rb/ Sr) m= measured isotopic ratio

(calculated from Rb/Sr ratio).

X)= decay constant for 87Rb

= 1.42 x 10-1 /y.

The ( 87Sr/ 86Sr) mterm is the sum of
( *87 + 87 N) S/86 S

where *87 and 87N refer to radiogenic and normal mass 87 respectively.

The initial ratio ( 87Sr/ 86Sr) 0can either be assumed, determined by
measurements on Rb-free phases formed at T =0, or determined by

extrapolation from an isochron (i.e. line of slope e TX_ 1 along which

all samples of the same age and initial ratio but with different Rb/Sr

ratios will fall; see Faure and Powell, 1972). The last of these choices

is considered the most reliable due to natural variations of the initial

ratios in nature, even from supposedly uniform, Rb-free, reservoirs.

7.8.2 Previous Work

K-Ar dating of evaporites has been shown by numerous investigators to be

extremely risky (see discussion in Faure, 1977) due to loss of radiogenic

40Ar by diffusion and other processes. Some K-Ar ages have beeen

attempted for salts from the WIPP study area at Los Medanos (Shell Dev.

Co.; 1973). For sylvites, minimum dates from 18 + 8 to 74 + 8 m.y. were

obtained while two langbeinite-sylvite mixtures yielded nearly identical

dates of 137 + 8 and 147 + 8 m.y. Only one very pure langbeinite (18%K)

yielded a date of 245 + 10 m.y.; this date is in excellent agreement with

the 225-240 m.y. age range assigned to the Late Permian evaporites of the

Castile and Salado formations.

The only other officially reported work is that by E. L. Tremba (1973;

unpub. Ph.D. dissertation) in which he reports widely scattered data for

evaporites from the Los Medanos area. Tremba's (1973) work was not

* directed toward problems of local alkali or alkaline earth migration,

however, and composite samples were commonly taken which would, in
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effect, mask any such local effects. He reports two model Rb-Sr dates of

241 + 23 m.y. and 208 + 8 m.y. respectively for (1) a K-ore zone from the

Saunders Mine and (2) two separate aliquots of a water-soluble K-ore. An

initial ratio of 0.7077 was used in both cases. For water soluble

samples from mine faces within the Saunders Mine, Tremba reports a

129 + 5 m.y. isochron but, without adequate justification, one point

(#t3SS) is omitted from the isochron calculation. As a model age for this

one point yields an apparent model date of 330 m.y. (Ro = 0.708), then

the significance of the 129 + 8 m.y. date, based on only 4 of 5 samples,

is difficult to interpret.

Similarly, five samples from Tremba's core 184, first ore zone, yield an

apparent isochron date of 120 + 28 m.y. but with an extremely high

initial ratio of 0.7226 + 0.0092. The argument is made that the two 120

to 129 m.y. isochrons; can be explained by some type of Cretaceous

"rehomogenization event". This interpretation can be criticized because

27 low-K samples from core 184 yield a mean ( 87Sr/ 8 Sr)m = 0.7077 +

0.0001; and any hypothesized rehomogenization event must explain how

selective parts of the core can be affected whereas others are not. For

example, Tremba argues that recrystallization involving polyhalite may

have taken place at approximately 120 m.y. ago at which time the initial

ratio was increased by rehomogenization to above 0.72; yet the data in

Table 7.24 yield at least one sample (ERDA-9, 1759.1-1759.8) with

8Sr/ 86Sr m= 0.7064. Furthermore, if one uses the individual

/ ,~ N points for Tremba's 129 m.y. isochron and assumes an initial ratio of

k 10.7077 (based on his data), a range in model dates results from about 185

m.y. to 100 m.y. (not counting sample EV-13 with a very low 87 Rb/86 Sr

ratio). The reason for this apparent scatter is unanswered by Tremba's

wor k.

7.8.3 Analytical Procedure

Sample Preparation. Samples studied thus far have been core segments

from WIPP exploratory holes. The core segments were about four inches in

diameter and ranged in length from 4 to 12 inches. These samples first
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were trimmed by air saw to remove all outer surfaces that may have

contacted drilling brines or been otherwise contaminated. Only the

remaining prism of rock was retained for analysis; the outer portions

were stored for possible use in the future.

Enough of the remaining inner portions were ground to -100 mesh to

produce approximately 200 g of rock powder. About 30 g of this powder

was quartered out and saved for whole rock analysis.

Separation of Water-Insoluble From Water-Soluble Material. The

concentration of water-insoluble residue in a sample was determined

during the separation of the soluble from the insoluble material.

Approximately 60 g of powdered sample, weighed to the nearest 0.01 g, was

placed in a 250 ml glass centrifuge tube together with about 175 ml of

distilled and deionized H 20. The bottle was then capped and the

mixture shaken vigorously for about 3 minutes, centrifuged for 15 minutes

and decanted into S and S 576 filter paper. This procedure was repeated

with 175 ml of H 20 followed by a third leaching of 150 ml of H 20.

The resulting solution was transferred into a Pyrex 600 ml beaker, which

was placed on a 1500C hotplate until no more liquid remained. The salt

residue was then quantitatively removed from the beaker, weighed, and

stored for analysis.

Separation of the < 2 Micron Fraction. The < 2 micron fraction was

separated from the insoluble residue remaining from the above procedure.

The insoluble residue was repeatedly washed and centrifuged until a

disperson of the clay-sized material was obtained. The washed slurry was

then put into 1000 ml cylinders for gravity settling. The length of time

necessary for settling was calculated from the equation noted by Folk

(1968). Fractions finer than 2 microns were siphoned off after the

proper length of time had passed. A portion of the < 2 micron fraction

was used for oriented slides (for x-ray diffraction analysis); the

remainder was dried, ground to -100 mesh and used for Rb-Sr isotopic and

other geochemical analyses.
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X-ray Diffraction Analysis of Clay and Evaporite Minerals. 
Thus far,

identification of clay minerals has been based solely on x-ray

diffractograms, obtained from a Norelco wide range diffractometer.

Untreated oriented powders were scanned from 2 to 60 degrees two theta.

The untreated slide was glycolated by vapor-soaking on a rack 
in a

container filled partially with ethylene glycol. An additional oriented

powder was heated to 4500C. Both the glycolated and the heated

specimens were scanned from 2 to 30 degrees two theta.

Whole rock samples were analyzed by loading a small amount 
of randomly

oriented rock powder in a Norelco powder holder. This powder was scanned

from 5 to 80 degrees two theta and the resulting diffractogram compared

to values compiled in the Joint Committee on Powder Diffraction Standards

file to determine bulk mineralogic composition. Mineralogic abundances

noted were estimates based on comparative peak intensities.

All samples x-rayed (both clays and whole rocks) were scanned with

Ni-filtered CuK radiation. A time constant of two seconds was used

with a scintillation counter detector and pulse height analyzer. The

goniometer slit system consisted of a divergent and anti-scatter 
slit of

1 degree and a 0.003 inch receiving slit.

Rb-Sr Isotopic Analysis. Procedures for the dissolution of samples for

Rb-Sr isotopic analyses varied dependent on the samples mineralogic

composition. All samples were first weighed accurately and placed into 
a

"1100 ml teflon evaporating dish; the amount of sample to be dissolved was

)determined to ensure at least 10 mg Sr and Rb would be 
in solution. The

sample was then spiked with 84Sr and 87Rb solutions. Samples which

contained silicate minerals were dissolved with 30 ml reagent 
grade HF

and 3 ml vycor distilled HClO 4 on a hot plate. Samples containing only

water soluble material were dissolved with 50 ml of distilled 
and

deionized H 20 and 10 ml of vycor distilled 6N HCl. Samples containing

large amounts of sulfate minerals were first dissolved 
in aqua regia and

then treated with HF and HC104'

After complete dissolution of the powder and evaporation of all HF and

HC10 V the samples were digested with 25 ml of H2 0 and 25 ml of 
HCl.
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0 The mixture was then reduced to about 5 ml by slow evaporation and

allowed to cool overnight. After cooling the solution was filtered

through S and S #576 filter paper and loaded onto the top of a

chromatography column charged with sulfonated polystyrene, a

chromatographic grade cation exchange resin.

The column was washed with 2N HCl repeatedly while the effluent was flame

tested for cationic composition. Rb and Sr fractions were collected at

the appropriate intervals indicated by the flame test. The collected

fractions were subsequently dried, redissolved and transferred to

precleaned quartz microvials. The microvials, containing the samples,

were fused, cooled and stored for mass spectrometric analysis.

All Rb and Sr concentrations were determined by standard isotope dilution

techniques. All Rb and Sr isotopic ratios were measured using a 23 inch,

90 degree sector, solid source, single filament Nuclide mass spectrometer

equipped with an electrometer and strip-chart recorder.

7.8.4 Results

Samples for the present study were provided from Sandia Laboratories

drill cores AEC-8, ERDA--6, and ERDA 9 drill cores. Samples were studied

for their Rb-Sr systematics by mass spectrometer and (Table 7.24, 7.25),

mineralogy by x-ray diffraction (Table 7.26). Additional geochemical

studies are planned (i.e., rare earth elements, by instrumental neutron

activation analysis).

Samples have been divided into whole rocks, water soluble portions, and

the minus-two micron fractions. This approach varies significantly from

Tremba's (1973) approach in that he worked with water soluble and total

water insoluble fractions; the latter were not treated for separation of

authigenic from allogenic fraction. This will be discussed later.

Whole rocks may yield uncertain results due to the unknown nature of

water insoluble fractions within them. Similarly, the water soluble

fractions are meaningful only if the nature of the water insoluble
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fraction is studied. This last point can best be addressed by detailed

study of the clay-size (minus-two micron), authigenic minerals common to

evapor ites.

(1) Whole rocks: the water insoluble content of whole rocks

varies from less than 1 percent to 32 percent, with a

mean of 6.5 percent if sample Dv-4D (clay rich) is

omitted. The basic mineralogy of these samples is a

halite rich assemblage with some samples rich in sylvite

and/or polyhalite as well. Langbeinite-rich samples are

rare. The Rb-Sr isochron for eleven samples is shown in

Figure 7.13. The date of 132 m.y. must be considered

very approximate as nine of the eleven samples plot

essentially on the ordinate. Of these last eleven, nine

are used to yield a reasonable estimate of initial ratio

= 0.7081 + 0.0005 (in agreement with Tremba's 1973 value

of 0.7077).

(2) Water soluble samples: in working with water soluble

samples the assumption is made that ions released into

solution will not be absorbed onto the surface of the

insoluble material. This is probably true only if the

insoluble material consists of allogenic quartz,

feldspars, etc. but not clay minerals. An isochron for

7 five water soluble samples yields an apparent date of

'~-~ )206 m.y. with R = 0.7084 (Figure 7.14). While this

date is not unreasonable for the Permian-Triassic

boundary, it is slightly low.

(3) Minus-two micron fraction: the authigenic clay minerals

which one might predict for an evaporite sequence are

present in this fraction (Table 7.26). of interest is

that this material is (a) authigenic as demonstrated by

the x-ray diffraction work and (b) is also the dominant

part of the water insoluble fraction. Thus the apparentW
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isochron date (Figure 7.15) of 325 m.y. needs

explanation. If one remembers that many of the clay

partings in the potash mines are interpreted as being of

aeolian origin, then it is very likely that such aeolian

clay minerals will, in part, reflect their provenance.

This has been noted before by Hurley et al. (1962) for

minus-two micron clay minerals from the Bermuda Rise.

Of interest here is that our 325 m.y. date (Figure 7.15)

is virtually identical with Tremba's (1973) 331 m.y.

date for total water-soluble material.

7.8.5 Discussion

There are several ways to treat the data gathered so far. First a

composite of whole rocks, water soluble and minus-two micron size clay

minerals yields an isochron date (Figure 7.16) of 165 + 20 m.y. with R0
= 0.7115. This date must be interpreted as a minimum due to the fact

that the best estimate of R 0is 0.7081 + 0.0004 according to the data

presented in Table 7.24.

It is also apparent that the whole rocks by themselves are, in general,

too halite-rich and possess Rb/Sr ratios which are too low for isochron

work. When to this is added the uncertainty introduced by the insoluble

material mixed with possible pre-T s(i.e. time of sedimentation)

material smaller than two microns, plus some detrital feldspar, quartz,

etc., then the whole rocks can be assumed to be unsuitable for the

isochron work.

If the clay minerals in the minus-two micron fraction are aeolian,

pre-T smaterial may account for the pre-Permian date of 325 m.y.

(Figure 7.15). Similarly, since the clay mineralogy (Table 7.26) is very

typical of evaporite clay minerals, then an alternate explanation is that

these clay minerals have acted as local sinks for some *7Sr presumably

remobilized during and after lithification and diagenesis. A lower age

limit for this event is set by the 206 m.y. date from the water soluble

fraction.
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When only the water soluble and minus-two micron clay mineral fractions

are considered together, a 204 m.y isochron (Figure 7.17) results with

R 0= 0.7137. This date is only somewhat lower than the

Permian-Triassic boundary and can safely be interpreted as a 
minimum due

to the high initial ratio (0.7137). This interpretation assumes,

however, that the clay minerals equilibrated with the evaporite 
medium

(i.e. salts plus brine plus remnant sea water) at the time of

sedimentation and this point remains to be unequivocally demonstrated.

Many of the above mentioned uncertainties will almost certainly be

resolved by additional samples now in various stages of analysis for

Rb-Sr systematics plus additional samples not yet treated. Furthermore,

scanning electron microscope studies are planned to help resolve 
the

problems of aeolian versus non-aeolian authigenesis hypotheses 
regarding

clay mineral occurrences. Finally, rare earth element (REE) data, when

complete, will greatly enhance understanding of the evaporite-insoluble

material systematics of the Los Medanos area.

7.8.6 Concluding Statements

These data are of importance to he WIPP in the Los Medanos area because:

(1) Widespread recent rehomogenization of radiogenic 87Sr would 
be

obvious if consistently high 87Sr/ 86Sr ratios were determined 
either

Nfrom Rb-poor phases or by extrapolation from all samples with high Rb/Sr

to the ordinate (Figures 7.13-7.17). This is niot the case, and in fact

values for whole rocks yield a mean of 0.7081, and several 
isochrons

yield extrapolated values from approximately 0.709 to 0.713. 
The entire

set of data argues against large amounts of radiogenic 87Sr-enriched

brine, having been formed post-20
0 m.y. ago, subsequently leaving its

imprint in the recrystallized minerals. (2) the Rb-Sr isochron based on

water soluble fractions and clay minerals, Figure 7.17 yields 
a date of

204 m.y. This date, in view of R 0= 0.7137 (i.e. higher than 0.7084),

must be interpreted as a minimum date pending further analyses. (3) The

clay minerals (Table 7.26) are of special interest in that they are

typical of evaporite clay minerals formed during evaporite diagenesis 
,



7-89

yet they have been interpreted as aeolian. If they are aeolian, then

some mixture of kaolinite-montmorillonite-illite would be expected rather

than the saponite-chlorite-montmorillonite-serpentine-talc-illite

assemblage noted. Since the clay minerals yield (Figure 7.15) a

pre-sedimentation apparent date of 325 m.y. with high R 0(0.7123), then

it is possible that these clays acted as local sinks for radiogenic

87Sr (and Rb?) released during early diagenesis from roughly 235 m.y to

204 m.y.; such an interpretation is consistent with the data obtained to

date. Tremba (1973) has argued for some mid-Cretaceous "rehomogenization

event" at about 120 m.y. ago but inspection of his data coupled with

these data do not support such an hypothesis. (4) REE are especially

sensitive as geochemical tracers and forthcoming data, coupled with

continued Rb-Sr and other work, should permit resolution of some of the

problems concerning alkali and alkaline earth retention/migration in the

geologic past at the Los Medanos site.

7.9 URANIUM ISOTOPE DISEQUILIBRIUM IN GROUNDWATERS OF SOUTHEASTERN NEW

MEXICO AND IMPLICATIONS REGARDING AGE-DATING OF WATERS

7.9.1 Introduction

History. Regional exploration of bedded salt deposits for a radioactive

waste repository in the Delaware Basin (Permian, New Mexico) included

boreholes into the evaporites and associated rocks. These rocks

contained various amounts of fluids, already described (Lambert, 1978).

Although the halite deposits of the Ochoan Epoch are the prime target of

consideration for waste storage, the older rocks of the Guadalupian Epoch

are included in the present study, because of the Capitan reef, a body of

cavernous limestone which encircles the Basin. The Capitan not only is

the dominant rock in the Carlsbad Caverns, but also supplies potable

water to the city of Carlsbad. Therefore, it is appropriate to consider

possible connections between the Capitan and accumulations of water found

in pockets in the evaporites. Brine and gas pockets are known to occur

in the Carlsbad district potash mines and in the Castile Formation

(anhydrite and halite) underlying the Salado Formation.
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one exploration hole, ERDA No. 6, drew national attention 
(Boffey, 1975),

when it encountered an accumulation of saturated NaCl 
brine laced with

Na 2 so4 ' accompanied by H2S-rich gas at 826 m below the surface.

Discovery of this artesian fluid, together with bedding-plane dips in the

host Castile Formation exceeding 700, led to abandonment of that

particular site. Geophysical investigations showed that this and other

occurrences of brine and gas were associated with closed 
structure

contours drawn for the Castile formation. These structures, restricted

to a narrow strip of evaporiteS near the reef have 
been termed "salt

anticlines" (Anderson and Powers, 1978). Core from the fluid-producing

zone of ERDA No. 6 consisted of gray laminated anhydrite 
whose fractures

were filled with massive crystalline white anhydrite 
(Plate 7.52). While

isolated fluid accumulations are not rare in evaporites, 
the possible use

of the region for radioactive waste disposal requires 
attention to the

origin of this particular type of accumulation. In the extreme cases,

the fluid originates directly fron water from the Capitan 
Reef, or the

water was entrapped in the Castile Formation at the time for evaporite

deposition in the Permian. In the first case, the water would have an

age little older than Capitan waters. In the second case, the water

would be in excess of 230 million years old.

Implications. Indeed, the very presence of the ERDA No. 6 accumulation

of fluid poses several questions:

1. How long has the water been confined in the pocket?

2. Does the time of the water's intrusion correspond to 
any

N,, significant known geologic events?

3. What is the source of the water?

4. How long has this pocket been disconnected from nearby

aquifers such as the Capitan Reef, if it ever was 
connected?

5. What are the limits to rates of influx (if any) or recharge

and discharge (if any) of this fluid pocket?

6. To what degree does the ERDA No. 6 occurrence (or any other in

the area) represent a flowing system?

6. Which radiometric clock should be used to age-date 
the water

and what should be taken as initial conditions 
for age-dating?
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7.9.2 Analytical Approach

General Geochemistry of Groundwaters. A number of groundwaters from the

Delaware Basin have been characterized in terms of their general

geochemistry with respect to their host rocks (Lambert, 1978). In terms

of solutes, all waters from below the fresh-saline interface in the

Capitan were similar to each other. In addition all shallow ( <300 m

depth) waters were similar to one another and all deep ( > 1000 m depth)

waters were similar to one another. The ERDA No. 6 water was unique in

its solute content, indicative of profound disequilibrium between

solution and host rock and also between solution and associated gas phase.

In terms of D/H and 180/ 160 ratios, Capitan and shallow waters all

are similar and are of meteoric origin. (Carlsbad Caverns waters are

also of meteoric origin, but are not related to other waters in the

Capitan.) Deep water stable isotope ratios are similar to one another,

and are not characteristically meteoric. ERDA No. 6 has uniquely

non-meteoric isotopic ratios among those of Delaware Basin waters. No

W waters were found which represent original evaporite mother-liquor.

Experimental Procedures. In spite of the evidence that this fluid has

experienced profound interactions with rock (Lambert, 1978),

radioisotopes were examined to establish that the ERDA No.6 fluid was not

of relatively recent origin. Plutonium concentration was determined by

isotope dilution employing a spike of 24Pu. The actual measurement

was made on a three-stage thermal emission solid source mass spectrometer

equipped with pulse counting for ion detection. The instrument has a

very high abundance sensitivity (10 7) and low background, allowing for

the determination of precise isotopic ratios on small samples amounting

to 0.1 to 1 nanograms of plutonium. The plutonium concentration of the

ERDA No. 6 brine was found to be less than 10-1 grams per gram,

corresponding to the lower limit of analytical detectability. The

absence of plutonium suggests the brine has been isolated at least since

1945, a date corresponding to the first atmospheric detonation of nuclear

* weapons.
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Carbon 14 was measured in the CO 2, which amounted to 55% of the total i

gas collected from ERDA No. 6. Carbon 14 content was counted in a gas

proportional detector whose efficiency was calibrated with the NES

oxalate standard. The result was the same as the background, which was

about 2 counts per minute in a 1.5 liter detector at 2 atmospheres

pressure. From this it was concluded either that the brine is older than

about 30,000 years or possibly that carbonates in the host rock have

diluted the carbon in the system with non-radioactive carbon.

The disequilibrium of the activity of 24U relative to 28U in

natural waters has been attractive as an indicator of the age of

groundwaters (Osmond and Cowart, 1976). 24U and 28U are related by

the decay scheme:

238 234 Th234 Pa23'4

9 2 U T9 Pa 2
4.5 x 10'a 90 24d ~ ' 1 min2 1

It has been proposed that excess 24U builds up in confined waters as

an aging effect as a result of the alpha-recoil of 24Th, which ejects

23 hout of the host rock crystal lattice into the water (Kigoshi,

1971; Kronfeld et al., 1975). From a knowledge of decay constants and

initial activity ratio cao ((X. 234 N 234' 238 N 238 ), the

time of confinement is calculated. It cannot be assumed, however, that

the earth's natural abundance ratio, at = 1.00, is a priori valid for a

confined rock-water system. The water carried in with it an initial

uranium concentration and original activity ratio, ao . The water

ultimately comes to thermodynamic equilibrium with its host rock and may

leach or even deposit 24U and 24Th. Uranium concentrations and a

-ratios of rocks and waters in this study were determined by isotope

dilution mass spectrometry, described above. Figure 7.18 shows the

locations of principal water samples of this study. Table 7.27 shows

uranium conentrations and values of ct for various waters.
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7.9.3 Results and Discussion

The overleaf of Plate 7.52 shows the variations of U content and a in

anhydrite of rock core taken from the zone which produced fluid in ERDA

No. 6 (826 m, 2709 ft depth). Table 7.27 shows that in ERDA No. 6, both

U concentration and at vary with time, until U concentration falls

asymptotically to about 2 parts in 10 , and a rises asymptotically to

about 1.35. In the early part of a several-hour flow test, water samples

were found to be contaminated with drill mud and spallations from metal

pipe. By 1400 hours not only had the uranium reached steady state

values, but the iron concentration had fallen from 260 parts in 10 6

(1130 hours) to a steady value of 5 parts in 10 6(1400 hours),

indicating the flushing out of drilling-introduced contaminants. Thus,

the later samples are probably representative of the fluid accumulation.

The total variation in a among all water samples is relatively small

(1.2 to 5.2). In contrast, absolute uranium content in the waters of

Table 7.27 varies by more than two orders of magnitude. Similarly, rock

material illustrated in Plate 7.52 shows a wide variation in U content:

1 to 2 parts in 10 6for "originaln laminated gray anhydrite down to 20

to 30 parts in 10 9in the secondary white anhydrite fracture filling

only a few centimeters away.

7.9.4 Applicaton of the Uranium Isotope Disequilibrium Model

If N 2is the amount of 24U present in a phase, and N 1is the

amount of 28U, the change in 24U content with time in the brine is

(dN2 ' X1 N, -X2 N2 + Q1 + Q2, (2)
dt ) brine

in which Q1is the rate of release of 24Th (the parent of 24U)

from the rock, Q2is the rate of release of 234Ufrmteoc

and X and x are decay constants for 28U and 24U,

* respectively.
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Release rates Q1and Q2can be modeled in the fashion 
of Kigoshi

(1971), who studied the release of 24Th from zircon 
powder. He gave

the accumulated activity of 24Th in solution after 
time t as

(XT N Th/brine =1/4 L SP (N 2 38 XI rock (1-e- Th (3

in which X Th is for 24Th, L is the recoil distance of 24Th in

decay scheme (1) above, S is the surface area of parent rock, 
p is its

density, and N 238 is expressed as the number of 28U atoms per gram

of rock. Thus, the activity of 24Th in the brine is related to the

activity of 28U in the rock by a proportionality 
constant, and, of

course, the time-dependent term. When t >> 24 days, (3) can be

approximated as

(X Th N Th) brine f (XI NI) rock, (4)

in which f 1 is now the leach fraction of 
24Th, incorporating

1/4 L S p in (3). In general, 238 Uactivities in rock and coexisting

brine will not be equal, but will be related by 
a distribution

coefficient r, which is theoretically an equilibrium 
constant, neglecting

the kinetics of dissolution and precipitation:

e

(X l Nlck r(X 1 N1 brine(5

In actual fact, the time required to achieve chemical 
equilibrium between

rock and brine might be very long relative to 
the half-life of 24Th.

Q1now becomes

Q1= r -f 1 -(X 1 NJ)bie 
(6)

Similarly, the amount of 24U released is dependent 
on the decay of its

precursor 238 U, and on the equilibrium ratio r, and 
on the leach

fraction for 24U,f

Q2 =r ( 2X 1 Nl1)brine(7
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In addition, some fraction, f 3, of the 238 U will be leached from the

rock,

1 1,=r 3 (X N 9)rin + ()X 1r f 1) brine (8)

Now, equation (2) becomes:(dN2 )bie-(Xj N1)bi [ + r (fl + f 2 + f3)] X" N2

(9)

If f is defined as a composite leach fraction (f 1 + f 2 + f 3) the

solution to (9) is:

N 2 (t) 1 (1+f r) N 1 (t) +N 1 (t=O) X-N 2 (t=O) X1 (1+fr) e-X2t
77 -- X 1 N I (t=Q0) T2

(10)

which allows us to express the solution in terms of a.=XN

t 2 (1 + fr) + X2 (1 + f r)l e(XX t (1brine X2-Xl X2-Xl

and since X2  x

CX r i e -1 + f r + 1 0 - 1 + f r i e -2 t X b( 2

Te corresponding equation for the rock is:

(dN2 rock =X (1-f) (N )ok -X2 (N2)ok (13)

Since f or a closed system, the 24U! 3 U equilibrium activity ratio

is 1.000, the solution to (13) is:

roc W2 X - f) NI1(t)rc + A N (0 X2trok 2-l oc X N ()rock e(14)

N, (0) ( )e ~
TXTX rock (-f
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which in terms of Ot isX2X2-1)t

arock X2 (1- f) + e-( X2X - (1 1- f) e
rock _2 X ,(15)

The approximation X2 >> Xlreduces the equation (15) to

rock ;*1-f+fe t ccr (16)

Let us now assume that the geochemical conditions (i.e. U content anda

observed in the ERDA No. 6 rock-fluid assemblage represent equilibrium

conditions. This requires the mutual consistency of equations (12) and

(16), and that

f= 0 ) r (17)

b- a0+ r r-)

Anhydrite found in the veins is the most recently formed phase 
in the

core, and using the U values from 1709.4 white anhydrite (U = 33 parts in

10 9 a = 1.04); Plate 7.52 overleaf), and the averages of the last

two ERDA No. 6 brines in Table 7.27, (U = 2.01 parts in 10 9 a O =

1.35) equation (17) gives rise to the plot in Figure 7.19. Note the

prominent singularity at axo = 2.01, and that ao < 1.971 at f = 1

(corresponding to 100% leaching, and ao0 > 2.052 at f = -1 (corresponding

to all the uranium in the rock having precipitated from the brine).

Solving equation (12) for t, we obtain an expression for the age of the

brine:

t Ct0 fr(18)

For values of ao < 1.971, negative ages result. Only for values

of a0 > 2.052 are realistic ages obtained. This result implies that

there has been minimal leaching from the rock. Furthermore, it suggests

rather that precipitation of uranium has occured from brine to 
rock which

is consistent with reducing conditions implied by the presence 
of H 2S.
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Clearly, the amount of precipitation which has occurred (negative

leaching) is related to the original ao at the time of closure of the

rock fluid system.

Values of a for nearby waters in the Capitan limestone (Table 7.27) which

by proximity afford a possible source of water for the ERDA No. 6 brine

pocket, are mostly in excess of 1.35. In addition, the ERDA No. 6 brine

is not saturated in CaSQ 4 (Lambert, 1978), and is not likely to have

been responsible for the precipitation of substantial amounts of vein

anhydrite. Furthermore, the limited volume of the brine pocket

(Griswold, 1977) could not realistically be expected to dissolve and

reprecipitate anhydrite in veins to the extent observed in the core.

Therefore, the a Oof the ERDA No. 6 brine must have been larger than

2.052, with very little interaction with the reservoir rock.

7.9.5 Model Ages Based on No Leaching

Values of a and ao will in this model allow an age determination of a

water to be made. The highest a value thus far determined is 14.2, the

result of isotope dilution mass spectrometry performed on a sample from

Israel supplied by J. Kronfeld, which gave an a value of 10.1 + 1.6 by

alpha-spectroscopy (Kronfeld et al., 1975). In addition, the occurrence

of waters elsewhere in the Delaware Basin (Table 7.27 suggests that a

reasonable ao value might be 5.14 (in the Capitan limestone), the

highest thus far found in the Basin. If the ERDA No. 6 brine represents

water escaped from the Capitan, and its a0 was on the order of 5,

Figure 7.19 shows that its interaction with the ERDA No.6 reservoir rock

(fractured Castile anhydrite) precipitated less than 6% of the rock's

uranium f rom the brine.

Neither total concentration nor isotopic composition of uranium in the

ERDA No. 6 brine was inherited through interaction with the Capitan

limestone, for the ERDA No. 6 brine contains substantially more uranium

that the Capitan waters (Table 7.27) presently do. Likewise, uniformity

in the stable isotope composition of Capitan waters (Lambert, 1978) shows
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that the peculiar stable isotope composition of ERDA No. 6 water cannot

have arisen by interaction with the Capitan limestone. 
Composition of

stable and unstable isotopes in ERDA No. 6 brine 
might have arisen from

interaction between water and rocks encountered by 
the water if it moved

from the Capitan to its ERDA No. 6 environment.

In its simplest form, equation (18), under conditions of no interaction

between ERDA No. 6 brine and its reservoir rock, reduces to:

1n ( O b 1)

- X 2

which very nearly corresponds to the combination of the solutions to the

equations dNi X , Ni

4dN2 X 2 N2 + X1 Ni
dt

for which

1n b

X 2 + Xi 
20

The above conclusions allow limits to be assigned to the age of

confinement of the ERDA No. 6 brine, and also to ages of waters 
in the

Capitan. Equation (20) differs from equation (19) only by the

approximation that

X2  1,

X2 -X1

since X = 2.806 x10 -6a -1for 23

and X = 1.537 x110 a -1for 28U.

Figure 7.20 shows the family of curves obtained 
from equation (20), using

observed values of a from Table 7.29, and various values for at 0. The __

model ages indicated on Figure 7.19 for the ERDA No. 6 brine are lessW
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than those in Figure 7.20 because 4 to 5 percent interaction between

brine and rock (uranium precipitation) involves loss of uranium from

solution by means other than radioactive decay. There is no evidence for

any degree of chemical equilibrium between ERDA No. 6 rock and fluid. If

we realistically limit f (Figure 7.19) to have a value between -0.02 and

-0.50, the minimum age of the ERDA No. 6 occurrence is 570,000 years

(cao = 6). In actual fact, as the data of Kronfeld et al. (1975)

suggest, maximum ao values are universally in the range 10 to 15, and

the age is between 800,000 and 1,000,000 years. According to the

no-interaction model, (Figure 7.20), if water escaped from the Capitan

(a 0 = 5.14) into the brine pocket, this must have occurred at least

880,000 years ago. The highest cao value (14.2) confirmed by isotope

dilution mass spectrometry gives an age of 1,300,000 years.

if the Carlsbad area (near the Pecos River) is a major recharge area for

much of the Capitan reef, and if Carlsbad water ( cto = 5.14) is the

basis for age-dating other waters in the Capitan, ages between 300,000

and 1,100,000 years are obtained. The maximum ao (14.2) would imply

that Capitan waters are at least 400,000 years old.

7.9.6 Implications and Conclusions

A mathematical model based upon analytical data has showed that the ERDA

No. 6 occurrence of brine can be age-dated by the uranium-disequilibriim

method. Combinations of leach fractions and ages were derived, and the

interaction between rock and fluid was indicated to be minimal. If the

brine pocket was once connected to the Capitan Reef, the most productive

aquifer in the region, such connection was severed at least 500,000 years

ago, and probably more than 900,000 years ago. The brine pocket has been

stagnant ever since, and there is little evidence to indicate that

chemical equilibrium has been established among the solid, liquid and

gaseous phases involved in the brine pocket.
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Even though the U~ value of the ERDA No. 6 brine was close to those of

nearby metoric waters taken from the northern apex of the Capitan Reef,

these a~ values are far removed from those of more remote meteorically-

derived saline Capitan waters from the east and west arms of the reef

(Carlsbad No. 7 and Shell No. 28). In fact, the remote waters appear to

be younger than apex waters (Hackberry and Middleton), implying the

groundwater flow in the reef is indeed toward the apex and recharge is in

the east and west part of the reef.

Fresh and saline Capitan Reef waters have retained their meteoric D/H and

10/ 160 ratios, even though the ages of some of them are comparable

to that of ERDA No. 6. Although reef apex waters and ERDA No. 6 brine

are radiometrically similar, the solutes and stable isotopes of ERDA

No. 6 reflect a more profound rock/fluid interaction than Capitan waters

have experienced. This interaction, however, is more likely to have

taken place in rocks between the Capitan and the brine pocket than in the

brine pocket itself.

The ERDA No. 6 reservoir rock has not replenished 24U to the brine in

spite of long contact. Furthermore, uranium mobility into the white

recrystallized anhydrite from the gray laminated anhydrite from the gray

laminated anhydrite was shown to be very low in this anoxic environment.

Dating by the uranium-disequilibrium method is not necessarily dependent

on a closed system, and bounds on ages can be assigned. Requirements for
~234 238

U/ U dating include: at values of fluid and rock, leach rate,

and knowledge of a value for original activity ratio, cto . The

OL value for the rock is necessary to evaluate the degree of rock-fluid

disequilibrium. The leach rate might be negligible even in a closed

system. A unique solution to an age-dating problem, however, requires

knowledge of initial conditions, just as in case of the well-established

uranium-lead and carbon 14 age-dating techniques.
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7.10 SUMMARY

Geochemical investigations of the WIPP site have been undertaken to

characterize and quantify the mineralogy and petrology of the Delaware

Basin evaporites and associated non-evaporites, volatile constituents and

fluid inclusions native to the evaporites, the geochemistry of

groundwaters native to the rocks, and the lengths of time that the

evaporites and groundwaters have existed in their present environments.

While these investigations have utilized a number of techniques of

analytical chemistry, the choice and analysis of samples, together with

interpretations of results, are carried out in the context of the WIPP

geology.

The most common mineral in the Permian (Ochoan) Salado Formation, which

is proposed for radioactive waste emplacement, is halite. Some of the

halite contains minor amounts of anhydrite, and traces of trioctahedral

clays and detrital minerals. Locally throughout the Salado Formation

marker beds of anhydrite and polyhalite occur at intervals of a few tens

of meters. Local accumulations of potassium and magnesium sulfates occur

in the McNutt potash zone in the upper part of the Salado.

The petrographic textures, geochronology, and the presence of minerals

which are not primary precipitates of sea water, such as sylvite and

polyhalite, indicate that much of the evaporite section last underwent

recrystallization more than 200 million years ago, shortly after Permian

deposition. The trace clay mineral fraction of the rock salt has

efficiently entrapped and held radiogenic strontium for at least the last

200 million years. The aqueous solutions involved in this

recrystallization were not in communication with fluids outside the

evaporite section.

Volatiles presently occur in the evaporite section as the

chemically-combined water of crystallization, hydroxyl-groups bound in

sheet silicates, short-lived seeps exposed in mines, and as

physically-entrapped inter- and intracrystalline fluid inclusions. The
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total volatiles recovered from rock salt heated to 600 0C typically

amount to less than 0.5 weight percent (about 1.5% by volume). In

addition to water, traces of nitrogen, CO2 and contaminants from the

coring operation are recovered from subsurface evaporite cores taken from

boreholes. The fluid inclusions appear to have been entrapped at 20 to

450C, and contain NaCl, MgCl 2 and minor amounts of other solutes.

Fluid inclusions not affected by recrystallization have not moved in the

ambient geothermal gradient since the Permian deposition.

Isolated pockets of aqueous solutions now found in the evaporites have no

geochemical relationship to surface-derived meteoric waters or to

groundwaters above and below the evaporites; neither do they represent

original evaporite mother liquors. Such pockets probably are relics of

the post-depositional recrystallization which took place more than 200

million years ago, at which time they might have inherited their

geochemically distinct solute assemblages and stable isotope compositons.

Stable isotope and solute content studies of meteorically-derived

groundwaters west of the WIPP site and peripheral to the Delaware Basin

indicate that simple uptake of solutes from rocks with which they have

come in contact did not alter their meteoric isotope ratios. Thus,

waters participating in active dissolution of salt, which has not

occurred in the Salado Formation at the WIPP site, could be readily

identified by their geochemistry.

The origin and age of an artesian brine pocket in the Castile Formation,

northeast of the WIPP site was evaluated by a uranium isotope

disequilibrium model. It was concluded that this accumulation

(encountered in borehole ERDA No. 6) has no-connection with any other

known groundwaters, and has been in its present environment for at least

880,000 years.
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F IG U RE 7.19 G raph of the equation I = - -1

for the E RDA No. 6 assemblage of rock and brine,

in which r =16.42. Oar =1.04, -b 1.35.

Uranium disequilibrium ages for the brine are shown

according to the equation

f 
In a . 1 fr'

0.05 t (c r

o a= 1.971 -)i2

0.04 at fl

0.03

0.02 Uranium Leaching

0.01

0
5 10 1

-0.01 
ao

-0.02

-0.03

5.7 X 105 yr. 7.8 X 105 yr. 9.4 X 105 yr.

-0.04

-0.05

-0.06-

-0.07

-0.08 a0 = 2.052

-0.09 
atf =-1

Note that the ERDA No. 6 assemblage is indicative

of uranium deposition (f < 0) rather than uranium

leaching.
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FIGURE 7.20 Uranium disequilibrium ages as a function of
original 234 U! 23 8 U ratio, for Delaware Basin
groundwaters. These curves are derived from a
model involving no exchange or uranium between
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TABLE 7.2

Size Distribution of Ground Samples

Mesh % of Sample*

>20 5.2

20-28 8.8

28035 19.9 (~
35-65 57.0

65-100 6.1

100-200 2.9

L200 0.2

*Total 100 due to rounding



TABLE 7.3

Listing of Minerals Named in Subsection 7.3

Mineral Name Chemical Composition

Anhydrite CaSO 4

Bloedite Na 2 Mg(S0 4 )2 * 4H 2 0

Carnallite K Mg C1l3 * 6 H 2 0

Chlorite Mg 5 A1 2 Si 3O1 0 (OH) 8

Glaserite K 3 Na (SO 4 ) 2

Glauberite Na 2Ca (SO 4 )2

Gypsum CaSO 4 * 2H 20

Halite NaCl

Illite K 0 .6 M9 0 .2 5A1 2 .3 Si3 .5 01 0 (OH)2

Iron Oxides (FEOX) Fe 2O03 *XH 2O0

Kainite KMgCi SO04 * 11/4 H 2 0

-K-Feldspar K Al Si 3 0 8

Kieserite MgSO 4 * H 2 0

Langbeinite K 2Mg 2 (SO4 )3

Leonite K 2Mg (504)'4H0

Montinorillonite Mg 0 .1 6 A1 2 .3 3 Si 3 .6 7 Olo(OF?)2

Polyhali-te K 2Mg Ca(S0 4 )4 *2 H2 0

Quartz Sio 2

Sylvite KC 1

Talc Mg3 Si4 010 (OH)2

Thenardite Na 2 so 4
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TABLE 7.16

Test data and weight loss (in %) from decrepitation tests.

Roman numerals indicate amount of sample breakup after run:

I - unbroken; II - broken into 2 or 3 pieces;

III broken into more than 3 pieces.

Temperature, OC

Core interval (ft) 150 200 250

2058.8 - 2059.0 0.106 IT 0.23 IT 0.76 111

2070.4 - 2070.6 0.16 II 0.12 1 0.35 Urr

2606.5 - 2606.9 0.02 I 0.24 IT 0.95 I11

2617.2 - 26).7.7 0.06 I 0.30 I 0 .62 r

2626.7 - 2627.0 -- 0.19 T 0.28 I 1.04 11T

2659.0 - 2659.2 0.14 T 0.13 I 0.59 11I

2665.0 - 2665.1 0.19 T 0.18 I 0.75 ITT

2692.4 - 2692.6 0.06 T 0.26 1 0.83 [ft

2699.8 - 2700.0 0.19 I 0.24 IT 0.65 111

Average 0.1-3 0.22 0.73

Heating schedule (hours)

Room T to run T 7 9.5 8

Hold at run T' 79 9)5 79

Run Tto room T OV 9 A-1 9 "'10
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TABLE 7.24

Rb-Sr Data for Evaporites from the Salado Formation

A. Whole Rocks

Core hole (8 7Sr/8 6 Sr)N Rb Sr 8 7Rb/8 6 Sr

Inter val (ppm) (ppm)

AEC- 8
1622.4-1622.9 0.7056 5.0 112.4 0.13
1636. 6-1637.1

(sylvite rich
portion) 0.7816 120.1 8.0 43.77

1645.0-1645.3 0.7150 0.40 48.2 0.02
1671.2-1671.8 0.7097 5.6 39.8 0.41
1715.4-1715.7 0.7089 0.07 90.9 0.02
1762.0-1762.3 0.7099 1.3 37.9 0.10
1782.2-1782.4 0.7137 0.30 5.7 0.15

ERDA-9
1404.8-1405.8 0.7934 67.1 5.1- 38.41
1648.5-1649.0 0.7079 0.47 44.7 0.03

ERA6portion) rih0.7064 49 793.5 0.02

1421.0-1421.7 0.7095 0.60 156.2 0.01

B. Water Soluble Portions

ERDA-8
1607.0-1608.0 0.7173 26.7 44.7 1.73

ERDA-9
1408.8-1405.8 0.8601 70.8 4.0 51.87
1709.0-1709.5 0.7094 0.99 8.5 0.34
1713.6-1714.0 0.7072 2.0 34.1 0.17
1772.0-1772.4 0.7067 1.5 57.7 0.07

C. <2 Micron Fractions (Clays)

AEC-8
1607.0-1608.0 0.7229 42.9 82.2 1.51
1671.2-1671.8 0.7273 43.9 35.2 3.62

ERDA-9
1404.8-1405.8 0.7608 84.5 23.6 10.40
1772.0-1772.4 0.7181 29.4 48.1 1.76
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Arrows in these photographs point stratigraphically upward.

Plate 7.1. Core footage: 1165.4 to 1177.1 ft.
(includinq 0.1 ft. gaoD) Brownish halite in gray anhydrite.
Halite occurs as a thin bed at top of specimen, then as
irregular- lenses and thin laminae, finally as vertically
elongate crystals, some with "swallow tail" form, near
bottom of specimen. Locally horizontal laminae occur
within -the anhydrite due either to color change of the
anhydrite or laminae of magnesite.

Plate 7.2. Core footage: 1167.5 ft. Dominantly light
to dark gray, laminated anhydrite with thin, locally
discontinuous, laminae of white magnesite and brownish,
elongate halite oriented perpendicular to convex-upward,
discontinuous laminae of light gray to white anhydrite.



Plate 7.3. Core footage: 2065.3 to 2066.6 ft.

Dominantly clear to milky white halite crystals, approx-

imately 10 mm in size, and reddish brown to pinkish brown

polyhalite. Note rectangular outline of polyhalite
body stratigraphically above the first 6 in 2066; but most

polyhalite occurs around halite crystal boundaries below
2066 label.

Plate 7.4. Core footage: 2615.0 to 2615.6 ft.

Dominantly coarse (ranging from 3 to 40, average 20 mm in

size) halite crystals, some with cubic form but most

anhedral, locally separated by microcrystalline white
anhydrite.



Plate 7.5. Core footage: 2705.8 ft. Coarse, ranging
from 2 to 15 mmn, light gray to black halite in white
microcrystalline anhydrite and rare 1 to 2 mmn bodies of
pure white magnesite.

Plate 7.6. Core footage: 2848 ft. Varicolored (white
and all shades of gray) anhydrite, some crystals near
stratigraphic top of sample exhibit "swallow tail" form.
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Plate 7.7. Photomicrograph (25X, plane light) of

halite: many euhedral (cubic) to subhedral, relatively

clear crystals locally containing fluid inclusions.

Crystal size ranges from 0.5 to 1.5 mm. Compare with

Plate 7.8.

Plate 7.8. Photomicrograph (lOX, plane light) of

halite: subhedral to anhedral, cloudy crystals devoid of

fluid inclusions. Crystal size ranges from 1.5 to 4.5 mm.



Plate 7.9. Photomicrograph (l0X, plane light) of
sylvite (reddish, translucent to black, opaque in photo)
and halite: halite anhedra size ranges from 0.4 to 5 mm.
Two subhedra dominantly of sylvite occur within halite anhedra,
one subhedron/anhedron of mixed sylvite and halite occurs
within a coarse halite subhedron, but most sylvite occurs
as anastomosing bodies having gradational contacts with halite
between halite anhedra.
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Plates 7.10A and 7.10B. Photomicrographs (lox,

plane light in 7.10A, crossed nicoJls in l0B) of polyhalite

(P) and halite (H): Polyhalite occurs as a cloudy anhedron

(pinkish in hand specimen) locally containing smaller 
anhedra

which are apparent due to concentrations of opaque (black

in the photo, red under microscope reflected light)

material, probably hematite. Concentrations of hematite

also occur along the contact of polyhalite with halite

which becomes extinct (black in lOB) under crossed nicols.

The contact is irregular and gradational.
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Plate 7.11. Photomicrograph (l0X, plane light) of
laminated anhydrite and calcium or magnesium carbonate:
Dark thin laminae (approximately 1 mum thick) of dominantly
carbonate anhedra separate thin laminae (approximately
2 imm thick) of dominantly anhydrite anhedra.
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Plates 7.12A aria 7.12B. Photomicrographs (25X, plane

light in Plate 7.12A, crossed nicols in Plate 7.12B)
of anhydrite with veinlet (V) of gypsum. Anhydrite occurs

as a mosaic of 0.04 to 0.4 mm anhedra and subhedra with
high order interference colors in 12B. Veinlet somewhat
discontinuous, is more apparent in 12A and consists of

very elongate irregular anhedra of relatively clear
gypsum with lower order interference colors than the

anhydrite in 12B. The veinlet is approximatedly strati-
graphically horizontal and is 0.06 mm thick, the width

of a single elongate gypsum anhedron.
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Plate 7.13 Group of dark unrecrystallized zones in
essentially inclusion-free single crystal of halite of
sample 2065. For detail on central area see Plate 7.14.

Oe

Plate 7.14 Detail of area in Plate 7.13 showing sharp
crystallographically controlled boundaries of inclusion-rich
zones (type A) . Such boundaries may represent primary
crystallization features rather than recrystallization fronts.
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Plate 7.15 Recrystallized part of sample 2065 
with large

numbers of type B inclusions with 
small bubbles (e.g., see

arrow) and some dark, cloudy unrecrystallized portions

(details in Plate 7.16).

Plate 7.16 One of the dark areas in Plate 7.15 
showing

dense cloud of primary type A inclusions 
with some primary

banding (arrow), and sharp but curving (solution?) contact

with crystallographically parallel 
but almost inclusion-free

recrystallized salt (at top).
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Plate 7.17 Coarsely recrystallized part of sample 2760,
with many large type B inclusions, each with bubbles
(arrows). Dark clouds are masses of unrecrystallized salt
with large numbers of tiny type A primary inclusions (see
Plates 7.18 and 7.19).

Plate 7.18 Detail of one of the cloudy areas in Plate 7.17,
showing high concentration of tiny type A inclusions. most
of these inclusions are < liam (see Plate 7.19).



Plate 7.19 Detail of nortion of Plate 7.18 that is

relatively free of larger inclusions. The smallest

inclusions are P- O.5,pm. All are type A. None of

these inclusions contain a bubble.

BeSt Copy Available

Plate 7.20 Inclusion in sample 2272.5 that contains 
only

liquid, with no bubble, even though fairly 
large. Type B.



Plate 7.21 Unrecrystallized part of sample 1902 showing
primary cubic growth zone feature, delineated by a cloud

of tiny type A primary inclusions.

*W

Plate 7.22 Unrecrystallized part of sample 1902 showing
thin inclusion-free zone through dense cloud of tiny type A
primary inclusions.
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Plate 7.23 Oval grain of salt from sample 2760 containing

unrecrystallized core with tiny type A primary 
inclusions.

See Plate 7.24 for detail. Top of core is shown by arrow.

* U

Plate 7.24 Enigarged view of right central portion of

Plate 7.23, showing extremely fine banding of primary type 
A

inclusions, with inclusion-free zones between. 
Top of core

is shown by arrow.



Plate 7.25 Inclusion (type B) in sample 1902 showing

twinned bire-Fringent daughter- crystal of unidentified
phase.

Plate 7.26 Daughter crystals of unidentified phase in

type B inclusion in sample 1902.2, with partly crossed

polarizers. Note twinning in largest crystal. Many inclusions

in this same sample have no daughter crystal or just a few tiny

crystals (see Plate 7.28).



Plate 7.27 Plane of type B liquid inclusions each with
a large number of unidentified bladed birefringent daughter
crystals, just 400 -,-m, below another plane of inclusions
with no daughter crystals (Plate 7.28). Inclusion in
Plate 7.26 with daughter crystals is similar in phase ratio

but not in same plane (out of focus in lower left here).
Sample 1902.2 partly crossed polarizers; birefringent mass
embedded in salt crystal at top may be the same phase.

r

Plate 7.28 Plane of liquid type B inclusions, several with

bubble, but without daughter crystals, about 400 1am above a

plane of type B inclusions with a large number of unidentified
daughter crystals (Plate 7.27). This lower plane is visible
but out of focus. Sample 1902.2. Inclusion of Plate 7.26 is
visible in lower left.



Plate 7.29 Large irregular type C inclusions in sample 2065

with "too large" bubbles.

Plate 7.30 Pair of inclusions in sample 1902. The one on
left (Type B) with small bubble is typical of those in this
sample; that on right (Type C) is on a healed fracture (see
arrow) and has apparently been opened and the original fluid
replaced with a gas-rich mixture under pressure.



Plate 7.31 Single crystal of salt in sample 2760 with

curving planes, outlined by type D inclusions, separating

it from adjacent grains. Note also large type B inclusions

and mass of tiny type A primary inclusions in central core

of crystal. Sample has probably undergone two stages of

recrystallization (see text) . Top) of core is shown by arrow.

A

Plate 7.32 Fluid inclusions (gas; type D) on interface

bet 5een recrystallized salt crystals in sample 2760. Note

120 junction. Top of core is shown by arrow.



Plate 7.133 Large type B inclusions in samp~le 1799.1
homogenizing at 20.5 C (lower left) and 21 C (upp~er right).
Photographed at 19 C.

Plate 7.34 0Large type B inclusion in sample 2760.1 homogeniz-
ing at 20.5 C. Photographed at m19 C.



Plate 7.35 Inclusion (type B) in sample 1902 after

freezing run, showing horizontal crack formed by expansion

on freezing, that is now a plane of tiny secondary fluid

inclusions; larger bubble than originally was present (due

to volume increase); and rounded halo of tiny inclusions

formed during freezing run (arrows) , as a result of water

in inclusion reacting with halite of walls to form

NaCl,2H20, thus increasing inclusion volume. See text.

tC

Plate 7.36 Minute primary inclusion in unrecrystallized salt

from sample 1902 at high magnification (1560 X). The inclusion

in upper right is about 1.8 pim on an edge, and contains a

bubble of <Q.5pm. Resolution of bubble is poor as it is

generally in rapid motion even with an IR filter 
in optical

system and exposures must be long. Many inclusions with no

bubble area are sý 0.Svim on an edge.



Plate 7.37 Sequence of photographs of type B inclusions in
sample 2095.3 taken at the temperatures indicated during a
freezing run. At -7 5 .5 0C the inclusions contain a partly
opaque mixture of solid grains of ice and salts. No change
was visible on warming to -34.5 0C, but at -32.20C the mixture
suddenly became more translucent and the grain size started
to increase, indicating first melting. Extensive melting
occurred around -40C, and the remaining crystals decreased
to m 20-25% at O0C. These were probably a hydrate but not
all Nacl 2H20, since a few were present at +120, and the
last dissolved at +150C. The room temperature photo was
taken after the run. The bubble size varies with phases
present and temperature.
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Plate 7.38 Inclusion from
. i ~ sample 2760, as found, with

large bubble, viewed on
crushing stage. The bubble
contains gas under pressure
(see Plate 7.39).

Plate 7.39 SameW
inclusion as seen in
Plate 7.38, on crushing
stage, after fracture
has reached it. The
bubble has expanded
approximately 270% (vol)
on pressure release.
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In each of the following plates, the length of the scale
bar is 100 4m.

Plate 7.41 (Photo 1) Group of small primary hopper-
growth inclusions in ERDA-9 sample 2699.8-2700.0,
after 2500C decrepitation run. These inclusions probably
had no bubble originally, and now have one as a result of
plastic deformation of the host salt. They now homogenize
at temperatures as high as 2730C (Table 7.17).

Plate 7,42 (Photo 2) Solid -phases (daughter crystals?)
in inclusion in Kerr-McGee mine sample MB-76-4. The small
rod-like crystal has parallel extinction, and the large
cubic(?) crystal (KCl?) appears isotropic.

Plate 7.43 (Photo 3) Dense gas inclusion in Kerr-McGee
mine sample IMB-77-8, photographed at the approximate tem-
peratures indicated (IC). See text, subchapter 7.5.

Plates 7.44 and 7.45 (Photos 4 and 5) Steam inclusions
(arrows) in Kerr-McGee m~ine samples MB-76-3 (7.44) and
MB-77-8 (7.45), now containing essentially vacuum,
before (a) and after (b) being intersected by a fracture
during crushing tests. The surrounding oil has filled
the inclusions completely in (b).

Plates 7.46 and 7.47 (Photos 6 and 7) Gas inclusions
in Kerr-McGee mine sample MB3-77-8 containing gas at less
than one atmosphere pressure, before (a) and after (b)
being intersected by a fracture during crushing tests.

Plate 7.48 (Photo 8) High pressure gas inclusion in
Kerr-McGee mine sample MB-76-4 before (a) and after (b)
being intersected by a fracture during crushing.

Plates 7.49, 7.50 and 7.51 (Photos 9, 10, and 11)
High pressure gas inclusions in Kerr-McGee mine samples
MB-77-8 (7.49 and 7.51) and MB-76-3 (7.50), before (a)
and after (b) being intersected by a fracture during
crushing. The approximate volume expansion is 30-fold
in 7.49, 40-fold in 7.50, and 100-fold in 7.51. Two
bubbles formed in 7.49, and one in 7.50 (arrows).
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PLATE CAPTION

Plate 7.52 and Overleaf: Core fragments from Castile
anhydrite serving as host rock for the ERDA No. 6 brine
reservoir. Depths of origin, uranium contents and 2 34U/ 2 3 8U

ratios are given in the overleaf for various parts of the core
fragments.
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GCR CHAPTER 8

RESOURCES

8.1 INTRODUCTION

The northern portion of the Delaware Basin is known for production of

potassium salts and fluid hydrocarbons. An effort was made to select a

location for the WIPP that would minimize conflict with these resources.

It is likely, however, that some of these potash and hydrocarbon

resources underlie the site. The extent of potash mineralization has

been fairly well established because the potash mining industry has

released information concerning their exploratory drilling in the area.

Those findings were supplemented by information from 21 additional holes

drilled by the Department of Energy. Site selection criteria described

in Chapter 2 prescribe that the site be no closer than one mile from a

deep drill hole. This means that the potential hydrocarbon resource must

be evaluated by inference utilizing subsurface information from

surrounding areas. An investigation was also carried out to determine

the significance of other possible industrial minerals such as caliche,

gypsum, salt, uranium, sulfur, and lithium at or very near the WIPP

site. Table 8-1 summarizes the principal findings of resource studies.

Only potash and natural gas are considered to be significant exploitable

deposits as shown in Table 8-2. The economic resources denied in Zones

I-III are shown in Table 8-3.

8.2 ORGANI ZATIONS INVOLVED IN RESOURCE EVALUATION, AND THEIR REPORTS

Numerous contractors representing both government and private companies

were engaged in the resource evaluation at the WIPP site. An outline of

work accomplished during this phase of the site characterization is given

in Table 8-4.

The listed studies quantify in-place resources and evaluate what portion

of those resources would be extractable. A legal determination is now

under way to establish values to the various mineral and oil and gas
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lease holders within the site area. However, these studies deal with the

present value of specific land tracts and as such are not pertinent to

site chacterization.

8.3 POTENTIAL RESOURCES IN RELATIONSHIP TO STRATIGRAPHY AT THE WIPP SITE

Resource evaluation at the WIPP site took into consideration the existing

stratigraphy of the site area. Each formation was evaluated for mineral

deposits that were either known or that could exist based on the

characteristics of the sediments present.

A stratigraphic column is given in Table 8-5 that indicates where in 
the

geologic section specific types of deposits are considered to have a

reasonable likelihood of occurrence. The table briefly describes the

character, thickness, and median depth of each formation.

8.4 RESOURCE DESCRIPTION BY SPECIFIC COMODITIES

The description of resources commences with the shallowest formation and

proceeds down the stratigraphic column to the Precambrian.

8.4.1 Caliche

A thin layer of caliche (a whitish, calcium carbonate-rich material)

underlies most of the site area. Exposures are normally obscured by dune

sand, but it has been estimated that the caliche blanket covers

approximately 80% of the site area. The average thickness is 4.3 feet,

and the total resource has been estimated at 185 million tons (Siemers et

al., 1978). The quality of caliche as determined by insoluble content

(ranging from 21 to 69%) appears to be typical for caliche for this

region.
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Caliche is often used to surface dirt roads in southeast New Mexico.

Small quarries dot the landscape, and several provided material for road

construction to various drill locations within the WIPP site. This is

the sole use for caliche in this region. Caliche is so extensive in this

region that it can not be considered as either a limited resource or one

that has significance to road construction of surrounding areas if land

is withdrawn for the WIPP site.

8.4.2 Uranium

Uranium could occur in sediments such as those of the Gatuna, Santa Rosa

or Dewey Lake Formations. However, no significant occurrence of uranium

has been found within the Delaware Basin. Reducing environments favoring

uranium deposition are absent as evidenced by the lack of organic debris,

pyrite or humates in these formations. No signal indicative of economic

or even marginal uranium concentrations was observed on gamma ray logs of

the 36 holes drilled through these beds during site evaluation. The

conclusion is that significant uranium deposits are most unlikely, even

in beds which are considered to be the most favorable.

8.4.3 Gypsum

Dissolution of salt from the Rustler Formation has occurred over much of

the site area. Waters accompanying this dissolution have caused partial

conversion of anhydrite within the Rustler to gypsum. The conversion is

not complete, however, and it is doubtful that high-quality gypsum would

be persistent in any single bed. The maximum amount that could be

present, assuming an aggregate thickness of 40 feet, amounts to 1.3

billion tons (Siemers et al., 1978). The quality and bed thickness are

inferior to those in beds west of the WIPP site. Still farther west and

south, extensive outcrops of high quality gypsum of the Castile Formation

occur. The nearby availability of superior quality gypsum that can be

mined by open pit methods leads to the conclusion that gypsum in the

Rustler Formation can not be considered a likely economic resource.
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8.4.4 Halite (Salt)

Halite is the dominant constituent of the Ochoan evaporites. The

shallowest salt is in the Rustler, but dissolution of this formation has

removed much of the Rustler salt except in the southeast quadrant of the

WIPP site. On the other hand, salt beds persist under the site in the

Salado and Castile Formations. The thickest and purest salt beds in the

region are in the Castile. The State Bureau of Mines and Mineral

Resources estimated 118 billion tons of salt in the Salado within the

WIPP boundary (Siemners et al., 1978). The Castile Formation would add

approximately 80 billion tons of additional salt resource.

As with gypsum and caliche, the immense halite deposits are not

considered to have economic significance because of the prevalence of

these deposits throughout the general area and the existence of adequate

supplies closer to areas where salt is in demand.

8.4.5 Sulfur

A significant deposit of native sulfur is being exploited by the Frasch

process approximately 50 miles south of the WIPP site in northeastern

Culberson County, Texas. The occurrence is associated with brecciated

and carbonatized anhydrite beds of the Castile Formation. Considerable

exploration has been under way since discovery of the Culberson deposit,

but that exploration has been aligned along the southern and western

parts of the Delaware Basin where the Castile Formation either lacked

halite during deposition or the halite has been removed by dissolution.

The genesis of the deposits is believed to depend on a combination of

bacterial action, induced fracture permeability and a source of

hydrocarbons (presumably from upward escape of natural gas or crude oil

along fractures from the Delaware Mountain Group). The closest analogy

to such a setting in the northern part of the Delaware Basin and the

vicinity of the WIPP site would be either "breccia pipes" or H 2S..laden

brine reservoirs. Careful. attention was given in selecting the WIPP site

to avoid such structures; further investigation has not revealed any such

structures, therefore, no sulfur deposits are expected.W
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. 8.4.6 Lithium

Lithium occurs in a concentration of 140 mg/L in a saturated brine

reservoir that was encountered during the drilling of ERDA 6. The hole

was located 2 miles northeast of the outer boundary of the WIPP site. A

similar reservoir was found in the Belco Hudson Federal No.1 gas well 1/4

mile outside Zone IV on the southwest side of the site. No analyses were

done for lithium in the latter well, but both reservoirs were at

equivalent stratigraphic positions (middle Castile), contained H 2S, and

were fully saturated brines. The concentration of 140 ppm lithium in

ERDA 6 verges on being economically extractable if the reservoir is of

sufficient size. Griswold (1977) estimated the reservoir volume at ERDA

6 to be on the order of 100,000 to 1 million bbl. If reservoirs are

limited to this size, they would not warrant development. At current

market price the in-place value of the lithium would not exceed $1

million.

There has been a deliberate attempt to locate the WIPP site in an area

free of brine reservoirs in the Castile. Extensive seismic surveys have

been run across the area to ensure that no anomalous structures occur in

the Castile Formation. The occurrences at ERDA 6 and at the Belco well

are associated with complex anticlinal structures and are easily

recognizable on seismic survey traces.

8.4.7 Potash

Method of Evaluation. Sylvite (KCl) and langbeinite

(K 2Mg 2(SO04)3 ) exist under portions of the WIPP site (see Figures

8.2, 8.3, 8.4). Although an attempt was made to avoid such deposits

during the site selection process, it was not possible to do so

completely because other site selection factors such as avoiding deep oil

and gas test wells and the desire for uniform and thick salt beds at

reasonable depth took precedence.
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The potash evaluation commenced in August, 1976, after the site was

chosen for detailed characterization. When chosen, the site was located

mostly outside the Known Potash Area defined by the Conservation Division

of the U.S. Geological Survey. Considerable potash exploratory drilling

had been done on the flanks of the site area by private industry, but it

is a requirement that the results of that drilling be held in confidence

by the USGS. However, Sandia Laboratories contacted each mining company

that had drilled in the vicinity and was granted access to the drill

records on a private basis. These records indicated that deposits of

commercial quality probably extended into the site area. The Department

of Energy (then ERDA) authorized an exploratory drilling program to

evaluate the potash deposits within the WIPP site. Technical direction

of this exploratory drilling program was given to the USGS. The drilling

program commenced in August and was completed by the end of November,

1976.

The Roswell, New Mexico, office of the Conservation Division of the USGS

was given the task of determining potash resources by combining the

results of DOE-sponsored drilling with records of drilling in the

vicinity of the site. Findings have been reported by John et al. (1978).

The DOE also engaged the services of the U.S Bureau of Mines (USBM) to

evaluate the extent to which the resources defined by the USGS could be

produced at a profit using existing mining and beneficiation practices.

The results of the study have been reported by the USBM (1977). The

..- \essential conclusion was that langbeinite in the 4th ore zone could be

profitably mined in the northeast quadrant of the WIPP site. A band of

sylvite, contained mostly within the 10th ore zone on the north and west

sides of the sites, verged on being economically exploitable. Prof itable

mining of the sylvite would require a higher price for muriate (KCl) than

current market value ($52/ton versus a current price of $43/ton).

Description of the Potash Exploration Drilling Phase. Figure 8-1 is a

map showing a land block, centered on the WIPP site, that measures 8

miles on a side. This land block constitutes the area investigated by
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. the USGS and USBM. All locations of drill holes are shown from which

information was available as to the depth, thickness, grade, and mineral

suite of ore beds. Note that a different symbol is used to denote holes

drilled by DOE from those drilled by mining companies. Examination of

the distribution of hole locations reveals that the drilling plan

directed by the USGS included testing the entire WIPP area on a spacing

of not less than one hole per square mile. The objective was to

completely cover the site area following industry practice for

reconnaisance bxploration. The density of the holes is judged to be

quite adequate for resource appraisal.

Drilling closely followed standard industry practices (Jones, 1978).

Rotary techniques were used from the surface down to a point just above

the uppermost ore zone. Drilling operations were then converted to

coring using a brine saturated with potassium chloride as the drilling

fluid. Core recovery was excellent in all 21 holes. The core recovered

was examined, and zones of interest were "split" for chemical analysis.

Routine check analyses were done by an independent laboratory. All

cores, including the remaining half of sample splits and sample rejects

(excess after assay), have been permanently stored.

The results of the analyses of the 21 exploratory holes are attached as

Appendix 8A. Included in the list are hole AEC 8 (drilled at the old

ORNL site) and 17 holes for which information is available for release

either by permission of the mining company involved or because the lease

or permit on which the hole was drilled has expired.

Calculation of Potash Resource Distribution, Volume and Grade. As

previously stated, calculation of the in-place volume and grade was

undertaken by the Roswell office of the Conservation Division of the

USGS. Technical assistance was also provided by the Special Projects

Branch of the USGS.

There are 61 exploratory holes in the 8 x 8 mile land block shown in. Figure 8-1. Ore intercept information was available to the USGS on all
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of these holes. Thus, while their calculations used all available data,*

some specific information pertaining to 22 industry drilled holes is notW

reported in Appendix BA to protect proprietary information of individual

companies as they so requested.

The reserve calculation commenced with assigning depth intercepts to

significant mineralization within the various ore zones. There are 11

such ore zones within the McNutt member of the Salado Formation (see

Figure 4.3-3b). The next step consisted of extrapolating continuity of

individual ore zones between holes. The final step was to calculate the

volume and grade for continuous blocks of mineralization. In addition,

the Conservation Division utilized criteria they have established for

classifying resources as either measured, indicated, unevaluated, or

barren. The criteria are:

Measured potash reserves - Tonnage is computed from dimensions

revealed in workings and drill holes. The grade is computed from

the results of detailed sampling and analyses. A minimum of three

data points in any one ore zone meeting quality and thickness

standards, no more than 1 1/2 miles (2.4 kin) apart, have been used

to delineate measured reserves.

Indicated potash reserves - Tonnage and grade are computed partly

from specific measurements, samples, or production data and partly

from projection for a reasonable distance on geologic evidence. The

Nsi tes available for inspection, measurement, and sampling are too

i widely or inappropriately spaced to permit the mineral bodies to be

outlined completely or the grade established throughout.

Unevaluated potash areas - Tonnage and grade have not been computed

due to low density drilling and sampling, but are surrounded by

measured and (or) indicated reserves.

Barren and/or minor potash mineralization areas - Subeconomic

resources that would require a substantially higher market value or

a major cost-reducing technology for economical production.
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Subeconomic resources also include other bittern minerals not

* presently being recovered.

Potash resources were then quantified at three minimum grade and

thickness levels. Standard conditions for each class are shown in Table

8.6.

The intermediate conditions, termed "lease", conform with established

policy of the Departmnent of Interior that any area known to contain

potash mineralization meeting or exceeding that standard and located on

Federal land can be acquired only through competitive bid. The standard

is based on judgment along with recognition that ores as low as these

grades have been successfully treated from time to time at one or more of

the potash refineries in the Carlsbad district. The conditions termed

"high" are roughly equivalent to the grade of langbeinite and sylvite

ores currently being mined in the district.

Results of the USGS Resource Estimate. The essential results of the USGS

resource calculations are best shown by three consecutive maps (Figures

8-2, 3 and 4) which commence with the lowest resource grade standards and

progress to the highest. For simplicity, measured and indicated

resources were combined. The majority of the resource meets the criteria

for "measured" because the entire WIPP site has been drilled on one mile

centers. The resource maps do not segregate the several mineralized ore

zones, and at times they are "stacked", e.g. the 4th and 10th may be

mineralized in the same area in plan even though they are

stratigraphically separated by about 180 feet.

Most of the WIPP site area is underlain by potash resources that meet the

low standards. No significant planimetric change occurs on raising the

standard to lease grades. However, at the high standard, which is

roughly equivalent to the current standard of producing mines, the WIPP

is nearly clear of potash deposits of interest (particularly Zones

I-III). Mining operations may be allowed in Zone IV, the outer boundary

of the WIPP site, under controlled conditions.
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As grade standards are increased, the potash resources reduce, at more

rapid rate on a mass weight basis than on a planimetric basis. Table 8-7

lists the tonnage of by ore zone, type, and location by Zone boundaries

within the WIPP site.

For ease in interpretation, the data in Table 8-7 has been charted on

Figures 8-5 and 8-6 for langbeinite and sylvite resources, respectively.

The USGS recognized the 4th ore zone (langbeinite) and the 10th (mainly

sylvite) as the two major mineralized ore zones in the WIPP site area

(John et al., 1977). At lease grade, the 4th ore zone contains 115.4

million tons of langbeinite resource, of which only 24 million tons (21%)

lies inside the outer boundary of Zone III. At the higher grade (8%

K 20 as langbeinite) the tonnage under the WIPP reduces to 59 million

tons, of which only 14.6 million tons (25%) lies inside the outer

boundary of Zone III.

The 10th ore zone contains mostly sylvite, but a mixed assemblage

containing both langbeinite and sylvite exists on the east side of the

withdrawal area. At present only one operator in the Carlsbad district

has a refinery capable of handling such ores. This operator is the

leaseholder over part of this mixed ore zone. However, the langbeinite

in the 10th ore zone would be difficult to beneficiate according to the

USEM study (USBM, 1977, p.103). Therefore, the 10th ore zone is

> considered to be viable only for its sylvite content. With this

restriction, the 10th ore zone contains 53.5 million tons of ore at lease

standard under the entire WIPP site, of which 30.4 million tons (57%) are

located within the outer boundary of Zone III. At the high standard, the

total tonnage reduces to 38.8 million tons, of which only 9.8 million

tons (25%) are inside Zone III.

Results of the USBM Valuation of Potash Resources. The USBM has

performed an economic assessment of the potash resources that were

defined by the USGS. The USBM study included beneficiation testing to

determine the amenability of the various mineral assemblages to refining

into marketable products. The USBM engineers visited most of the mines

in the district to gather data concerning mining and refining techniques,

power consumption, water use, etc. Then, knowing the location and grade
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of potash deposits in the WIPP site area, they devised conceptual designs

of various minin and processing facilities that would provide both the

highest profit and efficient recovery of marketable products from the

potash deposits. The approach followed what private industry would do in

an evaluation of a potash prospect. No restriction was placed as to

where physical mining could be done, or problems related to land

acquisition or permitting. Resources adjacent to the WIPP site were

considered in the mine developmnent plans. In all, the USBM conceived 12

different conceptual plans for exploiting potash in this area. Each

plan, called a mining unit, was evaluated leading to a conclusion that 8

were worthy of full cost analysis. The full findings have been reported

by the USBM (1977).

The USBM concluded that only one mining unit (Unit B-1) could be

considered economic under existing market conditions and technology (see

Table 8.8).

Unit A-1 almost meets the economic requirement of 15% rate of return on

invested capital set by the USBM. To make it viable one needs a price of

$52.04 per ton of muriate without any increase in production costs.

Muriate is currently selling at $43.40 for standard grade containing 62%

K 20 (Source: July 1978 issue of Engineering and Mining Journal);

however, the price for muriate has exceeded $60 per ton in the past.

Data within the USBM report indicate that the langbeinite resources

associated with the Unit B-1 that lie within the boundary of WIPP amount

to 48.46 million tons, of which only 13.33 million tons (27.5%) lie

inside the outer boundary of Zone III. For Unit A-i the corresponding

numbers are 27.41 million and 0.9 million tons.

Summary of Conclusions Concerning Potash Resources in the WIPP Site. The

site contains economically mineable reserves of langbeinite and possibly

sylvite. If total rights withdrawal is a requirement to satisfy waste

isolation, then the relevant quantities of potash resources are much

greater than if mining is allowed in the Zone IV, the outer buffer zone.

The relevant quantities are presented in Table 8-9.
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The USGS has estimated that potash resources in southeast New Mexico

(excluding the WIPP site) that meet lease standards are on the order of

5000 million tons of combined sylvite and langbeinite ores. Therefore,

total withdrawal of potash lease rights at the WIPP Site would account

for about 7% of those resources; withdrawal of Zone I, II, and III rights

would account for about 2%. No data are available for the Carlsbad

potash district regarding what percentage of these resources would meet

the standards deemed by the USBM to be mineable under today's

conditions. In addition, the principal potash resource at the WIPP site

consists of langbeinite. No estimates, either by USGS or USEM standards,

are available for this ore alone. The Carlsbad district is the only area

mining langbeinite in the free world. Langbeinite equivalent is produced

in quantity, however, by combining sulfates of potassium and magnesium

obtained from brine lakes. When the site was initially selected, most of

the WIPP lay outside the Known Potash Area, however the 21 hole drilling

program conducted as part of the WIPP potash evaluation resulted in

discoveries sufficient to warrant expansion of that boundary (see Figure

8-1). The expansion conforms with USGS policy that potash resources

meeting the lease standard must be placed within the enclave.

8.4.8 Hydrocarbons

Method of Evaluation. The WIPP site selection criteria dictated that

deep drill holes (defined as those that penetrate through the Ochoan) be

excluded from Zones I, II, and III. The objective was to maintain a one

mile buffer between deep holes and Zone II, the zone in which waste is to

be stored. This particular criterion is restrictive, because much of the

Delaware Basin has been penetrated by wildcat test holes with an average

density of about one hole per square mile. The present site is one of

the few remaining portions of the Delaware Basin in New Mexico which will

satisfy the criterion pertaining to deep holes. The absence of extensive

drilling is due in part to the great depth (greater than 10,000 feet) to

potentially favorable gas formations. In addition, potash deposits north

and west of the site area precluded oil and gas exploration in those

directions. Federal and State regulations have set aside potash
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..neralized areas to protect underground mining operations from

accidental entrance of methane gas. Therefore, most of the WIPP site is

untested for deep reservoirs that might contain crude oil and natural

gas. The evaluation must rely on projection of surrounding subsurface

geologic information into the site area. There are four petroleum test

holes in Zone IV of the WIPP site. Three holes tested the Delaware sands

and were unproductive. The fourth was a deep gas test (15,000 feet) that

was also unproductive.

The State Bureau of Mines and Mineral Resources performed a regional

evaluation of the hydrocarbon resources in southeast New Mexico which was

then used to further evaluate a four township area centered on the

original ORINL site (Foster, 1974). This report is useful for the current

WIPP site because, as indicated in Figure 8-7, the present site is still

within the area studied.

Data contained in Foster's report provide a basis for estimating total

* hydrocarbon resources that might underlie the site area. By using a

statistical approach, Foster arrived at a possible hydrocarbon content

for each potential productive zone, commencing with the "Ramsey Sand,"

down to the top of the Precambrian basement. The Ramsey, the first

potential pay zone, is located in the upper part of the Delaware Mountain

Group. The lowest zones he considered to be potentially productive were

dolomitic reservoirs in the Silurian/Devonian. His estimate was based on

full development of any prospective area; therefore, total resources were

estimated rather than the economics associated with their extraction.

His resource estimate was based on the premise that geologic conditions

beneath the site were as favorable as elsewhere in the study area and

that each potential zone beneath an untested section would contain a

proportionate share of the statistical average of hydrocarbons for that

zone. The average was derived from success ratios and a conservative

estimate of primary recovery of hydrocarbons as established by past

exploration, developmnent and production.
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A consulting petroleum engineering firm, Sipes, Williamson and Aycock,

Inc (SW&A), was engaged by Sandia Laboratories to conduct an economic

evaluation of hydrocarbons in the site area. Based on known drilling

costs and market conditions, they made a judgment as to what portion and

which formations under the site were worthy of testing. The basic

criterion was reasonable prospect for discovery with an economic reward

to the operator of at least 10% return on his investment plus full

recovery of costs. The essential conclusion of the SW&A study was that

the Morrow unit has a high potential for successful discovery of natural

gas. All other formations present were considered too high a risk to be

the objective of a prudent wildcat test. Naturally, once a Morrow well

was drilled it could encounter shallower productive pay zones, but the

odds of such happening were deemed too speculative to be considered in

the overall economics. The full findings of this study have been

reported by Keesey (1976) .

Structure maps of several horizons beneath the Ochoan evaporites have

been compiled from seismic surveys that were either purchased from

existing surveys or conducted as part of the WIPP site study. While the

main purpose of these seismic surveys has been to understand the geologic

aspects of the site area, they are also valuable for interpretation of

potential hydrocarbon reservoirs. These structure maps were not

available to Foster for his 1974 study, but they were to SW&A during

their 1976 evaluation. The seismic studies have been reported by

*\Mc4illan (1976) and G. J. Long & Associates (1976). Updated structural

interpretations based on later seismic studies are now availa. e. The

recent changes have had little impact on the overall hydrocaroon

evaluation.

Total Hydrocarbon Resources at the WIPP Site. The New Mexico Bureau of

Mines study forms the basis of the evaluation of the total hydrocarbon

resources in the site area (Foster, 1974). We assume there is a

reasonable probability that Foster's estimated resources could exist

under the site. However, this probably represents the upper bound of

exploitable hydrocarbons.
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The validity of the resource estimate rests on the subsurface geology and

statistical probability. The geologic setting under the Ochoan

evaporites is considered to be quite typical for this portion of the

Delaware Basin; therefore the chance of finding oil or gas should

approximate what has been found in similar areas near the site which have

been more fully tested. However, since it is a regional statistical

approach, it is possible that much more or much less than the average

expected resource would be found if the site was actually drilled. The

hydrocarbon evaluation is not as definitive as that for potash, which was

actually confirmed by exploratory drilling. This would be self-defeating

in the case of the deeper hydrocarbon resources since the area was

selected to avoid such deep drill holes.

Foster's evaluation (Foster, 1974) took into account the occurrence of

all known oil and gas accumulations in much of southeast New Mexico

(Figure 8-7). The statistical base encompassed about 42 full townships

equivalent to almost 1 million acres. The reserves for each oil pool or

gas reservoir were estimated from the standpoint of actual or, where

possible, projected production. Areas were then classed as developed or

undeveloped based on the density and depth of drilling. From these data,

Foster (1974) then determined the expected resource per section of land

by assuming that the success of future drilling would have the same

success ratio as in the past. A coincident assumption was that, while

past wildcat drilling avoided the current WIPP site, the past economic

incentive for drilling was low. Also, drilling restrictions pertaining

to the Known Potash Enclave have prevented drilling, particularly on the

west side of the WIPP area. There were more attractive areas available

throughout the basin that satisfied the availability of private venture

for exploration capital. These past constraints do not enter into the

hydrocarbon potential estimates because the characterization of the site

must take into consideration the long-term needs for mineral resources.

Figure 8-8 is taken from Foster (1974). Formations that he considered as

potentially productive are shown opposite the stratigraphic column of

sedimentary rocks underlying the Ochoan evaporites. Table 8-10 then
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shows the potential resource he assigned to the various specific

intervals but which were composited to more gross intervals. Further

explanation is required pertaining to "wildcat" and "acreage" assignment

of reserves.

The acreage method tests the success ratio of producing acreage versus

the acreage considered to have been tested by wildcat drilling. The

wildcat method considered a field, regardless of the number of wells in

that field, as a single discovery. A success ratio was then determined

by dividing the number of wildcat discoveries by the number of dry holes

that were drilled to that formational depth. The acreage method normally

results in a higher success ratio and, therefore, higher reserve

estimates. In-place hydrocarbon resources for each zone within the WIPP

site can be readily calculated from Foster's data by combining his

estimate of in-place hydrocarbon resources per section (640 acres) with

the known area for each zone of the WIPP site. The acreage method was

used to prepare Table 8-11.

While the quantities given in Table 8-11 may appear large, they are

brought into perspective by stating that all of the nearby region, i.e.,

the area studied by Foster, would contain 51 times the resource quantity

under the WIPP site. The factor is simply the ratio of the total area

evaluated by Foster (1512 square miles) divided by the area of the WIPP

site (29.62 square miles). In addition, if hydrocarbon developmlent is

allowed in Zone IV, e.g., by deviated drilling, then the resource that

would be withdrawn is reduced in proportion to the excluded area, i.e..,

from 29.62 square miles down to 12.73 square miles for a 43% reduction in

restricted resources. The hydrocarbon resources remaining in Zones I,

II, and III would account for only 0.84% of the total hydrocarbon

resources Foster has estimated in the area immediately surrounding the

WIPP site.

Estimate of the Economically Recoverable Hydrocarbon Resources. Sipes,

Williamson, and Aycock, Inc. (SW&A) estimated the potentially economic

hydrocarbon resources (Keesey, 1976). Their approach was to review the
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existing geologic information pertaining to the area in and around t he

* site and then to determine if the probability of oil and gas occurrences

justified the risk of drilling and completing a well. The base area

studied by SW&A consisted of a 20 x 20 mile block centered on the WIPP

site (Figure 8-7). All available data were evaluated on each test that

had been drilled within this 400 square mile area, with particular

emphasis placed on deliverability and recoverable reserves.

SW&A found that 60 wells in this area were producing oil and/or gas from

reservoirs in the Delaware Mountain, Bone Spring, Wolf camp, Strawn, Atoka

and Morrow. With the exception of the Atoka and Morrow, all other zones

were considered as presenting too high a risk to justify the cost of

wildcat drilling. Furthermore, even though an Atoka reservoir is being

produced from a well located near the southwest corner of the WIPP site,

SW&A concluded that that particular reservoir is being effectively

drained by the single well. Offset drilling would enhance recovery rate

but not total recovery.

The Morrow was considered to be worthy of testing, because of the high

success ratio of wells drilled to that formation in the area around the

site. Of 26 wells drilled to sufficient depth to test the Morrow, 23

were successfully completed as gas wells. A study of these wells

revealed that the projected ultimate recovery ranged from insignificant

to as much as 5.20 billion cubic feet (bcf) of natural gas. From the

distribution of recoveries they concluded that the average successful

Morrow well would recover 2.074 bcf of gas. This is in fair agreement

with Foster's estimate for Pennsylvanian gas wells; he estimated 3.2 bcf

per Morrow gas well if spaced at 320 acres per well.

Drilling and completion costs were then estimated for wells drilled to

the Morrow (approximately 14,000 ft.). The estimate was $1.4 million.

Using discounted cash flow analysis and the expected delivery rate and

current gas price ($1.42 per 1,000 cu. ft. with 4% yearly escalation)

they concluded that if a well produced 0.7 bcf over its lifetime it would
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recover costs. Since the average well was more than twice this

production, it was apparent that drilling in the site area could be

justified.

Use was then made of the structure map on a limestone reflector horizon

in the Morrow based on data frcm seismic surveys (Figure 8-9) (Long,

1976). Tentative drilling sites were picked with weight given to the

flanks of anticlines because local experience indicates that productive

sand lenses would more likely occur at such localities. A total of 20

drill sites was selected (Figure 8-9). In favorable structural areas

wells were placed on a spacing of 320 acres per well. This spacing is

standard practice for wells of this depth in New Mexico. Depending on

proximity to producing wells and structural favorability, the 20 wells

were ranked as proven, probable or possible. The proven category was

limited to locations that would offset producing wells in the Los Medanos

field. Two locations were designated as proven, nine as probable, and

nine as possible.

The ultimate recovery of wells was adjusted to take into account the risk

factor associated with wildcat drilling. Proven wells were assigned

production of 2.07 bcf, probable wells 1.64 bcf, and possible wells 1.33

bcf per well for the southwest quadrant of the WIPP site. The estimated

reserves for locations in other parts were placed at 2.09 bcf for

N I probable and 1.67 bcf for possible reserves. No locations could be

/considered as proven. The higher reserves assigned to these locations

were considered justifiable because shallower pay zones may be discovered

on the way down to the Morrow. This calculation yielded a total reserve

of 36.85 bcf of natural gas under the WIPP site (Table 8-12). Some

distillate would accompany this gas production. Foster (1974) estimated

that Pennsylvanian gas is accompanied by 14,950 barrels of distillate per

bcf of natural gas produced. Therefore, the 36.85 bcf of reserve under

the site should be expected to be accompanied by 550,900 bbl distillate.

Of the 20 drilling sites selected, 7 lie in Zone IV, 2 of which are

ranked as proven, 4 as probable, and 1 as possible. The aggregate i
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reserve of these 7 wells is 13.38 bcf of natural gas and 200,000 bbl of

distillate. If drilling is allowed into Zone IV these hypothetical

reserves could be recovered. The net balance that would be

non-recoverable because of restrictions on drilling in Zones I, II, and

III is 23.47 bcf of natural gas and 350,000 bbl of distillate.

Summary of Conclusion Concerning Hydrocarbon Resources. Table 8-13

summarizes the findings of the New Mexico Bureau of Mines resource study

and the SW&A economic evaluation of the part of those resources

considered attractive enough to be developed by the petroleum industry at

1977 prices and drilling costs.

The hydrocarbon resources remaining under the WIPP, if Zone IV is

developed, amount to about 0.84% of that projected by Foster for the

vicinity of the WIPP site. The total economic reserve, including Zone

IV, amounts to approximately 90 days production of dry gas from southeast

New Mexico.

8.4.9 Metalliferous Deposits in the Precambrian

Even the deepest oil/gas test near the WIPP site has not penetrated deep

enough to encounter the Precambrian basement. A regional survey of test

holes has been done by Foster and Stipp (1961). The basement may consist

of slightly metamorphosed rhyolites and tuffs known as the Panhandle

Volcanic Complex (Flawn, 1954). Such rocks hold potential for sulfide

deposits. Geophysical techniques (induced polarization or

electromagnetics) have a detection capability scarcely exceeding 1000

feet, while the Precambrian is at median depth of 18,000 feet beneath

ground level at the WIPP site. No evaluation, therefore, is feasible for

sulfide deposits. The depth is greater by a factor of almost two over

the deepest mines in the world. Therefore, resources in the basement

rocks, should they exist, are not likely to be attractive targets for

exploitation.
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8.5 SUMMARY

Potassium salts and fluid hydrocarbons are the only two resources thought

to be economically significant in the WIPP site area. The depth, volume

and richness of the deposits are the principal factors which will

determine when and if they might be exploited by a free-enterprise

system. Such economic evaluation has been conducted and reported in the

WIPP Environmental Impact Statement. Because economic aspects change,

they are not so relevant to site characterization as they are to

assessing the impacts of constructing the WIPP facility. Hence, in this

chapter, amounts and types of resources will be discussed rather than

their present economic value. The principal findings of resource studies

are summarized in Table 8-1.

If reasonable technologic and economic restraints are considered for

extracting, processing and marketing the resources then both the amounts

and types of exploitable deposits are greatly reduced. Only potash and

natural gas are considered to be significant in this respect (see Table

8.2). Even these reduced quantities should be considered as upper

estimates because of these assumptions: 1) complete mineral lease

ownership by a single company and 2) no conflict between the simultaneous

development of the shallow potash deposits and the deep gas reservoirs.

Economic resources are further reduced by allowing the mining of potash

and recovery of oil and gas by deviated drilling in Zone IV, the outer

£ buffer zone. If this is the case, then economic resources lying in the

inner zones are limited to those given in Table 8-3.

Caliche, salt, and gypsum are also present, but the abundance of these

minerals throughout the region leads to the conclusion that land

withdrawal for the WIPP will have little effect on present or future

requirements for them. Consideration was also given to the possible

presence of uranium in redbed-type sediments that overlie the

evaporites. The conclusion is that no significant uranium deposit

exists. Lithium occurs in a brine reservoir within the Castile Formation
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0 northeast of the present site and may be present in a similar reservoir

to the southwest. However, care has been taken to avoid such brine

reservoirs within the site area. Consideration was also given to the

possible existence of metalliferous deposits in the Precambrian basement

under the site. However, the depth (about 18,000 feet below the ground

surface) to Precambrian rocks would preclude mining even if mineral

concentrations were present. No geologic or geophysical evidence exists

to suggest that deposits are any more likely in the basement rock of the

WIPP area than elsewhere in the region.
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TABLE 8-2

POTENTIAL ECONOMIC RESOURCES AT WIPP SITE

Resource Quantity Depth Richness

Sylvite 27.43 x 10 6 tons 1,600 feet 13.33% K 20

Langbeinite 48.46 x 10 6tons 1,800 feet 9.11% K 20

Natural Gas 36.85 x 10 9cu ft 14,000 feet 1,100 BTU/cu ft

Distillate 0.55 x 10 6bbls 14,000 feet 53 0 API



TABLE 8-3

ECONOMIC RESOURCES WITHIN ZONE I, II AND III AT WIPP SITE

Resource Quality Depth Richness

Langbeinite 10 x 10 6tons 1,800 feet 10% K 20

Natural Gas 20 x 10~ 9cu ft 14,000 feet 1,100 BTU/cu ft

Distillate 132 X 103 bbls 14,000 feet 53 0 API



TABLE 8-4i

ORGANIZATIONS RESPONSIBLE FOR RESOURCE EVALUATION AND

KEY REPORTS CONCERNING RESOURCES

Organization Responsibility Reports

U.S. Geol Surv. Potash Resources as John et al. (1978)
related to ore grade and Jones (1978)
volume

U.S. Bur. of Mines Determination as to what USBM (1977)
extent the potash resources
reported by U.S.G.S could
be economically mined and
refined under today's technology
and market

N.M. Bur. of Mines Definition of resources Siemers et al. (1978)
and economics for caliche,
salt, gypsum, brine, sulfur
and uranium

N.M. Bur. of Mines Oil and gas resources of a Foster (1974)
four township area which
includes the WIPP site.Sipes, Williams and Determination of the Keesey (1976)

Aycock, Inc. economic viability of
hydrocarbons under the WIPP
site

G.J. Long & Assoc. Intrepretation of structure Long (1976),
Inc., Permain of Paleozoic sediments McMillan (1976)
Exploration Co. beneath Ochoan evaporites.

These studies were useful
in evaluation of hydrocarbons
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TABLE 8-6
STANDARD CONDITIONS FOR POTASH RESOURCES

Class Type Ore % K 20 Thickness, ft

Low Langbeinite 3 4
Sylvite 8 4

Lease Langbeinite 4 4
Sylvite 10 4

High Langbeinite 8 4
Sylvite 14 4

Reference: John et al, 1978.
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GCR Chapter 9

SPECIAL STUDIES

9.1 INTRODUCTION

The special studies presented in Chapter 9 cover issues of particular

interest because the site is being characterized for radioactive waste

isolation (the WIPP). The first special study presented is that of

determining the thermophysical behavior of Southeastern New Mexico (SENM)

rocks for mine design and the effects of heat-producing wastes, if placed

in the WIPP. The second special study is to determine the site-specific

sorptive capacities of SENM rocks for radionuclides flowing with SENM

groundwaters. Characterization of the sorptive capacities of SENM rocks

is required for safety assessment analysis of hypothetical failure

events, not for site selection. Both of these studies are by no means

complete and are continuing. The information presented here is an

indication of the status of these studies in midyear 1978. Tabulations

of test data are left to the references and future reports on specific

subj ects.

. 9.2 TEERMOPHYSICAL PROPERTIES

9.2.1 Introduction

The thermophysical properties of New Mexico rock salt are being

investigated to support the structural mine design and to evaluate the

overall stability of bedded salt for the WIPP. A goal of this program is

to develop constitutive relations which can be used in design and

long-term stability calculations, commonly by finite element analyses

(Dawson and Tillerson, 1977). Specific concerns are the stability of the

facility during its life, the influence of ground motions on waste

retrieval capabilities, and the effect of waste emplacement on the long

term containment potential. The program was initiated in 1975.

Rock salts are weak, anelastic geological materials. They exhibit

nonlinear response under practically all loading conditions at

temperatures and pressures normally encountered in mining. Since salt
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can experience large strains prior to failure, openings even at very

shallow depths have been known to completely close and heal (Baar, 1977).

In long-established active mining districts, careful in situ observations

and measurements have provided a basis for making reasonably reliable

predictions of room deformation and failure (Baar, 1977). Some of this

knowledge is applicable to the WIPP, although it cannot be directly

applied to the WIPP because the behavior of rock salt is dependent upon

the site, facility design, temperature and time involved. The rock

mechanics program considers the particular problems posed by the

longevity of the WIPP and by the unusual combination of mechanical and

thermal loading anticipated in the repository.

Laboratory experiments have been severely criticized by some for not

realistically representing in situ conditions, (Baar, 1977). However,

laboratory experiments on rock salt are a useful step in material

characterization, to establish limits of behavior. Ultimately,

laboratory and in-situ test data coupled with modeling should lead to

representative descriptions of material and structural behavior. As the

WIPP is developed, in situ monitoring should enhance the validity of

laboratory and modeling results.

The thermophysical behavior of rock salt has been modeled through various

approaches, (e.g., Bradshaw and McClain, 1975; Fossum, 1977; Langer,

1967; Mraz, 1978; St. John, 1978; Serata, 1966, 1968, 1970; Serata and

Cundey, 1978; Thompson and Ripperger, 1964; Thorns et al., 1973; Wahi et

41. i., 1978). A widely accepted model which can translate laboratory data

into a prediction of in situ salt behavior has not been developed.

Three broad areas were studied to identify the relative and site specific

importance of various southeast New Mexico rock salt thermophysical

properties. These three areas of study consist of: 1) petrography

relevant to physical and mechanical properties, 2) general physical

properties (density, moisture content, resistivity, etc.), and 3)

thermal-mechanical properties (quasi-static and creep parameters).
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Petrographic studies were conducted on mineralogically characterized core
from AEC 7, AEC 8 and ERDA 9 to investigate structural petrographic

changes between natural and experimentally-deformed samples (Callender &
Ingwell, 1977). Identification of failure mechanisms by petrographic
analyses will assist in selecting models to describe rock behavior.

Physical properties being measured for selected core include density,

moisture content, porosity, permeability, electrical resisitivity,
ultrasonic velocity, and thermal conductivity. Additional gas and brine
permeability measurements are in progress at Sandia both on
experimentally undeformed and deformed samples.

The following mechanical properties are being measured: uniaxial

compressive strength, indirect (Brazilian) tensile strength,

stress-strain behavior and ultimate stress in quasi-static triaxial
compression, elastic moduli, principal strain ratios, elastic limit
("Yield" stress), and creep rates. Additional tests address the effects

of specimen machining, specimen aging due to stress relief during and
after core retrieval, and specimen size, all of which could limit the
field applicability of laboratory-determined results. The influence of
sample size may be partially inferred from published data (e.g.,

Uhlenbecker, 1968; Dreyer, 1972; Szeki, 1978).

The data base for physical and thermal properties determined from core
from the WIPP study area is still being compiled, and tests are

continuing. Moreover, most of the results obtained to date pertain to
rock salt alone, as opposed to other members of the stratigraphic column

above and below the proposed repository horizons.

9.2.2 Petrography

Approximately 35 samples of experimentally undeformed and deformed salt
were macroscopically and microscopically examined for mineralogy, fabric,

and induced structure by J.F. Callender and T. Ingwell of the University
of New Mexico (1977). Mineralogy of rock salt from southeast New Mexico

has been described in detail in Chapter 7.
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Between the depths of 1,000 and 2,000 feet, the samples are predominantly

halite (NaCi) (range 47-98 percent) with lesser amounts of anhydrite

(CaSO 4) (range 0-15 percent), polyhalite (K 2MgCa 2 (S04 ) 4.2H 20)

(range 0-18 percent), and clay and silt (range 0-44 percent). Halite is

usually present in the core, except in samples from anhydrite layers and

polyhalite seams. Anhydrite, clay and silt are generally present, while

polyhalite occurs less commonly. Detailed stratigraphy of the WIPP study

area is presented in the ERDA 9 corehole lithologic log, Figure 4.3.3.b.

Fabric In general, the undeformed rock salt specimens do not show

well-developed linear or planar fabrics, aside from uncommonly-observed

bedding. Locally, however, halite crystals show a faint to strong

elongation, probably due to readjustment to local stresses. Certain

fabric features within the cores may presumably have important local

effects on salt deformation. These features include bubble trains,

hopper crystals, cleavage, glide planes, grain boundaries, and clay zones

(Callender and Ingwell, 1977).

Bubble trains are commonly aligned along cleaveage traces or grain

boundaries in halite. The bubbles generally contain fluid, although some

may also be gas or partially solid-filled (see section 7.6). Fracturing

in experimentally deformed cores locally follows the bubble trains, and

they are likely the site of small-scale structural weaknesses within

halite. Once such fractures heal, the zones they followed become

stronger than before (section 7.6) Hopper crystals, generally filled

with clay, also tend to grow and be aligned along halite cleavage

/planes. In a number of samples, small-scale fracturing, induced by

sample preparation or by disturbance during the coring operation in the

field, is associated with zones of hopper crystals.

Cleavage, and fracture related to cleavage, is observed in halite. In

euhedral, generally recrystallized, halite, the cleavage direction and

grain boundary are coincident. In these cases, deformation along trends

parallel to grain boundaries should certainly be facilitated. Similar

relations, though less common, exist in subhedral halite. Translation



9-5

glide in halite is an important dislocation mechanism and has been

described in the literature (c.f., Buerge, 1930; Clabaugh, 1962). Two

glide planes, (110) and (001), have been recognized in both undeformed

and deformed salt.

In summary, a local concentration of discrete fabric elements (e.g.,

hopper crystals, bubble trains) may be as statistically significant as

planar or linear elements (such as bedding, cleavage alignment, or

elongation) for the structural evaluation of the core, and local zones in

deformed salt may play an important role in establishing fracture

patterns.

Fracture. Analyses of fracture patterns in salt to date have been

complicated by induced fracture during sample preparation and the field

coring procedures used to obtain samples. The recognition of these

induced fractures is generally fairly straightforward; however, the

persistent question of local induced fracture arises during detailed

study, and is a problem which cannot be easily resolved. Fortunately for

the petrographer, many fractures are filled with clay, anhydrite, and

polyhalite; these filled fractures give some insight into patterns in

material before laboratory testing since they are clearly not a result of

sample handling.

In general, fracture in undeformed salt core is relatively minor and is

commonly associated with cleavage or grain boundary adjustments. It

appears that fractures may have remained open at some stages of

diagenesis for a sufficiently long period of time to be filled by sulfate

or other solutions. A few unusual fracture geometries have been noted:

en echelon fractures, generally with their major trend parallel to

cleavage; circular fractures commonly around hopper crystals; fracture

refraction across grain boundaries; jog and kink fractures; and fracture

and local extension along glide planes. The number of fractures observed

in the laboratory resulting from relief of the in situ confining stresses

is unknown. Clay, anhydrite, and polyhalite have apparently flowed in

some undeformed samples. Perhaps the best evidence for this statement is
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local well-defined linear fabric in polyhalite and anhydrite, and the

inclusion of halite in clay along grain boundaries.

In samples severely deformed by laboratory testing, fracture patterns are

easily observed. In one sample a well-defined zone of cleavage and

glide-plane fracture developed at about 40 0 to the compressional axis.

Apparently, a network of interconnected fractures has been established in

this zone which respects neither grain boundaries nor grain size. In

contrast, another sample suggests that local fabric elements,

particularly clay-rich zones, may affect fracture geometry and that

planar fracture fabrics may not be as well-developed in clay-rich samples.

Fracturing of halite can be generated in the laboratory at relatively low

confining pressures ( < 1500 psi) and moderately high strains (5 to 12

percent); this fracturing induces a fracture porosity in the material.

At higher confining pressures, rock salt displays ductile behavior and it

is difficult to induce fracturing. The position of the fracture pattern

observed in the laboratory is related to both the stress direction and

the local fabric elements. In addition, the crystal lattice of halite

permits, through defects and crystallographic constraints (c.f., Birth

and Lothe, 1968), a complex dislocation system to develop.

9.2.3 Physical Properties

Measurements of physical properties of rock salt pertinent to the design

of the WIPP have been conducted by several investigators. Some

>representative data are summarized in Table 9.2.3-1.

Density and Resistivity. Measurements were made on full dimension (4-1/2

inch diameter) core. The density determinations were performed following

conventional laboratory procedures for determing bulk rock densities

utilizing the buoyancy method. Commercial grade kerosene was used for

buoyancy measurements. Direct current resistivity determinations were

made using current densities of less than 0.20 microamperes per square

centimeter (Elliot, 1976), and by downhole geophysical measurements

(Griswold, 1977).
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Volatile Mass Loss. Total volatiles, including water, were obtained by

heating samples of Salado salt from the proposed repository levels to

3000C in several stages. Static weight loss determinations 'were made

at each stage of heating (Kopp & Combs, 1975) and were reported in

section 7.5.3.. In addition, thermogravimetric analyses were made by

suspending powdered samples from a microbalance while dry nitrogen flowed

over the sample. The samples were heated at 50Cmnt until the

temperature reached 500 0Cand held there until gas evolution had ceased

(see section 7.5.2 for details and data).

Permeability. Gas permeability of SENM rock salt has been measured for

pressures up to 5000 psi and at room temperature to determine the

tightness of the host rock to any gases evolved in the WIPP. The data

developed by Sutherland (1978), are for argon gas at confining pressures

to 2000 psi. A plot of permeability test results is shown on Figure

9.2.3-1. Sutherland's data demonstrate the influence of confining

pressure (crack closure and healing) on permeability. Preloading of

samples to near lithostatic confining pressures is required to obtain

reproducible data in laboratory experiments. Other gases (air, nitrogen,

argon) were measured by Core Labs (1977), Terra Tek (1978), and Shelby

(1978). The Core Labs' tests followed API standards, however, they did

not allow for crack healing. Shelby tested single crystal NaCl. The

results of these measurements illustrate the following:

(1) There is no correlation between measured permeabilities for

as-received (stress-relieved) core samples;

(2) Samples behave as if they are "healing" when subjected to a

confining pressure on the order of their original in situ

pressure (illustrated on Figure 9.2.3-1).

(3) After an initial "healing" or "consolidation"n period, the

polycrystalline samples tested by Sutherland (1978) and Terra

Tek (1978) have measured permeabilities of less than 0.05

microdarcys (the limit of resolution of their permeability

measurement systems);
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(4) There is little or no gas flow through the salt single

crystals (less than 1 picodarcy) in the single crystal test

apparatus of Shelby (1978). Therefore, the preferred flow

channels through a core sample are believed to be along

crystalline boundaries.

Thermal Conductivity. The thermal conductivity of several rock salt

samples from core of AEC 8 were determined by a longitudinal heat flow

apparatus. This apparatus was designed specifically for use with

geologic core sections. Constant power is supplied to a heater at one

end of the specimen until thermal equilibrium is established. The heat

flux transducer and thermocouple outputs are then recorded allowing the

thermal conductivity to be calculated from the readings (Acton, 1977). A

plot of test results is shown on Figure 9.2.3-2.

Sonic Pulse Velocity. Measurements of compressional wave velocity were

made both on laboratory samples (Kent and Wawersik, 1976) and by down

hole geophysical methods (Griswold, 1977). Laboratory measurements were

made both parallel and perpendicular to the core axis. No signficant

variations (less than 0.02 Km/sec) were observed between the axial and

transverse values of twenty measurements. The laboratory data were

within 15% of the downhole geophysical values.

Summary of Data. Some physical properties are summarized in Table

9.2.3-1. In addition, permeability data are plotted on Figure 9.2.3-1

and thermal properties are shown in Figure 9.2.3-2. The experimental

Sdata are presented in the referenced documents.

9.2.4 Thermomechanical Properties

Introduction. It is the goal of laboratory stress-strain tests to

develop constitutive relations which can be used in structural

calculations. As the program progresses, a combination of finite element

calculations using data obtained in the laboratory, empirical mine design

methods and in-situ validation studies will serve to evaluate, in detail,

certain aspects of the final WIPP design.
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To achieve a valid and practical description of the behavior of rock salt

from experiments in the laboratory, several programs are being

conducted. These are: (1) Measurement of the mechanical response of

SENM rock salts and other nearby rocks (e.g., anhydrite) over the domain

of stresses and temperatures which may be expected in the WIPP; (2)

Developmnent of general models based on test results that are applicable

to differing stress deformation and/or temperature histories; (3)

Determination of mechanisms governing salt response in sufficient detail

to allow the extrapolation of laboratory measurement in time; and finally

(4) Establishment of relationships between laboratory samples of rock

salt and salt masses in-situ.

This report summarizes the first series of laboratory tests, consisting

primarily of short term "quasi-static" tests. These tests served to

compare the response of WIPP salt with rock salts from other horizons and

locations and to effectively scope the rock behavior for planning the

long term creep tests. Tt is recognized that short term test behavior

may be only partially indicative of long term behavior. Not all of the

data developed is presented, particularly where detailed information has

been published elsewhere. Instead, test values have been selected which

are felt to best represent the behavior of the WIPP rock salt. Too few

repetitive tests have been performed thus far to determine statistical

significance of the data. This is due to the long times required to

perfo3rm tests and the limited amount of rock salt core available to this

test program from specific horizons of interest to WIPP.

A deliberate attempt was made to encompass a broad range of parameter

variations including confining pressure and principal stress difference,

i.e., mean stress and deviator stress, as well as temperature, time,

loading rate, loading path, handling history, and specimen size. These

variations covered a wider spectrum than might ordinarily be required to

support the design of conventional mines or solution cavities. The

approach is predicated on the unusual combination of anticipated

mechanical and thermal loadings associated with WIPP. The experimental

program plan also tried to address specific questions, for example,
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concerning the effect of loading path, which were raised by critics of

conventional quasi-static experiments in the past (Baar, 1977).

Testing was primarily conducted on rock salt samples from three horizons

in the Salado Formation. The two horizons at 2,100+ feet and 2,600 to

2,700 feet represent the relatively pure halite from the proposed

contact-handling (CH) and remote-handling (RH) levels, while the third

horizon at 1,900 feet was chosen for study because it is clay rich salt.

The testing program through the summer of 1978 was generally divided into

two segments, quasi-static tests and creep tests. Quasi-static

properties were generated over a range of loading rates from d/dt

(al -a 3 ) of 150 to 215 psi/mmn (RE/SPEC Inc. data, Gnirk et al., 1973,

Hansen and Mellegard, 1977) to loading rates of 30 to 60 psi/min (Sandia

data, Wawersik, 1977, 1978c). The 30 psi/mmn loading rate was chosen to

match that of published data (Dreyer, 1972, Menzel and Schreiner, 1977).

Creep tests were carried over a range of confining pressure 0 <a3<

3,000 psi, deviator stresses 1,500 < ( a 1 - a 3 )< 6,000 psi, and

temperatures of 24 0 < T < 1000C with a duration of up to 70 days.

These loading rates were arbi7trarily chosen as a means of scoping the

behavior of SENM rock salt under conditions that may be encountered in

the WIPP.

Apparatus, Experiments, Capabilities, and Data Handling. To support the

determination of material properties of WIPP site rocks, a new triaxial

facility was developed (Wawersik et al., 1976). Based on earlier

experience (Wawersik and Brown, 1973; Gnirk et al., 1973; Wawersik,

1975), the present apparatus has the following capabilities.

The apparatus accepts cylindrical specimens up to 4-1/4 inches
diameter by 8.5 inches in length to accomodate the coarse grain size
or rock salt.

The system has a pressure rating of 10,000 psi; this is adequate to
perform variable load path tests, for example, in triaxial
compression, in triaxial extension, at constant maximum compression,
etc.
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The equipment is suitable to conduct both quasi-static tests and
creep experiments.

Specimens can be heated uniformly to approximately 2500C in
short-term tests and to 20000 to 2200C in long-term experiments.

Controlled, known temperature gradients can be applied for studies
of fluid migration.

The equipment provides access to both specimen ends for possible
venting or for measuremnents of pore pressure and permeability and
for application of pore pressure, etc.

It provides both axial and radial deformation measurements. For
uniform lateral deformation, this oombination of strain measurements
yields shear and volumetric strains.

The apparatus is equipped with multiple feed-throughs for use of
instrumentation inside the pressure vessel.

Normally, hydrostatic and deviatoric loading are decoupled so that
the hydrostatic response of all specimens can be defined and, more
importantly, so that linear and bulk thermal expansion measurements
can be determined as a function of temperature and pressure.

The apparatus and procedures allow for large, relatively
unrestrained sample deformation.

Details of the test equipment (ranges, calibration procedures and

precisions) are discussed elsewhere (Wawersik, 1975; Wawersik et. al.,

1977; Wawersik, 1978a).Material and Test Specimens - The rock salt

studied was machined from 4-1/4 inch diameter core obtained from zones at

depths of 1,900 feet, 2,100 feet and 2,600 to 2,700 feet. Sample

machining consisted of cylindrical and flat-end grinding following

documented procedures which were designed to minimize the thickness of

any shatter zones at the specimen surfaces. Alternatively, specimens

were obtained by means of standard coring tools. Final specimen

dimensions were nominally 2 inches or 4 inches in diameter, with a
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length-to-diameter ratio of at least two. After machining, the

cylindrical surfaces of all samples were coated with a protective layer

of RTV silastic.

Quasi-static Rock Salt Properties. Quasi-static testing was conducted on

WIPP salt under hydrostatic pressures to 5,000 psi. Deviatoric loading

tests were performed to 3000 psi confining pressure and to temperatures

of 200 0C. variables of interest were: pressure (confining pressure,

mean stress), principal stress difference (deviator stress), time

(loading rate), temperature and load path. A separate study of the role

of the intermediate principal stress will also be initiated. The

importance of the foregoing variables was suggested by prior mine

measurements and by existing laboratory data (for example Schmidt, 1937;

U.S. Corps of Engineers, 1963; Le Comte, 1965; Hofer and Thoms, 1968;

Schlichta, 1969; Carter and Heard, 1970; Bradshaw and McClain, 1971;

Dreyer, 1972; Heard, 1972, Serata et al., 1972; Kern, 1973; Menzel and

Schreiner, 1977; Baar, 1977).

The term quasi-static is used in the conventional sense to denote a fixed@

slow rate of loading. To avoid misunderstandings and undue

generalizations of these data, it is emphasized that most quasi-static

experiments were carried out at particular loading rates, e.g., 30

psi/min. It is important to realize that any data concerning the

mechanical behavior of WIPP rock salt under different loading conditions

'~must be inferred with proper regard to the time-dependent nature of the

material (Wawersik and Hannum, 1978).

Quasi-static data available to date include approximately 75 uniaxial

compression and indirect Brazilian tension tests at ambient temperature

on core from drill holes AEC 7 and 8 (Hansen and Gnirk, 1975). These

experiments were performed under the direction of Oak Ridge National

Laboratory prior to June, 1975. They include approximately 20

experiments on anhydrite and 5 tests on polyhalite. More recent

quasi-static data include approximately 50 tests on selected specimens

from the potential WIPP repository horizons (Wawersik et al., 1976;
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Hansen, 1977; Hansen and Mellegard, 1977, Wawersik and Hannum, 1978).

Samples were machined from core of drill holes AEC 7 and ERDA 9.

Emphasis was placed on the response of rock salt from the storage horizon

at 2600 feet because of the added complexities of elevated temperatures

if heat producing wastes are placed in WIPP.

Selected representative mechanical properties in uniaxial compression and

indirect tension are listed in Table 9.2.4-1.

Quasi-static Triaxial Properties - Representative triaxial data are

listed on Table 9.2.4-2 for a range of confining pressures and

temperatures. Note that both tables 9.2.4.1 and 9.2.4-2 list secant

moduli (stress/total strain) and principal strain ratios ( E:3/E 1) rather

than the elastic constants, that is, Young's modulus, E, and Poisson's

ratio. To calculate the intrinsic elastic constants it is necessary to

separate the nonelastic portion from the total deformation or to move

through stress states where elastic response dominates. This was

* accomplished for New Mexico rock salt recently during unload/reload

cycles.

The constants obtained were 4.55 x 10 6< F_ < 5.2 x 10 6psi and

0.17 < V< <0.24 (Wawersik and Hannum, 1978). These values agree to

within 15% with those which were determined from borehole geophysical

data.

During initial deviatoric loading in the laboratory, nearly all

deformation of WIPP salt was nonelastic (Wawersik and Hannum, 1978). The

actual magnitude of this nonelastic deformation is likely to be sensitive

to the magnitude of the deviatoric stress which the core experienced

during drilling (Wawersik and Hannum, 1978), associated core damage and

subsequent core "relaxation" during core storage and handling.

Combinations of these factors probably account for the variations in

secant moduli and principal strain ratios in tables 9.2.4-1 and 9.2.4-2.

It is common practice in engineering to plot triaxial test data in the

form of Mohr's circles at the ultimate stress. The plots are made in the
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stress space ( cl,T) where a and T denote normal and shear stresses, and

an envelope is drawn tangent to the circles representing the ultimate

shear stress of any value of confining pressure.

When the data from Tables 9.2.4-1 and 9.2.4-2 are plotted, three Mohr's

circles which are normal for SENM rock salt are obtained in Figure

9.2.4-2A in stress space ( a,T) . The ultimate stresses can be

approximated by a straight line (Coulomb) envelope of the form

T = C + a tan 4. In conventional engineering terminology, C is called

the cohesion and 4), the angle of internal friction. In this case, at

ambient temperatures, rock salt from the 2,700 foot level has an apparent

cohesion of approximately 1,000 psi and an angle of internal friction of

330 Similar data for other rocks are being used for mine pillar

design. However, it should be recognized that the validity of these

ultimate stress analyses rests on two assumptions: (1) failure is

independent of the intermediate principal stress, and (2) failure is

defined solely in terms of stresses and independent of strain, strain

rate and time. Both of these assumptions are currently being evaluated

for rock salt.

In contrast to other rocks, it is important to remember that rock salt

undergoes large deformations long before the ultimate stress is reached.

Since these deformations can exceed 15% even at ambient temperature, it

is conceivable that a practial failure condition might incorporate a

maximum deformation criterion. To illustrate this case, a Coulomnb

envelope was constructed (Figure 9.2.4-2B) which defines the stress

magnitudes at an arbitrarily chosen constant value of strain

(E1= 2.5%). This value is the average strain at the ultimate stress of

samples tested in uniaxial compression at ambient temperature and a

loading rate of 30 psi/min. It can be seen that Figure 9.2.4-2B is

different from the ultimate stress envelope in Figure 9.2.4-2A. Clearly,

the shapes of the Mohr envelopes are highly dependent on failure

criteria. The values obtained also depend on the manner in which the

Mohr's envelope is drawn. In Figure 9.2.4-2A, a "best fit" straight line

tangent to the circles was drawn; while in B, a parabola was drawn

tangent to the circles.
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Detailed Quasi-static Stress-Strain Relationships. Elastic constants,

ultimate stresses, and stress or strain envelopes are useful for

conventional failure stability analyses where rock is treated either as

an elastic or as an elastic-plastic material. While such analyses have

proven valuable in combination with careful engineering judgement, they

are not always accurate. In view of the time-dependent nature of rock

salt it is especially important that design calculations be based on a

more comprehensive constitutive model. To initiate the development of

such a model, detailed short-term quasi-static stress strain observations

were made to identify the effects of pressure, deviatoric stress, (shear

stress), temperature, and loading history. The influence of time as a

discrete parameter is mainly considered in creep experiments.

Deviatoric Loading at Constant Confining Pressure. Deviatoric loading at

constant confining pressure is the process of increasing the principal

stress difference (deviator stress) from an initial state of hydrostatic

compression. It is a necessary condition to induce substantial salt flow.

Typical quasi-static deviatoric loading data are shown in Figures 9.2.4-3

through 9.2.4-15. The key to these curves indicates sample depth in feet

and (confining pressure in ksi and temperature in degree C). These

stress strain curves depict complete continuous experimental records

which indicate the manner in which all specimens were loaded. Deviator

stress was applied incrementally rather than continuously. Actual force

was raised quickly by some predetermined amount and then held constant

for between 4 and 15 minutes while axial and lateral strains E

and E:2 (= E:3) were monitored in time. The stepwise loading procedure

made it relatively easy to control the mean applied loading rate while

monitoring time dependent strains during load hold periods with a minimum

of experimental error (Wawersik and Hannum, 1978). In most figures,

these details of loading are omitted. As illustrated by the curve for

sample 9-2601 in Figure 9.2.4-3, where smooth fits are made to the

endpoints; of each step in the actual stress strain record. Note that

large changes in specimen cross sectional area at constant force during
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all load hold intervals lead to considerable decreases in principal

stress difference with time (Wawersik et al., 1977, 1978c). Conventional

plots (aY I- G 3 ) versus 61such as Figure 9.2.4-3 relate the present data

to virtually all similar results for rock salt in the literature (for

example, Schmidt, 1937; Heard, 1972; Dreyer, 1972, Menzel and Schreiner,

1977).

Considering Figures 9.2.4-3 through 9.2.4-6, three observations are

particularly noteworthy.

1. Laboratory specimens of New Mexico rock salt have an initial

elastic limit close to zero. Furthermore, this initial elastic

limit appears to be the same following all hydrostatic pressure

histories up to 5000 psi (Wawersik and Hannum, 1978).

2. Pressure appears to have a considerable effect on all properties

of New Mexico rock salt except the elastic constants (Wawersik and

Hannum, 1978). Specifically pressure controls the strain magnitudes&

the ultimate stress and the relationships between the prinicipal

strain (Figures 9.2.4-5 and 9.2.4-6). Pressure effects are

particularly evident at (a1-a3 ) greater or equal 1200 psi.

3. New Mexico rock salt subjected to quasi-static laboratory

compression can undergo substantial dilatancy which is associated

with cataclasis, i.e., microfracturing. The magnitudes of the

observed volume changes were significant particularly at low

confining pressure and amounted to sizeable fractions of the

observed shear strains near the ultimate stress (Wawersik and

Hannum, 1978). Isovolumetric conditions of deformation are

approached only at 3000 psi confining pressure.. However, data at

elevated temperature demonstrate that even comparatively minor

amounts of dilatancy can have a considerable effect on the rate at

which New Mexico rock salt deforms (Wawersik and Hannum, 1978).
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Elevated Temperature Data. Elevated temperature experiments were carried

out in two groups. First, the influence of temperature was considered at

fixed confining pressures, for example, 500 psi (Figs. 9.2.4-7, 8 and

9). Then, the effect of pressure was evaluted at 200'C (Figs.

9.2.4-10, 11 and 12). As expected (Bradshaw and McClain, 1971; Heard,

1972: Dreyer, 1972), temperature reduced the ultimate stress and

increased the ductility (Fig. 9.2.4-7). Increasing the temperature is

qualitatively equivalent to increasing confining pressure at ambient

temperature. Cataclastic effects with considerable dilatancy are

suppressed in favor of deformation modes which proceed at constant, or

nearly constant, volume (Figs. 9.2.4-8 and 9.2.4-9). (Wawersik and

Hannum, 1978)

Influence of Loading History. Effects of loading history are noted in

several studies in the literature (for example, Schmidt, 1937; Sereta et

al., 1972; Baar, 1977). To consider such effects, three sets of

experiments were performed early in the experimental program. First, the

influence of differing hydrostatic loading histories was tested. The

results indicated no measurable effects on the behavior of rock salt from

southeastern New Mexico during subsequent deviatoric loading (Wawersik

and Hannum, 1978).

In the second group of experiments, quasi-static strains were measured as

a function of load path in a conscious effort to separate the influences

of load path and loading history as much as possible. The load paths

employed are shown in Figure 9.2.4-15. They consist of:

1. Conventional triaxial tests at constant confining pressure (load

path I).

2. Triaxial loading at constant mean stress (arm =I(a + a + ar
3 1 2 3

load path II).

3, Deviatoric loading at approximately constant maximum compression

(load path III).
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Figure 9.2.4-13 also identifies one test which combined load path III and

I passing through points A, D, E, G, and H (Wawersik and Hannum, 1978).

Table 9.2.4-3 provides a comparison of strains at several common stress

states of Figure 9.2.4-13 with the strains C , and F-3 are numerically

greatest along the path of constant confining pressure (load path I).

The smallest 61 and £-3 were obtained along the path of maximum

pressure, either confining pressure or mean stress (load path III)

(Wawersik and Hannum, 1978).

To evaluate load history even further, a third set of tests was

performed. In these experiments, one sample was deformed in three

successive stages at 3000, 500, and again at 3000 psi confining

pressure. The response of this specimen was then compared with the

strain behavior of individual samples which had been loaded

deviatorically at 3000 psi and 500 psi confining pressure (Wawersik and

Hannum, 1978). The results of the latter tests are shown in Figures

9.2.4-14 and 9.2.4-15. Notice particularly, that the stress strain

record for the third load cycle of sample 7-2740.5 does not immediately

converge to the stress strain records of specimens 7-2745 and 9-2601.5.

Differences in results are obviously due to the influence of loading

history (Wawersik and Hannum, 1978).

Interpretation of Quasi-static Data - In view of the quasi-static testing

/ to date, as illustrated in the figures, the following observations were

made repeatedly and establish broad guidelines which should be observed

in modeling the thermomechanical behavior of New Mexico rock salt up to

fracture and/or massive flow (c 1 greater or equal 20%).

Rock salt from SENM in the laboratory is nonlinear under all loading

conditions with an initial elastic limit (G - a 3 ) approximately zero.

Its intrinsic elastic properties can be evaluated accurately only in

load/unload/reload cycles provided restrictions are imposed either on the

loading (strain) rate or on the range of deviator stresses. However,

given comparatively nonelastic strains, the intrinsic elastic behavior

does not appear to be very important.
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In the low confining pressure domain (93 < 3000 psi, rock salt behavior
depends strongly on pressure and temperature. Both dependencies are
reflected in ductility, ultimiate stresses and in the variation between
maximum and minimum principal strains or in the variations between
volumetric strains and shear strains (Figures 9.2.4-4, 5, 8, 11, and

15).

A brittle mode of deformation (microfracturing) dominates rock salt
deformation at ambient temperature, low confining pressure, and deviator
stress in excess of approximately 1000 to 1500 psi. Accordingly, the
overriding pressure effect under these conditions is pressure dependent
dilatancy (Figures 9.2.4-4, 6 and 9). Brittle fracture, including creep
fracture, i.e., macroscopic collapse and loss in load bearing ability are
possible. At low (less than 1,000 to 1,500 psi) deviator stress, high
temperature, and/or high pressure, salt deformation proceeds in a
predominantly ductile manner at nearly constant volume. Particularly at
high temperatures, pressure does not appear to further influence the
nature of the governing deformation mechanisms. This is indicated by a
pressure invariance (Figure 9.2.4-11) of the relationship between maximum
and minimum compressive strains (shear and volumetric strains). However,
observed differences in induced strain rate at a fixed loading rate but
different confining pressures indicate that pressure influences the rate
at which the governing deformation mechanisms, cataclastic or ductile

flow, proceed.

It is recognized that available quasi-static stress strain data do not

necessarily describe the properties of New Mexico rock salt over long
periods of time. However, for lack of other information, quasi-static
tests have been used to define the matrices of future creep experiments

and to anticipate phenomena which might occur during creep. For example,
emphasis is being placed on triaxial creep experiments as opposed to

uniaxial tests. Simultaneous measurements are being made of both
volumetric strains and shear strains in creep. Similar tests are not
conducted routinely elsewhere and the apparatus to perform these tests is

at the state-of-the-art in experimental rock mechanics.
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Creep of Rock Salt Creep tests on rock salt are continuing to evaluate

the long-term time-dependent behavior of New Mexico rock salt. Since

August, 1977, two sets of triaxial creep tests have been performed on

core from drill holes AEC 7 and ERDA 9, emphasizing the interval of 2600

to 2800 feet depth. Experiments were carried out over the range

0 <0a3 < 3000 psi, 1500 < ( a -0Y3)

< 6000 psi, and 24 0 < T < 1300C

Results indicate that in principle WIPP salt can undergo both transient

and steady state creep. Furthermore, limited data suggest that steady

state creep rates lie in the range from 10-1 sec -1to 10 -

sec 1, depending strongly on stress state and temperature. Steady

state creep may have to be considered in WIPP design calculations; it was

not included in earlier wastes repository analyses which were conducted

in conjunction with in situ experiments during Project Salt Vault, Kansas

(Bradshaw and McClain, 1971).

To evaluate the nature of transient creep of the WIPP salt, 34 tests were

carried out on NX sized (two inch nominal diameter) core. Tests

durations vary between 0.5 and 500 hours (Hanson, 1977, and Hanson and

Mellegard, 1977). Initial efforts served to evaluate the significance of

transient creep on the possible repository conditions, to establish upper

(conservative) bounds for steady state creep rates at relatively low
deviator stress and temperature, and to test the applicability of a

pillar creep formula which has been widely used (Bradshaw and McClain,

1971):

E t)A( T) ab (9.1)
1 3

The results of present transient creep data demonstrate significant

pressure effects which are consistant with all quasi-static observations

but are not predicted by equation 9.1.
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is Beyond that, however, at least one block of data appears to support

equation 9.1 which in its generalized form is:

c = F 1 (p)F2 ( ar1 -a 3 )F 3 (T)F(strain or time) (9.2)

Work is now in progress to estimate the error magnitudes which are

associated with the use of equation 9.2 even under restricted conditions,

e.g., (a, 0G3) < 2, 500 psi and a 3< 1,000 psi. To accomplish this,

numerical simulations are compared with the results of independent

laboratory experiments which combine multiple creep runs with

intermittent short-term stress variations at two different temperatures.

Time Dependent Fracture. To determine the long term strength of New

Mexico rock salt, two approaches are being take. First, long-term

laboratory creep tests are conducted to establish a relationship between

strength and time. Obviously such tests are time consuming. Second,

failure times may be calculated from creep flow and from estimates of the

amount of nonelastic strain at the point of fracture. The nonelastic

failure strain can be estimated by means of an empirical procedure which

establishes a relationship between creep, time dependent fracture and

quasi-static post failure characteristics (Wawersik, 1972). If this

technique is applied to New Mexico rock salt, it appears that the range
of stable creep prior to fracture at ambient temperature is:

6< 2.5 to 6% at a 3= O psi

6 < 17 to 20% ate a =500psi

Substantially greater stable creep occurs at a 3 = 3000 psi confining

pressure (Wawersik 1977). On Figure 9.2.4-18, photographs of core

samples from ERDA #9 are shown that were deformed during triaxial testing

(Hansen and Mellegard, 1977). Notice the large amount of strain test

*Numbers 6and 7have undergone withoutapparent majorphysical damage.
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Applicability of Laboratory Measurements. Several investigations are

underway to define the qualitative and quantitative applicability of

laboratory experiments on WIPP salt to in-situ design predictions. Apart

from numerical validation studies, measurements are in progress to

determine the relaxation of core after drilling and to assess whether

rock salt is damaged during field coring, recovery and storage. The

latter efforts are supported by repeated tests on specimens with known

laboratory stress histories to further define the effects of stress

history, aging and specimen machine. In addition, numerical simulation

are being conducted to balance the magnitude of deviatoric loading of

salt core during drilling.

9.2.5 Suimary and Conclusions

Data from the petrographic and physical properties studies show the WIPP

horizon rock salt has low moisture content (< 0.5%), is essentially

impermeable (< 5 x 10-8 darcy) and has a high thermal conductivity

(= 5.75 watts/in0 k). These properties along with the studies of fabric

and fracture indicate this rock salt is ideally suited from a physical

standpoint for the storage of high temperature nuclear waste.

The initial elastic limit is close to zero for rock salt for any

confining pressure. Although strengths for rock salt are substantial

(unconfined compressive strength to 3700 psi, and modulus to 2 x 10 6

psi) the load bearing ability is dependent on time, temperature and

confining pressure.

It has been shown that rock salt can experience large creep strains (25%)

prior to loss of load bearing capacity. Gradual creep is an acceptable

feature in the design of underground openings in rock salt as it allows

the structure to close without a sizeable reduction in bearing strength

and without the physical damage which is associated with fracture.
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Laboratory testing is continuing to develop a constitutive model to

describe the behavior of SENM rocks. The model will be used in computer

codes to study the structural response of the geologic media to WIPP.

9.3 RADIONUICLIDE SORPTION ON WIPP ROCKS

9.3.1 Introduction

An important mechanism in retarding nuclide movement in groundwater is

sorption. In the following discussion, this term will be used to

encompass all mechanisms pertinent to interaction between nuclides and

geanedia which include ion exchange, adsorption, and precipitation.

The ability of rocks to adsorb radionuclides and hinder their migration

away from a geologic repository for radioactive waste is not a factor in

site selection criteria (Chapter 2). Also, since sorptive affinity is

not a fundamental invariant property of a rock sample, such as is

mineralogy or total volatile content, radionuclide sorption properties

were not discussed in Chapter 7 (Geochemistry). Nevertheless,

quantification of rocks' affinities for radionuclide sorption, however,

is NOT a generic problem which can be solved simply for all rocks. Since

the only rational approach to the problem is to conduct experiments to

determine radionuclide sorption properties for site-specific rocks and

site-specific aqueous solutions, preliminary results of such experiments

are reported as special studies. The results of special studies of

radionuclide sorption are entirely dependent upon experimental

conditions, just as in the measurement of quasistatic mechanical

properties.

In some safety assessment modeling scenarios described for the escape of

radionuclides from WIPP repository horizons, groundwters contact and

leach the waste form, and eventually find their way out of the salt

deposit into the surrounding rock and mineral strata. During this exit,

the nuclide-bearing liquid would contact clay-containing halite in the

repository horizon, polyhalite formations, anhydrite formations, and
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finally the sandstone and dolomite formations which are the bounds of the

evaporites. To a rough approximation, the concentration per unit mass of

a given nuclide, sorbed on a solid mineral phase C sldcan be related

to the concentration per unit volume, in the liquid phase C. iud' by

the relation:

Csolid = Cliquid

where K is generally known as the distribution coefficient, Kd, with

units of ml/g. The use of the term Kd implies an equilibrium condition

for a given reaction which is both instantaneous and reversible. In the

interaction of a nuclide with a complex mineral assemblage, neither

condition may apply and the nuclide sorption observed can result from one

or more sorption phenomena on one or more phases. To prevent confusion

in nomenclature, the term Kd is used in this report, but with the

understanding that what is being measured is a sorption coefficient which

applies only to the system described and for the particular set of

conditions used in making the measurement. Thus, the measurement of "Kd"

does not reflect a fundamental thermodynamic property of rocks and/or

solutions; it is rather a function of the experiment in which it is

measured.

Ideally, sorptive affinities for radionuclides would be measured in situ

in the geological formation of interest using long path lengths and

Navailable groundwater. This is niot generally feasible and must be

supplanted with data generated in a laboratory. Most of this section is

an extract of SAND78-0297, "Interaction of Radionuclides with Geomedia

Associated with the Waste Isolation Pilot Plant (WIPP) site in New

Mexico" by R. G. Dosch and A. W. Lynch. It provides the results of a

series of laboratory Kd measurements for various radionuclides and

samples of different geological media f ran the vicinity of the WIPP site,

and a discussion of the conditions used in making the measurements. The

nuclides chosen for study have either a high potential for leaching

and/or migration, a high radiotoxicity, or a chemistry similar to that of

a nuclide with these properties. They included 137 CS, 85Sr, 131 1,

15Sb, 14Ce, 12Eu, 13Gd, 16Ru, 23Am, 24Cm and 28Pu.
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. A given set of conditions including pH, Eh, particle size, nuclide

concentrations, and brine and/or groundwater simulant composition was

defined prior to starting the work and maintained throughout. The Kd

values reported are considered to be a set of preliminary baseline data

for use in evaluating the effects of changes in those conditions which

will undoubtedly be necessary as more information about the WIPP site

itself and interactions of the waste forms with bedded salt become

available.

The results of some parametric studies with lanthanide elements are also

given. Significant differences in Kd's were observed as a result of

varying pH and nuclide concentrations, and from the addition of trace

quantities of organic contaminants to simulant solutions.

9.3.2 Geological Media

Sample Selection. The geological samples used in this work were taken

from four inch diameter core samples from AEC #8 and ERDA #9 boreholes.

(See Chapters 4 and 7 for descriptions of stratigraphy and mineralogy.)

These include three samples from various rock formations (including the

water-bearing rocks above and below the evaporites), four halite samples

from the Salado Formation, and samples of polyhalite and Cowden anhydrite

also from the Salado Formation.

The selection of the geological media for study was based on both the

hydrology of the WIPP site and surrounding area and on a reasonable

scenario for radionuclide transport from a bedded salt repository. The

Magenta, Culebra, and Bell Canyon formations represent actual or

potential aquifers.

Any path to the biosphere for water which may have contacted and leached

a waste form would involve migration through halite formations, and also

through anhydrite and polyhalite strata interspersed in the halite.

Thus, these materials, along with the clay contained in the halite, are. included in this study as they represent potential barriers to nuclide

migration.
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Sample Preparation. Culebra, Magenta, Bell Canyon, polyhalite, and

anhydrite samples were reduced to a powder prior to use. Clays from the

halite samples were obtained by dissolving core samples in deionized

water, filtering and washing the insoluble residue, and drying at ambient

temperature in air or vacuumi.

9.3.3 Brine and Groundwater Simulants

The bulk of the Kd measuremnents reported herein were done using simulated

brines and groundwater of the compositions given in Table 9.3-1. The

Brine A composition is based on that expected in an aqueous solution in

contact with potash deposits found in the vicinity of the WIPP site. The

Brine B composition is typical of water in contact with halite deposits

in the repository horizons. The groundwater Solution C composition is

based on analyses of shallow groundwaters from the Los Medanos area

(Lambert, 1978) above the evaporites and is intended to represent an

"average" composition.

In determining Kd values for halite particles, saturated brines prepared

from the particular core sample from which the halite had been taken were

used as the liquid phase.

9.3.4 Solution Chemistry

Solutes. The use of simulated brines became necessary as both naturally

occurring brines and core samples from repository horizons are currently

available in very limited quantities. Simulants do offer the advantage

of providing a reproducible matrix which allows for direct comparison of

Kd data generated in different laboratories.

Potential problems in using simulants could arise from the absence of

trace constituents which may be present in natural waters. If these are

common inorganic species, the effect on Kd's would probably be

negligible. However, trace quantities of organic compounds or dissolved

gases such as hydrogen sulfide could produce significant changes in Kd
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values should they tend to form stable complexes with some nuclides. The

effect of trace quantities of organics which may be introduced into the

repository as radwaste is being addressed and is discussed in Section

9.3.8.

Oxidation Potential. In aqueous migration from a deep geologic storage

site, nuclides would most likely encounter both anoxic and aerobic

conditions, in that order, as the biosphere is approached. The potential

effect on Kd values could be many orders of magnitude; however, this

should be limited to nuclides such as U, Np, and Pu which may undergo

oxidation-reduction reactions in the potential range encountered.

Oxidizing conditions have been used to date as they are believed to

produce the "worst case" with respect to migration, i.e., the higher

valence states of the previously mentioned actinides tend to have lower

Kd's, and they will be encountered in any scenario leading to

contamination of the biosphere.

Hydrogen Ion Activity. The effect of the pH is believed to be extremely

important in both the solution chemistry and the adsorption mechanism

involved in the Kd for a given geological media. Problems encountered in

determining Kd values in systems where solution pH is varying are

discussed in Section 9.3.8. Changes in the adsorption characteristics of

clays, oxides, and sone zeolite materials as a function of pH are well

documented (Amphlett, 1964).

The initial pH values of 6.5, 6.5 and 7.5 for Brine A, Brine B and

solution C simulants, respectively, were chosen as being representative

of field pH measurements of natural brines and groundwaters in the Los

Medanos area.

Radionuclide Concentation. Ideally, a distribution coefficient should be

independent of concentration. This condition usually exists only over a

narrow concentration range and, therefore, nuclide concentrations should

be chosen which are samewhat representative of those expected in a
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repository. The problem lies in the fact that little or no data exists

to aid in estimating leaching rates under conditions expected after

closure of a repository. These include glass or other waste forms at

elevated temperature (70-2000c and lithostatic pressure (2000 psi) in

contact with "wet" salt or brine. Another presently unknown variable is

the effect of radiolysis on leaching mechanisms and rates. Available

leaching data primarily result from laboratory leaching experiments with

simulated waste in distilled water at ambient temperature.

In order to simplify both sampling and counting operations in the initial

work, an activity of approximately 1 a Ci/ml was used for all

determinations unless stated otherwise. The corresponding nuclide

concentrations based on the suppliers' analyses of the isotopes used are

listed in Table 9.3-2.

Unless otherwise stated, all distribution coefficient measurements were

made using a single nuclide in the brines or groundwater to eliminate

competing ion effects. The effect of the nuclide concentration on Kd's

is of concern and sone initial work in this regard is presented in

Section 9.3.8.

9.3.5 Experimental Procedures

Apparatus, Sample Size and Sampling. Samples of rock, clay, anhydrite,

polyhalite, or halite were weighed directly into polyethylene dropping

bottles volumes of doped brine or groundwater were added. The ratio of

liquid to solid was typically in the range of 30 to 35. Due to limited

quantities of the clay samples, higher ratios (50-150) were used in

experiments with clays.

The bottles were sealed by placing a piece of polyethylene film over the

opening and replacing the bottle top. Agitation was provided by orbital,

reciprocating, or wrist-action shakers. Samples for analysis were taken

by replacing the polyethylene film with a 0.8pV pore size Gelman filter,

tightening the dropping bottle top down over the filter, and squeezing
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. the bottle to force 0.5 to 1.0 ml volumes into pre-weighed polyethylene

vials. Quantitative volumes were determined from weight and density

measurements. The filters were replaced with polyethylene film and the

agitation continued.

Portions of all "feed" solutions were put in identical polyethylene

dropping bottles, agitated, and sampled at the same time and in the same

manner. The activity in the filtered "feed" samples were used as the

initial solution activity in the Kd calculations.

Analyses. The activity in solutions cotiig17Cs, 85Sr, 16Ru,

13I, 15Sb, 12Eu, 14Ce, or 13Gd was determined by x-ray

spectroscopy. A Harshaw 3" x 3" NaI(Tl) scintillation crystal or an

Ortec VIP Series Coaxial Ge(Li) solid state detector was used. Data was

accumulated and processed by a PDP-11/20 computer system. 99Tc beta

activity was measured using a mica end-window Geiger tube or by liquid

scintillation counting. Alpha activities were determined by liquid. scintillation counting. Since only relative activities are needed to

determine Kd's, units of cpm/ml were used in all calculations.

Equilibration Time. Samples of fission product nuclides were generally

taken after 14-20 and 30-35 day equilibration periods. In some

instances, more frequent sampling was done. Variation in Kd's between

the two sampling times were generally within a factor of two and are

believed to result from changes in concentration due to adsorption on

container walls, filters, or pH changes in both the sample and feed

solutions rather than from rock-nuclide sorption kinetics.

Equilibration times of 170 days were used in the actinide experiments.

This extended period was dictated by delays in acquiring laboratory

facilities rather than by experimental design.
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9.3.6 Kd Data

The results of Kd measurements using the conditions described in previous

sections are given in Tables 9.3-3 through 9.3-11. Each table represents

a different geological sample and contains th Kd's determined for the

various brine/groundwater-nuclide combinations listed and a pH range

including the initial feed pH and final sample pH values. The Kd ranges

given for the fission product nuclides include two or more measurements

made during the course of the experiment. Error associated with these

measurements is certainly the most significant at the high ( >10 4) and

low ( <1) ends of the Kd range, where background to signal ratios are

high or calculations are based on small differences in large numbers.

Two-to-fivefold variations of Kd's between duplicate analyses in these

regions were not uncommon. Another obvious source of uncertainty is

sampling, both in picking a section of core to represent a geological

formation and in taking small samples to represent the core. The

magnitude of error due to heterogeneity in a given core sample is

unknown, as multiple samples were not used in this survey.

9.3.7 Discussion of Kd Data

Cesium. Cesium adsorption from brines "A" and "B" on Culebra and Magenta

samples, representing a potential aquifer region overlying the repository

horizons, is minimal or non-existent with Kd's ranging from 0 to 2.

Adsorption from groundwater C is slightly higher (Kd's from 4 to 10). In

the potential aquifer underling the repository, the Bell Canyon

I Formation, Cs adsorption is significantly higher in the groundwater "C"

simulant than in brine "B". This trend tends to support an ion exchange

mechanism for Cs adsorption.

Similar results are observed on the samples associated with the

repository horizons, with the exception of the polyhalite sample, which

did not adsorb Cs from any of the solutions used.



9-31

Strontium. The adsorption of Sr on the rock samples from potential

aquifer regions was very low with a Kd of 5 being the highest value

observed in both brines and groundwater simulant.

Of the materials associated with the repository horizons, only the

polyhalite sample showed any appreciable adsorption of Sr from the brine

solutions that would be associated with the region.

The interstitial clay in the halite formation shows no tendency to adsorb

Sr from the brine solutions (Tables 9.3-6 and (.3-9), and this may be

attributed in part to the relatively high concentration of stable Sr used

in the simulants. However, the same behavior was observed in an

experiment where a brine prepared by dissolving a halite core and doped

with < 0.3 ppm 85Sr was cycled through a column of the halite particles

from the same core (Tables 9.3-1 and 9.3-11). In this case, only a

slight reduction in Sr activity was observed (which may have resulted

from adsorption on the glass column or Tygon tubing used to circulate the

brine), while 14Ce was quantitatively removed by the halite.

Europium, Gadolinium and Cerium. These nuclides have been grouped

together for discussion because their chemistries are very similar,

particularly with respect to hydrolysis, and secondly, because they

exhibited similar behavior in their interactions with the geomedia from

the WIPP site.

With the exception of polyhalite samples, Kd's of greater than 10 3for

these nuclides were observed on all the geological samples with which

they were contacted. Any interpretation of these data with respect to

mechanism or comparison of the effects of different brines or geological

media is difficult because of the contribution of hydrolysis and

subsequent precipitation to the overall adsorption observed in the

exper iments.

For example, the polyhalite sample which was singled out as having Kd's

0 of less than i03 for these nuclides (Table 9.3-7), also had final pH

values which were lower than the rock or clay samples. Thus, the
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apparent difference in Kd's may be a hydrolysis effect rather than be

related to the polyhalite. The effect of hydrolysis is further discussed

in Section 9.3.8.

Technetium and Iodine. Both of these nuclides are expected to exist as

anionic species in natural groundwaters or brines and were used in the

form of pertechnetate, TcO V and iodide, I, in this work.

Natural ion exchangers typically exhibit extremely low anion capacities,

particularly in neutral or basic solution. In this work, the only

material which showed significant adsorption of pertechnetate and iodide

was a clay sample taken from a halite core (Table 9.3-9). The adsorption

was observed in Brine A and groundwater C, but neither species appeared

to be adsorbed from Brine B. The relatively high concentration of Tc

used may have far exceeded the anion exchange capacity of some or all of

the samples and this possibility is being investigated.

Ruthenium and Antimony. Difficulty was encountered in preparing the

doped "An, "B", and "C- solutions due to the high concentrations of

stable Ru and acid (4NHCl) in the 16Ru solution used. Adjustment of

pH after doping resulted in precipitation of > 95% of the Ru. The final

feed solutions were estimated to contain approximately 0.10]pCi/mi of

10 uin "B" and "C" or 25 ppm, total Ru.

General trends observed in the Kd measurements include: 1) higher Kd's

for the clay minerals than for the rock samples, 2) higher Kd's in

simulants "B" and "C" than observed in "A". The latter effect may be the

result of brine composition, but more likely is a hydrolysis effect as

the final equilibrium pH of "B" and "C" is higher than that in the "A"

brine.

Antimony was added to the group of nuclides being studied late in this

work, and there are not sufficient data available on which to base any

general statements.
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Actinides. The actinides used in this work were supplied as Am(III),

Cm(III), and Pu(IV) solutions and used at face value. No attempts were

made to determine the Pu species present in the simulant solutions after

doping. The nominal activity of the actinides in the solutions used in

this work was 1ijCi/ml,, however, the final activities in the "feed"

solutions were lower. The doping was done by adding the isotope

solutions to containers and evaporating to dryness at roan temperature.

The brines or groundwater solutions were then added to the containers and

the solutions were set aside for several days. The amount of isotope

used was sufficient to provide an activity of 1.0-pCi per milliliter of

solution if the entire amount was dissolved.

In general, the actinide concentrations in groundwater "C" at a pH of

7.3-7.4 are greater than those in the brine solutions in the 6.9-7 pH

range. This is particularly true for 24Cm, where the concentrations

are 2 to 3 orders of magnitude lower in the brine solutions.

Kd values for the actinides of 300 or greater are observed for all the

geological samples if the halite Kd's are based on weight of insoluble

material rather than the weight of the total halite sample. In general,

the Kd values in the groundwater "CH are higher than in Brine nB" which

could result from hydrolysis due to higher pH in the "C" solutions;

however, there are some cases where this Kd order is reversed.

The reasonably good agreement between the Kd values for the clay samples

(Table 9.3-6) and the halite containing interstitial clay particles

(Tables 9.3-5 and 9.3-11) suggests that the halite in the vicinity of the

repository can serve as a barrier to actinide migration.

9.3.8 Parametric Effects

pH and Nuclide Concentration Effects on Kd. The first investigation into

the contribution of the pH of the aqueous phase and effect of nuclide

concentration on the sorption coefficient involved 12Eu sorption from
brines A and B and groundwater C on samples f ran the Magenta and Culebra

Formations.
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The experimental procedure used was the same as that described

previously, except two blank samples of each feed solution were included

instead of one. At the end of a two week equilibration period, the pH of

the samples and feed solutions were measured. One of the feed B and C

solutions was then adjusted so that its pH was equal to that observed in

sample solutions containing that feed. A sodium carbonate solution was

used for the pH adjustment, which was done over a period of three days.

By the time analytical samples of the adjusted feeds were taken, the PH

of same of them had increased and was higher than the corresponding

sample. The p11 of the Brine A feeds was not adjusted as the final values

were the same as those in the samples.

The p1H of the adjusted feeds decreased significantly during the first

three months, probably due to adsorption of atmospheric carbon dioxide

(Garrels and Christ, 1965). The p1H of the solutions contacting the rock

also varied with sane increasing and others decreasing; however, the

change was consistent within a given set of samples containing the same

rock and solution.

Distribution coefficients calculated from both the feed activities and PH

adjusted feed activities after two week and three month periods are

listed in Table 9.3-12.

Europium is apparently more soluble in Brine A than in Brine B at the

same pH or in the C composition at higher pH. The effect of adjusting

the pH in B and C solutions definitely resulted in hydrolysis and

formation of sane species which did not pass through a 0.8pj filter. It

is also of interest that significant decreases in activity in the

pH-adjusted feeds were observed for all Eu concentrations used.

The Effect of Trace Organic Contaminants of Kd's of 12Eu, 13Gd and

14Ce. One of the concerns in estimating migration rates of
radionuclide in aqueous media is the ionic form of the nuclide of

interest. Experiments have shown that the simple ionic forms of most

polyvalent cations interact quite readily with geologic media from the
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WIPP site via ion exchange or other sorption phenomena. These
interactions serve to retard the movement of the ionic species relative

to the aqueous matrix containing them.

The extent of the nuclide-geologic media interaction can be significantly
altered by changes in the ionic form of the nuclide. Examples of such
changes are redox reactions which may result in species of zero or
negative charge types and reactions with available inorganic or organic

ligands to form complex species with different chemical properties. One
such change in properties might be enhanced mobility over that of the

bare ion.

Investigations of the sorption changes due to complexation between
organic ligands and radionuclides have been initiated by Robert T. Paine
of the University of New Mexico. One source of organic ligands which may
be present in large quantities in the repository is the plywood used in
containers for shipping TRU waste. Samples of these containers are being
refluxed in synthetic Brine B at 700C, the maximum temperature expected
in the transuranic (TRU) waste horizon in the repository. The initial

samples of this brine, subsequently referred to as B*, were taken after 5

weeks of refluxing.

Although no significant physical degradation of the plywood was observed
after this time period, chemical leaching did occur as evidenced by the
coffee brown appearance of the brine. Gas chromatograph-mass

spectrameter analysis of the brine indicated the presence of organic
material, but identificaton was inconclusive. Infrared spectroscopy was
used to examine carbon tetrachloride and benzene-acetone extracts from
the brine. The extracted organic material fell into the general class of

esterified rosin compounds, but no specific indentification was
possible. Qualitative observation indicated that the brine contained

extremely small amounts of organic material. Neither solvent system

extracted the colored species from the brine.
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The effect of plywood extract on lanthanide distribution coefficients

(Kd's) was determind by measuring Kd's for 13Gd, 14Ce and 12Eu

between five geologic media fran the WIPP site and the brine B*

containing the plywood extract, and comparing these values with Kd's

obtained in identical experiments using pure Brine B. The results are

given in Table 9.3-13.

Although both the B and B* brines were doped initially with the same

concentrations of tracers, there is a significant difference in the

activity of the final samples taken. This could result f ran adsorption

on the polyethylene containers or hydrolysis and subsequent filtration of

hydrated oxides of the tracer elements through the 0.8pJ filters. In

either case, the effect occurs to a significantly lesser extent in the

brine B*, which is probably the result of interaction between the tracers

and sane ligand extracted f ran the plywood to form canplexes which are

less susceptible to hydrolysis.

The difference in Kd values could also result f ran complex formation.

The ccuplexing ligand may be a rosin derivative, many of which form very

stable compounds with heavy metals. It may also be the species which

causes the brown coloration of the brine. Observation of the analytical

samples taken from the brine B* samples showed that the clay material had

completely decolorized the brine. The other materials decolorized the B*

samples to varying degrees, as given below in order of decreasing color

intensity remaining in solution:

Feed > Magenta > Culebra = Bell Canyon > Cowden > Clay solution(

Similar work will be done using extracts which are being prepared fran

other organic materials expected to be associated with TRU waste such as

rubber gloves, swipes, detergents, etc. Based on lanthanide results, an

experimental matrix will be designed to study the actinide elements.

The Effect of Oxidation State on Radionuclide Sorption. An additional

approach to understanding the behavior of actinides under site specific

conditions in WIPP is the study of the behavior of various oxidation
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states of the actinides (particularly plutonium) in the presence of

various components of the WIPP strata. This work is being performed at

Argonne National Laboratory by Sherman Fried and Arnold Friedman.

Relatively concentrated solutions of actinides (0.01 M) whose oxidation

states were determined by inspection of their optical absorption spectra

were prepared and allowed to react with saturated WIPP brines, and with

rocks from the WIPP site. Since it was assumed that in the final stages

of a WIPP repository oxygen might be absent in the rock salt, the

preparations were made in vacuo to identify species present under such

conditions.

Solutions of plutonium were prepared in such a way that samples sealed in

optical absorption cells at approximately 106 atmosphere of 0 2could

be examined from time to time to observe changes in absorption peaks (if

any) and thus determine the stability of the particular oxidation state

as a function of time.

In the case of plutonium preparations, the isotope 22Pu was employed.

This was done to minimize radiolysis effects (specific activity Pu 24

4.5 x 10 3d/m/pig vs. 1/15 x 10 5d/m/tig for 29Pu). It is felt that

while the behavior of plutonium in these concentrated solutions may be

substantially different than tracer Pu migrating in an aquifer where the

radiation field will be much less, it is nevertheless a good

approximation to the conditions immediately in the vicinity of the

canister when an amount of radioactivity has just leached out.

The various oxidation states of Pu were prepared by electrolytic means or

oxidation by ozone as the case required, in order to avoid the

introduction of extraneous ions which might affect the results.

The solutions of Pu compounds (PuCl 3, PuCl 4 0 and PuO 2Cl2 ) were

prepared directly in the absorption cell. The concentrations were

generally of the order of 0.01 M. In a typical case, 4 ml of saturated

WIPP brine "A" (Table 9.6-1) was introduced into the optical cell and
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evaporated to dryness in a stream of nitrogen. After this operation, the

proper amount of Pu compound was pipetted in the cell and evaporated to

dryness with the salts from the WIPP brine.

The cell was attached to the vacuum line and evacuated until the pressure

was -10O atm. De-aerated water was then distilled under vacuum until

the amount of solution equals that which originally pipetted into the

cell.

These samples of various Pu compounds were examined from time to time

observing any changes in intensity or wavelength of absorption peaks

corresponding to the oxidation state in question.

The resulting samples prepared for measurement of changes in intensity of

the optical absorption spectra are Pu(III), Pu(IV) and Pu(VI) in water,

and in saturated WIPP brine solution.

No definite changes in absorption peaks corresponding to changes in

oxidation state were observed. The Pu(IV) solutions were so dilute,

because of precipitation from the hydrolysis of Pu(IV), that little or no

characteristic absorption peaks could be observed at all. The Pu(III)

solutions, whose absorption peak is at about 6000k1 , also showed little

or no detectable change over the time interval of the experiment (2-4

months).

The Pu(VI) as PuO 2Cl 2, surprisingly, is insoluble in saturated WIPP

brine. The level of solubility is so small that no absorption peaks

could be seen at all. In order to be sure that this case is not one of

very slow rate of solution, the sealed absorption cells are being rotated

with periodic abosorption spectrum determinations.

Sane absorption studies have already been carried out with Pu(IV) and

Am(III) on anhydrite and dolomite from the WIPP site (see previous

sections).
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. Work is presently underway with the Argonne National Laboratory

Analytical Chemistry Group to develop procedures for the determination of

the oxidation potential of WIPP salt, dolomite and anhydrite slurries,

particularly those employing oxidation-reduction indicators.

Crude reaction rates and K D values of Pu(III) and Am(III) with Magenta

and Culebra dolomites in waters that have been equilibrated with the

individual rock are in the table.

Rock Type Radionuclide Reaction Time (hr) KD

Magenta (gypsiferous Pu 50 41

dolomite)

Am 400 47

Culebra (silty

dolomite Pu 1 19

Am 1 84

It should be understood that these reaction rates are crude and that the

K Dvalues are somewhat indeterminable because of varying quantities of

radionuclides "plating out" on the walls of the containers. These

experiments will be repeated as a function of temperature. Since these

determinations were made on tablets of rock of known dimensions, the

surface absorption coefficients can be calculated, these perhaps being

more applicable to migration along fissures and cracks, where the surface

absorption coefficient is

= activity/ml liquid

activity/cm 2solid

The installation of a controlled atmosphere box has made it possible to

study the absorption of the various oxidation states of Pu without the

perturbing effects of atmospheric oxygen.
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9.3.9 Summary

A survey of the potential of geological media from the vicinity of the

Waste Isolation Pilot Plant site in Southeastern New Mexico for

retardation of radionuclide migration via an aqueous carrier has been

completed. Solution simulants representing water in equilibrium with

potash minerals or halite zones and a typical groundwater were spiked

with radionuclides and contacted with geological samples to obtain

sorption coefficients, Kd's. The samples were taken from potential

aquifers above and below the repository horizons and from bedded salt

deposits in the repository horizons. The nuclides chosen for study

represent those with a high potential for leaching and/or migration, high

radiotoxicity, or those with a chemistry similar to nuclides with the
aformentioned properties. They included 137 C'85 S,131 1,99 c

125S 14 C, 52Eu, 13Gd, 16Ru, 23Am, 24Cm and
238 u

A very general summation of the Rd results in brine simulants is as

follows: Anionic species, TcO 4  and I, showed little or no

tendency to adsorb on any of the geological media (Rd's < 1), with the

possible exception of a clay material from a halite stratum (Kd < 5). Cs

and Sr Rd's were also generally less than 1, but values in the range of

10-20 were observed on several minerals. Ru Rd's ranged from
325 to >10 , depending on the brine and geological materials. The

Ole 3
;. ~anthanide and actinide Rd's were typically > 10 , with only polyhalite

showing significantly lower adsorption.

In the groundwater simulant, Tc and I showed the same behavior. The Rd' s

of the other nuclides were slightly higher, particularly those of Cs and

Sr. This would be expected if the sorption were due to an ion exchange

mechanism, but, in the case of the lanthanides and actinides, may also

result from an increased contribution of hydrolysis to the Rd due to the

higher pH of the groundwater simulant.
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Important parameters in Kd measurements include solid sample form,

simulant compositon, Eh and pH, and radionuclide concentrati-on. In the

Kd survey measurements, an initial set of these parameters was selected

and, wherever possible, was used throughout the work. Parametric studies

with Eu involving pH, trace organic constituents in the simuJlant

solutions, and radionuclide concentrations have shown that significant

differences in Kd's can be observed by varying any of those parameters.

A general observation which can be made from data obtained to date is

that a Kd represents an empirical value for nuclide adsorption, which

includes the effects of physical adsorption, ion exchange, and hydrolysis

or other precipitation processes. The utility of a given Kd value is

unambiguous only for that set of conditions used in making the

measurement. Kd information which is used in modeling radionuclide

migration should be in the form of a range of values generated in

parametric studies under the variety of conditions postulated for a

specific repository site.

For the WIPP site, rock salt, anhydrite, polyhalite and water-bearing

dolomites and sandstones showQ an affinity for radionuclide sorption.

Sorptive capacity as measured by batch Kd experiments generally expressed

Kd > 0. Even snall values of Kd (0 <Kd< 1) are effective in retarding

the movement of radionuclides in groundwater.
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Table 9.2.4-3 Deviatoric Load Path Data For Figure 9.2.4-13

Reference
Point In Load ((U1 - a3) U 2=G 3  TM 6 6

Figure 15 Path PSI PSI PSI ___ ___

A I 1600 2970 3550 0.17 0.07

111 1640 3020 3570 0.075 0.05

B I 1520 520 1015 0.357 0.175

1I 1500 520 1015 0.3 0.168

C I 2200 260 1040 o.782 0.441

11 2250 250 1015 0.769 0.476

D II 3190 1120 2180 1.35 0.786

111 3150 1120 2160 0.73 0.454

E I 3540 520 1670 1.38 0.828

11 3580 510 1700 1.12 0.705

F I 4700 490 2090 4.04 2.434

11 4740 510 2120 3.92 2.430

G I 3840 250 1490 2.486 1.85

111 3780 250 1500 1.49 1.01

H I 5240 250 1990 8.58 7.81

III & I 5140 260 2000 6.41 5.46

II 5320 276 2070 5.71 3.79

K I 2950 0 990 1.49 1.47

1I 2950 15 1000 1.58 1.19



Table 9 .3-1

REPRESENTATIVE BRINESISOLUTIONS
FOR

WIPP EXPERIMENTATION

Ion Brine "A"' Brine "B"' Solution "C"
(mg/liter) (mg/liter) (mg/liter)
(± 3%) (± 37o) (±3%)

Nae 42, 000 115, 000 100
K +30, 000 15 5

Mg ~ 35, 000 10 200
Ca++ 600 900 600

F++2 2 1
S r++ 5 15 15
Li + 20
Rb+ 20 1 1
Cs+ 1 1 1

Cl- 190,000 175, 000 200
S04 3, 500 3, 500 1, 750
B (BO03 -- 1,200 10
HC03- 700 10 100
N03- 20
Br- 400 400
I - 10 10

PH (adjusted) 6.5 6.5 7.5
specific gravity 1. 2 1. 2 1. 0



Table 9 .3-2

Nominal Concentration of Nuclides Used in Kd Measurements

Nuclide Concentration, ppm

137 Cs 0.012

Stable Cs 1.0

85Sr 0.03 - 0.3

Stable Sr 5 - 15

lo6 Ru 2500

99Tc 59

152 E 0.1 - 1.0

1440C 3 x 10-4

131 1 5 x 10-

153Gd 0.2 - 2.0

3-25 Sb 0.01

243m5.

214 4Cm 0.012

238pu 0.058



Table 9.3-3

Distribution Coefficients on Samples From the Magenta Dolomite

Fission Product
Distribution Coefficients

pH range CS Sr ITc Eu,Gd Ru

Brine A 6.5-6.9 < 1 1 0 -1.5 > 5 x10 3  40-50

Brine B 6.5 -7.5 < 1 1 < 1 > 5 x 10 3 500-600

Sol'n C 7.5 -8.2 4 5 0 - 1.5 > 10 4400-550

Actinide
Distribution Coefficients

pH range Pa Am Cm

Brine B 6.5 - 7.8 5.4 x l3 3.1 x 10 2 1.3 x 103

Sol'n C 7.5 - 8.2 2.4 x lo 2.4 x 103 4.2 x 10 4



Table 9 .3-4

Distribution Coefficients on Samples From the Culebra Dolomite

Fission Product
Distribution Coefficients

pH range CS Sr ITc Eu,Gd Ru

Brine A 6.5 -6.9 <1 < 1 < 1 > 10 4 25 -35

Brine B 6.5 - 7.6 1-2 1-2 < 1 > 10 4 64o - 660

Sol'n 7.5 - 8.2 7-10 4-5 < 1 > 10 4 240 - 400

Act inide
Distribution Coefficients

pH range Pa Am Cm

Brine B 6.5 - 7.8 2.1 x 10 2.6 x 1o3  1.2 x 10 4

Sol'n C 7.5 - 8.3 7.3 x 10 3 2.2 x 10 4 1.1 x 105

Table 9.3-5

Distribution Coefficients on Halite From The
20561 Horizon of ERDA #9 Borehole

Actinide Distribution
Coefficients 1

pH range Pu Am Cm

7.0 - 7.1 17 306 354

(.0x10 ) (.8x1 5) (2.x05 )

1) The Kd values in parentheses were calculated
from the weight of water insoluble material
in the halite. The lower values are based on
the total weight of halite taken.



Table 9.3-6

Distribution Coefficients on Samples of Clay From

The 2186.6' Horizon of AEC #8 Borehole

Fission Product
Distribution Coefficients

pH range Cs Sr ITc Gd,Eu __

Brine A 6.5 - 7.0 <~ 1 < 1 < 2 > 2.5 x 13 150-180

Brine B 6.5 - 7.7 4-6 < 1 < 1 > 10 4> 2 x103

Sol'n C 7.5 - 7.8 80-120 3-6 < 1 > 10 4> 1 x 103

Actinide

Distribution Coefficients

pH range Am ~ Th Cm

Brine B 6.5 - 8.0 1.1 x 103 4 x lo04 1.9 x l0o4

Sol'n C 7.5 - 8.4 3.5 x 103 1.8 x 105 4.2 x 10 5

Table 9 .3-7

Distribution Coefficients on Samples of Polyhalite
From the 2304' Horizon of EBDA #9 Borehole

Fission Product
Distribution Coefficients

pH range Cs Sr Eu,Ce 1Sb Tc

Brine A 6.5 -7.0 < 1 5-10 10-20 < 1<1

Brine B 6.5 - 7.2 < 1 19-22 430-7001, 0.9-1.5 < 1
50-55

Sol'n C 7.5 - 7.6 < 1 35-40 100-2001, 3-4 < 1
40-60

1) Where two ranges of values are given, the first refers to
Eu and the second to Ce.



Table 9 .3.-8

Distribution Coefficients on Sample of' Cowden Anhydrite

From the 2562' Horizon of' AEC #8 Borehole

Fission Product

Distribution Coefficients

pH range GuCe

Brine B 6.5 - 7.9 103~

Actinide Distribution

Coefficients

pH range Am PU Cm

Brine B 6.5 -7.9 2.9 x10 2  6.7 x10 3  4.2 x103

Sol'n C 7.5 - 8.2 2.2 x 137.7 x 10 4 1.8 x lo5



Table 9 .3-9

Distribution Coefficients on Samples of' Clay from

the 2725' Horizon of AEC #8 Borehole

Fission Product

Distribution Coefficients

pH range Cs Sr EuG TcI 1  
_u

Brine A 6.6 - 7.0 4-9 < 1 > 10 3 3.5-4.5, 90-120
2.8-4x102  0-3.5

Brine B 6.7 -7.4 3-6 < 1 >10~ 4 < > 103

Sol'n C 7.5 - 8.0 34-40 30-45 >l10 4 0.7-1.5, > 103
>3x103 ' 0.5-4

Actinide
Distribution Coefficients

pH range Am PU CM

Brine B 6.5 - 7.8 310 7.2 x 10o4 2.7 x 10 3

Sol'n C 7.4 - 8.4 2.3 x 10 3 4.0 x lo 1.6 x 10 5

1) Where two ranges of' values are given, the first refers to
the first element listed and the second range is for the
second element listed.

Table 9.3-10

Distribution Coef'ficients on Samples of Bell Canyon Formation

Fission Product
Distribution Coefficients

pH range Cs Sr Eu Sb Tc

Brine B 6.5 -7.4 14-16 <l 1 10 4 5-8 < 1

Sol'n C 7.5 - 7.9 130-140 1-5 > 104 20-25 < 1



Table 9 .3-li

Distribution Coefficients on Halite Samples From the

2611' Horizon of~ ERDA #9 Borehole

Column Experiment

Column Bed: 7.5 g of' Halite in 1 cm diameter column

Solution: Saturated Halite Solution, 200 ml

Flow: 1 Bed volume/mmn.

% of' Initial Activity in Solution

Time (days) bSr 14Ce

0 100 100

1 98.0 26.7

14 96.8 0.9

8 98.4 0

X Actinide()
Distribution Coefficients()

pH range Am PU Cm

7.0 - 7.3 11 59 56

(3.8 x 103) (2.11 x 10 ) (2 x 10 )

(1) The Kd values in parentheses were calculated using the weight of'

water insoluble material in the clay. The lower values are based

on the weight of' halite taken.
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Eu2 Distribution Coefficients (Kd's)

12NmnlKd(l) Kd (2)

Ro c.', Simulant Eu ( Ci/ml), 2 week 3 month 2 week 3 month

Culebra A 0.01 l.7x10 4  1.5x10 4  --

ifA 0.1 3.6x10 4  2.1x10 4  --

A 1.0 1.8x10 4  4.3x10 4 - -

B 0.01 3.4x10 3  l.6x10 3  
-- 7.6x10 3

B 0.1 l.1x10 4  3.6x10 3  
-- 1.3xl03

B 1.0 3.7x10 3  3.9x10 3  8.8x10 2  14i

C 0.01 2.8x10 1.3x10 4  
-- 1.1x104

C 0.1 2.7x10 4  2.6x10 4  -- 1.9Ox10 4

C 1.0 2.0x10 4  l.4x10 4  l.2x10 3  9.6x103

&gt e nta A 0.01 1.4xio04  6 x 103

A0.1 1.9X104 2.OxlO - -

A1.0 l.2x10 1.4x10 4--

B 0.01 2.8x10 3  8.6x10 2  4- 10o2

B 0.1 8-3X10 3  3.7x103  -- 1.3X10 3

B1.0 1.1xl03  1.2x103  3.5x102 4. OxCO

C 0.01 2.OxlO 1-7X10 4- 1.3xl104

C 0.1 3. 6 x10 2.2x104 -- 1.6x10 4

C 1.0 1.4x10 4  1-5x10 4  7.7x10 2  1.3x10 4

(1) Kd based on activity in feed solutions.

(2) Kd based on activity in pH adjusted feed solutions.



Table 9 .3-13

Comparison of 153Gd 144Ce, an 152 E Kd's in

Brine B and Brine B* Containing Plywood Extract

14 Day Equilibration

153Gd 152 E 4 Ce

Lamp2e Brine cpm/ml Kd cp/m dC M K

Feed B 24,200 - 20,230 -5,120

Fve ed B* 38,090 38,090 7,080

Culebra B 4.2 x 103 9.9 x 103 1.5 x 20
11B* 6.3 x10 2  6 .6 xlo0 6 .o0x102

Magenta B 2.5 x 10 3 3.4 x l03 1.4 x l03
71B* 6.5 x 1 1  7.0 x10 1  1.1lx 10 2

Bell Canyon B 3.4 x l03 3.4 x 1l03 3.2 x 103
itl .3 x10 2  1.5 x10 2  2.3 x10 2

Cowdeni B 2.6 x l03 2.2 x 1042.2 x 103

1 *3.7 x10 2.o x lo2 5.1 x 102

High Clay B 6.8 x 103 8.5 x 10 4 1.2 x 103

B*8.7 x10 3  2. 8 xlo0 2.5 x 10 3

28 Day Equilibration

Feed B 23,260o 20,170 -4,800

Feed B* 33,350 - 35,210 -5,910

Culebra B 4.3 x 10 3 8.3 x 103 3.3 x 1

1 2.1 x103  1.8 x10o 1.3 x 10 3

Magenta B 3.5 x 103 2.5 x 2 10 2 -
tiB* 1.4 x lo2  1.6 x1lo 2.5 x102

Bell Canyon B 4.2 x 103 2.7 x 103 3.2 x 103
ItB* 1.5 x 10 2 1.7 x 10 3 3.2 x 10 2

Cowden B - 105 5.4 x l03 1.8 x 103
?I * 4.7 x102  4.8 x 102  5.3 x10 2

Tit Clay B 6.5 x 103 8.7 x 10 3 6.1 x l03

B* 1.9 x10 4 3.2 x10 45.9 x 10 3



GCR CHAPTER 10

CONTINUING STUDIES

10.1 INTRODUCTION

Continuing studies for the WIPP primarily encompass those geological

processes that need to be understood in order to more quantitatively

assess the safety of converting the WIPP to a repository. The processes

of importance are tectonic, geochemical, hydrologic, and climatic. The

studies indicated within this chapter generally relate to these major

processes. In addition, a few studies indicated in this chapter relate

to minor continuing efforts of site characterization. This chapter will

serve to enumnerate issues which remain to be addressed relevant to the

safety of converting WIPP to a repository. It is not intended here that

specific plans and schedules be presented.

The organization of Chapter 10 follows that of previous chapters.

10.2 SITE SELECTION

In line with the differentiation made in Chapter 2 between site

selection, site characterization, and site confirmation, the activities

of site selection and site characterization are nearly complete. The

confirmation of the WIPP site for a repository will necessitate the

continuing studies indicated in Sections 10.3 through 10.9.

10.3 REGIONAL GEOLOGY

Continuing studies of the regional geology focus mainly on the processes

of tectonics and climate through studies of paleoclimates and various

manifestations of past tectonic activity.
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10. 3.1 Paleoclimatology

The purpose of paleoclimatic studies in southeastern New Mexico is to

develop the local timing and magnitude of past climatic changes and their

relation to observed geology to help assess the possible effects of

future changes on a repository.

The primary method of paleoclimatic study is to examine cores of

Pleistocene or Recent sediments for fauna and flora which are indicative

of past climatic conditions. In addition, organic matter or ash falls

may, if suitable, be dated radianmetrically to provide time control.

Studies of paleoclimate are underway with preliminary analysis of core

taken in San Simon Sink from borehole WIPP 15. Fauna and flora are being

separated from the sediment for paleontological analyses, and suitable

organic material is being separated for radiocarbon analysis. These

studies of the San Simon material will be completed in 1979 to yield an

initial profile of climatic changes. Further coring in other locations

may be undertaken at that time, if necessary, to supplement the record.

The final stage of this study will be to integrate the local climatic

changes into the information about regional climates and to determine the

relationship between climatic changes and related processes such as

subsurface salt dissolution and resultant subsidence (see Section 10.6).

/ 10.3.2 Regional Tectonic Studies

The purpose of various studies of regional tectonics is to assess the

long-term effects of tectonic forces on a repository.

Several studies together contribute to information about regional

tectonics and include the seismological studies discussed in Section 10.5.

LANDSAT. A preliminary examination of LANDSAT photos has been completed

and is reported in Chapter 3. In addition, the WIPP site and surrounding

regions will be re-examined in 1979 with more sophisticated image
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enhancement to determine the presence and location of more subtle

lineamnents. Field evaluation of the interpretations will be undertaken

as required.

Leveling Surveys. Releveling of some existing first-order vertical

control lines was carried out in 1977, and about 300 km of new lines were

established. These new lines, some of which traverse Nash Draw and the

WIPP site, will be periodically releveled to establish a data base for

separating regional tectonic effects from local effects perhaps due to

dissolution (see Section 10.6).

West Texas Salt Flats Graben. Releveling and seismology studies indicate

active tectonic displacement on the west Texas salt flats graben.

Seismic reflection records will be examined and test coring conducted in

1979 to determine if the sediments will yield a record of tectonic

disturbance that will contribute to information about the tectonic forces

likely to affect a repository located in the Delaware Basin.

10.4 SITE GEOLOGY

The purpose of continuing studies of site geology are to refine the data

base for assessment of the safety of a repository there, and to

contribute some additional details of site characterization. The methods

and studies as such are quite varied.

10.4.1 Geologic Mapping

Geologic mapping continues on the WIPP site and in the area, particularly

under a study of the stability of the WIPP site. This study, being

conducted by the USGS, is concerned with mapping caliche and related

sediments to provide more conclusive data on the length of time the area

has been stable, and the rates at which areas around the site have been

disturbed.
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10.4.2 Aeromagnetic Survey

A very high resolution aeromagnetic survey will be initiated during FY79

to examine the WIPP site and several special features. The survey of the

site will primarily be to determine if any dikes have intruded the

evaporites at the site since dikes might form a pathway for fluid flow.

Several of the domal features mentioned in Chapters 3, 4, and 6, two of

which are considered to be breccia pipes, will be examined to determine

if a magnetic signature is associated with disturbance of the magnetic

red beds. The tool, if proven applicable, might then be usc~d for

prospecting to support continuing studies of breccia pipes as indicated

in 10.6.

10.5 SEISMOLOGY

The purpose of continuing seismological studies is to provide data for

facility design and to expand the data base contributing to an

understanding of tectonic processes affecting a repository in the

Delaware Basin. Seismological studies are supported by arrays of

stations near points of interest.

10.5.1 Near-Site Activity

The careful characterization of near-site background activity, as

indicated in Chapter 5, is the dominant seismic issue affecting the WIPP

site. Station CLN has been operating near the site since 1974, and

continues to operate. It is planned to augment this station so that at

least three stations will be operating at the site to better define

near-site seismicity.

10.5.2 Central-Basin Platform

An array of stations has been operating near Kermit, Texas, since 1976 to

evaluate the seismic activity on the Central Basin Platform and to

explore the relationship, if any, between this activity and the massive
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fluid injection for secondary oil recovery operations occurring in that

is area. This array will continue to operate both for this purpose and

because the assessment of seismic activity at the WIPP site may partly

depend on an understanding of the relationship between fluid injection

and seismic activity should injection occur in oil fields near the site.

10.6 CONTINUING STUD IES IN HYDROLOGY

10.6.1 Introduction

Hydrology is a major consideration when examining the feasibility for

locating a nuclear waste disposal site. Two factors are directly related

to hydrology: (1) the geologic stability of the formation in which the

waste products will be stored, and (2) the occurrence of water as a

transport medium for radionuclides. Unsaturated waters migrating along

the surfaces of the salt beds will dissolve salt; therefore, an

examination of magnitude and direction of fluid flow and fluid chemistry

in formations above and below the salt is necessary. Additionally, the

direction and rate of fluid movement both above and below the storage

horizon should be evaluated to predict the movement of radionuclides

should they be accidentally discharged into the aquifers.

10.6.2 Purpose of Hydrologic Testing

Two hydrology-related questions are to be answered in evaluating the

suitability of the proposed WIPP site.

1. What is the geologic stability of the Salado Formation?

2. Should the primary containment barrier (the salt) fail or an

accident occur, where and how rapidly will radionuclides be

transported by groundwater?

Three factors need to be investigated to examine the integrity of the

Salado within the site: (1) the Rustler-Salado contact is to be examined
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geophysically and petrologically within the WIPP area to determine if

dissolution is presently occurring,-(2) the dissolution front (as definedW

by the edge of the shallow dissolution zone in the Nash Draw) needs to be

located more precisely, (3) the estimated rate of dissolution is to be

refined.

The hydraulic gradients and rates of fluid movement in the series of

fluid bearing zones that overlie the Salado require further definition.

Estimates of concentrations of aqueous species (and when and where they

might appear) may then be refined for specific safety-assessment modeling

scenarios describing radionuclide escape into these groundwater systems

and migration out of the area. In addition, formations which do not

presently contain water but exhibit some degree of permeability are to be

tested to see what rates of movement would be, should they contain water

or other fluids at some later time.

10.6.3 Direction and Rate of Fluid Migration

If radionuclides were to reach fluid bearing zones in the Rustler, they

would be transported away from the site by the groundwater system. To

evaluate the impact of such an accident on the surrounding area,

hydraulic gradients and hydraulic conductivities of fluid bearing zones

overlying the salt beds will be determined or modified. Data for these

determinations will be acquired by pumping tests on hydrologic test holes

or measurements of the recovery time of fluid levels in bailed holes.

Tracer tests will be conducted where they may contribute useful

inf ormation.

A series of hydrologic tests is planned in holes placed near the

periphery of the proposed land withdrawal area. After additional testing

of some existing holes, control points for the potentiometric surfaces

and for hydraulic conductivities will have been established for the

periphery with a spacing of 2 to 3 miles. These data will allow

construction of more detailed potentiometric surface maps for the site

area. The potentiometric contours will be meshed with the results from
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the Nash Draw program to the west. Consequently, the potentiometric

surface and hydraulic conductivity data required for modeling efforts of

long-term safety assessment will be obtained for an area extending from

the northeast part of the study area to Malaga Bend on the Pecos River

(an area of about 200 square miles).

The borehole plugging program requires data from both laboratory and in

situ permeability measurements. These permeability measurements, both in

the evaporites and in aquifers, will provide additional data for the

safety assessment work.

10.6.4 Dewey Lake Redbeds

The Rustler Formation and the shallow dissolution zone in Nash Draw have

demanded the attention of this program because they are fluid-bearing.

The Dewey Lake Redbeds are also of some significance since fluids are

present in sandstone lenses. Although the redbeds are only locally

saturated, two possibilities exist for additional water to enter the

formation: a climatic change to a high rainfall period, or migration of

fluids from below into the redbeds.

Tests in two types of holes are being considered: existing holes, and at

least one new hole specifically designed for Dewey Lake testing. The

casing in existing holes will be perforated opposite permeable zones as

identified from analyses of logging and drilling records.

The standard hydrologic testing procedures will allow calculation of the

transmissivity of fluid bearing strata in the Dewey Lake Redbeds or other

permeable zones that might be expected to contain fluids at some future

time.

10.6.5 Long-Term monitoring

The peripheral hydrologic test holes, which now include four potash

holes, will be configured for long-term monitoring. This long-term
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monitoring may show what changes are taking place in the hydraulic

gradients which in turn may indicate increased or decreased flow, and

variations in rates of recharge or discharge. Moreover, depending on the

extent of the monitoring system, a warning network for information on

fluid threats to the integrity of the repository is obtained.

The Dewey Lake Redbed hole(s) can be monitored to detect fluid movement

that may not be present except during high precipitation cycles of long

or short duration.

The test holes drilled in Nash Draw would be monitored to detect changes

in the hydrologic regime along the Rustler-Salado contact. Because the

Culebra is the main producer of water west and south of the WIPP area, it

is desirable to monitor this fluid-bearing strata to determine its

relationship with the shallow dissolution zone and to provide additional

data for modeling the safety assessment modeling scenarios.

10.6.6 Surface Hydrology

Surface hydrology must be examined climatologically with the aid of

surface mapping. Records of annual rainfall and intensity and duration

of storms (particularly high intensity, 24 hour, 50 and 100 year

recurring storms) are available. This information, in conjunction with

surface mapping (from aerial photographs, topographic maps, or both) of

contributory drainage will provide the basis to estimate amounts of

runoff and amounts of infiltration in the study area. Because of the

high evapotranspiration and the caliche layer below surf icial sands,

infiltration estimates are expected to be only a small portion of the

calculated recharge.

Photogrammetric and field mapping is planned to locate and describe

springs which may issue from the Dewey Lake Redbeds or the shallow

dissolution zone. Several springs are suspected to be located west of

the site, and discharge measurements could aid in the identification of

the formations from which they issue. Geochemical monitoring of many
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such springs, including the Malaga Bend seeps and the Pecos River salt

load, will add to this overall understanding of hydrologic system

dynamics.

10.6.7 Overview of Deep Hydrologic Testing

Three objectives for deep aquifer testing to complement the site-specific

shallow aquifer investigations in the WIPP study area are:

(1) To obtain static bottom-hole pressure measurements in the deep

aquifer zones, for the refinement of previous estimates of local

potentiometric surfaces, hydraulic gradients, and hydraulic

conductivities.

(2) To determine the bounds of the formational reservoirs.

(3) To obtain fluid samples for geochemical analyses.

Three wells suitable for hydrologic testing (Badger, Cabin-Baby,

Cotton-Baby) are located within the site area. Each well will have to be

re-entered and plugged, in accordance with methods now under study, or

maintained as monitoring wells. Deep hydrologic data will be developed

from these well to obtain site-specific information on the Delaware

zones. Testing outside the study area involves two additional wells (ABC

No. 8 and ERDA No. 6).

10.6.8 Long-Term Monitoring of Deep Wells

A number of wells could be equipped for long-term monitoring of the

Delaware zone to show what changes, if any, are taking place in the

hydraulic gradient, which in turn indicate fluid movement in the

reservoir. Periodic fluid samples can be obtained to identify increased

flow or chemical changes in the ground water system.
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10.6.9 Continuing Studies in Salt Dissolution and Overburden Subsidence

Program Objectives. The program of investigation of dissolution and

subsidence has four fundamental purposes, and one special-case

consideration:

1. To correlate surf icial collapse features and deposits with

subsurface dissolution, in order to develop criteria for an

evolutionary pattern of collapse.

2. To characterize subsurface dissolution products adjacent to the

WIPP site.

3. To determine the behaviour of fluids in dissolution products

adjacent to the WIPP site.

4. To analyze potential impacts of evolution of dissolution

products at and near the WIPP site with respect to repository

breachment and radionuclide transport.

The special case is to determine the nature of subsidence over mines in

salt, and its effects on the overlying groundwater system.

An elaboration of these purposes follows.

Nash Draw Investigations. Nash Draw is believed to have originated by

some combination of surface erosion and subsidence following subsurface

dissolution. If the process of formation is overwhelmingly erosion, then

the potential for removal of overburden at the WIPP site is probably

about the same as it has been in Nash Draw. If, however, the process is

overwhelmingly dissolution of salt and subsequent collapse of the

overburden, the potential extension of Nash Draw toward the WIPP by

dissolution will be more quantitatively described. At present, there is

no conclusive way of defining an instantaneous rate of growth of Nash

Draw toward the WIPP site; therefore, the only alternative is to
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understand the processes which have resulted in Nash Draw, and

incorporate their implications into the mathematical modeling efforts

directed toward safety assessment involving the WIPP site in general, and

radionuclide escape and migration in particular.

First, the Nash Draw program is a series of core holes, which will be

geophysically logged. This operation will obtain data to serve three

purposes: 1) reveal the subsurface of Nash Draw stratigraphy at

carefully chosen points, 2) reveal the relationships between the

subsurface structure and surface features and deposits, 3) reveal how

much halite and anhydrite (or gypsum) has been removed by dissolution.

Second, the Nash Draw program is a source of geologic material for

petrographic and geochemical examination. Examination of thin sections

of recovered rock will allow the mineralogy of dissolution products to be

determined, i.e. identification of what was dissolved and what remains.

Mineralogy and textures of dissolution residues and cemented collapse

fill can then be compared with those of dissolution features sampled in

other programs, such as the one to investigate the cemented rubble

chimneys (often called "karstic domal features" or nbreccia pipes").

Geochemical analyses of core materials for trace constituents will reveal

their degree of interaction with groundwaters, and possibly an age of

formation. Also, permeabilities to fluids can be obtained from cores.

Third, the Nash Draw core holes will become a series of hydrology test

- holes. The brine flow underlying Nash Draw has been attributed

responsibility for much of the dissolution and collapse observed today.

The safety assessment scenarios for radionuclide escape and migration

involve movement from WIPP into Rustler Formation waters into the shallow

dissolution zone and out at Malaga bend on the Pecos River. It behooves

us to understand the hydrologic relationships between the shallow

dissolution zone and the Rustler water-bearing rocks in Nash Draw in

order to verify that models of radionuclide transport are representative

of the physical system.
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Cemented Rubble Chimney Investigations. one of the "karstic domal

features" described by J. D. Vine (called Hill "C") was encountered at

the level of the McNutt potash zone by Mississippi Chemical Corporation.

It was found to be a chimney in the Salado Formation filled with

clay-cemented brecciated rock belonging to strata above the McNutt.

Similarly a breccia-filled chimney was encountered in drilling near a

circular hill near the Wills-Weaver Mine. There are numerous other

erosion-breached domes such as Vine's Hill "C" in the vicinity of Nash

Draw; the subsurface expression of them, if any, is virtually unknown.

It is desirable that a hole be drilled to a depth at which no more

brecciated rock is found. Hydrologic observation (including water

sampling and static water-level measurements) in fluid-bearing zones of

the structure itself and in "bedrock" and in nearby rocks will help to

determine the degree of hydraulic connection of the structure with

aquifers of regional extent.

Petrographic analyses of recovered core will allow comparisons to be made

with dissolution products recovered from Nash Draw investigations,

described previously. Such material also lends itself to geochemical

analyses for the determination of rock-water interaction history and

age. Similarly, fluid analyses will provide an indication of how the

fluids have interacted with their host rocks, helping to determine the

processes at work in such structures.

/ I Since modeling of radionuclide escape and migration must take into

account fluid movement, cemented rubble chimneys should be evaluated for

their potential as paths for such movement. They should also be

evaluated as members of the evolutionary pattern of dissolution and

collapse features, and might be generically related to the development of

Nash Draw. Consequently, it is desirable to measure in situ the

permeability of the structure. In addition, the hydrologic relationships

between the chimney and surrounding rocks should be understood in order

to formulate a complete hydrologic model for risk assessment.
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Mine Subsidence Investigations. The potash producers in southeastern New

Mexico mine in two stages -- the primary recovery which leaves rooms

separated by large pillars, and the secondary recovery in which they may

"rob the pillars" and ultimately remove almost 95% of the ore.

Second-mining requires abandonment almost immediately thereafter, because

there is no longer a large enough local pillar system to hold up the

roof. And so, the roof slowly sags, and subsidence is propagated to the

surface.

While investigations of subsidence over mines do not bear directly on the

four program objectives, mining is certainly a particular cause of

subsidence and perhaps an indirect agent for initiating dissolution. If

subsidence over a mine causes fracturing of water bearing rocks above,

locally increased permeability might allow circulation of groundwater to

underlying evaporites through the fractures to start dissolution.

The amount of subsidence and its potential for enhancement of salt

dissolution of the Salado Formation over the WIPP if the McNutt potash

zone were to be mined is unknown. If this subsidence program were to

lead to a satisfactory means to predict subsidence and its effects, in

particular dissolutioning, the control zone restrictions currently

prescribed around the WIPP could possibly be relaxed. It is possible

that minor subsidence will occur over the closed WIPP mine because it

will not be possible to backfill the repository to the same packing

density as original rock. Therefore, it is desirable to evaluate the

effect of mining and subsequent subsidence on the local groundwater

system in the subsiding overburden.

10.6.10 Modeling of Regional Hydrology

Hydrologic modeling has one basic objective, to support risk assessment

work by describing the movement of fluids in this region in as much

detail as possible. The movement of fluids affects the expected period

of integrity of the repository and the movement of radionuclides from the

repository. To fulfill this objective, the modeling emphasizes several
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aspects. The first aspect is interpretation and explication of the data*

collected in field programs designed to delineate the regional flows.W

The second is to suggest where data are insufficient and more field or

laboratory work is required. The third aspect is the simulation of

experiments which cannot be performed in the field. Two examples for

simulations are: consequences of perturbations to regional flow patterns

caused by the existence of a repository, and consequences of changes in

regional flow patterns due to alterations in rainfall patterns or due to

man's activities.

The fourth aspect is prediction of the movement and concentrations of

radionuclides consistent with fluid movement determined in part by the

release scenarios developed for WIPP.

Implementation is based on the modification and use of certain 2-D and

3-D computer codes available for hydrologic modeling. Code verification

based on field data already collected is in process. Supporting

laboratory programs designed to provide parameters as absorption

coefficients, permeabilities, etc., are already underway.

10.7 CflNTINUING STUDIES IN GEOCHEMISTRY

10.7.1 Introduction2

Detailed accounts of geochemical data reported in Chapter 7 have provided

the pressing need of fundamental information for (1) conceptual design of

WIPP operational facilities, and (2) formulation of site-specific process

scenarios to be used in the consequence safety assessment effort. An

evaluation of the available data has shown that the completed studies are

not entirely sufficient to support WIPP experimental programs. These

programs include borehole plugging, laboratory rock mechanics, in-mine

rock mechanics, in-mine heater experiments, in-mine high-level waste

emplacement experiments, laboratory waste-rock interaction experiments,

radionuclide transport through rocks, and waste encapsulation studies.
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In addition, the long-term safety assessment effort has lacked

information about geological processes associated with so-called

"geological anomalies" such as igneous dikes and cemented rubble chimneys.

10.7.2 Mineralogy and Petrology

The data concerning assemblages of evaporite minerals in the Salado

Formation which were presented in Chapter 7 have addressed the types of

minerals found and their relative (qualitative) abundances. While this

has been useful in selection of candidate horizons for waste emplacement,

it has been of limited use to the quantitative measurements of thermal

and physical properties of evaporite rocks (see Chapter 9).

It has been found that a small change in the quantitative mineralogical

proportions in a rock sample has a large non-linear effect on thermal

properties, for example. Chapter 7, together with its executive summary

in Chapter 1, has pointed out the variability in the mineralogical

composition of rocks in the Permian evaporite section.

In addition, quantitative mineralogy and petrology is required for

development of materials to be used in the plugging of shafts and

boreholes. The long-term thermodynamic stability of a grout plug, for

example, cannot be evaluated without an intimate knowledge of mineral

phases in both grout and rock, so that free energy calculations can be

made for degradation reactions which might occur between the two.

Compatibility of grout with rock and groundwater will be an essential

factor requiring thorough evaluation to provide confidence in the

long-term sealing of boreholes and shafts which penetrate from surface to

repository horizons.

10.7.3 Volatiles Characterization

Chapters 7 and 9 have alluded to the variability in volatile content of

evaporites and how the variation affects fundamental rock properties.

*Chapter 7has addressed the volatile component in detail mostly in view
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of mass loss experienced by heated rock. The entire mass loss cannot be

ascribed to water alone. Indeed, Chapter 7 briefly addressed the

chemical species which were found in a few selected rock samples, and

even so, considerable variation was observed. Experiments are planned to

simulate high-level-waste-canister heat in a potash mine, in order to

quantize the devolatilization products. Unambiguous interpretations of

the experimental results derived therefrom require an understanding of

the volatile components native to the rock before heating begins.

Furthermore, the interpretations also require an understanding of the

fundamental differences between potash ore zones and actual repository

zones, since the results of devolatilization in one will certainly not be

directly applicable to the other without taking into consideration the

native differences.

10.7.4 Origins of Evaporite Assemblages

It was pointed out in Chapter 7 that many of the evaporite mineral

assemblages observed in the Permian section cannot have precipitated from

a seawater-like solution. Furthermore, the thermodynamic properties of

some minerals, such as the almost ubiquitous polyhalite, are virtually

unknown. Similarly its mode of origin is entirely unknown, and has been

long regarded wholly as a product of recrystallization, commonly

replacing anhydrite.

The present assemblages not only contain non-primary evaporite minerals,

but also have a magnesium deficiency relative to other evaporites in the

world. The sink for this magnesium presumably lost during

recrystallization has not been identified. The observations of Chapter 7

urge that a thermodynamic understanding of the environments and processes

of evaporite recrystallization be sought. In this way the water loss

that the evaporites have experienced (during recrystallization) can be

estimated, and confidence can be gained regarding what mineralogical

changes (if any) are likely to take place in response to waste

emplacement.
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The techniques used in deducing the origins of evaporite assemblages

include chemical quantitative analyses of minerals, petrographic

paragenetic examination, and stable isotope, radioisotope and trace

element analyses.

10.7.5 Igneous Dike

In Chapter 4, there was mention of a northeast-trending igneous dike

intruding the evaporites on the west side of Nash Draw west of the WIPP

study area. The characterization of the dike was based on the Yeso Hills

and Kerr-McGee mine occurrences, together with an aeromagnetic survey.

In order to come to an understanding of the marginal effects (i.e.,

dike-salt-fluid interactions), the following pursuits are recommended:

1. Collection and study of additional samples from farther away

from the Kerr-McGee dike occurrence.

2. Determination of:

a. K-Ar ages of the alteration micas in the dikes

b. Drilling angle holes with coring at appropriate intervals,

to sample the dike and the effects of the dike upon the

host rock system.

The dike appears to be a natural laboratory experiment involving

high-temperature interactions among salts, groundwaters, and "alien"

mineralogies such as emplaced waste would also represent.

10.7.6 Trace Elements and Age-Dating

A continued effort is desirable in age-dating and trace element studies,

in order to support investigative efforts contemplated for the so-called

"geologic anomalies." The activities are, specifically:

1. Chemical and isotopic study of exposed collapse structure in

underground workings of Mississippi Chemical Mine.
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a. If waters have percolated through this structure in very

recent times then this may be reflected in oxygen isotopic

study of grain coatings, etc. Rb-Sr studies of clay

minerals should give an indication of Rb, Sr and

(87Sr/86 Sr) redistribution relative to clay minerals

removed from the collapse structure.

b. Scanning electron microscope/microprobe study of grain

boundaries: supplemented by instrumental neutron

activation analysis (INAA) for adsorbed elements (alkalies,

alkaline earths, rare earth elements).

C. Rare Earth Elements (REE) distribution in all primary and

secondary phases most likely to have been affected by

solutions.

2. REE (and other key trace element) abundance in major facies of

drill core from WIPP site. At present trace element data are

very sporadic and obtained by different techniques so that real

differences due to analytical precision and accuracy are

Suspect. Detailed INAA study of various phases from the same

stratigraphic horizons over a wide lateral extent are desirable

to establish realistic background data for the REE (i.e. because

the REE are commonly used as analogues for the transuranics) so

that REE data from dike-salt contact zones and elsewhere can be

iproprly assessed. If the REE distribution is extremely variable

then local variations due to solution, recrystallization,

contact effects will be difficult to interpret; if the REE show

a more or less uniform distribution pattern and abundance then

such effects can be closely scrutinized.

3. Dike-evaporite contact effects. Samples from the lamprophyre

dike (T = -35 MYBP) which is observed in the underground

workings of the Kerr-Mc~ee Mine offers a unique chance to

examine the effects of a local, high temperature source in

contact with several evaporite phases.
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10.7.7 Reef and Back-Reef Waters

There is at present some degree of confusion surrounding the source and

discharge of water in the Capitan Reef surrounding the Delaware Basin.

Chapter 7 has shown that the greater portion of the water in the Reef

cannot have came from direct infiltration into outcrops in the Guadalupe

and Glass Mountains, nor from rocks in the Basin. Therefore, the

relationships between the Reef and its lagoonal facies (back-reef)

stratigraphic equivalents are likely source and sink candidates. These

relationships are best deduced by combinations of stable isotope, uranium

isotope, and solute analyses of reef and back-reef waters. An extensive

water-sampling of these areas is required for this. The results of this

geochemical mapping of regional groundwater flow would be used in the

long-term safety assessment modelling effort and the final publication

of the regional groundwater mathematical model.

10.7.8 Future Work on Fluid Inclusions

In addition to the obvious necessity of making studies on samples f ran

the actual strata to be used for high level waste storage, a variety of

approaches need to be explored. Fluid inclusions near the waste

canisters might decrepitate in the thermal pulse; the conditions under

which this will occur can and should be explored experimentally.

(studies are continuing of inclusions in a suite of salt samples

collected at various distances from a dike penetrating the salt horizons;

this provides a natural analog.) The identification of the daughter

minerals in some inclusions, and their thermal behavior, as well as

bubble movement in a thermal gradient, will provide additional

compositional information. The gases released on crushing or heating

should be explored, as well as the leakage of gases (or water) out of

inclusions. This would be pertinent both for interpretation of K/Ar ages

and in corrosion problems. The actual chemical composition of the larger

inclusions and their isotopic composition (particularly H/D and

016/018) can be determined by existing methods. This would help in
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understanding the complex sequence of interactions of pore (and

inclusion) fluid with the original salt beds to yield the present

mineralogy.

10.8 RESOURCES

Sandia Laboratories has no continuing studies of resources at the WIPP

site.

10.9 SPECIAL STUDIES

10.9.1 Purpose. The objective of thermophysical and radionuclide

sorption studies on SENM rocks is to determine their characteristics as

required by the structural mine design, in situ experimental, and

long-term safety analyses programs. As with other continuing studies,

these special studies are a means to an end, not an end in themselves.

10.9.2 Thermophysical Properties

Scope. A continuing assessment of the thermophysical properties of SENM

rocks is envisioned because of the broad range of questions posed about

radioactive waste isolation. These problems range from the plasticity of

salt to the migration of brine in salt; many are not answered by a

cursory investigation. Establishing a data base, for instance, for the

analyses of long-term creep, is time consuming. It is not anticipated

that evaluation of physical rock properties will be pivotal in mine,

experiment or repository design; however, that is intrinsically

impossible to guarantee. Such evaluations may very well be pivotal in

considerations of retrievability of high-level waste experiments, in

which high temperatures tend to accelerate creep. Thus, physical rock

property determinations, such as the micratiechanics of rock deformation,

are a prudent pursuit to provide additional confidence in geologic

isolation.
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Continuing Studies. The primary object of the continuing experimental

rock mechanics program is to understand and model the thermomechanical

behavior of the WIPP salt. This will be accomplished through studies of

transient creep data at pressures exceeding 1500 psi and at a principal

stress difference less than 2000 psi where there is a paucity of data.

In addition, petrographic investigations will continue to identify the

governing deformation mechanisms.

Other studies relevant to the long-term stability of the WIPP include

measurements of gas and brine permeabilities on previously deformed core

and measurements of gas permeabilities at elevated temperatures. Studies

are also planned in the area of thermal expansion coefficients and brine

migration in salt under thermal gradients. Migration of fluid inclusions

is being given attention, because of the brine's corrosive potential and

because the capacity of fluid inclusions to carry radionuclides through

rock salt is not known.

Rock mechanic programs will also be initiated to determine the mechanical

properties of the WIPP site rock other than rock salt. These studies

will be directed toward the engineering performance and construction

characteristics of the non-salt rock which will influence the design and

construction of shafts to the repository levels.

Mineralogic and petrographic studies will be conducted on core to support

the physical rock properties determinations as required. This

information is required to determine the phase systems in the rocks being

investigated. A similar set of studies support the geochemical analyses,

Chapter 7. The variations in mineral assemblage, grain size, fluid

inclusion content, and petrofabric which have been observed in evaporite

rocks have also given rise to variations in physical properties, which

could only qualitatively be taken into account in the investigations

reported here.

The arbitrary separation of mineralogical and physical rock properties

from geology and hydrology that has-often occurred in other studies is
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being avoided in the comprehensive studies being performed for the WIPP.

The relations of rocks found at the proposed repository horizons to thoseW

found in an in situ test bed located elsewhere (e.g., nearby potash mine)

are being evaluated. Quite possibly, mineralogic and fabric changes may

cause discrepancies in results from one site to another.

10.9.3 Radionuclide Sorption Properties

Scope. A continuing assessment of WIPP rocks ability to inhibit the

migration of radionuclides away from the repository is envisioned to

augment the batch Kd determinations, which were used in preliminary

calculations of radionuclide travel time in site-specific escape

scenarios. A realistic approach to safety assessment requires data to be

generated (mostly in the laboratory) under simulated physiochemical

conditions anticipated in subsurface evaporites and related rocks of

southeast New Mexico. The laboratory experiments in radionuclide

migration would ultimately be evaluated by SENM field experiments

involving the emplacement and observation of movement of non-radioactive

tracers which are chemically analogous to radionuclides.W

Continuing Studies. Whereas previous "Kd" measurements reflect the

degree to which radionuclide soprtion on rocks takes place in static,

closed systems, scenarios involving the entrainment of radionuclides in

moving groundwater imply that a variety of physiochemical conditions will

be encountered in the subsurface.

Now that the radionuclides of interest have been identified, different

oxidation states of those radionuclides which might give rise to

different mobilities in WIPP environments will next be identified.

Investigations of effects on sorption of parameters such as pH,

radionuclide concentration in solution, and oxidation potential will then

proceed with the oxidation states of species of interest. These

parameterization experiments will culminate in the simulation of

radionuclide migration in flow-through experiments involving actual WIPP

rocks and solutions, at the anticipated physiochemical conditions.



Appendix 7.A (Ref. sec. 7.3)

Whole Rock Chemical Analyses, Soluble-Insoluble

Fractions, Mineralogy, and Weight Losses

upon Heating.



TOTAL ANALYSIS

HOLE 0 7
DEPTH =1044.2 FEET

SOLUBLE = 99.72 %
INSOLUB3LE = 0.28 %

COMPONENT WT %

S03 0.55

NA 38.56

NA20 0.0

K 0.03

K20 0.0

MGO 0.04

LAC] 0.43

S102 0.0

FE203 0.0

AL203 0.0

CL 60.40

WEIGHT LOSS
ON HEATING

70 0.10

NHI TEMP 0.0

TOTAL 100.39

MAJOR: HAL
MINOR: ANH
TRACE: CARN4



TOTAL ANALYSIS

HOLEIS4 7
DJEPTH =1107.5 FLET

SOLUBLE = 69.47 %
INSOLUB3LE =30-53 t

COMPONENT WT T,

S03 20.88

NA 20.28

NA20 6.63

K 0.0

K20 4.48

MGO 4.57

CAC 1.834

Sloz 8.30

FE 203 0.27

AL203 1.24

CL 30.78

WEIGHT LOSS
ON HEATING

70 0.12

125 0.10

200 0.40

350-400 1.37

TOTAL 101.26

MAJOR: HAL
MINOR: POLY, LANG, KF-ELD, TALC, UTZ
TRACE: CHLO~, FEOX



TOTAL ANALYSIS0

HOLE 9 7
DEPTH =1171.5 FELT

SOLUBLE = 37.10 %
INSOLUBLE 62.90 %

COMPONENT IhT %

S03 39.73

NA £2.56

NA20 0.88

K 1.91

K<20 0.0

MGO 0.70

CAO 25.13

5102 0.63

FE203 0.06

AL203 0.0

CL 18.87

WEIGHT LOSS
ON HEATING

70 0.14

300-400 0.58

S425 0.08

TOTAL 101.27

MAJOR: HALP ANH
MINOR: POLY
TRACE: SYLv BLUED, QTZ, FEOX



TOTAL ANALYSIS

HOLE # 7
DEIPTH =1221.0 FEET

SOLUBLE 99.51 Z
INSOLUBLE = 0.49Z

COMPONENT WT %

S03 2.02

NA 38.79

NA20 0.0

K 0.0b

K20 0.0

MGO 0.10

CAO 0.88

S102 0.01

FE203 0.0

AL203 0.0

CL 58.31

WEIGHT LOSS
ON HEATING

70 0.30

100-200 0.14

375-425 0.07

TOTAL 101.17

MAJOR: HAL
MINOR: ANH-
TRACE: POLYt LANG, QTL



TOTAL ANALYSIS

HOLEi # 7
DEPTH =1343.0 FEET

SOLUBLE = 99.74j %
INSOLUBLE = 0.36 %

COMPONENT WT %

S03 0.99

NA 38.60

NA20 0.0

K 0.35

K20 0.0

MGO 0.15

CAO 0.66

5102 0.01

FE203 0.0

AL 203 0.0

CL 59.40

WEIGHT LOSS
ON HEATING

70 0.27

300-350 0.16

TOTAL 100.95

MAJOR: HAL
MINOR: ANtI, POLY
TRACE: QTZ



TOTAL ANALYSIS

HOLE U 7
DEPTH 1402.5 FEET

SOLUBLE = 99.97 %
INSOLUBLE = 0.03 %

COMPONENT WT %

S03 0.11

NA 39.67

NA20 0.0

K 0.06

KZO 0.0

MGO 0.06

CAD 0.02

S102 0.0

FE203 0.0

AL203 0.0

CL 59.78

WEIGHT LOSS
ON HEATING

70 0.19

400-500 0.12

TOTAL 100.04

MAJOR: HAL
MINOR:
TRACE: POLY



TOTAL ANALYSIS

HOLE # 7
DEPTH 1468.5 FEET

SOLUBLE = 93.66 %

I14SOLUBLE = 6.34 %

COMPONENT W.T %

S03 2.88

N A 34.44

NAZO 0.0

K 0.37

K20 0.07

MGO 1.85

CAO 0.19

S102 2.15

FE203 0.24

AL203 0.07

CL 53.tol

WEIGHT LOSS
ON HEATING

70 1.27

100-150 0.36

175 0.10

250 0.07

375 0.34

400-500 0.45

TOTAL 98.46

MAJOR: HAL
MINUk: KAiNt KIES
TRACE: POLYt KFELDv TALC, QTZ



TOTAL ANALYSIS

HOLE 4 7
D[LPTH 1534.0 FEET

SOLUBLE 99.66 %
INSOLUBLE = 0.14 %

COMPONENT WT %

S03 1.67

NA 36.10

NA20 0.0

K 0.52

K(20 0.0

MGO 0.22

CAO 06

S102 0.01

FE203 0.0

AL203 0.0

CL 57.76

WEIGHT LOSS
ON HEATING

70 0.22

200 0.01

400-500 0.24

TOTAL 97.53

MAJOR: HAL
MINOR: POLY
TRACE: KAINv QTZ



TOTAL ANALYSIS

HOLE # 7
DEPTH =1615.0 FEET

SOLUBLE = 98.69
INSOLUBLE 1.31

COMPONENT WT %

S03 4.56

NA 35.06

NA20 0.0

K 1.05

KZO 0.0

MGO 0.71

CAO 1.47

S102 0.23
FE203 0.04

AL203 0.07

CL 55.95

WEIGHT LOSS
ON HEATING

70 0.34

100 0.09

350-400 0.37

TOTAL 99.94

MAJOR: HAL
MINOR: POLY, KAIN
TRACE: CHLORP MONT



TOTAL ANALYSIS

HOLE # 7
OL-PTH =1698.0 FEEI

SOLUBLE 95.35 %
INSOLU8LE 4.65 %

COMPONENT WT %

S03 0.58

NA 36.47

NA20 0.0

K 0.06

K20 0.07

MGO 1.20

CAO 0.34

S102 2.07

FE203 0.25

AL203 0.61.

CL 58.35

WEIGHT LOSS
ON HEATING

7U 0.82

350 0.03

TOTAL 100.85

MAJOR: HAL
MINOR: ANH, CARN, KIES
TRACE: POLYP ILLY QTL, FEWO



TOTAL ANALYSIS

HOLE # 7
DEPTH =1755.0 FEET

SOLUBLE = 99.60 ob

INSOLUB3LE = 0.40 %

COMPONENT WT %

S03 0.65

NA 38.12

NA20 0.0

K 0.23

K20 0.0

MGO 0.13

CAO 0.08

S102 0.02

FE203 0.0

AL203 0.0

CL 59.54

WEIGHT LOSS
ON HEATING

70 0.19

200 0.04

300-400 0.05

TOTAL 99.45

MAJOR: HAL
MINOR:
TRACE: LEON, QTZ



TOTAL ANALYSIS

HOLE#A 7
DEPTH =1952.5 FEET

SOLUB3LE = 99.30 %
INSOLUBLE = 0.70 %

COMPONENT WT %

S03 3.1.8

NA 37.14

NA20 0.0

K 0.75

K20 0.03

MGO 0.54

CAD 0.79

S102 0.34

FE203 0.03

AL203 0.05

CL 57.00

WEIGHT LOSS
ON HEATING

70 0.14

350-450 0.44

TOTAL 100.43

MAJOR: HAL
MINOR: POLY 0TRACE: LEON, CHLOR, KFLLD, F' X



TOTAL ANA LYS IS

HOLE # 7
DEPTH 1954.0 FEET

SOLUBLE 97.46 %
INSOLUBLE = 2.54

COMPONENT WTX

S03 0.73

NA 37.94

NA20 0.0

K 0.18

K20 0.06

MGO 0.5b

CAO 0.52

S102 1.34
FE203 0.09

AL203 0.23

CL 58.38

WEIGHT LOSS
ON HEATING

70 0.32

350-400 0.09

TOTAL 100.44

MAJOR: HAL
MINOR: POLY
TRACEZ ANH, CHLOR, KFEL0# TALC, FE]OX



TOTAL ANALYSIS

HOLE # 7
DEPTH =1957.5 FEET

SOLUBLE 99.16 %
INSOLUB3LE = 0.84 %

COMPONENT WT %

503 1.72

NA 38.38

NA2O 0.0

K 0.36

K20 0.01

MGO 0.41

CAO 2.18

5102 0.37

FE203 0.04

AL20J3 0.11

CL 59.00

WEIGHT LOSS
ON HEATING

70 0.20

300-400 0.12

TOTAL 102.90

MAJOR: HAL
MINOR: ANH
TRACE: POLY, CHLOR9 KFELO, FEUX



TOTAL ANALYSIS

HOLE # 7
DEPTH =1961.0 FEET

SOLUBLE 99.10 %
INSOLUBLE = 0.90 %

COMPONENT WT %

S03 0.49

NA 39.14

NA20 0.0

K 0.21

K20 0.01

MGO 0.25

CAD 0.19

S102 0.42

FE203 0.04

AL203 0.08

CL 58.83

WEIGHT LOSS
ON HEATING

70 0.07

100 0.16

150-200 0.16

TOTAL 100.05

MAJOR: HAL
MINOR: POLY
TRACE: CHLOR, KFELO, TALC, QTZ, FEOX



TOTAL ANALYSIS

HOLE9 0 7
DEPTH 1967.0 FEET

SOLUBLE = 99.94 %
INSOLUBLE = 0.06 %

COMPONENT WT %

S03 3.03

NA 39.58

NA20 0.0

K 0.90

K20 0.0

mGO 0.23

CAO 0.94

S102 0.0

FE203 0.01

AL203 0.0

CL 58.74

WEIGHT LOSS
ON HEATING

70 0.20

300-350 0.28

450-500 0.65

TOTAL 104.62

MAJOR: HAL
MINOR: POLY
TRACE: FEUX



TOTAL ANALYSIS

HOLE#9 7
DEPTH 1969.0 FEET

SOLUBLE = 98.05
INSOLUBLE = 1.95

COMPONENT WT %

S03 0.32

NA 38.76

NA20 0.0

K U1.08

K20 0.0

MGO 0.22

CAO 0.08

S102 0.15

FE203 0.02

AL203 0.04

CL 60.60

WEIGHT LOSS
ON HL-ATING

70 0.43

100 0.08

400-500 0.20

TOTAL 100.98

MAJOR: HAL
MINOR:
TRACE: ANHi KAIN, CHLO~t TALC, QTZ, FEOX



TOTAL ANALYSIS

HOLr- # 7
DEPTH =1973.0 FLbhT

SULUBLE 98-63 '

INSOLUBLE 1.37

COMPONENT WT %

S03 0.26

NA 38.46

NA20 0.0

K 0.06

K20 0.03

MGO 0.53

CAO 0.07

S102 0.66

FE203 0.01

AL203 0.13

CL 59.58

WEIGHT LOSS
ON HEATING

70 0.19

170 0.07

380 0.02

450+ 0.12

TOTAL 100.19

MAJOR: HAL
MINOR: POLY, KIES
TRACE: KAIN, CHLOR, FKEL, TALC, QTZ, FEOX



TOTAL ANALYSIS

HOLE-~ 7
DEPTH =1975.0 FEET

SOLUBLE = 99.93 %
INSOLUB3LE = 0.07 %

COMP014ENT WT %

S03 0.19

NA 38.93

NA20 0.0

K 0.06

K20 0.0

MGO 0.07

C AG 010.09

S102 0.0

FE203 0.0

AL203 0.0

CL 60.38

WEIGH-T LOSS
ON' HLATING

70 0.17

400-500 0.07

TOTAL 100.C3

MAJOR: HAL
MI NOR:
TRACE: ANH, KAIN



TOTAL ANALYSIS

HOLE A 7
DEPTH =1978.5 FEET

SOLUBLE = 91.07 ,
INSOLUBLE = 8.93 Z

COMPONENT WT

S03 2.82

NA 32.52

NA2O 1.96

K 0.44

K20 0.13

MGO 2.62

CAO 0.98

S102 20

FE203 0.37

AL203 1.06

CL 51.89

WEIGHT LOSS
ON HEATING

70 0.36

200 0.04

300-400 0.17

450-550 1.10

TOTAL 99.35

MAJOR: HAL
MINOR: POLYY CHLUR
TRACE: ANHK LANG, B3LUEUt FEUCX



TOTAL ANALYSIS

HOLE # 7
DEPTH =1983.0 FEE'T

SOLUBLE =100.00 %
INSOLUBLE = 0.0

COMPONENT WI %

S03 1.11

NA 36.00

NA20 0.0

K 0.61

K20 0.0

MGOD 0.40

CAO 0.46

sioz 0.01

FE203 0.0

AL203 0.0

CL 59.20

WEIGHT LOSS
O14 HEATING

70 0.29

125 0.03

275 0.05

350-400 0.1.4

TOTAL 96.30

MA JOR: HAL
MINOR: DOLY, KAIN
TRACE: QTZ



TOTAL ANALYSIS

DEPTH =1936.5 FEET

SOLUBLE = 99.71 Z
INSOLUBLE = 0.29

COMPONENT WT

S03 0.17

NA 38.20

NA20 0.0

K 0.04

K20 0.0

MGO 0.03

CAG 0.21

S102 0.01

0FE203 0.0

AL203 0.0

CL 60.66

WEIGHI LOSS
ON HEATING

70 0.10

TO 500 0.0

TOTAL 99.71

MAJOR: HAL
MINOR: ANH, POLY
TRACE: KAIN, QIL



TOUTAL ANALYSIS

HULL # 7
DEiPTH =1993.5 FEET

SOLUBLE 99ý.55 T
INSULULBLE = 0.45 %

COJMPONENT WT %

S03 2.96

NA .j8.25

NA 20 0.0

K 1.66

K20 0.0

V-OO 0.719

CAO 2.30

S102 0.0

FE203 0.0

AL20-3 0.0

CL 53.81

WEIGHT LOSS
ON HEATING

70 0.19

100 0.05

350--400 0.80

TOTAL 101.28

MAJOR: HAL
MINOR: POLY
TRACE:



TOTAL ANA~LY$S

HOLEB 0 7
DEP'TH =2537.0 FEET

SOLUBLE = 91.43 -'
INSOLUBLE 8.57 %

COMPONENT WT %

S03 46.62

NA 0.93

NA20 4.93

K 0.90

K20 0.0

MGO 13.02

CAO 't.37

S102 13.98

FE203 1.13

AL203 3.26

CL 2.63

WEI1GHT LOSS
ON HEATING

70 0.47

100 0.u9

T0 500 0.0

HI TEMP 8.68

TOTAL 109.58

MAJOR: ANH
I1NUR: HAL, KIES

TRACE: MLEWO F-UOX



TOTAL ANALYSIS

HOLE # 7
DEPTH =2703.0 FEETI

SOLUBLE = 98.97 't
INSOLUB5LE = 1.03 %

COMPONENT WT %

503 11(

NA 38.36

NA20 0.0

K 0.02

K20 0.01

MGO 0.26

CAO 0.79

S102 0.25

FE-2C3 0.06

AL203 0.05

CL 58.89

WEIGHT LOSS
LIN HEATING

70 0.24

150 0.03

550 0.12

TOTAL 100.54

MAJOR: HAL
MINOR: ANH
TRACE: POLYr CHLOR, KFELD, TALC, FECX



TOTAL ANALYSIS

HOLE # 7
DEPTH 2 716.3 FELT

SOLUBLE 99.63 Z
INSOLUBLE = 0.37 %

COMPONENT ViT %

S03 0.44

NA 39.44

NA20 0.0

K 0.01

K20 0.0

MGO 0.01

CAO 0.18

S102 0.01

FE203 0.0

AL203 0.0

CL 61.00

WIEGHT LOSS
ON HEATING

70 0.22

350 0.04

TOTAL 101.72

MAJOR: HAL
MINOR: ANH
TRACE: POLY, TALC



TOTAL ANALYSIS

HOLE # 7
DEPTH =2736.0 FEET

SOLUBLE = 99.67 %
INSOLUBLE = 0.33 %

COMPONENT WT %

S03 0.42

NA 39.75

NA2O 0.0

K 0.01.

K20 0.0

M GO 0.06

CAO 0.51

S102 0.01

FE203 0.0

AL203 0.0

CL 59.88

WEIGHT LOSS
O N HEATING

70 0.08

TO 450 0.03

TOTAL 101.08

MAJDR: HAL
M 1140R: AN 1-
TRACE:.



TOTAL ANALYSIS

HOLE A 8
DEPTH =1391.5 FLE1

SOLUBLE = 98.99 %
INSOLUBLE = 1.01 %

COMPONENT WT %

S03 1.14

NA 39.34

NA20 0.0

K 0.31

K20 0.02

MGO 0.*27

CAO 0.53

$102 0.4U

FE203 0.27

AL203 0.1.0

CL 58.07

WEIGHT LOSS
ON HEATING

70 0.04

110 0.03

350-400 0.1.9

TOTAL 100.71

MAJOR: HAL
M~INOR: POLY
TRACE5: CHLORt ILLt QTZ, FLUX



TOTAL ANALYSIS

HOLL-E 8
DEPTH =1495.3 FEET

SOLUBLE 99.83 %
INSOLUBLE 0.17

COMPONENT WT %

S03 1.12

NA 30.00

NA20 0.0

K 0.12

KZO 0.0

tIGO 0.13

CAO 1.62

S102 0.01

FE203 0.0

AL203 0.0

CL 59.97

WEIGHT LOSS
0O4 HEATING

70 0.05

200 0.03

4 'TOTAL L01.22

MAJOR: HAL
MINOR:
TRACE: CARN



TOTAL ANALYSIS

HOLE 0 8
DEPTH =1573.0 FEET

SOLUBLE 97.72 %
INSOLUBLE = 2.28 %

COMPONENT WT %

S03 5.11

NA 34.63

N'A2O 0.0

K 0.18

K20 0.02

MGO 1.71

CM.) 0.45

S102 0.02

FE203 0.0

AL203 0.01

CL 54.11

WEIGHT LOSS
UN HEATING

70 0.04

100 0.20

160 0.09

350-450 0.85

TOTAL 97.42

M~AJOR: HAL
MINOR: Q?) POLY9 KIES
TRACE: (?) ILL



TOTAL ANALYSIS

HOLE 4
DEPTH =1652.0 F-EET

SOLUBLE = 48.6L %
INSOLUBLE =51.39 %

COMPONENT WT %

S03 51.04

NA 4.07

NA20 4.24

K 18.59

K20 0.99

MGG 4.56

CAO 3.93

S102 0.325

FE203 0.07

AL203 0.04

CL 7.35

WEIGHT LOSS
O)N HEATING

70 0.09

300+ 4.43

TOTAL 99.77

MAJOR: HAL
twIINOA.: POLY-M? SYLP L7'CN, GLAS
TRACE: ILL, Q*Zv, F%'OX



TOTAL ANALYSIS

HOLE # 8
DEPTH = 1705.0 FEET

SOLUBLE = 99.71 !g
INSOLUB3LE = 0.29

COMPONENT WT %

S03 1.18

NA 38.709

NA20 0.0

K 0.35

K20 0.0

MGLJ 0.17

CAO 0.44

S102 0.01

F[203 0.0

AL20i3 0.0

CL 58.64.

WEIGHT LOSS
ON~ HEATING

70 0.15

170 0.02

400-500 0.15

TOTAL [00.19

MAJOR: HAL
MINOR:
TRACE: POLY



TOTAL ANALYSIS

HOLE # 8
DEPTH 1770.0 FEET

SOLUBLE = 98.79 %
INSOJLUBLE = L.ZL %

COMPONENT WT %

S03 1.95

NA 35.75

NA20 0.33

K 0.56

K20 0.02

M GO 0.55

CAO 1.75

S102 0.48

FE203 0.0

AL203 0.12

CL 57.29

WEIGHT LOSS
ON HEATING

70 0.09

170 0.06

400 0.20

TOTAL 99.15

MAJOR: HAL
MINOR: ANH, KAIN
TRALE: ILL, QTZ



TOTAL ANALYSIS

HOLE # 8
DEPTH =1787.0 FEET

SOLUBLE = 99.43 %
INSOLUBLE = 0.57 %

COMPON~ENT WT %

S03 3.01

NA 37.24

NA20 0.0

K 0.69

K20) 0.01

MGO 0.54

C10 0.70

S102 0.21

FE203 0.03
AL203 0.04

CL 58.00

WEIGHT LOSS
ON HEATING

70 0.32
100 0.04

300-400 0.23

TOTAL 101.06

MAJOR: HAL
MINOJR: POLYi KAlIJ
TRACE: CHLOR, QTZ, FEOX



TOTAL ANALYSIS

HOLE M 8
DEPTH =1794.5 FEET

SOLUBLE 75.34 T
INSOLU8LE =24.66

CUMPONENT WT %

S03 0.70

NA 29.75

NA20 1.16

K 0.42

KZO 0.63

MGU 6.65

CAO 0.04

s102 7 .80

FE203 0.46

AL203 1.91

CL 45.14

WE:IGHT LOSS
OIN HEATING

70 0.44

150 0.27

425+ 4.70

TOTAL 100.07

MAJOR: HAL
MIN-OR: CARN, CHLOR, KFLLD, TALC, QTZ
TRACL: POLY9 FEOX



T OTAL ANALYSIS

HOLE 0 8
DCPTH =1804.0 FLET

SOLUBLE = 99.74 X
INSOLUBLE 0.26%

COMPONENT WT %

$03 0.28

NA 39.43

NA20 0.0

K 0.06

K(20 0.0

MGO 0.04

CAO 0.70

5102l 0.01

FE203 0.0

AL203 0.0

CL 59.94

WE~IGHT LOSS
ON HEATING

70 0.02

200 0.05

TOTAL [00.79

MAJOR: HAL
MINOR: ANH
TRALE: CARN



TOTAL ANALYSIS

HOLE Ii 8
DEPTH =1829.0 FEET

SOLUBLE 99.03
INSCJLUbLE U.97 %

COMPONENT WT %

503 0.02

N4A 39.67

NA20 0.0

K 0.05

K20 0.02

M(;O 0.29

CAO 0.01

$102 U.29

F E 2,03 0

AL203 0.08

CL 58.81

WEIGHT LOSS
ON HEATING

70 0.16

200 0.23

TOTAL 99.87

MAJOR: HAL
MINOR:
TRACE: ANH9 CAP4Ni CHLORY KFELD,, TALC, FEOX



IOTAL ANALYSI S

HOLE# 8
DEPTH =1838.0 FEET

SOLUBLE z 97-53 *
INSOLUBLL 2.47 'it

COMPONENT WvT %

S03 0.80

NA 37.58

NA2O 0.0

K 0.26

K20 0.10

MGO 0.48

CAO 0.05

S102 0.13

FE20)3 0.16

AL203 0.27

CL 58.38

WEIGHT LOSS
UN HEATING

70 0.39

TO 500 0.0

TOTAL 98.60

MAJOR: HAL
MINOR:
TRACE: POLY, SLY, LEON, CHLOR, KFELD, FEOX



TOTAL ANALYSIS

HOLE # 8
DEPTH =1856.7 FEET

SOLUBLE 99.96 141

INSOLUBLE = 0.04 %;

COMPONENT WT %

S03 2.70

NA 36.08

NA20 0.0

K 1L.62

K20 0.0

MGO 0.03

CAO 1.56

5102 0.0

FE2Ci3 0.0

AL203 0.0

CL 56.66

WEIGHT LOSS
UN HEATING

70 0.07

350 0.03

TOTAL987

MAJOR: HAL
M I NoR: AiNHI syL, POLY
TRACE:



TOTAL ANALYSI.S

HOLE N 8
DEPTH =1875.0 FEET

SOLUBLE = 70.94 2
INSOLUB3LE~ 29.06

COMPONENT WT .1

S03 0.42

NA 25.64

NA20 0.0

K 0.31

K20 2.28

MGO 9.513

CAO 0.63

5102 15.30

FEZ03 1.23

AL203 3.00

CL 40.92

WEIGHT LOSS
ON HEATING

70 0.22

125-200 0.42

TOTAL 9Y.92

MAJOR~: HAL
MINOR: CARN, KFELD, TALC
TRACE: POLYi CHLOR



TOTAL ANALYSIS

HOLE # 8
DEPTH =1884.0 FEE~T

SOLUBLE 8 0.55 A
INSOLUBLE =19.42

COMPONENT WT %

S03 3.76

NA 27.1.0

NA2fl 0.0

K 6.98-

KZO 1.80

MGO 5.09

CAO 1.66

S102 9.02

FE203 0.60

AL203 1.*99

CL 44.06

wEIGHT LOSS
ON HEATING

70 0.36

35U-400 0.44

TOTAL 102.86

MAJOR: HAL
MINOR: ANH, CARN, KFELO, TALC, FEOX
TRACE: CHLrJR



TOTAL ANALYSIS

HOLU # 8
DE:PTH 1690.0 FEET

SOLUBLE = 99.96 %
JNSOLU8LE = 0.02 %

COMPONENT WT

S03 0.77

NA 3b.78

NA20 0.0

K 0.10

K20 0.0

MGO 0.10

CAO 0.95

S102 0.0

FE203 0.0

AL203 0.0

CL 59.33

WEIGHT LOSS
GN HEATING

70 0.05

300-400 0.08

TOTAL 100.18

MAJOR: HAL
MINOR:
TRACE: ANH, CARN



TOTAL ANALYSIS

HOLE # 8
DEPTH 1894.3 FEET

SOLUaLE = 95.43 t
INSOLUBLE = 4.57 %

COMPONENT WT

S03 0.12

NA 37.90

NAZQ 0.0

K 0.06

K20 0.13

MGO 0.74

CAO 0.03

S102 2.43

FE203 0.20

AL203 0.43

CL 57.78

WEIGHT LOSS
O1N HEATING

70 0.30

TO 500 0.0

TOTAL 100.12

MAJCJR: HAL
MINOR: QTZ
TRACE: ANHt CARN, CHLORv K&L3LOv TALC, FEOX



TOTAL ANALYSIS

HOLE A 8
DEPTH =1898.5 FEET

SOLUBLE 98.53 %
INSOLUBLE = 1.47 %~

COMPONlENT WT %

S03 0.55

NA 38.81

NA20 0.71

K 0.07

KZ0 0.01

MGO 0.26

CAO 0.12

S102 0.45

FE2C3 0.02

AL203 0.07

CL 57.97

WEIGHT LOSS
CN HEATING

70 0.16

TO 500 0.0

TOTAL 99.20

MAJOR: HAL
MINOR:
TRACE: POLY, BLOED, CIIL&,, TALC, FEOX



TOTAL ANALYSIS

HOLE # 8
DEPTH =1900.0 FEET

SOLUBLE = 99.96 Z
INSOLUBLE 0.04 T

COMPONENT WT %

S03 3.20

NA 35.14

NA20 0.0

K 0.98

K20 0.0

MGO 0.*47

CAO 0.39

S102 0.0

FE203 0.0

AL203 0.0

CL 57.60

WEIGHT LOSS
ON HEATING

70 0.17

300-400 0.64

TOTAL 101.63

MAJOR: HAL
MINOR: LEON
TRACE: POLY



TOTAL ANALYSIS

HOLE 0 8
DEPTH =1905.0 FEET

SOLUBLE = 96.96 %
INSOLUBiLE = 3.02 %

COMPONENT WT %

$03 0.20

NA 38.67

NA20 0.0

K 0.13

K20 0.03

MG0 0.93

CAD U.45i

5102 0.91

0FE203 0.14
AL203 0.25

CL 57.91

WaIGHT LOSS
ON HEATING

70 0.36

375 0.26

TOTAL 100.24

MAJOR: HAL
MINOR~:
TRACE: POLYt CHLORY KFELO TALC



TOTAL ANALYSIS

HOLC # 8
DEPTH =1910.0 FEET

SOLUBLEi 99.02 %
INSOLUBLE 0 .98 %

COMPONENT WT %

S03 0.53

NA 39.64

NA2(J 0.0

K 0.0

K20 0.30

MGO 0.31

CAD 0.44

S102 0.34.

FE203 0.04

AL203 0.06

CL 59.04

WEIGHT LOSS
ON HEATING

70 0.06

375 0.04

/TOTAL 100.82

MAJOR: HAL
MINCoR: POLY
TRACE: ANm, CHLORt KFELD, TALC, QTZt FEOX



TOTAL ANALYSIS

HOLE # 8
DEPTH =191:3.1 FEtET

SOLUBLE 97.71 %
INSOLUBLE 2.29 %

COMPONENT WT %

S03 0.06

NA 38.48

NA20 0.0

K 0.06

K20 0.05

MGO 0.55

CAO 0.01

S102 0.91

FE203 0.13

AL203 0.21

CL 59.27

WEIGHT LOSS
ON HEATING

70 0.11

120 0.03

260 0.03

400+ 0.04

TOTAL 99.94

MAJOR: HAL
P1 NO R:
TKACE: KAIN, CHIOR, KF-ELDv TALC, QTZI FEOX



TOTAL ANALYSIS

HOLE # 8
DLPTH 1916.2 F-EET

SOLUBLE 9 9.65 %
INSOLUBLE = 0.15 %

COMPONENT WT %

503 0.92

NA 36.48

NA2O0 0.0

K 0.21

K20 0.0

MGO 0.1.3

CAO 0.44

S102 0.0

FE203 0.0

AL203 0.0

CL 57.71

WEIGHT LOSS
ON HEATING

70 0.13

250 0.02

* 350-400 0.1.0

TOTAL 98.29

MAJOR: HAL
MINOR: POLY
TRACE: ANH



TOTAL ANALYSIS

HOLE g 8
DEPTH =1923.0 FEET

SOLUBLE = 98.30 'b
INSOLUBLE 1.70 %

COMPONENT WT %

503 1.06

NA 38.03

NA2U 0.0

K 0.05

KZ-O 0.08

MGO 0.09

CAO 0.20

S102 0.60

FE203 0.10

AL203 0.16

CL 58.43

WEIGHT LOSS
ON HEATING

70 0.19

300 0.0b

450+ 0.24

TOTAL 99.29

MAJOR: HAL
MINOR: POLY
TRACE: KAIN, CHLOR, ILL, KFELD, OTZt FEOX



TOTAL -ANALYSIS

HOLE # 8
DEPTH =1930.0 FEET

SOLUBLE = 98.99 %
INSOLUBLE 1 .01 %

COMPONENT WT %

S03 2.81

NA 35.71

NA'20 0.08

K 1.03

K20 0.01

MGO 0.46

LAO 0.*20C

S102 0.12

FE203 0.07

AL203 0.04

CL 56.74

WE.I GHT LOSS
fUN iHEATING

70 0.05

'l350-400 0.42

TOTAL 97.80

MAJOR: HAL

TRACE: LILON, CHLOR, KFELtJ, TALC# FEOX



TOTAL ANALYSIS

HOLE # a
OEPIH =1933.0 FEL~T

SOLUBLE = 99.62 t
INSOLUBLE = 0.38 %g

COMPONENT WT %

S03 0.78

NA 38.03

NA20 0.0

K 0.15

K20 0.0

MGO 0.09

CAD o.co5

5102 0.01

FEZ03 0.01

AL203 0.0

CL 59.61

WEIGHT LOSS
UN HE~ATING

70 0.19

200 0.09

TOTAL 100.19

MAJOR: HAL
MINOR: ANHI POLY, KAIN
TRACE: QTZ, FEOX



TOTAL ANALYSIS

HOLEI 0 8
DEPTH =1938.0 FE-ET

SOLUBLE 99.66 9
INSCLUbLE 0 .14t %

COMPONENT WT X

S03 2.91

NA 35.63

MA20 0.0

K 0.68

K20 0.0

MGO 0.84

CAO 1.02

SILJ2 0.0
FE203 0.0

AL203 0.0

CL 59.45

WEIGHT LOSS
ON HEATING

70 0.13

125 0.14

275 0.05

35U-400 0.17

TOTAL 101.16

MAJOR: HAL
MINOR: POJLY, KA IN
TRACE:



TOTAL ANALYSIS

HOLE # 8
DEPTH =1953.2 FEET

SOLUBLE 99.91 %
INSOLUbLE O.09 z

COMPONENT WT %

S03 2.30

NA 39.50

NAZO 0.0

K 0.30

K20 0.0

MGO 0.42

CAD 1.23

$102 0.01

FE2C'3 0.0

AL203 0.0

CL 57.63

WLIGHT LOSS
ON HEiATING

70 0.05

250 0.05

375 0.03

425 0.29

TOTAL 101.90

PIA JOR: HAL
MINOR: ANH, POLY
TRACE: BLOLDi TALC



TOTAL ANALYSIS

HOLE l 8
DEPTH- 1967.0 FEET

SOLUBLE 95.1.3 %
INSCLUBLE 4.837 %

COMPONENT WT %

S03 1.25

NA .9

NA20 2.73

K 0.57

K20 0.09

M G0 1.21

CAO 0.41

SIOZ 0.76

FE2-03 0. 10

AL203 0.20

CL 57.52

WCIGHT LOSS
ON HEATING

70 0.28

190 0.04

ioO-500 0.20

TOTAL 101.35

MAJOR: HAL
t4INuR: POLY9 KAIN, TALC
TRACE: CHLURr FEOX



TOTAL ANALYSIS

HOLE # 8
DEPTH =1986.0 VEEl

SOLUBLL 36.72 T
INSOLUBLE =63.28 14

COMPONENT W T t

S03 60.87

NA U.36

NA2U 5.8~3

K 0.0

K20 26.07

MGO 1.83

CAU 5.12

S102 0.54

FE203 0.17

ALZU3 U8

CL 0.15

WEIGHT LOSS
ON HEATING

70 0.07

300-400 5.61

TOTAL 107.67

MAJOR: (?) GLAS, ANH, LLON
MINOR:
TRACL: HAL, FEOX



TOTAL ANALYSIS

HOLE N 8
DEPTH 2006.0 FEET

SOLUBLE = 99.50
INSOLUBLE = 0.50

COMPONENT WT

S03 2.37

NA 37.59

NA20 0.0

K 1.03

K20 0.0

MGO 0.31

CAO 0.06

3102 0.01

FE203 0.0

AL203 0.0

CL 57. 17

WEIGHT LOSS
UN HEATIN6,

70 0.20

350-400 0.29

450 0.1.3

475 0.04

TOTAL 99.70

MAJOR: HAL
MINJOR: t'AIN, bLOEO
TRACE: POLI', QTZ



TOTAL ANALYSIS

HOLE #I 8
DEPTH z 017.0 FEET

SOLUBLE = 95.20 %
INSOLUBLE = 4.80 Z

COMPONENT WT %

503 0.62

NA 35.6c)

NA2O 0.0

K 0.06

K20 0.04

MGO 0.53

CAO 1.02

s102 2.02

FE203 0.28

AL203 0.70

CL 57.09

WEIGHT LOSS
01N HEATING

70 0.22

100 0.02

300-400 0.17

ORGANIC 1.59

TOTAL 100.02

MAJOR: HAL
MINOR: ANH
TRACE: SYL, CAIN, CHLOR, F-EOX9 ILL



TOTAL ANALYSIS

HOLE 9 8
DEPTH =2039.0 FEET

SOLUBLE = 98.94 1
INSOLUBLE 1.06 WA

COMPONENT WT X

S03 5.50

NA 35.02

NA20 0.0

K 1.56

K20 0.03

MGO 0.70

CAO 1.58

S102 0.27

FE203 0.07

AL203 0.05

CL 54.01

WEIGHT LOSS
ON HEATING

70 0.21

100 0.05

300-400 0.49

425 0.27

TOTAL 99.81

MAJOR: HAL
MINOR: PULY6 KAIN
TRACE: KFEL6 TALC, IFEQX



TOTAL ANALYSIS

HOL' a
DEPTH =2050.0 FEET

SOLUBLE = 28.61
INSOLUBLE 71.39

COMPONENT WT %

S03 54.99

N A 8.00

NA20 4.90

K 0.05

K20 0.04

MGO 0.31

CAO 7.10

S102 0.33

FE203 0.0

AL203 0.0

CL 12.44

WEIGHT LOSS
ON HEATING

70 0.11

475 0.66

TOTAL 88.95

MAJOR: ANH
MINOR: HAL
TRACE: QTL



T OTAL ANALYSIS

HOLE fi 8
ULPTH =2068.0 FEE.T

SOLOBLE = 98.84 %
INSC1LUBLE 1.16 T

COMPONIENT W

S03 2.49

NA 37.41

NA20 0.0

K 0.08

K20 0.01

MGO 0.31

CAO 0.89

S102 0.38

FE203 0.0.5

AL203 0.07

CL 55.99

WEIGHT LOSS
UN HEATING

70 0.04

250 0.10

TOTAL 97.82

MAJUR: HAL
MINOR: ANH, TALC, BLOED
TRALtE: POLY, CHLOf FEOX



TOTAL AN4ALYSIS

HOLE # 8
DEPTH =2084.0 FEET

SOLUBLE 92.00 %
INSOLUBLE = 8.00

COMPONENT W

S03 2.64

NA 34.4b

NA20D 1.87

K 1.02

K20 0.19

MGO 1.48

CAQ 0.73

S102 2.07

FE203 0.25

ALZ03 0.37

CL 52.19

WEIGHT LOSS
01N HEATING

70 0.17

140 0.05

350-400 0.27

450-550 0.22

TOTAL 97.98

MA JO)R: HAL
MIrqOR: CHLORv TALC, QTZ
TRACE: KFLLO, FLUX



TOTAL ANALYSIS0

HOLE # 8
DEPTH =2130.0 FtET

SOLUBLE = 99.61 %

INSOLUBLE 0.39 %

COMPONENT W

S03 2.31

NA 37.79

NAZO 0.0

K 0.42

K(20 0.0

MGO 0.25

CAO 0.75

S102 0.03

FE203 0.00

AL203 0.0

CL 57.16

WEIGHT LOSS
ON HEATING

70 0.11

125 0.07

-$350-400 0.10

TOTAL 99.38

MAJOPR: HAL
MbINOR: POLY
TRACL: ANH, QTZ



TOTAL ANALYSIS

HOLE # a
DLPTH =2162.0 FiT

SOLUBLE = 98.90 1
INSOLUBLE = 1.10 %

COMPONENT W

S03 1.56

NA 36.77

NA20 0.55

K 1.23

K20 0.03

MGO 0.65

CAO 0.93

S102 0.23

FE203 0.06

AL203 0.05

CL 59.99

WEIGHT LOSS
ON HLATING

70 0.14

300-400 0.48

TOTAL 102.67

MAJOR: HAL
MINOR: ANH, POLY, SYL
TRACE: KFE LD, TALC, FEUX



TOTAL ANALYSIS

HOLE # a
DEPIH =2217.0 FELT

SOLUBLE = 99.76 %
INSOLUBLE 0.22 %

COMPONENT WT %

S03 0.0

NA 39.14

NA20 0.0

K 0.07

K20 0.0

MG0 0.02

CAO 0.12

S102 0.01

FL-203 0.0

AL203 0.0

CL 59.75

WEIGHT LOSS
ON HEATING

70 0.04

300-400 0.40

TOTAL9.7

MAJOR: HAL
MINUR:
TRACE: ANHv POLY, SLY, QTZ



TOTAL ANALYSIS

HOLE A
DEPTH =2280.0 FEET

SOLUBLE 100.0o y,
INSOLUBLE = 0.0

COMPONENT' WT %

S03 0.39

NA 37.91

NA2O 0.0

K 0.12

K20 0.0

MGO 0.09

CAO 0.25

S102 0.02

FE203 0.0

AL203 0.0

CL 60.23

WEIGHT LOSS
UN HEATING

70 0.19

350 U.08

TOTAL 99.28

MAJOR: HAL
MINOR: ANH, CARN
TRACE: POLY, QTZ



TOTAL ANALYSIS

HOLE 8
DLPTH =2326.0 FEET

SOLUBLE~ 95.44%
INSOLUBLE = 4.56

COMPONENT WT %

S03 0.18

NA 37.63

NA20 0.0

K U.06

K2 0 0003

MG0 1.3S

CAO 0.17

S102 1.15

FE203 0.12

AL203 0.25

CL 5 7.933

WEI1GHT LOSS
ON HE4;1iNG

70 0.11.

1OU-150 0.03

450+ MIN 0.56

TOTAL 99.011

MAJOP: HAL
MINOR: TALC
TRACE: HAL, CARN, CHLOR, FLUiX



TOTAL ANALYSIS

HOLE A 8
DEPTH 2366.3 FEET

SOLUBLE = 31.37 %
INSOLUBLE =68.63 %

COMPONENT WT %

S03 47.32

NA 0.62

NA20 3.76

K 0.0

K20( 10.67

MGOJ 6.40

CAO 3.37

S102 10.68

FE203 0.01

AL203 1.57

CL 1.17

WEIGHT LOSS
ON HEATING

70 0.43

200-375 4.81

375-500 1~.60

TOTAL 92.41

MAJOk:
MINOR: KAINt KFELU), TALC, CTZ
TRACE: HAL, SYL



TOTAL ANALYSIS

HOLE N 8
DEPTH 2427.5 FELT

SOLUBLE = 99.36 %
INSOLUBLE 0 .64 %

COMPONENT WT %

S03 2.58

NA 39.42

NA20 0.0

K 0.01

K20 0.01

MGO 0.05

CAO 0.35

S102 0.10

FE203 0.01

AL203 0.01

CL 59.88

WF IGiT LOSS
ON HEATING

70 0.03

300-400 U.40

TOTAL 102.85

MAJOR: HAL
MINOR: ANH
TRACE: POLY, BLOED, KFLLU TALC, UTZ, FEOX



TOTAL ANALYSIS

HOLC # 8
DEPTH =2460.0 FEET

SOLUBLE = 99.21 %
INSOLUBLE = 0.79 %

COMPONENT WT %

S03 1.14

NA 38.75

NA20 0.0

K 0.03

K20 0.01

MG0 0.20

CAO 0.62

S102 0.119

FE203 0.03

AL203 0.06

CL 57.00

WEIGHT LOSS
ON HEATING

70 0.17

125 0.05

350 0.08

450 0.07

TOTAL 98.40

MAJOR: HAL
MIN!OR: ANN
TRACE: KAINt CHLUR, KFELD, TALC, FLUX



TOTAL ANALYSIS 4

HULL # 8
DEPTH 2519.6 FEEI

SOLUBLE 99.36 0'
INSOLUBLE = 0.64

COMPONENT WT %

S03 0.17

NA 40.4Z

NA2O- 0.0

K 0.02

K20 0.0

MGO 0.01

CAC) 0.03

SIOZ 0.0

FE203 0.0

AL203 0.0

CL 60.31

WEIGHT LOSS
LIN HEATING

70 0.06

480 0.06

TOTAL 101.74

MAJOR: HAL
MINOR:
TRACE: POLY



TOTAL ANALYSIS

HOLE A 8
DEPTH 2563.0 FLET

SOLUBLE 7.LI.
INSOLU[BLL 92.89

CUMPONENT WT %

S03 40.59

NA 14

NA2O 6.06

K 0.05

KZ0 0.54

MGO 14.73

CAO 24.37

S102 6.25

FE203 0.96

AL203 1.86

CL 1.05

WEIGHT LOSS
ON HEATING

70 18

100-150 0.19

175 0.07

450+ MIN 0.11

TOTAL 100.17

MAJOR: ANH
MINUR: CHLOR, KFELD, TALC, FCOX

-TTRACE: HAL, LAN'G



TOTAL ANALYSIS

HOLE a
DEPTH =2615.5 FEET

SOLUBLE = 99.74 t
INSOLUBLE 0.26 %

COMPONENT WT %

503 0.86

NA 38-5b

NA20 0.0

K 0.05

K20 0.0

MGO 0.02

CAO 0.56

5102 0.0

FE203 0.01

AL 203 0.0

CL 59.37

WEIGHT LOSS
ON HEATING

70 0.21

300-350 0.06

/TOTAL 100.00

MAJOR: HAL
MINOR: ANH
TRACE: POLY, FEOX



TOTAL ANkLYSIS

HOLE 4 8
DE~PTH =2665.5 FEET

SOLUBLE = 99.08
INSOLUBLE = 0.02 %

COMPONENT W

S03 0.98

NA 36.68

NA20 0.0

K 0.02

K20 0.01

M GQ 0.22

GAO 0.35

S102 0.23

FE203 0.04

AL203 0.06

CL 59.14

WEIGHT LOSS
ON HEATING

70 0.25

400-500 0.48

TOTAL 100.46

MAJOR: HAL
MINOR: ANH, CHLOR
TRACE: POLYP KFLLD, TALW FEOX



TOTAL ANALYSIS

HOLE A a
DEPTH =2706.0 FEET

SOLUBLE = 98.75 %
114SOLUBLE 1.25 %

COMPONENT WT %

503 1.13

NA 37.09

NA20 U.64

K 0.03

K20 0.03

MGO 0.19

CAO 0.68

S102 0.27

FE203 0.27

AL203 0.07

CL 58.60

WEIGHT LOSS
ON HEATING

70 0.16

300 0.05

380 0.75

400+ 0.70

TOTAL 100.66

MAJOR: HAL
MINOI<: ANH
TRACE: POLY, CHLOR, KFELDt TALC, FEOX



TOTAL ANALYSIS

HOLE fi 8
DEPTH =2*758.0 FEET

SOLUBLE 99.22
INSOLUBLE = 0.78

COMPONENT WT

S03 1.70

NA 37.20

NA20 0.83

K 0.08

K20 0.01

MGO 0.18

CAO 1.14

S102 0.06

FEZ,-'3 0.01

AL203 0.02

CL 58.07

WEIGHT LOSS
ON HEATING

70 0.11

250 0.05

TOTAL 99.46

MAJOR: HAL
M INDOR: ANH
TRACE: POLY, CHLOR, KFELD, TALC, FEOX



TOTAL ANALYSIS

HOLE # 8
DEPTH =2779.0 FEET

SOLUBLE 99.62%
INSOLUB3LE = 0.38 %

COMPONENT VT

S03 1.09

NA 37.41

NA20 0.0

K 0.01

K20 0.0

MGO 0.03

CAG 1.80

S102 0.0

FE203 0.0

AL203 0.0

CL 58.53

WEIGHT LOSS
ON HEATING

70 0.21

HI TEMP 0.0

TOTAL 99.46

MAJOR: HAL
MINOR: CARN, ANH
TRACE:



TOTAL ANALYSIS

HOLE # 8
DEPTH =2794.0 FELT

SOLUBLE = 99.79i %
INSOLUBLE 0.21 %

COMPONENT WI, %

S03 0.99

NA 37.86

NA20 0.0

K 0.02

K20 0.0

MGO 0.01

CAO 0.68

S102 0.0

FE203 0.0

AL203 0.0

CL 60.58

WEIGHT LOSS
ON HLATING

70 0.18

HI TEMP 0.0

TOTAL 100.53

MAJOR: HAL
MINUR: ANH
TRACE: POLY



TOTAL ANALYSIS

HOLE A~ 8
DEPTH 2802.5 FEET

SOLUBLE = 99.55 %
INSOLUBLE = 0.45

COMPONENT WT

S03 1.76

NA 38.39

NA20 0.0

K 0.02

K20 0.0

MGO 0.01

CAO 0.22

$102 0.0

FEZ03 0.0

AL203 0.0

C-L 58.19

WEIGHT LOSS
OIN HEATING

70 0.10

170 0.02

375 0.02

TOTAL 99.18

MAJOR: HAL
MINOR: ANH
TRACE: BLOED9 POLY



TOTAL ANALYSIS

HOLE # 8
DEPTH =2809.0 FEET

SOLUBLE = 9;.09 %
lNSOLUBLE = 0.91 ýr

COMPONENT WT %

S03 2.02

NA 38.56

N~A20 0.0

K 0.01

K20 0.01

MOO 0.04

CA 0 1.09l

S102 0.04

FE203 0.0

AL20J3 0.01

CL 59.70

WEIGHT LOSS
ON HEATING

70 0.15

150-200 0.09

400 0.24

TOTAL 101.1;6

MAJOR: HAL
MINOR: ANH
TRACE: POLYs iBLUE-:O POLY, KFELID, QTZ



TOTAL AN ALYS IS

HOLE # a
OLPTH =2820.5 FEET

SOLUBLE 99.46 %
INSOLU6LE = 0.54 %

COMPON'ENT WT t

S03 1.67

14A 38.42

NA2LG 0.0

K 0.01

K20 0.0

MG U 0.03

CAO 02

$102 0.06

FE203 0.0

AL203 0.0

CL 58.50

WEIGHT LOSS
ON H-EATING

70 0.18

400+- 0. L8

TOTAL ci9. 3 4

MAJOR: HAL
MINOR: THE~N, ANH
TRACE: POLY, TALC



TOTAL ANALYSIS

HOLE # 8
DEPTH =2879.0 FEST

SOLUBLL 964 i.tl
INSOLUB3LE = 3.59

COMPONENT WT %

S03 4.15

NA 32.65

NA20 0.93

K 0.02

K20 0.01

MGn 0.13

CAO 1.54

$102 0.13

FE203 0.01

AL203 0.01

CL 55.79

WEIGHT LOSS
UN HEATING

7U 0.06

TO 500 0.0

500+ 3.31

TOTAL 98.74

MAJOR: HAL
MINOR: GLA401 ANH
TRACE: POLY, KFELL), TALC, FEOX



TOTAL ANALYSIS

HOLE. # 8
DEPTH =2948.0 FEET

SOLUBLE = 97.32 %
INSOLUBLE = 2.68 T

COMPONENT WT %

S03 5.34

NA 37.30

NA20 0.0

K 0.01

K2.0 0.01

MGO 0.03

CAO 0.79

SJOz 0.06

FE203 0.01

AL203 0.0

CL 55.51

WEIGHT LOSS
ON4 HEATING

70 0.20

150 0.02

450 0.02

500 0.02

TOTAL 99.32

MAJOR: HAL
MINOR: GLAL(B, ANH
TRACE: LANG, 7ALC, QTt FELX



Appendix 7.B (Ref. sec. 7.3)

Whole Rock Chemical Analyses in Soluble and

Insoluble Fractions & Moles times 1000



HOLE # 7
DEPTH = 1044.2 FEET

TOUTAL

COMPOJNENT WT T M 0LE S

SrJ3 0.55 6.87

N A 38.56 1677.25

NA20 0.0 0.0

K 0.03 0.77

K20 0.0 0.0

MGLJ 0.04 0.199

CAO 0.43 7.67

5102 0.0 0.0

FEZ03 0.0 0.0

A L 203 0.0 0.0

CL 60.40 1703.61
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* HOLE #7
DEPTH = 1221.0 FEET

TOTAL

COMPONIENT WT A MOLES

S03 2.02 25.23

NA 38.79 1687.26

NA20 0.0 0.0

K 0.06 1.53
K20 0.0 0.0

MGO 0.10 2.48

CAD 0.88 15.69

S102 0.01 0.17.

FE203 0.0 0.0

AL203 0.0 0.0

CL 58.31 1644t.65



HOLE A 7
[)LPTH = 1343.0 FEET

TOT AL

CQ'MPL'1i:NT W T '4r MOLtE

$03 0.99 12.37

NA 38.60 1678.99

N'A2 0 0.0 0.0

K 0.35 13.95

K2 L 0.0 0.0

MG(ll 0.15 3.72

CAG 0.66 11.77

Si u2 0.01 0.17

FL203 0.0 0.0

AL2U3 0.0 0.0

CL 59.40 1675.60



HOLE: 9 7
DE~PTH = 1402.5 FEET

TOTAL

C CM P UNEN T WT M ~ OL ES

S03 0.11 1.37

NA 39.67 1725.53

NA/-J 0.0 0.0

K 0.06 1.53

K20) 0.0 0.0

PIGO 0.06 1.49

CAO 0.02 0.36

S102 0.0 0.0

FE~eO13 0.0 0.0

A L 2C3 0.0 0.0

CL 59.78 1L.86.32
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HOLE W 7
DEPTH = 1534.0 FEET

TOTAL

COMPLIN~rIT WT 5 MOLE S

SrJ3 1.67 20.86

NA 36.10 1570.25

14A20 0.0 0.0

K 0.52 1.3.30

K20 0.0 0.0

MGL3 0.22 5.46

CAO 0.64t 11.41.

S102 0.01 U *.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 57.76 1629.34
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HOLE 7
DEPTH = 1755.0 FEET

TOTAL

-COMPONENT WT MOLES

S03 0.65 8.12

NA .38.12 1658.11

NA20 0.0 0.0

K 0.23 5.88

K20 0.0 0.0

MGO 0.13 3.23

CAOJ 0.08 1.43

S102 0.02 0.33

FE203 0.0 0.0

AL203 0.0 0.0

CL 59.54 1679.55
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HOLE # 7
DLPTH 1967.0 FEET

TOT AL

C OMPIP C-)N EbT WT t MULES

S03 3.03 37.85

NA 39.53 1721.62

NA2LI 0.0 0.0

K 0.90 23.02

1(2L 0.0 0.0

fMGO 0.23 5.71

CAL) 0.94 16.76

S I o2 0.0 0.0

FE203 0.0L 0.06

AL203 0.0 0.0

CL 58.74 1654-.96
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HOLE k 7
DEPTH = 1975.0 F EE T

TOT AL

CC14P(.NtCET WT o MOLES

S03 U.19 2.37

NA 38.93 1693.35

NA20 0.0 0.0

K 0.06 1.53

K20i 0.0 0.0

MGO 0.07 1.74

CAO 0.09 1.160

SIU2 0.0 0.0

FE 203 0.0 0.0

AL203 0.0 0.0

CL 60.38 1703.24
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HOLE 0 7
DLPTH 1 983.0 FEET

TOTAL

C GM P 0NE'NT WT % M UL r--S

S03 i.Li 13 .66

NA 36.00 1565.90

NA20 0.0 0.0

K 0.61 [5.60

K?.O 0.0 0.0

MGU 0.40 9.92

CAO 0.46 8.20

S102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 59.20 1669.96



HOLE # 7
DEPTH = 1986.5 FEET

TOTAL

COMPONE-NT WT % MOLES

S03 0.17 2.12

NA 38.20 1661.59

NAZO 0.0 0.0

K 0.04 1.02

K20 0.0 0.0

MGO 0.03 0.74

CAD 0.21 3.74

S 102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 60.66 171l.14



HOL E 9 7
DEPTH = 1993.5 FEET

TOTAL

COMPONENT WT % MOLES

SU3 2.96 36.97

NA 38.25 1663.7*7

NA20 0.0 0.0

K 1.68 42.97

K20 0.0 0.0

MGO 0.79 19.60

CAO 2.30 41.01

SI102 0.0 0.0

FEZ03 0.0 0.0

AL203 0.0 0.0

CL 53.81 1517.91



HOLE 9 7
ULPTH 2537.0 FEET

TOTAL

COMPONENT 1-4T % MO LE S

S03 46.62 582.31

NA 0.93 40.45

NA20 4.93 79.54

K 0.90 23.02

KZO 0.0 0.0

MGO 13.02 323.00

CAC 4.37 77.92

S102 13.98 232.65

FE203 1.13 7.08

AL203 3.26 31.97

CL. 2.63 74.19
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HOLE # 72763FE
DE~PTH 2763 FT

TOTAL

C~lPt.E~rWT V IOLES

S03 0.44 5.50

NA 39.44 1715.53

NA20 0.0 0.0

K 0.01 0.26

K20 0.0 0.0

MGL) 0.01 0.25

CAO 0.18 3.21

S102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 61.00 1720.73



HOLE U 7
DLPTH 2736.0 FEET

TOTAL

COMPONENT WT % MOLES

S03 0*42 5.25

NA 39.75 1729.01

NA20 0.0 0.0

K 0.01 0.26

K20 0.0 0.0

MGO 0.06 1.49

CAC 0.51 9.09

S102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 59.88 1689.14
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HOLE #8
DEPTH = 1495.3 FEET

TOTAL

C CMPOiDNENT WT % MOLES

S03 1.12 13.99

NA 38.00 1652.89

NA20 0.0 0.0

K 0.12 3.07

K20) 0.0 0.0

MGO 0.13 3.23

CAO 1.62 28.89

S102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0-.0

CL 59.97 1691.68
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HOLE 8
D)EPTH = 1705.0 FEET

TOTAL

COMPONENT MOQLE S

S03 1.18 14.74

NA 38.79 1687.26

NA20 0.0 0.0

K 0.35 b.q5

K20 0.0 0.0

MGG 0.1.7 4.22

CAL) 0.44 7.85

SJO-2 0.01 0.17
FE203 0.0 0.0

AL203 0.0 0.0

CL 56.64 1654.16
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HOLE N 8
D(CPTH = 1804.0 FEET

TOTAL

COMPONENT WT MOLES

S03 0.28 3.50

NA 39.43 1715.09

NA2O 0.0 0.0

K 0.06 1.53

K20 0.0 0.0

MGO 0.04 0..99

CAO 0.70 12.48

S102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 59.94 1690.83
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HOL E # 8
DEPTH = 1856.7 FEET

TOTAL

CUMPONENT WT % MJL ES

S03 2.70 33.72

NA 36.08 1569.33:;

NA20 0.0 0.0

K 1.62 41.43

K20 0.0 0.0

MG0 0.03 0.74

CAO 1.56 27.82

S102 0.0 0.0

FE203 0.0 0.0

AL203 U.0 0.0

CL 56.66 1596.31
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HOLE 9 8
DEPTH 1 890.0 FEET

TOTAL

COMPONENT WT Z MULES

S03 0.77 9.62

NA 38.78 1686.82

NA20 0.0 0.0

K U.10 2.56

K 2rJ 0.0 0.0

MCD 0.10 2.48

CAD 0.95 16.94

S102 0.0 0.0

FE203 0.0 0.0

AL203 0.0 0.0

CL 59.33 1673.62
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HOLE # 8
DEPTH = 1900.0 FEET

TOTAL

COt4PCNENIa WT MLs

S03 3.20 39.97

NA 38.14 1658.96

NA20 0.0 0.0

K 0.98 25.06

K201 0.0 0.0

14GO 0.47 11.66

CACJ 0.39 6.95

S102 0.0 0.0

FE203 0.0 0.0

AL2Z03 0.0 0.0

CL 57.60 1624.82
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-HOLE # 8
DE:PTH = 1916.2 FEET

TOTAL

COMPONtENT WT M 1CLES

503 0.92 11.49

NA 38.48 1673.77

NAZO 0.0 0.0

K 0.21 5.37'

K(20 0.0 0.0

MGU 0.13 3.23

CAO 0.44 7.85

5102 0.0 0.0

FE203 0.0 0.0

AL203 0.0 0.0

CL 57.71 1b)27.93
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HOLE N 8
DEPTH 1933.0 FEET

TOTAtL

0 M P 0N;LN T WT . ~ MCLIFS

S03 0.78 9.74

NA 38.03 1654.20

NA2O 0.0 0.0

K 0.15 3.8~4

K20 0.0 U.0

MGU 0.09 d'.23

CAO 0.65 11.59

S102 0.01 0.17

FiF203 0.01 0.06

AL203 0.0 0.0

CL 59.81 16 67.17



HOLE # 8
DEPTH = 1938.0 FEET

TOTAL

LOMPONENT WT % MOLES

S03 2.91 36.35

NA 35.63 1549.80

NA20 0.0 0.0

K 0.68 17.39

K2 0 0.0 0.0

MGL) 0.84 20.84

CAO 1.02 18.19

S102 0.0 0.0

FE203 0.0 0.0

AL203 0.0 0.0

CL 59.45 1677.01



DEPTH # 81953.2 FEET

TOTAL

COMPONENT WT t MGL E S

S03 2.30 28.73

NA 39.50 1718.14

NA20 0.0 0.0

K 0.30 7.67

K2U 0.0 0.0

MGO 0.42 10.42

CAU 1.23 21.93

S102 0.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 57.63 1625.67
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HOLE A 8
DEPTH = 2006.0 FEET

TOTAL

COMPONENT WT % MOLES

S03 2.37 29.60

NA 37.59 1635.06

NA2O 0.0 0.0

K 1.03 26.34

K20 0.0 0.0

MGO 0.31 7.b9

CAO 0.06 1.07

S102 U.01 0.17

FE203 0.0 0.0

AL203 0.0 0.0

CL 5T.17 1612.69
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HOLE 9 8
DLPTH = 2130.0 FEET

TOTAL

c OMPOIC NT WT MOLLS

S03 2.31 28.85

NA 37.79 1643.76

NA20 0.0 0.0

K U.42 10 .74

K2U 0.0 0.0

MGU 0.25 6.20

CAO 0.75 13.37

S1rJ2 0.03 0.50

FE203 0.0 0.0

AL203 0.0 0.0

C L 57.16 1612..41
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HOLE # 8
DEPTH = 2217.0 FEET

TOTAL

COMPONENT WT 0 OLE:S

S03 0.0 0.0

NA 39.14 1702.48

NA20 0.0 0.0

K 0.07 1.79

K20 0.0 0.0
MGO 0.02 0.50

CAU 0.12 2.14

S10Z 0.01 0.17

FE2133 0.0 0.0

AL203 0.0 0.0

CL 59.75 1665.47



HOLE~
DEPTH = 2280.0 FEET

TOTAL

COMPONENT WT % MOLES

S03 0.39 4.87

NA 37.91 1648.98

NA20 0.0 0.0

K 0.12 3.07

K20 0.0 0.0

MGO 0.009 2.23

CAD 0.25 4.46

S102 0.02 0.33

FE203 0.0 0.0

AL203 0.0 0.0

CL 60.23 1699.01



HOLE # 80
DEPTH = 2326.0 FEET

INSOLUBLE
4.56 WT OF TOTAL

COMPONENT WT X MOLES

S03 0.0 0.0
NA 0.0 0.0
NA20 0.0 0.0

K 0.0 0.0
K20 0.03 0.32
MGO 1.31 32.50
CAO 0.03 0.53
S102 1.14 18.97
FE203 0.12 0.75
AL203 0.25 2.45
CL 0.0 0.0

SUBTOTAL 2.88

MEASURED 4o56
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HOLE# 8
DEPTH = 2519.6 FEET

TOTAL

COMPONENT WT M 1OLES

S03 O.L7 2.12

NA 40.42 1758.16

NA20 0.0 0.0

K 0.02 0.51

K(20 0.0 0.0

MGO 0.01 0.25

CAG 0.03 0.53

s10z 0.0 0.0

FE203 0.0 000

AL203 0.0 0.0

CL 60.31 1701.27
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HOLEU0 8
DEPTH = 2615.5 FEET

TOTAL

COMPONENT WT % MOLES

S03 0.86 10.74

NA 38o58 1678.12

NA20 0.0 0.0

K 0.05 1.28

K20 0.0 0.0

MGO 0.02 0.50

CAD 0.58 10.34

SI02 0.0 0.0

FE203 0.01 0.06

AL203 0.0 0.0

CL 59.37 1674.75



I-

LL~~' 24 Q)D 00 000~ 0
I- WI1 9 9 0 9 0 9 9 *

Igj 1- 0

LA U I
ýO 0

CD UI,- be?

= N iet 1N ' 4 U%

-. 7 Q O O N O O 0 tXn
uy-. Do I-I 1 0 0 0% 9 9 95 *O
-JL L/6O 31 0 0 0 0 0 0 0 0

4N -4) Nc 0 A 0 N10

co b

-J(3.0 ofl coO N

coo (7, 0- 0 m 0 M 0 9 9

-1J. ,Q 1 0 0 Ol.1 0

ZUI c:

z1 0 N 00
00m O N N I.- t

m 1 0 <4<< ( 4b.W J J co .

D Ix



I-.

w 
C

0 0

N of
co

=.O -fd 3j 0 0 0 04 0 0 0 0 01 %
UnO *0 0 * Z *

IJL V- WI 0 0 0 0 0 6 0 9 4 01

oi Z ii

0. N

0

wf- * I- *0 0 0 'D * * 1 * P

-j.-JD 31 0.0 ~ O O M,

Zuj0 ()%

z I'

uWI
ZI1 0 0 N.0
OR t N 0 OOO0N N

0911 NU 1 J c



L-
LU -J Nl O'0

0. < )1

co U-

N be

_j3m

D coMP- 1 " N 1- jr- a00 co0 0-0 0 0 0 0 f
WI 0. *0 0 *0 * 0 0 0 0 *o f

0w 0 I 0
=010

LU

CONr 'N0 N N
-J-

oUi' 0l

of mJ rv 00 a4. 0- 0

m~ 1j 4 <~ 0 0 " 0 <-' 0 0 j 0 j Coxw Q I fAl 0'O' i u w L <n L=O~fl of

QI;



HOLE # 8
DEPTH - 2779.0 FEET

TOTAL

COMPONENT WT %MOLES

S03 1.09 13.61

NA 37.41 1627.23

NA20 0.0 000

K 0.01 0.26

K20 0.0 000

MGO 0.03 0.74

CAO 1.80 32.10

S102 0.0 0.0

FE203 0.0 000

AL203 0.0 0.0

CL 58.53 1651.06



HOL E N 8
DEPTH = 2794.0 FEET

TOTAL

COMPONENT WT %MOLES

S03 0.99 12.37

NA 37.86 1646.80

NA20 0.0 0.0

K 0.02 0.51

K20 0.0 0.0

MGO 0.01 0.25

CAD 0.68 12.13

$102 0.0 0.0

FE203 0.0 0.0

AL203 0.0 0.0

CL 60.58 1708.89



DOET = 2802.5 FEET

TOTAL

COMPONENT WT XMOLES

S03 1.76 21.98

NA 38.39 1669.86

NA2O 0.0 0.0

K 0.02 0.51

K20 0.0 0.0

MGO 0.01 0.25

CAO 0.22 3.92

S102 0.0 0.0

FE203 0.0 0.0

AL203 0.0 0.0

CL 58.19 1641.47
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Appendix7.C (Ref. sec. 7.4)

.Selected x-ray diffraction traces of EDTA-insoluble residues from the ERDA-9 core.

1-2. EB-CS-42: Serpentine and saponite; the sharp maxima at 12.2 and 24.5 020
are basal spacings of sepn is A periodicity. The broad
peak at 7.25 020 (air-dried) becomes a broad weak shoulder at
r,50 020 upon glycol saturation and is saponite.

A. <21lm EDTA-insoluble residue, air-dried.
B. Bulk EDTA-insoluble residue, glycol-saturated.

1-3. IM-CS-15: Talc and smectite (saponite); sharp peaks at 9.5 and 28.5020
are basal spacings of talc's 9.51 periodicity; they do not
shift with glycol-saturation. The broad low-angle peak again
is saponite; accessory amounts of serpentine also present.

A. <2p~m EDTA-insoluble residue, air-dried.
B. Bulk EDTA-insoluble residue, glycol-saturated.

1-4. MB-CS-17: Regularly interstratified mixed-layer chlorite-saponite cor-
rensite); distinct strong superlattice reflection at 2.9 20
(air-dried) which expands to 2.7 020 with glycol-saturation.
The peak at 6.4020 (air-dried) expands to 5.6029.

A. <2Lim EDTA-insoluble residue, air-dried.

B. <2i'm EDTA-insoluble residue, glycol-saturated.

1-5. JL-CS-9: Randomly interstratified mixed-layer chlorite-saponite; air-
dried peak at 6.10 29 expands to 5.50 2G with glycol saturation.
Illite (8.7, 17.6, and 26.60 29), minor serpentine (12.3 and
13.1 029), and minor feldspar (27.4020) also present.

A. <2pm EDTA-insoluble residue, air-dried.
B. <21lm EDTA-insoluble residue, glycol-saturated.

1-6. MB-CS-13: Saponite; reflections at 6.1 and 27.3 020 which expand to 5.2 0

20 upon glycol saturation. A small quantity of a regularly
interstratified mixed-layer clay (small superlattice peak at
2.4 020) also present.

A. <2um EDTA-insoluble residue, air-dried.
B. <2pm EDTA-insoluble residue, glycol saturated.

1-7. JL-CS-2: Randomly interstratified mixed-layer clay, either talc-sapon-
ite or illite-saponite; single strong maximum at 8.6 02e be-
comes pronounced doublet at 9.6 and 7.6020 with glycol satu-
ration.

A. <2um EDTA-insoluble residue, air-dried.
B. <2pm EDTA-insoluble residue, glycol-saturated.
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AP'EDIX 7.b (Ref. sec. 7.4)

Core Footage (Sandia Core Photo #), informal Lithology and Detailed
Macroscopic Core Description

FI in left column indicates abundant fluid inclusions.

+ just to left of right column indicates description incorpo-
rates stratigraphic variation within that interval.

Abbreviations and Meanings used in Core Description (right column)

anhy or anhyd anhydrite
ave average
brwn brown
dom dominant
fg fine grained or finely crystalline
inc increasing
irreg irregular
L length
lams laminae or laminations
lite or lt light
loc local or locally
max maximum
repl replacement
struc structure
thk thick or thickness
W Width

w/ with
Xtals or Xtalline crystals or crystalline

UX microcrystalline
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Appendix 7.E (Ref. sec. 7.5)

Gas Chromatograms and Mass Spectra
of Volatiles from Selected Samples

of Core from ERDA No. 9

Mass spectra are reported as intensity (normalized
to the highest mass peak) as a function of
mass/charge ratio (in atomic mass units).
Gas chromatograms are reported as intensity of
elution peaks (normalized to the highest elution peak)
as a function of relative elution time (in
arbitrary units).
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APPENDIX 7.F. Analytical Precision. (Ref. Sec. 7.5)

1. General statement concerning sample sizes, weighing

errors, etc.

The sample weights used in this study ranged from

approximately 0.5 to 2.5 grams, but typically were from 1.5 to

2.0 grams. The sample bottles were weighed before each new

batch of samples was prepared, and both the sample bottles and

the combined sample bottle and sample were weighed two times or

more. Replicate weighings errors should result in a precision

of no worse than +0.1 to 0.2 weight %.

2. Results of triplicate analyses on selected samples.

Triplicate analyses were performed on separate splits

taken from the sample vial using different initial sample

weights each time. The results are tabulated below:

Sample Weight Losses Determined (Wt. %) Mean to Nearest 0.1%

7-1044 0.1 0.1 0.3 0.2

7-1296 1.3 0.9 1.3 1.2

8-1794 1.2 1.4 1.2 1.3

8-1986 0.0 0.0 0.1 0.0

8-2563 2.0 2.3 1.9 2.1

8-2616 0.0 0.0 0.0 0.0
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The results of these analyses indicate that most weight

losses determined from replicate samples (taken from the same

sample bottle) fall within +0.2 to 0.3 of the mean value.

Because of vertical and lateral variation in mineral. content

typical of sedimentary rocks the range anticipated for

different samples of the same core would be larger, but it is

not possible to estimate the precision under such

non-reproducible conditions. In the case of relatively uniform

samples (such as some halite or anhydrite beds) the precision

might be anticipated to remain fairly good. On the other hand,

samples which contain varying amounts of clays or other hydrous

minerals might be expected to show much larger variations in

their weight losses upon heating.
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APPENDIX 7.H. Mineralogy and Petrology of Core #7 and #8.

1. Abbreviations used.

Minerals In the summaries which follow the approximate

amounts of the minerals present are indicated

by upper and lower case letters. AN + MAJOR

>25%) ; An + Minor (5 to 25%) ; an = trace

S5%. Often less than 1%)

AN = Anhydrite HA = Halite

CAR = Carnallite KAIN = Kainite

CEL = Celestite PH = Polyhalite

CSSM = Clay and silt-sized QTZ = Quartz

minerals (often magnesitic) SYL = Sylvite

FELD = Feldspar(s)

GLAU = Glauconite

GYP = Gypsum

Grain Sizes

fg = Fine grained ( .1 mmn)

mg + medium grained (1 nun to 1 mm)

cg = coarse grained ( > 1 cm)

With the exception of halite, which shows a wide range of

grain sizes, most of the minerals observed are fine grained.
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

2. Core #7

Depth (ft) Description

1044 cg HA with An and cssm in patches and stringers. An
also in isolated crystals and crystal clusters.

1107 fg to mg HA with mg gyp which is partially replaced
by An. fg to mng ph in patches and stringers along
with cssm.

1171 Appears macroscopically bedded. Primarily vuggy
AN. Voids filled with radial ("'starbursts") of ph
and also with ha and cssm.

1221 cg HA. Patches and stringers filled with ph (radial
in part) and an. Some evidence of ph replacing an.

1296 mg to cg HA with Cssm, ph and possibly some an in
patches and stringers. Some of the Cssm appears
intergranular among HA crystals. May represent
subaerial deposition.

1342 mg to cg HA with ph and cssm in patches and
stringers.

1402 mg HA. ph (radial in part) and an in patches and
stringers and as crystal clusters.

1468 mg HA with much intergranular Cssm. Possibly
represents subaerial deposition. Trace an and ph as
*isolated crystals and crystal clusters. Some
authigenic quartz and feldspar.

1533 mg to cg HA with poorly preserved hoppers. Ph in
patches and stringers, some possibly intergranular
with HA. Trace Cssm associated with the Ph.

1615 mg to cg HA with hoppers. fg to mg An and ph in
patches and stringers. ph appears to be replacing
An, some of which may be psuedomorphic after gypsum.

1697 Appears to be macroscopically bedded. Large,
nodular masses of AN (possibly pseudomorphic after
gypsum nodules) with voids filled with Cssm, Ph, ha
and syl. Ph associated with Cssm; syl associated
with Ph.
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*APPENDIX 7.H. Mineralogy and Petrology, Continued.

2. Core #7, continued

Depth (ft) Description

1755 mg to cg Ha with poorly preserved hoppers. ph and
an in patches and stringers. ph replaces an in
part. Perhaps a little syl is present.

1952 Appears macroscopically bedded. mg to cg HA with
hoppers. Ph and an in patches, stringers and as
isolated crystals and clusters. Ph replacing an in
part.

1954 mg to cg HA with Cssm in patches and stringers.
Some Cssm is intergranular with HA. May represent
subaerial deposition. Some isolated crystals and
clusters of ph associated with Cssm.

1958 mg to cg HA. cssm in patches and stringers. (Some
cssm may be intergranular) . ph and possible an in
patches and stringers associated with cssm and also
in isolated crystals and clusters.

1960 Possibly macroscopically bedded. fg to cg HA with
hoppers. Intergranular Cssm with associated
authigenic qtz and feld. May represent suberial
deposition. Some isolated crystals and clusters of
ph and an.

1967 mg to cg HA with poorly preserved hoppers. ph in
patches, and stringers shows some evidence of flow or
deformation. A few isolated crystals and clusters
of an.

1969 fg to cg HA with poorly preserved hoppers.
Intergranular Cssm with associated authigenic qtz
and feld. Isolated crystals and clusters of an and
lesser ph.

1973 cg HA with very few patches and stringers of cssm,
ph and even some ha crystals.

1975 cg HA with ph, cssm and an in patches and
stringers. ph appears to be replacing an. ph
associated with cssm.

1978 mg to cg HA with intergranular Cssm and ph. May
represent subaerial deposition. Some ph in patches
and stringers and as isolated crystals and
clusters. Some ph is mg. Isolated crystals of an
are associated with the ph.
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

2. Core V7, continued

Depth (ft) Description

1983 mg to cg HA with hoppers. Ph and an in patches and
stringers Ph replacing an.

1986 mg to cg HA with small amounts of ph, an and cssm in
patches and stringers.

1993 cg HA with hoppers. Ph and an in patches and
stringers. (Some Ph and an may be intergranular).
Ph appears to replace an.

2702 mg to cg HA with An and cssm in patches and
stringers.

2716 mg to cg HA with hoppers. an and cssm in patches
and stringers, some possibly intergranular with HA.
May represent subaerial deposition.

2736 mg to cg HA with hoppers. An and cssm in patches
and stringers, some possibly intergranular with HA.
May represent subaerial deposition.W
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. APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8

Depth (ft) Description

1391 cg HA with ph and possibly some an in patches and
stringers.

1495 mg to cg HA with hoppers. Ph associated with cssm
in patches and stringers. Some may be
intergranular. Ph shows evidence of flowage or
deformation.

1573 Appears macroscopically bedded. mg to cg HA with Ph
and fg to mg An in large patches. Ph appers to be
replacing An.

1652 Appears macroscopically bedded. fg to mg AN with
Ph. mg Ha in patches or voids. Some syl associated
with Ph. Algal laminations may be present in the An.

1705 fg to cg HA with hoppers. Ph in patches and
stringers; some may be intergranular. Small amount

* of an associated with Ph.

1769 mg to cg HA with poorly preserved hoppers. fg to mg
Ph in patches and stringers and intergranular with
HA. In part, Ph appears to be replacing HA. Some
gyp (?) may be present in very small amounts. There
also may be trace amounts of cel (?).

1787 mg to cg HA with hoppers. Ph in patches and
stringers and some intergranular with HA. Some mg,
acicular an crystals and mg, acicular cel (?)
crystals noted. There may be a small amount of gyp
(?) present in this slide.

1794 Appears macroscopically bedded. fg to mg HA with
hoppers. CSSM is intergranular with HA. May
represent subaerial deposition. Also noted: a few
isolated ph crystals, some authigenic qtz and feld,

-. and a trace of glau ()

1804 fg to cg HA with poorly presrved hoppers. CSSM is
intergranular with HA. May represent subaerial
deposition. ph in isolated crystals and cluters.

1829 cg HA with hoppers. Cssm in patches and stringers
and some intergranular. Possible subaerial0 deposition. Trace of ph.
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APPENDIX 7.H1. Mineralogy and Petrology, Continued.

3. Core #8, continued

Depth (ft) Description

1838 fg to mg HA with poorly preserved hoppers. Cssm
intergranular with HA. Ph and An in patches and

stringers and associated wtih the Cssm. May
represent subaerial deposition.

1857 cg HA with poorly preserved hoppers. ph along
stringers.

1875 Apperas macroscopically bedded. fg to mg HA

intergranular with CSSM. May represent subaerial
deposition. Isolated crystals and clusters of ph
and fg to mg an. Traces of authigenic qtz and feld.

1884 fg to mg HA with hoppers, intergranular with CSSM.

May represent subaerial deposition. Some isolated
crystals and clusters of fg to mg an (some may be
pseudomorphic after gyp). Possible trace of syl.

1890 mg to cg HA with hoppers. ph and an in patches and
stringers.

1894 mg to cg HA with poorly preserved hoppers. ph and

an in patches and stringers. cssm in patches and
stringers with authigenic qtz and feld.

1900 fg to cg HA with hoppers. Ph, An and cssm in

patches and stringers and some intergranular with
HA. May represent subaerial deposition. Some Ph

/ appears to be deformed or to have flowed.

1905 mg to cg HA with patches and stringers and some
intergranular Cssm. (May represent subaerial

deposition). Scattered, isolated crystals of ph and
an.

1910 mg to cg HA with poorly preserved hoppers. Ph, an

and cssm intergranular with HA and in patches and
stringers. Ph apperas to be replacing an.

1911 mg to cg HA with hoppers. Ph, An and cssm in
patches and stringers, some intergranular with HA.
(May represent subaerial deposition). Ph appears to
be replacing an.
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

Depth (ft) Description

1913 fg to cg HA with intergranular Cssm. Inclusions of
ha in Cssm. May represent subaerial deposition.
Isolated crystals of ph. A few authigenic grains of
qtz and feldspar.

1916 cg HA with poorly preserved hoppers. ph and an in
patches and stringers.

1923 fg to cg HA with intergranular Cssm. May represent
subaerial deposition. ph and an in patches and
stringers and as isolated crystals. Trace
authigenic feld.

1930 mg to cg HA with poorly presrved hoppers. Ph and an
in patches and stringers, some as isolated
crystals. cssm in patches and stringers. Possible
trace gyp (?).

1933 cg HA with hoppers. cssm, ph and an in patches and
stringers. Small amounts of authigenic gtz and feld

1938 cg HA with poorly preserved hoppers. Ph and an in
patches and stringers.

1953 fg to mg HA with hoppers. Cssm intergranular with
HA and in patches and stringers. May represent
subaerial deposition. Isolated crystals and
clusters of ph and an.

1967 fg to cg HA with hoppers. Cssm intergranular with
HA and in patches and stringers. May represent
subaerial deposition. Isolated crystals and
clusters of ph and ail.

1986 Appears cross-bedded. PH with mg AN. Ph appeas to
be replacing AN. Some fine laminations may be algal
lamination or traces of cssm seams. ha in patches
or filling void places.

2006 fg to cg HA with hoppers. Ph and an in patches and
stringers. Trace of syl associated with Ph.
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

Depth (ft) Description

2017 mg to cg HA with hoppers. Ph and an in patches and
stringers. Ph appears to be replacing an. cssm in
patches.

2039 mg to cg HA with hoppers. Ph and an with cssm in

patches and stringers. Much of the Ph is radial.
Ph appears to be replacing an.

2050 mg AN with numerous inclusions. AN apperas to be
replacing ha with former cubic crystal outlines
preserved.

2068 fg to cg HA. Patches and stringers and
intergranular An, cssm and possible ph (?.May
represent subaerial deposition.

2084 fg to cg HA with much intergranular Cssm, ph and
poissible an (?). May represent subaerial
deposition. Some Ha crystals appear to be growing
in the Cssm.

2130 fg to mg HA with intergranular An and minor cssm.
Some ph (?) may be replacing An.

2162 cg HA with intergranular Cssm and Ph. May represent
subaerial deposition. Trace of an associated with
Ph. Trace of syl associated with Ph.

2217 cg HA with patches and stringers of Ph and an. Some
Ph radial and replacing an. Possible syl associated
with Ph.

2280 fg to cg HA with patches and stringers of Ph and
an. POssible trace of kain (?).

2326 fg to cg HA with poorly preserved hoppers. Cssm
intergranular with HA. May represent subaerial
deposition. Isolated crystals and clsuters of ph
and an. Trace authigenic feld (?).

2366 Possibly macroscopically bedded. fg, radial PH with
minor an. cssm scattered throughout.
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* APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

Depth (ft) Description

2427 fg to cg HA with poorly preserved hoppers. An and
cssm in patchers, stringers, and intergranular with
HA. May represent subaerial deposition, in part.
Possible fossil (bryozoan) fragment.

2460 mg to cg HA with hoppers. Patches, stringers, and
intergranular An and cssm. mg an in isolated
crystals and clusters along the margins of the
patches and stringers.

2519 mg to cg HA with poorly preserved hoppers. Patches,
stringers and intergranular an ofter associated with
cssrn. May represent subaerial deposition.

2563 Possibly macroscopically bedded. Nodular AN with
patches of Cssm. Possible rnudcrack or burrow along
one edge of slide normal to the bedding.

2616 fg to mg HA with poorly preserved hoppers. An0 intergranular with HA and as patches and stringers.
May represent subaerial deposition.

2666 fg to cg HA with poorly preserved hoppers. Patches,
stringers, and intergranular Cssm and an. May
represent subaerial deposition.

2707 cg HA with hoppers. Patches and stringers of Cssm
and an.

2758 fg to mg HA with poorly preserved hoppers. An
associated wtih cssm in patches, stringers (some
intergranular). May represent subaerial
deposition. Some An in isolated crystals.

2779 fg to cg HA with hoppers. An and cssm in patches,
stringers and intergranular with HA. May represent
subaerial deposition.

2793 fg to cg HA with trace evidence of hoppers.
Intergranular AN and cssm. May represent subaerial
deposition. Patches and stringers of An. Traces of
ph and authigenic qtz ()
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APPENDIX 7.H. Mineralogy and Petrology, Continued.

3. Core #8, continued

Depth (ft) Description

2803 fg to cg HA with hoppers. Intergranular An and
cssm. Some An in patches with possible ph (?). A

few large, isolated crystals of An. May represent
subaerial deposition.

2809 fg to mg HA with trace evidence of hoppers. An and
cssm in patches, stringers and as intergranular
material. May represent subaerial deposition.

2821 Mg to cg HA with hoppers. Intergranular An and

cssm. Some An in patches and stringers. May
represent subaerial deposition.

2879 Possible macroscopic evidence of bedding. fg to mg
HA with hoppers. Patches and stringers of An and
cssm. POssible trance of ph (?). An unknown
minerals with lower birefringence and positive
relief was observed. Also present are some large,
isolated crystals of An.

2948 Possible macroscopic evidence of bedding. mg to cg
HA with hoppers. Some patches and stringers of An
present. Some may be nodular (?) (possibly
pseudomorphic after gyp). a few isolated crystals
of ph ()were noted.



APPENDIX 8A

Analyses of Potash for Department of Energy

(then ERDA) and Industry Boreholes in the WIPP Area

Source is Table 3, John et al., 1978



tabl 3 Cacultedmineal ontnt f slected samples
Ta roe poasu-~rFL nteal of t _uT~aton

or perceflo &2w as or --n-a

Drl-oeno. : Drilil-hlo designations. p. Energ, Research an d 'Development Administrati-ls
Ft. Farm Chemical Res. Des. Corp; IMC, International 'fimcralIs and Chemical Carp;

,;FU, Farmers Edu. and Coop. Union of America; 0. Duval Sulphur and Potash Co. 
;Iie

U. U.S. Potash Co.. Inc. Arc, arcamite: Es, bisohofite: El. bloedite: C 
carnaliC

1,glas erite Cu, glauherite: Ko. Ikainile Xi isrt:1.l hiite:L.loie
Lo. loewite: S0, sYlvite; Va. vanthoffits-j

Calculated minerals present Wegtd vrg
(.leight percent) Wihe vrg

1 ic0ess, KO 9oe iea

Drill- r Sample1  Depths of ______________________ _ OrD .a or e mineral
h- 

ore for allrva intervals

hoe in n. itava feet) Other mineralsi in ore on
no fe)Ioyaie alt OvlvitelLanebeinitelmineral1Tecn) noezo

no. (fet i _____ ___ 1lite'__ (pecn, (feet and percent)

P-1 5 9 11440.47-1441.35 0.8 O 8 76 -- 15.0 IrK 3.4/Li

5 10 '1441.35-1442.30 0.95 9 '86 -- 4.4 l-0/L

51.1 1442.30-1443.50 1.20 -- 9 -- - 4.0/Kj

5 12 114433.ý1444.35 0.65 -- S 2.34 .. 0.53/L
S 13 11444.35-14453 0.95 1 79 -- 170 -- 3.87 /1L 4.83-1.67/L

P-2 10 14 1627.13-1628.35 1.20 1 39 39.-9~ 1.9/Ra
I5.0/Le 9.05/L.

10 115 1628.35-1629.52 1.17 1 46 ,-- 43.1 12.6/RaI
0.5/Le 9.78/1, 2.37-9.41/1.

4 5 1D2.70-L8D4.OD 1.30 1 39 ,-- 38.0 12./a 661

4 16 ý1854.00-lEESOD0 1.00 6 E8-0 -

4 7 11805.00-1805.85 - 0.85 I 5 --- ---

4 8 *i185.85-1806.30 1 0.45 I 6 690 -- 20.0 .4.D/Ka 4.54/L i 3.60-3.67/L.
3.7/Le

2 1 ý1E33.OE-1834.DO 0.92 2 79. -- 4.4 1:9.9/: 3.14/L.

2 2 1834.00-1834.50 0.50 --- 38 -- 52.9 0./a12.0/1- 1.42-6.26/L.

P3 4 3 1596.30-1597.60 j 1.30 2-7 24.7 0.5/K. 5.6/1.
4 *4 1597.60-1598.70 1.10 2 622 -- 196 0.3/K. 4.22/1L
4 [5 11598.70-1599.53 0.93 34 38 --- I 23.4 -1 L 11 3.23-5.06/L.

P-4 10 2 1572,60-1574.97 2.37 1 56 46.0 -- 294/

10 3 1574.97-1576.17 1.20 4 64 27.6 -- --- 117.48/S
10 4 1576.17-1577.77 1.60 3 86 7.0 -- -- 4.32/ S

10 1.577.77-1578.69. 0.92 4 64 28.0 7- -- 74/0 .9186/

P-S 10 6 1546.69-1548.65 1.96 6 65 28.0 -- ,-- '18.'28/S

10 7 586-596 1.01 4 76 13.3 8.142/S

508 14.61514 .4 3 : 1. 5 --- 13.6-3.2/
10 9 1551.40-1552.75 1.35 2 145-- 9.14/S 60-../

P-6 4 12 1476.00-1477.45 * 1.45 6 74 -- 22.0 1.0 /Ri 5.01/1.

4 12 1477.45-1478.37 0.92 1 83 2. 80 6.0/Ki 1.90/1

4 4 1478.37-18.00 1.63 3 -- 12.0 --- 278B/1. 4.00-3.39/1.

2 18 1510.50-1511.32 I 0.82 1 37 2.0 54.0 6.0/Ri 12.31/1

/e 2 19 1311.32-151210 0.793 --- 53 --- 42.0 9- 965/1.

220 15121-530 0 95 7 79 3.0 1 1.0 8.6/Ri 0.19/1. j 2.55-6.98/L.

P-7 4 2 1479.73-1481.0 1.-47 2 65 1.0 29.0 4 -- 6.53/L.4
4 3 148120-483.00 1.80 -- 9 2.0 : .0 --- 07/1
4 4 1483.00-1483.48 0.48 3 69 12.0 3.8 5.7/K. I3.8/1. 3.75-3.41/1.

I 1.0/Le
1.0/B1

P-8 10 2 1313.70-1365.00 1.30 -- 52 129.0 25.0 --- 84/S
1 46..0 62/L.

10 3 1365.00-1366.72 1.72 1 6 3.0 450 .0K 0.3/L

10 4 1366.72-1368.05 1.33 1 86 --- 14.0 --- t6.23/1. 4.35-6.74/1.
I4.35-6.17/S

ixed ore equivalent:
4 .35- 9. 2u/1
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Table 3 - Calculated mineral coten 'sectd samples
from ectaSSiu-neartL, sNeerval -- lionreute
of percen- "2 ' as ore mmncra--conntfuec

Calculated minerals present
(weight percent)

K 0 as ghe average
Drill- Ore Sample Depths cf 'Thickness_______________________ or as soe iea

hol.e izone no. intervals (feet) Other minerals for all1 intervals
Sc.(fet Polphalite]Halite SylvitelLangbeinitelnineral (percent) in ore cn

(fee t and percent)

P-9 10 8 1522.56-1523.41 0.85 1 42 7.0 48.0 0.67/Kal 4.73/S

i :10. 8/1.

lD 9 1523.41-1524.07 0.66 1 93 12.0 --- 3.0/Ki 0.96/S

1D SD :1524.07-1524.70 0.63 2 17 7.0 63.37 --- 4.42/S
1 54.37/4

10 11 1S24.70-1526.S4 1.34 3 95 --- 1 --- 0.24/1.

10 12 1526.D4-1526.74 0.70 2 65 -- 31.31 --- 7./ 4.-53/

2.14-3.48/ S
mixed ore equivalent:

4 18-6.34/L.

4 .17 '1703.6541705.23 1 1.58 2 70 28.70 6.51/L

P-10 .I 1 1650.38-1651.*22 0.,84 6 89 1.8 --- i .0/Ka i 1.13/S
1 2 !1651.22-1652.03 0.81 7 81 I6.1 -- 2.0/Ki 3.83/S

l1 3 !1652.03-1653.83 1.80 5 85 I7.7 --- 1.0/Ki 4.85 /S 3.45-3.70/S

11 4 i1653.83-1654.58 0.75, 6 94 --- -- -- --

P-l1ill1 2 1601.90-1603.56 1.66 -- 56 5.0 --- 3.60/Ki 3.34/0
1.0/C

Il1 3 1603.36-1604.64 1.08 3 61 2.0 -- 31.0/Ka 1.48/S
3.0/C

[11 4 1604.64-1605.38 0.74 4 84 3.0 -- 7.0/Ka 2.20/S
2.0/C 3.48-2.52/S

1 10 7 1670.70-1671.84 1.14 1 71 19.0 , 8.0 1.0/i 12.0/S
1.82/1.

110 .8 1671.84-1673.42 1.58 2 66 100 18.0 1.0/Ki 6.32/S
i 3.98/1,

10 9 1673.42-1674.70 1.28 3 I71 116.7 -- .0/i 10.53/S 1 4.00-9.29/S

I . 2.72-3.07,4
mixed ore equivalent

4.00-14.51/S

1 4 ;1688.72-1689.60 0.88 1 3 76 22.0 -- --- 13.74/S

9 15 1689.60-1690.89 1.29 ~ 1 64 36.9 --- --- 23.30/S
9 16 !1690.89-1691.95 1.06 1 7 1 21.3 --- 2.5/C 13.43/S
9 17 11691.95-1693.28 1.33 2 92 2.0 -- 1.0 /C 1.24/S 4.56-12.73/S

4 09 11840.60-1842.35 1.73 1 58 --- 40.0 5.0/ui 9.14/L

4 20 1842.35-1843.40 1.05 4 76 5.0 4.9 --- 1.11/ L
2.98/S 2.80-6.0/4

2 22 1868.67-1870.-8 1.61 1 38 2.0 60.0 2.0/ui 113.65/L

2 23 11870.28-1871.10 0.82 -- 54 5.0 45.0 1.0 /ui 13.53/L

2 24 11871.10-1872.30 1.20 --- I27 --- 58.3 8 S/iaj113'24/L 3.63-13.49/L

Tr/Bl&Lo
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Table 3 - Calculated mineral content of selected saisslesafrom Pocassiurn-bearrnf intervals wit 3uratn
j~.f~cn: o')asore mineral--continuer

Galculated minerals present

(-ighK pecn).S as Weighted average
Drill- Oe Sample Depths of Thickness'1 ore 1(20 as ore mineral
hole one nc. interval (feet) Other minrl for all intervals
no. (feet) Pols'halite Halite Sylvite Langbeinire minrl (ercent) fin ore zone

I (feet and percent)

P-12 10 2 a4  1344.97-1345.27 0.3 4 36 62.3 2 1.5/Ki 39.38/S
10 2b 11345.27-1345.90 0.63 - 10 2. 59:0/Ki 15:08/S

00 3 1346.90-1346.90 1.095 1 59 18.0 --- 18. / Ki 11:36/S
10 3 1;1346.90-1348.90 1.9 05 64 18.0 --- 18.0/Ki 11.36/ S
10 5 1348.90-1349.91 1.01 7 44 20.0 8- 86/Ki

8.7/Ka 12.63/S
10 6 1349.91-1350.80 0.89 3 67 16.0 --- 

2
.0/Ka 10.42/S 5.83-13.29/S

8 14 1390 .19-1 390.97 0.78 4 80 15.5 4.12/S
8 115 1390.97-1392.66 1.69 7 88 17.0 --- -- .1 I

8 16 1392.661394.29 1.63 4 8 103 --- I6.47/
8 17 1394.29-1394.90 5.61 8 51 35.5 --- -- 22:42/S 4.1.2/

4 121 11520.00-1521.55 1.55 I 1 22 23.0 45.0 9.0/Ki 14A47/S
10.13/1, 2.39-7.08/L

4 22 1521.55-1522.39 0.84 15 48 7.0 6.0 16.0/Ka 1.44/L 2.39-10.94/S
10.0/Le 4.42/S mixed ore equivalent:

4 .0r-8.23/vL

3 26 1533.50-1535.05 1.55 I --- 40 110 49.0 -- 7./
8.59/1.

3 27 1535.05-1535.59 0.54 : 34 86 1.0 8.0 1.0/1(4 1.80/1.
0.62/S 3.51-5.98/L

3 ,28 1535.59-1537.01 1.42 2 47 10.0 1 21.0 --- 4.72/i. 3.51-5.74/S
6.32/S

mixed ore equivalent:
3.51-8. 27/L

2 4 1549.79-1550.65 0.6 I 3 85 -- ' 11.0 2.42/L 0.54/i
2 ;35. 1550.65-1551.29 0.6 --- 20 5.0 70 0 1.0/f.

I 'Tr/Le I15.93/L
2 :35b 1551.29-1551.61 0.32 -- 21 5.0 30.0 18.5/Ka

19.5/ic I
17.0/Bi 12.48/i. 1.82-8.05/i

P-13 10 i29 31318.02-1319.00 10.98 1 46 149.5 -- -- 312/
,10 130 1319.00-1320.22 1.22 1 62 17.0 2.0 .15.0/Ki 10.92/S
10 :314 1320.22-1320. 88 0.66 3 7 --I-
10 32 '1320.88-1321.87 0.99 1 30 20.0 10.0 3./i 12.6/S 3.85-14.67/S

936/K 2.27/1.

1 6 334.82-0336.38 1.56 2 94 2.0 1 -- 1.12/S
9 37 1336.38-1337.32 I 0.94 j 2 I62 34.8 1- 21.9/

- 9 138 ;1337.32-1338.64 1.32 --- 1 90 3.8 -- -- 2.41/S 3.82-6.7/S

8 .21 1359.65-1360.63 0.98 . 2 '67 '30.2 -- --- 19.13/S
8 '22 .1360.63-1361.70 1.07 I 8 80 9.14 i - 4.97/S 2.05-11.74/S

4 2 1480.20-1481.73 1.53 2 82 2.0 9.0 3. 0/Ki 2. 03/L
4 3 1481.73-1482.78 I 1.05 1 63 --- I 3. ./e 75/ .340/

4 4 1482.78-1483.73 C.095 1 64 -- 7.0 7.0/, BI 1.59/L
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Table 3 -Calculated mineral content of selected samples
trom, potassium-1-certnf tnervai ,,t smatign

Calculated minerals present
(weight peroen t) Weighted average

Drill-~~~ Or 2apl Dph of htessoea 1( as ore mineral
Dril- De Saple Deths f Ticknss or for all intervals

hoe one no. interval (feet) O ther iminerals in ore cone
0.(feet) Plyhalite Halitel Sylvire 1angbeinite minerals (percent) (feet and percent)

13 8 :1493.23-0493.88 0.65 2 86 7.0 t--- 1.59/1.
3 9 '1493.88-1494.58 0.70 --- 15 - 53.0 --- 12.Oh1L

3 0 1494.58-1495.50 0.92 3 86 1--- 10.0 --- 2.21/1. 2.27:5 07/L5

P-14 10 2 11255.24-1255.64 0.40 -- 41 7.0 --- -- 36.03/S0 028

10 3 11255.64-1257.56 1.92 - 41 57.0 -- -- 360/

F . 1 8.84/0
10 4 11257.56-1259.07 1.51 3 64 54.0 ,18.0 rrr/Ka 3.99/L

126.5 108 4 74 7. 22.0 --- 4.36/510 i 5 1259.07-1201 .0 1 4, 4.88/1

10 6 !1260.15-1261.05 0.90 I 2 55 1 2.0 1-- 16.0/Ka 6.21/S 5.81-18-47/S
2-59-4.36/1,

I mixed ore equivalent:
5.81-23.33/S

5 . 0 36.4-36.1 167 5 74 5.0 15.0 1.0/K. 3.35/1,
5 '36 - 4 136 1 1 1 71 3.00/S

5 1 1366.11-1367.6 17 3 83 --- 19.0 r/Ka 4.3/1.5 1)6 8 17 8 -- 3.0 r/Kal 3.03/1. 1.87-3.0/5 126 1367.86-1369.26 1.40 1 80 -- 3.48236/

Fmixed ore equivalent
F 4.82-4.02/L

4 18 1440.79-1441.98 F 1.19 4 46 6.0 38.5 F- 8.74/1.
i ~ 3.99/ S

4 19 1441.98-1442.84 0.86 F 95 -- -- -

4 20 11442.84-1443,.98 1.14 i6 56 4.0 .23.0 ITr/Le 5.22/L
F I2.0/Ka 2.53/S

4 21 1443.98-1444.61 0.63 88 -- 11.0 I--- 2.50/L 3.82-4.9/3. 19-2. 39/S

P-15 4 7 11371.94-1 372.81 0.87 6 7625.0 --- 5.59/1.
4 18 1372.81-1374.77 1.96 8 89 K.: 4.0 --- 1.00/1

4 1374.77-1375.80 1.03 9 6 F-- 280 -- 6.30/1, 3.86-3.45/L

2 13 !1199.66-1400.33 0.72 3 64 -- 32.0 4.0/K. 7.18/L
2 04 1400.38-1401.51 1.13 -- 78 F--- 17.0 3.0/ Ka

F ,3.0/Le 4.281L 1.85-5.41/1.

P6 '10 4 1301.94-1302.57 0.63 3 93 .0.7 4.0 --- 0.47/S
0-89,11

10 5 1302.57-1303.91 1.34 3 79 --- 21.0 --- 4.77/1.
10 6 1303.91-1304.39 0.48 --- 61 --- 34.0 8.1/Ku 7.77/1, 2.45-4.63/L

8.O/ie
Tr/Ks

4 10 1476.76-1478.40 1.64 -- 36 2.0 53.0 Tr,'Ka&e 
1

12.01/1,
1.26/S

4 11 L478.40-1478.95 0.55 2 86 --- 8.7 --- 1.98/1. 2.19-9.49/L

4 12 ~.490.12-1491.00 0.88 1 83 1.0 14. 17 - 44/1L

4 113 .491,00-1491.56 0.06 0 39 7.0 19.7 --- 4.40/L
4.12/S

4 14 .491.56-1492.64 1.08 7 79 --- 12.0 --- 2.75/1.
4 5 426-1493.89 1.25 2 56 3.0 31.0 6.0/Le 7.05/1.

4 5 9.42.0/ Ka 2.09/S 3.77-4.93/1
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T,,lr3 Caýu,I-Icd nicerol cnorto of So) ontJ canno
rro-. moasisn --crioncrn l> nunnnion

Calculat ed m ineralstpresent
(weight p erent)ihtdavrg

Ore ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~KOa p2 Thckes or_______________________ s Wihed avnerageDrl- ir ampe! Depths of orekes fo anl orintervalshole c one no. cinterval i(feet) Other minerals for all iontervl
(feet) Pslyhalitei~alfce, Dylvite laogheinite minerals (percesf (fenad ecet

P-Oh 2 19 ý1526ý90-1528400 1.10 1 51 1.0 42.0 2 0/Ka 9.05/L 1.10-9.60/L

P-17 :10 2 1365.60-1367.20 1.6 1 27 --- 68.8 --- 15.61/L
1l0 3 11367.20-1368.45 , 1ý25 3 76 -- 12.6 2 0/Ks 2.87/L
10 4 1368.45-1369.70 1.25 3 44 -- 6.64 33.0/Ic I 51/I 4.10-7.43/L

9 0/Ku

4 8 1542.90-1543.68 0.78 --- 48 - 38.0 03.0/Ic 8.62/I
Ino

4 9 ý1543.68-1544.46 0.78 -- 43 - 53.0 3.0/Ic ý12.D3/I 1.56-10.33/L

2 18 '1591.39-1592.71 1.32 1 i --4 46.0 1.0/Ks 110.46/I
2 19 1592.71-1594.21 1.50 4 83 --- 2.4 2.0/Ka 0.53/L 2.82-5.18/L

P-iS 10 3 ý1228.40-1728.78 0.38 1 41 33.0 35.0 --- ý22.83/0
I 7.94/L

10 4 1728.78-1730.45 1.67 3 86 9.1- - 5.61/0
10 5 :1730.45-1731.49 1 1.04 6 81 0.72 -- -- 0.45/S
10 6 ý1731.49-1732.29 0.80 4 74 0.81 i - - 0.51/S 3.89-4.86/S

0.38-7.94/I

mixed ore equivalent
, 3.89-6.8/S

P-9 10 7 1741.80-1742.35 0.55 1 55 6.70 36.0 : --- 4.23/S
8.24/L

10 5 1742.35-1743.72 1.37 1 26 r 2.0 59.0 --- 1.20/S
ý13. 39/1.

10 9 1743.72-1745.09 1.37 81 1. 50 - 0.62/S
81 10 1. 3.40/I

10 10 ý1745.89-1746.00 0.91 2 53 -- 30.0 8.4/Ic 9.21/1 4.20-8.03/L
2.0/ga

4 21 1 925.20-1925.90 0.70 1 74 -- 13.0 12.0/Ki 2.50/I
4 22 11925.90-1926.70 0.80 1 127 -- 57.0 2.0/K. 112.93/I

9.0/Ki
4 ,3 1926.70-1927.94 1.24 2 62 -- 3.f./a 0.82 I 2.4.7/

2 26 ý1956.40-1957.36 0.96 6 64 1.0 06.0 15.0/fi' 3.74/I
2 27 ý1957.36-1958.71 1.35 : 1 29 -- 65.0 Ir/Ka1  14. 83/L
2 28 1 1958.71-1959.21 [ 0.50 1 0.5 61 -- 25.0 1 Tr/Ka 1 5.72/I 2.81-9.42/I

P-20 10 2 !1725.00-1726.15 1.15 2 72 21.2 Tr/I
4  

--- 13.43/S
10 3 :1726.15-1728.10 1.95 1 4 64 7.0 35.0 - 4.42/S

i 6.8.01/I
10 4 1728.10-1729.62 1.52 3 60 28:06 6.0/Ka 17.69/0 1.95-8.01/I
10 5 .1729.62-1731.48 1.86 3 60 34.0 --- --- 21.48/S 6.51-14.03/S

i nied ore equivalent:
d i i6.51-20.03/S

4 10 ý1898.80-1900.45 1.65 15 53 1.0 37.0 5.0/Ka 8.35/IL
4 11 11900.45-1901.77 1.32 . 6 85 -- 13 --- 0.30/I
4 12 11901.77-1903.35 1.58 10 74 I--- 17.7 --- 4.0/I 4.35-4.5/I
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Table 3 - Calculated mineral content of selected samples
frmpotassism-becrtmr Lmnrvutls :ith sut -utn

2t nocmn7a r ~mrI-otmcu

Calculated minerals present
(weight percent)

"20 a Weighted average
Ot11- Ore Sample Depths of [Thichneas ore K0as ore mineral

hole conei no neva f). Other mi(nerals for all intervals
n0. (feet) Pclyhalitei Halite Sylvite ILangheinite ninerals percentO in ore cone

_ _ _ _ _ _ _ _ _ _(feet and percent)

9-5 1925.08-1926.30i 1.22 3 95 --- 0.88 --- 0.2/1

2 15 11926.30-1927.75 1.45 1 61 --- 35.5 - 8.05/L 2.67-4.46/L

P-21 10 2 1644.03-16i4.84 0.81 4i 80 17.0 --- -- 10.82/S
10 3 1644.84-1646.00 1.16 1 81 118 --;014 74/
10 4 1646.00-1646.33 0.33 1 28 20.2 --- 42.0/( 27/
10 5 1646.33-1647-20' 0.87 1 41 2 - 001i ;12.76/S

10 6 1647.20-1648.22 1 1.02 1 6 2 29.5 2 --- 1.0/1(6i 18.66/f
10 7 1648.22-1649.23. 1.01 3 64 31.3 --- --- I19.81/0 5.20-14.37/S

8 j15 1685.17-1686.481 1.31 0 55 145.0 --- --- 128.4/S
8 i16 1686.48-1687.20 0.72 83 6 -- -- 37/

8 17 1687.20-1688.24 1.04 5 92 3.0 -- -- 1.95 /S
8 18 1688.24-1688.77 1 0.53 4 95 0.8 -- -- 0.52/S
8 19 1688.77-1690.191 1.42 6 86 919 I --- --- i6-24/S
8 20 1690.19-1691.261 1.07 8 90 1.0 -- -- .75/S

6 21 1691.26- 692.40 1.14 3 65 33.0 --- --- 21.16/S
822 1692.40-1693.34 1 0.94 5 63 13.0 -- 8.18/5 8.17-10.24/0

14 24 1809.90-1811.50' 1.60 0 31 3.0 64.0 2.5/Ka 14.60/1,

4 25 1811.50-181 1.82 0. 32 0 18 5.0 2 54.66 3.9/a 1/L 4.92-7.09/Lr
110.60/Lc;

4 30 115111.0 0 59 1111 51 5 27.0 9.0/1(1 6-08/1.

A-S 4 31 1812.10-1817.5 1J1 3 42 5 44.0 8.0 / K 9.95/L1 .486/

AC8 10) 14 1589.10-1589.70 0.20 1- 85 5 --- 5/C 2.34/S

3./An

10 1516 1594.70-1595.50 0950 2i 8510--.3C2.1/0 41S3/

9/g.

D5.9/An

40 24 1524.70-1540 0.70 --- 95 4 51iC 2 - .36/S

4 5 1554.00-1795.70 10 80 2 24 --- 3/IC 215.8/S 64-1.7/S
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Table 3 -Calculated mineral content of selece sals
from 2otassAo'-bearinr interval Eghswmat

00 ercnt 2as ore mineral--continued

Calculated minerals present
(wei ghtopercent) Weighted average

[ 2 0 as K20 as ore mineral
Drill- Orte Sample! Depths of Rhckness ore for all intervals
hole aon no. interval (eet) Other mieas in ore zone
n0. (feet) Polyhalite [Halite ISylvite iangbeinitelminerals, (perceor) (feet and percent)

FC-70 10 2 1377.67-1379.00 13 5 1. 2./i 71/
10 17.0-310 .33 2 51 3916 ./i 71/

12 3 1379.00-1382.00 2.00 2 61 39.1 -- 1.0/Ki 24.72/S
10 1810O-38.0 100 6 1.i --- 3.0/C 112.29/S 4.33-16.44/S

3.0 /Ki

9 6 1391.50-1393.00 1.50 2 5-3 17741.-1.7/

8 7 !1415.08-1415.75 I 0.67 2 70 25 -- Tr/K'1  16.10/S

8 8 '1415.-75-1416.50 I 0.75 . 5 89 7 -- ITr / KS 1.35/S
819 1416.50-1418.00 1.50 2 97 '1 -- .0/a
! I Tr/Ki' 0.57/S

8 10 11418.00-1419.50 1.50 3 91--3- 1.62/S
O 1 .1419.50-1404 0.92 2 9 16 -- 1. 0/la

Tr/Ki 1.04/IS
8 12 1420.42-1421.50 1.08 1 71 16 -- 1.0/Ka 1110.21/S 6.42-5.5/S

5 16 1466.00-1467.58 1.58 -- 72 --- i 19.6 --- 4.43/L
5 17 1467.58-1469.00 14 1 53 -- 40.7 --- 92/1, .6-4/

5 18 1469.00-1469.67 0.67 1 70 --- 24.2 -- 5.91 367 .4/

4 19 [1529.92-1531.42 1.50 1 36 --- 52.66 -- 11.93/1,

4 20 1531.42-1532.42 1.00 [- 45 - 33.0 6 --- 7.42/L 2.5-10.13/L

FC-81 8 7 1564.17-1564.92 0.75 2 58 36.6 -- 2.0/C 123.16/S
8 8 1564.92-1566.13 1.21 2 79 15.3 --- 4.0 /C 9.71/S

8 191566.13-1567.38 1.25 5 66 8.9 6.1 10.0 /C ,5.62 /S 3.21-11.26/S791.38/ 
1, 3.21-0.54/ L

mixed ore equivalent:
3.21-12.61/S

4 10 1687.00-1688.21 1.21 --- 20 I-- 74.0 4.O/ a 16.71/1,

I 
To/Va1

4 11 1688.21-1689.46 1.25 1 25 -- 67.0 Tr /Va 1 15.31/1. 2.46-16.0/i

2 15 1712.88-1714.46 1.58 1 40 --- 56.0 2.2/ic 12.7/L
2 16 1714.46-1715,46 1.00 -- 65 --- 30.3 3.0/Ia 6.9/L

Tr/1e1
2 17 1715.46-1716.00 0.54 43 --5 42.8 Tr/Le 9.71/1. 3.12-10.4/L

F'C-82 5 1 1541.42-1541.79 0.37 -- I 17 ,--- 72.2 2.0/ic
6.0/C 16.34/i

5 2 1541.79-1542.29 0.50 --- 85 7.0 7.2 --- 1.63/i.
5 3 1542.29-1543.96 1.67 2 5 --- 49.8 4.0/in 11.3/i

20.9/

5 4 1543.96-1544.50 0.54 1 59 5.0 20.0 Tr/ic 4.54/i, 3.08-9.37/i

4 5 1613.42-1615.08 1.66 -- 17 -- 63.0 9.3/1
ITr /Lo 4.3/i

4 6 1615.08-1615.92 0.84 1 48 0.7 12.8 17.7/ice 2.9/i
12 0/Ki1 2.5-10.52/i
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Table 3 - Calulte nnralcont et 1 of 7 s ele sacls

05 Percent '22a r sea~~otn

Caleolated oinerals present
(weight percnt)

I~ K2 a Weighted average

Drill O re Sample Depths of Thickness ore jK
2
0 as ore mineral

Sol e frone no. I interval (feet) Other minerals for all intervals

n.(feet) Polyhallte Halite Dylvice ,Laegheinlte minerals (percent) (fIn ore come

FC-82 13 7 1624.33-1625.58 1.25 2 57 131.1 3.5/B1 7.06/1 fe ndpret

1 3.7/Ka

I 3 . : 1625.58-1627.05 1.42 2 67 C-- 29.9 Oh6/ 6.78/L
3 9 1h27.00-1627-75 0. 75 1 28 -- 6. T/1 1.1/

I i5.0/01 3.42-8.49/L

FC-91 i4 34 1712.25-1712.66 0.42 1 18 -- 50.0 11.0/Ku 11.35/L1
7.5 /r
6.0/Ki

4 35 1712.66-1712.08 0.12 --- 62 -- 5.0/KaI --
3,4 /fl

4 36 1713,08-1714.17 1.08 1 25 -- 64.6 5.0/Ki 14.66/L

4 37 1714.17-1714.75 5.58 2 32 1--- 587 5/a 132

i 1.3/Ki

.4 38 11715.75-1715.75 1.05 20 38 - 47.0 5.0/{a 10.66

:TOs

4 39 1713.75-1716.33 0.58 6 31 -- 54.0 6.2/Ka 12.25/L 4.08-11.3/L

4.0/01

I1.2 /Wi

4 40 11718.66-1719.42 0.75 3 81 --- 8.0 3.0/K. 1.82/L
9.0/Bs

4 41 1719.42-1720.75 1.33 2 37 --- 59.5 --- 13.5/L

4 42 !1720.75-1722.00 1.25 --- 60 --- 37 08 Tr /Oa 8,41/L

3.4/B,

4 43 1722. 0-1722.58 0.5 6 --- -,1 -- 13.5 0.4/ Wa 3.06/L 3.91-8.08/L

I Or/Cu

2 44 1742.75-1743.25 0.50 --- 15 -- 62.0 8.8/K. 1.07/L

i Or/Va

2 45 1743.25-1744.25 1.00 4- 7 --- 30.5 '10.0/Wi 6,92/L

I 10. 0/Va

2 46 17425750 .75 --- 61 --- 1.0 3.2/Wa 0.73/L 2.25-6.44/L
1744.5-175.0010.1/Wi

24. 0/ Ya
Or/G,

FC-92 9 8 5 1604.92-1606.04 1.12 1 151 47 Or1  T/ 1  
2./

8 6 1606.04-1606.50 0.46 -- 0 49 Tn OTr/C 1 31.0/0

8 17 1606.50-1606.75 0.25 --- 65 29 1 5.7/C 18.5/0 1.83-28/0

4 .57 1740.66-1741.58 5.92 1 51 -- 46 7 --- 10,6/L

4 58 1741.58-1742.25 5.66 1 36 -- 61.0 --- I13.85/1

4 89 1742.25-1743.25 1.00 1 36 --- 61 2 .0/Wi 13.89/L

4 60 1743.25-1744.08 5.83 1 34 --- 61.3 --- 13.91/1

4 61 1744.08-1745.00 0.92 2 38 1- 486 1./i 1.7/1 .31./

2 2 1769.42-1770.08 0.66 1 421- 5. .0V 25/

2 63 1770.08-1771.42 1.32 1 51 45.7 :2.0/ca~i
I 1.0/Arc 10.37/L

2 64 1777.42-1772.08 0.66 --- 39 -- 32.0 1 7.0/ Va 7.49/L
8.0/Wi

2 65 1772.08-1772.58 0.5 --- 73 --- 1.5 .1.0/Va 0.31/L1 3.16-8.64/L
1.0/lu.
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Table 3 - Calculate mnral contentý of selected saplteso

Or percent K2') as ...te mieacntinued

Calculated mineral s present

(weight percent) eihdavre

Drill- ~ ~ ~ ~ ~ ~ ~ t2 a Or ape Dph fl ------ r" K0 as ore mineral

Drl I Or(ape etso Tickness...-.-)---~ 1 .-- ~--.---~----..fo for all intervals
hole zome no. interval (feet) SOther mine rzn
no. (feet) Polyhalite Halite Slvite Iangbeflice'moi eras ercent) (etadprn)

tMt-374 4 8 : 1430.70-1432.100 1.40 6 86 0.7 2.0 0.7/Ki 0.46/I
0.3/Ka 0.44/S

4 9 1432.10-1433.10 0.00 13 68 1.0 6.4 1.35/Ic 1.46/1 2.4-0.88/L
0.63/S 2.4-0.51/S

IMC-375 4 7 11627.90-1629.00 1.10 2 78 --- 6.6 2.0/Ka l .50/L
4 8 ý1629.00-1630.50 1.50 4 .70 2.0 13.2 2.0/le 3.0/I 2.5-2.46/L

1.0/Ka 1.3/S 1.5-1.3/S

INC-376 :10 .2 11427.00-1427.70 0.7 -- 60 38.4 -- -- 24.3/S
.10 :1427.70-1428.30 0.6 -- 98 0.2 -- -- 0.1/S
10 4 :1428.30-1429.20 0.9 1 96 0.4 -- -- 0.26/S
10 1 5 .1429.20-1431.00 1.8 2 86 I11.2 -- -- 7.1/S 4.0-7.52/S

5 j13 !1528.00-1528.90 0.9 I 2 89 1.0 2.8 -- 0.63/L
5 14 11528.90-1530.90 2.0 5 - -- 51. 3 ./. 1.5L .-. /

5 5 13.9-517 0.8 2 .93 1.0 1.05 - 0.25/I (4.0-6.03/I)

NFU-I
10

' 8 !1536.25-1540.17 3.92 --- -- 19.67/S 3.92-19.67/S

4 1 1646 .75-1649.08 2.33 -- --- --- 11.96/L 2.33-11.96/I

po10  
15 1441.08-1445.17 p- 4.00 --- --- --- 0.8/S 4.08-0.8/S

iý8 1479.80-1483.80 4.0.)0 --- --- 9.0/S 4.0-9.1/S

4 1598.50-160.7 4.2ý - ---- --- --- 13.1/I 4.2-13.1/I

D-12010 10 1248.30-1249.80 1.50 -- -- -- --- --- 31.63/S
101249.80-1251.10 1.30 -- -- -- --- . --- :10.41S

,1 1251.10-1252.50 1.40 ---- --- 7.34/S 4.2-15.3/S

4 11419.60-1421.30 1 .70 ----- --- 13.8/S 2.2-10.7/S

4 11421.30-1421.80 0.50 --- ----- 0.5/S 2.2-7.5/I
p * mixed ore equivalent:

I I p2.2-29.45/S

D-4810 110 1 236.60-1240.60 4.00 --- -- -- -- 4.0-11/S
4.0-2.1/I
(visual estimate)

8 1280.52-1289.78 9.26 ---- -- -- p 9.26-17.37/S

4 144.2-146.20 2.0 -- --- --- --- 2.0-8.8/I4 144.20141.20 .00(visual estimate)
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Table 3 - Calculated mineral content of selectEd samples
fron potassiun-bearing intervals vMEsumato

ol erent1(0 s ore m nerai--continsed

Calculated minerals present
i(wei ght percen t)

i 0as I Wdeighted average

Drill- Ore Sample Depths of [Thickness ore K2 0 as ore mineral

hol oe c- intrvl fet)Other minerals for all intervals
n nen. inera (feet) ! ~ . ~ - ~ ~ -, . , n ore zone

.o.7~.e.a-... 7.~o.~ge.s F'--- '-~~ (feet and percent)

D-207 ~0 24 1358.60-1359.601 1.00 4 8 5
2
/a 3.34/S

S 2 13 .60-13h0.20 1 0.60 4 89 5 1 2/Ka 3.34/S
0.25/L

26 O 1360.20-1360.60 0.40 1 73 4 1 h/ia 0.31/1,

27~ 1360.60-1361 .20 0.60 1 47 hKh /a 3.79/0

10 28 1361.20-1361.80 0.60 2 F69 2 9 2/IKa 2.04/L~0 29 1361.80-1362.30 0.30 7 162 1 5 F 10 7/a 3 4/

RO 30 1362.30-1363.10 0.80 6 63 4 --- 1/C 2.66/ 4.5-2.54/0
3 3Ka 2.7-1.8/L

nixed ore equivalent:
F , . I4.5-5.24/S

4 33 1533.10-1533.50 F 0.40 2 53 I 36 7 --- 1.51/1
22.74/S

4 34 1533.50-1533-80F1 0.30 4 68 i 2 . 11 -- 2.43/L
4 35 1 1533.60-1534.40 0.60 2 85 1 . 2 --- 0.50/L
4 36 1534.40-1534.70 0.30 3 95 -- 4 --- 0.85/L

4 37 1534.70-2535.00 0.30 2 74 4 1 3 0/1( i 1/
4 38 l535.00-1539.80 4.80 6 67 2 4 F - [ 0.85/1. 6.7-0.90/L

0.4-22.74/S
mixed-ore equ ivaleot-

44 1545.90-1546.301 0.4 1 66 -- 3.72/
3 45 1546.30-1546. 66[ 0.30 1 11 73.2 9.0/Ki 16.6/L

3 47 154.00-54860 0.60 1 4 54. 124/L 2.7-9.24/L

520 152.0153.0 u.8 F 1 4 5. 3: 1.05/1, 1 4 I

10Tr/0

D-0 0 134040-1344.70 0.70 ---------- --- --- -- 6055/

F0 1344.70-1346.40 1.70 ----- -- 3247/

8 1391.10-1392.00 0.90 ---

8 1392.00-1395.30 3.30 ----- -- 6. 55/

I 1395.30-1396.30 1.00 ---------- -- ---- -- 53.2-40.1/0

4 i 1519.90-1522.80 F 2.90 ---- -- -- - - I-- 2.9-9.4/1,
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Table 3 -o Clladmielcnten of selectedsale

ot pecent 1(30 as ore mineral--c...tin ued

Calculated minerals present
(weight percent) Weighted average

L. 10 as K20 as ore mineral
Drill- Ore Sample Depths of inickssess 2ore for all intervals

hole zone no. interval (feet) Other minerals in ore zone

no. - (feet) - jolyhalite Halite Sylvite Langbeinite minerals (percent) (feet and pret

D-104 103 1527.50-1528.90 1.40 -- -- -- --- 1.-./

Imixed ore equivalent:
2. 9-6. 66/L

2 1539.50-1540.20 1.20 --- --- ------ --- l.2-15.0/L

U1410 L1395 1312 1.9 3 -- 60 -- 2.0/Kal
0.7/C i 3.79/S

1321.25-1322.83 1.58 2 --- --- -- 12.5/Kal 17.22/S 3.27-10.28/S

8 1361.10-1362.17 1.08 --- --- -- -- -- --

8 1362.17-1364.50 2.33 --- --- -- -- -- -

8 1364.50-1366.50 2.00 --- --- --- --- --- -- 6.33-7.89/S

8 1366.50-1367.42 0.92 --- --- --- --- --- --- (4.0-12.5/S) 5

5 1406.75-1409.42 2.66 --- --- -- ---- 14.44/L

5 1409.42-1410.00 0.58 1 --- --- --- --- --- i 8.03/
51410.00-1411.66 1.66 - -- -- -- -- 7.05/L 4.9-11.2/L

4 1471.66-1474.00 2.33 3,1- -- -- - .4/1 2.33-8.54/L.

3 14:4.91-1487.33 2.42 -- --- --- 3.6/1.

3 1487.33-1490.25 2.92 -- -I- --- 1.86/L
3 1490.25-1491.33 1.08 -- -- -- 8./, 64 37L3

*ausin table for percent mineral and K,0 equivalent are not consistent owing to independent rounding of assays and conversion
factors by numerous authors and investigators.W

2 rc amut, equals 0 to 2.0 percent
3Incomplete dissolution of sample
45.9 percent insolubles. by weight
5 Incomplete or unreliable assay

6 Grade adjusted to 4-foot interval
7High insoluble co ntent
87.1 percent po tassium assay used
9Outside of the ERDA area by 300 feet, included due to influence

13 Rlaw data unavailable; these are company figures
Company interval data; raw data unavailable; no sample numbers assigned
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. 1 APPENDIX LTHIBL
2

3 HEALTH-BASED SOIL LEVELS FOR THE LONG-TERM NO-MIGRATION
4 DEMONSTRATION
5
6

7 This appendix presents the methodology for assigning health-based soil concentrations
8 based on cancer slope factors (CSFs), reference doses (RfDs), and other relevant
9 parameters obtained from the Environmental Protection Agency's (EPA's) Integrated

10 Risk Information System (IRIS) database (EPA 1995). The method for determining the
I1I health-based levels (HBLs) for soil is described in Appendix E in EPA' s proposed ruling
12 on 40 CFR 264 Subpart S: Corrective Action for Solid Waste Management Units at
13 Hazardous Waste Management Facilities (55 FR 30870 through 30871). The equation
14 for calculating the HBL for carcinogenic hazardous constituents is as follows:
15
16 C = (R*W*LT)/(CSF*I*A*ED)
17
18 where EPA recommends the following:
19
20 C = soil concentration of the selected constituents (mg/kg)
21 R = assumed risk level (Class A - 10-6; Class B - 10-6; Class C - 10-')
22 W = assumed body weight (70 kg adult).23 LT = assumed lifetime (70 years)
24 CSF = carcinogenic slope factor (mg/kg)/day
25 I = assumed intake rate (0. 1 g/day)
26 A = absorption factor (dimensionless; assume = 1)
27 ED = exposure duration (70 years)
28

29 CSFs and levels of risk are assigned by the EPA on the basis of evidence obtained from
30 carcinogenicity studies or through EPA work groups, as documented in EPA's IRIS
31 database (EPA 1995). Carcinogenic risk levels are classified as: Class A - known human
32 carcinogen; Class B - probable human carcinogen; Class C - possible human carcinogen;
33 and Class D - not classified for human carcinogenicity.
34

35 RfDs are the average daily exposure that the EPA has determined to be unlikely to
36 produce deleterious health effects during the exposure period of the reference human.
37 The calculation of health-based soil levels on the basis of a constituent's systemic toxicity
38 is as follows:
39
40 C = (RfD*W)/(I*A)
41
42 where EPA recommends the following:
43

44 C = soil concentration of the selected constituent (mg/kg).45 RfD = reference dose for a particular chemical (mg/kg/day)
46 W = assumed body weight (16 kg)

DOE/CAO-96-2160 LTHBL-1 June 14, 1996
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I I = assumed intake rate (0.2 g/day)
2 A = absorption factor (dimensionless; assume = 1)
3
4 Tables LTHBL- 1 through LTHBL-3 compares carcinogenic and noncarcinogenic health-
5 based soil levels for each constituent. Parameters are taken from the September, 1995
6 version of the EPA IRIS database, or, in special cases, those published in Appendix F of
7 EPA's proposed rule for 40 CFR 264 Subpart S. The legend of Tables LTI{BL-1I through
8 LTHBL-3 is keyed to shaded and bolded entries to signify the origin of the carcinogenic
9 CSFs or noncarcinogenic RfDs for each constituent, whether from the IRIS database or

10 other EPA literature or information.
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I Abstract

2 This report details the techniques and design descriptions that may be used to monitor the
3 long-term performance of the Waste Isolation Pilot Plant (WIPP) repository after the
4 waste is emplaced and the repository is sealed and closed. The current regulatory
5 requirements that govern the monitoring of the facility and the rationale for the proposed
6 technical systems used to monitor the repository are discussed. This report is intended to
7 be used as a technical guide in producing the Long-Term Monitoring (LTM) Plan.
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. 1 APPENDIX LTM

2 LTM.1.O INTRODUCTION

3 LTM.1.1 Facility Description

4 The Waste Isolation Pilot Plant (WIPP) is a research and development facility of the U.S.
5 Department of Energy (DOE), designed to demonstrate the safe transportation, handling,
6 and disposal of defense generated transuranic (TRU) radioactive waste. The facility is
7 located 26 mi (42 ki) east of Carlsbad, New Mexico. The repository is in a salt deposit
8 2,150 ft (655 m) below ground. Figure LTM- 1. 1 is a diagram of the general WIPP
9 facility layout. The waste will be shipped to the facility and placed in the underground

10 repository for disposal. After the facility is filled with waste, the repository shafts and
11I access ways will be closed and the surface facilities removed. During construction,
12 operation, and closure of the WIPP, operational monitoring will be performed to protect
13 the public, workers, and the environment in accordance with all regulatory and governing
14 requirements. After closure, monitoring will determine if the repository is performing as
15 expected. This report details monitoring technologies that may be used to monitor
16 repository performance after the WIPP is sealed and closed.

17 The WJPP facility is currently under development, and is scheduled to be permitted and
18 operational in 1998. When operational, the facility will accept waste for approximately.19 25 years before closure. The facility will then progress through the Decontamination and
20 Decommnissioning (D & D) phase and begin the post-closure phase.

21 LTM.1.2 Scope

22 The scope of this report is to develop specifications and criteria to direct the design and
23 testing/evaluation of the long-term monitoring (LTM) system. A description of the
24 system will be included in the LTM Plan for the WIPP facility and, as appropriate, the
25 hazardous waste permit application. The scope will be realized by first defining the
26 requirements and then developing specifications for the LTM system. This will also
27 include the development of testing, and quality assurance/quality control (QAIQC)
28 guidelines for this system.

29 LTM.1.3 Requirements Influencing Long-Term Monitoring

30 The WIPP is regulated by the U. S. Environmental Protection Agency (EPA) and the state
31 of New Mexico Environment Department (NMED). In addition, the DOE has entered
32 into an agreement with the state of New Mexico for consultation and cooperation
33 regarding the WIPP. Prior to initiating disposal operations, a hazardous waste permit
34 must be granted by the NMED as guided by the Resource Conservation and Recovery Act
35 (RCRA) regulations. Upon receipt and review of the DOE's No-Migration Variance
36 Petition (NMVP), EPA has responsibility for granting or not granting a No-Migration.37 Determination (NMD) in accordance with regulations contained in Title 40 CFR 268.6.
38 In addition, the EPA must certify that the WIPP is in compliance with the provisions of
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I Title 40 Code of Federal Regulations (CFR) § 191 and must make a determination
2 regarding the disposal of TRU radioactive wastes. Included in the effort of obtaining the
3 permit and demonstrating compliance, applicable regulations require a plan which
4 monitors the repository after waste emplacement and closure. Other requirements
5 imposed on LTM are associated with the Agreement of Consultation and Cooperation
6 (C&C) between the State of New Mexico and the DOE. This agreement details specific

7 post-closure environmental monitoring requirements.

8 This report uses information found in Sandia National Laboratories (SNL) documents,
9 DOE! WLPP documents (including Westinghouse), CFR, and Federal Register (FR)

10 notices that apply to the WIPP LTM.

I1I LTM.1.4 Report Approach to Long-Term Monitoring

12 To demonstrate compliance with regulatory requirements, a performance assessment (PA)
13 is used to predict the response of the repository during the regulatory time frame of
14 10,000 years. The PA will construct scenarios which will then be analyzed for effects on
15 repository performance and the resulting estimates of radioactive releases will be
16 incorporated into probability distributions of cumulative releases. A monitoring program
17 to detect substantial and detrimental deviation from the expected performance of the
18 disposal system is required by 40 CFR § 191.14(b). "Monitoring activities will be
19 identified during the course of the performance assessment" (WWPP Performance
20 Assessment Department 1992).

21 The most viable means for monitoring the WIPP after closure is through geophysical
22 methods. Sandia National Laboratories (SNL) has completed several preliminary PAs for
23 the repository. These assessments use experimental data, computer models, and expert
24 judgement to develop predictions for long-term performance at the WIPP. Several
25 possible repository breach scenarios were developed. In its most recently published PA,
26 SNL states that monitoring activities will most likely include monitoring of hydrological,
27 geological, geochemical, and structural performance (WIPP Performance Assessment
28 Department 1992). This report will describe a technique for monitoring the WIPP after
29 closure using geophysical methods.

30 Post-closure monitoring of the repository will use subsidence monitoring as the initial
31 performance indicator. Subsidence monitoring measures the relative changes in surface
32 elevation. Analytical, empirical, and theoretical calculations can estimate the subsidence
33 above and around the repository over time. Subsidence measurements will be taken over
34 a scheduled period and the results will be compared to the predetermined subsidence
35 estimates (predictions).

36 An indication that the repository may not be performing as expected occurs when the
37 results of a subsidence survey produce data that are not within the bounds of the
38 prediction. At this time, the data will be evaluated to make a judgement with respect to
39 whether or not the evaluated information represents a "substantial and detrimental

June 14, 1996 LTM-2 DOE/CAO-96-21 60
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1 deviation from expected performance" and if direct repository monitoring and/or
2 intervention is required.

3 A Baseline Database will be documented consisting of results from surveys and
4 calculations performed during the development and operation of the facility and data from
5 surveys performed shortly after closure of the facility. This database will detail the
6 geomnechanical, geochemical, structural, and hydrological characteristics of the repository
7 which are amenable to monitoring. Only survey techniques that are nonintrusive (will not
8 affect the integrity of the repository) will be used. The database will include specific data
9 from experiments performed during the construction and operational phases to provide

10 background information on the facility that will be useful in determining repository
11 performance.

12 In addition, radiological environmental monitoring will be performed at the same level
13 used during the operational phase for the first two years after decontamination and
14 decommissioning, and, in a limited fashion, environmental monitoring will be conducted
15 for three years thereafter.

16 LTM.2.() LONG-TERM MONITORING REQUIREMENTS

17 LTM.2.1 Regulatory Long-Term Monitoring Requirements.18 The basis for LTM is found in 40 CER § 191, 40 CFR §268, and 40 CFR §264. The
19 preamble to 40 CFR § 191 provides guidance in interpreting the regulations. The
20 regulations were reviewed and the areas that apply to LTM are discussed below. An
21 outline of individual design requirements is provided.

22 LTM.2.1.1 40 CFR §191.14 EPA Regulation

23 The regulations found in 40 CFR § 191 outline the requirements for the WIPP repository.
24 Section 191.14(b) states, "Disposal systems shall be monitored after disposal to detect
25 substantial and detrimental deviation from expected performance. This monitoring shall
26 be done with techniques that do not jeopardize the isolation of the wastes and shall be
27 conducted until there are no significant concerns to be addressed by further monitoring."

28 The regulation states in § 191.14(a), "Active institutional controls over the disposal sites
29 should be maintained for as long a period of time as practicable after disposal; however,
30 performance assessments that assess isolation of the wastes from the accessible
31 environment shall not consider any contributions from active controls for more than 100
32 years after disposal." The regulation defines as an element of Active Institutional
33 Control, "monitoring parameters related to disposal system performance."

.34 The following list summarizes 40 CFR § 191 regulations relating to LTM:

DOE/CAO-96-2 160 LTM-5 June 14, 1996



Final No-Migration Variance Petition

1 0 The Disposal Site shall be monitored after disposal to detect substantial and
2 detrimental deviations from expected performance
3 0 The monitoring techniques used must not jeopardize waste isolation
4 0 Monitoring will continue as long as practicable and/or until no significant concerns
5 are to be addressed

6 LTM.2.1.2 40 CFR §191 Preamble -50 FR 38066-38089

7 The preamble to the final rulemaking for 40 CFR § 191 is found in 50 FR 3 8066-3 8089.
8 This preamble gives insight into the development and intent of the regulation. The
9 preamble states, "The Agency has pursued standards that call for the isolation of the

10 waste through the physical characteristics of the disposal system siting and design, rather
I I than through continuous maintenance and surveillance" (Federal Register 1985). The
12 preamble further details specifications of the LTM by stating, "Monitoring for
13 radionuclide releases to the accessible environment is not likely to be productive. Even a
14 poorly performring geologic repository is very unlikely to allow measurable releases to the
15 accessible environment for several hundreds of years or more." It also states, "A
16 monitoring system based only on detecting radionuclide releases--a system which would
17 almost certainly not be detecting anything for several times the history of the United
18 States -- is not likely to be maintained for long enough time to be of much use" (Federal
19 Register 1985). Thus, radiological monitoring is not suggested for LTM.

20 The preamble further elaborates, "Disposal systems must be monitored to detect
21 substantial changes from the expected performance until the implementing agency
22 determines that there are no significant concerns to be addressed by further
23 monitoring.. .A disposal system so designed should still be monitored for a long time after
24 disposal to guard against unexpected failures" (Federal Register 1985). These statements
25 form the basis of the EPA requirement for disposal system monitoring in § 191.14 (b).

26 In summary, the preamble introduces the following insight on LTM:

27 0 Repository design is responsible for waste isolation
28 0 The design of the repository, not monitoring and maintenance, is solely responsible
29 for waste isolation
30 a Monitoring techniques that only detect radionuclides are not recommended
31 0 Monitoring will be performed until the DOE determines monitoring is no longer
32 required

33 Monitoring should be used to detect substantial and detrimental deviations from expected
34 performance.

June 14, 1996 LTM-6 DOE/CAO-96-21 60



Final No-Migration Variance Petition

1 LTM.2.1.3 Resource Conservation and Recovery Act Groundwater Monitoring
2 Regulations

3 LTM.2.l.3.1 WIPP Groundwater

4 Previous geological exploration and testing have mapped the geologic strata above and
5 below the repository. Two minor water-bearing units are in the Rustler Formation
6 approximately 540 to 850 ft (164 to 259 mn) below ground level. The water quality of
7 these units is classified as poor. Exploratory boreholes and hydrocarbon exploration
8 wells in the vicinity of the WIPP site have located isolated pressurized brine reservoirs
9 below the repository level in the Castile Formation, approximately 2,825 to 4,075 ft (861

10 to 1,242 mn) underground.

I1I LTM.2. 1.3.2 Regulatory Groundwater Requirements

12 Typically, the RCRA regulations require groundwater monitoring in the uppermost
13 aquifer located directly below a Hazardous Waste Management Unit. The EPA allows
14 this requirement to be waived if it can be proven that the hazardous material in excess of
15 health based limits will not migrate past specified boundaries and that monitoring will not
16 be productive in determining compliance..17 An EPA RCRA document (U.S. Environmental Protection Agency 1986) provides
18 guidance for developing RCRA permit applications. This document describes
19 hydrological well monitoring at hazardous waste management facilities. In Section
20 LTM. 10.3, two LTM items are discussed. The EPA states, "Post-Closure care must
21 provide for a period of at least 30 years after completion of the authorized closure of the
22 repository. If ground-water monitoring systems are utilized during the repository active
23 life, they must also be operated and maintained throughout the post-closure care period"
24 (U.S. Environmental Protection Agency 1986). As stated, monitoring groundwater is not
25 always required, but when monitoring is required and performed during the operational
26 period, the wells must be monitored for 30 years after closure.

27 The WIPP has installed six groundwater monitoring wells in the Culebra member of the
28 Rustler Formation. Three wells are located upgradient of groundwater flow to provide
29 background information against which to compare downgradient well data. The other
30 three wells are located downgradient. One other well has been installed to sample
31 groundwater in the Dewey Lake Formation. The RCRA specifications are used as
32 guidelines in installing the wells to the extent practicable.

33 This report assumes groundwater well sampling will be performed during the operational
34 period of the repository. It is further assumed that groundwater sampling wells will be
35 maintained after closure. The DOE will petition the NMED to waive the RCRA.36 groundwater monitoring requirements, since the WJPP facility qualifies for such a waiver.
37 Monitoring for contaminant releases from the repository is not likely to be beneficial, and
38 such activity is not proposed.
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I LTM.2.1.4 40 CFR §268.6

2 In §268.6(a)(4), the EPA states, "A monitoring plan that detects migration at the earliest
3 practicable time ....". is required when a No-Migration Variance (NMV) is requested.

4 The WIPP shall petition for a NMV which, as stated in this regulation, requires an LTM
5 Plan. This LTM plan will be the same plan used to satisfy the requirements of 40 CER
6 § 191 for disposal system performance monitoring, because there is no credible pathway
7 for migration to the accessible environment due to the design and deep geologic location
8 of the repository.

9 LTM.2.2 Agreement for Consultation and Cooperation

10 The C&C is an agreement between the state of New Mexico and the DOE. This
I1I agreement defines specific legal areas of responsibility for the two parties. In the
12 agreement, two specific areas relating to LTM are addressed.

13 1 . "The level of environmental radiological surveillance developed during the
14 operational phase shall be continued during and for at least two years following
15 complete decommissioning and decontamination of the surface facilities. This is to
16 include both the State and the Department of Energy's programs. In addition,
17 increased surface soil and vegetation samples will be collected and analyzed to ensure
18 decontamination standards in effect at the time are met" (State of New Mexico v.s.
19 U.S. Department of Energy 1981).

20 2. "The final environmental radiological surveillance phase will primarily serve to
21 ensure the public that the re-suspension of contaminated ground surface particles, if
22 any, is not creating a potential long-term inhalation problem. The minimum program
23 projected at this time and to be continued for a period of not less than five (5) years
24 following the termination of the decommissioning and decontamination phase is:

25 (A) Intermittent operation of the state-operated high volume air sampling stations.
26 (B) Four annual soil surface samples.
27 (C) Four annual water samples.
28 (D) Thermoluminescent dosimeters (TLDs)" (State of New Mexico v.s. U.S.
29 Department of Energy 198 1).

30 The radiological part of the Environmental Monitoring Plan (EMP) for the WIPP facility
31 fulfills the first requirement (DOE/WJPP 94-024, Section 5.3, Radiological
32 Environmental Monitoring). The total number of samples taken can be increased if the
33 current number is not acceptable. The appropriate section of the EMP can also be used
34 for items (A), (B), and (C). A determination was made by the Environmental Evaluation
35 Group (EEG) to discontinue the environmental thermoluminescent dosimeter (ThD)
36 efforts at and around the WIPP. They determined that environmental TLDs would not
37 detect releases at the site because they are used primarily to detect penetrating radiation.
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1 The waste to be emplaced at the WIPP is mostly alpha emitters (non-penetrating).
2 Therefore, no environmental TLD monitoring will be performed by DOE after closure

3 (U.S. Department of Energy 1984; R. F. Kehrman letter to J.A Mewhinney 1990).

4 LTM.2.3 Long-Term Monitoring Time Requirements

5 The LTM plan will not be enacted until after WIPP closure. The repository is scheduled
6 to open in 1998 and will operate until 2023; decontamination and decommissioning (D &
7 D) will be completed within ten years following the final receipt of TRU waste. LTM
8 will not be required until after D & D of the WIPP. Technology will advance during that
9 time span and the requirements governing monitoring may also change. During the 25

10 years the facility will operate, operational monitoring will have created a vast amount of
I I data. Interpretation and analyses of these data may conclude that part or all further LTM
12 will not be necessary. This decision will be made well into the operational phase of the
13 repository. However, this report assumes that LTM will be required. The LTM plan will
14 include provisions to review the proposed LTM system during the late operational phase
15 to assess advanced monitoring technologies and regulatory requirements and ultimately
16 determine if LTM is required.

17 LTM.2.3.1 Previous Department of Energy/Waste Isolation Pilot Plant Proposed
18 Monitoring Assumptions

19 Several DOE/WIPP and SNL documents provide guidance in developing the LTM plan.
20 Provided below is a list of those DOE/WIPP guidance documents.

21 * WIPP Regulatory Compliance Strategy and Management Plan, DOE-CAO 94-2003
22 0 Compliance Status Report, DOE/WIPP 94-0 19
23 0 Waste Isolation Pilot Plant Repository Monitoring Program Strategic Plan,
24 DOE/WIPP 93-029 (U.S. Department of Energy 1993)

25 A review of the listed DOEIWIPP documents was completed. Listed below are the LTM
26 design requirements developed from the assumptions and approaches found in these
27 documents.

28 0 The design of the LTM program will depend in part on the PA results obtained from
* 29 the operational phase

30 0 Geophysical techniques may be used to identify substantial deviations from expected
31 performance of the repository in the surrounding environment
32 0 Subsidence and seismic monitoring may be used to monitor repository performance

33 LTM.2.3.2 Institutional Requirements

* 34 After closure, all buildings and aboveground facilities will be removed (with the
35 exception of the Hot Cell concrete structure), active controls will be put in place, and the
36 staff will be reduced significantly. LTM techniques shall be designed so that minimal
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I maintenance and facilities are required. The monitoring techniques shall be as stand-
2 alone as possible, because power may only be available for part of the post-closure
3 period. The LTM systems shall be accessibly located aboveground. Safeguards shall be
4 provided to protect the equipment from vandalism and the environment.

5 Techniques that obtaln useful data at low cost with minimal maintenance over an
6 extended period of time are the most favorable.

7 In summary, institutional LTM requirements are as follows:

8 1. The LTM system design shall have a low labor requirement
9 2. System must endure the natural environment

10 3. System must be cost-effective
11 4. System should not require a large support facility
12 5. System shall require minimal maintenance and power requirements
13 6. All components susceptible to vandalism should be isolated and/or protected from
14 public access

15 LTM.3.O LONG-TERM MONITORING SYSTEM SPECIFICATIONS

16 All of the LTM system requirements were compiled from Regulatory, Institutional, DOE!
17 WI1PP documents, and SNL documents and assumptions to form the LTM specifications.
18 The LTM specifications are listed below:

19 1 . The PA shall identify parameters to monitor repository performance
20 2. The LTM system shall detect deviations from expected repository performance after
21 closure
22 3. The monitoring technique(s) used must not jeopardize waste isolation and must be
23 nonintrusive
24 4. Monitoring will continue as long as practicable, and/or until no significant concerns
25 remain to be addressed, or until the DOE determines monitoring is no longer
26 required
27 5. Monitoring that detects contaminants is not recommended
28 6. The radiological aspect of the operational EMP shall be continued for two years
29 past D& D
30 7. Four annual soil surface samples and four annual water samples shall be taken for
31 five years after D& D
32 8. The design of the LTM program will depend in part on the results of data obtained
33 during the operational phase
34 9. Subsidence and seismic monitoring may be used to monitor disposal system
35 performance
36 10. LTM system design shall require minimal labor
37 11. System must endure the natural environment
38 12. System must be cost-effective
39 13. System should not require a large support facility
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.1 14. System should be self-contained
2 15. All components susceptible to vandalism should be isolated and/or protected from
3 public access

4 LTM.4.O SYSTEM DESCRIPTION

5 The basic requirements listed in the Section LTM.3.O were used to define an LTM system
6 which would best fulfill all the applicable requirements. After an evaluation of current
7 geophysical and experimental technologies was completed, subsidence monitoring was
8 chosen. Subsidence monitoring was chosen, in part, because it was suggested in EPA,
9 DOE, and SNL documents as being a viable LTM technique that can demonstrate

10 adequate repository performance. Subsidence monitoring is nonintrusive, can detect
I1I substantial deviations in repository performance, and meets all the listed requirements in
12 Section LTM.3.O. This monitoring technique is described in Attachment A, along with a
13 discussion on determining repository performance.

14 Subsidence monitoring is the basic LTM tool that will be supported by several other
15 systems. These systems include a subsidence network, a Long-Term Monitoring Program
16 (LTMP), a Baseline Database, a Closure Review Study (CRS), and a Subsidence Data
17 Study (SDS)..18 The basic LTM system is composed of a subsidence network, an LTMP, and a Baseline
19 Database. The LTMP is broken down into two subgroups, Subsidence and
20 Environmental/Groundwater monitoring. The overall program is the responsibility of the
21 DOE until it decides, and the regulators concur, that no further monitoring is required.
22 The data collection for both the Baseline Database and subsidence data are verified
23 through aQAIQC program to assure data quality. The monitoring program will be
24 documented through a set of operating procedures that are validated and maintained
25 .under the QA/QC program. All actions relating to repository performance indications
26 from the subsidence monitoring program will be resolved through the DOE office
27 overseeing the project.

28 The LTM system will also consist of any preexisting hydrological wells plus any
29 additional wells deemed useful as the result of the PA. The well monitoring program that
30 was used during the operational phase will be used during the post-closure phase. The
31 frequency of the testing will be modified after closure to include maintenance and well
32 casing replacement, as appropriate. Testing intervals will be lengthened if previous data
33 have been relatively constant during the operational phase. The LTM schedule will be
34 determined by a CRS.

35 The radiological portions of the operational EMP in place prior to closure will be used in
36 LTM for two years after closure with limited radiological monitoring for the following.37 three years. The PA has determined the most likely release path after closure is not
38 directly to the surface, therefore monitoring releases at the surface level would not be
39 productive (WIPP Performance Assessment Department 1992). Results of D&D
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1 monitoring will be evaluated at closure during the CRS and a determination will be made
2 whether to continue monitoring for aboveground radionuclides and volatile organic
3 compounds (VOC) after the required five-year period.

4 An SDS will be performed during the developmental and operational phases of the WIPP.
5 This study will provide the subsidence prediction data and gather all data for the Baseline
6 Database. The findings will include the predictions and bounding conditions for
7 repository performance and define scenarios that would characterize the repository's
8 condition when the measured subsidence is out of bounds with the predictions. These
9 scenarios will be used in the Baseline Database to provide guidance during an

10 unpredicted event.

I I A CRS will be performed during the late operational phase that assesses the condition of
12 the facility at closure. The study will:

13 0 Evaluate the LTM plan, the data generated during the operational and closure phases,
14 and regulatory requirements at the closure date
15 * Update the LTM program
16 0 Evaluate the necessity for monitoring and determine the appropriate repository
17 parameters to be monitored
18 0 Revise the LTM schedule to account for any impacts on the monitoring frequencies
19 caused by the study findings

20 In summary, the LTM program will be composed of the following items:

21 0 Subsidence network
22 0 MP
23 9 Baseline Database
24 0 CRS
25 0 SDS

26 Each item will be discussed in detail below.

27 LTM.4.1 Subsidence Network

28 Refer to Attachment A for a description of subsidence, the past work, and the advantages
29 and disadvantages of its use in LTM.

30 In order to monitor subsidence, a network of benchmarks must be placed over the area of
31 interest. Benchmarks have been installed over and around the general vicinity of the
32 WIPP. These benchmarks are adequate for initial data gathering during the developmental
33 and most of the operational phases. However, the current network is too coarse to
34 provide sufficient data points to accurately measure subsidence over the repository for the
35 long term. From contour plots of expected subsidence in the Backfill Engineering
36 Analysis Report (BEAR), maximum subsidence can occur in a circular area with a radius
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@I as small as 1,000 ft (305 in); most of the current benchmarks are 1,000 ft (305 m) apart.
2 Current benchmark locations are shown on drawing E-2700- 1. Reference #8 has
3 recommended placing a network over the repository footprint that would extend 2,000 ft
4 (6 10 mn) past the four mi2 site boundary shown in Figure A-2 of Attachment A. This
5 would encompass the entire predicted subsidence area for angles of draw up to 45
6 degrees.

7 Additional benchmarks shall be placed to increase the density over the repository. These
8 new benchmarks shall be installed after completion of the SDS. The SDS will evaluate
9 and determine the quantity and placement of the benchmarks to best determine

10 subsidence.

I I After establishing the supplemental benchmark locations, benchmarks will be installed
12 and surveyed that meet the National Geodetic Survey (NGS) Class 1, first-order standards.
13 All placement and survey data will be documented in the Baseline Database.

14 Provisions shall be made to maintain and replace benchmarks when required and to
15 coordinate benchmark placement with the passive markers design. This coordination has
16 been noted in the Permanent Markers Study (PMS).

17 LTM.4.2 Monitoring Program

.18 The LTM concept assumes substantial work will be performed during the operational
19 phase to gather subsidence information and data. The data may be used in PA
20 calculations to predict subsidence for various scenarios of repository performance. All
21 effects that may influence subsidence over the repository, such as hydrological extraction,
22 petroleum production, mining, and geological subsidence, should be included in these
23 scenarios.

24 The MP consists of monitoring the subsidence network and, for a limited period,
25 Environmental/Groundwater monitoring. Subsidence monitoring is accomplished with a
26 Class I Leveling Survey. The surveys will be performed every 10 years during the
27 operational phase and thereafter in accordance with the LTM schedule. Environmental!
28 Groundwater monitoring will be performed for at least five years after closure.

29 The leveling surveys will be performed as described in aQA/QC procedure to ensure the
30 data is documented and validated. The data will be included in the Baseline Database. A
31 procedure will be developed to implement the LTMP.

32 The MP will be maintained by the DOE. The CRS will detail the organizational
33 responsibilities and monitoring schedules. This study will also update the LTM plan and
34 define the LTMP requirements.

O35 The MP includes the following:

DOE/CAO-96-2 160 LTM- 13 June 14, 1996



Final No-Migration Variance Petition

1 1. Managing the LTM Program
2 2. Maintaining monitoring procedures and QAIQC documents
3 3. Performing all monitoring
4 4. Maintaining the subsidence network
5 5. Maintaining the monitoring schedule
6 6. Maintaining and storing the Baseline Database
7 7. Performing a data review and performance evaluation
8 8. Supplemental monitoring when performance is suspect
9 9. Eventual decommissioning of the LTM program

10 10. Archiving LTM data

I1I LTMI.4.3 Baseline Database

12 The SDS will generate subsidence predictions and compile the technical information
13 derived from measurements performed during the developmental and operational phases
14 of the WJPP. This data will be included in a Baseline Database. This baseline will also
15 contain data specific to the repository's geophysical, hydrological, geochemical, and
16 structural nature at the end of the disposal phase when the repository is sealed.

17 The Baseline Database will also contain data from previous monitoring studies and data
18 from specific surveys and monitoring techniques performed immediately after closure of
19 the repository. These surveys will be performed only once after closure to establish the
20 geologic condition of the area at the start of the post-closure phase. These surveys and
21 techniques are described in Attachment A.

22 The database will provide the guardians of the WIPP facility with easy access to critical
23 data concerning repository performance and LTM.

24 An evaluation of geophysical methods was performed to determine which methods
25 should be used to establish a baseline for the repository after closure. The following
26 techniques were chosen because they meet the requirements, are specifically nonintrusive,
27 are implemented from the surface, and provide useful data in interpreting the repository's
28 geophysical structural and hydrological condition. All post-closure monitoring
29 techniques that would be physically conducted in the repository were excluded (see
30 Attachment A for discussion on direct repository monitoring).

31 The following monitoring technologies were chosen to be evaluated as candidates for
32 LTM:

33 1 . Subsidence surveys
34 2. Seismic surveys
35 3. Gravitational surveys
36 4. Electromagnetic surveys
37 5. Resistivity surveys
38 6. Aerial radiological surveys
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.1 7. Experimental
2 8. Environmental

3 Each of these techniques are evaluated in Attachment A. A determination was made to
4 include all past data for geophysical surveys conducted during site selection and
5 operation. At closure, several geophysical surveys will be performed to obtain repository
6 baseline data on the geophysical condition of the repository and surrounding area.
7 Seismic reflection/refraction, gravitational, electromagnetic, and resistivity surveys will
8 be performed. No baseline environmental surveys are required, since a baseline has
9 previously been established. All data and explicit descriptions of the equipment, data

10 reduction techniques, and procedures used will be included in the database. All sensor
I1I placements will be surveyed and recorded. Where possible, some of the original survey
12 lines will be used. The CRS will also determine specific survey lines to be included.
13 Monitoring technologies in the experimental phase of development may be evaluated for
14 applicability.

15 LTM.4. Closure Review Study

16 The initial LTM plan will be written at least 25 years prior to closing the facility.
17 Technology, regulations, site management, safety requirements, and public opinions will.18 advance and change over this time period. It is assumed that the LTM plan will not be
19 updated at regular intervals over the operational phase because it is not cost-effective to
20 do so. A review of the LTM plan prior to closure will be necessary to ensure compliance
21 and safety. This review may result in modification of the LTM plan to reflect the
22 advanced state of repository-specific knowledge resulting from repository operational
23 phase activities.

24 A CRS will be initiated to evaluate the LTM plan and update all aspects that are not
25 current. This plan will review the data in the Baseline Database and all governing
26 regulatory issues associated with LTM of the facility. The CRS will determine what
27 monitoring is required, what will be monitored, what equipment and techniques will be
28 used, and the area/lines that will be monitored. A feasibility study will evaluate
29 technology available at that time that can be used to accomplish this task.

30 The CRS will update the LTM schedules and define organizational responsibilities.
31 Monitoring frequencies and dates will be revised in these schedules.

32 LTM.4.5 Subsidence Data Study

33 Several subsidence studies have been completed and are included in the following
34 documents:.35 1. Final Environmental Impact Statement (ElS), Waste Isolation Pilot Plant,
36 DOE/EIS-0026, DOE, 1980.
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1 2. Final Safety Analysis Report (FSAR), Waste Isolation Pilot Plant, WP 02-09,
2 WEC, 1990.
3 3. Preliminary Comparison with 40 CFR §1]91, Part Bfor the Waste Isolation
4 Pilot Plant, December 1991, SAND91-0893, Vol 1, Methodology and Results,
5 SNL, 1991.
6 4. Backfill Engineering Analysis Report (BEAR), IT Corporation, 1994.
7 5. Report on First-Order Leveling Survey for Sandia Laboratories Waste Isolation
8 Pilot Plant (WIPP) Project, Undated, Rockville, Md. National Geodetic Society
9 6. Vertical Movement in the Los Medafios and Nash Draw Areas, New Mexico, As

10 Indicated by 1977 and 1981 Leveling Surveys, 1982, NOAA Technical
I1I Memorandum NOS NGS 37. Rockville, Md. National Geodetic Society.

12 These reports evaluate the potential for, and predict subsidence due to, the mining of the
13 repository's shafts, drifts, and rooms. These calculations account for a range of waste
14 volumes, waste densities, and backfill types. Subsidence was also calculated for
15 conditions where no backfill would be used.

16 The BEAR contains the most detailed data on subsidence. Contour maps are included in
17 this report that detail subsidence predictions using influence function and the National
18 Coal Board (NCB) method for scenarios with and without backfill. The maximum
19 subsidence was also calculated using the mass conservation method.

20 The studies listed above predict the maximum subsidence expected. These studies were
21 not specifically performed to estimate subsidence for long-term repository performance
22 monitoring and do not account for other factors that may influence subsidence, such as
23 local hydrocarbon extraction and local potash mining.

24 An SDS will include subsidence predictions documented in the BEAR and any
25 subsequent subsidence predictive information that may be developed by the PA. The SDS
26 will also investigate factors that influence subsidence to the extent that these factors are
27 identified in the PA. The goal of the study is to document the most reliable subsidence
28 predictions with respect to time and define the bounding limits that will indicate poor
29 repository performance.

30 The SDS will define the most favorable positions for any additional benchmarks and
31 oversee their placement in the network.

32 LTM.5.0 QAIQC REQUIREMEENTS

33 Various QA/QC requirements exist for the YIEPP project and many contractor QA/QC
34 programs are in place. The WIPP is a DOE facility, and as such has specific DOE
35 guidelines for QA/QC management. These guidelines are found in the Quality Assurance
36 Program Document, CAO-94-1O 12. The DOE has agreed to adopt QAIQC guidance from
37 the American Society of Mechanical Engineers (ASME) Nuclear Quality Assurance
38 (NQA)-l1, NQA-2 and NQA-3. The EPA also has imposed QA/QC requirements for the
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O1 management of data and the LTM plan; specifically, requirements in 40 CFR §268.6 (b)
2 (4) and 40 CFR §268.6 (c) (1 through 5). The scientific advisor also has aQAIQC
3 program that is used for data collection that impacts LTM.

4 For this LTM report, the current QAIQC programs in place, which meet NQA-l, 2, and 3,
5 and include sections for data quality, are assumed adequate for data collection. The LTM
6 plan is required to contain the QAIQC plans for LTM management, data collection,
7 analysis, and model validations. These plans will be compiled from the current QAIQC
8 programs.

9 Other QA issues are associated with 40 CER §268.6 requirements. This regulation
10 requires the LTM plan to contain detailed records of the LTM system and data
11 collection/recording procedures. Specifically, "All sampling, testing, and analytical data
12 must be approved by the Administrator and must provide data that is accurate and
13 reproducible" (40 CFR §268.6 (c) (5) (i)) and, "A quality assurance and quality control
14 plan addressing all aspects of the monitoring program must be provided to and approved
15 by the Administrator" (40 CFR §268.6 (c) (5) (iii)). An LTM QC plan shall be included
16 as part of the LTM plan.

17 The overall goal of the QAIQC program associated with LTM is not just to meet all of theO 18 regulatory requirement, but to provide a defensible, reproducible monitoring system that
19 effectively assesses repository performance.

20 LTM.6.O LONG-TERM MONITORING SCHEDULES

21 The schedule for the implementation of LTM after D&D will be formalized during the
22 CRS.

23 The schedule for LTM is composed of four basic monitoring groups; the initial
24 geophysical survey group, the radiological EMP group, the subsidence monitoring group,
25 and the abbreviated radiological environmental monitoring (EM) group. The initial
26 geophysical survey group will be composed of a seismic survey, a resistivity survey, an
27 EM survey, a gravitational survey, and a radiological aerial survey. The radiological
28 EMP group (a continuation of the Operational Environmental Monitoring Program) will
29 be performed for the first two years only. The Subsidence Monitoring group will include
30 a leveling survey in the first and third year and every 10 years thereafter. The last group,
31 the abbreviated radiological EM group, will include only three sample types (airborne
32 particulate, soil, and water) taken on an annual basis for at least three years following
33 cessation of the radiological EMP group. The schedule for the LTM process is detailed in
34 Figure LTM-6. 1 and the specific monitoring schedule after closure is shown in Figure
35 LTM-6.2.
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I LTM.7.O RECOMMENDATIONS

2 The LTM requirements are based on regulations, DOE/WI[PP, and SNL documentation.
3 From these requirements, physical, chemical, economical, and technical factors must be
4 included in the conceptual approach to designing a LTM system. Such a system can be
5 designed using a monitoring approach composed of a subsidence network, an LTMP, a
6 Baseline Database, a CRS, and an SDS.

7 The range of periodic measurements from the subsidence network will be compared to
8 the subsidence predictions. If the measured subsidence does not fall within the
9 predictions, the Baseline Database can be used as comparison data to determine the

10 nature, extent, and possible cause and ultimately determine if the repository is performing
11 as expected.

12 The following describes the LTM monitoring design concept.

13 1. Create a Baseline Database that includes data from developmental and operational
14 phase activities

15 2. Perform an SDS

16 3. Compile subsidence predictions and include any PA-developed scenarios of
17 repository performance that fall outside the baseline subsidence predictions. Develop
18 proper benchmark locations over the repository. The subsidence predictions will be
19 developed from the information available in the BEAR and from any additional
20 information provided by the PA.

21 4. Create a subsidence network over and around the facility

22 5. Perform a CRS

23 6. Perform the listed surveys to establish baseline data for the Baseline Database

24 - Seismic survey over the waste panels after closure (once)
25 - Resistivity survey over the waste panels after closure (once)
26 - EM survey over the waste panels after closure (once)
27 - Gravitational survey after closure (once)
28 - Subsidence survey (throughout the-program lifetime)
29 -Obtain and archive core samples from previous core work (once)

30 7. Initiate the MP after closure. Perform periodic leveling surveys of the subsidence
31 network and develop a schedule for future surveys. Perform the radiological EMP for
32 two years and the abbreviated program for an additional three years

33 8. Compare leveling survey data to expected results
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@1 9. Perform periodic reviews of the repository performance to determine the monitoring
2 schedule and termination of the monitoring program

3 10. Perform maintenance on RCRA wells, replacing casings as required or every 25 years
4 until monitoring ceases. Monitor per LTM schedule and LTM Plan requirements

5 11. Perform maintenance on subsidence network as required (determnined during the
6 leveling surveys)

7 This monitoring concept is based on current technologies and data for monitoring
8 repository performance. The preliminary PA reports specify that monitoring parameters
9 will be developed during the PA, but no specific requirements have been published.

10 Future monitoring during the repository development and operational phases may provide
I I data which indicate that LTM will not be relevant or identify new parameters that must be
12 monitored. Future developments in the regulations may modify monitoring requirements.

13 The monitoring techniques specified in this report can be used to meet the requirements
14 in the current regulations governing the facility and monitor performance of the facility.

15 This concept provides for a reliable database against which future monitoring results can
16 be compared.
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1 ATTACHMENT A
2 LONG-TERM MONITORING TECHNICAL STUDY

3 A. INTRODUCTION

4 Geophysical Survey/Monitoring Technology Description

5 The monitoring technology is defined for each of the technologies listed below. In
6 addition, the past, current, and future work using this technology, as it relates to
7 performance monitoring, is described. Also defined are the advantages, disadvantages,
8 and proposed uses of the technologies in long-term monitoring (LTM) of the repository.

9 0 Subsidence
10 0 Seismic Reflection/Refraction
1 1 0 Gravitational
12 0 Electromagnetic
13 * Resistivity
14 0 Direct Repository Monitoring

15 A.1 Subsidence

* 16 Add Description of Subsidence Monitoring

17 Subsidence is defined as vertical movement of the land surface anywhere in the
18 subsidence basin. Subsidence monitoring is defined as the measurement of relative
19 vertical movement of the land surface. This movement can be up (uplift) or down
20 (subsidence) and is relative to a fixed reference. This reference is assumed fixed, even
21 though it also moves, and is subjected to the same factors that cause the surface
22 movement. Subsidence monitoring is used to determine the measurable vertical
23 movement of a land mass. The techniques used to monitor subsidence measure the
24 vertical height difference between two or more markers placed on the surface a known
25 distance away from each other and is done with a leveling survey. Usually, one reference
26 benchmark is used as the standard and the relative movement of other stations or
27 benchmarks are measured to detect vertical movement over time. All subsidence
28 measurements are relative, because the reference is not fixed.

29 The error of the survey is determined by the equipment and distances between the
30 stations. A first order survey has an error of 1 part in 100,000 and a second order survey
31 has an error of 1 part in 20,000. With current technology, several thousandths of an inch
32 vertical movement can be measured.

33 Subsidence can be caused by a variety of factors. Mining, hydrocarbon extraction, water.34 injection/extraction, geological tilt, and dissolution are major subsidence-causing factors,
35 all of which may be applicable to the Waste Isolation Pilot Plant (WIPP) over the long
36 term.
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I A.1.2 Advantages of Subsidence Monitoring

2 Subsidence monitoring is advantageous because it is a passive monitoring technique that
3 is relatively simple to perform and uses well-established technologies. The cost of the
4 survey is low compared to other technologies. This technique requires little system
5 maintenance or monitoring and has no power requirement. The benchmarks are not
6 affected by weather and can last for hundreds of years. Benchmarks can be replaced if
7 required and the data can be offset to account for the change without affecting data
8 quality.

9 A.1.3 Disadvantages of Subsidence Monitoring

10 The disadvantages associated with subsidence monitoring are in the benchmark
11 placement. The benchmark should be left undisturbed. Existing benchmarks may be
12 destroyed or moved if new construction occurs over the benchmarks. The permanent
13 markers design may call for large earthen berms around the facility after closure. The
14 placement of the berm may cover up existing benchmarks and may preclude line of sight
15 measurements between existing benchmarks because the berm may be 30 ft (9 m) high.
16 The benchmarks are not protected, and may be destroyed during land use by ranchers,
17 drillers, or developers.

18 A.1.4 Past Subsidence Work

19 During the initial site selection process, 195 mi (314 kin) of first order, Class 1 leveling
20 survey were performed in 1977 by the National Geodetic Survey (NGS). Later, new
21 survey lines were established that connected the previous first order benchmarks through
22 Carlsbad to second order survey lines through Eunice and Hobbs. Benchmarks were
23 placed over the Nash draw from the north end to the Remuda Basin, over potash mines,
24 the WIPP site, and the San Simon Sink (Powers 1993). Independent of the NGS
25 benchmarks, an additional 52 benchmarks were installed over the WIPP site and
26 surrounding area.

27 The NGS network was resurveyed in 1981 and the relative movement between Carlsbad
28 and the WJPP site was measured to be about 0.8 in (2 cm). Relative motion across the

29 network was down to the east and up to the west (Powers 1993). The movement across
30 the site can be seen in Figure A-i1 and the positions of the benchmarks are shown in
31 Figure A-2 (Balaza 1982). The relationships between subsidence and potash mining in
32 the WIPP vicinity are discussed in Powers (1993). From data in this report, potash

33 mining was shown to have caused significant subsidence at mines close to the WJPP.
34 Two benchmarks over the Mississippi Chemical Corporation mine measured relative to

35 Carlsbad show 10 in (25.4 cm) and 40 in (102.7 cm) movement downward from 1977 to

36 1981. Powers (1993) also discusses mining effects on surface subsidence at other mines

37 and correlated a relationship between mining anid the surface area effects. This effect is
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.1 of importance to WIPP monitoring in that estimations of area mining and WIPP mining
2 can be calculated into the subsidence predictions.

3 "In May, 1982, the NGS placed and leveled 15 additional high-quality benchmarks along
4 a north-south line across the position of WIPP 12 (1 mile north of WTPP surface
5 facilities) and the underlying brine reservoirs in the Castile Formation" (Powers 1993).
6 After testing and fluid production of approximately 27,058 barrels of brine from the brine
7 reservoir, the NGS resurveyed these benchmarks in January, 1983. "The major difference
8 in elevation across these 15 benchmarks from May, 1982 to January, 1983, is about 6-7
9 mmn between the north end of the line and the approximate position of the WIIPP" (Powers

10 1993). Powers stated that he knows of no known mechanical or numerical simulation
I I that can determine if this deformation is consistent with brine production.

12 A.1.5 Subsidence Predictions

13 Subsidence predictions due to mining can also be calculated empirically. Techniques
14 such as mass conservation, National Coal Board (NCB), and profile and influence
15 functions can be used to calculate subsidence caused by mining. The Influence function
16 technique can estimate subsidence from room and pillar type mining, which is the type of
17 mining used at the WIPP (Sutherland and Munson 1983). Four studies have been.18 performed that have calculated subsidence predictions. The results are found in the Final
19 Environmental Impact Statement (FEIS) (DOE 1980), the Final Safety Analysis Report
20 (FSAR) (DOE 1990), Sandia National Laboratories' (SNLs') 1991 comparison with 40
21 CFR § 191 (Preliminary Comparison with 40 CFR § 19 1, Part B for the Waste Isolation
22 Pilot Plant 1991), and the Backfill Engineering Analysis Report (BEAR) (IT Corporation
23 for WVEC 1994). The following details each report's maximum subsidence predictions:

24 MAXIMUM SUBSIDENCE PREDICTIONS

25 FEIS
26 70 percent Backfill density 0.3 meter Subsidence
27 50 percent Backfill density 0.5 meter Subsidence
28 No Backfill 1.0 meter Subsidence

29 FSAR
30 Shaft pillar area 0.3 to 0.38 meter Subsidence
31 (backfill type and amount not specified)
32
33 SNL
34 350 angle 0.09 meters Subsidence
35 25' angle 0. 13 meters Subsidence

. 36 BEAR
37 No Backfill (BF) 0.40 to 0.60 meter Subsidence
38 Highly Compacted BF 0.30 to 0.52 meter Subsidence
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1 A.]. 6 Current Work in Subsidence Monitoring

2 Current subsidence work includes annual monitoring, a proposed NGS survey, and a
3 satellite positioning survey.

4 The WIPP currently monitors the benchmarks listed in drawing E-2700- 1, on an annual
5 basis (drawing by John West Engineering Co., 1-1 1-93). This survey is performed by
6 Waste Isolation Division (WID) Personnel.

7 A.1.7 Future Work on Subsidence Monitoring

8 A NGS survey has been proposed for FY 1996. The current plan is to resurvey about
9 every ten years. The last NGS survey was performed in 1982.

10 A.1.8 Define Use of Subsidence Surveys for LTM

11 This report assumes that substantial work will be performed during the operational phase
12 to gather subsidence information and data. This data will be used to relate expected
13 subsidence over time for various scenarios of repository performance. The effects of
14 petroleum production, mining, and geological subsidence must be accounted for in these
15 scenarios. These estimates would be compared to actual measurements.

16 During the operational phase, the current benchmarks and new benchmark network will
17 be used to gather baseline data. After the operational phase, however, decommissioning
18 of the surface facilities and erection of active and passive controls will eliminate some of
19 this network. For this reason, during the decommissioning, damaged or lost stations
20 should be replaced. Additional stations may be necessary to take into account the
21 placement of the proposed passive permanent markers. It is expected that analysis may
22 have determined subsidence estimates at specific locations; these locations should be
23 included in the benchmark network.

24 After decommissioning and renovation of the benchmark network, a Class 1 leveling
25 survey should be performed to determine baseline data. The network should be
26 monitored after closure until monitoring is determined to no longer be necessary. The
27 monitoring frequency has to be determined; however, the preliminary plan is every third
28 year for the first 15 years. During this time, the data should be compared to the previous
29 trends. If no anomalies are found, the monitoring frequencies should be adjusted to ten
30 year intervals.

31 A.2 Seismic Reflection/Refraction Surveys

32 A.2.1 Description of Seismic Reflection/Refraction Surveys

33 Seismic Reflection/Refraction surveys are used to determine the depth, thickness,
34 composition, and physical properties of geologic layers. Data from the survey can locate
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@1 specific horizons such as water tables, clay layers, and bedrock. This technology can be
2 used to map the geological structures of large areas at great depths. Survey results are
3 often used by geologists to locate specific geologies that may contain hydrocarbon
4 reserves.

5 This method uses seismic wave transmissions to determine geologic structure depth and
6 composition. Seismic waves travel at different velocities depending on the soil and rock
7 type. Hard and dense rock have higher wave velocities than soft and less dense rock.
8 Seismic waves can travel through and reflect or refract off of geological structures. Some
9 of the wave energy will travel along the layers. This phenomena is used to determine

10 depth and composition of the strata by measuring the return time of an induced wave
11 generated at the surface and reflected and refracted back from the underlying strata.

12 This technique measures wave travel times through a sensor array, called geophones,
13 placed over the area of interest. A seismic wave is generated by dropping a weight
14 (anything from a hand sledge to truck mounted ram) or by using high explosives. A
15 seismograph is used to amplify and record the data. By using various seismic wave input
16 energies, sensor array spacings, and numbers, specific depths can be mapped (U.S.
17 Environmental Protection Agency 1986). The map corresponds to a geological profile
18 along the line surveyed. Figure A-3 details the basic seismic surveying technique.

@19 A.2.2 Advantages of Seismic Reflection/Refraction Surveys

20 One advantage of this technique is the abundance of existing data. Numerous petroleum
21 companies have performed seismic surveys in the area and several other surveys were
22 performed during site selection (Waste Isolation Pilot Plant Repository Monitoring
23 Program Strategic Plan 1993; Powers 1978). This data can be used as a reference to
24 detect changes by comparison with new data. The quality of the data is good for lower
25 structures but are not as useful above the 3,000 ft (910 mn) (Powers 1978).

26 Seismic surveys are nonintrusive and require no permanent devices to be installed at the
27 site. Seismic surveys are relatively inexpensive.

28 A.2.3 Disadvantages of Seismic Reflection/Refraction Surveys

29 Basic disadvantages of this technique include data quality and interpretation. This
30 technique is sensitive to noise and equipment set-up. The data must be electronically
31 processed, conditioned, and interpreted by an experienced geologist. Interpretation is an
32 art form and no two interpretations are the same (Griswold 1977). This can create
33 repeatability errors if the surveys are repeated on the same geology. The results are
34 usually compared to core samples to verify the interpretation and validate the results.

@35 Seismic surveys use equipment that allows for many variations in how data is collected.
36 For comparison reasons, surveys must be performed using similar equipment set-ups (i.e.
37 array spacings, line locations, data conditioning, etc.). Any variations in the technique
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1 and equipment must be accounted for in the interpretation of the data to ensure that
2 changes caused when different equipment is used for repeated surveys are not interpreted
3 as geological changes.

4 Relatively thin strata and layers of similar densities cannot be distinguished. Since the
5 technique is based on wave velocities, layers of material that may have different chemical
6 and geological characteristics, but similar velocity components, cannot be differentiated.

7 A.2.4 Past Seismic Reflection/Refraction Survey Work

8 During the siting process for the WIPP, several geophysical techniques were used to

9 gather geological data that would identify a suitable site location.

10 From 1976 to 1978, SNL conducted three surveys totaling 79 line mi (127 line kin) of
I1I data, of which 72 line mi (116 line kmn) were over or near the WIPP site (Hem 1978).
12 The first survey consisted of three lines totaling 24.98 line mi (40.22 line kin) of
13 conventional petroleum style data and was collected from petroleum companies. The
14 other two surveys were conducted using short geophone spacing and high signal
15 frequency for better shallow field resolution above 4,000 ft (1,220 mn) (Powers 1978).
16 One of these surveys totaled 47.04 line mi (76 line kmn) involving 13 lines. The third
17 survey included seven and a half line mi (0.8 line kin) of profiling run along crossing
18 lines through the site (Griswold 1977; Hem 1978).

19 Approximately 189 line mi (304 line kin) of older (1950s-1960s) seismic surveys
20 performed by Shell Oil Co. were purchased from a brokerage firm (G.J. Long and
21 Associates, Inc. 1976). Exxon allowed 196 line mi (316 line kin) of their data to be
22 viewed at their office; Amoco allowed 513 line mi (826 line kmn) of data to be viewed
23 (G.J. Long and Associates, Inc. 1976). This data was considered proprietary and could
24 not be distributed to other sources. All of the listed data was gathered and interpreted
25 during 1976 (Griswold 1977). Results of the data were used to map the geological layers
26 around the WIPP site. These maps are found in WPT 02-9, FSAR Section 2.7.

27 In 1976, attempts were made to perform a high resolution shallow survey using weight
28 drop techniques. This survey produced data that was not interpretable when compared to
29 known geological information (Hem 1978).

30 In 1979, an extensive seismic survey was performed that profiled lines directly over the
31 WIPP site boundaries in north-south and east-west patterns. The north-south lines were
32 spaced at one-fourth mi (0.4 kin) intervals and the east-west lines were spaced one-half
33 mi (0.8 kin) apart in Zone 2. In the areas between Zones 2 and 3, the lines were spaced
34 further apart. The north-south lines were separated by one-half mi (0.8 kin) and the east-
35 west lines were spaced at one mi (1.6 kin). This survey used the same basic parameters
36 as the original SNL survey, with closer line spacing. The intent was to improve the
37 accuracy of the data above the Salado formation.
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@I A.2.5 Current Seismic Reflection/Refraction Work

2 No seismic surveys are being performed.

3 A.2.6 Future Reflection/Refraction Work

4 No seismic surveying is planned.

5 A.2.7 Define Uses for Seismic Reflection/Refraction Surveys in LTM

6 The seismic method determines the difference in geology by measuring the velocity of a
7 wave through the rock. Any physical change in the rock is accompanied by a
8 corresponding change in its velocity. Seismic surveys can be used to map the repository
9 at various times. The specific depths and densities of various formations can be mapped

10 and compared to data generated in the future to evaluate the repository performance.
11 Changes in the strata, such as changes in aquifer depth and strata density changes, could
12 then be determined.

13 After the repository is sealed and the facility is decommissioned, a seismic survey should
14 be performed over the repository and surrounding area. This survey should be performed@15 to provide good resolution above and below the repository. The survey results and raw
16 data should be well documented and all interpretations of the data should be well defined.
17 The results and data should be archived so baseline data can be used for comparison to
18 future seismic data if the need arises. The baseline data will help identify changes in the
19 geology surrounding the facility which could help determine if the repository
20 performance is acceptable. The survey would only be performed after closure and would
21 not be resurveyed unless new data was required.
22

23 The following are requirements for seismic monitoring uses in LTM.

24 0 Archive data in at least two permanent formats
25 0 Reference line surveys to benchmarks in the subsidence network
26 a Include all data reduction programs in the archive data
27 0 The exact location for the survey (in accordance with the recommendation of an
28 experienced geologist)
29 0 Research methods to improve repeatability in geophone placement

30 A.3 Gravitational Surveys

31 A.3.1 Description of Gravitational Surveys

32 The gravity survey method maps small variations in the earth's gravitational field. These@33 variations result from mass and density difference in the subsurface lithography of the
34 earth's crust. Interpretation of the data from a gravity survey can detect structural
35 displacement in the strata (Barrows 1983). The survey is performed by using a
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1 gravimeter. The instrument measures the gravity intensity at a point. The data is
2 expressed in milligal, where a gal is an acceleration of 1 crnlsec 2. Standard equipment is
3 accurate to within a tenth of a milligal.

4 A.3.2 Advantages of Gravitational Surveys

5 This technology is helpful in determining the depth and area of various geological
6 anomalies. Gravity surveys alone are not concise but aid the researcher in determ-ining
7 areas (anomalies) that should be explored using other geophysical techniques to
8 determine the specifics of the anomaly.
9

10 The gravity survey is nonintrusive and relatively inexpensive when compared to other
11 geophysical monitoring techniques.

12 A.3.3 Disadvantages of Gravitational Surveys

13 Gravity surveys do not provide the type of information that allows a geologist to
14 determine the exact geological description and location of the strata surveyed.

15 This technique is very dependent on placement of the gravimeter. Placement errors can
16 cause variability in results if the survey is repeated. For repeatability, exact placement of
17 the gravimeter must be recorded and verified. This variation is not as pronounced when
18 the results are mapped over a large area.

19 The data from the gravimeter is sensitive to surface structure, elevation, geographic
20 latitude, and solar and lunar tides (Barrows 1983). Corrections must be made for the
21 terrain and usually cause an error of ± 0.3 milligal (U.S. Department of the Interior
22 Geologic Survey 198 1). Surveying data point position and altitude is half the effort of the
23 gravity survey. This method is prone to human error since manual recording is used. The
24 data is often "edited" by reviewing the data and deleting any suspected transcription
25 errors.

26 A.3.4 Past Gravitational Survey Work

27 During the siting phase in 1976, a regional gravity control was purchased from a
28 geophysical company (Griswold 1977, Results of Site Validation Experiments). Over
29 3,000 mi (4,827 kin) of gravity data was collected in the area as part of various
30 hydrocarbon exploration surveys (DOE 1990). Also, two gravity surveys, the Main Site
31 and the Reconnaissance Profiles, were conducted by SNL. Three smaller areas within the
32 Main Site survey were resurveyed in greater detail to provide information on suspected
33 anomalies.

34 The Main Site survey covered approximately eight and one half mi 2 (22 kin 2). The lines
35 were spaced one sixth mi (0.27 kin) apart and ran north-south, with the stations spaced at
36 one eighteenth mi (0.09 kin) intervals (Barrows 1983). During this survey, an anomaly
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.1 was discovered and a borehole was drilled in that area. This area was surveyed in greater
2 detail and covered an area 1,164 ft by 679 ft (355 mn by 207 in). The stations were spaced
3 in a grid 97 ft apart. Two other smaller areas were resurveyed to provide enhanced detail.

4 This data was used to detect anomalies in the strata and develop an interpretation of the
5 disturbed zone (DZ). However, the DZ data was inconclusive (Barrows 1983). Areas
6 surveyed detected some karst development. A gravity contour map of the WIPP site areas
7 surveyed is found in SNL document SAND82-2992 (Barrows 1983).

8 A.3.5 Current Gravitational Survey Work

9 No known gravitational survey work is currently being performed.

10 A.3.6 Future Gravitational Survey Work

11 No known gravitational surveying is planned.

12 A.3.7 Define Uses of Gravitational Surveys for LTM

13 Gravity survey data should be included in the Baseline Database. All past surveys should
14 be included along with extensive documentation defining the equipment, procedures, and.15 data collection and processing techniques used. Surveys should be performed over the
16 repository after closure and decommissioning, to provide baseline data for the repository.
17 The original gravity survey data will not include the influence of over 6,000,000 ft3

18 (170,000 in) of waste, so a new survey is required to provide a baseline after closure.

19 A.4 Electromagnetic Conductivity Surveys

20 A.4.1 Description of Electromagnetic Conductivity Surveys

21 The term Electromagnetic Conductivity is used by many geological companies to
22 describe various geophysical equipment. For this report, the term is defined as a method
23 that measures subsurface conductivity by low-frequency electromagnetic induction. This
24 method uses a coil placed on the surface that transmits electromagnetic pulses, which
25 induce eddy current loops in the layered strata below the transmitting loop. The induced
26 loop currents are theoretically directly proportional to the resistance of the strata. The
27 induced current produces a secondary field current that can be sensed by a receiving coil
28 placed a fixed distance from the transmitting coil. The reading is a bulk measurement of
29 conductivity of the strata directly below the transmitting loop to the effective depth of the
30 instrument. The instruments effective depth is related to the distance between the
31 transmitting and receiving coils. The electromagnetic system usually measures
32 conductivity of the materials in millimhos per meter and is easily converted to resistivity..33 Conductivity is the reciprocal of resistivity.
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1 The environmental monitoring system determines the conductivity of the strata which is
2 related to the soil/rock geophysical and geochemnical properties. Properties such as
3 porosity, permeability, concentrations of colloids, and dissolved electrolytes in the pores
4 and conductive minerals all influence conductivity, but the most influential factor is water
5 content. Since water is the main factor, aquifers and brine pockets can be detected (U.S.
6 Environmental Protection Agency 1986). Pipes, waste containers, metallic debris, and
7 wire lines can also be detected (U.S. Environmental Protection Agency 1986).

8 Electromagnetic systems can be used to profile and map strata. Both stationary and
9 mobile systems are available. Mobile systems are capable of taking continuous readings.

10 A diagram of the basic system configuration is shown in Figure A-4.

11 A.4.2 Advantages of Electromagnetic Conductivity Surveys

12 The electromagnetic method is nonintrusive and can detect brine occurrences, strata
13 layers with differing physical properties, and aquifers. Mapping of an area can be
14 compared to subsequently acquired data to determine changes such as brine movements.
15 The depth and area of brine pockets can be determined, which can then be used to
16 estimate the volumes of the pockets. Electromagnetic surveys may be used to locate
17 waste after placement.

18 The EM method does not require ground contact and the measurements can be taken
19 continuously. Methods of this nature have good repeatabilit ,. Measurements can be
20 made at ground level or from aerial surveys.

21 A.4.3 Disadvantages of Electromagnetic Conductivity Surveys

22 Electromagnetic technology falls short in data interpretation when a highly resistive layer
23 is sandwiched between two highly conductive layers. Strata can have the same relative
24 conductivity but be entirely different geologically. This method is not concise enough to
25 be a stand-alone method but can be used along with other geophysical techniques to
26 interpret the strata.

27 The results can vary with ground moisture content. Results after substantial rains are
28 different than those performed after prolonged droughts. Interpretation of the data must
29 account for these variations.

30 A.4.4 Past Electromagnetic Conductivity Survey Work

31 Several electromagnetic type surveys were performed by SNL. One survey was initiated
32 to map brine occurrences in the strata above and below the repository. The survey
33 measured 36 locations in a 9.3 mi by 6.2 mi (1.5 kmi by 1 kmn) grid directly over the
34 repository. Two other measurements were made, one at WIPP- 12 borehole and the other
35 at DOE-i borehole. A calibration measurement was made at ERDA-9. The final
36 interpretation of the survey data details brine occurrences. These results correlated well
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O1 with the depths of the brine occurrences found at WIPP- 12 and ERDA-9 (Earth
2 Technologies Corporation 1988).

3 When comparing the results of electromagnetic survey data with borehole logs, the
4 accuracy of determining the depth to brine is better than 246 ft (75 mn) at depths between
5 305 to 460 ft (1,000 to 1,500 in).

6 Aeromagnetic survey maps are available from the U.S. Geological Survey (Map GP-861,
7 Carlsbad/West Texas) and Aero Service Library (No. 43-6, Carlsbad/West Texas) (Elliot
8 Geophysical Company 1976).

9 A.4.5 Current Electromagnetic Conductivity Survey Work

10 No electromagnetic work is currently being performed.

11 A.4.6 Future Electromagnetic Conductivity Survey Work

12 No electromagnetic work is planned.

13 A.4.7 Define Uses of Electromagnetic Conductivity Surveys for LTM

* 14 Electromagnetic surveying has the capability of detecting water or brine occurrences, and
15 can differentiate layers with varying physical properties. This technique could be used to
16 monitor the facility after closure to determine if brine has migrated into the shafts,
17 boreholes, and/or repository.

18 The performance of the shaft, borehole seals, and boreholes could be monitored to
19 determine if they are maintaining the isolation between the aquifers in the Rustler
20 Formation. The repository could be mapped directly after the repository is sealed and
21 included in the baseline data to be used for comparison at a later date.

22 A.5 Resistivity Surveys

23 A.5.1 Description of Resistivity Surveys

24 The Resistivity method is similar in nature to the electromagnetic method. Resistivity
25 measures the resistance of the rock and electromagnetic measures the conductance.
26 Resistance is the reciprocal of conductance. The resistivity of the rock and soil is
27 influenced by the same factors listed in the previous section for conductivity. By varying
28 the electrode spacing geometries and currents, different parameters can be measured.
29 Two specific methods used during WIPP siting are Schlumberger sounding and Gradient
30 array profiling.

* 31 The resistivity method uses four sets of electrodes on the surface, spaced in a specific

32 geometry. Two electrodes are energized to create a current through the strata between the
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I electrodes. The second pair of electrodes measures the potential produced from the first
2 pair. The strata's resistivity can be calculated from the potential and electrode
3 geometry/spacing.

4 As with the other types of geophysical monitoring methods, resistivity measurements can
5 be used to perform sounding and profiling. Profiling maps the changes in the subsurface
6 resistivity horizontally. Sounding can detect vertical changes in subsurface resistivity.
7 The interpretation of the results can be used to determine the depth and thickness of
8 geologic layers of different resistivity. This method can detect soil thickness and depth to
9 aquifers or brine layers (U.S. Environmental Protection Agency 1986). A diagram

10 describing the basic system configuration is shown in Figure A-5.

11 A.5.2 Advantages of Resistivity Surveys

12 The Gradient array profiling method is relatively simple. The electrodes are separated at
13 large distances, which enables economical mapping of large areas.

14 The advantages of this method are identical to the electromagnetic method.

15 A.5.3 Disadvantages of Resistivity Surveys

16 Variations in placement will give differing results if the survey is repeated in the same
17 area. The resistivity surveys require direct ground contact and cannot be performned
18 continuously. The condition of the surface layer can affect the results because variation
19 in the soils moisture content can be detected. Measurements performed shortly after rains
20 will be different than measurements taken after prolonged droughts. This can be
21 accounted for in the interpretation of the results. Resistivity also has the same
22 disadvantages as the electromagnetic method.

23 A.5.4 Past Resistivity Survey Work

24 Extensive Resistivity surveys were conducted during the siting of the WIPP from 1976 to
25 1978. Areas around suspected breccia pipes and sinks (off-site) were surveyed to
26 determine if Resistivity surveys could be used to detect these structures within the WIPP
27 site. All zones of the WJ[PP site were surveyed. Mvining Geophysical Surveys, Inc.
28 performed 53 Schlumberger array soundings and approximately 391 line mi (631 line kin)
29 of gradient array profiling (9,880 measurements) (Elliot Geophysical Company 1977).

30 A.5.5 Current Resistivity Survey Work

31 No resistivity work is currently being performed.

32 A.5.6 Future Resistivity Survey Work

33 No resistivity work is planned.
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1 A.5.7 Define Uses of Resistivity Surveys for LTM

2 This technology can be used along with electromagnetic techniques to gather data
3 immediately after the repository is sealed. Both profiling and sounding should be
4 performed to produce geological maps of the strata's resistivity.

5 When the surveys are made, the exact locations and methods used should be carefully
6 documented. If possible, research may be required to develop a system for electrode
7 placement to ensure good repeatability in the surveys. This data should be documented in

8 the Baseline Database for future comparison.

9 A.6 Environmental Monitoring

10 A.6.1 Discussion

11 Environmental monitoring of the WIPP repository will be performed during the
12 operational and decontamination and decommissioning periods. Regulations require
13 some form of surface, air, and water radiological monitoring during the operation of the
14 repository. However, the use of these systems after closure in detecting timely deviations
15 in the repository's long-term performance is impractical because detection would only

* 16 serve to assess the severity of the release, not predict its occurrence. The Agreement of
17 Consultation and Cooperation (C&C) between the State of New Mexico and the DOE
18 requires radiological environmental monitoring for at least five years past closure. This
19 agreement specifies that the environmental monitoring program in place during the
20 operational phase must be continued after closure and decommissioning for at least two
21 years, and that an abbreviated program with a limited number of radiological air, soil,
22 water, and background samples be performed for the following two years.

23 The post-closure environmental monitoring program is required to include the following
24 (Waste Isolation Pilot Plant Environmental Monitoring Plan 1994):

25 a Radiological Environmental Monitoring (first two years after Decontamination
26 and Decommissioning (D&D))

27 - External Radiation
28 Continuous Exposure Rate Measurements
29 - Airborne Particulate
30 Lo-Vol Sampling, eight stations
31 - Vegetation
32 Four sites
33 - Beef.34 Annual muscle samples, if available
35 - Game Animals
36 Annual muscle samples of rabbits and quail
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1 -SoilSamples
2 Annual, multiple samples at multiple depths at six locations.
3 - Surface[Drinking Water
4 Annual surface water samples from 12 major bodies of surface water
5 in the vicinity of the site (drinking water will not exist after D&D)
6 - Groundwater
7 Annually, one sample from eight of the wells within the 16 sections
8 boundary taken from the Culebra Dolomite.
9 - Aquatic Foodstuffs

10 Samples of catfish taken from the Pecos River and Brantley Lake,
11 analyzed annually
12 - Sediment Sampling
13 Annual samples taken from the Hill and Indian tank and the Pecos
14 River near Artesia and Malaga, NM

15 *Abbreviated Radiological Environmental Monitoring (years three, four, and five
16 after D&D)
17 - Airborne Particulate
18 Interm-ittent operation of the state-operated high volume air sampling
19 stations
20 - Soil
21 ' Four annual soil surface samples
22, - Water
23 Four annual well water samples

24 Only the radiological environmental monitoring techniques that apply after closure are
25 included. Items such as effluent monitoring at the Exhaust Shaft were not included
26 because they do not apply after closure.

27 A.6.2 Past Environmental Monitoring Work

28 Environmental Monitoring has been an ongoing program since the WIPP's inception.
29 Baseline environmental data was gathered and reported in annual reports and the
30 Environmental Monitoring Plan (EMP) was created. This information is too vast to be
31 included in this report. The current operational EMP is detailed in the "Environmental
32 Monitoring Plan," WIPPIDOE 94-024 and the "Site Environmental Report for the
33 Calendar Year 1993," DOE/IPP 94-2033. The reference section of these reports list
34 most of the previous environmental monitoring work reports.

35 A.7 Direct Repository Monitoring

36 A. 7.1 Discussion

37 As noted in earlier discussions, no proposed LTM techniques include technologies to
38 directly monitor the repository. This is due to the inherent difficulties imposed by the
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1 noninvasive requirement. No wiring or boreholes can be used to connect monitoring
2 equpmentin the repository to the surface.

3 The U.S Bureau of Mines and commercial companies throughout the world are currently
4 researching techniques to communicate through the strata to mine working areas using
5 very-low frequency (VLF) and ultra-low frequency (ULF) electromagnetic radiation.
6 Several companies have developed mine paging systems that use VLF to warn workers
7 within the mine using a system placed on the surface. One system can transmit messages
8 with up to 32 characters to mobile mine pagers. This technology shows promise in
9 remote instrumentation communication that could directly monitor the repository. It has

10 been demonstrated in other salt mines that communication from the surface to the depth
I I of the WIPP repository is possible.

12 Recently, researchers have started to investigate methods to remotely monitor the sealed
13 rooms and panels. This work uses VLF technology to link sensors and equipment in
14 sealed rooms to the data recorder without a hardwired link. Current work is focused on
15 communication where the link between the transmitter and receiver is only three to ten
16 meters.

17 The VLF could be used to transmit data from the surface to equipment located in the
* 18 repository, but the problem lies in communicating the sensor data to the surface. The

19 power required to transmit between the surface and the underground using the current
20 technology is related to the strata conductivity, the output power at the transmitter, and
21 the antenna design. Tests performed in actual mines used large loop antennas on the
22 surface to transmit the signal. Tests have shown that loop diameter is more important in
23 transmission efficiency than output power. Antennas ranging from 98 to over 330 ft (30
24 to over 100 mn) in diameter have been used (U.S. Department of the Interior Bureau of
25 Mines 199 1).

26 There are many problems that must be overcome to directly monitor the repository after
27 closure. Some of these problems are listed below.

28 0 Sensor/transducer calibration
29 * Sensor longevity in the repository environment

*- 30 0 Data collection and transmission power requirements
31 9 Antenna locations and sizes

32 A. 7.2 Sensor Calibration

33 Over time, most sensors, such as pressure, gas analyzer, and extensometer sensor!
34 transducer, experience some change in resolution or drift. Any type of sensor/transducer
35 used would need to operate for 100 years without recalibration. To overcome thisO36 problem, redundant sensors, sensor drift calculations, and accessible sensors as standards
37 could be used to limit the induced errors. However, this would not ensure accuracy over
38 the required time frame.
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1 A. 7.3 Sensor Longevity

2 The sensors used for LTM would be required to operate in a salt/brine environment for
3 over 100 years. This imposes the biggest obstacle in Direct Repository Monitoring
4 (DRM). Corrosion, oxidation, and various chemical reactions within the electrical
5 components limit the life span to less than 50 years. Extreme condition research would
6 be required to design a system that could operate for 100 years.

7 A.7.4 Data Collection and Transmission Power Requirements

8 A power source that could operate for the time required is not currently available. Battery
9 systems have limited shelf lives and capacities. Lithium type batteries have the longest

10 shelf life of the common battery types. Standard shelf lives of five to ten years at their
I1I rated capacity is standard, with some manufactures claiming 80 percent capacity after 15
12 years. Since the capacity requirements are dependent on the equipment load, the highest
13 current requirement would occur during data transmittal. From experimental work, an
14 estimate of at least 350 watts may be required to transmit to the surface. This can be
15 accomplished with standard power sources for the short-term, but other methods of power
16 generation would be required for the long-term.

17 One method is power transmission and retention. Power could be transmitted from the
18 surface using ULF energy and an antenna would intercept this energy and store it in
19 capacitors or a special battery. Since the system could be charged for long periods of
20 time between data transmissions, only a small amount of surface transmitted power is
21 required. The problem with this approach is power storage.

22 The chemical nature of rechargeable batteries limits their life span. The effects of
23 oxidation, outgassing, and heat damage will cause a battery to fall. The life span of most
24 common rechargeable (lead acid, gel, and NiCad) batteries is dependent on the number of
25 recharge cycles, the rate of discharge, and charge rates. Under favorable conditions, most
26 rechargeable batteries can last up to 10 years.

27 The capacitor is a device that stores energy on two plates separated by an insulator.
28 Capacitors can be designed for this application that would last the required time frame.
29 The problem associated with capacitors is related to power storage capability and size. In
30 comparison, a capacitor and a battery with the same approximate volume do not have the
31 same energy storage capacity. For example, a one jif capacitor charged to 1,000 volt has
32 one-half Joule of energy storage, a 500 mAh NiCad (1.2 volt) of similar volume has
33 2,160 Joules of energy storage. A capacitor that has this energy storage potential would
34 be extremely large (4,320 times larger).

35 Satellite power sources use nuclear energy to generate power. These systems would
36 require extensive regulatory groundwork before it could be used. The systems are not
37 considered off-the-shelf technology. However, work is progressing on a Nuclear Heat
38 Power Source using (almost) off-the-shelf technology. One experimental study calls this
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O1 type of power source a Powerstick (Chmielewski and Ewell 1994). This theoretical
2 device would use a nuclear heat source and a thermopile to generate an electrical
3 potential. The heat source is a common satellite product used to heat instrumentation.
4 The power source is capable of initially producing 42 milliwatts at 15 volts and would
5 degrade to 37 milliwatts at 14 volts in 10 years. These power sources could be used to
6 slowly charge batteries and/or capacitors that would then be used for a short duration,
7 high demand data transmission cycle, or in parallel for a higher current source.

8 The regulatory issues associated with nuclear power sources have not been researched. If
9 the remote handled-transuranic (RH-TRU) waste could be used as the heat source, and

10 WIPP receives RH-TRU waste, the regulatory issues may be overcome.

I I The nuclear/thermopile power source technology has not been proven and there is no
12 prototype as yet. Advances in battery design and the development of this nuclear power
13 source could eventually allow this technology to power a direct repository monitor.

14 A. 7.5 Antenna Location and Size

15 The size of the antenna may pose a problem in the mine setting. If the antenna is placed
16 inside a room, diameters are limited to a maximum of approximately 33 ft (10 in). If the
17 antenna can be wrapped around a pillar, the antenna would have a radius of

* 18 approximately 164 ft (50 in), but diameters between 10 and 100 would require special
19 provisions. Also, the effects of the metal in the room will increase the power
20 requirement. These problems can be overcome, but experimentation would be needed to
21 verify the effectiveness of the antenna design.

22 Currently, no known system is available that could be used to directly transmit data to the
23 surface without a hardwired link. Extensive research and development is needed to
24 develop such a system; however, the system's longevity will be suspect since actual long-
25 term testing could not be accomplished and new technologies are rarely foolproof. For
26 this reason, DRM is not recommended at this time for LTM.

27 A.8 Conclusion

28 There is no single geophysical technical exploratory technique that can determine the
29 condition of the surveyed strata. Several techniques are used to gather data to assess the
30 geological structure being examined because interpretation of one technique often uses
31 data from another. For this reason, no one technique should be used to fully assess the
32 repository's condition. One technique can be used as an identifier to alert that a condition
33 may exist and other techniques can be used in unison to assess and validate the condition.

34 From the review of geophysical survey techniques, the best current monitoring
* 35 technology that can be used for a LTM identifier is subsidence. This method is the most

36 practical because it is a simple, repeatable, low cost, low malntenance, low technology
37 approach to monitoring the repository. This method should be used as a primary monitor
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1 technique for determining that a possible repository performance problem exists. Other0
2 techniques can then be utilized to determine the cause of the problem.

3 A combination of seismic, electromagnetic, resistivity, and gravitational surveys can be
4 used to assess repository performance. However, it is not practical to perform these on a
5 regular basis, especially if there is good confidence that a performance-related event will
6 not occur. For this reason, an initial collection of surveys could be compiled and used as
7 a standard to assess future data and perform subsidence monitoring to forewarn of
8 changing conditions that may affect repository performance.
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. I APPENDIX MASS
2
3 MASS.1.O INTRODUCTION
4

5 This appendix documents fundamental assumptions underlying the simulation of long-
6 term performance of the disposal unit. Some assumptions discussed in this section are
7 related to Features, Events, and Processes (FEPs) evaluated in the No-Migration Variance
8 Petition (NMVP) uncertainty analyses and Appendix SCR, but requiring a separate
9 justification, as well as an additional level of explanation than assumptions documented

10 elsewhere in the analysis. Chapter 8 of the NMVP provides an overview of assumptions
I1I intended as a quick reference describing initial conditions and simplifications necessary
12 to implement the simulation. Other assumptions related to screening FEPs embedded in
13 the selection or calculation of parameter values, or associated with software codes used in
14 the analysis, are addressed within the context of attached appendices (e.g., Appendix
15 SCR, Appendix PAR, Appendix BRAGELO). Readers are referred to Chapter 8 of the
16 NMVP for a discussion of how the following modeling assumptions discussed in this
17 section relate to the overall analysis:
18
19 1. Two-dimensional vertical plane model of the disposal system
20
21 2. Convergent and divergent flow to and from the repository
22O23 3. Application of Darcy's Law to all modeled media
24
25 4. Hydrogen gas as surrogate for waste-generated gas physical properties
26
27 5. Salado brine as surrogate for liquid phase physical properties
28
29 6. Simplified Salado stratigraphy used in BRAGFLO
30
31 7. High threshold pressure for halite-rich Salado rock units
32
33 8. Modeled geometry of the repository
34
35 MASS.1. Two-Dimensional Vertical Plane Model of the Disposal System
36
37 The model geometry adopted for the BRAGFLO calculations in this assessment consists
38 of a two-dimensional vertical plane that models flow as convergent to or divergent from
39 the repository. The adequacy of this geometry is evaluated in a model comparison study
40 that compares a slightly simplified BRAGELO geometry, to a comparable three-
41 dimensional model geometry. The modeling study is documented as "FEP S-1:
42 Verification of 2-D-Radial Flaring Geometry Using 3-D Geometry." Documentation for
43 this study is retained in the Sandia National Laboratories WIPP Central Files.
44.45 The study evaluates the effects of flow in the Salado using BRAGELO. The vertical
46 heterogeneity in the Salado is discretized similarly to the discretization used in the
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1 NMVP. A primary simplification in the comparative study includes coarsening the lateral
2 grid spacing to make direct spatial correlation with the three-dimensional simulations
3 possible. A coarse grid is necessary in three-dimensional simulations to make them
4 computationally feasible.
5
6 The comparative study included a fracture model to assess the response of interbeds to
7 high gas pressure and implemented a model configuration similar to that used in the
8 NMVP simulation. The model configuration included a 1 -degree regional dip, a five-year
9 start-up period to represent the effects of the operational phase, no consumption of brine,

10 and a 10,000-year simulation period. Two gas generation conditions were considered:
I1I Case 1 used a constant gas generation rate of 1.6 moles per drum per year and Case 2
12 used a constant gas generation rate of 3.2 moles per drum per year.
13
14 Performance measures in the study included pressure behavior in the repository and flow
15 of brine up the shaft and out through Salado interbeds in a lateral direction. For both gas
16 generation conditions, the values of performance measures were similar for both two-
17 dimensional and three-dimensional model geometries. From these results it was
18 concluded that the two-dimensional model geometry was an acceptable representation of
19 the disposal system for performance assessment calculations.
20
21 MIASS.1.2 Convergent and Divergent Flow to and from the Repository
22
23 The BRAGFLO geometry for the disposal system is an approximation of an axisymmetric
24 model (i.e., that all flow is convergent to or divergent from a central source or sink). In
25 the BRAGELO model, the central source or sink for fluids is the repository. The
26 BRAGFLO model is not a pure axisymmetric model, because the repository contains
27 features that need to be distinguished from each other, and thus, the central source or sink
28 is not homogeneous. Superimposed on the axisymmetric BRAGFLO geometry is a
29 1 -degree inclination from north to south representing the regional dip, which is an
30 additional deviation from a true axisymmetric model, and allows gravity to affect flow
31 directions.
32
33 The assumption of axisymmetric flow in the Salado with the repository as the axis of
34 symmetry is supported by the preponderance of observations that have been made at the
35 repository horizon at the Waste Isolation Pilot Plant (WI[PP) site. Axisymmetric flow
36 would be expected in the Salado if the interbeds are reasonably isotropic under intact
37 conditions, and, if high gas pressure is generated in the repository, induced fractures
38 propagate in all directions from the repository with uniform properties (i.e., properties
39 that are independent of the direction of propagation).
40
41 The present-day properties of the interbeds resulted from the processes that formed them
42 and that acted on them following deposition. The deposition of the interbeds occurred in
43 a low-energy environment under conditions that were quite uniform over a wide region.
44 Thus, while some variation in rock composition and fabric can be observed, the lateral
45 variability of these features in the interbeds is small. There is no evidence that
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I throughgoing textures in the interbeds that might cause anisotropic flow properties (for
is2 example, inclined beds) were created during or after deposition.

3
4 The interbeds contain partially healed fractures that are likely related to regional tectonic
5 uplift of the basin or changes in overburden thickness related to deposition and erosion of
6 overlying strata. Because the scale of the disposal system is small compared to the area
7 over which these processes acted (i.e., the variation caused by uplift, deposition, and
8 erosion occurred on a scale greater than that of the disposal system), the fractures in the
9 interbeds have similar features throughout the disposal system.

10
11 The partially-healed fractures in the disposal system are inclined 10 to 15 degrees on the
12 meter scale, with larger inclinations at very small scale. The direction of these
13 inclinations varies, so that a fracture network composed of multiple, shallow-dip,
14 partially-healed fractures was formed. Because of the geometry of these interconnected
15 fractures, it is reasonable to assume that the fracture network is not associated with
16 anisotropy that would, on the scale of the disposal system, restrict flow to preferred
17 directions in the interbeds. At smaller scales, on the order of meters or tens of meters,
18 flow may occur preferentially in one direction or another due to variation in fracture
19 aperture and fracture connectivity.
20
21 High pressure in the repository may induce preexisting fractures to dilate and interconnect
22 by new fracturing or may cause entirely new fractures to form. Because the interbeds

* 23 have insignificant preexisting lateral anisotropy, the direction in which new fractures
24 form will not be controlled by preexisting rock properties. In nearly horizontal strata with
25 preexisting fractures, new fractures will tend to propagate to uniform distances in all
26 directions from the source of pressure. This occurs because the transmission of energy
27 for fracture propagation to the fracture tip is more difficult as a fracture gets longer, with
28 the result that fractures cannot propagate a long distance in one direction from the source
29 of driving energy before fracturing in another direction becomes preferable. This causes
30 the induced fracturing to propagate radially away from the repository and for the induced
31 fracturing to bridge regions that are unfractured. This process creates a network of
32 induced fractures that is axisymmetric about a point source. The slight dip of the Salado
33 would be expected to influence the radial pattern somewhat, and this is observed in
34 BRAGELO model results if the conditions occur which activate the interbed fracture
35 submodel.
36
37 MASS.1.3 Application of Darcy's Law to All Modeled Media
38
39 A mathematical relationship expressing the flux of fluid through porous media as a
40 function of the properties of the rock, fluid, and applied pressure or gravity forces,
41 commonly known as Darcy's Law, is applied to all porous media for all fluid flow
42 calculations. For details about the specific formulation of Darcy's Law used, see
43 Appendix BRAGFLO.
44
45 Darcy's Law is generally applicable for flow models if certain conditions are satisfied:
46 (1) the flow is occurring in a porous medium with interconnected porosity, (2) flow
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1 velocities are low enough that viscous forces dominate inertial forces, and (3) a threshold
2 gradient is met.
3
4 Hydraulic tests in the Salado (Beauheim et al. 1991, 1993) have been carefully designed
5 to limit the effects of outside influences on the tested interval and provide the best
6 evidence for the controlling flow mechanism in the Salado. The tests influence rock as
7 far as 32 ft (11I m) distant from the test zone and are not thought to significantly alter the
8 pretest conditions of most of the tested region. The stratigraphic intervals tested include
9 halite (both pure and impure) and anhydrite with associated clay seams at distances from

10 3 ft to 75 ft (1 m to 23 m) from the repository. Because tests close to the repository are
11 within the DRZ, tests farthest from the repository are considered representative of
12 undisturbed conditions.
13
14 The tests are interpreted using potentiometric flow models incorporating Darcy's Law.
15 Successful interpretations using these models were obtained and indicate a continuous
16 porous medium that can be hydraulically characterized with permeability, pore
17 compressibility, and porosity parameters. Tests in pure halite yield ambiguous
18 interpretations, indicating either very low permeability or no flow whatsoever (a potential
19 violation of the applicability of Darcy' s Law). However, the effects of the pure halite
20 layers on the performance of the repository have been demonstrated to be small (see
21 below). Thus, the regions of importance to the performance of the repository have been
22 tested and do behave as continuous porous media that obey Darcy's Law.
23
24 Bear (1972, 125) discusses the balance of viscous and inertial forces in fluid flow. The
25 Reynold's number (Re) is the ratio of inertial to viscous forces. For porous media, Re is
26 calculated as

V

27 where q is the specific discharge, d is some length dimension of the porous matrix, and v
28 is the kinematic viscosity of the fluid (v = pip, where p is fluid density and pi is dynamic
29 viscosity). In principle, d is related to the length of elementary channels in the porous
30 medium. Due to the difficulty of establishing this, however, it is customary to use some
31 measure of the pore grain size for d. Alternatively, Collins (196 1) suggests d = (k/n) /,
32 where k is permeability and n is porosity. The upper limit for application of Darcy's Law
33 is not exceeded if Re is less than some number between 1 and 10.
34
35 The specific discharge above which the models of fluid flow might be -invalid can be
36 estimated for the WIPP. The maximum d in the domain, by Collins' mnethod, is
37 approximately 2 x 10' cm (in the waste region, using an assumed permeability of
38 1 X 10-12 Mn

2 = 1 x 10' cm2 and an assumed porosity of 0.2). Salado brine has a dynamic
39 viscosity of 2.1 X 10-2 g cmn1 sec-' and a density of 1.22 x 13g Cm-' for a kinematic
40 viscosity of 0.0 17 cm2 sec-1. Taking Re equal to 1 as the critical indicator, the critical
41 specific discharge is the ratio of v to d, and has a value approaching 100 cm sec-'. As all
42 specific discharges of brine in the BRAGFLO model are significantly less than this value,
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I viscous forces dominate brine flow in the model, and the upper limit of the validity of
2 Darcy's Law is not exceeded.
3
4 For gas in the WIPP, assumed to be hydrogen for this calculation, density is about
5 8.2 x 10-' g cn-' and dynamic viscosity is about 89.2 x 106' g cmi' sec', for a kinematic
6 viscosity of about 1. 1 cm2 sec-1. The critical specific discharge for gas in the BRAGFLO
7 model is greater than 5,000 cm sec'. In WII'P simulations of gas flow, q for gas remains
8 below this value, indicating that the upper limit for the validity of Darcy's Law for gas is
9 not exceeded.

10
11 Bear (1972) proposes that a minimum hydraulic gradient exists below which flow in
12 porous media does not occur (Bear 1972, 128). The minimum gradient may be required
13 to overcome countercurrents that may occur at very low velocities, or may be required to
14 overcome the slight non-Newtonian behavior of the viscosity of water. In general, this
15 behavior is evident in fine-grained, low permeability rock such as clay. Because the
16 WIPP is situated in the low-permeability Salado, flow may not be able to occur through
17 the Salado unless a minimum hydraulic gradient is exceeded. Testing for a minimum
18 hydraulic gradient is extremely difficult, however, and has not been attempted at the
19 WIPP. Corrections to Darcy's Law could be implemented to account for this behavior,
20 had it been observed.
21

* 22 Except for pure halite, all Salado intervals tested at the WIPP have responded to hydraulic
23 testing and test results can be interpreted to high certainty using models based on Darcy's
24 Law without having to make corrections for the existence of minimum hydraulic
25 gradients. This is strong evidence that the standard Darcy's Law is applicable in these
26 units. In hydraulic tests of the pure halite, no hydraulic response to induced pressure
27 change in the test zone was observed. Two explanations are offered for the results
28 observed during the test. Either (1) the pure halite has a permeability low enough that a
29 hydraulic response could not be measured over the duration of the test, or (2) a threshold
30 gradient for fluid flow exists in pure halite and was not exceeded during the test in rock
31 around the test interval.
32
33 Even though the reason for pure halite's lack of response during flow tests is not
34 established conclusively, pure halite's behavior can be approximated in continuum
35 models of fluid flow based on Darcy' s Law by assigning it an extremely low permeability
36 relative to other rocks units, which effectively prevents flow through the volume
37 representing pure halite. This technique assumes the gradients calculated during
38 modeling in the pure halite interval will not exceed the threshold gradient for flow, if it
39 exists. For this analysis, this assumption is sound given that relatively large gradients
40 were imposed on the unit during hydraulic testing and did not induce flow. Christian-
41 Frear and Webb (1996) did this in an analysis of the effects of the variation in lithologic
42 types, including pure halite, in a model of the Salado surrounding the repository. In their
43 study, they found that the hydrologic response of the Salado to the presence of the

* 44 repository was adequately represented by the simplified stratigraphic representation that is
45 implemented in BRAGFLO for this NMVP. Thus, even though the lack of hydraulic
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1 response in pure halite units is not conclusively explained, the hydraulic characterization
2 of pure halite intervals is adequate for an accurate assessment of WIPP performance.
3
4 Darcy' s Law is based on laminar flow theory, which assumes there is no motion of the
5 fluid at the interface between fluid and solid. For liquids, it is reasonable to assume this
6 under most conditions. For gases at low pressure, however, gas molecules near the solid
7 interface may not have intimate contact with the solid and may have finite velocity, not
8 necessarily zero. This results in additional flux of gas above that predicted by application
9 of Darcy's Law. This effect is known as the slip phenomenon, or Klinkenberg Effect

10 (Bear 1972, 128). A standard correction to Darcy's Law for the Klinkenberg Effect is
11 available and is incorporated into the BRAGFLO model (refer to Appendix BRAGFLO
12 for additional details.).
13
14 MASS.1. Hydrogen Gas as Surrogate for Waste-Generated Gas Physical
15 Properties
16
17 The gas phase in the BRAGELO model is assigned the properties of hydrogen, because
18 that is the gas that will, under most conditions reasonable for the WIPP, be the dominant
19 component of the gas phase, and in almost all cases will be the major component.
20 Hydrogen gas is produced by the corrosion of steel in the repository by water or brine.
21
22 Other gases may be produced by processes occurring in the repository. The only gas with
23 potential for the generation of a quantity nearing that of hydrogen is CO2. Which may be
24 produced by microbial degradation of cellulosics and perhaps plastic and rubber
25 constituents in the waste. CO2 produced, however, is also likely to react with steel or
26 corrosion products to form siderite FeCO3, or react with cementitious materials in the
27 waste to form calcite, CaCO3. It is possible that, due to these competing reactions for the
28 production and consumption of C0 2, very little CO2 will be present in the gas phase.
29
30 Other gases exist in the disposal system. However, for BRAGFLO calculations it is
31 assumed these gases are insignificant, and they are not included in the model.
32
33 MASS.1.5 Salado Brine as Surrogate for Liquid-Phase Physical Properties in
34 BRAGFLO Simulation
35
36 BRAGFLO models all liquid physical properties needed as those of Salado brine, based
37 on the following reasoning. In the undisturbed performance scenario considered for the
38 NMVP, liquid in the modeled region may be comprised of (1) brine originally in the
39 Salado formation, (2) liquid introduced in the excavation during construction,
40 maintenance and ventilation during the operational phase, and (3) a very small amount of
41 liquid introduced as a component of the waste.
42
43 Following repository closure, Salado brine will flow toward the repository at a rate that
44 will depend on the properties of the rock and brine, as well as hydraulic gradients.
45 Because the initial liquid saturation of the repository is low, as discussed below, brine
46 flowing into the repository from the Salado will be the domninant source of liquid in the
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Final No-Migration Variance Petition. 1 repository following closure. For this reason, it is assumed that the properties of brine
2 important in the BRAGFLO model are the same as those of Salado brine.
3
4 The origin and significance of non-Salado liquids are discussed below:
5
6 * Liquid has been introduced in the repository in the past during construction of the
7 repository and as water spread for dust control. The practice of spreading water for
8 dust control has since been curtailed. As described in DOE/WIPP Brine Sampling and
9 Evaluation Program reports, imported water consisted of groundwater from the

10 Culebra Member of the Rustler Formation. Salado brine is appropriate as a surrogate
11I based on: (1) similar original physical properties of the two high ionic strength
12 solutions, (2) some credit for equilibration of imported water with surrounding rocks,
13 and (3) the relatively small volume of water introduced
14
15 0 Introduction of liquid through respiration in the repository is also considered
16 insignificant. Due to the dry climate in the region, air drawn in from the surface and
17 circulated through the repository is normally undersaturated in water vapor. In
18 addition, the relative humidity of mine air is less than the equilibrium humidity of
19 water in the mine environment. Thus, this liquid vapor remains vapor until it is
20 removed from the repository through forced circulation up the ventilation shaft
21
22 *Analyses reported by Butcher (1996) and Elliot (1993) suggest waste will not be a.23 significant source of free liquid in the waste region. Assuming maximum allowable
24 free liquid (and assuming pure water) in accordance to Waste Acceptance Criteria
25 (WAG), the maximum initial water saturation in the waste region is 1.5 percent, as
26 described below
27
28 Since saturation is dimensionless, it can be computed for a single disposal room and
29 then applied to the entire waste region. Butcher (1993) calculates
30 Vi= 0.01 x V,,,, where
31
32 Vi= initial volume of water in a disposal room, and
33 V~t= volume of waste in a disposal room.
34
35 The factor 0.01 is the WAG criteria for free liquid as described in Chapter 4 of the
36 NMVP. Vw~ is equal to 1.416 x 10' in', computed as the product of the internal
37 volume of a 55 gal drum (0.2082 m'3 ) and the projected number of drums in a disposal
38 room (6804). Given Vwi = 14.166 in', the hypothetical maximum initial water
39 saturation of the waste region (Sw,) is:
40
41 S,, = Vwi / Vwv where
42

43 =w initial void volume of the waste in the disposal room

44 VWV (waste-drum scale porosity) (solid volume of waste)

I - (waste -drum scale porosity)
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1 _W 0.681 (451.893 in 3 )

2 V,,= 964.70 M3

3
4 Sw1 = 14.166 m 3 /964.70 m'
5 S,, = 0. 147
6
7 Similarly, Butcher (1996) documents a more reasonable initial 0.06 percent average
8 liquid saturation for the waste-disposal region based on characterization data from
9 over 9,000 drums at the Idaho National Engineering Laboratory (see Elliot 1993).

10
11 MASS.1.6 Simplified Salado Stratigraphy used in BRAGFLO
12
13 The rock layers of the Salado incorporated in the BRAGFLO model are highly simplified
14 compared to the stratigraphy of the formation in the vicinity of the repository. The
15 BRAGFLO model incorporates impure halite into which is embedded three layers
16 representing Marker Bed 138, anhydrites a and b, and Marker Bed 139.
17
18 Christian-Frear and Webb (1996) tested the performance assessment representation of the
19 Salado against a model with explicit representation of the distinct lithologic layers present
20 at the repository horizon. They found the BRAGFLO simplifications decrease the
21 resolution of flow processes and interactions over short distances, but preserve the overall
22 behavior of movement distance and volumes. The stratigraphic representation
23 implemented in BRAGFLO is, thus, adequate for resolving the effects of processes
24 important in performance assessment.
25
26 MASS.1.7 High Threshold Pressure for Halite-Rich Salado Rock Units
27
28 A parameter typically used to help describe the effects of two-phase flow is threshold
29 pressure, which for a brine-saturated rock is the difference between the pressure that must
30 be attained before gas moves from the repository into the formation and the pressure of
31 the liquid phase occupying the pore space in the formation (Davies 1991). The threshold
32 pressure is important, because it helps determine the quantity of gas that can enter a rock
33 unit.
34
35 The threshold pressure, as well as other parameters used to describe two-phase
36 characteristics, has not been measured for halite-rich rocks of the Salado. The Salado,
37 however, is thought to be similar in pore structure to rocks for which threshold pressures
38 have been established (Davies 1991). Based on this observation, Davies (1991)
39 postulated that the threshold pressure of the halite-rich rocks in the Salado could be
40 estimated if an empirical correlation exists between rocks postulated to have similar pore
41 structure.
42
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I Davies developed a correlation between threshold pressure and intrinsic permeability that
2 he thought might be applicable to the Salado halites. (A similar correlation was
3 developed for Salado anhydrites; subsequent testing confirmed that the correlation
4 predicted threshold pressures accurately.) The correlation developed by Davies predicts
5 threshold pressures in intact Salado halites on the order of 20 MPa or greater. This
6 threshold pressure predicted by correlation is so high that for all practical and predictive
7 purposes, no gas will flow into intact Salado halites. If pressures were to approach these
8 levels, pressure-release mechanisms, such as anhydrite fracturing, would occur to
9 mitigate pressure build-up.

10
11I Because threshold pressure helps control the flow of gas, and because the greatest volume
12 of rock in the Salado is rich in halite, a high threshold pressure effectively limits the
13 volume of gas that can be accommodated in the pore spaces of the host formation. Thus,
14 the assumption of high threshold pressure is considered to be conservative as well as
15 realistic based on available information. If it were demonstrated experimentally that gas
16 can flow into pore spaces of the Salado halite-rich rocks, repository pressures could be
17 reduced significantly.
18
19 MASS.1.8 Modeled Geometry of the Repository
20
21 The geometry of the repository and shafts has been simplified for modeling, as discussed
22 in Chapter 8 of the NMVP. The modeling is based on the premise that the overall.23 dimensions of repository regions (e.g., waste disposal, operations, and experimental
24 areas) are important in assessing migration, but that resolution of small-scale features of
25 the repository is not. Small-scale features of the repository have not been incorporated
26 into the model geometry mainly because the size and extent of the disposal unit over
27 which no-migration must be demonstrated is large compared to the distinct dimensions of
28 waste-disposal rooms and panels, pillars, drifts, and panel closures. Simplification of the
29 model geometry also improves the computational performance of BRAGFLO.
30
31 The difference in stratigraphic position between the northern experimental region and the
32 operations and waste-disposal regions in the southern portion of the repository are

27 33 believed to be unimportant to the no-migration simulation. The northern experimental
34 region floor is stratigraphically a couple of meters above the floor of the operations and
35 waste disposal regions, and the height of experimental region rooms is greater than the
36 height of waste disposal rooms. For modeling purposes, the experimental region is
37 located in the same stratigraphic horizon as the regions farther south and have the same
38 overall height. The experimental region is modeled at an absolute elevation greater than
39 the regions to the south to account for a southerly regional dip._
40
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.1 APPENDIX OUTPUT
2

3 OUTPUT.1 INTRODUCTION
4

5 This appendix contains the output files derived from the BRAGELO calculations that
6 were used to generate Figures 8-5 through 8-18 in the NMVP. These figures, which are
7 presented in Section 8.4 of the NMVP and display the results of the simulation of long-
8 term brine and gas flow, are reproduced in this appendix. Text describing the
9 interpretation of the figures is provided in Section 8.4 of the NMVP.

10
I1I Output files are presented as a series of tables, showing values for the specific output
12 parameters at specified times and locations. For values plotted as a function of time,
13 output is given for each BRAGFLO time step, from to to 10,000 years. Figure numbers
14 are unchanged from those given in Section 8.4 of the NMVP.
15
16 Unrealistically conservative results occur early into the long-term simulation as a
17 consequence of conservative assumptions designed specifically for the long-term
18 demonstration. In particular, these results tend to greatly overestimate early gas
19 generation and pressure increases in the first 50 to 100 years. Anoxic corrosion reactions
20 are assumed to begin immediately at their full rate, whereas in reality there will be a
21 period of many years in which corrosion is minor, followed by an additional period of.22 several decades during which conditions remain oxic and corrosion does not generate
23 hydrogen. Similarly, microbial reactions are assumed to begin immediately at their full
24 rate. In reality, microbial processes will require considerable mixing of the waste to reach
25 their full potential, bringing reactants such as brine and nutrients in contact with
26 cellulose. Adding additional conservatism to the short-term treatment of gas generation,
27 the entire waste-disposal region is assumed to be sealed five years after excavation,
28 allowing a conservatively small amount of time for removal of brine by evaporation and
29 venting. Furthermore, the extremely small quantity of water initially present in the waste
30 region is all assumed to be available for corrosion. Taken together, these assumptions
31 ensure a reasonably conservative simulation of the long-term gas-generation processes.
32 However, they result in an unrealistic simulation of the short-term processes. This
33 simulation should not be used in detailed evaluations of disposal unit performance during
34 the operational period or during the first 50 to 100 years after closure.

DOE/CAO-96-2160 OUTPUT-iiu June 14, 1996



Final No-Migration Variance Petition

1 Table OUTPUT-i. Definition of variables used in Figures 8-5 through 8-18
2

3 VARIABLE.DEFINT.ON FIGURE

4 BRNPRAVT Average brine pressure in the repository (MPa) Figure 8-5

5 GASMOLE Total moles of gas generated due to corrosion and Figure 8-6
biodegradation (moles)

6 BRNINTC Cumulative brine flow into the repository (in) Figure 8-7

7 POREVOLT Total pore volume in repository (in) Figure 8-8

8 BSATAVT Average brine saturation in the repository Figures 8-9

and 8-12

9 FEKG Mass of ferrous metal remaining in the repository Figure 8-10
(kg)

10 CELLKG Mass of cellulose remaining in the repository (kg) Figure 8-11

11 BM39LC Cumulative brine flow southward into Marker Bed Figure 8-13
139 (Mn)

12 BM39RC Cumulative brine flow northward into Marker Bed Figure 8-14
139 (in)

13 BM38LC Cumulative brine flow southward into Marker Bed Discussed in
138 (in) Section

8.4.1.2

14 BM38RC Cumulative brine flow northward into Marker Bed Discussed in
138 (in) Section

8.4.1.2

15 MXSG Maximum gas saturation in the halite above Marker Figure 8-15
Bed 138 over 10,000 years

16 MXSGABL Maximum gas saturation in anhydrite layers a and b Figure 8-16
(south) over 10,000 years

17 MXSGABR Maximum gas saturation in anhydrite layers a and b Figure 8-17
(north) over 10,000 years

18 MXSG38L Maximum gas saturation in anhydrite layers a and b Figure 8-18
(south) over 10,000 years

19
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Values of variables that are shown graphically in
2 Figures 8-5, 8-6, 8-8, 8-9, and 8-12
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Figure 8-8. Total Pore Volume in the Repository
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Figure 8-9. Average Brine Saturation in the Repository
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time brnpravt gas-mole bsatavt porevolt

0.0000 1.0133e+5 0.0000 0.0150 3.7000e+5

1.7112e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

3.6344e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

4.8852e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

5.8280e-6 1.0133e+5 0.0000 0.0150 3.7000e+50.29- .13+ .00 005 .00+
7.364e-6 1.0133e+45 0.0000 0.0150 3.7000e-5

8.0006e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

8.6333e-6 1.0133e+5 0.0000 0.0150 3.7000e-5

9.2452e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

9.8430e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

9.0430e-6 1.0133e+5 0.0000 0.0150 3.7000e+5

i.104e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

i.1014e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.2193e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.2753e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.3336e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.393e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.4515e-5 1.0133e+5 0.0000 0.0150 3.7000e-5

1.5115e-5 1.0133e-5 0.0000 0.0150 3.7000e+5

1.5723e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.563e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.6968e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.769e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.82639e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.8933e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

1.9619e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.0324e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.104e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.1796e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.2568e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.3367e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.4195e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.5055e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.5055e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.6886e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.67864e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.889e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

2.8917e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

3.1112e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

3.2320e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

3.3603e-5 1.0133e+5 0.0000 0.0150 3.7000e-5

3.4973e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

3.64423e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

3.804e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

3.9737e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

4.1604e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

4.3653e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

4.352e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

4.852e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

5.!311e-5 1.0133e+5 0.0000 0.0150 3.7000e4-

5.4582e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

05.88e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

6.2885e-5 1.0133e+5 0.0000 0.0150 3.7000e+5

6._=347e-5 1.0133e+5 0.0000 0.0150 3.7000e+5
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time brnpravt gas-mole bsatavt porevolt

7.5172e-5 1.0133e+5 193.5145 0.0150 3.7000e+5

8.3703e-5 1.0133e+5 193.5145 0.0150 3.7000e+5

9.4367e-5 1.0133e+5 193.5145 0.0150 3.7000e+5

1.0770e-4 1.0133e+5 193.5145 0.0150 3.7000e+5

1.2436e-4 1.0133e+5 294.0464 0.0150 3.6999e+5

1.4519e-4 1.0133e+5 294.0464 0.0150 3.6999e+5

1.7122e-4 1.0133e+5 294.0464 0.0150 3.6999e+5

2.0376e-4 1.0133e+5 294.0464 0.0150 3.6999e+5

2.4444e-4 1.0134e+5 344.3124 0.0150 3.6999e+5

2.9529e-4 1.0134e+5 789.1567 0.0150 3.6998e+5

3.4826e-4 1.0134e+5 839.4227 0.0150 3.6998e+5

3.9743e-4 1.0134e+5 1083.2030 0.0150 3.6998e+5

4.4238e-4 1.0134e+5 1083.2030 0.0150 3.6997e+5

4.8423e-4 1.0135e+5 1133.4690 0.0150 3.6997e+5

5.2405e-4 1.0135e+5 1435.0650 0.0150 3.6997e+5

5.6266e-4 1.0135e+5 1435.0650 0.0150 3.6996e+5

6.0063e-4 1.0135e+5 1915.0770 0.0150 3.6996e+5

6.3835e-4 1.0135e+5 1915.0770 0.0150 3.6996e+5

6.7612e-4 1.0135e+5 1965.3430 0.0150 3.6996e+5

7.1420e-4 1.0136e+5 2015.6090 0.0150 3.6995e+5

7.5275e-4 1.0136e+5 2065.8740 0.0150 3.6995e+5

7.9194e-4 1.0136e+5 2367.4700 0.0150 3.6995e+5

8.3192e-4 1.0136e+5 2367.4700 0.0150 3.6994e+5

8.7281e-4 1.0136e+5 2417.7360 0.0150 3.6994e+5

9.1473e-4 1.0136e+5 2661.5170 0.0150 3.6994e+5

9.5780e-4 1.0137e+5 2661.5170 0.0150 3.6994e+5

1.0021e-3 1.0137e+5 2905.2970 0.0150 3.6993e+5

1.0479e-3 1.0137e+5 3156.6270 0.0150 3.6993e+5

i.0951e-3 1.0137e+5 3156.6270 0.0150 3.6993e+5

1.1440e-3 1.0137e+5 3257.1590 0.0150 3.6992e+5

1.1946e-3 1.0138e+5 3257.1590 0.0150 3.6992e+5

1.2471e-3 1.0138e+5 3737.1700 0.0150 3.6992e+5

1.3017e-3 1.0138e+5 3837.7020 0.0150 3.6991e+5

1.3585e-3 1.0138e+5 4089.0320 0.0150 3.6991e+5

1.4176e-3 1.0139e+5 4189.5640 0.0151 3.6990e+5

1.4793e-3 1.0139e+5 4239.8300 0.0151 3.6990e+5

1.5438e-3 1.0139e+5 4483.6100 0.0151 3.6990e+5

1.6112e-3 1.0139e+5 4734.9400 0.0151 3.6989e+5

1.6818e-3 1.0140e+5 4928.4550 0.0151 3.6989e+5

1.7560e-3 1.0140e+5 5028.9870 0.0151 3.6988e+5

1.8339e-3 1.0140e+5 5559.2640 0.0151 3.6987e+5

1.9159e-3 1.0141e+5 5911.1260 0.0151 3.6987e+5

2.0024e-3 1.0141e+5 5961.3920 0.0151 3.6986e+5

2.0938e-3 1.0141e+5 6061.9240 0.0151 3.6986e+5

2.1906e-3 1.0142e+5 6-557.0350 0.0151 3 .6985e+5

2.2933e-3 1.0142e+5 6607.3010 0.0151 3.6984e+5

2.4026e-3 1.0143e+5 7102.4110 0.0151 3.6984e+5

2.5191e-3 1.0143e+5 7682.9540 0.0151 3.6983e+5

2.6437e-3 1.0144e+5 8034.8150 0.0151 3.6982e+5

2.7775e-3 1.0144e+5 8328.8620 0.0151 3.6981e+5

2.9215e-3 1.0145e+5 8823.9730 0.0151 3.6980e+5 i
3.0774e-3 1.0145e+5 9505.0480 0.0151 3.6979e+5

3.2468e-3 1.0146e+5 9856.9100 0.0151 3.6978e+5

3.4319e-3 1.0147e+5 1.0596e+4 0.0151 3.6976e+5

OUTPUT- 12



time brnpravt gas-mole bsatavt porevolt

3.6358e-3 1.0148e+5 1.0797e+4 0.0151 3.6975e+5

3.8622e-3 1.0149e+5 1.1679e+4 0.0151 3.6973e+5

4.1165e-3 1.0150e+5 1.2418e+4 0.0151 3.6972e+5

4.4066e-3 1.0151e+5 1.3401e+4 0.0152 3.6970e+5

4.7443e-3 1.0152e+5 1.4542e+4 0.0152 3.6967e+45

5.1098e-3 1.0154e+5 1.5575e+4 0.0152 3.6965e+5

5.4630e-3 1.0155e+5 1.6414e+4 0.0152 3.6962e+5

5.7938e-3 1.0157e+5 1.7841e+4 0.0152 3.6960e+5

6.1057e-3 1.0158e+5 1.8487e+4 0.0152 3.6958e+5

6.4046e-3 1.0159e+5 1.9664e+4 0.0152 3.6956e+5

6.6957e-3 1.0161e+5 2.0309e+4 0.0152 3.6954e+5

6.9832e-3 1.0162e+5 2.1385e+4 0.0152 3.6952e+5

7.2702e-3 1.0163e+5 2.2081e+4 0.0153 3.6950e+5

7.5591e-3 1.0164e+5 2.3064e+4 0.0153 3.6948e+5

7.8520e-3 1.0165e+5 2.3903e+4 0.0153 3.6945e+5

8.1505e-3 1.0167e+5 2.4836e+4 0.0153 3.6943e+5

8.4562e-3 1.0168e+5 2.5927e+4 0.0153 3.6941e+5

8.7705e-3 1.0169e+5 2.6909e+4 0.0153 3.6939e+5

9.0945e-3 1.0170e+5 2.7799e+4 0.0153 3.6937e+5

9.4297e-3 1.0172e+5 2.8731e+4 0.0153 3.6934e+5

9.7772e-3 1.0173e+5 2.9872e+4 0.0153 3.6932e+5

0.0101 1.0175e+5 3.1099e+4 0.0153 3.6930e+5

0.0105 1.0176e+5 3.2139e+4 0.0154 3.6927e+5

0.0109 1.0178e+5 3.3416e+4 0.0154 3.6924e+5

0.0113 1.0180e+5 3.4894e+4 0.0154 3.6921e+5

0.0117 1.0181e+5 3.5884e+4 0.0154 3.6918e+5

0.0122 1.0183e+5 3.7362e+4 0.0154 3.6915e+5

0.0127 1.0185e+5 3.8890e+4 0.0154 3.6912e+5

0.0132 1.0187e+5 4.0217e+4 0.0154 3.6908e+5

0.0137 1.0189e+5 4.1795e+4 0.0155 3.6905e+5

0.0142 i.0192e+5 4.3625e+4 0.0155 3.6901e+5

0.0148 1.0194e+5 4.5253e+4 0.0155 3.6897e+5

0.0154 1.0196e+5 4.7075e+4 0.0155 3.6893e+5

0.0160 1.0199e+5 4.9048e+4 0.0155 3.6888e+5

0.0167 1.0202e+5 5.1215e+4 0.0156 3.6884e+5

0.0174 1.0205e+5 5.3575e+4 0.0156 3.6879e+5

0.0182 1.0208e+5 5.5942e+4 0.0156 3.6873e+5

0.0190 1.0211e+5 5.8310e+4 0.0156 3.6868e+5

0.0199 1.0215e+5 6.0971e+4 0.0157 3.6862e+5

0.0208 1.0218e+5 6.3783e+4 0.0157 3.6855e+5

0.0218 1.0222e+5 6.6545e4-4 0.0157 3.6848e+5

0.0228 1.0227e+5 7.0039e+4 0.0157 3.6841e+5

0.0239 1.0231e+5 7.3540e+4 0.0158 3.6833e+5

0.0252 1.0236e+5 7.7285e+4 0.0158 3.6825e+5

0.0265 1.0242e+5 9.1374e+4 0.0159 3.6815e4-5

0.0280 1.0248e+5 8.6008e+4 0.0159 S.6805e+5

0.0296 1.0254e+5 9.0843e+4 0.0160 3.6794e+5

0.0313 1.0262e+5 9.6410e+4 0.0160 3.6781e+5

0.0333 1.0270e+5 1.0242e+5 0.0161 3.6768e+5

0.0356 1.0279e+5 1.0957e+5 0.0161 3.6752e+5

0.0382 1.0290e+5 1.1736e+5 0.0162 3.6734e+5

0.0412 1.0302e+5 1.2672e+5 0.0163 3.6713e+5

0.0448 1.0317e+5 1.3772e+5 0.0164 3.6688e+5

0.0493 1.0335e+5 i.5161e+5 0.0165 3.6656e+s5
OUTPUT. 13



time brnpravt gas-mole bsatavt porevolt

0.0547 1.0357e+5 1.6823e+5 0.0167 3.6619e+5

0.0607 1.0382e+5 1.8686e+.5 0.0168 3.6577e+5

0.0673 1.0410e+5 2.0712e+5 0.0170 3.6530e+5

0.0744 1.0439e+5 2.2939e+5 0.0172 3.6481e+s5

0.0820 1.0470e+5 2.5271e+5 0.0174 3.6428e+5

0.0901 1.0504e+5 2.7765e+5 0.0176 3.6372e+5

0.0987 1.0540e+5 3.0437e+5 0.0178 3.6311e+5

0.1080 1.0579e+5 3.3306e+5 0.0180 3.6246e+5

0.1180 1.0621e+5 3.6405e+5 0.0183 3.6177e+5

0.1287 1.0666e+5 3.9708e+5 0.0185 3.6102e+5

0.1402 1.0715e+5 4.3257e+5 0.0188 3.6022e+5

0.1526 1.0768e+5 4.7102e+5 0.0190 3.5935e+5

0.1659 1.0826e+5 5.1237e+5 0.0193 3.5842e+5

0.1803 1.0888e+5 5.5717e+5 0.0196 3.5742e+5

0.1958 1.0955e+5 6.0484e+5 0.0199 3.5634e+5

0.2125 1.1029e+5 6.5659e+S 0.0202 3.5517e+5

0.2305 1.1108e+5 7.1283e+5 0.0205 3.5391e+5

0.2500 1.1195e+5 7.7306e+5 0.0208 3.5255e+5

0.2711 1.1290e+5 8.3867e+5 0.0211 3.5108e+5

0.2939 1.1393e+5 9.0964e+5 0.0215 3.4949e+5

0.3183 1.1506e+5 9.8589e+5 0.0218 3.4778e+5

0.3449 1.1629e+5 1.0685e+6 0.0222 3.4593e+5

0.3739 1.1764e+5 1.1588e+6 0.0226 3.4391e+5

0.4055 1.1915e+5 1.2574e+6 0.0230 3.4170e+5

0.4400 1.2081e+5 1.3653e+6 0.0234 3.3929e+5

0.4778 1.2266e+5 1.4831e+6 0.0238 3.3665e+5

0.5192 1.2430e+5 1.6122e+6 0.0242 3.3486e+5

0.5643 1.2556e+5 1.7534e+6 0.0244 3.3436e+5

0.6136 1.2694e+5 1.9075e+6 0.0247 3.3381e+5

0.6645 1.2837e+5 2.0666e+6 0.0250 3.3325e+5

0.7149 1.2979e+5 2.2245e+6 0.0253 3.3268e+5 .\
0.7643 1.3118e+5 2.3789e+6 0.0255 3.3214e+5

0.8122 1.3254e+5 2.5292e+6 0.0257 3.3160e+5

0.8588 1.3387e+5 2.6752e+6 0.0259 3.3109e+5

0.9043 1.3517e+5 2.8178e+6 0.0261 3.3058e+5

0.9489 1.3645e+5 2.9574e+6 0.0262 3.3008e+5

0.9929 1.3772e+5 3.0953e+6 0.0264 3.2960e+5

1.0363 1.3892e+5 3.2314e+6 0.0265 3.2922e+5

1.0794 1.4012e+5 3.3669e+6 0.0267 3.2887e+5

1.1225 1.4131e+5 3.5017e+6 0.0268 3.2852e+5

1.1655 1.4251e+5 3.6371e+6 0.0269 3.2817e+5

1.2088 1.4371e+5 3.7728e+6 0.0271 3.2781e+5

1.2525 1.4493e+5 3.9101e+6 0.0272 3.2746e+5

1.2968 1.4617e+5 4.0491e+6 0.0273 3.2710e+5

1.3418 1.4743e+5 4..1903e+6 0.0274 3 .2673e+5

1.3877 1.4872e+5 4.3345e+6 0.0275 3.2636e+5

1.4348 1.5005e+5 4.4823e+6 0.0276 3.2598e+5

1.4832 1.5142e+5 4.6345e+6 0.0278 3.2558e+5

1.5331 1.5283e+5 4.7917e+6 0.0279 3.2518e+5

1.5850 1.5431e+5 4.9545e+6 0.0280 3.2475e+5

1.6391 1.5585e+5 5.1248e+6 0.0281 3.2431e+5

1.6958 1.5747e+5 5.3029e+6 0.0282 3.2385e+5

1.7555 1.5918e+5 5.4907e+6 0.0284 3.2337e+5

1.8188 1.6100e+5 5.6901e+6 0.0285 3.2285e+5
OUTPUT- 14



time brnpravt gas-mole bsatavt parevolt

1.8865 1.6295e+5 5.9028e+6 0.0286 3.2230e+5

1.9593 1.6506e+5 6.1320e+6 0.0287 3.2171e+5

2.0383 1.6736e+5 6.3808e+6 0.0289 3.2107e+5

2.1251 1.6990e+5 6.6539e+6 0.0290 3.2036e+5

2.2214 1.7273e+5 6.9575e+6 0.0292 3.1958e+5

2.3300 1.7593e+5 7.2996e+6 0.0294 3.1869e+5

2.4547 1.7964e+5 7.6927e+6 0.0296 3.1768e+5

2.6012 1.8402e+5 8.1546e+6 0.0298 3.1649e+5

2.7782 i.8936e+5 8.7129e+6 0.0301 3.1505e+5

2.9996 1.9612e+5 9.4114e+6 0.0304 3.1325e+5

3.2727 2.0456e+5 1.0274e+7 0.0308 3.1102e+5

3.5924 2.1461e+5 1.1284e+7 0.0312 3.0842e+5

3.9572 2.2629e+5 1.2438e+7 0.0317 3.0545e+5

4.1639 2.3301e+5 1.3092e+7 0.0319 3.0377e+5

4.4224 2.4152e+5 1.3910e+7 0.0322 3.0167e+5

4.7454 2.5233e+5 1.4933e+7 0.0326 2.9904e+5

5.1337 2.6559e+5 1.6164e+7 0.0331 2.9588e+5

5.6099 2.8224e+5 1.7674e+7 0.0336 2.9201e+5

6.1533 3.0138e+5 1.9400e+7 0.0342 2.8799e+5

6.7551 3.2183e+5 2.1313e+7 0.0347 2.8473e+5

7.4188 3.4494e+5 2.3424e+7 0.0352 2.8113e+5

8.1589 3.7141e+5 2.5780e+7 0.0358 2.7712e+5

8.1655 3.7165e+5 2.5801e+7 0.0358 2.7708e+5

8.1737 3.7195e+5 2.5827e+7 0.0358 2.7704e+5

8.1840 3.7232e+5 2.5860e+7 0.0358 2.7698e+5

8.1968 3.7279e+5 2.5900e+7 0.0358 2.7691e+5

8.2129 3.7337e+5 2.5951e+7 0.0358 2.7682e+5

8.2329 3.7410e+5 2.6016e+7 0.0358 2.7672e+5

8.2580 3.7501e+5 2.6095e+7 0.0359 2.7658e+5

8.2894 3.7616e+5 2.6195e+7 0.0359 2.7641e+5

8.3286 3.7759e+5 2.6320e-7 0.0359 2.7620e+5

8.3776 3.7938e+5 2.6476e+7 0.0360 2.7593e+5

8.4389 3.8162e+5 2.6671e+7 0.0360 2.7560e+5

8.5154 3.8443e+5 2.6915e+7 0.0361 2.7518e+5

8.6111 3.8796e+5 2.7220e+7 0.0361 2.7467e+5

8.7308 3.9239e+5 2.7601e+7 0.0362 2.7402e+5

8.8803 3.9795e+5 2.8078e+7 0.0363 2.7321e+5

9.0672 4.0496e+5 2.8673e+7 0.0365 2.7219e+5

9.3009 4.1378e+5 2.9418e+7 0.0367 2.7093e+5

9.5930 4.2493e+5 3.0350e+7 0.0369 2.6934e+5

9.9581 4.3904e+5 3.1515e+7 0.0372 2.6736e+5

10.0000 4.4068e+5 3.1649e+7 0.0372 2.6714e+5

10.0001 4.4068e+5 3.1649e+7 0.0372 2.6714e+5

10.0001 4.4068e+5 3.1649e+7 0.0372 2.6714e+5

10.0001 4.4068e+5 3.1649e+7 0.0372 2.6714e+5

10.0002 4.4068e+5 3.1649e+7 0.0372 :2.6714e+5

10.0002 4.4069e+5 3.1649e+7 0.0372 2.6714e+5

10.0003 4.4069e+5 3.1649e+7 0.0372 2.6713e+5

10.0004 4.4069e+5 3.1650e+7 0.0372 2.6713e+5

10.0006 4.4070e+5 3.1650e+7 0.0372 2.6713e+5

10.0007 4.4071e+5 3.1651e+7 0.0372 2.6713e+5

10.0009 4.4071e+5 3.1651e+7 0.0372 2.6713e+5

10.0012 4.4072e+5 3.1652e+7 0.0372 2.6713e+5

10-0015 4.4074e+45 3.1653e+7 0.0372 2.6713e+5
OUTPUT-15



time brnpravt gas-mol~e bsatavt porevolt

10.0019 4.4075e+5 3.1655e+7 0.0372 2.6713e+5

10.0024 4.4077e+5 3.1656e+7 0.0372 2.6712e+5

10.0030 4.4079e+5 3.1658e+7 0.0372 2.6712e+5

10.0038 4.4083e+5 3.1661e+7 0.0372 2.6712e+5

10.0048 4.4086e+5 3.1664e+7 0.0372 2.6711e+5

10.0060 4.4091e+5 3.1668e+7 0.0372 2.6710e+5

10.0075 4.4097e+5 3.1672e+7 0.0372 2.6710e+5

10.0094 4.4104e+5 3.1679e+7 0.0372 2.6709e+5

10.0118 4.4114e+5 3.1686e+7 0.0372 2.6707e+5

10.0148 4.4125e+5 3.1695e+7 0.0372 2.6706e+5

10.0185 4.4140e+5 3.1707e+7 0.0372 2.6704e+5

10.0231 4.4158e+5 3.1722e+7 0.0372 2.6701e+5

10.0289 4.4181e+5 3.1741e+7 0.0372 2.6698e+5

10.0361 4.4209e+5 3.1764e+7 0.0372 2.6694e+5

10.0452 4.4244e+5 3.1793e+7 0.0372 2.6689e+5

10.0565 4.4289e+5 3.1829e+7 0.0373 2.6683e+5

10.0707 4.4344e+5 3.1874e+7 0.0373 2.6675e+5

10.0884 4.4413e+5 3.1931e+7 0.0373 2.6666e+5

10.1105 4.4500e+5 3.2001e+7 0.0373 2.6654e+5

10.1381 4.4608e+5 3.2089e+7 0.0373 2.6639e+5

10.1727 4.4744e+5 3.2200e+7 0.0373 2.6620e+5

10.2159 4.4914e+5 3.2337e+7 0.0374 2.6597e+5

10.2699 4.5126e+5 3.2510e+7 0.0374 2.6567e+5

10.3374 4.5393e+5 3.2725e+7 0.0375 2.6531e+5

10.4218 4.5727e+5 3.2995e+7 0.0375 2.6485e+5

10.5272 4.6147e+5 3.3331e+7 0.0376 2.6428e+5

10.6590 4.6673e+5 3.3752e+7 0.0377 2.6356e+5

10.8238 4.7336e+5 3.4279e+7 0.0378 2.6267e+5

11.0298 4.8167e+5 3.4937e+7 0.0380 2.6157e+5

11.2873 4.9187e+5 3.5760e+7 0.0382 2.6034e+5

11.6091 5.0474e+5 3.6789e+7 0.0384 2.5881e+5

12.0114 5.2105e+5 3.8075e+7 0.0387 2.5690e+5

12.5143 5.4176e+5 3.9685e+7 0.0390 2.5451e+5

13.1429 5.6818e+5 4.1698e+7 0.0395 2.5152e+5

13.9286 6.0206e+5 4.4216e+7 0.0400 2.4778e+5

14.9108 6.4580e+5 4.7368e+7 0.0407 2.4311e+5

16.1385 7.0236e+5 5.1313e+7 0.0416 2.3741e+5

17.6732 7.7173e+5 5.6251e+7 0.0424 2.3173e+5

19.5915 8.6275e+5 6.2434e+7 0.0435 2.2463e+5

21.9894 9.8088e+5 7.OlSOe+7 0.0448 2.1635e+5

24.9867 1.1329e+6 7.9884e+7 0.0463 2.0710e+5

24.9999 1.1336e+6 7.9926e+7 0.0463 2.0706e+5

24.9999 1.1336e+6 7.9927e+7 0.0463 2.0706e+5

25.0000 1.1336e+6 7.9927e+7 0.0463 2.0706e+5

25.0000 1.1336e+6 7.9927e+7 0.0463 2.0706e+5

25.0001 1.1336e+6 7.9927e+7 0.0463 2.0706e+5

25.0001 1.1337e+6 7.9927e+7 0.0463 2.0706e+5

25.0002 1.1337e+6 7.9928e+7 0.0463 2.0706e+5

25.0003 1.1337e+6 7.9928e+7 0.0463 2.0706e+5

25.0004 1.1337e+6 7.9928e+7 0.0463 2.0705e+5

25.0006 1.1337e+6 7.9929e+7 0.0463 2.0705e+5250081.37e6 .92e7 .06 2000+
25.0008 1.1337e+6 7.9930e+7 0.0463 2.0705e+5

25.0011 1.1337e+6 7.9931e+7 0.0463 2.0705e+5

OUTPUT- 16



time brnpravt gas-mole bsatavt porevolt

25.0018 1.1337e+6 7.9933e+7 0.0463 2.0705e+5

25.0023 1.1338e+6 7.9934e+7 0.0463 2.0705e+5

25.0029 1.1338e+6 7.9936e+7 0.0463 2.0705e+5

25.0037 1.1338e+6 7.9939e+7 0.0463 2.0704e+5

25.0047 1.1339e+6 7.9942e+7 0.0463 2.0704e+5

25.0059 1.1340e4-6 7.9946e+7 0.0463 2.0704e+5

25.0074 1.1340e+6 7.9951e+7 0.0463 2.0703e+5

25.0093 1.1341e+6 7.9957e+7 0.0463 2.0703e+5

25.0117 1.1343e+6 7.9965e+7 0.0463 2.0702e+5

25.0146 1.1344e+6 7.9974e+7 0.0463 2.0701e+5

25.0183 1.1346e+6 7.9986e+7 0.0463 2.0700e+5

25.0230 1.1349e+6 8.0001e+7 0.0463 2.0699e+5

25.0288 1.1352e+6 8.0020e+7 0.0463 2.0697e+5

25.0360 1.1356e+6 8.0043e+7 0.0463 2.0694e+5

25.0451 1.1360e+6 8.0073e+7 0.0463 2.0692e+5

25.0564 1.1366e+6 8.0109e+7 0.0463 2.0688e+5

25.0706 1.1374e+6 8.0155e+7 0.0464 2.0684e+5

25.0883 1.1383e+6 8.0213e+7 0.0464 2.0678e+5

25.1104 1.1395e+6 8.0284e+7 0.0464 2.0672e+5

25.1380 1.1410e+6 8.0374e+7 0.0464 2.0663e+5

25.1726 1.1428e+6 8.0486e+7 0.0464 2.0652e+5

25.2158 1.1451e+6 8.0626e+7 0.0464 2.0639e+5

25.2698 1.1480e+6 8.0800e+7 0.0465 2.0622e+5

25.3373 1.1516e+6 8.1019e+7 0.0465 2.0601e+5

25.4216 1.1561e+6 8.1292e+7 0.0465 2.0575e+5

25.5271 1.1618e+6 8.1634e+7 0.0466 2.0543e+5

25.6589 1.1688e+6 8.2061e+7 0.0467 2.0502e+5

25.8237 1.1777e+6 8.2595e+7 0.0467 2.0451e+5

26.0297 1.1889e+6 8.3262e+7 0.0469 2.0388e+5

26.2872 1.2023e+6 8.4097e+7 0.0470 2.0318e+5

26.6090 1.2191e+6 8.5140e+7 0.0471 2.0231e+5

27.0113 1.2403e+6 8.6445e+7 0.0473 2.0122e+5

27.5142 1.2670e+6 8.8076e+7 0.0475 1.9986e+5

28.1428 1.3007e+6 9.0116e+7 0.0478 1.9816e+5

28.9285 1.3433e+6 9.2667e+7 0.0482 1.9603e+5

29.9107 1.3972e+6 9.5859e+7 0.0486 1.9337e+5

31.1384 1.4649e+6 9.9852e+7 0.0492 1.9016e+5

32.6731 1.5393e+6 1.0485e+8 0.0495 1.8759e+5

34.5914 1.6344e+6 1.1109e+8 0.0500 1.8427e+5

36.9893 1.7547e+6 1.1891e+8 0.0505 1.8028e+5

39.9866 1.9064e+6 1.2868e+8 0.0510 1.7578e+5

43.6998 2.0899e+6 1.4080e+8 0.0513 1.7153e+5

47.9516 2.3009e+6 1.5468e+8 0.0513 1.6767e+5

49.9985 2.4031e+6 1.6135e+8 0.0512 1.6606e+5

49.9986 2.4031e+6 1,6135e+8 0.0512 1.6606e+5

49.9986 2.4031e+6 1.6135e+8 0.0512 1.6606e+5

49.9986 2.4031e+6 1.6135e+8 0.0512 1.6606e+5

49.9987 2.4031e+6 1.6135e+8 0.0512 1.6606e+5

49.9988 2.4031e+6 1.6135e+8 0.0512 1.6606e+5

49.9988 2.4031e+6 1.6135e+8 0.0512 1.6606e+5

49.9990 2.4032e+6 1.6135e+8 0.0512 1.6606e+5

49.9991 2.4032e+6 1.6136e+8 0.0512 1.6606e+5

49.9992 2.4032e+6 1.6136e+8 0.0512 1.6606e+5

49.9994 2.4032e+46 1.6136e+48 0.051-2 1.6606e+5

OUTPUT-I17



time brnpravt gas-mole bsatavt porevolt

49.9997 2.4032e+6 1.6136e+8 0.0512 1.6606e+5

50.0000 2.4032e+6 1.6136e+8 0.0512 1.6606e+5

50.0004 2.4032e+6 1.6136e+8 0.0512 1.6606e+5

50.0009 2.4033e+6 1.6136e+8 0.0512 1.6606e+5

50.0015 2.4033e+6 1.6136e+8 0.0512 1.6606e+5

50.0023 2.4033e+6 1.6137e+8 0.0512 1.6606e+5

50.0033 2.4034e+6 1.6137e+8 0.0512 1.6606e+5

50.0045 2.4034e+6 1.6137e+8 0.0512 1.6606e+5

50.0060 2.4035e+6 1.6138e+8 0.0512 1.6606e+5

50.0079 2.4036e+6 1.6138e+8 0.0512 1.6605e+5

50.0103 2.4037e+6 1.6139e+8 0.0512 1.6605e+5

50.0133 2.4039e+6 1.6140e+8 0.0512 1.6605e+5

50.0170 2.4041e-6 1.6141e+8 0.0512 1.6605e+5

50.0216 2.4043e+6 1.6143e+8 0.0512 1.6604e+5

50.0274 2.4046e+6 1.6145e+8 0.0512 1.6604e+5

50.0347 2.4049e+6 1.6147e+8 0.0512 1.6603e+5

50.0437 2.4054e+6 1.6150e+8 0.0512 1.6603e+5

50.0550 2.4060e+6 1.6154e+8 0.0512 1.6602e+5

50.0692 2.4067e+6 1.6158e+8 0.0512 1.6601e+5

50.0869 2.4076e+6 1.6164e+8 0.0512 1.6599e+5

50.1090 2.4087e+6 i.6171e+8 0.0512 1.6598e+5

50.1367 2.4101e-6 1.6180e+8 0.0512 1.6595e+5

50.1712 2.4118e+6 1.6192e+8 0.0512 1.6593e+5

50.2144 2.4140e+6 1.6206e+8 0.0512 1.6589e+5

50.2684 2.4167e-6 1.6223e+8 0.0512 1.6585e+5

50.3359 2.4201e+6 1.6245e+8 0.0511 1.6580e+5

50.4203 2.4244e+6 1.6273e+8 0.0511 1.6573e+5

50.5257 2.4298e+6 1.6307e+8 0.0511 1.6565e+5

50.6576 2.4364e+6 1.6350e+8 0.0511 1.6555e+5

50.8223 2.4448e+6 1.6404e+8 0.0511 1.6542e+5

51.0283 2.4553e+6 1.6471e+8 0.0511 1.6526e+5

51.2858 2.4681e+6 1.6555e+8 0.0511 1.6508e+5

51.6076 2.4841e+6 1.6660e+8 0.0511 1.6487e+5

52.0099 2.5042e+6 1.6792e+8 0.0510 1.6460e+5

52.5128 2.5294e+6 1.6956e+8 0.0510 1.6426e+5

53.1414 2.5612e+6 1.7161e+8 0.0509 1.6384e+5

53.9271 2.6012e+6 1.7417e+8 0.0509 1.6331e+5

54.9093 2.6516e+6 1.7737e+8 0.0508 1.6266e+5

56.1370 2.7150e+6 1.8137e+8 0.0507 1.6186e+5

57.6717 2.7915e+6 1.8637e+8 0.0504 1.6110e+5

59.5900 2.8883e+6 1.9262e+8 0.0501 1.6015e+5

61.9879 3.0101e+6 2.0043e+8 0.0498 1.5901e+5

64.9852 3.1627e+6 2.1018e+8 0.0492 1.5771e+5

68.7320 3.3521e+6 2.2235e+8 0.0485 1.5630e+5

73.3691 3.5852e+6 2.3739e+8 0.0474 1.5480e+5

78.9483 3.8637e+6 2.5545e+8 0.0461 1.5329e+5

85.9222 4.2074e+6 2.7795e+8 0.0442 1.5178e+5

94.0324 4.5992e+6 3.0396e+8 0.0418 1.5048e+5

100.0002 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0003 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0003 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0004 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0004 4.8808e-6 3.2282e+8 0.0400 1.4971e+5

100.0005 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

OUTPUT- 18



time brnpravt gas-mole bsatavt porevolt

100.0005 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0006 4.8808e+6 3.2282e+8 0.0400 l.4971e+5

100.0008 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0009 4.8808e+6 3.2282e+8 0.0400 1.4971e+5

100.0011 4.8809e+6 3.2282e+8 0.0400 1.4971e+5

100.0014 4.8809e+6 3.2282e+8 0.0400 1.4971e+5

100.0017 4.8809e+6 3.2282e+8 0.0400 1.4971e+5

100.0021 4.8809e+6 3.2282e+8 0.0400 1.4971e+5

100.0026 4.8809e+6 3.2283e+8 0.0400 1.4971e+5

100.0032 4.8809e4-6 3.2283e+8 0.0400 1.4971e+5

100.0040 4.8810e+6 3.2283e+8 0.0400 1.4971e+5

100.0050 4.8810e+6 3.2283e+8 0.0400 1.4971e+5

100.0062 4.8811e+6 3.2284e+8 0.0400 1.4971e+5

100.0077 4.8812e+6 3.2284e+8 0.0400 1.4971e+5

100.0096 4.8813e+6 3.2285e+8 0.0400 1.4971e+5

100.0120 4.8814e+6 3.2286e+'8 0.0400 1.4971e+5

100.0150 4.8815e+6 3.2286e+8 0.0400 1.4971e+5

100.0187 4.8817e+6 3.2288e+8 0.0400 1.4971e+5

100.0233 4.8819e+6 3.2289e+8 0.0400 1.4971e+5

100.0291 4.8822e+6 3.2291e+8 0.0400 1.4971e+5

100.0364 4.8825e+6 3.2293e+8 0.0400 1.4970e+5

100.0454 4.8829e+6 3.2296e+8 0.0400 1.4970e+5

100.0567 4.8835e+6 3.2300e+8 0.0400 1.4970e+5

100.0709 4.8841e+6 3.2304e+8 0.0400 1.4970e+5

100.0886 4.8850e+6 3.2310e+8 0.0400 1.4970e+5

100.1107 4.8860e+6 3.2317e+8 0.0400 1.4969e+5

100.1384 4.8873e+6 3.2325e+8 0.0400 1.4969e+5

100.1729 4.8890e+6 3.2336e+8 0.0400 1.4969e+5

100.2161 4.8910e+6 3.2350e+8 0.0400 1.4968e+5

100.2701 4.8936e+6 3.2367e+8 0.0400 1.4967e+5

100.3376 4.8967e+6 3.2388e+8 0.0399 1.4967e+5

100.4198 4.9006e+6 3.2414e+8 0.0399 1.4966e+5

100.5153 4.9051e+6 3.2444e+8 0.0399 1.4964e+5

100.6234 4.9102e+6 3.2478e+8 0.0398 1.4963e+5

100.7439 4.9159e+6 3.2516e+8 0.0398 1.4961e+5

100.8777 4.9222e+6 3.2558e+8 0.0398 1.4960e+5

101.0259 4.9292e+6 3.2605e+8 0.0397 1.4958e+5

101.1901 4.9368e+6 3.2656e+8 0.0397 1.4956e+5

101.3725 4.9452e+6 3.2714e+8 0.0396 1.4954e+5

101.5755 4.9545e+6 3.2777e+8 0.0396 1.4952e+5

101.8014 4.9649e+6 3.2848e+8 0.0395 1.4950e+5

102.0510 4.9763e+6 3.2925e+8 0.0394 1.4948e+5

102.3266 4.9889e+6 3.3011e+8 0.0393 1.4945e+5

102.6311 5.0028e+6 3.3105e+8 0.0392 1.4942e+5

102.9690 5.0181e+6 3-.3210e+8 0.0391 1.4939e+5

103.3457 5.0352e+6 3.3325e+8 0.0390 1.4935e+5

103.7682 5.0543e+6 3.3454e+8 0.0389 1.4931e+5

104.2457 5.0757e+6 3.3599e+8 0.0388 1.4926e+5

104.7899 5.1000e+6 3.3762e+8 0.0386 1.4920e+5

105.4169 5.1277e+6 3.3948e+8 0.0384 1.4913e+5

106.1484 5.1597e+6 3.4161e+8 0.0382 1.4904e+5

107.0155 5.1970e+6 3.4407e+8 0.0380 1.4893e+5

108.0629 5.2414e+6 3.4694e+8 0.0377 1.4876e+5

109.3591 5.2948e+6 3.5031e+8 0.0374 1-4853e+5

OUTPUT- 19



t ime brnpravt gas-mole bsatavt porevolt

110.9793 5.3585e+6 3.5420e+8 0.0371 1.4820e+5

113.0045 5.4298e+6 3.5861e+8 0.0368 1.4785e+5

115.5361 5.5130e+6 3.6352e+8 0.0364 1.4735e+5

118.7006 5.6115e-6 3.6906e+8 0.0361 1.4667e+5

122.6562 5.7308e+6 3.7547e+8 0.0357 1.4576e+5

127.6007 5.8733e+6 3.8316e+8 0.0353 1.4473e+5

133.7813 6.0493e+6 3.9254e+8 0.0348 1.4348e+5

141.5071 6.2606e+6 4.0349e+8 0.0341 1.4192e+5

151.1644 6.5084e+6 4.1594e+8 0.0332 1.4003e+5

157.2001 6.6550e+6 4.2342e+8 0.0326 1.3901e+5

164.7448 6.8374e+6 4.3250e+8 0.0319 1.3770e+5

174.1757 7.0615e+6 4.4362e+8 0.0309 1.3616e+5

185.9644 7.3345e+6 4.5735e+8 0.0297 1.3444e+5

200.0005 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0005 7.6538e4-6 4.7357e+8 0.0282 1.3261e+5

200.0005 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0006 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0006 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0007 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0008 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0009 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0010 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0012 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0014 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0016 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0020 7.6538e+6 4.7357e+8 0.0282 1.3261e-5

200.0024 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0029 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0035 7.6538e+6 4.7357e+8 0.0282 1.3261e+5

200.0043 7.6539e+6 4.7357e+8 0.0282 1.3261e+5

200.0052 7.6539e+6 4.7357e+8 0.0282 1.3261e+5

200.0064 7.6539e+6 4.7357e+8 0.0282 1.3260e+5

200.0080 7.6540e+6 4.7358e+8 0.0282 1.3260e+5

200.0099 7.6540e+6 4.7358e+8 0.0282 1.3260e+5

200.0122 7.6540e+6 4.7358e+8 0.0282 1.3260e+5

200.0152 7.6541e+6 4.7358e+8 0.0282 1.3260e+5

200.0189 7.6542e+6 4.7359e+8 0.0282 1.3260e+5

200.0236 7.6543e+6 4.7359e+8 0.0282 1.3260e+5

200.0294 7.6544e+6 4.7360e+8 0.0282 1.3260e+5

200.0366 7.6546e+6 4.7361e+8 0.0282 1.3260e+5

200.0456 7.6548e+6 4.7362e+8 0.0282 1.3260e+5

200.0570 7.6551e+6 4.7363e+8 0.0282 1.3260e+5

200.0711 7.6554e+6 4.7365e+8 0.0282 1.3260e+5

200.0888 7.6558e+6 4.7367e+8 0.0282 1.3259e+5

200.1110 7.6563e+6 4..7369e+8 0.0281 1i.3259e+5

200.1386 7.6569e+6 4.7373e+8 0.0281 1.3259e+5

200.1731 7.6577e+6 4.7377e+8 0.0281 1.3258e+5

200.2163 7.6586e+6 4.7382e+8 0.0281 1.3258e+5

200.2703 7.6599e+6 4.7388e+8 0.0281 1.3257e+5

200.3378 7.6614e+6 4.7396e+8 0.0281 1.3256e+5

200.4222 7.6633e+6 4.7405e+8 0.0281 1.3255e+5

200.5276 7.6658e+6 4.7418e+8 0.0281 1.3254e+5

200.6595 7.6690e+6 4.7433e-8 0.0281 1.3252e+5

200.8243 7.6731e+6 4.7452e+8 0.0281 1.3249e+5

OUTPUT-20



time brnpravt gas-mole bsatavt porevolt

201.0303 7.6781e+6 4.7476e+8 0.0280 1.3246e+5

201.2877 7.6842e+46 4.7505e-8 0.0280 1.3242e+5

201.6096 7.6914e+6 4.7542e+8 0.0280 1.3238e+5

202.0119 7.7003e+6 4.7589e+8 0.0279 1.3234e+5

202.5147 7.7115e+6 4.7647e-8 0.0279 1.3228e+5

203.1433 7.7255e+6 4.7719e+8 0.0278 1.3220e+5

203.9291 7.7430e+6 4.7809e+8 0.0277 1.3211e+5

204.9113 7.7649e+6 4.7922e+8 0.0276 1.3200e+5

206.0556 7.7905e+6 4.8054e+8 0.0275 1.3186e+5

207.3313 7.8190e+6 4.8200e+8 0.0273 1.3171e+5

208.7195 7.8502e4-6 4.8359e+8 0.0272 1.3155e+5

210.2122 7.8839e+6 4.8530e+8 0.0270 1.3137e+5

211.8092 7.9193e+6 4.8713e+8 0.0268 1.3119e+5

213.5156 7.9575e+6 4.8908e+8 0.0266 1.3099e+5

215.3398 7.9984e+6 4.9116e+8 0.0264 1.3077e+5

217.2932 8.0423e+6 4.9339e+8 0.0262 1.3055e+5

219.3899 8.0893e+6 4.9578e+8 0.0259 1.3030e+5

221.6468 8.1395e+6 4.9834e+8 0.0257 1.3005e+5

224.0840 8.1919e+6 5.0111e+8 0.0254 1.2981e+S

226.7257 8.2509e+6 5.0411e+8 0.0250 1.2952e+5

229.6007 8.3152e+6 5.0736e+8 0.0247 1.2920e+5

232.7440 8.3836e+6 5.1092e+8 0.0243 1.2888e+5

236.1982 8.4579e+6 5.1481e+8 0.0239 1.2855e+5

240.0160 8.5427e+6 5.1911e+8 0.0234 1.2814e+5

244.2634 8.6336e+6 5.2388e+8 0.0229 1.2775e+5

249.0238 8.7365e+6 5.2921e+8 0.0223 1.2730e+5

254.4052 8.8518e+6 5.3521e+8 0.0216 1.2681e+5

260.5495 8.9832e+6 5.4204e+8 0.0208 1.2625e+5

267.6500 9.1319e+6 5.4990e+8 0.0199 1.2567e+5

275.9334 9.3058e+6 5.5902e+8 0.0188 1.2499e+5

284.4510 9.4825e+6 5.6834e+8 0.0177 1.2432e+5

292.6846 9.6532e+6 5.7731e+8 0.0167 1.2368e+5

300.5310 9.8163e+6 5.8581e+8 0.0156 1.2306e+5

308.0685 9.9707e+6 5.9393e+S 0.0146 1.2250e+5

315.4208 1.0120e+7 6.0182e+8 0.0136 1.2199e+5

322.7079 1.0268e+7 6.0959e+8 0.0126 1.2147e+5

330.0356 1.0415e+7 6.1737e+8 0.'0117 1.2096e+5

337.4974 1.0558e+7 6.2485e+8 0.0106 1.2046e+5

345.1823 1.0650e+7 6.2790e+8 9.6268e-3 1.1963e+5

353.2043 1.0747e+7 6.3107e+8 8.5530e-3 1.1877e+5

361.6744 1.0847e+7 6.3438e+8 7.4073e-3 1.!791e+5

370.7061 1.0952e+7 6.3790e+8 6.1731e-3 
1.1703e+5

380.4201 1.1062e+7 6.4164e+8 4.8339e-3 1.1613e+5

390.9475 1.1180e+7 6.4566e+8 3.3710e-3 1.1517e+5

400.0073 1.1284e+7 6-4907e+8 2.1094e-3 1.1433e+5

400.0073 1.1284e+7 6.4907e+8 2.1094e-3 1.1433e+5

400.0074 1.1284e+7 6.4907e+8 2.1094e-3 1.1433e+5

400.0074 1.1284e+7 6.4907e+8 2.1094e-3 1.1433e+5

400.0074 1.1284e+7 6.4907e-8 2.1094e-3 1.1433e+5

400.0075 1.1284e+7 6.4907e+8 2.1094e-3 1.1433e+5

400.0075 1.1284e+7 6.4907e+8 2.1093e-3 1.1433e+5

400.0076 1.1284e+7 6.4907e+8 2.1093e-3 
1.1433e+5

400.0078 1.1284e+7 6.4907e+8 2.1093e-3 1.1433e+5

400.0079 1.1284e+7 6.4907e+8 2.1093e-3 1.-433e+5

OUTPUT-2 1



time brnpravt gas-mole bsatavt porevolt

400.0080 1.1284e+7 6.4907e+8 2.1093e-3 1.1433e+5

400.0082 1.1284e+7 6.4907e+8 2.1093e-3 1.1433e+5

400.0085 1.1284e+7 6.4907e+8 2.1092e-3 1.1433e+5

400.0088 1.1284e+7 6.4907e+8 2.1092e-3 1.1433e+5

400.0092 1.1284e+7 6.4907e+8 2.1091e-3 1.1433e+5

400.0097 1.1284e+7 6.4907e+8 2.1090e-3 1.1432e+5

400.0103 1.1284e+7 6.4908e+8 2.1090e-3 1.1432e+5

400.0111 1.1284e+7 6.4908e+8 2.1089e-3 1.1432e+5

400.0121 1.1284e+7 6.4908e+8 2.1087e-3 1.1432e+5

400.0133 1.1284e+7 6.4908e+8 2.1085e-3 1.1432e+5

400.0148 1.1284e+7 6.4908e+8 2.1083e-3 1.1432e+5

400.0167 1.1284e+7 6.4908e+8 2.1081e-3 1.1432e+5

400.0191 1.1284e+7 6.4908e+8 2.1077e-3 1.1432e+5

400.0220 1.1284e+7 6.4908e+8 2.1073e-3 1.1432e+5

400.0257 1.1284e+7 6.4908e+8 2.1068e-3 1.1432e+5

400.0303 1.1284e+7 6.4908e+8 2.1062e-3 1.1432e+5

400.0361 1.1284e+7 6.4908e+8 2.1053e-3 1.1432e+5

400.0434 1.1284e4-7 6.4909e+8 2.1043e-3 1.1432e+5

400.0524 1.1284e+7 6.4909e+8 2.1031e-3 1.1432e+5

400.0637 1.1285e+7 6.4910e+8 2.1015e-3 1.1432e+5

400.0778 1.1285e+7 6.4910e+8 2.0995e-3 1.1432e+5

400.0954 1.1285e+7 6.4911e+8 2.0970e-3 1.1432e+5

400.1175 1.1285e+7 6.4912e+8 2.0939e-3 1.1431e+5

400.1451 1.1285e+7 6.4913e+8 2.0901e-3 1.1431e+5

400.1795 1.1286e+7 6.4914e+8 2.0852e-3 1.1431e+5

400.2226 1.1286e+7 6.4916e+8 2.0792e-3 1.1431e+5

400.2765 1.1287e+7 6.4918e+8 2.0716e-3 1.1430e+5

400.3438 1.1288e+7 6.4920e+8 2.0622e-3 1.1429e+5

400.4280 1.1289e+7 6.4923e+8 2.0504e-3 1.1429e+5

400.5332 1.1290e+7 6.4927e+8 2.0357e-3 1.1428e+5

400.6647 1.1291e+7 6.4932e+8 2.0172e-3 1.1426e+5

400.8291 1.1293e+7 6.4938e+8 1.9942e-3 1.1425e+5

401.0345 1.1296e+7 6.4946e+8 1.9655e-3 1.1423e+5

401.2914 1.1299e+7 6.4956e+8 1.9295e-3 1.1421e+5

401.6124 1.1302e+7 6.4968e+8 1.8846e-3 1.1418e+5

402.0136 1.1306e+7 6.4983e+8 1.8286e-3 1.1415e+5

402.5153 1.1311e+7 6.5001e+8 1.7588e-3 1.1411e+5

403.1423 1.1318e+7 6.5025e+8 1.6720e-3 1.1405e+5

403.9261 1.1327e+7 6.5053e+8 1.5643e-3 1.1398e+5

404.9058 1.1338e+7 6.5089e+8 1.4315e-3 1.1389e+5

406.1305 1.1352e+7 6.5132e+8 1.2697e-3 1.1378e+5

407.6613 1.1368e+7 6.5183e+8 1.0781e-3 1.1363e+5

409.5749 1.1389e+7 6.5240e+8 8.6477e-4 1.1345e+5

411.9668 1.1412e+7 6.5295e+8 6.5503e-4 1.1323e+5

414.9567 1.1437e+7 6-.5341e+8 4.8474e-4 1 .1294e+5

418.6941 1.1469e+7 6.5372e+8 3.7050e-4 1.1255e+5

423.3658 1.1504e+7 6.5393e+8 2.9735e-4 1.1209e+5

429.2054 1.1549e+7 6.5410e+8 2.4128e-4 1.1149e+5

436.5050 1.1601e+7 6.5427e+8 1.8479e-4 1.1079e+5

445.6295 1.1667e+7 6.5447e+8 1.1826e-4 1.0992e+5

456.8080 1.1745e+7 6.5469e+8 4.3943e-5 1.0889e+5

469.7710 1.1834e+7 6.5481e+8 9.8919e-6 1.0772e+5

484.3387 1.1929e+7 6.5486e4-8 3.3868e-6 1.0646e+5

500.3398 1.2029e+7 6.5491e+8 2.3804e-6 1.0515e+5

OUTPUT-22



time brnpravt gas-mole bsatavt porevolt

516.4556 1.2128e+7 6.5495e+8 2.1718e-6 
1.0387e+5

532.1435 1.2224e+7 6.5498e-8 2.0644e-6 
1.0266e+5

547.3224 1.2305e+7 6.5502e+.8 1.9859e-6 1.0163e+5

562.0833 1.2358e+7 6.5505e+8 1.9312e-6 
1.0097e+5

576.5588 1.2397e+7 6.5508e+8 1.8933e-6 1.0048e+5

590.8784 1.2438e+7 6.5511e-8 1.8486e-6 
9.9987e+4

605.1581 1.2477e+7 6.5514e+8 1.8127e-6 
9.9511e+4

619.5016 1.2515e+7 6.5517e+8 1.7760e-6 
9.9041e+4

634.0042 1.2554e+7 6.5519e+8 1.7421e-6 9.8569e+4

648.7565 1.2593e+7 6.5522e+8 1.7073e-6 
9.8100e+4

663.8491 1.2632e+7 6.5525e+8 1.6725e-6 
9.7631e+4

679.3762 1.2672e+7 6.5528e+8 1.6387e-6 
9.7156e+4

695.4394 1.2713e+7 6.5531e+8 1.6059e-6 
9.6678e+4

712.1512 1.2754e+7 6.5534e+8 1.5780e-6 
9.6185e+4

729.6407 1.2797e+7 6.5537e+8 1.5393e-6 
9.5686e+4

748.0586 1.2841e+7 6.5540e+8 1.5075e-6 9.5171e+4

767.5851 1.2887e+7 6.5543e+8 1.4737e-6 
9.4637e+4

788.4396 1.2936e+7 6.5546e+8 1.4359e-6 
9.4077e+4

810.8959 1.2987e+7 6.5550e+8 1.408le-6 
9.3484e+4

835.3019 1.3042e+7 6.5554e+8 1.3644e-6 
9.2863e+4

862.1106 1.3102e+7 6.5558e+8 1.3315e-6 
9.2184e+4

891.9291 1.3167e+7 6.5562e+8 1.2928e-6 
9.1455e+4

925.5939 1.3240e+7 6.5567e+8 1.2471e-6 
9.0638e+4

964.3009 1.3325e+7 6.5572e+8 1.2013e-6 
8.9697e+4

1009.8390 1.3443e+7 6.5741e+8 1.4793e-6 
8.8724e+4

1059.3990 1.3548e+7 6.5939e+8 1.5104e-6 
8.7966e+4

1086.7780 1.3560e+7 6.6055e+8 1.6308e-6 
8.8052e+4

1103.8900 1.3568e+7 6.6129e+8 1.6475e-6 8.8107e+4

1125.2800 1.3578e+7 6.6222e+8 1.6573e-6 
8.8173e+4

1152.0170 1.3591e+7 6.6337e+8 1.6543e-6 
8.8254e+4

1185.4390 1.3608e+7 6.6482e+8 1.6453e-6 
8.8349e+4

1227.2160 1.3629e+7 6.6663e+8 1.6235e-6 
8.8465e+4

1279.4380 1.3656e+7 6.6889e+8 1.6017e-6 
8.8606e+4

1334.1960 1.3684e+7 6.7125e+8 1.5788e-6 
8.8754e+4

1388.9540 1.3713e+7 6.7362e+8 1.5628e-6 
8.8900e+4

N1443.7120 1.3741e+7 6.7597e+8 1.5420e-6 8.9043e44

1498.4700 1.3769e+7 6.7833e+8 1.5142e-6 8.9185e+4

1553.2290 1.3796e+7 6.8067e+8 1.4875e-6 
8.9342e+4

1607.9870 1.3824e+7 6.8301e+8 1.4657e-6 
8.9478e+4

1662.7450 1.3852e+7 6.8535e+8 1.4458e-6 
8.9613e+4

1717.5030 1.3880e+7 6.8767e+8 1.4191e-6 8.9745e+4

1772.2610 1.3907e+7 6.8999e+8 1.3923e-6 8.9876e+4

1827.0190 1.3935e+7 6.9230e+8 1.3833e-6 
9.0005e+4

1881.7780 1.3963e+s7 6.9461e+8 1.3576e-6 9.0132e+4

1936.5360 1.3991e+7 6-.9691e+8 1.3367e-6 9 .0258e44

1991.2940 1.4018e+7 6.9921e+8 1.3298e-6 
9.0382e44

2046.0520 1.4047e+7 7.0150e+8 i.2971e-6 
9.0497e+4

2100.8100 1.4075e4-7 7.0378e+8 1.2772e-6 9.0609e+4

2155.5680 1.4103e+7 7.0605e+8 1.2574e-6 
9.0721e+4

2210.3270 1.4103e4-7 7.0616e+8 1.2860e-6 
9.0720e+4

2265.0850 1.4102e+7 7.0624e+8 1.2731e-6 9.0718e+4

2319.8430 1.4102e+7 7.0632e+8 1.2603e-6 
9.0717e+4

2326.6880 1.4102e+7 7.0633e+'8 1.2603e-6 9.0716e+4

2330.9660 1.4102e+7 7.0633e+8 1.2603e-6 
9.0716e+4

OUTPUT-23



time brnpravt gas-mole bsatavt porevolt

2336.3130 1.4102e+7 7.0634e+8 1.2603e-6 9.0716e+4

2342.9980 1.4102e+7 7.0635e+s8 1.2543e-6 9.0716e+4

2351.3530 1.4102e+7 7.0636e+8 1.2543e-6 9.0716e+4

2361.7980 1.4102e+7 7.0638e+8 1.2533e-6 9.0716e+4

2374.8530 1.4102e+7 7.0640e+8 1.2474e-6 9.0716e+4

2391.1720 1.4101e+7 7.0642e+8 1.2415e-6 9.0716e44

2411.5710 1.4101e+7 7.0645e+8 1.2356e-6 9.0717e+4

2437.0700 1.4101e+7 7.0648e+8 1.2286e-6 9.0717e+4

2468.9430 1.4101e+7 7.0652e+8 1.2098e-6 9.0718e+4

2508.7850 1.4100e+7 7.0658e+8 1.1802e-6 9.0718e+4

2558.5870 1.4100e+7 7.0664e+8 1.1555e-6 9.0719e+4

2613.3450 1.4100e+7 7.0671e+8 1.1308e-6 9.0720e+4

2668.1040 1.4099e+7 7.0678e+8 1.1071e-6 9.0722e+4

2722.8620 1.4099e+7 7.0685e+8 1.0813e-6 9.0723e+4

2777.6200 1.4098e+7 7.0691e+8 1.0458e-6 9.0724e+4

2832.3780 1.4098e+7 7.0697e+8 1.0270e-6 9.0725e+4

2887.1360 1.4098e+7 7.0704e+8 1.0093e-6 9.0726e+4

2941.8950 1.4097e+7 7.0710e+8 9.9050e-7 9.0728e+4

2996.6530 1.4097e+7 7.0716e+8 9.5979e-7 9.0729e+4

3051.4110 1.4096e+7 7.0721e+8 9.3510e-7 9.0730e+4

3106.1690 1.4096e+7 7.0727e+8 9.1734e-7 9.0732e+4

3160.9270 1.4096e+7 7.0732e+8 9.0450e-7 9.0733e+4

3215.6860 1.4095e+7 7.0738e+8 8.8673e-7 9.0734e+4

3270.4440 1.4095e+7 7.0743e+8 8.6099e-7 9.0736e+4

3325.2020 1.4095e+7 7.0748e+8 8.4318e-7 9.0737e+4

3379.9600 1.4094e+7 7.0754e+8 8.2441e-7 9.0738e+4

3434.7180 1.4094e+7 7.0759e+8 8.1257e-7 9.0740e+4

3489.4770 1.4094e+7 7.0763e+8 8.0072e-7 9.0741e+4

3544.2350 1.4093e+7 7.0768e+8 7.8091e-7 9.0742e+4

3598.9930 1.4093e+7 7.0773e+8 7.6309e-7 9.0744e+4

3653.7510 1.4092e+7 7.0778e+8 7.5125e-7 9.0745e+4

3708.5090 1.4092e+7 7.0782e+8 7.3841e-7 9.0746e+4

3763.2680 1.4092e+7 7.0787e+8 7.3249e-7 9.0747e+4

3818.0260 1.4091e+7 7.0791e+8 7.1959e-7 9.0749e+4

3872.7840 1.4091e+7 7.0795e+8 7.0675e-7 9.0750e+4

3927.5420 1.4091e+7 7.0800e+8 6.8893e-7 9.0751e+4

3982.3000 1.4090e+7 7.0804e-8 6.8201e-7 9.0753e+4

4037.0590 1.4090e+7 7.0808e+8 6.7609e-7 9.0754e+4

4091.8170 1.4089e+7 7.0812e-8 6.7017e-7 9.0755e+4

4146.5750 1.4089e+7 7.0816e+8 6.6419e-7 9.0756e+4

4201.3330 1.4089e+7 7.0820e+8 6.5035e-7 9.0758e+4

4256.0910 1.4088e+7 7.0824e+8 6.3253e-7 9.0759e+4

4310.8490 1.4088e+7 7.0828e+8 6.2661e-7 9.0760e+4

4338.2290 1.4088e4-7 7.0830e+8 6.2661e-7 9.0761e+4

4355.3400 1.4088e+7 7.0831e+8 6.2561e-7 9.0761e+4

4376.7300 1.4087e+7 7.0833e+8 6.2561e-7 5.0762e+4

4403.4680 1.4087e+7 7.0834e+8 6.1969e-7 9.0762e+4

4436.8890 1.4087e+7 7.0837e+8 6.1969e-7 9.0763e+4

4478.6670 1.4089e+7 7.0856e+8 6.4066e-7 9.0772e+4

4530.8880 1.4091e+7 7.0881e+8 6.2582e-7 9.0784e+4

4585.6460 1.4093e+7 7.0905e+8 6.1298e-7 9.0796e+4

4640.4040 1.4095e+7 7.0929e+8 6.0601e-7 9.0808e+4

4695.1630 1.4097e+7 7.0953e+8 6.OS0le-7 9.0819e+.4

4749.9200 1.4099e+7 7.0975e+8 6.0301e-7 9 .0830e+4

OUTPUT-24



time brnpravt gas-mole bsatavt porevolt

4804.6790 1.4101e+7 7.0998e+8 6.0196e-7 9.0841e+4

4859.4370 1.4103e+7 7.1020e+8 5.8912e-7 9.0852e+4

4914.1950 1.4105e+7 7.1041e+8 5.7628e-7 
9.0863e+4

4968.9530 1.4107e+7 7.1062e+8 5.7423e-7 
9.0873e+4

5023.7110 1.4109e+7 7.1083e+8 5.7423e-7 
9.0883e+4

5078.4700 1.4110e+7 7.1103e+8 5.7323e-7 
9.0893e+4

5133.2290 1.4112e+7 7.1123e+8 5.7318e-7 
9.0903e+4

5187.9860 1.4114e+7 7.1143e+8 5.7018e-7 
9.0912e+4

5242.7450 1.4115e+7 7.1162e+8 5.5834e-7 
9.0921e+4

5297.5030 1.4117e+7 7.1181e+8 5.5142e-7 
9.0931e+4

5352.2610 1.4118e+7 7.1199e+8 5.5137e-7 
9.0939e+4

5407.0190 1.4120e+7 7.1217e+8 5.4937e-7 
9.0948e+4

5461.7770 1.4121e+7 7.1234e+8 5.4345e-7 
9.0957e+4

5516.5360 1.4122e+7 7.1251e+8 5.4240e-7 
9.0965e+4

5571.2940 1.4123e+7 7.1267e+8 5.4040e-7 
9.0973e+4

5626.0520 1.4125e+7 7.1283e+8 5.2856e-7 
9.0980e+4

5680.8100 1.4126e+7 7.1298e+8 5.2064e-7 
9.0988e+4

5735.5680 1.4127e+7 7.1313e+8 5.1959e-7 
9.0995e+4

5790.3270 1.4128e+7 7.1327e+8 5.1959e-7 
9.1002e+4

5845.0840 1.4129e+7 7.1340e+8 5.1859e-7 
9.1008e+4

5899.8430 1.4129e+7 7.1353e+8 5.1754e-7 
9.1014e+4

5954.6010 1.4130e+7 7.1365e+8 5.i555e-7 
9.1020e+4

6009.3590 1.4131e+7 7.1376e+8 5.0863e-7 
9.1025e+4

6064.1170 1.4131e+7 7.1386e+8 4.9578e-7 
9.1030e+4

6118.8750 1.4131e+7 7.1396e+8 4.9479e-7 
9.1034e+4

6173.6340 1.4132e+7 7.1404e+8 4.9374e-7 
9.1038e+4

6228.3920 1.4132e+7 7.1412e+8 4.9174e-7 
9.1042e+4

6283.1490 1.4132e+7 7.1419e+8 4.9666e-7 
9.1045e+4

6337.9080 1.4132e+7 7.1425e+8 4.9561e-7 
9.1047e+4

6392.6670 1.4132e+7 7.1429e+8 4.9561e-7 
9.1050e+4

6447.4250 1.4131e+7 7.1433e+8 4.9462e-7 
9.1051e+4

6502.1830 1.4131e+7 7.1436e+8 4.8670e-7 
9.1052e+4

6556.9400 1.4131e+7 7.1439e+8 4.7386e-7 
9.1053e+4

6611.6990 1.4130e+7 7.1442e+8 4.7386e-7 
9.1055e+4

6666.4580 1.4130e+7 7.1445e+8 4.7386e-7 
9.1056e+4

6721.2150 1.4129e+7 7.1448e+8 4.7380e-7 
9.1057e+4

6775.9740 1.4129e+7 7.1451e+8 4.7380e-7 
9.1058e+4

6830.7310 1.4129e+7 7.1454e+8 4.7380e-7 
9.1060e+4

6885.4910 1.4128e+7 7.1457e+8 4.7375e-7 
9.1061e+4

6940.2490 1.4128e+7 7.1459e+8 4.6683e-7 
9.1062e+4

6995.0070 1.4128e+7 7.1462e+8 4.6583e-7 
9.1063e+4

7049.7650 1.4127e+7 7.1465e+8 4.5399e-7 
9.1065e+4

7104.5230 1.4127e+7 7.1468e+8 4.4807e-7 
9.1066e+4

7159.2810 1.4126e+7 7.1471e+8 4.4807e-7 
9.1067e+4

7214.0400 1.4126e+7 7.1473e+8 4.4807e-7 
9.1069e+4

7268.7980 1.4126e+7 7.1476e+8 4.4801e-7 
§.1070e44

7323.5560 1.4125e+7 7.1479e+8 4.4701e-7 
9.1071e+4

7378.3130 1.4125e+7 7.1482e+8 4.4701e-7 
9.1073e+4

7433.0720 1.4125e+7 7.1485e+8 4.4696e-7 
9.1074e+4

747810.14+ .47+ .66- .05+
75427.810 1.4124e+7 7.1490e+8 4.4696e-7 

9.1077e+4

7597.3470 1.4123e+7 7.1493e+8 4.4004e-7 
9.1078e+4

7652.1040 1.4123e+7 7.1495e+8 4.3412e-7 
9.1079e+4

7706.8630 1.4123e+7 7.1498e+8 4.2820e-7 
9.1081e+4

OUTPUT-25



time brnpravt gas-mole bsatavt porevolt

7761.6220 1.4122e+7 7.1501e+8 4.2720e-7 9.1082e+4

7816.3790 1.4122e+7 7.1503e+8 4.2720e-7 9.1084e+4

7871.1380 1.4122e+7 7.1506e+8 4.2720e-7 9.1085e+4

7925.8960 1.4121e+7 7.1509e+8 4.2715e-7 9.1086e+4790.50 .12e+ .11e+ .20g- 9180+
7803.6410 1.4121e+7 7.1514e+8 4.2709e-7 9.1089e+4

8090.1700 1.4120e+7 7.151-7e+8 4.2709e-7 9.1090e+4

8144.9290 1.4120e+7 7.1519e+8 4.2709e-7 9.1092e+4

8199.6870 1.4120e+7 7.1522e+8 4.2510e-7 9.1093e+4

8254.4440 1.4119e+7 7.1524e+8 4.1918e-7 9.1094e+4

8309.2030 1.4119e+7 7.1527e+8 4.0733e-7 9.1096e+4

8363.9620 1.4118e+7 7.1529e+8 4.0733e-7 9.1097e+44

8418.7200 1.4118e+7 7.1532e+8 4.0733e-7 9.1099e+4

8473.4780 1.4118e+7 7.1534e+8 4.0733e-7 9.1100e+4

8528.2350 1.4117e+7 7.1537e+8 4.0733e-7 9.1101e+4

8582.9940 1.4117e+7 7.1540e+8 4.0728e-7 9.1103e+4

8637.7530 1.4117e+7 7.1542e+8 4.0723e-7 9.1104e+4

8692.5110 1.4116e+7 7.1545e+8 4.0723e-7 9.1106e+4

8747.2690 1.4116e+7 7.1547e+8 4.0623e-7 9.1107e+4

8802.0260 1.4116e+7 7.1549e+8 4.0623e-7 9.1108e+4

8856.7840 1.4115e+7 7.1552e+8 4.0623e-7 9.1110e+4

8911.5440 1.4115e+7 7.1554e+8 4.0523e-7 9.1111e+4

8925.2320 1.4115e+7 7.1555e+8 3.9931e-7 9.1112e+4

8933.7890 1.4115e+7 7.1555e+8 3.993le-7 9.1112e+4

8935.1250 1.4115e+7 7.1555e+8 3.9931e-7 9.1112e+4

8936.7970 1.4115e+7 7.1556e+8 3.993le-7 9.1112e+4

8938.8850 1.4115e+7 7.1556e+8 3.993le-7 9.1112e+4

8941.4960 1.4115e+7 7.1556e+8 3.9931e-7 9.1112e+4

8944.7600 1.4115e+7 7.1556e+8 3.9931e-7 9.1112e+4

8948.8400 1.4115e+7 7.1556e+8 3.9931e-7 9.1112e+4

8953.9390 1.4115e+7 7.1556e+8 3.9338e-7 9.1112e+4

8960.3150 1.4115e+7 7.1557e+8 3.9338e-7 9.1112e+4

8968.2820 1.4115e+7 7.1557e+8 3.9338e-7 9.1113e+4

8978.2440 1.4115e+7 7.1557e+8 3.9338e-7 9.1113e+4

8990.6940 1.4114e+7 7.1558e+8 3.8746e-7 9.1113e+4

9006.2570 1.4114e+7 7.1559e+8 3.8746e-7 9.1114e+4

9025.7110 1.4114e+7 7.1559e+8 3.8746e-7 9.1114e+44

9050.0290 1.4114e+7 7.1561e+8 3.8746e-7 9.1115e+4

9080.4250 1.4114e+7 7.1562e+8 3.8746e-7 9.1116e+4

9118.4220 1.4114e+7 7.1564e+8 3.8746e-7 9.1117e+4

9165.9170 1.4113e+7 7.1566e+8 3.8746e-7 9.1118e+4

9220.6750 1.4113e+7 7.1568e+8 3.8746e-7 9.1119e+4

9275.4340 1.4113e+7 7.1570e+8 3.8646e-7 9.1121e+4

9330.1910 1.4112e+7 7.1573e+8 3.8641e-7 9.1122e+4

9384.9500 1.4112e+7 7-.1575e+8 3.8636e-7 9.1123e+4

9439.7080 1.4112e+7 7.1578e+8 3.8636e-7 9.1125e+4

9494.4660 1.4111e+7 7.1580e+8 3.8636e-7 9.1126e+4

9549.2250 1.4111e+7 7.-1582e+8 3.8636e-7 9.1128e+4

9603.9820 1.4111e+7 7.1585e+8 3.8636e-7 9.1129e+4

9658.7400 1.4110e+7 7.1587e+8 3.8536e-7 9.1131e+4

9713.4990 1.4110e+7 7.1589e+8 3.7352e-7 9.1132e+4

9768.2570 1.4110e+7 7.1592e+8 3.6759e-7 9.1134e+4

9823.0160 1.4109e+7 7.1594e+8 3.6660e-7 9.1135e+4

9877.7730 1.4109e+7 7.1596e+8 3.6660e-7 9.1136e+4
OUTPUT-26



time brnpravt gas-mole bsatavt porevolt

9932.5310 1.4109e+7 7.1598e+'8 3.6660e-7 9.1138e+4

9987.2900 1.4108e+7 7.1601e+8 3.6660e-7 9.1139e+4

1.0000e+4 1.4108e+.7 7.1601e+8 3.6660e-7 9.1140e+4

OUTPUT-27



Final No-Migration Variance Petition

1 Values of variables that are shown graphically in
2 Figures 8-7, 8-13, and 8-14
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Figure 8-7. Cumulative Brine Flow into the Repository
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Figure 8-1.3. Cumulative Brine Flow into Marker Bed 139 at
Southern Edge of Repository
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Figure 8-14. Cumulative Brine Flow into Marker Bed 139 at
Northern Edge of Repository
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time brnintc bm39rc bm391c bm38rc bm38lc

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.7112e-6 0.0236 0.0000 0.0000 0.0000 0.0000

3.6344e-6 0.0499 0.0000 0.0000 0.0000 0.0000

4.8852e-6 0.0670 0.0000 0.0000 0.0000 0.0000

0.20- .78 0000 000 .00 000
6.6229e-6 0.0986 0.0000 0.0000 0.0000 0.0000

7.364e-6 0.1002 0.0000 0.0000 0.0000 0.0000

7.0036e-6 0.1002 0.0000 0.0000 0.0000 0.0000

8.6333e-6 0.1092 0.0000 0.0000 0.0000 0.0000

8.6333e-6 0.1177 0.0000 0.0000 0.0000 0.0000

9.8430e-6 0.1260 0.0000 0.0000 0.0000 0.0000

9.8430e-6 0.1409 0.0000 0.0000 0.0000 0.0000

1.104e-5 0.1497 0.0000 0.0000 0.0000 0.0000

1.1594e-5 0.1475 0.0000 0.0000 0.0000 0.0000

1.21793e-5 0.1655 0.0000 0.0000 0.0000 0.0000

1.2753e-5 0.1629 0.0000 0.0000 0.0000 0.0000

1.3336e-5 0.187 0.0000 0.0000 0.0000 0.0000

1.393e-5 0.1807 0.0000 0.0000 0.0000 0.0000

1.4515e-5 0.1885 0.0000 0.0000 0.0000 0.0000

1.5115e-5 0.19043 0.0000 0.0000 0.0000 0.0000

1.5723e-5 0.2024 0.0000 0.0000 0.0000 0.0000

1.673e-5 0.2246 0.0000 0.0000 0.0000 0.0000

1.6968e-5 0.2206 0.0000 0.0000 0.0000 0.0000

1.769e-5 0.2289 0.0000 0.0000 0.0000 0.0000

1.8263e-5 0.2373 0.0000 0.0000 0.0000 0.0000

1.8933e-5 0.2540 0.0000 0.0000 0.0000 0.0000

1.9619e-5 0.2548 0.0000 0.0000 0.0000 0.0000

2.0324e-5 0.2638 0.0000 0.0000 0.0000 0.0000

2.1049e-5 0.2731 0.0000 0.0000 0.0000 0.0000

2.1796e-5 0.2824 0.0000 0.0000 0.0000 0.0000

2.2568e-5 0.322 0.0000 0.0000 0.0000 0.0000

2.3367e-5 0.3025 0.0000 0.0000 0.0000 0.0000

2.4195e-5 0.3297 0.0000 0.0000 0.0000 0.0000

2.5055e-5 0.3379 0.0000 0.0000 0.0000 0.0000

2.5055e-5 0.3496 0.0000 0.0000 0.0000 0.0000

2.6886e-5 0.3466 0.0000 0.0000 0.0000 0.0000

2.7864e-5 0.375 0.0000 0.0000 0.0000 0.0000

2.864e-5 0.3715 0.0000 0.0000 0.0000 0.0000

2.8917e-5 0.3988 0.0000 0.0000 0.0000 0.0000

3.1112e-5 0.438 0.0000 0.0000 0.0000 0.0000

3.2320e-5 0.421 0.0000 0.0000 0.0000 0.0000

3.3603e-5 0.4291 0.0000 0.0000 0.0000 0.0000

3.4973e-5 0.4457 0.0000 0.0000 0.0000 0.0000

3.6442e-5 0.4633 0.0000 0.0000 0.0000 0.0000

3.804e-5 0.4822 0.0000 0.0000 0.0000 0.0000

3.9737e-5 0.5254 0.0000 0.0000 0.0000 0.0000

4.1604e-5 0.52443 0.0000 0.0000 0.0000 0.0000

4.3653e-5 0.543 0.0000 0.0000 0.0000 0.0000

4.352e-5 0.5745 0.0000 0.0000 0.0000 0.0000

4.852e-5 0.6335 0.0000 0.0000 0.0000 0.0000

4.8452e-5 0.6355 0.0000 0.0000 0.0000 0.0000

05.4582e-5 0.67171 0.0000 0.0000 0.0000 0.0000
5.828e-5 0.711 0.0000 0.0000 0.0000 0.0000

6.2885e-5 0.876 0.0000 0.0000 0.0000 0.0000

6.8347e-5 0.881 0.0000 0.0000 0.0000 0.0000

OUTPUT-33



t ime brnintc bm39rc bm3 9l1c bm38rc bm381c

7.5172e-5 0.9713 0.0000 0.0000 0.0000 0.0000

8.3703e-5 1.0773 0.0000 0.0000 0.0000 0.0000

9.4367e-5 1.2093 0.0000 0.0000 0.0000 0.0000

1.0770e-4 1.3735 0.0000 0.0000 0.0000 0.0000

1.2436e-4 1.5778 0.0000 0.0000 0.0000 0.0000

1.4519e-4 1.8319 0.0000 0.0000 0.0000 0.0000

1.7122e-4 2.1480 0.0000 0.0000 0.0000 0.0000

2.0376e-4 2.5412 0.0000 0.0000 0.0000 0.0000

2.4444e-4 3.0304 0.0000 0.0000 0.0000 0.0000

2.9529e-4 3.6420 0.0000 0.0000 0.0000 0.0000

3.4826e-4 4.2788 0.0000 0.0000 0.0000 0.0000

3.9743e-4 4.8699 0.0000 0.0000 0.0000 0.0000

4.4238e-4 5.4099 0.0000 0.0000 0.0000 0.0000

4.8423e-4 5.9125 0.0000 0.0000 0.0000 0.0000

5.2405e-4 6.3907 0.0000 0.0000 0.0000 0.0000

5.6266e-4 6.8543 0.0000 0.0000 0.0000 0.0000

6.0063e-4 7.3099 0.0000 0.0000 0.0000 0.0000

6.3835e-4 7.7625 0.0000 0.0000 0.0000 0.0000

6.7612e-4 8.2157 0.0000 0.0000 0.0000 0.0000

7.1420e-4 8.6723 0.0000 0.0000 0.0000 0.0000

7.5275e-4 9.1345 0.0000 0.0000 0.0000 0.0000

7.9194e-4 9.6043 0.0000 0.0000 0.0000 0.0000

8.3192e-4 10.0834 0.0000 0.0000 0.0000 0.0000

8.7281e-4 10.5733 0.0000 0.0000 0.0000 0.0000

9.1473e-4 11.0754 0.0000 0.0000 0.0000 0.0000

9.5780e-4 11.5912 0.0000 0.0000 0.0000 0.0000

1.0021e-3 12.1220 0.0000 0.0000 0.0000 0.0000

1.0479e-3 12.6692 0.0000 0.0000 0.0000 0.0000

i.0951e-3 13.2342 0.0000 0.0000 0.0000 0.0000

1.1440e-3 13.8186 0.0000 0.0000 0.0000 0.0000

1.1946e-3 14.4238 0.0000 0.0000 0.0000 0.0000

1.2471e-3 15.0514 0.0000 0.0000 0.0000 0.0000

1.3017e-3 15.7033 0.0000 0.0000 0.0000 0.0000

1.3585e-3 16.3812 0.0000 0.0000 0.0000 0.0000

1.4176e-3 17.0872 0.0000 0.0000 0.0000 0.0000

1.4793e-3 17.8233 0.0000 0.0000 0.0000 0.0000

1.5438e-3 18.5920 0.0000 0.0000 0.0000 0.0000

1.6112e-3 19.3958 0.0000 0.0000 0.0000 0.0000

1.6818e-3 20.2375 0.0000 0.0000 0.0000 0.0000

1.7560e-3 21.1203 0.0000 0.0000 0.0000 0.0000

1.8339e-3 22.0477 0.0000 0.0000 0.0000 0.0000

1.9159e-3 23.0234 0.0000 0.0000 0.0000 0.0000

2.0024e-3 24.0518 0.0000 0.0000 0.0000 0.0000

2.0938e-3 25.1378 0.0000 0.0000 0.0000 0.0000

2.1906e-3 26.2869 0.0000 0.0000 0.0000 0.0000

2.2933e-3 27.5054 0.0000 0.0000 -0.0000 0.0000

2.4026e-3 28.8005 0.0000 0.0000 0.0000 0.0000

2.5191e-3 30.1807 0.0000 0.0000 0.0000 0.0000

2.6437e-3 31.6557 0.0000 0.0000 0.0000 0.0000

2.7775e-3 33.2370 0.0000 0.0000 0.0000 0.0000

2.9215e-3 34.9385 0.0000 0.0000 0.0000 0.0000

3.0774e-3 36.7768 0.0000 0.0000 0.0000 0.0000

3.2468e-3 38.7724 0.0000 0.0000 0.0000 0.0000

3.4319e-3 40.9510 0.0000 0.0000 0.0000 0.0000

OUTPUT-34



t ime brnintc bm39rc bm391c bm38rc bm381c

3.6358e-3 43.3459 0.0000 0.0000 0.0000 0.0000

3.8622e-3 46.0013 0.0000 0.0000 0.0000 0.0000

4.1165e-3 48.9782 0.0000 0.0000 0.0000 0.0000

0.06- 235 .00 000 .00 000
4.74436e-3 52.3055 0.0000 0.0000 0.0000 0.0000

4.7448e-3 60.304 0.0000 0.0000 0.0000 0.0000

5.460e-3 60.534 0.0000 0.0000 0.0000 0.0000

5.7938e-3 64.6374 0.0000 0.0000 0.0000 0.0000

6.1057e-3 68.049 0.0000 0.0000 0.0000 0.0000

6.4046e-3 72.041 0.0000 0.0000 0.0000 0.0000

6.6957e-3 75.4911 0.0000 0.0000 0.0000 0.0000

6.9832e-3 82.1229 0.0000 0.0000 0.0000 0.0000

7.2702e-3 85.4008 0.0000 0.0000 0.0000 0.0000

7.5591e-3 88.6934 0.0000 0.0000 0.0000 0.0000

7.8520e-3 92.0235 0.0000 0.0000 0.0000 0.0000

8.1505e-3 95.4099 0.0000 0.0000 0.0000 0.0000

8.4562e-3 98.8693 0.0000 0.0000 0.0000 0.0000

8.7705e-3 102.4167 0.0000 0.0000 0.0000 0.0000

9.0945e-3 106.0660 0.0000 0.0000 0.0000 0.0000

9.4297e-3 109.8304 0.0000 0.0000 0.0000 0.0000

9.7772e-3 113.7226 0.0000 0.0000 0.0000 0.0000

0.0101 117.7555 0.0000 0.0000 0.0000 0.0000

0.0105 121.9415 0.0000 0.0000 0.0000 0.0000

0.0109 126.2934 0.0000 0.0000 0.0000 0.0000

0.0113 130.8244 0.0000 0.0000 0.0000 0.0000

0.0117 135.5479 0.0000 0.0000 0.0000 0.0000

0.0122 140.4777 0.0000 0.0000 0.0000 0.0000

0.0127 145.6286 0.0000 0.0000 0.0000 0.0000

0.0132 151.0158 0.0000 0.0000 0.0000 0.0000

0.0137 156.6559 0.0000 0.0000 0.0000 0.0000

0.0142 162.5664 0.0000 0.0000 0.0000 0.0000

0.0148 168.7665 0.0000 0.0000 0.0000 0.0000

0.0154 175.2770 0.0000 0.0000 0.0000 0.0000

0.0160 182.1209 0.0000 0.0000 0.0000 0.0000

0.0167 189.3239 0.0000 0.0000 0.0000 0.0000

0.0174 196.9145 0.0000 0.0000 0.0000 0.0000

0.0182 204.9253 0.0000 0.0000 0.0000 0.0000

0.0190 213.3931 0.0000 0.0000 0.0000 0.0000

0.0199 222.3606 0.0000 0.0000 0.0000 0.0000

0.0208 231.8769 0.0000 0.0000 0.0000 0.0000

0.0218 241.9997 0.0000 0.0000 0.0000 0.0000

0.0228 252.7971 0.0000 0.0000 0.0000 0.0000

0.0239 264.3505 0.0000 0.0000 0.0000 0.0000

0.0252 276.7579 0.0000 0.0000 0.0000 0.0000

0.0265 290.1395 0.0000 0.0000 0.0000 0.0000

0.0280 304.6443 0.0000 0.0000 -0.0000 0.0000

0.0296 320.4604 0.0000 0.0000 0.0000 0.0000

0.0313 337.8298 0.0000 0.0000 0.0000 0.0000

0.0333 357.0715 0.0000 0.0000 0.0000 0.0000

00.0356 378.6168 0.0000 0.0000 0.0000 0.0000

0.0382 403.0692 0.0000 0.0000 0.0000 0.0000

0.0412 431.3077 0.0000 0.0000 0.0000 0.0000

0.0448 464.6806 0.0000 0.0000 0.0000 0.0000

0.0493 505.3998 0.0000 0.0000 0.0000 0.0000

OUTPUT-35



time brnintc bm39rc bm391c bm38rc bm3Blc

0.0547 553.3283 0.0000 0.0000 0.0000 0.0000

0.0607 606.2150 0.0000 0.0000 0.0000 0.0000

0.0673 662.6604 0.0000 0.0000 0.0000 0.0000

0.0744 722.0184 0.0000 0.0000 0.0000 0.0000

0.0820 784.0752 0.0000 0.0000 0.0000 0.0000 0
0.0901 848.8102 0.0000 0.0000 0.0000 0.0000

0.0987 916.2589 0.0000 0.0000 0.0000 0.0000

0.1080 986.4382 0.0000 0.0000 0.0000 0.0000

0.1180 1059.3080 0.0000 0.0000 0.0000 0.0000

0.1287 1134.7520 0.0000 0.0000 0.0000 0.0000

0.1402 1212.5800 0.0000 0.0000 0.0000 0.0000

0.1526 1292.5340 0.0000 0.0000 0.0000 0.0000

0.1659 1374.3110 0.0000 0.0000 0.0000 0.0000

0.1803 1457.5860 0.0000 0.0000 0.0000 0.0000

0.1958 1542.0360 0.0000 0.0000 0.0000 0.0000

0.2125 1627.3590 0.0000 0.0000 0.0000 0.0000

0.2305 1713.2800 0.0000 0.0000 0.0000 0.0000

0.2500 1799.5660 0.0000 0.0000 0.0000 0.0000

0.2711 1886.0190 0.0000 0.0000 0.0000 0.0000

0.2939 1972.3300 0.0000 0.0000 0.0000 0.0000

0.3183 2057.9020 0.0000 0.0000 0.0000 0.0000

0.3449 2143.1800 0.0000 0.0000 0.0000 0.0000

0.3739 2228.6760 0.0000 0.0000 0.0000 0.0000

0.4055 2314.1360 0.0000 0.0000 0.0000 0.0000

0.4400 2399.4560 0.0000 0.0000 0.0000 0.0000

0.4778 2484.6200 0.0000 0.0000 0.0000 0.0000

0.5192 2569.5020 0.0000 0.0000 0.0000 0.0000

0.5643 2653.8680 0.0000 0.0000 0.0000 0.0000

0.6136 2737.6340 0.0000 0.0000 0.0000 0.0000

0.6645 2816.4440 0.0000 0.0000 0.0000 0.0000

0.7149 2888.3450 0.0000 0.0000 0.0000 0.0000

0.7643 2953.3230 0.0000 0.0000 0.0000 0.0000

0.8122 3012.1310 0.0000 0.0000 0.0000 0.0000

0.8588 3065.6880 0.0000 0.0000 0.0000 0.0000

0.9043 3114.8520 0.0000 0.0000 0.0000 0.0000

0.9489 3160.3550 0.0000 0.0000 0.0000 0.0000

0.9929 3202.7990 0.0000 0.0000 0.0000 0.0000

1.0363 3242.6830 0.0000 0.0000 0.0000 0.0000

1.0794 3280.4100 0.0000 0.0000 0.0000 0.0000

1.1225 3316.3130 0.0000 0.0000 0.0000 0.0000

1.1655 3350.6750 0.0000 0.0000 0.0000 0.0000

1.2088 3383.7320 0.0000 0.0000 0.0000 0.0000

1.2525 3415.6910 0.0000 0.0000 0.0000 0.0000

1.2968 3446.7380 0.0000 0.0000 0.0000 0.0000

1.3418 3477.0370 0.0000 0.0000 0.0000 0.0000

1.3877 3506.7320 0.0000 0.0000 -0.0000 0.0000

1.4348 3535.9540 0.0000 0.0000 0.0000 0.0000

1.4832 3564.8290 0.0000 0.0000 0.0000 0.0000

1.5331 3593.4780 0.0000 0.0000 0.0000 0.0000

1.5850 3622.0220 0.0000 0.0000 0.0000 0.0000

1.6391 3650.6080 0.0000 0.0000 0.0000 0.0000

1.6958 3679.3680 0.0000 0.0000 0.0000 0.0000

1.7555 3708.4440 0.0000 0.0000 0.0000 0.0000

1.8188 3737.9950 0.0000 0.0000 0.0000 0.0000
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time brnintc bm39rc bm391c bm38rc bm38lc

1.8865 3768.2010 0.0000 0.0000 0.0000 0.0000

1.9593 3799.2710 0.0000 0.0000 0.0000 0.0000

2.0383 3831.4530 0.0000 0.0000 0.0000 0.0000

2.1251 3865.0530 0.0000 0.0000 0.0000 0.0000

2.2214 3900.4580 0.0000 0.0000 0.0000 0.0000

2.3300 3938.1710 0.0000 0.0000 0.0000 0.0000

2.4547 3978.8650 0.0000 0.0000 0.0000 0.0000

2.6012 4023.4810 0.0000 0.0000 0.0000 0.0000

2.7782 4073.3870 0.0000 0.0000 0.0000 0.0000

2.9996 4130.3670 0.0000 0.0000 0.0000 0.0000

3.2727 4193.7880 0.0000 0.0000 0.0000 0.0000

3.5924 4260.2260 0.0000 0.0000 0.0000 0.0000

3.9572 4327.7420 0.0000 0.0000 0.0000 0.0000

4.1639 4363.6650 0.0000 0.0000 0.0000 0.0000

4.4224 4405.3930 0.0000 0.0000 0.0000 0.0000

4.7454 4453.2250 0.0000 0.0000 0.0000 0.0000

5.1337 4505.4500 0.0000 0.0000 0.0000 0.0000

5.6099 4562.9620 0.0000 0.0000 0.0000 0.0000

6.1533 4621.6300 0.0000 0.0000 0.0000 0.0000

6.7551 4679.5200 0.0000 0.0000 0.0000 0.0000

7.4188 4736.1390 0.0000 0.0000 0.0000 0.0000

8.1589 4792.2150 0.0000 0.0000 0.0000 0.0000

8.1655 4792.7130 0.0000 0.0000 0.0000 0.0000

8.1737 4793.3340 0.0000 0.0000 0.0000 0.0000

8.1840 4794.1100 0.0000 0.0000 0.0000 0.0000

8.1968 4795.0780 0.0000 0.0000 0.0000 0.0000

8.2129 4796.2840 0.0000 0.0000 0.0000 0.0000

8.2329 4797.7870 0.0000 0.0000 0.0000 0.0000

8.2580 4799.6590 0.0000 0.0000 0.0000 0.0000

8.2894 4801.9860 0.0000 0.0000 0.0000 0.0000

8.3286 4804.8790 0.0000 0.0000 0.0000 0.0000

8.3776 4808.4680 0.0000 0.0000 0.0000 0.0000

8.4389 4812.9120 0.0000 0.0000 0.0000 0.0000

8.5154 4818.4030 0.0000 0.0000 0.0000 0.0000

8.6111 4825.1690 0.0000 0.0000 0.0000 0.0000

8.7308 4833.4790 0.0000 0.0000 0.0000 0.0000

8.8803 4843.6450 0.0000 0.0000 0.0000 0.0000

9.0672 4856.0200 0.0000 0.0000 0.0000 0.0000

9.3009 4870.9950 0.0000 0.0000 0.0000 0.0000

9.5930 4888.9970 0.0000 0.0000 0.0000 0.0000

9.9581 4910.4600 0.0000 0.0000 0.0000 0.0000

10.0000 4912.9140 0.0000 0.0000 0.0000 0.0000

10.0001 4912.9160 0.0000 0.0000 0.0000 0.0000

10.0001 4912.9170 0.0000 0.0000 0.0000 0.0000

10.0001 4912.9190 0.0000 0.0000 0.0000 0.0000

10.0002 4912.9230 0.0000 0.0000 0.0000 0.0000

10.0002 4912.9270 0.0000 0.0000 0.0000 0.0000

10.0003 4912.9320 0.0000 0.0000 0.0000 0.0000

10.0004 4912.9380 0.0000 0.0000 0.0000 0.0000

010.0006 4912.9460 0.0000 0.0000 0.0000 0.0000

10.0007 4912.9550 0.0000 0.0000 0.0000 0.0000

10.0009 4912.9670 0.0000 0.0000 0.0000 0.0000

10.0012 4912.9820 0.0000 0.0000 0.0000 0.0000

10.0015 4913.0000 0.0000 0.0000 0.0000 0.0000
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time brnintc brn39rc brn39lc bm38rc bm38lc

10.0019 4913.0240 0.0000 0.0000 0.0000 0.0000

10.0024 4913.0530 0.0000 0.0000 0.0000 0.0000

10.0030 4913.0890 0.0000 0.0000 0.0000 0.0000

10.0038 4913.1350 0.0000 0.0000 0.0000 0.0000

10.0048 4913.1920 0.0000 0.0000 0.0000 0.0000

10.0060 4913.2630 0.0000 0.0000 0.0000 0.0000

10.0075 4913.3520 0.0000 0.0000 0.0000 0.0000

10.0094 4913.4630 0.0000 0.0000 0.0000 0.0000

10.0118 4913.6020 0.0000 0.0000 0.0000 0.0000

10.0148 4913.7740 0.0000 0.0000 0.0000 0.0000

10.0185 4913.9910 0.0000 0.0000 0.0000 0.0000

10.0231 4914.2610 0.0000 0.0000 0.0000 0.0000

10.0289 4914.5990 0.0000 0.0000 0.0000 0.0000

10.0361 4915.0210 0.0000 0.0000 0.0000 0.0000

10.0452 4915.5470 0.0000 0.0000 0.0000 0.0000

10.0565 4916.2050 0.0000 0.0000 0.0000 0.0000

10.0707 4917.0250 0.0000 0.0000 0.0000 0.0000

10.0884 4918.0470 0.0000 0.0000 0.0000 0.0000

10.1105 4919.3230 0.0000 0.0000 0.0000 0.0000

10.1381 4920.9110 0.0000 0.0000 0.0000 0.0000

10.1727 4922.8870 0.0000 0.0000 0.0000 0.0000

10.2159 4925.3440 0.0000 0.0000 0.0000 0.0000

10.2699 4928.3950 0.0000 0.0000 0.0000 0.0000

10.3374 4932.1750 0.0000 0.0000 0.0000 0.0000

10.4218 4936.8520 0.0000 0.0000 0.0000 0.0000

10.5272 4942.6230 0.0000 0.0000 0.0000 0.0000

10.6590 4949.7220 0.0000 0.0000 0.0000 0.0000

10.8238 4958.4220 0.0000 0.0000 0.0000 0.0000

11.0298 4969.0390 0.0000 0.0000 0.0000 0.0000

11.2873 4981.9250 0.0000 0.0000 0 .0rn0 0.0000

11.6091 4997.4660 0.0000 0.0000 0.Cljo0 0.0000

12.0114 5016.0680 0.0000 0.0000 0.0000 0.0000 1

12.5143 5038.1380 0.0000 0.0000 0.0000 0.0000

13.1429 5064.0570 0.0000 0.0000 0.0000 0.0000

13.9286 5094.1430 0.0000 0.0000 0.0000 0.0000

14.9108 5128.6080 0.0000 0.0000 0.0000 0.0000

16.1385 5167.5200 0.0000 0.0000 0.0000 0.0000

17.6732 5210.8370 0.0000 0.0000 0.0000 0.0000

19.5915 5258.2070 0.0000 0.0000 0.0000 0.0000

21.9894 5309.0570 0.0000 0.0000 0.0000 0.0000

24.9867 5362.7180 0.0000 0.0000 0.0000 0.0000

24.9999 5362.9540 0.0000 0.0000 0.0000 0.0000

24.9999 5362.9540 0.0000 0.0000 0.0000 0.0000

25.0000 5362.9550 0.0000 0.0000 0.0000 0.0000

25.0000 5362.9550 0.0000 0.0000 0.0000 0.0000

25.0001 5362.9560 0.0000 0.0000 -0.0000 0.0000

25.0001 5362.9580 0.0000 0.0000 0.0000 0.0000

25.0002 5362.9590 0.0000 0.0000 0.0000 0.0000

25.0003 5362.9610 0.0000 0.0000 0.0000 0.0000

25.0004 5362.9630 0.0000 0.0000 0.0000 0.0000

25.0006 5362.9660 0.0000 0.0000 0.0000 0.0000

25.0008 5362.9700 0.0000 0.0000 0.0000 0.0000

25.0011 5362.9740 0.0000 0.0000 0.0000 0.0000

25.0014 5362.9800 0.0000 0.0000 0.0000 0.0000
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time brnintc bm39rc bin391c bm38rc bm381c

25.0018 5362.9870 0.0000 0.0000 0.0000 0.0000

25.0023 5362.9960 0.0000 0.0000 0.0000 0.0000

25.0029 5363.0070 0.0000 0.0000 0.0000 0.0000

25.0037 5363.0210 0.0000 0.0000 0.0000 0.0000

25.0047 5363.0380 0.0000 0.0000 0.0000 0.0000

25.0059 5363.0600 0.0000 0.0000 0.0000 0.0000

25.0074 5363.0860 0.0000 0.0000 0.0000 0.0000

25.0093 5363.1210 0.0000 0.0000 0.0000 0.0000

25.0117 5363.1630 0.0000 0.0000 0.0000 0.0000

25.0146 5363.2160 0.0000 0.0000 0.0000 0.0000

25.0183 5363.2820 0.0000 0.0000 0.0000 0.0000

25.0230 5363.3650 0.0000 0.0000 0.0000 0.0000

25.0288 5363.4680 0.0000 0.0000 0.0000 0.0000

25.0360 5363.5970 0.0000 0.0000 0.0000 0.0000

25.0451 5363.75'90 0.0000 0.0000 0.0000 0.0000

25.0564 5363.9610 0.0000 0.0000 0.0000 0.0000

25.0706 5364.2130 0.0000 0.0000 0.0000 0.0000

25.0883 5364.5270 0.0000 0.0000 0.0000 0.0000

25.1104 5364.9200 0.0000 0.0000 0.0000 0.0000

25.1380 5365.4110 0.0000 0.0000 0.0000 0.0000

25.1726 5366.0220 0.0000 0.0000 0.0000 0.0000

25.2158 5366.7850 0.0000 0.0000 0.0000 0.0000

25.2698 5367.7350 0.0000 0.0000 0.0000 0.0000

25.3373 5368.9180 0.0000 0.0000 0.0000 0.0000

25.4216 5370.3910 0.0000 0.0000 0.0000 0.0000

25.5271 5372.2190 0.0000 0.0000 0.0000 0.0000

25.6589 5374.4880 0.0000 0.0000 0.0000 0.0000

25.8237 5377.2980 0.0000 0.0000 0.0000 0.0000

26.0297 5380.7710 0.0000 0.0000 0.0000 0.0000

26.2872 5385.0520 0.0000 0.0000 0.0000 0.0000

26.6090 5390.3110 0.0000 0.0000 0.0000 0.0000

27.0113 5396.7440 0.0000 0.0000 0.0000 0.0000

27.5142 5404.5720 0.0000 0.0000 0.0000 0.0000

28.1428 5414.0420 0.0000 0.0000 0.0000 0.0000

28.9285 5425.4110 0.0000 0.0000 0.0000 0.0000

29.9107 5438.9420 0.0000 0.0000 0.0000 0.0000

31.1384 5454.8850 0.0000 0.0000 0.0000 0.0000

32.6731 5473.5700 0.0000 0.0000 0.0000 0.0000

34.5914 5495.1080 0.0000 0.0000 0.0000 0.0000

36.9893 5519.5620 0.0000 0.0000 0.0000 0.0000

39.9866 5546.8480 0.0000 0.0000 0.0000 0.0000

43.6998 5576.5720 0.0000 0.0000 0.0000 0.0000

47.9516 5606.1990 0.0000 0.0000 0.0000 0.0000

49.9985 5619.5560 0.0000 0.0000 0.0000 0.0000

49.9986 5619.5560 0.0000 0.0000 0.0000 0.0000

49.9986 5619.5560 0.0000 0.0000 0.0000 0.0000

49.9986 5619.5560 0.0000 0.0000 0.0000 0.0000

49.9987 5619.5570 0.0000 0.0000 0.0000 0.0000

49.9988 5619.5570 0.0000 0.0000 0.0000 0.0000

49.9988 5619.5580 0.0000 0.0000 0.0000 0.0000

49.9990 5619.5590 0.0000 0.0000 0.0000 0.0000

49.9991 5619.5590 0.0000 0.0000 0.0000 0.0000

49.9992 5619.5610 0.0000 0.0000 0.0000 0.0000

49.9994 5619.5620 0.0000 0.0000 0.0000 0.0000
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time brnintc bm39rc bm391c bm38rc bm3Blc

49.9997 5619.5630 0.0000 0.0000 0.0000 0.0000

50.0000 5619.5650 0.0000 0.0000 0.0000 0.0000

50.0004 5619.5670 0.0000 0.0000 0.0000 0.0000

50.0009 5619.5710 0.0000 0.0000 0.0000 0.0000

50.0015 5619.5750 0.0000 0.0000 0.0000 0.0000

50.0023 5619.5800 0.0000 0.0000 0.0000 0.0000

50.0033 5619.5860 0.0000 0.0000 0.0000 0.0000

50.0045 5619.5940 0.0000 0.0000 0.0000 0.0000

50.0060 5619.6040 0.0000 0.0000 0.0000 0.0000

50.0079 5619.6170 0.0000 0.0000 0.0000 0.0000

50.0103 5619.6330 0.0000 0.0000 0.0000 0.0000

50.0133 5619.6520 0.0000 0.0000 0.0000 0.0000

50.0170 5619.6760 0.0000 0.0000 0.0000 0.0000

50.0216 5619.7070 0.0000 0.0000 0.0000 0.0000

50.0274 5619.7440 0.0000 0.0000 0.0000 0.0000

50.0347 5619.7920 0.0000 0.0000 0.0000 0.0000

50.0437 5619.8500 0.0000 0.0000 0.0000 0.0000

50.0550 5619.9240 0.0000 0.0000 0.0000 0.0000

50.0692 5620.0160 0.0000 0.0000 0.0000 0.0000

50.0869 5620.1310 0.0000 0.0000 0.0000 0.0000

50.1090 5620.2750 0.0000 0.0000 0.0000 0.0000

50.1367 5620.4550 0.0000 0.0000 0.0000 0.0000

50.1712 5620.6790 0.0000 0.0000 0.0000 0.0000

50.2144 5620.9590 0.0000 0.0000 0.0000 0.0000

50.2684 5621.3080 0.0000 0.0000 0.0000 0.0000

50.3359 5621.7440 0.0000 0.0000 0.0000 0.0000

50.4203 5622.2870 0.0000 0.0000 0.0000 0.0000

50.5257 5622.9630 0.0000 0.0000 0.0000 0.0000

50.6576 5623.8040 0.0000 0.0000 0.0000 0.0000

50.8223 5624.8510 0.0000 0.0000 0.0000 0.0000

51.0283 5626.1500 0.0000 0.0000 0.0000 0.0000

51.2858 5627.7630 0.0000 0.0000 0.0000 0.01000

51.6076 5629.7590 0.0000 0.0000 0.0000 0.0000 " "

52.0099 5632.2220 0.0000 0.0000 0.0000 0.0000 ',
52.5128 5635.2530 0.0000 0.0000 0.0000 0.0000

53.1414 5638.9680 0.0000 0.0000 0.0000 0.0000

53.9271 5643.5000 0.0000 0.0000 0.0000 0.0000

54.9093 5648.9950 0.0000 0.0000 0.0000 0.0000

56.1370 5655.6110 0.0000 0.0000 0.0000 0.000 ,0

57.6717 5663.5390 0.0000 0.0000 0.0000 0.0000

59.5900 5672.9140 0.0000 0.0000 0.0000 0.0000

61.9879 5683.8680 0.0000 0.0000 0.0000 0.0000

64.9852 5696.4820 0.0000 0.0000 0.0000 0.0000

68.7320 5710.7770 0.0000 0.0000 0.0000 0.0000

73.3691 5726.5120 0.0000 0.0000 0.0000 0.0000

78.9483 5743.0410 0.0000 0.0000 0.0000 0.0000

85.9222 5760.6070 0.0000 0.0000 0.0000 0.0000

94.0324 5777.6650 0.0000 0.0000 0.0000 0.0000

100.0002 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0003 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0003 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0004 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0004 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0005 5788.7060 0.0000 0.0000 0.0000 0.0000
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time brnintc bm39rc bm39lc bm38rc bm3Blc

100.0005 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0006 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0008 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0009 5788.7060 0.0000 0.0000 0.0000 0.0000

100.0011 5788.7070 0.0000 0.0000 0.0000 0.0000

100.0014 5788.7070 0.0000 0.0000 0.0000 0.0000

100.0017 5788.7080 0.0000 0.0000 0.0000 0.0000

100.0021 5788.7080 0.0000 0.0000 0.0000 0.0000

100.0026 5788.7090 0.0000 0.0000 0.0000 0.0000

100.0032 5788.7100 0.0000 0.0000 0.0000 0.0000

100.0040 5788.7120 0.0000 0.0000 0.0000 0.0000

100.0050 5788.7130 0.0000 0.0000 0.0000 0.0000

100.0062 5788.7160 0.0000 0.0000 0.0000 0.0000

100.0077 5788.7190 0.0000 0.0000 0.0000 0.0000

100.0096 5788.7230 0.0000 0.0000 0.0000 0.0000

100.0120 5788.7270 0.0000 0.0000 0.0000 0.0000

100.0150 5788.7320 0.0000 0.0000 0.0000 0.0000

100.0187 5788.7390 0.0000 0.0000 0.0000 0.0000

100.0233 5788.7470 0.0000 0.0000 0.0000 0.0000

100.0291 5788.7580 0.0000 0.0000 0.0000 0.0000

100.0364 5788.7710 0.0000 0.0000 0.0000 0.0000

100.0454 5788.7880 0.0000 0.0000 0.0000 0.0000

100.0567 5788.8090 0.0000 0.0000 0.0000 0.0000

100.0709 5788.8350 0.0000 0.0000 0.0000 0.0000

100.0886 5788.8680 0.0000 0.0000 0.0000 0.0000

100.1107 5788.9090 0.0000 0.0000 0.0000 0.0000

100.1384 5788.9600 0.0000 0.0000 0.0000 0.0000

100.1729 5789.0230 0.0000 0.0000 0.0000 0.0000

100.2161 5789.1030 0.0000 0.0000 0.0000 0.0000

100.2701 5789.2020 0.0000 0.0000 0.0000 0.0000

100.3376 5789.3260 0.0000 0.0000 0.0000 0.0000

100.4198 5789.4770 0.0000 0.0000 0.0000 0.0000

100.5153 5789.6510 0.0000 0.0000 0.0000 0.0000

100.6234 5789.8480 0.0000 0.0000 0.0000 0.0000

100.7439 5790.0670 0.0000 0.0000 0.0000 0.0000

100.8777 5790.3100 0.0000 0.0000 0.0000 0.0000

101.0259 5790.5770 0.0000 0.0000 0.0000 0.0000

101.1901 5790.8730 0.0000 0.0000 0.0000 0.0000

101.3725 5791.2020 0.0000 0.0000 0.0000 0.0000

101.5755 5791.5650 0.0000 0.0000 0.0000 0.0000

101.8014 5791.9690 0.0000 0.0000 0.0000 0.0000

102.0510 5792.4120 0.0000 0.0000 0.0000 0.0000

102.3266 5792.8980 0.0000 0.0000 0.0000 0.0000

102.6311 5793.4330 0.0000 0.0000 0.0000 0.0000

102.9690 5794.0210 0.0000 0.0000 0.0000 0.0000

103.3457 5794.6730 0.0000 0.0000 0.0000 0.0000

103.7682 5795.3970 0.0000 0.0000 0.0000 0.0000

104.2457 5796.2080 0.0000 0.0000 0.0000 0.0000

104.7899 5797.1240 0.0000 0.0000 0.0000 0.0000

105.4169 5798.1660 0.0000 0.0000 0.0000 0.0000

106.1484 5799.3670 0.0000 0.0000 0.0000 0.0000

107.0155 5800.7690 0.0000 0.0000 0.0000 0.0000

108.0629 5802.4310 0.0000 0.0000 0.0000 0.0000

109.3591 5804.4480 0.0000 0.0000 0.0000 0.0000
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t ime brnintc bm39rc bm391c bm38rc bm381C

110.9793 5806.9170 0.0000 0.0000 0.0000 0.0000

113.0045 5809.9580 0.0000 0.0000 0.0000 0.0000

115.5361 5813.6620 0.0000 0.0000 0.0000 0.0000

118.7006 5818.1310 0.0000 0.0000 0.0000 0.0000

122.6562 5823.4500 0.0000 0.0000 0.0000 0.0000

127.6007 5829.7290 0.0000 0.0000 0.0000 0.0000

133.7813 5836.9900 0.0000 0.0000 0.0000 0.0000

141.5071 5845.2890 0.0000 0.0000 0.0000 0.0000

151.1644 5854.6630 0.0000 0.0000 0.0000 0.0000

157.2001 5860.1990 0.0000 0.0000 0.0000 0.0000

164.7448 5866.5680 0.0000 0.0000 0.0000 0.0000

174.1757 5873.7550 0.0000 0.0000 0.0000 0.0000

185.9644 5881.8000 0.0000 0.0000 0.0000 0.0000

200.0005 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0005 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0005 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0006 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0006 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0007 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0008 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0009 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0010 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0012 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0014 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0016 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0020 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0024 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0029 5890.2950 0.0000 0.0000 0.0000 0.0000

200.0035 5890.2960 0.0000 0.0000 0.0000 0.0000

200.0043 5890.2960 0.0000 0.0000 0.0000 0.0000

200.0052 5890.2970 0.0000 0.0000 0.0000 0.0000

200.0064 5890.2970 0.0000 0.0000 0.0000 0.0000

200.0080 5890.2980 0.0000 0.0000 0.0000 0.0000 _

200.0099 5890.3000 0.0000 0.0000 0.0000 0.0000 ..

200.0122 5890.3010 0.0000 0.0000 0.0000 0.0000

200.0152 5890.3030 0.0000 0.0000 0.0000 0.0000

200.0189 5890.3050 0.0000 0.0000 0.0000 0.0000

200.0236 5890.3080 0.0000 0.0000 0.0000 0.0000

200.0294 5890.3110 0.0000 0.01000 0.0000 0.0000

200.0366 5890.3150 0.0000 0.0000 0.0000 0.0000

200.0456 5890.3210 0.0000 0.0000 0.0000 0.0000

200.0570 5890.3270 0.0000 0.0000 0.0000 0.0000

200.0711 5890.3360 0.0000 0.0000 0.0000 0.0000

200.0888 5890.3470 0.0000 0.0000 0.0000 0.0000

200.1110 5890.3600 0.0000 0.0000 0.0000 0.0000

200.1386 5890.3760 0.0000 0.0000 -0.0000 0.0000

200.1731 5890.3970 0.0000 0.0000 0.0000 0.0000

200.2163 5890.4240 0.0000 0.0000 0.0000 0.0000

200.2703 5890.4570 0.0000 0.0000 0.0000 0.0000

200.3378 5890.4970 0.0000 0.0000 0.0000 0.0000

200.4222 5890.5480 0.0000 0.0000 0.0000 0.0000

200.5276 5890.6120 0.0000 0.0000 0.0000 0.0000

200.6595 5890.6910 0.0000 0.0000 0.0000 0.0000

200.8243 5890.7900 0.0000 0.0000 0.0000 0.0000
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time brnintc bm39rc bm39lc bm38rc bm38lc

201.0303 5890.9140 0.0000 0.0000 0.0000 0.0000

201.2877 5891.0680 0.0000 0.0000 0.0000 0.0000

201.6096 5891.2600 0.0000 0.0000 0.0000 0.0000

202.0119 5891.4990 0.0000 0.0000 0.0000 0.0000

202.5147 5891.7970 0.0000 0.0000 0.0000 0.0000

203.1433 5892.1670 0.0000 0.0000 0.0000 0.0000

203.9291 5892.6260 0.0000 0.0000 0.0000 0.0000

204.9113 5893.1970 0.0000 0.0000 0.0000 0.0000

206.0556 5893.8550 0.0000 0.0000 0.0000 0.0000

207.3313 5894.5810 0.0000 0.0000 0.0000 0.0000

208.7195 5895.3610 0.0000 0.0000 0.0000 0.0000

210.2122 5896.1890 0.0000 0.0000 0.0000 0.0000

211.8092 5897.0640 0.0000 0.0000 0.0000 0.0000

213.5156 5897.9860 0.0000 0.0000 0.0000 0.0000

215.3398 5898.9570 0.0000 0.0000 0.0000 0.0000

217.2932 5899.9790 0.0000 0.0000 0.0000 0.0000

219.3899 5901.0570 0.0000 0.0000 0.0000 0.0000

221.6468 5902.1970 0.0000 0.0000 0.0000 0.0000

224.0840 5903.4030 0.0000 0.0000 0.0000 0.0000

226.7257 5904.6830 0.0000 0.0000 0.0000 0.0000

229.6007 5906.0430 0.0000 0.0000 0.0000 0.0000

232.7440 5907.4930 0.0000 0.0000 0.0000 0.0000

236.1982 5909.0420 0.0000 0.0000 0.0000 0.0000

240.0160 5910.7030 0.0000 0.0000 0.0000 0.0000

244.2634 5912.4890 0.0000 0.0000 0.0000 0.0000

249.0238 5914.4170 0.0000 0.0000 0.0000 0.0000

254.4052 5916.5050 0.0000 0.0000 0.0000 0.0000

260.5495 5918.7770 0.0000 0.0000 0.0000 0.0000

267.6500 5921.2630 0.0000 0.0000 0.0000 0.0000

275.9334 5923.9810 0.0000 0.0000 0.0000 0.0000

284.4510 5926.6010 0.0000 0.0000 0.0000 0.0000

292.6846 5928.9770 0.0000 0.0000 0.0000 0.0000

300.5310 5931.1080 0.0000 0.0000 0.0000 0.0000

308.0685 5933.0400 0.0000 0.0000 0.0000 0.0000

315.4208 5934.8230 0.0000 0.0000 0.0000 0.0000

322.7079 5936.4940 0.0000 0.0000 0.0000 0.0000

330.0356 5938.0830 0.0405 0.0496 0.0000 0.0000

337.4974 5939.6150 0.1219 0.1472 0.0000 0.0000

345.1823 5941.1350 0.2032 0.2271 0.0000 0.0000

353.2043 5942.6610 0.2985 0.3253 0.0000 0.0000

361.6744 5944.2070 0.4175 0.4524 0.0000 0.0000

370.7061 5945.7870 0.5674 0.6161 0.0000 0.0000

380.4201 5947.4100 0.7574 0.8278 0.0000 0.0000

390.9475 5949.0860 0.9996 1.1027 0.0000 0.0000

400.0073 5950.4680 -1.2379 1.3775 0.0000 0.0000

400.0073 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0074 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0074 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0074 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0075 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0075 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0076 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0078 5950.4680 1.2379 1.3775 0.0000 0.0000

400.0079 5950.4680 1.2379 1.3775 0.0000 0.0000

OUTPUT-43



time brnintc bm39rc bm39lc bm3BrC bm381c

400.0080 5950.4680 1.2380 1.3775 0.0000 0.0000

400.0082 5950.4680 1.2380 1.3775 0.0000 0.0000

400.0085 5950.4680 1.2380 1.3775 0.0000 0.0000

400.0088 5950.4680 1.2380 1.3775 0.0000 0.0000

400.0092 5950.4680 1.2380 1.3776 0.0000 0.0000

400.0097 5950.4680 1.2380 1.3776 0.0000 0.0000

400.0103 5950.4680 1.2380 1.3776 0.0000 0.0000

400.0111 5950.4680 1.2380 1.3776 0.0000 0.0000

400.0121 5950.4680 1.2381 1.3776 0.0000 0.0000

400.0133 5950.4680 1.2381 1.3777 0.0000 0.0000

400.0148 5950.4680 1.2381 1.3777 0.0000 0.0000

400.0167 5950.4680 1.2382 1.3778 0.0000 0.0000

400.0191 5950.4690 1.2382 1.3779 0.0000 0.0000

400.0220 5950.4690 1.2383 1.3779 0.0000 0.0000

400.0257 5950.4700 1.2384 1.3781 0.0000 0.0000

400.0303 5950.4710 1.2385 1.3782 0.0000 0.0000

400.0361 5950.4720 1.2387 1.3784 0.0000 0.0000

400.0434 5950.4730 1.2389 1.3786 0.0000 0.0000

400.0524 5950.4740 1.2391 1.3789 0.0000 0.0000

400.0637 5950.4760 1.2394 1.3792 0.0000 0.0000

400.0778 5950.4780 1.2398 1.3796 0.0000 0.0000

400.0954 5950.4800 1.2403 1.3802 0.0000 0.0000

400.1175 5950.4840 1.2408 1.3808 0.0000 0.0000

400.1451 5950.4880 1.2416 1.3817 0.0000 0.0000

400.1795 5950.4930 1.2425 1.3827 0.0000 0.0000

400.2226 5950.5000 1.2436 1.3840 0.0000 0.0000

400.2765 5950.5080 1.2450 1.3857 0.0000 0.0000

400.3438 5950.5180 1.2468 1.3877 0.0000 0.0000

400.4280 5950.5310 1.2490 1.3903 0.0000 0.0000

400.5332 5950.5470 1.2518 1.3935 0.0000 0.0000

400.6647 5950.5670 1.2553 1.3976 0.0000 0.0000

400.8291 5950.5920 1.2597 1.4026 0.0000 0.0000"'

401.0345 5950.6230 1.2652 1.4089 0.0000 0.0000"-

401.2914 5950.6620 1.2720 1.4169 0.0000 0.0000

401.6124 5950.7100 1.2807 1.4268 0.0000 0.0000

402.0136 5950.7710 1.2915 1.4392 0.0000 0.0000

402.5153 5950.8460 1.3051 1.4547 0.0000 0.0000

403.1423 5950.9400 1.3222 1.4744 0.0000 0.0000

403.9261 5951.0580 1.3438 1.4992 0.0000 0.0000

404.9058 5951.2040 1.3711 1.5308 0.0000 0.0000

406.1305 5951.3850 1.4057 1.5708 0.0000 0.0000

407.6613 5951.6100 1.4498 1.6218 0.0000 0.0000

409.5749 5951.8900 1.5059 1.6866 0.0000 0.0000

411.9668 5952.2350 1.5770 1.7679 0.0000 0.0000

414.9567 5952.6630 1.6663 1.8689 0.0000 0.0000

418.6941 5953.1890 1.7790 1.9962 -0.0000 0.0000

423.3658 5953.8380 1.9206 2.1548 0.0000 0.0000

429.2054 5954.6320 2.1008 2.3575 0.0000 0.0000

436.5050 5955.6020 2.3308 2.6152 0.0000 0.0000

445.6295 5956.7780 2.6289 2.9502 0.0000 0.0000

456.8080 5958.1670 3.0112 3.3809 0.0000 0.0000

469.7710 5959.7150 3.4778 3.9086 0.0000 0.0000

484.3387 5961.3810 4.0299 4.5353 0.0000 0.0000

500.3398 5963.1290 4.6698 5.2635 0.0000 0.0000

OUTPUT-44



time brnintc bm39rc bm391c bm.38rc bm3Blc

516.4556 5964.8130 5.3512 6.0415 0.0000 0.0000

532.1435 5966.3860 6.0504 6.8424 0.0000 0.0000

547.3224 5967.8520 6.7487 7.6393 0.0000 0.0000

562.0833 5969.2410 7.4161 8.3872 0.0000 0.0000

576.5588 5970.5750 8.0548 9.0948 0.0000 0.0000

590.8784 5971.8660 8.6813 9.7874 0.0000 0.0000

605.1581 5973.1280 9.3043 10.4742 0.0000 0.0000

619.5016 5974.3710 9.9309 11.1635 0.0000 0.0000

634.0042 5975.6020 10.5676 11.8631 0.0000 0.0000

648.7565 5976.8310 11.2192 12.5792 0.0000 0 .0000

663.8491 5978.0620 11.8909 13.3178 0.0000 0.0000

679.3762 5979.3040 12.5883 14.0848 0.0000 0.0000

695.4394 5980.5640 13.3168 14.8856 0.0000 0.0000

712.1512 5981.8480 14.0900 15.7287 0.0000 9.OOOOe-5

729.6407 5983.1640 14.9352 16.6213 0.0000 4.2510e-4

748.0586 5984.5190 15.8697 17.5738 0.0000 1.0220e-3

767.5851 5985.9250 16.9128 18.5985 0.0000 1.9062e-3

788.4396 5987.3920 18.0897 19.7110 0.0000 3.1139e-3

810.8959 5988.9330 19.4342 20.9319 0.0000 4.6951e-3

835.3019 5990.5650 20.9869 22.2999 8.0603e-5 6.7171e-3

862.1106 5992.3080 22.8151 23.9174 2.7687e-4 9.2742e-3

891.9291 5994.1890 25.0037 25.8672 6.3027e-4 0.0125

925.5939 5996.2420 27.7019 28.2820 1.1997e-3 0.0166

964.3009 5998.5130 31.1910 31.3792 2.0865e-3 0.0218

1009.8390 6001.8480 36.2049 35.7666 3.5321e-3 0.0302

1059.3990 6005.5100 42.4174 41.0819 5.5415e-3 0.0562

1086.7780 6007.7120 45.5543 43.6963 6.6942e-3 0.0708

1103.8900 6009.0990 47.4171 45.2519 7.4277e-3 0.0801

1125.2800 6010.8350 49.6579 47.1486 8.3653e-3 0.0919

1152.0170 6012.9990 52.3988 49.4866 9.5706e-3 0.1071

1185.4390 6015.6850 55.8075 52.4073 0.0111 0.1268

1227.2160 6019.0090 60.1022 56.0924 0.0132 0.1524

1279.4380 6023.1120 65.5745 60.7876 0.0159 0.1859

1334.1960 6027.3520 71.4481 65.8288 0.0188 0.2227

1388.9540 6031.5330 77.5035 71.0094 0.0220 0.2609

1443.7120 6035.6530 83.7022 76.3508 0.0253 0.3005

1498.4700 6039.7120 90.0582 81.8643 0.0288 0.3414

1553.2290 6043.7160 96.5407 87.5567 0.0325 0.3833

1607.9870 6047.6510 103.2040 93.4990 0.0364 0.4263

1662.7450 6051.5210 110.0330 99.6926 0.0405 0.4704

1717.5030 6055.3230 117.0102 106.1545 0.0448 0.5154

1772.2610 6059.0660 124.1231 112.9065 0.0494 0.5613

1827.0190 6062.7610 131.3551 119.9738 0.0542 0.6079

1881.7780 6066.4070 138.6809 127.3848 0.0592 0.6553

1936.5360 6070.0060 146.0695 135.1719 0.0645 0.7034

1991.2940 6073.5550 153.4907 143.3652 0.0701 0.7520

2046.0520 6077.0420 160.9098 152.0569 0.0759 0.8012

2100.8100 6080.4700 168.2946 161.2662 0.0821 0.8509

2155.5680 6083.8420 175.6089 171.0419 0.0886 0.9011

2210.3270 6087.2960 182.4121 179.7251 0.0951 0.9492

2265.0850 6090.7270 188.8006 188.1255 0.1016 0.9955

2319.8430 6094.1180 194.8391 196.3638 0.1081 1.0400

2326.6880 6094.5420 195.5887 197.3911 0.1090 1.0456

2330.9660 6094.8060 196.0551 198.0322 0.1095 1.0490

OUTPUT-45



time brnintc bm39rc bm39lc bm38rc bm381c

2336.3130 6095.1360 196.6350 198.8319 0.1101 1.0533

2342.9980 6095.5480 197.3551 199.8292 0.1109 1.0586

2351.3530 6096.0620 198.2477 201.0715 0.1119 1.0653

2361.7980 6096.7020 199.3521 202.6172 0.1131 1.0735

2374.8530 6097.4990 200.7153 204.5387 0.1147 1.0838

2391.1720 6098.4910 202.3933 206.9237 0.1166 1.0964

2411.5710 6099.7210 204.4520 209.8779 0.1191 1.1120

2437.0700 6101.2460 206.9681 213.5273 0.1221 1.1311

2468.9430 6103.1270 210.0300 218.0185 0.1259 1.1545

2508.7850 6105.4400 213.7378 223.5184 0.1307 1.1830

2558.5870 6108.2680 218.2044 230.2103 0.1367 1.2175

2613.3450 6111.3010 222.9334 237.3440 0.1432 1.2542

2668.1040 6114.2600 227.4989 244.2538 0.1498 1.2897

2722.8620 6117.1480 231.9165 250.9441 0.1564 1.3241

2777.6200 6119.9670 236.2000 257.4223 0.1630 1.3573

2832.3780 6122.7220 240.3609 263.6984 0.1695 1.3896

2887.1360 6125.4150 244.4094 269.7841 0.1761 1.4208

2941.8950 6128.0480 248.3540 275.6921 0.1827 1.4511

2996.6530 6130.6260 252.2022 281.4356 0.1893 1.4805

3051.4110 6133.1490 255.9605 287.0280 0.1959 1.5090

3106.1690 6135.6200 259.6343 292.4820 0.2024 1.5367

3160.9270 6138.0400 263.2286 297.8099 0.2090 1.5636

3215.6860 6140.4100 266.7471 303.0233 0.2156 1.5898

3270.4440 6142.7300 270.1930 308.1327 0.2221 1.6153

3325.2020 6145.0020 273.5693 313.1480 0.2287 1.6400

3379.9600 6147.2270 276.8798 318.0780 0.2353 1.6641

3434.7180 6149.4080 280.1278 322.9307 0.2418 1.6876

3489.4770 6151.5460 283.3166 327.7132 0.2483 1.7104

3544.2350 6153.6440 286.4485 332.4320 0.2549 1.7327

3598.9930 6155.7030 289.5263 337.0927 0.2614 1.7544

3653.7510 6157.7250 292.5520 341.7004 0.2679 1.7756

3708.5090 6159.7120 295.5276 346.2596 0.2744 1.92/

3763.2680 6161.6650 298.4550 350.7742 0.2809 1.8163

3818.0260 6163.5870 301.3360 355.2476 0.2874 1.8360

3872.7840 6165.4790 304.1719 359.6831 0.2939 1.8552

3927.5420 6167.3410 306.9644 364.0834 0.3003 1.8739

3982.3000 6169.1770 309.7147 368.4508 0.3068 1.8922

4037.0590 6170.9860 312.4240 372.7876 0.3132 1.9100

4091.8170 6172.7710 315.0937 377.0956 0.3196 1.9275

4146.5750 6174.5330 317.7247 381.3766 0.3261 1.9446

4201.3330 6176.2720 320.3182 385.6329 0.3324 1.9613

4256.0910 6177.9910 322.8750 389.9103 0.3388 1.9776

4310.8490 6179.6890 325.3962 394.3333 0.3452 1.9936

4338.2290 6180.5340 326.6479 396.5404 0.3484 2.0015

4355.3400 6181.0600 -327.4269 397.9349 0.3503 2.0064

4376.7300 6181.7150 328.3953 399.8906 -0.3528 2.0125

4403.4680 6182.5290 329.5975 402.3262 0.3559 2.0200

4436.8890 6183.5410 331.0877 405.3023 0.3598 2.0293

4478.6670 6184.8390 332.9382 408.9996 0.3646 2.0407

4530.8880 6186.4400 335.2321 413.6374 0.3706 2.0548

4585.6460 6188.1010 337.6154 418.5123 0.3769 2.0694

4640.4040 6189.7430 339.9758 423.3950 0.3831 2.0837

4695.1630 6191.3690 342.3128 428.2822 0.3893 2.0978

4749.9200 6192.9790 344.6262 433.1718 0.3956 2.1117
OUTPUT-46



time brnintc bm39rc bm39lc bm38rc bm381c

4804.6790 6194.5750 346.9156 438.0624 0.4018 2.1254

4859.4370 6196.1580 349.1809 442.9527 0.4080 2.1388

4914.1950 6197.7270 351.4221 447.8418 0.4142 2.1520

4968.9530 6199.2830 353.6393 452.7289 0.4204 2.1651

5023.7110 6200.8270 355.8324 457.6135 0.4267 2.1779

5078.4700 6202.3600 358.0016 462.4949 0.4329 2.1905

5133.2290 6203.8810 360.1471 467.3726 0.4392 2.2029

5187.9860 6205.3920 362.2689 472.2460 0.4454 2.2151

5242.7450 6206.8910 364.3673 477.1146 0.4517 2.2271

5297.5030 6208.3800 366.4425 481.9779 0.4579 2.2390

5352.2610 6209.8590 368.4948 486.8352 0.4642 2.2506

5407.0190 6211.3280 370.5243 491.6857 0.4705 2.2621

5461.7770 6212.7860 372.5312 496.5287 0.4767 2.2734

5516.5360 6214.2350 374.5159 501.3634 0.4830 2.2845

5571.2940 6215.6740 376.4785 506.1886 0.4892 2.2955

5626.0520 6217.1040 378.4193 511.0033 0.4955 2.3063

5680.8100 6218.5240 380.3386 515.8064 0.5018 2.3169

5735.5680 6219.9360 382.2365 520.5964 0.5080 2.3274

5790.3270 6221.3380 384.1133 525.3721 0.5143 2.3377

5845.0840 6222.7310 385.9693 530.1320 0.5205 2.3479

5899.8430 6224.1150 387.8046 534.8744 0.5267 2.3580

5954.6010 6225.4900 389.6196 539.5978 0.5330 2.3679

6009.3590 6226.8560 391.4143 544.3004 0.5392 2.3777

6064.1170 6228.2140 393.1891 548.9803 0.5454 2.3875

6118.8750 6229.5630 394.9442 553.6359 0.5516 2.3971

6173.6340 6230.9050 396.6797 558.2651 0.5578 2.4067

6228.3920 6232.2380 398.3958 562.8663 0.5639 2.4161

6283.1490 6233.5620 400.0929 567.4373 0.5701 2.4256

6337.9080 6234.8790 401.7711 571.9763 0.5762 2.4349

6392.6670 6236.1880 403.4306 576.4815 0.5823 2.4442

6447.4250 6237.4890 405.0716 580.9510 0.5884 2.4535

6502.1830 6238.7830 406.6943 585.3831 0.5945 2.4627

6556.9400 6240.0710 408.2992 589.7806 0.6005 2.4719

6611.6990 6241,.3540 409.8868 594.1464 0.6065 2.4810

6666.4580 6242.6300 411.4575 598.4821 0.6125 2.4901

6721.2150 6243.9000 413.0117 602.7891 0.6185 2.4992

6775.9740 6245.1650 414.5498 607.0687 0.6245 2.5082

6830.7310 6246.4230 416.0721 611.3214 0.6304 2.5172

6885.4910 6247.6770 417.5791 615.5480 0.6363 2.5261

6940.2490 6248.9240 419.0709 619.7487 0.6422 2.5350

6995.0070 6250.1660 420.5481 623.9238 0.6480 2.5438

7049.7650 6251.4020 422.0108 628.0734 0.6539 2.5526

7104.5230 6252.6330 423.4594 632.1974 0.6597 2.5613

7159.2810 6253.8580 424.8941 636.2958 0.6655 2.5700

7214.0400 6255.0780 .426.3152 640.3685 0.6713 2.5786

7268.7980 6256.2920 427.7231 644.4574 0.6770 2.5871

7323.5560 6257.5020 429.1179 648.5228 0.6827 2.5956

7378.3130 6258.7060 430.4998 652.5600 0.6884 2.6040

7433.0720 6259.9040 431.8693 656.5656 0.6941 2.6124

7487.8310 6261.0980 433.2264 660.5482 0.6997 2.6207

7542.5890 6262.2860 434.5714 664.5115 0.7054 2.6289

7597.3470 6263.4690 435.9045 668.5028 0.7110 2.6370

7652.1040 6264.6470 437.2260 672.5040 0.7166 2.6451

7706.8630 6265.8200 438.5359 676.5096 0.7221 2.6530

OUTPUT-47



time brnintc bm39rc bm391c bm38rc bm3Blc

7761.6220 6266.9890 439.8346 680.5168 0.7277 2.6609

7816.3790 6268.1520 441.1222 684.5234 0.7332 2.6688

7871.1380 6269.3100 442.3989 688.5278 0.7387 2.6765

7925.8960 6270.4630 443.6649 692.5288 0.7441 2.6842

7980.6540 6271.6120 444.9203 696.5253 0.7496 2.6918

8035.4120 6272.7550 446.1654 700.5163 0.7550 2.6993

8090.1700 6273.8950 447.4002 704.5012 0.7604 2.7067

8144.9290 6275.0290 448.6251 708.4795 0.7657 2.7141

8199.6870 6276.1580 449.8400 712.4506 0.7711 2.7214

8254.4440 6277.2830 451.0453 716.4142 0.7764 2.7286

8309.2030 6278.4040 452.2409 720.3699 0.7817 2.7357

8363.9620 6279.5200 453.4272 724.3175 0.7870 2.7428

8418.7200 6280.6300 454.6042 728.2568 0.7923 2.7497

8473.4780 6281.7370 455.7720 732.1874 0.7975 2.7566

8528.2350 6282.8400 456.9308 736.1094 0.8027 2.7635

8582.9940 6283.9380 458.0808 740.0226 0.8079 2.7702

8637.7530 6285.0310 459.2220 743.9268 0.8131 2.7769

8692.5110 6286.1200 460.3546 747.8219 0.8182 2.7835

8747.2690 6287.2050 461.4788 751.7079 0.8233 2.7900

8802.0260 6288.2850 462.5946 755.5847 0.8284 2.7965

8856.7840 6289.3610 463.7022 759.4523 0.8335 2.8029

8911.5440 6290.4330 464.8017 763.3105 0.8386 2.8092

8925.2320 6290.7000 465.0760 764.2745 0.8398 2.8107

8933.7890 6290.8680 465.2473 764.8768 0.8406 2.8117

8935.1250 6290.8940 465.2741 764.9708 0.8408 2.8119

8936.7970 6290.9260 465.3075 765.0885 0.8409 2.8121

8938.8850 6290.9670 465.3493 765.2355 0.8411 2.8123

8941.4960 6291.0180 465.4015 765.4193 0.8413 2.8126

8944.7600 6291.0820 465.4668 765.6489 0.8416 2.8130

8948.8400 6291.1620 465.--483 765.9359 0.8420 2.8134

8953.9390 6291.2610 465.6501 766.2945 0.8425 2.8140

8960.3150 6291.3850 465.7773 766.7427 0.8431 2.8147

8968.2820 6291.5410 465.9360 767.3027 0.8438 2.8156

8978.2440 6291.7350 466.1342 768.0025 0.8447 2.8168

8990.6940 6291.9770 466.3816 768.8766 0.8459 2.8182

9006.2570 6292.2800 466.6902 769.9686 0.8473 2.8199

9025.7110 6292.6580 467.0749 771.3325 0.8491 2.8221

9050.0290 6293.1290 467.5542 773.0354 0.8513 2.8248

9080.4250 6293.7170 468.1510 775.1611 0.8541 2.8282

9118.4220 6294.4500 468.8932 777.8138 0.8575 2.8324

9165.9170 6295.3620 469.8154 781.1225 0.8618 2.8376

9220.6750 6296.4110 470.8710 784.9277 0.8668 2.8435

9275.4340 6297.4550 471.9193 788.7234 0.8717 2.8493

9330.1910 6298.4960 472.9602 792.5097 0.8766 2.8551

9384.9500 6299.5320 -473.9940 796.2866 0.8814 2.8608

9439.7080 6300.5640 475.0206 800.0539 0.8863 2.8665

9494.4660 6301.5930 476.0402 803.8118 0.8911 2.8720

9549.2250 6302.6180 477.0529 807.5602 0.8959 2.8776

9603.9820 6303.6390 478.0588 811.2991 0.9007 2.8830

9658.7400 6304.6560 479.0580 815.0286 0.9055 2.8884

9713.4990 6305.6690 480.0505 818.7486 0.9102 2.8937 0
9768.2570 6306.6780 481.0364 822.4591 0.9149 2.8990

9823.0160 6307.6840 482.0158 826.1602 0.9196 2.9042

9877.7730 6308.6850 482.9888 829.8519 0.9243 2.9094
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time brnintc bm39rc bm391c bm38rc bm38lc

9932.5310 6309.6830 483.9555 833.5341 0.9290 2.9145

9987.2900 6310.6770 484.9160 837.2070 0.9336 2.9195

1.0000e+4 6310.9080 485.1390 838.0607 0.9347 2.9207
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time fekg cell_kg

0.0000 7.1293e+7 2.8423e+7

1.7112e-6 7.1293e+7 2.8423e+7

3.6344e-6 7.1293e+i7 2.8423e+7

4.8852e-6 7.1293e+7 2.8423e+70.20- .23+ .43+
6.6229e-6 7.1293e+7 2.8423e+7
7.364e-6 7.1293e+7 2.8423e+7
8.0006e-6 7.1293e+7 2.8423e+7

8.6333e-6 7.1293e+7 2.8423e+7

9.2452e-6 7.1293e+7 2.8423e+7

9.8430e-6 7.1293e+7 2.8423e+7

9.8430e-5 7.1293e+7 2.8423e+7

1.1041e-5 7.1293e+7 2.8423e4-7

1.1594e-5 7.1293e+7 2.8423e+7

1.21734e-5 7.1293e+7 2.8423e+7

1.2753e-5 7..1293e+7 2.8423e+7

1.3336e-5 7.1293e+7 2.8423e+7

1.393e-5 7.1293e+7 2.8423e+7

1.4515e-5 7.1293e+7 2.8423e+7

1.5115e-5 7.1293e+7 2.8423e+7

1.5723e-5 7.1293e+7 2.8423e+7

1.673e-5 7.1293e+7 2.8423e+7

1.6968e-5 7.1293e+7 2.8423e+7

1.769e-5 7.1293e+7 2.8423e+7

1.8263e-5 7.1293e+7 2.8423e+7

1.8933e-5 7.1293e+7 2.8423e+7

1.9619e-5 7.1293e+7 2.8423e+7

2.0324e-5 7.1293e+7 2.8423e+702.1049e-5 7.1293e+7 2.8423e+7
2.17496e-5 7.1293e+7 2.8423e+7

2.2568e-5 7.1293e+7 2.8423e+7

2.3367e-5 7.1293e+7 2.8423e+7

2.4195e-5 7.1293e+7 2.8423e+7

2.5055e-5 7.1293e+7 2.8423e+7

2.5055e-5 7.1293e+7 2.8423e+7

2.6886e-5 7.1293e+7 2.8423e+7

2.7864e-5 7.1293e+7 2.8423e+7

2.889e-5 7.1293e+7 2.8423e+7

2.8917e-5 7.1293e+7 2.8423e+7

3.1112e-5 7.1293e+7 2.8423e+7

3.2320e-5 7.1293e+7 2.8423e+7

3.3603e-5 7.1293e+7 2.8423e+7

3.4973e-5 7.1293e+7 2.8423e+7

3.6442e-5 7.1293e+7 2.8423e+7

3.804e-5 7.1293e+7 2.8423e+7

3.9737e-5 7.1293e+7 2-.8423e+7

4.1604e-5 7.1293e+7 2..8423e+7

4.3653e-5 7.1293e+7 2.8423e+7

4.3532e-5 7.1293e+7 2.8423e+7

4.852e-5 7.1293e+7 2.8423e+7

4.8452e-5 7.1293e+7 2.8423e+705.4582e-5 7.1293e+7 2.8423e+7
5.4828e-5 7.1293e+7 2.8423e+7

6.2885e-5 7.1293e+7 2.8423e+7

6.8347e-5 7.1293e+7 2.8423e-7
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time fe-kg cell_kg

7.5172e-5 7.1293e+7 2.8423e+7

8.3703e-5 7.1293e+7 2.8423e+7

9.4367e-5 7.1293e+7 2.8423e+7

1.0770e-4 7.1293e+7 2.8423e+7

1.2436e-4 7.1293e+7 2.8423e+7

1.4519e-4 7.1293e+7 2.8423e+7

1.7122e-4 7.1293e+7 2.8423e+7

2.0376e-4 7.1293e+7 2.8423e+7

2.4444e-4 7.1293e+7 2.8423e+7

2.9529e-4 7.1293e+7 2.8423e+7

3.4826e-4 7.1293e+7 2.8423e+7

3.9743e-4 7.1293e+7 2.8423e+7

4.4238e-4 7.1293e+7 2.8423e+7

4.8423e-4 7.1293e+7 2.8423e+7

5.2405e-4 7.1293e+7 2.8423e+7

5.6266e-4 7.1293e+7 2.8423e+7

6.0063e-4 7.1293e+7 2.8423e+7

6.3835e-4 7.1293e+7 2.8423e+7

6.7612e-4 7.1293e+7 2.8423e+7

7.1420e-4 7.1293e+7 2.8423e+7

7.5275e-4 7.1293e+7 2.8423e+7

7.9194e-4 7.1293e+7 2.8423e+7

8.3192e-4 7.1293e+7 2.8423e+7

8.7281e-4 7.1293e+7 2.8423e+7

9.1473e-4 7.1293e+7 2.8423e+7

9.5780e-4 7.1293e+7 2.8423e+7

i.0021e-3 7.1293e+7 2.8423e+7

1.0479e-3 7.1293e+7 2.8423e+7

1.0951e-3 7.1293e+7 2.8423e+7

1.1440e-3 7.1293e+7 2.8423e+7

1.1946e-3 7.1293e+7 2.8423e+7

1.2471e-3 7.1293e+7 2.8423e+7

1.3017e-3 7.1293e+7 2.8423e+7

1.3585e-3 7.1293e+7 2.8423e+7

1.4176e-3 7.1293e+7 2.8423e+7

1.4793e-3 7.1293e+7 2.8423e+7

1.5438e-3 7.1293e+7 2.8423e+7

1.6112e-3 7.1293e+7 2.8423e+7

i.6818e-3 7.1293e+7 2.8423e+7

1.7560e-3 7.1293e+7 2.8423e+7

1.8339e-3 7.1293e+7 2.8423e-7

1.9159e-3 7.1293e+7 2.8423e+7

2.0024e-3 7.1293e+7 2.8423e+7

2.0938e-3 7.1293e+7 2.8423e+7

2.1906e-3 7.1293e+7 2..8423e+7

2.2933e-3 7.1293e+7 2.8423e+7

2.4026e-3 7.1293e+7 2.8423e+7

2.5191e-3 7.1293e+7 2.8423e+7

2.6437e-3 7.1293e+7 2.8423e+7

2.7775e-3 7.1293e+7 2.8423e+7

2.9215e-3 7.1293e+7 2.8423e+7

3.0774e-3 7.1293e+7 2.8423e+7

3.2468e-3 7.1293e+7 2.8423e+7

3.4319e-3 7.1293e+7 2.8423e+7
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3.6358e-3 7.1293e+7 2.8423e+7

3.8622e-3 7.1293e+7 2.8423e+7

4.1165e-3 7.1293e+7 2.8423e+7

4.4066e-3 7.1293e+7 2.8423e+7

4.7443e-3 7.1293e+7 2.8423e+7

5.1098e-3 7.1293e+7 2.8423e+7

5.4630e-3 7.1293e+7 2.8423e+7

5.7938e-3 7.1293e+7 2.8423e+7

6.1057e-3 7..1293e+7 2.8423e+7

6.4046e-3 7.1293e+7 2.8423e+7

6.6957e-3 7.1293e+7 2.8423e+7

6.9832e-3 7.1293e+7 2.8423e+7

7.2702e-3 7.1293e+7 2.8423e+7

7.5591e-3 7.1293e+7 2.8423e+7

7.8520e-3 7.1293e+7 2.8423e+7

8.1505e-3 7.1293e+7 2.8423e+7

8.4562e-3 7.1293e+7 2.8423e+7

8.7705e-3 7.1293e+7 2.8423e+7

9.0945e-3 7.1292e+7 2.8423e+7

9.4297e-3 7.1292e+7 2.8423e+7

9.7772e-3 7.1292e+7 2.8423e+7

0.0101 7.1292e+7 2.8423e+7

0.0105 7.1292e+'7 2.8423e+7

0.0109 7.1292e+7 2.8423e+7
0.0113 7.1292e+7 2.8423e+7

0.0117 7.1292e+7 2.8423e+7
0.0122 7.1292e+7 2.8423e+7

0.0127 7.1292e+7 2.8423e+7

0.0132 7.1292e+7 2.8422e+7
0.0137 7.1292e+7 2.8422e+7

0.0142 7.1292e+7 2.8422e4-7
0.0148 7.1292e+7 2.8422e+7

0.0154 7.1292e+7 2.8422e+7
0.0160 7.1292e+7 2.8422e+7

0.0167 7.1292e+7 2.8422e+7

0.0174 7.1292e+7 2.8422e+7

0.0182 7.1292e+7 2.8422e+7

0.0190 7.1292e+7 2.8422e+7
0.0199 7.1292e+7 2.8422e+7

0.0208 7.1292e+7 2.8422e+7

0.0218 7.1292e+7 2.8422e+7

0.0228 7.1292e+7 2.8422e+7

0.0239 7.1292e+7 2.8422e+7

0.0252 7.1291e+7 2.8422e+7
0.0265 7.1291e+7 2.8421e+7

0.0280 7.1291e+7 2.8421e+7

0.0296 7.1291e+7 2.8421e4-7
0.0313 7.1291e+7 2.8421e+7
0.0333 7.1291e+7 2.8421e+7

0.0356 7.1291e+7 2.8421e+7
0.0382 7.1291e+7 2.8421e+7

0.0412 7.1290e+7 2.8420e+7
0.0448 7.1290e+7 2.8420e+7

0.0493 7.1290e+7 2.8420e+7
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time fe~kg cell kg

0.0547 7.1290e+7 2.8419e+7

0.0607 7.1289e+7 2.8419e+7

0.0673 7.1289e+7 2.8418e+7

0.0744 7.1288e+7 2.8418e+7

0.0820 7.1288e+7 2.8417e+7

0.0901 7.1287e+7 2.8417e+7

0.0987 7.1287e+7 2.8416e+7

0.1080 7.1286e+7 2.8415e+7
0.1180 7.1285e+7 2.8414e+7

0.1287 7.1285e+7 2.8414e+7

0.1402 7.1284e+7 2.8413e+7
0.1526 7.1283e+7 2.8412e+7

0.1659 7.1282e+7 2.8411e+7

0.1803 7.1281e+7 2.8410e+7

0.1958 7.1280e+7 2.8408e+7

0.2125 7.1279e+7 2.8407e+7

0.2305 7.1278e+7 2.8406e+7

0.2500 7.1277e+7 2.8404e+7
0.2711 7.1275e+7 2.8403e+7
0.2939 7.1274e+7 2.8401e+7

0.3183 7.1272e4-7 2.8399e+7

0.3449 7.1271e+7 2.8397e+7
0.3739 7.1269e+7 2.8395e+7

0.4055 7.1267e+7 2.8392e+7

0.4400 7.1264e+7 2.8390e+7

0.4778 7.1262e+7 2.8387e+7

0.5192 7.1259e+7 2.8383e+7

0.5643 7.1256e+7 2.8380e+7

0.6136 7.1253e-7 2.8376e+7

0.6645 7.1250e+7 2.8372e+7
0.7149 7.1246e+7 2.8368e+7

0.7643 7.1243e+7 2.8364e+7
0.8122 7.1240e+7 2.8361e+7

0.8588 7.1237e+7 2.8357e+7

0.9043 7.1234e+7 2.8354e+7

0.9489 7.1231e+7 2.8350e4-7

0.9929 7.1228e+7 2.8347e+7

1.0363 7.1225e+7 2.8343e+7

1.0794 7.1222e+7 2.8340e+7
1.1225 7.1219e+7 2.8337e+7

1.1655 7.1217e+7 2.8333e+7

1.2088 7.1214e+7 2.8330e+7
1.2525 7.1211e+7 2.8326e+7
1.2968 7.1208e+7 2.8323e+7

1.3418 7.1205e+7 2..8319e+7

1.3877 7.1202e+7 2.8316e+7

1.4348 7.1199e+7 2.8312e+7
1.4832 7.1196e+7 2.8308e+7

1.5331 7.1192e+7 2.8305e+7

1.5850 7.1189e+7 2.8301e+7

1.6391 7.1185e+7 2.8296e+7
1.6958 7.1182e+7 2.8292e+7

1.7555 7.1178e4-7 2.8287e+7
1.8188 7.1173e+7 2.8282e+7
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time fekg cell-kg

1.8865 7.1169e+7 2.8277e+7

1.9593 7.1164e+7 2.8271e+7

2.0383 7.1159e+7 2.8265e+7

2.1251 7.1153e+7 2.8258e+7
2.2214 7.1147e+7 2.8251e+7
2.3300 7.1140e+7 2.8242e+7

2.4547 7.1131e+7 2.8233e+7

2.6012 7.1122e+7 2.8221e+7

2.7782 7.1110e+7 2.8207e+7

2.9996 7.1095e+7 2.8190e+7

3.2727 7.1077e+7 2.8169e+7

3.5924 7.1056e+7 2.8144e+7

3.9572 7.1031e+7 2.8115e+7

4.1639 7.1018e+7 2.8099e+7

4.4224 7.1000e+7 2.8079e+7

4.7454 7.0979e+7 2.8053e+7

5.1337 7.0953e+7 2.8023e+7

5.6099 7.0921e+7 2.7985e+7

6.1533 7.0885e+7 2.7943e+7

6.7551 7.0844e+7 2.7895e+7

7.4188 7.0800e+7 2.7843e+7

8.1589 7.0750e+7 2.7784e+7

8.1655 7.0750e+7 2.7784e+7

8.1737 7.0749e+7 2.7783e+7

8.1840 7.0749e+7 2.7783e+7

8.1968 7.0748e+7 2.7782e+708.2129 7.0747e+7 2.7780e+7
8.2329 7.0745e+7 2.7779e+7

8.2580 7.0744e+7 2.7777e+7

8.2894 7.0741e+7 2.7774e+7

8.3286 7.0739e+7 2.7771e+7

8.3776 7.0736e+7 2.7767e+7

8.4389 7.0731e+7 2.7762e+7

8.5154 7.0726e+7 2.7756e+7

8.6111 7.0720e+7 2.7749e+7

8.7308 7.0712e+7 2.7739e+7

8.8803 7.0702e+7 2.7728e+7

9.0672 7.0689e+7 2.7713e+7

9.3009 7.0674e+7 2.7694e+7

9.5930 7.0654e+7 2.7671e+7

9.9581 7.0629e+7 2.7642e+7

10.0000 7.0626e+7 2.7639e+7

10.0001 7.0626e+7 2.7639e+7

10.0001 7.0626e+7 2.7639e+7

10.0001 7.0626e+7 2.7639e+7

10.0002 7.0626e+7 2.7639e+7

10.0002 7.0626e+7 2.7639e+7

10.0003 7.0626e+7 2.7639e+7

10.0004 7.0626e+7 2.7639e+7010.0006 7.0626e+7 2.7639e+7
10.0007 7.0626e+7 2.7639e+7

10.0009 7.0626e+7 2.7639e+7

10.0012 7.0626e+7 2.7639e+7

10.0015 7.0626e+7 2.7639e+47
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time fe-kg cell_kg

10.0019 7.0626e+7 2.7639e+7

10.0024 7.0626e+7 2.7639e+7

10.0030 7.0626e+7 2.7639e+7

10.0038 7.0626e+7 2.7639e+7

10.0048 7.0626e+7 2.7639e+70
10.0060 7.0626e+7 2.7639e+7

10.0075 7.0626e+7 2.7639e+7

10.0094 7.0626e+7 2.7638e+7

10.0118 7.0626e+7 2.7638e+7

10.0148 7.0625e+7 2.7638e+7

10.0185 7.0625e+7 2.7638e+7

10.0231 7.0625e+7 2.7637e+7
10.0289 7.0625e+7 2.7637e+7

10.0361 7.0624e+7 2.7636e+7

10.0452 7.0623e+7 2.7636e+7

10.0565 7.0623e+7 2.7635e+7
10.0707 7.0622e+7 2.7634e+7

10.0884 7.0621e+7 2.7632e+7

10.1105 7.0619e+7 2.7630e+7

10.1381 7.0617e+7 2.7628e+7

10.1727 7.0615e+7 2.7626e+7
10.2159 7.0612e+7 2.7622e+7

10.2699 7.0608e+7 2.7618e+7

10.3374 7.0604e+7 2.7612e+s7

10.4218 7.0598e+7 2.7606e+7

10.5272 7.0591e+7 2.7597e+7

10.6590 7.0582e+7 2.7587e+7

10.8238 7.0571e+7 2.7574e+70
11.0298 7.0557e+7 2.7558e+7

11.2873 7.0540e+7 2.7537e+7

11.6091 7.0518e+7 2.7512e+7

12.0114 7.0491e+7 2.7480e+7

12.5143 7.0457e+7 2.7440e+7

13.1429 7.0414e+7 2.7390e+7

13.9286 7.0361e+7 2.7328e+7

14.9108 7.0295e+7 2.7250e+7

16.1385 7.0212e+7 2.7152e+7

17.6732 7.0107e+7 2.7030e+7

19.5915 6.9977e+7 2.6877e+7

21.9894 6.9813e+7 2.6686e+7

24.9867 6.9608e+7 2.6446e+7

24.9999 6.9607e+7 2.6445e+7

24.9999 6.9607e+7 2.6445e+7

25.0000 6.9607e+7 2.6445e+7

25.0000 6.9607e+7 2.6445e+7

25.0001 6.9607e+7 2.6445e+7

25.0001 6.9607e+7 2.6445e+7

25.0002 6.9607e+7 2.6445e+7

25.0003 6.9607e+7 2.6445e+7

25.0004 6.9607e+7 2.6445e+7

25.0006 6.9607e+7 2.6445e+70
25.0008 6.9607e+7 2.6445e+7

25.0011 6.9607e+7 2.6445e+7

25.0014 6.9607e+.7 2.6444e+7
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25.0018 6.9607e+7 2.6444e+7

25.0023 6.9607e+7 2.6444e+7

25.0029 6.9607e+7 2.6444e+7

25.0037 6.9607e+7 2.6444e+7

25.0047 6.9607e+7 2.6444e+7

25.0059 6.9607e+7 2.6444e+7

25.0074 6.9606e+7 2.6444e+7

25.0093 6.9606e+7 2.6444e+7

25.0117 6.9606e+7 2.6444e+7

25.0146 6.9606e+7 2.6443e+7

25.0183 6.9606e+7 2.6443e+7

25.0230 6.9605e+7 2.6443e+7
25.0288 6.9605e+7 2.6442e+7

25.0360 6.9604e+7 2.6442e+7
25.0451 6.9604e+7 2.6441e+7

25.0564 6.9603e+7 2.6440e+7

25.0706 6.9602e+7 2.6439e+7

25.0883 6.9601e+7 2.6438e+7

25.1104 6.9599e+7 2.6436e+7

25.1380 6.9598e+7 2.6434e+7

25.1726 6.9595e+7 2.6431e+7

25.2158 6.9592e+7 2.6427e+7

25.2698 6.9588e+7 2.6423e+7

25.3373 6.9584e+7 2.6418e+7

25.4216 6.9578e+7 2.6411e+7

25.5271 6.9571e+7 2.6402e+7

25.6589 6.9562e+7 2.6392e+7

25.8237 6.9551e+7 2.6379e+7

26.0297 6.9536e+7 2.6362e+7

26.2872 6.9519e+7 2.6341e+7

26.6090 6.9497e+7 2.6316e+7

27.0113 6.9469e+7 2.6283e+7

27.5142 6.9435e+7 2.6243e+7

28.1428 6.9392e+7 2.6193e+7

28.9285 6.9338e+7 2.6130e+7

29.9107 6.9270e+7 2.6051e+7

31.1384 6.9186e+7 2.5952e+7

32.6731 6.9080e+7 2.5829e+7

34.5914 6.8948e+7 2.5674e+7

36.9893 6.8782e+7 2.5481e+7

39.9866 6.8576e+7 2.5239e+7

43.6998 6.8319e+7 2.4940e+7

47.9516 6.8026e+7 2.4597e+7
49.9985 6.7884e+7 2.4432e+7

49.9986 6.7884e+7 2..4432e+7
49.9986 6.7884e+7 2.4432e+7
49.9986 6.7884e+7 2.4432e+7

49.9987 6.7884e+7 2.4432e+7

49.9988 6.7884e+7 2.4432e+7
49.9988 6.7884e+7 2.4432e+7

49.9990 6.7884e+7 2.4432e+7

49.9991 6.7884e+7 2.4432e+7

49.9992 6.7884e+7 2.4432e+7

49.9994 6.7884e+7 2.4432e+7

OUTPUT-59



time fe_kg cell kg

49.9997 6.7884e+7 2.4432e+7
50.0000 6.7884e+7 2.4432e+7

50.0004 6.7884e+7 2.4432e+7

50.0009 6.7884e4-7 2.4432e+7

50.0015 6.7884e+7 2.4432e+7

50.0023 6.7884e+7 2.4432e+7
50.0033 6.7884e+7 2.4432e+7

50.0045 6.7884e+7 2.4432e+7

50.0060 6.7884e+7 2.4431e+7

50.0079 6.7884e+7 2.4431e+7

50.0103 6.7883e+7 2.4431e+7

50.0133 6.7883e+7 2.4431~e+7

50.0170 6.7883e+7 2.4431e+7

50.0216 6.7883e+7 2.4430e+7

50.0274 6.7882e+7 2.4430e+7

50.0347 6.7882e+7 2.4429e+7

50.0437 6.7881e+7 2.4428e+7

50.0550 6.7880e+7 2.4428e+7

50.0692 6.7879e+7 2.4426e+7

50.0869 6.7878e+7 2.4425e+7

50.1090 6.7877e+7 2.4423e+7

50.1367 6.7875e+7 2.4421e+7

50.1712 6.7872e+7 2.4418e+7

50.2144 6.7869e+7 2.4415e+7

50.2684 6.7866e+7 2.4410e+7

50.3359 6.7861e+7 2.4405e+7

50.4203 6.7855e+7 2.4398e+7

50.5257 6.7848e+7 2.4390e+7

50.6576 6.7839e4-7 2.4379e+7

50.8223 6.7827e+7 2.4366e+7

51.0283 6.7813e+7 2.4349e+7

51.2858 6.7795e+7 2.4328e+7

51.6076 6.7773e4-7 2.4302e+7

52.0099 6.7745e+7 2.4270e+7

52.5128 6.7711e+7 2.4229e+7-

53.1414 6.7667e+7 2.4179e+7

53.9271 6.7613e+7 2.4115e+7

54.9093 6.7545e+7 2.4036e+7

56.1370 6.7461e+7 2.3937e+7
57.6717 6.7355e+7 2.3814e+7

59.5900 6.7223e+7 2.3659e+7

61.9879 6.7058e+7 2.3466e+7

64.9852 6.6851e+7 2.3225e+7

68.7320 6.6594e+7 2.2924e+7

73.3691 6.6276e+7 2.2553e+7

78.9483 6.5894e+7 2.2106e+7

85.9222 6.5419e+7 2.1549e+7

94.0324 6.4870e+7 2.0906e+7

100.0002 6.4473e+7 2.0438e+7

100.0003 6.4473e+7 2.0438e+7

100.0003 6.4473e+7 2.0438e+7

100.0004 6.4473e+7 2.0438e+7

100.0004 6.4473e+7 2.0438e+7

100.0005 6.4473e-7 2.0438e+7
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time fe_kg cell kg

100.0005 6.4473e+7 2.0438e+7

100.0006 6.4473e+7 2.0438e+7

100.0008 6.4473e+7 2.0438e+700.096473+ .48+
100.0009 6.4473e+7 2.0438e+7
100.0011 6.4473e+7 2.0438e+7

100.0014 6.4473e+7 2.0438e+7

100.00217 6.4473e+7 2.0438e+7

100.0021 6.4473e+7 2.0438e+7

100.00326 6.4473e+7 2.0438e+7

100.0042 6.4473e+7 2.0438e+7

100.0040 6.4472e+'7 2.0438e+7
100.0050 6.4472e+7 2.0438e+7

100.0072 6..4472e+7 2.0438e+7

100.0077 6.4472e+7 2.0437e+7

100.0109 6.4472e+7 2.0437e+7

100.0120 6.4472e+7 2.0437e+7

100.0150 6.4472e+7 2.0437e+7

100.0187 6.4471e+7 2.0436e+7

100.0233 6.4471e+7 2.0436e+7

100.0291 6.4470e+7 2.0435e+7

100.0364 6.4470e+7 2.0435e+7

100.04547 6.4469e+7 2.0434e+7

100.0570 6.4468e+7 2.0433e+7

100.0709 6.4467e+7 2.0431e+7

100.1088 6.4467e+7 2.0430e+7

'100.1107 6.4464e+7 2.0427e+7

100.1729 6.4461e+7 2.0425e+7

100.2161 6.4458e+7 2.0421e+7

100.2701 6.4455e+7 2.0417e+7

100.3376 6.4450e+7 2.0412e+7

100.4198 6.4445e+7 2.0405e+7

100.5153 6.4439e+7 2.0398e+7

100.6234 6.4431e+7 2.0389e+7

100.7439 6.4423e+7 2.0380e+7

100.8777 6.4415e+7 2.0370e+7

101.0259 6.4405e+7 2.0358e+7

101.1901 6.4394e+7 2.0345e+7

101.3725 6.4382e+7 2.0331e+7

101.5755 6.4369e+7 2.0315e+7

101.8014 6.4354e+7 2.0298e+7

102.0510 6.4337e+7 2.0279e+7

102.3266 6.4319e+7 2.0257e+7

102.6311 6.4300e+7 2.0234e+7

102.9690 6.4278e+7 2-.0208e+7

103.3457 6.4254e+7 2.0179e+7

103.7682 6.4226e+7 2.0147e+7

104.2457 6.4196e+7 2.0111e+7

104.7899 6.4162e+7 2.0070e+7

105.4169 6.4123e+7 2.0024e+7

106.1484 6.4079e+7 1.9971e+7

107.0155 6.4028e+7 1.9909e+7

108.0629 6.3969e+7 1.9837e+7

109.3591 6.3901e+'7 1.9752e+7

OUTPUT-6 1



time fekg cell kg

110.9793 6.3823e+7 1.9652e+7

113.0045 6.3737e+7 1.9539e+7

115.5361 6.3643e+7 1.9410e+7

118.7006 6.3542e+7 1.9262e+7

122.6562 6.3427e+7 1.9088e+7

127.6007 6.3291e+7 1.8879e+7

133.7813 6.3126e+7 1.8623e+7

141.5071 6.2923e+7 1.8333e+7

151.1644 6.2670e+7 1.8017e+7

157.2001 6.2514e+7 1.7831e+7

164.7448 6.2322e+7 1.7606e+7

174.1757 6.2087e+7 1.7331e+7

185.9644 6.1797e+7 i.6992e+7

200.0005 6.1454e+7 1.6591e+7

200.0005 6.1454e+7 1.6591e+7

200.0005 6.1454e+7 1.6591e+7

200.0006 6.1454e+7 1.6591e+7

200.0006 6.1454e+7 1.6591e+7

200.0007 6.1454e+7 1.6591e+7

200.0008 6.1454e+7 1.6591e+7

200.0009 6.1454e+7 1.6591e+7

200.0010 6.1454e+7 1.6591e+7

200.0012 6.1454e+7 1.6591e+7

200.0014 6.1454e+7 1.6591e+7

200.0016 6.1454e+7 1.6591e+7

200.0020 6.1454e-7 1.6591e+7

200.0024 6.1454e+7 1.6591e+7

200.0029 6.1454e+7 1.6591e+7

200.0035 6.1454e+7 1.6591e+7

200.0043 6.1454e+7 1.6591e+7

200.0052 6.1454e+7 1.6591e+7

200.0064 6.1454e+7 1.6591e4-7200.080 .144e+71.650e+

200.0080 6.1454e+7 1.6590e+7

200.0099 6.1454e+7 1.6590e+7

200.0122 6.1454e+7 1.6590e+7

200.0152 6.1454e+7 1.6590e+7

200.0189 6.1454e+7 1.6590e+7

200.0236 6.1454e+7 1.6590e+7

200.0294 6.1453e+7 1.6590e+7

200.0366 6.1453e+7 1.6589e+7

200.04560 6.1453e+7 1.6589e+7

200.05701 6.1453e+7 1.6589e+7

200.0711 6.1452e+7 1.6589e+7

200.0888 6.1452e+7 1.6588e+7

200.1110 6.1451e+7 1-.6587e+7

200.136 6.1450e+7 1.6586e+7

200.213 6.1449e+7 1.6585e+7

200.2163 6.1448e+7 1.6583e+7

200.2373 6.1446e+7 1.6581e+7

200.3378 6.1444e+7 1.6579e+7

200.4222 6.1441e+7 1.6576e+7

200.6595 6.1438e+7 1.6572e+7

200.8243 6.1434e+7 1.6567e+7

OUTPUT-62



time fe~kg cell kg

201.0303 6.1429e+7 1.6561e+7

201.2877 6.1423e+7 1.6554e+7

201.6096 6.1415e+s7 1.6545e+7

202.0119 6.1405e+7 1.6533e+7

202.5147 6.1393e+7 1.6519e+7

203.1433 6.1378e+7 1.6501e+7

203.9291 6.1359e+7 1.6479e+7

204.9113 6.1335e+7 1.6451e+7

206.0556 6.1307e+7 1.6418e+7

207.3313 6.1276e+7 1.6382e+7

208.7195 6.1242e+7 1.6343e+7

210.2122 6.1206e+7 1.6301e+7

211.8092 6.1167e+7 1.6256e+7

213.5156 6.1126e+7 1.6208e+7

215.3398 6.,1082e+7 1.6156e+7

217.2932 6.1035e+7 1.6101e4-7

219.3899 6.0984e+7 1.6042e+7

221.6468 6.0930e+7 1.5979e+7

224.0840 6.0871e+.7 1.5910e+7

226.7257 6.0807e+7 1.5836e+7

229.6007 6.0739e+7 1.5756e+7

232.7440 6.0663e+7 1.5668e+7

236.1982 6.0581e+7 1.5572e+7

240.0160 6.0490e+7 1.5466e+7

244.2634 6.0389e+7 1.5348e+7

249.0238 6.0276e+7 1.5216e+7

254.4052 6.0150e+7 1.5068e+7

260.5495 6.0005e+7 1.4899e+7

267.6500 5.9839e+7 1.4704e+7

275.9334 5.9647e+7 1.4479e+7

284.4510 5.9450e+7 1.4248e+7

292.6846 5.9261e+7 1.4026e+7

300.5310 5.9082e+7 1.3815e+7

308.0685 5.8911e+7 1.3614e+7

315.4208 5.8744e+7 1.3418e+7

322.7079 5.8581e+7 1.3226e+7

330.0356 5.8417e+7 1.3033e+7

337.4974 5.8251e+7 1.2853e+7

345.1823 5.8082e+7 1.2853e+7

353.2043 5.7906e+7 1.2852e+7

361.6744 5.7721e+7 1.2852e+7

370.7061 5.7525e+7 1.2852e+7

380.4201 5.7317e+7 1.2851e+7

390.9475 5.7092e+7 1.2851e+7

400.0073 5.6902e+7 1-.2851e+7

400.0073 5.6902e+7 1.2851e+7

400.0074 5.6902e+7 1.2851e+7

400.0074 5.6902e+7 1.2851e+7

400.0074 5.6902e+7 1.2851e+7

400.0075 5.6902e-+7 1.2851e+7

400.0075 5.6902e+7 1.2851e+7

400.0076 5.6902e+7 1.2851e+7

400.0078 5.6902e+7 1.2851e+7

400.0079 5.6902e+7 1.2851e+7
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time fe_kg cell-kg

400.0080 5.6902e+7 1.2851e+7

400.0082 5.6902e+7 1.2851e+7

400.0085 5.6902e+7 1.2851e+7

400.0088 5.6902e+7 1.2851e+7

400.0092 5.6902e+7 1.2851e+7

400.0097 5.6902e+7 1.2851e+7

400.0103 5.6902e+7 1.2851e+7

400.0111 5.6902e+7 1.2851e+7

400.0121 5.6902e+7 1.2851e+7

400.0133 5.6902e+7 1.2851e+7

400.0148 5.6902e+7 1.2851e+7

400.0167 5.6902e+7 1.2851e+7

400.0191 5.6902e+7 1.2851e+7

400.0220 5.6902e+7 1.2851e+7

400.0257 5.6902e+7 1.2851e+7

400.0303 5.6902e+7 1.2851e+7

400.0361 5.6901e+7 1.2851e+7

400.0434 5.6901e+7 1.2851e+7

400.0524 5.6901e+7 1.2851e+7

400.0637 5.6901e+7 1.2851e+7

400.0778 5.6901e+7 1.2851e+7

400.0954 5.6900e+7 1.2851e+7

400.1175 5.6900e+7 1.2851e+7

400.1451 5.6899e+7 1.2851e+7

400.1795 5.6898e+7 1.2851e+7

400.2226 5.6898e+7 1.2851e+7

400.2765 5.6896e+7 1.2851e+7

400.3438 5.6895e+7 1.2851e+7

400.4280 5.6893e+7 1.2851e+7

400.5332 5.6891e+7 1.2851e+7

400.6647 5.6888e+7 1.2851e+7

400.8291 5.6885e+7 1.2851e+7-
401.0345 5.6881e+7 1.2851e+7

401.914 .685e+71.281e+

401.624 5.6868e+7 1.2851e+7

401.6124 5.6860e+7 1.2851e+7

402.013 5.6850e+7 1.2851e+7

402.51523 5.6850e+7 1.2851e+7

403.1423 5.6821e+7 1.2851e+7

403.9261 5.6801e+7 1.2851e+7

404.9305 5.6777e+7 1.2851e+7

407613 5.6748e+7 1.2851e+7

409.5749 5.6717e+1 1.2851e+7

411.9668 5.6686e+7 1.2851e+7

414.9567 5.6660e+7 1-.2851e+7

418.6941. 5.6643e+7 1.2851e+7

423.3658 5.6631e+7 1.2850e+7

429.2054 5.6622e+7 1.2850e+7

436.5050 5.6612e+7 1.2850e+7

445.6295 5.6601e+7 1.2850e+7

456.8080 5.6589e+7 1.2850e+7

469.7710 5.6582e+7 1.2850e+7

484.3387 5.6579e+7 1.2850e+7

500.3398 5.6577e+7 1.2850e+7
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time fekg cell kg

516.4556 5.6575e+7 1.2850e+7

532.1435 5.6573e+7 1.2850e+7

547.3224 5.6571e+7 1.2850e+7

562.0833 5.6569e+7 1.2850e+7
576.5588 5.6567e+7 1.2850e+7

590.8784 5.6566e+7 1.2850e+7

605.1581 5.6564e+7 1.2850e+7

619.5016 5.6562e+7 1.2850e+7

634.0042 5.6561e+7 1.2850e+7

648.7565 5.6559e+7 1.2850e+7

663.8491 5.6558e+7 1.2850e+7

679.3762 5.6556e+7 1.2850e+7
695.4394 5.6555e+7 1.2850e+7

712.1512 5.6553e+7 1.2850e+7

729.6407 5.6551e+7 1.2850e+7
748.0586 5.6549e+7 1.2850e+7

767.5851 5.6548e+7 1.2850e+7

788.4396 5.6546e+7 1.2850e+7
810.8959 5.6544e+7 1.2850e+7

835.3019 5.6542e+7 1.2850e+7
862.1106 5.6539e+7 1.2850e+7

891.9291 5.6537e+7 1.2850e+7
925.5939 5.6534e+7 1.2850e+7

964.3009 5.6532e+7 1.2850e+7

1009.8390 5.6527e+7 1.2786e+7
1059.3990 5.6523e+7 1.2711e+7

1086.7780 5.6520e+7 1.2666e+7

1103.8900 5.6518e+7 1.2638e+7
1125.2800 5.6516e+7 1.2603e+7

1152.0170 5.6513e+7 1.2559e+7

1185.4390 5.6510e+7 1.2504e+7

1227.2160 5.6505e+7 1.2435e+7
1279.4380 5.6500e+7 1.2349e+7

1334.1960 5.649,5e+7 1.2259e+7

1388.9540 5.6489e+7 1.2168e+7
1443.7120 5.6484e+7 1.2078e+7

1498.4700 5.6479e+7 1.1988e+7

1553.2290 5.6474e+7 1.1899e+7
1607.9870 5.6469e+7 1.1809e+7

1662.7450 5.6464e+7 1.1720e+7
1717.5030 5.6459e+7 1.1631e+7

1772.2610 5.6454e+7 1.1542e+7
1827.0190 5.6449e+7 1.1453e+7
1881.7780 5.6445e+7 1.1365e+7

1936.5360 5.6440e+7 1.1276e+7
1991.2940 5.6436e+7 1.1188e+7

2046.0520 5.6431e+7 1.1100e+7
2100.8100 5.6427e+7 1.1013e+7

2155.5680 5.6422e+7 1.0926e+7

2210.3270 5.6418e+7 1.0924e+7
2265.0850 5.6414e+7 1.0924e+7

2319.8430 5.6409e+7 1.0924e+7

2326.6880 5.6409e+7 1.0924e+7
2330.9660 5.6408e+7 1.0924e+7
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time fe_kg cell_kg

2336.3130 5.6408e+7 1.0924e+7

2342.9980 5.6407e+7 1.0924e+7

2351.3530 5.6407e+7 1.0924e+7

2361.7980 5.6406e+7 1.0924e+7

2374.8530 5.6405e+7 1.0924e+7

2391.1720 5.6404e+7 1.0924e+7

2411.5710 5.6402e+7 1.0924e+7

2437.0700 5.6400e+7 1.0924e+7

2468.9430 5.6398e+7 1.0924e+7

2508.7850 5.6395e+7 1.0924e+7

2558.5870 5.6391e+7 1.0924e+7

2613.3450 5.6387e4-7 1.0924e+7

2668.1040 5.6384e+7 1.0924e+7

2722.8620 5.6380e+7 1.0924e+7

2777.6200 5.6376e+7 1.0924e+7

2832.3780 5.6373e+7 1.0924e+7

2887.1360 5.6369e+7 1.0924e+7

2941.8950 5.6366e+7 1.0924e+7

2996.6530 5.6363e+7 1.0924e+7

3051.4110 5.6359e+7 1.0924e+7

3106.1690 5.6356e+7 1.0924e+7

3160.9270 5.6353e+7 1.0924e+7

3215.6860 5.6350e+7 1.0924e+7

3270.4440 5.6347e+7 1.0924e+7

3325.2020 5.6344e+7 1.0924e+7

3379.9600 5.6341e+7 1.0924e+7

3434.7180 5.6339e+7 1.0924e+7

3489.4770 5.6336e+7 1.0924e+7

3544.2350 5.6333e+7 1.0924e+7

3598.9930 5.6331e+7 1.0924e+7 
o

3653.7510 5.6328e+7 1.0924e+7

3708.5090 5.6325e+7 1.0924e+7

3763.2680 5.6323e+7 1.0924e+7

3818.0260 5.6320e+7 1.0924e+7

3872.7840 5.6318e+7 1.0924e+7

3927.5420 5.6316e+7 1.0924e+7

3982.3000 5.6313e+7 1.0924e+7

4037.0590 5.6311e+7 1.0924e+7

4091.8170 5.6309e+7 1.0924e+7

4146.5750 5.6306e+7 1.0924e+7

4201.3330 5.6304e+7 1.0924e+7

4256.0910 5.6302e+7 1.0924e+7

4310.8490 5.6300e+7 1.0924e+7

4338.2290 5.6299e+7 1.0924e+7

4355.3400 5.6298e+7 1-.0924e+7

4376.7300 5.6297e+7 1.0924e+7

4403.4680 5.6296e+7 1.0924e+7

4436.8890 5.6295e+7 1.0924e+7

4478.6670 5.6293e+7 1.0918e+7

4530.8880 5.6291e+7 1.0909e+7

4585.6460 5.6289e+7 1.0901e+7

4640.4040 5.6287e+7 1.0893e+7

4695.1630 5.6285e+7 1.0885e+7

4749.9200 5.6283e+7 1.0878e+7
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4804.6790 5.6281e+7 1.0870e+7

4859.4370 5.6279e-7 1.0863e+s7

4914.1950 5.6277e+7 1.0856e+7

4968.9530 5.6275e+7 1.0849e+7

5023.7110 5.6273e+7 1.0842e+7

5078.4700 5.6271e+7 1.0835e+7

5133.2290 5.6269e+7 1.0829e+7

5187.9860 5.6267e+7 1.0822e+7

5242.7450 5.6265e+7 1.0816e+7

5297.5030 5.6263e+7 1.0810e+7

5352.2610 5.6261e-7 1.0804e+7

5407.0190 5.6259e+7 1.0798e+7

5461.7770 5.6258e+7 1.0793e+7

5516.5360 5.6256e+7 1.0787e+7

5571.2940 5.6254e+7 1.0782e+7

5626.0520 5.6252e+7 1.0777e+7

5680.8100 5.6250e+7 1.0772e+7

5735.5680 5.6248e+7 1.0768e+7

5790.3270 5.6247e+7 1.0763e+7

5845.0840 5.6245e+7 1.0759e+7

5899.8430 5.6243e+7 1.0756e+7

5954.6010 5.6241e+7 1.0752e+7

6009.3590 5.6240e+7 1.0749e+7

6064.1170 5.6238e+7 1.0746e+7

6118.8750 5.6236e+7 1.0744e+7

6173.6340 5.6234e+7 1.0741e+7

6228.3920 5.6233e+7 1.0740e+7

6283.1490 5.6231e+7 1.0738e+7

6337.9080 5.6229e+7 1.0737e+7

6392.6670 5.6228e+7 1.0736e+7

6447.4250 5.6226e+7 1.0736e+7

6502.1830 5.6224e+7 1.0736e+7

6556.9400 5.6223e+7 1.0736e+7

6611.6990 5.6221e+7 1.0736e+7

6666.4580 5.6219e+7 1.0736e+7

6721.2150 5.6218e+7 1.0736e+7

6775.9740 5.6216e+7 1.0736e+7

6830.7310 5.6215e+7 1.0736e+7

6885.4910 5.6213e+7 1.0736e+7

6940.2490 5.6211e+7 1.0736e+7

6995.0070 5.6210e+7 1.0736e+7

7049.7650 5.6208e+7 1.0736e+7

7104.5230 5.6207e+7 1.0736e+7

7159.2810 5.6205e+7 1.0736e+7

7214.0400 5.6203e+7 1-.0736e+7

7268.7980 5.6202e+7 1.0736e+7

7323.5560 5.6200e+7 1.0736e+7

7378.3130 5.6199e+7 1.0736e+7

7433.0720 5.6197e+7 1.0736e+7

7487.8310 5.6196e+7 1.0736e+7

7542.5890 5.6194e+7 1.0736e+7

7597.3470 5.6193e-7 1.0736e+7

7652.1040 5.6191e+7 1.0736e+7

7706.8630 5.6190e+7 1.0736e+7
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7761.6220 5.6188e+7 1.0736e+7

7816.3790 5.6187e+7 1.0736e+7

7871.1380 5.6185e+7 1.0736e+7

7925.8960 5.6184e+7 1.0736e+7

7980.6540 5.6182e+7 1.0736e+7

8035.4120 5.6181e+7 1.0736e+7

8090.1700 5.6179e+7 1.0736e+7

8144.9290 5.6178e+7 1.0736e+7

8199.6870 5.6177e+7 1.0736e+.7

8254.4440 5.6175e+7 1.0736e+7

8309.2030 5.6174e+7 1.0736e+7

8363.9620 5.6172e+7 1.0736e+7

8418.7200 5.6171e+7 1.0736e+7

8473.4780 5.6169e+7 1.0736e+7

8528.2350 5.6168e+7 1.0736e+7

8582.9940 5.6167e+7 1.0736e+7

8637.7530 5.6165e+7 1.0736e+7

8692.5110 5.6164e+7 1.0736e+7

8747.2690 5.6162e+7 1.0736e+7

8802.0260 5.6161e+7 1.0736e+7

8856.7840 5.6160e+7 1.0736e+7

8911.5440 5.6158e+7 1.0736e+7

8925.2320 5.6158e+7 1.0736e+7

8933.7890 5.6158e+7 1.0736e+7

8935.1250 5.6158e+7 1.0736e+7

8936.7970 5.6158e+7 1.0736e+7

8938.8850 5.6158e+7 1.0736e+7

8941.4960 5.6158e+7 1.0736e+7

8944.7600 5.6157e+7 1.0736e+7

8948.8400 5.6157e+7 1.0736e+7

8953.9390 5.6157e+7 1.0736e+7

8960.3150 5.6157e+7 1.0736e+7

8968.2820 5.6157e+7 1.0736e+7 .

8978.2440 5.6157e+7 1.0736e+7
8990.6940 5.6156e+7 1.0736e+7

9006.2570 5.6156e+7 1.0736e+7

9025.7110 5.6155e+7 1.0736e+7

9050.0290 5.6155e+7 1.0736e+7

9080.4250 5.6154e+7 1.0736e+7

9118.4220 5.6153e+7 1.0736e+7

9165.9170 5.6152e+7 1.0736e+7

9220.6750 5.6151e+7 1.0736e+7

9275.4340 5.6149e+7 1.0736e+7

9330.1910 5.6148e+7 1.0736e+7

9384.9500 5.6147e+7 1.0736e+7

9439.7080 5.6145e+7 1.0736e+7

9494.4660 5.6144e+7 1.0736e+7

9549.2250 5.6143e+7 1.0736e+7

9603.9820 5.6141e+7 1.0736e+7

9658.7400 5.6140e+7 1.0736e+7

9713.4990 5.6139e+7 1.0736e+7

9768.2570 5.6137e+7 1.0736e+7

9823.0160 5.6136e+7 1.0736e+7

9877.7730 5.6135e+7 1.0736e+7
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time fekg cell-kg

9932.5310 5.6134e+7 1.0736e+7

9987.2900 5.6132e+7 1.0736e+7

1.0000e+4 5.6132e+7 1.0736e+7
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1 Values of variables that are shown graphically in
2 Figure 8-150
3
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DISTANCE MXVSG
0.0000 0.0000

7500.0000 0.0000
1.7500e+4 0.0000
2.0500e+4 0.0000
2.1375e+4 0.0000
2.2000e+4 0.0000
2.2300e+4 0.0000
2.2370e+4 0.0000
2.2395e+4 0.0000
2.2422e+4 0.0000
2.2449e+4 0.0000
2.2455e+4 0.0000
2.2456e+4 0.0000
2.2457e+4 0.0000
2.2463e+4 0.0000
2.2490e+4 0.0000
2.2532e+4 0.0000
2.2668e+4 0.0000
2.2899e+4 0.0000
2.3131e+4 0.0000
2.3287e4-4 0.0000
2.3468e+4 0.0000
2.3635e+4 0.0000
2.3665e+4 0.0000
2.3700e+4 0.0000
2.3980e+4 0.0000
2.4235e+4 0.0000
2.4260e+4 0.0000
2.4330e+4 0.0000
2.4630e+4 0.0000
2.5255e+4 0.0000
2.6130e+4 0.0000
2.9130e+4 0.0000
3.9130e+4 0.0000
4.6630e+4 0.0000
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1 Values of variables that are shown graphically in
2 Figures 8-16, 8-17, and 8-18
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Figure 8-16. Maximum Gas Saturation in Anhydrites
a & b South of the Repository
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Figure 8-17. Maximum Gas Saturation in Anhydrites
a & b North of the Repository

This Illustration for Information Purposes Only
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Figure 8-18. Maximum Gas Saturation in Marker Bed 138 South of the Repository
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DISTANCE MXSGABR nmsgabl MXSG38L
5.0000 0.2432 0.1920 0.1400

25.0000 0.2093 0.1506 0.0371
70.0000 0.1477 0.0249 0.0000

625.0000 7.0696e-4 0.0000 0.0000
875.0000 0.0000 0.0000 0.0000

3000.0000 0.0000 0.0000 0.0000
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Salado Formation Anhydrite Layers a and b and Marker Beds 138 and 139
Parameter Values (Table 8-6, Chapter 8) ......................... PAR-183
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138 and 139............................................. PAR-208
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Logs of Maximum Allowable Intrinsic Permeability - Marker Bed 138,
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Bed 139................................................ PAR-212
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Magenta Member of the Rustler Formation Parameter Values (Table 8-10,
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Rock Compressibility - Magenta ................................. PAR-261
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APPENDIX PAR: PARAMETER VALUES

Appendix PAR documents the basis for selected parameters used in the No-Migration
Variance Petition (NMVP) BRAGFLO simulation. Configuration management of
model parameters is maintained through the Performance Assessment (PA) Parameter
Database, supported by Parameter Records Packages (PRPs) located in the Sandia
Waste Isolation Pilot Plant (WIPP) Central File (SWCF). Appendix PAR augments the
Performance Assessment (PA) Database and PRPs by providing parameter and data
traceability within the petition, as well as additional information suitable for

interpreting the reasonable or reasonably conservative foundation of the NMVP

simulation. Readers are referred to Tables PAR-li1 and PAR- 12, derived from the PA
Parameter Database and PRPs for a complete list of parameters and supporting
information used in the NMVP analysis.

As with the parameter tables in Chapter 8, the parameter sheets are grouped into the

following features of the disposal system:

* Repository and Panel Closures
* Average Stochiometry Gas Generation
* Shaft Materials
* Salado Formation Halite
* Salado Formation Anhydrite
* Salado Formation Fracture
* Disturbed Rock Zone
* Culebra Member of the Rustler Formation
* Magenta Member of the Rustler Formation
* Dewey Lake Formation
* Santa Rosa Formation

As explained in Chapter 8, model parameters are not necessarily analogous to data

obtained through experimental means. In most cases, model parameters based strictly
on experimental data do not capture uncertainty associated with experimental design,
completeness of the data set, or extrapolation of the experimental results to spatial
and/or temporal scales required for the no-migration demonstration. For model
parameters characterized by such uncertainty, Appendix PAR notes the type of
distribution function that characterizes the weights to be given to possible parameter
values. For model parameters that are known with high precision, or whose range of

uncertainty is unimportant to the analysis, Appendix PAR parameter sheets document
the constant values used in the analysis.

PARA1 Parameter Development Process

The development of parameter values is covered in Quality Assurance Procedure
(QAP) Quality Assurance Requirements for the Selection and Documentation of
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Parameter Values used in WIPP Performance Assessment (QAP 9-2). The process
includes documentation of parameter development by those responsible for completion
of a particular experimental investigation, development of a system design, or by staff
involved in the PA modeling process. All of the references pertaining to parameter
selection are contained within the three levels of parameter/data documentation: 1)
WIPP Data Entry Form 464, 2) Parameter Records Packages, and 3) supporting data
records packages.

The WIPP Data Entry Form 464 is the highest level record documenting parameter
development including application of statistics and interpretations. The WIPP Data
Entry Form 464s include a "source" section that is a pointer to supporting information,
including, where applicable, the Parameter Records Package(s).

The Parameter Records Packages include a data and distribution summary; identify the
QA status of the data and related interpretive numerical codes; include references to
related references such as SAND reports, test plans, and related SWCF file codes; and,
where applicable, include a summary on the experimental data collection (i.e. ,method
used, assumptions made in testing, and interpretation). The Parameter Records
packages point to the supporting data records packages.

The data records packages contain such information as the raw data, analysis, data
interpretation, and QA records.

Copies of the Form 464s, Parameter Records Packages, and supporting data records
packages are maintained in the Sandia WIPP Central Files (SWCF).

In the WIPP PA parameter database, parameters are classified as follows:

Category 1) parameters based on data derived from experimental sources (e.g.,
laboratory and field experiments) or deduced from available information;

Category 2) parameters based on data taken from the Department of Energy (DOE)
Baseline Inventory report for characteristics of the transuranic (TRU)
waste;

Category 3) parameters based on data taken from handbooks, archive journals and
standard reference information; and

Category 4a) parameter values that are assigned based on an analogy with an existing
disposal system material parameter or through analyst judgment based
upon information derived from peer-reviewed literature or knowledge of
the disposal system and engineering principles.
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Category 4b) parameters used in model configuration: geometric descriptions of
geologic, hydrologic and engineered features and switches used in
configuring the computer model.

PAR.2 Parameter Distributions

Probability distributions are used to characterize the uncertainty concerning the value of
a parameter. Numbers that characterize a particular distribution include the range, the
mean, median and mode.

*Range. The range of a distribution can be denoted by (a,b), the pair of numbers
in which a and b are minimum and maximum values of the parameter,
respectively.

*Mean. Analogous to the arithmetic average of a series of numbers, the mean
value of a probability distribution is one measure of the central tendency of a
distribution. For non-symmetrical distributions that are considerably skewed, the
mean value may not lie near the median or mode (see below).

*Median. The median value of a probability distribution is denoted by x50 (50th
percentile or 0.5 quantile), the value in the distribution range at which 50 percent
of all values lie above and below.

0 Mode. The mode is the "most probable value" of the uncertain parameter; i.e., the
maximum value of the associated probability density function.

PAR.2.1 Choice of Parameters in the NMVP

The DOE has chosen to use a single vector of parameters as input to the NMVP
simulation. The elements of this vector (i.e., each distinct parameter needed by the
computational models) have been assigned values that are deemed to be "best values."
In most cases, "best value" means either the single number assigned to a "constant"
parameter in the PA Parameter Data Base or - if the parameter is uncertain and has
been assigned a probability distribution - the median or mode of the assigned
distribution.

Five types of parameter distributions are used to characterize parameters used in the
NMVP BRAGFLO simulation: uniform, cumulative, triangular, student-t and constant.
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U niform Distributin

Density Function: f(X) A 1 Ax ! B
B-A

Distribution Function: F(x) = x-A A:! x !B
B-A

Expected value and variance: E(X) =A+ B
2

V(X)-= (B -A) 2

12

Median: xO.5 = mean

The program requires the endpoints A and B.

When use of the uniform distribution is appropriate:

Use of the uniform distribution is appropriate when all that is known about a parameter
is its range (a,b); the uniform distribution is the Maximum Entropy distribution under
these circumstances.

A Cumulative Distribution (also called a Constructed Distribution) is described by a set
of N ordered pairs:

(X1 ,O),(X 2 ,P2), (X3 1, ... **(XN,) {i.e. P =0 and PI% = always)

where X1 < X 2 < X3 < <XN and O<' <3< <PN-1 <1I

Due to the nature of the data, the probability density function (pdf) for this distribution
takes the form:

0 if <xl

PO -Pn P- if x, 1  ~xn, n =2,3,- - , N

0 ~ if XN

and so the cumulative distribution function (CDF) takes the form:
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*0 if ý< X,

Jn{X<!ý;:ý-0 P1} + ('Pn - PI-ý-X11f Xn-1•:' ý•ýX,

1 if ý> XN

Expected Value: E(X) = ý' ( _ p x~+x 1

n=2 2

Vainc: V(X) Y= P - (x-1 + XnXn- +x 1 -n {E(Xi)} 2

Varianc: (05 -)

Median: Xmi1 + (XM - Xmi1) (0_ ,12 ) where P- •5;0.50< P,

When use of the cumulative distribution is appropriate:

The cumulative distribution takes its name from the fact that it closely resembles the

empirical cumulative distribution function obtained by plotting the empirical percentiles

of the data set (x1,x2,x3,. .- ,xN) (Blom 1989, 216). The cumulative distribution in the

sense used here is the result of plotting the subjectively determined percentile points

(XI ,P1),1 (X2, P2), (X3 PO) - - , that arise in a formal elicitation of expert opinion
concerning the form of the distribution of the parameter in question. A simple form of

the cumulative distribution is used when the range [a,c] of the parameter is known and

the analyst believes that his or her "best estimate" value, b, is also the median (or 50'h
percentile) of the unknown distribution. In this case, the subjectively determined
percentile points take the form: (a, 0.0), (b, 0.5), (c, 1.0).

The cumulative distribution is the Maximum Entropy distribution associated with a set

of percentile points (x1 ,P1), (x2,P2 , ... , (XN, PN), no matter how that set of percentile
points is obtained (i.e. independent of whether the points are empirically or subjectively
derived)

Triangilalr Distributioni

Density Function: fAX) 2(x - a)a-<x:b
(c -a)(b -a)axb

-- 2(c-x) b:!ýx:5c
(c -a)(c -b)
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Distribution Function: F(x) = (x -a) 2  a _<x:!b
(c -a)(b -a)

b -a (x +b -2c)(x -b) b:! x:!c
c-a (c -a)(c -b)

Expected Value: E(X) =a+b~c
3

Variance: V(X) = a(a -b) +b(b -c) +c(c -a)
18

Median: X. 5 =a + (c -a)(b -a if b 2+
22

=. (c-b)(c-a) if b a+ c
2 2

The Triangular Distribution is defined on the range [a, c] and has mode b. The mode
can equal either of the two boundary values, which may simplify the computations
above.

When use of the triangular distribution is appropriate:

Use of the triangular distribution is appropriate when the range, [a,c], of the parameter
is known and the analyst believes that his or her "best estimate" value, b, is also the
mode (or most probable value) of the unknown distribution.

Student-t Distrihution

A student-t distribution is the Bayesian distribution for the unknown mean value of a
parameter used in cases where N measurements are small (i.e., 3 < N < 10). For N >
10-20, there is little difference in the shape of a student-t distribution and a normal
distribution.

Constants

Parameters may also be assigned a constant value in the PA Parameter Database. The
justification of the single-value is discussed in this appendix.
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PAR.3 Key to Parameter Sheets

The parameter sheets included in this appendix contain a variety of information, some
of which is extracted from the WIPP PA Parameters Database. Only a subset of
parameters used in the NMVP simulation are included in Appendix PAR. Information
presented in the parameter sheets is grouped into boxes labeled as follows:

Parameter(s): The Parameters box lists the name of the parameter and the disposal
system feature with which it is associated (e.g., Residual Brine Saturation for Marker
Beds 138 &139). In most cases, there is a one-to-one correspondence between the
parameter sheet title and the parameter listed in the relevant table in Section 8.2 of the
main body of the report. (Note: One exception is maximum capillary pressure
(PC_-MAX), which is assigned the same value for all material regions. The PC_-MAX
parameter sheet for all regions is appended to the Repository and Panel Closures
section).

Parameter Description: The Parameter Description box defines the parameter and,
where appropriate, explains the role of the parameter in the modeling.

Material and Parameter Name(s): This box provides a link to the PA parameter
database. The parameter label listed first is taken from the PA Model Parameter
database field IDMTRL, which identifies the type of material in the disposal system
being modeled (e.g., S_-ANHAB means Salado Anhydrite Beds a & b). The second
label describes the PA Model-Parameter name for the physical or operational meaning
for the parameter (e.g., SAT_-RBRN means residual brine saturation). The number
associated with a parameter is the unique identification number (ID) established in the
WIPP Model Parameter Database.

Parameter Value: The parameter value selected for the NMVP simulation is identified
in this section. These values are based on median or mode of parameter distributions
or other constant values specified in the simulation database.

Units/Parameter Statistics: If the parameter is a constant, the units of the parameter
are identified in this box. For parameters represented by a distribution, this box is
replaced by a parameter statistics box identifying the units, and the mean, median,
maximum and minimum values of the parameter distribution.

Distribution Type: This box identifies the type of parameter distribution.

Data: The basis for the parameter values or parameter distribution is provided in this
section. For the no-migration variance petition, parameters are derived from the
following kinds of data and information:

*Site-specific or waste-specific experimental data. This data includes information
obtained from in-situ experiments and from research conducted at off-site
laboratories (e.g., permeability data, microbial gas generation). This category also
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includes simulated waste experiments and may indicate correlations made with other
material regions based on professional judgment.

"Waste-specific observational data. This category includes data obtained through
observation or empirical analysis, such as semi-quantitative and qualitative visual
characterization or process knowledge of TRU waste (e.g., waste components).

* Professional judgment . Parameter distributions or parameter values may be
deduced from available information. This category of information may involve
correlating experimental or observational data to other regions, interpreting
information obtained from the general literature, or may be based on general
engineering knowledge (see below). In many cases, the parameter must be assigned
in the course of model configuration and is often assigned by qualified staff
involved in the PA modeling process.

Professional judgment is synonymous with PA category 4 parameters; in some cases,
professional judgment is used in category 1 parameters, if the parameter is not
explicitly derived from experimental data.

" General Literature Data. This category of information includes that obtained from
reports, journal articles or handbooks relevant to systems or processes being
modeled for the WIPP no-migration demonstration. It is often employed in
conjunction with professional judgment.

" General Engineering Knowledge. This category of information identifies parameter
values obtained from knowledge of standard engineering principles.

Readers are referred to parameter records packages and associated data packages-
maintained in the SWCF for additional information.

Discussion: This section identifies the source(s) of parameter value(s) and the rationale
for selecting the value used in the no-migration simulation. Other relevant background
information is also included in this section, where clarification is appropriate.

References: All of the references pertaining to parameter selection are contained
within the three levels of parameter/data documentation: 1) WIPP Data Entry Form
464, 2) Parameter Records Packages, and 3) supporting data records packages. For the
NMVP, selected references cited in the parameter records packages are included in the
parameter sheet to establish data quality.
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* Repository' and Panel Closures Parameter Valuesb

(as summarized in Table 8-2, Chapter 8)

aRepository refers to operations, experimental, and waste regions, unless otherwise noted.

b Appended: Maximum Capillary Pressures - All Material Regions
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Parameter(s): Log of Intrinsic Permeability - Waste and Repository Regin

Parameter Description:

intrinsic permeability of the Waste Region and Repository region refers to the effective
hydraulic conductivity of a collapsed drum-filled waste-disposal room or panel. The
Waste Region corresponds to a single excavated panel. The Repository Region refers to
the waste disposal area outside the single panel and is important only in instances of
disturbed performance. Consequently, for the NMVP, both regions are assigned the same
intrinsic permeability.

Material and Parameter Name(s):

WASAREA PRMXLOG (#663) REPOSIT PRMX LOG (#213 1)

WASAREA PRMYLOG (#664) REPOSIT PRMY LOG (#2 132)
WASAREA PRMZLOG (#665) REPOSIT PRMZLOG (#2 133)

Parameter Value: -12.769

jUnits: log (in)

Distribution Type: Constant

Data: Simulated Waste Specific Data and Professional Judgment

The recommended overall waste region permeability is unchanged from the value of

1. 7 x 10 m2 derived in the 1991 Preliminary Comparison with 40 CER 19 1B

(SAND91-089313, Volume 3, Section 3.4.7, 3-130 to 3-134). The data supporting the
analysis in SAND91-0893/3 is published in Luker et al. (1991), Table 4.1, 700. Luker et
al. (1991) supersedes Butcher et al. (1991) cited in SAND91-0893/3.

Discussion:

The data supporting the permeability value of 1.7 x 10-1 m2 is based on laboratory brine
permeability tests involving simulated waste compacted to lithostatic conditions. Luker

et al. (199 1) reports compacted permeabilities for simulated waste ranging on the order of
10-12 to 10-16 Mn2. Assuming that the volume fractions of waste components are 40 percent
combustibles, 40 percent metals/glass and 20 percent sludge, a weighting scheme is used
to derive the expected permeability of an average drum. SAIND91-0893/3 documents
scaling of drum-scale permeability to the effective permeability of a collapsed waste-filled
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Parameter(s): Log of Intrinsic Permeability - Waste and Repository Regin

Discussion: (continued)

room. The relatively high permeability value of 1. 7 x 10- m' and low coefficient of
variation (1.48 x 1 02 in) suggest it is appropriate to assign a constant value to waste
region permeability (Butcher 1996).

References:

Butcher, B.M. 1996. QAP 9-2 "Documentation of the Overall Waste Permeability and
Flow and Flow Property Values for the CCA." Sandia National Laboratories
Memorandum of Record, January, 29, SCWF-A1. 1.0. 1.2.3; DRM.

Butcher, B.M., T.W. Thompson, R.G. Van Buskiek, and N.C. Patti. 1991. Mechanical
Compaction of Waste Isolation Pilot Plant Simulated Waste. SAND9O- 1206.
Albuquerque, NM: Sandia National Laboratories.

Luker, R.S., T.W. Thompson, and B.M. Butcher. 1991. "Compaction and Permeability
of Simulated Waste," Rock Mechanics as a Multidisciplinary Science: Proceedings of
the 32nd US. Symposium, University of Oklahoma, Norman, OK, July 10-12, 1991. Ed.
J-C. Roegiers. SAND9O-2368C. Brookfield, VT. 693-702. A.A. Balkemna.

WLPP Performance Assessment. 1991. Preliminary Comparison with 40 CFR 191,
Subpart Bfor the Waste Isolation Pilot Plant, December 1991, Vol. 3: Reference Data.
Eds. R.P. Rechard, A.C. Peterson, J.D. Schreiber, H.J. Iuzzolino, M.S. Tierney, and J.S.
Sandia. SAND91-0893/3. Albuquerque, NM: Sandia National Laboratonies.
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* Parameter Description:

Intrinsic permeability refers to the hydraulic conductivity of the operations and the
experimental regions. These regions correspond to the excavated area between the panel
closures and the base of the shaft, and to the excavated drifts and decommissioned
experimental area situated north of the shaft, respectively.

Material and Parameter Name(s):

OPSAREA PRMXLOG (414) EXPAREA PRMXLOG (#214)

OPSAREA PRMYLOG (# 15) EXPAREA PRMXLOG (#215)
OPSAREA PRMZLOG (# 16) EXPAREA PRMIXLOG (#216)

IParameter Value: -11.0

lUnits: log (in 2 )

IDistribution Type: Constant

* Data: Professional Judgment

The assignment of permeability to the operational and experimental regions is required for
model configuration and is a modeling assumption.

Discussion:

The Operational and Experimental regions are assigned a permeability value of

1.0 x 10-11m 2 to assure that fluid flow is not impeded from the waste and repository
regions to these areas. The value assigned is the highest permneability in the model and is
believed to overestimate the expected permeability of a closed excavation containing no
waste or backfill.

References:

N/A
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Parameter(s): Log of Intrinsic Permeability - Panel Closures

Parameter Description:

Intrinsic permeability of the panel closures refers to the effective hydraulic conductivity of
the panel closures designed to control occupational exposure to various waste constituents
during the operational period, and to withstand potential flammable conditions resulting
from gas generation prior to final facility closure.

Material and Parameter Name(s):

PANSEAL PRMIXLOG (#259)
PANSEAL PRMYLOG (#260)
PANSEAL PRMZLOG (#261)

Parameter Value: -15.0

JUnits: log m2)

IDistribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

There has been no direct measurement of the permeability of panel closures as proposed in
the conceptual design. However, the materials proposed for the panels possess established -

properties with predictable performance.

Discussion:

The main component of the panel closure system is a rigid concrete plug, either keyed into
the disturbed rock zone (DRZ) through Clay G and NM 139, or emplaced before a DRZ
develops around a newly created excavation. Panel closures in the air-intake and air-
exhaust drifts will be keyed into the DRZ. The enlarged concrete barrier will consist of
four cells emplaced with construction joints perpendicular to the axis of the drifts. Other
details of the panel closure design, including grouting at the concrete plug-salt interface,
are discussed in DOE (1996).

The 1 0-1 M2 permeability specified for the panel closure system is assigned a value equal
to the permeability of the DRZ. The permeability value is constant, and is consistent with
a degraded concrete permeability specified in a time-dependent permeability range used to
characterize concrete materials in the shaft (e.g., 10 9 m2 < k <10-14 in2).
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Parameter(s): Log of Intrinsic Permeability - Panel Closures

References:

Department of Energy (DOE). 1996. Detailed Design Report for an Operational Phase
Panel-Closure System. DOE/WTPP-096-2150. Carlsbad, New Mexico.
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Parameter(s): Effective Porosity - Waste and Repository Regions

Parameter Description:

The initial effective porosity of the Waste and Repository regions is used in the
BRAGFLO analyses. Porosity is adjusted during the simulation based on the porosity
surface calculated by SANTOS to account for pressure-dependent consolidation of the
waste by creep closure.

Material and Parameter Name(s):

WASAREA POROSITY (#660)
REPOSIT POROSITY (#2130)

JParameter Value: 8.48 x10

Units: None

Distribution Type: Constant

Data: Waste-Specific Observational Data and Professional Judgment

There has been no direct measurement of the effective porosity of a collapsed drum-filled
waste disposal room or panel. However, this parameter can be estimated given
knowledge of the disposal room configuration and the representative porosity of TRU
waste published in the Transuranic Waste Baseline Inventory Report (DOE/CAO 1995).

Discussion:

The initial porosity of the waste panel is derived from assumptions of the disposal room
configuration and information about the relative abundance of waste forms and their
estimated initial void volumes. The current analyses consider a disposal room containing
6804 drums of uniformly distributed unprocessed waste and no backfill. The disposal
room model consists of rectangular room 13 ft (3.96 m) high by 3 3 ft (10. 06 m) wide by
300 ft (91.44 m) long resulting in an initial room volume of 3642.75 mn3.

Stone (1995) reports a waste material porosity of 0.681 calculated from densities of 12
waste material parameters identified in the Transuranic Waste Baseline Inventory Report
(DOE/CAO 1995).
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Parameter(s): Effective Porosity - Waste and Repository Regions

Discussion: (continued)

Given waste material porosity and disposal room volume, the solid volume of a typical
disposal room is calculated to be 551.2 in'. The initial void volume of the waste room is
3642.75 m' - 551.2 M3 = 3091.55 Mn3 . The initial disposal region porosity of .848 is
calculated as follows:

initial void volume of waste room

3091.55 m3 + 551.2 M
3

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO 95-1121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Stone, C.M. 1995. "Proposed Model for the Final Porosity Surface Calculations," Sandia
National Laboratories Memorandum of Record to B.M. Butcher, October 27, 1995.
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Parameter(s): Effective Porosity - Operations and Experimental Region~s

Parameter Description: 
1

The initial effective porosity of the operations and experimental regions must be assigned
in the BRAGFLO analyses.

Material and Parameter Name(s):

OPSAREA POROSITY (#11)
EXP_AREA POROSITY (#211)

Parameter Value: 1. 8 x 10-1

jUnits: None

IDistribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

The porosity value for both the Operations and Experimental regions is based on a backfill
sensitivity study that modeled the closure behavior of an "equivalent" empty room in the
experimental area (Arguello 1994).

Discussion:

$ The attached figure shows the results of the backfill sensitivity study as a series of curves
plotting the ratio of time-dependent void volume to excavated volume against gas pressure
for various conditions of gas generation. The results of the backfill study indicate closure
is virtually complete at 1,000 years after the room is isolated. The assumption of constant
porosity is based on a study that shows that time-dependent closure for the north end of
the repository is an unimportant process (FEP DR3, Closure of Unfilled North End). The
single value of 0. 18 is based on the void volume/excavated volume ratio corresponding to
a repository pressure of 7.8 MIPa after 10,000 years (Butcher 1996).
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Param eter(s): Effective Porosity - Operations and Experimental Regin

* References:

Arguello, J.G. 1994. "Backfill Sensitivity Study - Creep Closure Behavior of an
Equivalent Empty Room at the North End of the WIPP Subjected to Gas Generation,"
Sandia National Laboratories Memorandum of Record to B.M. Butcher, August 29, 1994.

Butcher, B.M. 1996. "Porosity of the WIPP North End Excavations," Sandia National
Laboratories Memorandum of Record to M.S. Tierney, February 6, 1996.
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Parameter(s): Effective Porosity - Panel Closures

Parameter Description:

Effective porosity of the panel closures.

Material and Parameter Name(s):

PANSEAL POROSITY (#256)

Parameter Value: 7.5 x 1-

Units: None

Distribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

The effective porosity of the panel closures is a modeling assumption.

Discussion: --

The conceptual design for the panel closures proposes several component features,
including crushed salt backfill, a concrete bulkhead and concrete block retaining walls.
The assigned 7.5 percent constant value for panel closure porosity is slightly higher than
the 5.0 percent porosity assigned to Salado Mass Concrete proposed for use in the shaft.
The value is lower than the constant 18 percent porosity assigned to the Operations and
Experimental regions. In general, lower porosity materials provide less potential for gas
storage.

References:

N/A
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Parameter(s): PCTA Threshold Pressure Parameter - Repository

Parameter Description:

PCTA is used to calculate threshold pressure (Pr), as required in the Brooks-Corey two-
phase flow model to characterize incipient gas flow through a porous media.

Material and Parameter Name(s):

WASAREA PCT-A (#2805) OPSAREA PCT-A (#2605)
REPOSIT PCT-A (#273 7) EXP_AREA PCT-A (#27 12)

Parameter Value: 0

Units: Palm2

Distribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

* PCTA Ais a modeling assumption.

Discussion:

The threshold pressure (Pr), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the correlation established by Davies (1991):

Pt= PCTA - k(1JcT Em~1)

where PCT_-A and PCTEXP are constants and k is the permeability. Given the relatively
unconsolidated and high permeability environment of the waste region, capillary pressure
should be zero. Therefore, the threshold pressure linear parameter (PCT,A) is set to
zero. The simulation assumes no pressure threshold for flow of gas through any material
region in the repository.

DOE/CAO-96-2 160 PAR-25 June 14, 1996



Parameter(s): PCT A Threshold Pressure Parameter - Repository

References:

Davies, P. B. 199 1. Evaluation of the Role of Threshold Pressure in Controlling
Flow of Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTA Threshold Pressure Parameter - Panel Closures

Parameter Description:

PCTA is used to calculate threshold pressure (Pr) as required in the Brooks-Corey two-
phase flow model to characterize incipient gas flow through a porous media

Material and Parameter Name(s):

PANSEAL PCT-A (#2732)

IParameter Value: 0.56

jUnits: Pa/m2

IDistribution Type: Constant

Data: General Literature and Professional Judgment

There are no PCT_-A data for panel closures. The linear threshold parameter value is
based on a best-fit power correlation of threshold pressures and intrinsic permeabilities
published for several types of consolidated lithologies, referred to as the Davies
correlation (Davies 1991, 25-26).

Discussion:

The threshold pressure (Ps), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media. P, is determined from the correlation established by
Davies (1991):

Pt=PTA-kPTEP

where PCT_-A and PCTEXP are constants and k is the permeability. Use of the Davies
correlation is appropriate based on assumed gross similarities between compacted salt
backfill and engineered concrete and the consolidated carbonate, anhydrite, shale and
sandstone lithologies used to derive the Davies exponential threshold pressure parameter.
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Parameter(s): PCTA Threshold Pressure Parameter - Panel Closures

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling
Flow of Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.

June 14, 1996 PAR-28 DOE/CAO-96-2 160



Parameter(s): PCTEXP Threshold Pressure Parameter - Repositor

Parameter Description:

PCT EXP is used to calculate threshold pressure (Pa), a parameter required in the Brooks-
Corey two-phase flow model to characterize incipient gas flow through a porous media.

Material and Parameter Name(s):

WASAREA PCTEXP (#2806) OPSAREA PCT-EXP (#2606)
REPOSIT PCTEXP (42737) EXP_AREA PCT-EXP (#2713)

IParameter Value: 0

Units: None

Distribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

* PCT EXP is a modeling assumption.

Discussion:

The threshold pressure (Ps), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. Pt is determined from
the correlation established by Davies (199 1):

Pt=PCTA* - PTEP

where PCTA and PCTEXP are constants and k is the permeability. Given the relatively
unconsolidated and high permeability environment of the waste region, capillary pressure
should be zero. Consequently, as assumed for the threshold pressure linear parameter
(PCT ..A), PCT_-EXP is set to zero. The simulation assumes no pressure threshold for flow
of gas through any material region in the repository.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Repository

References:

Davies, P. B. 199 1. Evaluation of the Role of Threshold Pressure in Controlling
Flow of Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Panel Closures

Parameter Description:

PCTEXP is used to calculate threshold pressure (P,), a parameter required in the Brooks-
Corey two-phase flow model to characterize incipient gas flow through a porous media.

Material and Parameter Name(s):

PANSEAL PCTEXP (#2733)

Parameter Value: -0.346

Units: None

Distribution Type: Constant

Data: General Literature and Professional Judgment

PCTEXP has not been directly measured for panel closures. The exponential threshold
parameter value is based on a best-fit power correlation of threshold pressures and
intrinsic permeabilities published for several types of consolidated lithologies, referred to
as the Davies correlation (Davies 1991, 25-26).

Discussion:

Threshold pressure (P,) is calculated by the following relationship:

Pt = PCTA - k (PCT-EXP)

where k is the permeability. Use of the Davies correlation is appropriate based on
assumed gross similarities between panel closure materials and the consolidated carbonate,
anhydrite, shale and sandstone lithologies used to derive the Davies exponential threshold
pressure parameter (i.e., relatively tight crystalline textures with interconnected pore space
occurring along grain boundaries). Panel closures and halite are assigned the same values
for PCTA and PCT-EXP.
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Parameter(s): PCTE XP Threshold Pressure Parameter - Panel Closures

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling
Flow of Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Gas Saturation - Repository

Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

WASAREA SAT_RGAS (#671)
REPOSIT SAT_RGAS (#2 137)

Parameter Value: 0.075

mean median minimum maximum units

0.075 0.075 0 0.15 None

Distribution Type: Uniform

Data: General Literature and Professional Judgment

The parameter values are based on a November 15, 1995 Solutions Engineering letter
report to D.M. Stoelzel of Sandia National Laboratories entitled "Critical (residual) Gas
Saturation Recommendations for WIPP"(Solutions Engineering 1993).

Discussion:

Under conditions of chemical and biochemical gas generation and repository closure, gas
saturation may increase to a level where the pore network in repository material regions
becomes connected and gas permeability begins to increase. The lowest gas saturation at
which continuous gas flow will occur is the residual (critical) gas saturation (Sw,). In a
review of studies involving Sgr, Solutions Engineering (1995) reports values ranging from
0 to 27 percent. The assigned range for S., between 0 to 15 percent is consistent with
recommendations in the Solutions Engineering report. Assigning a constant and relatively
low 7.5 percent residual gas saturation facilitates migration of gas through the waste
region.
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Parameter(s): Residual Gas Saturation - Repository

References:

Solutions Engineering. 1995. "Critical Gas Saturation Recommendations for WIPP."
Letter Report to D.M. Stoelzel, Sandia National Laboratories, November 15, 1995,
Albuquerque, New Mexico.

June 14, 1996 PAR-34 DOE/CAO-96-2160



Parameter(s): Residual Gas Saturation -
Operational and Experimental Regions

* Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

OPSAREA SATRGAS (#22)
EXPAREA SATRGAS (#222)

Parameter Value: 0.0

Units: None

Distribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

SATRGAS is a modeling assumption that overestimates migration of the gas phase in the
operational and experimental regions.

Discussion:

Residual gas saturation is the gas saturation corresponding to the point on the relative
permeability curve above which gas permeability becomes nonzero and gas begins to flow
through the porous media. Assigning a zero residual gas saturation assumes no constraint
for gas to flow through the operational and experimental regions.

References:
N/A
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Parameter(s): Residual Gas Saturation - Panel Closures

Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

PANSEAL SAT_RGAS (#266)

IParameter Value: 0.2

jUnits: None

Distribution Type: Constant

Data: General Literature and Professional Judgment

The parameter value is substantiated in a November 15, 1995 Solutions Engineering letter
report to D.M. Stoelzel of Sandia National Laboratories entitled "Critical (residual) Gas
Saturation Recommendations for WIPP."

Discussion:

Sgr is the minimum gas saturation required to create an incipient interconnected system of
gas-filled pores, a condition required for initiating nonzero gas phase relative permeability
in the material. Solutions Engineering (1995) reports laboratory residual measurements of
Sgr ranging from 0 to 27 percent. The assigned Sgr value of .20 is consistent with the
recommendations reported by Solutions Engineering.

References:

Solutions Engineering. 1995. "Critical Gas Saturation Recommendations for WLPP"
Letter Report to D.M. Stoelzel, Sandia National Laboratories, November 15, 1995,
Albuquerque, New Mexico.
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Parameter(s): Residual Brine Saturation -
Repository

Parameter Description:

The residual brine saturation (Sbr) is a parameter of the Brooks-Corey two-phase flow
model defining the relative permeability for brine. Referred to also as S"' (wetting phase)
or S1, (liquid phase), residual brine saturation in the waste region corresponds to the brine
saturation required to create an incipient interconnected brine-filled pore network in the
waste (See Appendix BRAGFLO). Below the Sbr' brine contained in the effective porosity
of the waste is immobile.

Material and Parameter Name(s):

WASAREA SATRBRN (#670) REPOSIT SATRBRN (#274 1)

Parameter Value: 0.276

mean median minimum maximum units

0.276 0.276 0 0.552 None

. Distribution Type: Uniform

Data: General Literature and Professional Judgment

Two-phase flow parameters have not been measured for materials representative of a
collapsed empty, back-filled, or waste-filled room. A number of literature sources exist
for Sbr; however, the original Brooks and Corey (1964) experimental data are used as the
basis for assigning an analog value to the unconsolidated waste region.

To characterize uncertainty, the Brooks and Corey-derived Sb, is assigned a range from 0
to 0.552. In fact, a nonzero lower bounding Sbr is believed to be necessary for a material
to display relative permeability to the brine phase on a macroscopic scale.

Discussion:

Brooks and Corey evaluated their two-phase characteristic equations against capillary
pressure and relative permeability data obtained in laboratory experiments (Brooks and
Corey 1964). Mualem (1976) proposed a modified procedure to that of Brooks and
Corey for determining the wetting phase permeability curve by adding the constraint that
the extrapolated curve should pass through the highest capillary pressure data point.
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Parameter(s): Residual Brine Saturation -

Repository

Discussion: (continued)

Although their wetting phase relative permeability predictions are similar to each other and
to the data, the Mualem procedure, in some cases, results in S~ values less than those
predicted by the Brooks and Corey model. Consequently, Table 1 lists the Mualem
(1976) residual wetting phase saturations (Swr) to ensure that the potential for brine
mobility is not underestimated.

As indicated in Table 1, single-phase liquid permeabilities of the Brooks and Corey
materials are similar to those assigned to waste disposal regions (10.13 in). The selected
Sbr value for the BRAGFLO simulation of .276 is consistent with the fragmented mixture
of clay, sandstone and volcanic sand evaluated in the Brooks and Corey study. The
lowest Sbr value of 0.0783 for glass bead materials is considered a reasonable lower
bound for assessing brine mobility in the waste region.

References:

Brooks, R.H., and A. T. Corey. 1964. Hydraulic Properties of Porous Media.
Hydrology Paper No. 3. Fort Collins, CO: Colorado State University.

Mualem, Y. 1976. A New Model for Predicting the Hydraulic Conductivity of
Unsaturated Porous Media. Water Resources Research. Vol. 12, no. 3, 513 -522.
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Parameter(s): Residual Brine Saturation -
Repository

Table PAR-i. Brooks and Corey Materials Parameters - Unconsolidated Mediaa

Material Permeability (in')b Porosity Swrc

Volcanic Sand 1.1 x 1011 .365 0.137

Fine Sand 2.85 x 1012 .360 0.140

Glass Beads 1.05 x 10~" .3830.73

Fragmented Mixture 1.50 x 10-" .441 0.275

Fragmented Fox Hill 1.61 x 10-" .503 0.318
Sandstone

Touchet Silt Loam 5.00 x 10-" ~ .469 0.277

Poudre River Sand 2.26 x 1011 .364 0.0824

Amarillo Silty Clay Loam 2.34 x 1012 .455 0.242

Consolidated 4.81 x 1013 .206 0.243
Berea Sandstone

Consolidated 1.78 x 10-'" .250 0.560
Hygiene Sandstone

a - Consolidated materials are identified in the material column
b - Single-phase liquid permeability

c - Mualem S, corrected for comparison to Brooks and Corey (1964)
d - Considered conservative lower bound; however, for Monte Carlo sampling purposes, zero is assumed.

Swr - Wetting phase residual saturation
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Parameter(s): Residual Brine Saturation -
Operational and Experimental Regions

[Parameter Description:

The residual brine saturation (Sbr) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. Referred to also as S,
(wetting phase) or S,, (liquid phase), residual brine saturation is used in the second
modification of the Brooks and Corey two-phase flow model to calculate the effective
saturation (S.,) for the gas and brine phases.

Material and Parameter Name(s):

EXPAREA SATRBRN (#22 1) OPSAREA SATRBRN (#2 1)

Parameter Value: 0

IUnits: None

Distribution Type: Constant

Data: Professional Judgment and General Engineering Knowledge

SATRBRN is a modeling assumption that overestimates migration of the liquid phase in
the operational and experimental regions.

Discussion:

Residual brine saturation is the brine saturation corresponding to the point on the relative
permeability curve where liquid permeability becomes zero within increasing gas
saturation or becomes nonzero with increasing brine saturation. Assigning a zero residual
brine saturation assumes no constraint on the flow of the liquid phase through the
operational and experimental regions.

References:

N/A
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Parameter(s): Residual Brine Saturation -
Panel Closures

* Parameter Description:

The residual brine saturation (Sbr) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. Sb,~ is sometimes denoted
as S,, (wetting phase) or SI, (liquid phase). (See RBRIN_-REP.DOC and Appendix
BRAGFLO). For brine saturations above Sb, brine phase relative permeabiliyt (k,)
increase from a value of zero at the Sbr to k,~ = 1.0 for fully saturated conditions.

Material and Parameter Name(s):

PANSEAL SATRBRN (#265)

IParameter Value: 0.2

IUnits: None

IDistribution Type: Constant

* Data: General Literature and Professional Judgment

Two-phase flow parameters have not been measured for panel closure materials.

Discussion:

The conceptual design for the panel closures suggests panel closure materials may include
concrete blocks for retaining walls, crushed salt backfill and a concrete bulkhead. The
assigned value of 0.2 is at the lower end of the range of 0.08 to 0.56 reported by Brooks
and Corey (1964) for several types of porous materials. The value is the same as that used
for shaft region materials, and permits incipient brine flow through the panel closures at
reasonably low brine saturations.

References:

Brooks, R.H., and A.T. Corey. 1964. Hydraulic Properties of Porous Media.
Hydrology Paper No. 3. Fort Collins, CO: Colorado State University.
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Parameter Description:

The pore size distribution parameter (X) is used in the calculation of capillary pressure and
relative permeability in the second modification to the Brooks-Corey model implemented
in BRAGFLO.

Material and Parameter Name(s):

WASAREA POREDIS (#659) REPOSIT POREDIS (#2 129)

Parameter Value: 2.89

mean median minimum maximum units

3.25 2.89 1.44 5.78 None

IDistribution Type: Cumulative

Data: General Literature and Professional Judgment

Two-phase flow parameters have not been measured for materials representative of a
collapsed empty, back-filled or waste-filled room. Consequently, two-phase flow
parameters are selected from the literature and assigned as a modeling assumption.
Brooks and Corey (1964) is used as the literature reference.

Discussion:

Brooks and Corey (1964) fit capillary pressure data to predict pore size distribution for
several types of unconsolidated and consolidated material mixtures. Corey (1990)
suggests a common value of about 2.0 for typical porous media. The selected pore size
distribution parameter of 2.89 is representative of a fragmented mixture of clay, sandstone
and volcanic sand tested in the Brooks and Corey study.

The value of lambda for the repository is larger than values selected for the shaft, panels,
operations region, and the Salado. Qualitatively, a larger pore-size distribution parameter
reflects a material with uniformly-sized, unclogged interaggregate pores. Materials with a
wide range of pore sizes, and/or finer-grained materials, generally exhibit relatively smaller
~X values.
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Parameter(s): Pore Distribution -
Repository

References:

Brooks, R.H., and A.T. Corey. 1964. Hydraulic Properties of Porous Media.
Hydrology Paper No. 3. Fort Collins, CO: Colorado State University.

Corey, A. T. 1990. Mechanics of Immiscible Fluids in Porous Media: Water Resources
Publications. Littleton, Colorado.
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[Parameter Description:

The pore size distribution parameter (X) is used in the calculation of capillary pressure and
relative permeability in the second modification to the Brooks-Corey model implemented
in BRAGFLO.

Material and Parameter Name(s):

EXPAREA POREDIS (#210) OPSAREA POREDIS (#10)

IParameter Value: 0.70

JUnits: None

IDistribution Type: Constant

Data: General Literature and Professional Judgment

Two-phase flow parameters have not been measured for materials representative of a
collapsed empty, back-filled or waste-filled room. Consequently, two-phase flow
parameters are selected from the literature.

Discussion:

The pore size distribution parameter value of 0. 7 used in the NMVP analysis is based on a
study by Morrow et al. (1986) on the Multiwell Tight Gas Sands Project. The parameter
value selected for the closed experimental and operational regions falls within the same
range of pore size distribution determined experimentally for anhydrites (0.49 1 to 0.842).
See also discussion of POREDIS for the repository.

References:

Morrow, N.R., J.S. Ward, and K.R. Brower. 1986. Rock Mafrix and Fracture Analysis
of Flow in Western Tight Gas Sands - 1985 Annual Report. DOE/MC/2 1179-2032.
Socorro, NAM: New Mexico Institute of Mining and Technology, New Mexico Petroleum
Recovery Research Center.
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Parameter(s): Pore Distribution -
Panel Closures

* Parameter Description:

The pore size distribution parameter (X) is used in the calculation of capillary pressure and
relative permeability in the second modification to the Brooks-Corey model implemented
in BRAGFLO.

Material and Parameter Name(s):

PANSEAL POREDIS (#255)

Parameter Value: 0.94

Units: None

Distribution Type: Constant

Data: Professional Judgment

Two-phase flow parameters have not been measured for panel closure materials. The
parameter is assigned as a modeling assumption.

Discussion:

The conceptual design for the panel closures suggests panel closure materials may include
concrete blocks for retaining walls, crushed salt backfill and a concrete bulkhead. The
pore-size distribution parameter is assigned the same value as assigned to all shaft
materials. See also discussion in the repository and shaft sections concerning pore-size
distribution.

References:

N/A
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Parameter(s): Rock Compressibility - Repository

Parameter Description: 1
Rock compressibility is used in BRAGFLO to calculate pore compressibility to predict the
effect of material compressibility on porosity and mass storage in the equation of state for
flow through porous media.

Material and Parameter Name(s):

WASAREA COM4PRCK (#653) EXPAREA COM4PRCK (#208)
REPOSIT COMPRCK (#2112) OPSAREA COM4PRCK (#8)

Parameter Value: 0

Units: Pa'

Distribution Type: Constant

Data: Professional Judgment

COM4PRCK is a modeling assumption.

Discussion:

Except for the shaft material regions, COMP_-RCK in the parameter database must be
divided by material porosity to calculate pore compressibility. Pore compressibility is used
in BRAGELO to evaluate material porosity and mass storage as follows:

4) exp (cr(p-p.))

where,

=porosity of solid matrix (dimensionless)
=porosity at reference pressure p.

cr =pore compressibility of solid matrix (Pa-')

As described in Section 8.2.3. 1, repository porosity is evaluated using the SANTOS
porosity surface. Consequently, porosity is not adjusted in the repository by the
BRAGFLO relation above.
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Parameter(s): Rock Compressibility - Repository
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Parameter(s): Pore-Volume Compressibility - Panel Closures

Parameter Description:

Pore compressibility is used in BRAGELO to predict the effect of material compressibility
on porosity and mass storage in the equation of state for flow through porous media.

Material and Parameter Name(s):

PANSEAL COMPRCK (#253)

IParameter Value: 2.64 x 10-9

jUnits: Pa'

IDistribution Type: Constant

Data: Professional Judgment

COMPRCK for panel closures is a modeling assumption.

Discussion:

The COMIP_-RCK value in the parameter data base is usually divided by material porosity
to calculate pore compressibility. However, as done for shaft materials, COMIP_ RCK for
panel closures is listed as pore compressibility. Pore compressibility is used in BRAGFLO
to evaluate material porosity and mass storage as follows:

= 4' exp (c,(p-p.))
where.

4) porosity of solid matrix (dimensionless)

f,=porosity at reference pressure p.
cr =pore compressibility of solid matrix (Pad)

Pore compressibility for the panel closures is assigned on the assumption that the concrete
component of the panel closures will have the same pore compressibility as concrete
material in the shaft.

References:
N/A
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Parameter(s): Maximum Capillary Pressure - All Material Regions

Parameter Description:

Designation of maximum capillary pressure is required in BRAGELO for two-phase flow
modeling. Maximum capillary pressure is assigned the same value for all material regions.
See Appendix BRAGFLO for an explanation of the capillary pressure curve defined by the
Second Modified Brooks-Corey Model.

Material and Parameter Name(s):

PARAMETER NAME: PCMAX

MATERIAL NAMES:

WAS_-AREA (#65 8) REPOSIT (#2242)
EXP_-AREA (#209) OPSAREA (#9)
PANSEAL (#254) EARTH (#2498)
CLAY_-RUS (#3003) CL-LT1 (#2329)
CL -L T2 (#2346) CLLT3 (#2363)
CL -L T4 (#3073) CLMT1 (#2380)
CLMT2 (#23 97) CLMT3 (#24 14)

*CLMT4 (#243 1) CLMT5 (#2448)
CLAY_-BOT (#2312) CONCTi (#2465)
CONC_-T2 (#2482) CONCMON (#3 054)
ASPHALT (#2278) SALT Ti (#2515)
SALT -T2 (#2532) SALT-T3 (#2549)
SALT -T4 (#2566) SALT-T5 (#2583)
SALT-T6 (#2986) 5_HALITE (#542)
S_-ANH_-AB (#522) S-MB138 (#561)
S-MB139 (#582) DRZO0 (# 176)
DRZ-1 (#193) CULEBRA (#137)
MAGENTA (#2098) DEWYLAKE (#156)
SANTAROS (#339)

Parameter Value: 108

Units: Pa

Distribution Type: Constant

DOE/CAO-96-2160 PAR-49 June 14, 1996



Parameter(s): Maximum Capillary Pressure - All Material Regions

Data: Professional Judgment and General Engineering Knowledge

The anhydrite two-phase flow parameter data package retained in Sandia National
Laboratories WIEPP Central Files shows similar data values for maximum capillary pressure
in anhydrite, specifically at conditions reached when the liquid expelled during centrifuge
tests became constant. However, the basis of the assigned value is general engineering
knowledge. Essentially, the upper bound value selected for all material regions provides
an infinite capillary pressure relative to the threshold pressure.

SWCF-A 1.2.07.1 :PDD:QA: SALADO :PKG 1 O:Anh 2-Phase Parameters.

Discussion:

For all material regions, the maximum capillary pressure is merely a model configuration
assumption required to implement the capillary pressure function defined in the Second
Modified Brooks-Corey Model.

References:

N/A
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Parameter s) Relative Permeabilit Model Number

Parameter Description:

The relative permeability model number parameter is the flag used to select a two-phase
flow model for use in BRAGFLO. For the NMVP simulation, the Brooks-Corey model
(Choice "4") was used.

Material and Parameter Name(s):

PARAMETER NAME: RELPMOD

MATERIAL NAMES:

WAS_-AREA (# 668) REPO SIT (#2135)
EXP_-AREA (#219) OPSAREA (#19)
PAN_-SEAL (#264) EARTH (#25 09)
CLAY_RUS (#3012) CL -L T1 (#2340)
CL_-L_-T2 (#23 57) CL -L T3 (#23 74)
CL_-L_-T4 (#3081) CL_-M_-TI (#2391)
CL_-M_-T2 (#2408) CL_-M_-T3 (#2425)
CL_-M_-T4 (#2442) CL_-M_-T5 (#2459)
CLAY_-BOT (#2323) CONCTi (#2476)
CONCT2 (#2492) CONCMON (#3 062)
ASPHALT (#2289) SALT Ti (#2526)
SALT_-T2 (#2543) SALT-T3 (#2560)
SALTT4 (#2577) SALT-T5 (#2594)
SALTT6 (#2991) S-HALITE (#553)
S_-AINH_-AB (#536) S-MB138 (#575)
SNM139 (#596) DRZO0(# 186)
DRZ -1 (#203) CULEBRA (#148)
MAGENTA (#2 106) DEWYLAKE (#166)
SANTAROS (#349)

Parameter Value: 4

mean Imedian minimum maximum Iuits
4 4 1 4 None

Distribution Type: Delta
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Parameter s) Relative Permeabilit Model Number

Data: Site-Specific Experimental Data

Site-specific experimental data was collected from whole core taken from six underground
boreholes at the VIiPP. The specimens first underwent permeability and porosity testing,
then subsequent capillary pressure tests. Test data was from Marker Bed 139, and was
applied to the other material regions.

Assumptions made during testing were:

(1) Cores were 100 percent saturated at initiation of capillary pressure tests.
(2) Use of a 1400 contact angle was appropriate for correcting mercury-air data to

brine-air repository conditions.
(3) Although tests were conducted at ambient conditions (no stress), the data is

adequate to describe two-phase conditions at stress.

The following data package is associated with the tests:

SWCF-A: 1.2.07.1 :PDD :QA: SALADO :PKG 10: Salado Anhydrite Two-Phase Parameters

Discussion:

There are several two-phase relative permeability models described in Appendix
BRAGFLO, including van Genuchten-Parker and the second modified Brooks-Corey.

Interpretation of the experimental test results showed that either the second modified
Brooks-Corey or the van Genuchten-Parker two-phase flow models could be used to
describe the data. Because the available evidence supports either model, the DOE
selected the second modified Brooks-Corey capillary pressure and relative permeability
curves for use in this demonstration.

References:

N/A
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Final No-Migration Variance Petition

Average Stochiometry Gas Generation Model
* Parameter Values

(as summarized in Table 8-3, Chapter 8)
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Parameter(s): Inundated Corrosion Rate for Steel Without CO2 Present

Parameter Description:

This parameter is used to describe the rate of anoxic steel corrosion under brine inundated
conditions and with no CO2 present (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

STEEL CORRMC02 (#2907)

Parameter Value: 7.93 7 x 10"

mean median minimum maximum units

7.937 x 10-1 7.937 x 10-" 0 1.587 x 1r14 n/s

Distribution Type: Uniform

Data: Site-Specific Experimental Data

See: Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of

Gas-Generation Parameters for the Long-Term WIPP Performance Assessment, January
26, 1996.

Discussion:

Without CO 2 present, anoxic steel corrosion will proceed via the reaction:

Fe' + 2H2O = Fe(OH) 2 + H2. The upper limit of the parameter is determined from long-

term anoxic steel corrosion experiments. The minimum rate is set to zero because of the
possibility that salt crystallization on the steel surface could potentially prevent steel
corrosion.

References:

Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-

Generation Parameters for the Long-Term WIPP Performance Assessment, January 26,
1996.
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Parameter(s): Humid Corrosion Rate for Steel

Parameter Description:

This parameter is used to describe the rate of anoxic steel corrosion under humid
conditions (see Section 1. 13 of Appendix BRAGELO).

Material and Parameter Name(s):

STEEL HUMCORR (#29 10)

Parameter Value: 0

jUnits: m/s

IDistribution Type: Constant

Data: Site-Specific Experimental Data

See: Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of
Gas-Generation Parameters for the Long-Term WIPP Performance Assessment, January
26, 1996. The memo refers to reports by Telander and Westerman (1993) and Telander
and Westerman (in review).

Discussion:

The humid corrosion rate for steel is set to zero because the corrosion observed on test
specimens exposed to humid conditions was negligible.

References:

Telander, M. R. and Westerman. 1993. Hydrogen Generation by Metal Corrosion in
Simulated Waste Isolation Pilot Plant Environments: Progress Report for the Period
November 1989 through December 1992. SAND92-7347. Sandia National Laboratories,
Albuquerque, NM.

Telander, M.R. and Westerman, (in review). Hydrogen Generation by Metal Corrosion
in Simulated Waste Isolation Pilot Plant Environments: Final Report.
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Parameter(s): Anoxic Corrosion Stoichiometric Factor X

Parameter Description:

X is the stoichiometric factor in the steel corrosion reaction used in the Average-
Stoichiometry model: Fe + 4/3 H20 - 4/3 H2 + 1/3 Fe3O4 (see Section 1. 13 of Appendix
BRAGFLO.

Material and Parameter Name(s):

STEEL STOLFX (#2898)

Parameter Value: 1.0

Units: None

Distribution Type: Constant

Data: Site-Specific Experimental Data

See: Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of
Gas-Generation Parameters for the Long-Term WW[P Performance Assessment, January
26, 1996.

Discussion:

If Fe3O4 were to form, it would be expected that H2 would be produced (on a molar basis)
in excess of Fe consumed. But, the anoxic corrosion experiments under expected WI[PP
conditions did not show the production of H 2 in excess of Fe reacted. Therefore, the
stoichiometric factor x is set to 1.0.

References:

Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term W][PP Performance Assessment, January 26,
1996.
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Parameter Description:

This parameter is used to describe the rate of cellulosics biodegradation under anaerobic,
humid conditions (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA GRATMICH (#656)
REPOSIT GRATMICH (#2127)

IParameter Value: 6.342 x10'

mean median minimum maximum units

6.342 x 10-'0 6.342 x 10-10 0.0 1.2684 x 10-9 mollkg*s

IDistribution Type: Uniform

Data: Site-Specific Experimental Data0

See: Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of
Gas-Generation Parameters for the Long-Term WJPP Performance Assessment, January
26, 1996.

Discussion:

The maximum rate was estimated from cellulosics-biodegradation experiments under
anaerobic, humid conditions. The minimum rate is set to zero, corresponding to the cases
where microbes become inactive due to water or nutrient stress.

References:

Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term WJPP Performance Assessment, January 26,
1996.
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* Parameter Description:

This parameter is used to describe the rate of cellulosics biodegradation under anaerobic,
brine-inundated condtions (see Section 1. 13 of Appendix BRAGELO).

Material and Parameter Name(s):

WAS_-AREA GRATMICI (#657)
REPOSIT GRATMICI (#2128)

Parameter Value: 4.915 x 10-9

mean median minimum maximum units

4.915 x 10-' 4.915 x 10-9 3.171 x 10-10 9.5129 x 10-9 mol/kg*s

Distribution Type: Uniform

Data: Site-Specific Experimental Data

See: Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of
Gas-Generation Parameters for the Long-Term WI[PP Performance Assessment, January
26, 1996.

Discussion:

The maximum rate is estimated from the data obtained from both N0 3- - and nutrients-
amended experiments, whereas the minimum rate is derived from the data obtained from
the inoculated-only experiments without any nutrient and NO3 -amendment. The rates

were calculated from the initial linear part of the experimental curve of CO2 VS. time, by
assuming that cellulosics biodegradation in those experiments werentre-onuin-
limited.

References:

Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term WL[PP Performance Assessment, January 26,
1996.
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Parameter(s): Factor 1P for Microbial Reaction Rates

Parameter Description:

Factor P3 characterizes the extent of microbially-generated gas reacting with steel and steel
corrosion products (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

CELLULS FBETA (#2994)

IParameter Value: 0.5

mean median minimum Tmaximum units

0.5 0.5 0 1.0 None

Distribution Type: Uniform

Data: Site-Specific Experimental Data

See: Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of
Gas-Generation Parameters for the Long-Term WIPP Performance Assessment, January
26, 1996.

Discussion:

CO 2 and H2S generated by microbial reactions can be consumed by reaction with steel or
steel corrosion product. Factor P3 is used to characterize the extent of this consumption
reaction. P3 = 0, if no CO2 and H2S are consumed, or P = 1, if all CO2 and H'2S are
consumed. The median value 0. 5 is selected as a reasonable value that represents this
chemical process.

References:

Wang, Y., and L. Brush. 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term WIPP Performance Assessment, January 26,
1996.
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Parameter(s): Probability of Microbial Degradation of Plastics and Rubbers in the
Waste in the Event of Significant Gas Generation

* Parameter Description:

This parameter is used to describe the probability of microbial degradation of plastics and
rubbers in the waste in the repository in the event of significant gas generation.

Material and Parameter Name(s):

WAS_-AREA PROBDEG (#2823)
REPOSIT PROBDEG (#2824)

Parameter Value: 2]

mean Imedian Iminimum maximum Iunits
2 2 0 2 None]

Dsrbution Type: Delta

Data: General Engineering Knowledge-Professional Judgment

Discussion:

Cellulosics, plastics, and rubbers have been identified as the major organic materials to be
emplaced in the WIPP repository (DOE/CAO 1996) and could be degraded by microbes
in 10,000 years. The occurrence of significant microbial gas generation in the repository
will depend on: (1) whether microbes capable of consuming the emplaced organic
materials will be present and active; (2) whether sufficient electron acceptors will be
present and available; (3) whether enough nutrients will be present and available. The
NMVP demonstration conservatively assumes that all cellulosic, plastics, and rubbers are
available to degrade and participate in the gas generation process. Biodegradation is
considered to have a 50 percent chance of occurring, primarily due to uncertainties in the
long-term survival of microbes (Wang and Bush 1996). "Branch 2" (or simply 2) in
Figure 2 is chosen as the default (median) value, because it is the case of highest gas
generation (Tierney 1996).
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Parameter(s): Probability of Microbial Degradation of Plastics and Rubbers in the1
Waste in the Event of Significant Gas Generation

References:

Alexander, M., 1994. Biodegradation and Bioremediation. Academic Press, N.Y.

DOE/CAO, 1996. Transuranic Waste Baseline Inventory Report (Rev. 2).

Tierney, M., 1996. Memorandum to File, Re: Reasons for choice of the PROBDEG
parameter (id nos. 2824 and 2823) on February 22, 1996, March 29, 1996.

Wang, Y. And L. Brush, 1996. Memorandum to Martin Tierney, Re: Estimates of Gas-
Generation Parameters for the Long-Term WLPP Performance Assessment, January 26,
1996.
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Parameter(s): Probability of Microbial Degradation of Plastics and Rubbers in the
Waste in the Event of Significant Gas Generation

Significant gas generation No Sig. mnicrobial gas generation

PI( -p 1)

rubber deg no plas. & rubber deg.

p2 (I1 -p2)

pip2 pl(l-p2) (1-pi)

Branch 2 Branch 1 Branch 0

p, = probability of occurrence of significant microbial gas generation (=50%)

P2 = probability of occurrence of plastics and rubber biodegradation in the
event of significant gas generation (=50%)

Figure PAR-2. Logic Diagram for Possible Outcomes and Probabilities for the
Parameter PROBDEG.
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Parameter s) Average Densit of Cellulosics in Contact-Handled Wat

Parameter Description:

The average density of cellulosics in CH-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DCELLCHW (#204 1)
REPOSIT DCELLCHW (#2113)

Parameter Value: 54.0

Units: kg/rn3

Distribution Type: Constant

Data: Waste-Specific Observational Data

* Se, DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of cellulosics in the
contact-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WTPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter s) Average Densit of Cellulosics in Remote-Handled Wat

Parameter Description:

The average density of cellulosics in RH-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DCELLRHW (#2274)
REPOSIT DCELLRHW (#2114)

Parameter Value: 17.0

JUnits: kg/rn3

Distribution Type: Constant

Data: Waste-Specific Observational Data

S=, DOEICAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of cellulosics in the
remote-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WIPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Average Density of Iron-Based Materials in Contact-Handled Waste

Parameter Description:

The average density of iron-based materials in CH-TRU waste; this value is used in the
gas generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DIRONCHW (#~2040)
REPOSIT DIRONCHW (421 17)

JParameter Value: 170.0

JUnits: kg/in3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

* Sg-ei DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (199 5) for the average density of iron-based materials in
the contact-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WLPP waste streams.

References:

DOEICAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Average Density of Iron-Based Material in Remote-Handled Waste

Parameter Description:

The average density of iron-based materials in RH-TRU waste; this value is used in the
gas generation model (see Section 1. 13 of Appendix BRAGELO).

Material and Parameter Name(s):

WASAREA DIRONRHW (#2044)
REPOSIT DIRONRHW (#2118)

IParameter Value: 100.0

JUnits: kg/rn3

Distribution Type: Constant

Data: Waste-Specific Observational Data

See: DOEICAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of iron-based materials in
the remote-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WLPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Average Density of Plastics in Contact-Handled Waste

Parameter Description:

The average density of plastics in CH-TRU waste; this value is used in the gas generation
model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DPLASCHW (#2043)
REPOSIT DPLASCHW (#2119)

Parameter Value: 34.0

Units: kg/rn3

Distribution Type: Constant

Data: Waste-Specific Observational Data

See: DOE/GAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM': Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of plastics in the contact-
handled waste was derived from a combination of physical measurements and acceptable
knowledge of the stored and projected WIPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Average Density of Plastics in Remote-Handled Waste

Parameter Description:

The average density of plastics in RH-TRU waste; this value is used in the gas generation
model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DPLASRHW (#2275)
REPOSIT DPLASRHW (#2120)

IParameter Value: 15.0

JUnits: kg/rn3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

See: DOE/GAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of plastics in the remote-
handled waste was derived from a combination of physical measurements and acceptable
knowledge of the stored and projected WIPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Average Density of Rubber in Contact-Handled Waste

Parameter Description:

The average density of rubber materials in CH-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DRUBBCHW (#2042)
REPOSIT DRUBBCHW (#2122)

IParameter Value: 10.0

JUnits: kg/in 3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

See: DOEICAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U. S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of rubber materials in the
contact-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WJEPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Average Density of Rubber in Remote-Handled Waste

[Parameter Description:

The average density of rubber materials in R}{-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DRUBBRHW (#2046)
REPOSIT DRUBBRI{W (#2123)

Parameter Value: 3.3

JUnits: kg/in3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

See: DOEICAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the average density of rubber materials in the
remote-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WIEPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Bulk Density of Steel Containers in Contact-Handled Waste

*~Parameter Description:

The bulk density of steel containers in CH-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DIRNCCHW (#1992)
REPOSIT DLRNCCHW (#2115)

IParameter Value: 139.0

Units: kg/rn3

Distribution Type: Constant

Data: Waste-Specific Observational Data

See: DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOEICAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the bulk density of steel containers in the
contact-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WIPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.

DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance

Contractor for U.S. Department of Energy.
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Parameter Description:

The bulk density of steel canisters plus the steel plug in RH-TRU waste; this value is used
in the gas generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DIRNCRHW (#1993)
REPOSIT DIRNCRHW (#2116)

JParameter Value: 2,591.0

JUnits: k g/rn 3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

See: DOEICAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the bulk density of steel canisters in the
remote-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WIPP waste streams. This average
density of steel is equal to that of the remote-handled canisters (446 kg/rn) plus that of
the steel plugs (2,145 kg/rn 3).

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Bulk Density of Plastic Liners in Contact-Handled Waste

Parameter Description:

The bulk density of plastic liners in CH-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DPLSCCHW (#1995)
REPOSIT DPLSCCHW (#2121)

Parameter Value: 26.0

Units: kg/rn3

Distribution Type: Constant

Data: Waste-Specific Observational Data

See: DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOB/CAG (1995) for the bulk density of plastic liners in the
contact-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WLPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Bulk Density of Plastic Liners in Remote-Handled Waste

Parameter Description:

The bulk density of plastic liners in RH-TRU waste; this value is used in the gas
generation model (see Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA DPLSCRHW (#2228)

iParameter Value: 3.1

JUnits: k g/rn 3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

See: DOE/GAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 12 1. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.

Discussion:

The value provided in DOE/CAO (1995) for the bulk density of plastic liners in the
remote-handled waste was derived from a combination of physical measurements and
acceptable knowledge of the stored and projected WIPP waste streams.

References:

DOE/CAO. 1995. Transuranic Waste Baseline Inventory Report, Revision 2.
DOE/CAO-95-1 121. Carlsbad, NM: Carlsbad Area Office Technical Assistance
Contractor for U.S. Department of Energy.
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Parameter(s): Total Volume of Remote-Handled Waste

Parameter Description:

The total volume of RH-TRU waste; this value is used in the gas generation model (see
Section 1. 13 of Appendix BRAGELO).

Material and Parameter Name(s):

WASAREA VOLRHW (#2233)
REPOSIT VOLRHW (#2142)

Parameter Value: 7,080.0

Units: m 3

Distribution Type: Constant

Data: Waste-Specific Observational Data

* See: DOE (U.S. Department of Energy) and State of New Mexico (198 1, originally).
Agreement for Consultation and Cooperation between Department of Energy and the
State of New Mexico on the Waste Isolation Pilot Plant, Updated April 18, 1988; Article
VI (WI-PP Mission), Page 4.

Discussion:

The value for the total volume of remote-handled waste was identified in the Agreement
for Consultation and Cooperation between DOE and the State of New Mexico on the
WJ[PP.

References:

DOE (U.S. Department of Energy) and State of New Mexico (1981, originally).
Agreement for Consultation and Cooperation between Department of Energy and the
State of New Mexico on the Waste Isolation Pilot Plant, Updated April 18, 1988; Article
VI (WIiPP Mission), Page 4.
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Parameter(s): Total Volume of Contact-Handled Waste

Parameter Description:

The total volume of CH-TRU waste; this value is used in the gas generation model (see
Section 1. 13 of Appendix BRAGFLO).

Material and Parameter Name(s):

WASAREA VOLCHW (#223 2)
REPOSIT VOLCHW (#214 1)

IParameter Value: 1. 69 x 10'

jUnits: m3

IDistribution Type: Constant

Data: Waste-Specific Observational Data

See: Public Law 102-579, 102d Congress, October 30, 1992, Waste Isolation Pilot Plant
Land Withdrawal Act; Section 7, subpart (a)(3) and DOE (U.S. Department of Energy)
and State of New Mexico (1981 originally), Agreement for Consultation and Cooperation
between Department of Energy and the State of New Mexico on the Waste Isolation Pilot
Plant, Updated April 18, 1988; Article VI (WLPP Mission), Page 4.

Discussion:

The value for the total volume of contact-handled waste is the total volume identified in
the Land Withdrawal Act (1992) minus the volume of remote-handled waste identified in
the Agreement for Consultation and Cooperation between DOE and the State of New
Mexico on the WIPP.

References:

Public Law 102-579, 102d Congress. October 30, 1992. Waste Isolation Pilot Plant
Land Withdrawal Act; Section 7, subpart (a)(3).
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Parameter(s): Total Volume of Contact-Handled Waste

References: (continued)

DOE (U.S. Department of Energy) and State of New Mexico (198 1, originally).
Agreement for Consultation and Cooperation between Department of Energy and the
State of New Mexico on the Waste Isolation Pilot Plant, Updated April 18, 1988; Article
VI (WIPP Mission), Page 4.
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Parameter(s): Wicking Saturation

Parameter Description:

The wicking saturation in the waste is used in the gas generation model (see Section 1. 13
of Appendix BRAGFLO).

Material and Parameter Name(s):

WAS_-AREA SATWICK (#223 1)
REPOSIT SATWICK (#2138)

IParameter Value: 0.5

mean median minimum maximum units
0.5 0.5 0 1.0 None

IDistribution Type: Uniform

[Data: Professional Judgment

Discussion:

Wicking is the ability of a material to carry a fluid by capillary action above the level it
would normally seek in response to gravity. The use of a two-phase Darcy flow model in
BRAGFLO includes possible effects of capillary action, but uncertainty remains about the
extent to which the assumed homogeneous properties of the waste adequately characterize
wicking. Because estimated rates of gas generation are higher for waste that is in direct
contact with brine, brine saturation in the repository is adjusted in BRAGFLO to account
for the possibility of wicking in the waste. This adjusted brine saturation is used only for
calculating gas generation.

The adjustment is done as follows: 5

Sb,eff = Sb + w

and

Sb,eff 1.0,

where Sb is the brine saturation in the waste calculated by BRAGFLO, S,, is the wicking
saturation that describes the additional amount of brine that may be present and in contact
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Parameter(s): Wicking Saturation

Discussion: (continued)

with the waste because of wicking, and Sbceff is the effective brine saturation used to
determine the gas generation rates used in the analysis. The wicking saturation is assigned
a constant value of 0.5 for this analysis.

References:
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Final No-Migration Variance Petition

Shaft Material Parameter Values
* (as summarized in Table 8-4, Chapter 8)

All Shaft Materials

Clay Shaft Material

Salt Shaft Materials

Concrete and Concrete Monolith Shaft Materials

Asphalt Shaft Material

Earthen Fill Shaft Material

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Parameter(s): Residual Brine Saturation - All Shaft Materials

Parameter Description:

The residual brine saturation (Sbr) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. For brine saturations
above the Sb, brine phase relative permeability (k,) slowly increases from a value of zero
at the Sbr to k,~ = 1.0 for fully brine-saturated conditions.

Material and Parameter Name(s):

EARTH SATRBRN (#2511)

CLAYRUS SATRBRN (#3014)

CLLTi SATRBRN (#2342)
CL_-L_-T2 SATRBRN (#23 59)
CL_-LT3 SATRBRN (#23 76)
CL_L_T4 SATRBRN (#3 082)

CL_-M_-Ti SAT_-RBRN (#2393)
CL_M_T2 SATRBRN (#2427).CL_-M_-T4 SAT_-RBRN (#2444)
CL_M_T5 SATRBRN (#2461)

CLAYBOT SATRBRN (#2325)
CONCTi1 SAT_-RBRN (#2478)
CONCT2 SATRBRN (#2494)

* '\ CONCMON SATRBRN (#3063)

7 ASPHALT SATRBRN (#2291)

SALTTI SAT_-RBRN (#2528)
SALTT2 SAT_-RBRN (#2545)
SALT T3 SAT_-RBRN (#2562)
SALTT4 SAT_-RBRN (#2579)
SALTT5 SAT_-RBRN (#2596)
SALTT6 SATRBRN (#2992)

Parameter Value: 0.20
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Parameter(s): Residual Brine Saturation - All Shaft Materials

mean median minimum maximum units

0.25 0.20 0 0.60 None

Distribution Type: Cumulative

Data: General Literature-Professional Judgment

A literature review is documented in the shaft material parameter records package.

Discussion:

The shaft materials group conducted an extensive literature search to obtain residual liquid
saturation values for consolidated geologic materials, concrete, and asphalt. Residual liquid
saturations for geologic materials were found in four references (Brooks and Corey 1964;
Lappala et al. 1987; Parker et al. 1987; and Rawls et al. 1982). Brooks and Corey (1964)
determined residual saturations for five unconsolidated samples based on measured values of
liquid saturation as a function of capillary pressure. Lappala et al. (1987) determined residual
moisture content for 11I soils by obtaining best fits to measured moisture content versus
pressure head data using three models. The residual moisture contents determined for each
soil using the three models were averaged and divided by the reported porosity to obtain a
residual liquid saturation for each soil. Parker et al. (1987) fit their saturation-pressure
relationship to observed data to obtain residual saturations for a sandy and clayey porous
media. Residual water contents reported by Rawls et al. (1982) for I11 soil texture classes
were divided by the reported porosity to obtain residual saturations.

Mayer et al. (1992) reported a residual liquid saturation for normal concrete of 0.30 based
on gas permeability testing. Data regarding residual liquid saturations in asphalt materials
were not found in the literature.

Based on the above literature review, the residual brine saturation (Sbr) is assigned a
parameter range from 0 to 0.60. Because residual brine saturation is not an especially
sensitive parameter (i.e., Sbr does not affect BRAGFLO calculations unless the Sb, is reached
in the shaft), the median value from the distribution is used to characterize all shaft materials.

References:

Brooks, R.H., and A. T. Corey. 1964. Hydraulic Properties of Porous Media.
Hydrology Paper No. 3. Fort Collins, CO: Colorado State University.
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Parameter(s): Residual Brine Saturation - All Shaft Materials

References: (continued)

Lappala, E.G., R.W. Healy, and E.P. Weeks. 1987. Documentation of Computer
Program VS2D to Solve the Equations of Fluid Flow in Variably Saturated Porous

Media Water-Resources Investigations Report 83-4099. Denver, CO: U.S. Geological
Survey.

Mayer, G., F. Jacobs, and F.H. Wittmann. 1992. "Experimental Determination and
Numerical Simulation of the Permeability of Cementitious Materials," Nuclear
Engineering and Design. Vol. 13 8, no. 2, 171-177.

Parker, J.C., R.J. Lenhard, and T. Kuppusamy. 1987. "A Parametric Model for
Constitutive Properties Governing Multiphase Flow in Porous Media," Water Resources
Research. Vol. 23, no. 4, 618-624.

Rawls, W.J., D.L. Brakensiek, and K.E. Saxton. 1982. "Estimation of Soil Water
Properties," Transactions of the ASAF. St. Joseph, MI: American Society of Agricultural
Engineers. 1316-1328.
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Parameter(s): Residual Gas Saturation - All Shaft Materials

Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves. Sgr is the minimum gas
saturation above which relative permeability (km) to the gas phase becomes nonzero and
begins to increase to krg = 1. 0 at 100 percent gas saturation.

Material and Parameter Name(s):

EARTH SATRGAS (#25 12)

CLAYRUS SATRGAS (#3015)

CL_-L_-TI SAT_-RGAS (#2343)
CL_L_T2 SATRGAS (#23 60)
CL_-L_-T3 SAT_-RGAS (#23 77)
CL_L_T4 SATRGAS (#3083)

CL_-M_-TI SAT_-RGAS (#2394)
CL_-M_-T2 SAT_-RGAS (#241 1)
CL_-M_-T3 SAT_-RGAS (#242 8)
CL_-M_-T4 SAT_-RGAS (#2445)
CL_M_T5 SAT_RGAS (#2462)

CLAYBOT SATRGAS (#23 26)

CONCTI SATRGAS (#2479)
CONCT2 SAT_RGAS (#2495)

CONCMON SATRGAS (#3 064)

ASPHALT SATRGAS (#2292)

SALTTI SAT_-RGAS (#2529)
SALTT2 SAT_-RGAS (#2546)
SALTT3 SAT_-RGAS (#2563)
SALT_-T4 SAT_-RGAS (#2580)
SALT_-T5 SAT_-RGAS (#2597)
SALTT6 SATRGAS (#2993)

IParameter Value: 0.20

June 14, 1996 PAR-88 DOE/CAO-96-2 160



Parameter(s): Residual Gas Saturation - All Shaft Materials

mean median minimum maximum units

0.20 0.20 0 0.40 None

Distribution Type: Uniform

Data: General Literature-Professional Judgment

A literature review is documented in the shaft material parameter records package

(WP030640).

Discussion:

The shaft materials group conducted a literature search to obtain residual gas saturation
(Sg,) values for consolidated geologic materials, concrete, and asphalt. Mayer et al. (1992)
reported a residual gas saturation for normal concrete of 0. 18 based on gas permeability
testing. Literature values for residual gas saturation of asphalt were not found. Based on a
review of the literature, Solutions Engineering (1995) reports Sgr values ranging from 0-27
percent obtained by field and laboratory studies on geologic and man-made materials. An
expected value and range are assumed for all seal components. The expected value of 0.2
is consistent with the value used for the panel closures.

References:

Mayer, G., F. Jacobs, and F.H. Wittmann. 1992. "Experimental Determination and
Numerical Simulation of the Permeability of Cementitious Materials," Nuclear
Engineering and Design. Vol. 13 8, no. 20, 171-177.

Solutions Engineering. 1995. "Critical Gas Saturation Recommendations for WIEPP"
Letter Report to D.M. Stoelzel, Sandia National Laboratories, November 15, 1995.
Albuquerque, NM.
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Parameter(s): Pore Distribution - All Shaft Materials

Parameter Description:

The pore size distribution parameter (X) is required for the Brooks-Corey two-phase flow
model.

Material and Parameter Name(s):

EARTH POREDIS (#2499)

CLAYRUS POREDIS (#3 006)
CLLTi POREDIS (#233 0)
CL_L_T2 POREDIS (#2347)
CL_L_T3 POREDIS (#23 64)
CL_L_T4 POREDIS (#3 076)

CL_M_Ti POREDIS (#2381)
CL_M_T2 POREDIS (#23 98)
CL_M_T3 POREDIS (#2415)
CL_M_T4 POREDIS (#2432)
CL_M_T5 POREDIS (#2449)

CLAYBOT POREDIS (#23 13)

CONCTi POREDIS (#2466)
CONCT2 POREDIS (#2483)

CONCMON POREDIS (#3057)

ASPHALT POREDIS (#2279)

SALTTi POREDIS (#25 16)

SALTT2 POREDIS (#2533)
SALTT3 POREDIS (#2550)
SALTT4 POREDIS (#2567)
SALTT5 POREDIS (#2809)
SALTT6 POREDIS (#2989)

Parameter Value: 0.94
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Parameter(s): Pore Distribution - All Shaft Materials

mean median minimum maximum units

2.52 0.94 0.11 8.1 None

IDistribution Type: Cumulative

Data: General Literature-Professional Judgment

Data is based on a review of the available literature.

Discussion:

A literature search was conducted to find pore distribution (i.e., lambda) values for
geologic materials and concrete. For geologic materials, 81 lambda values were found in
five references (Brooks and Corey 1964; Mualem 1976; Rawls et al. 1982; Haverkamp
and Parlange 1986; and Lappala et al. 1987). In addition, 38 lambda values were
calculated from values of the van Genuchten parameter n found in six references (van
Genuchten 1980; van Genuchten and Nielsen 1985; Hopmans and Overmars 1986; Parker
et al. 1987; Stephens et al. 1988; and Wosten and van Genuchten 1988).

The total number of lambda values found in the literature or calculated from n values
found in the literature was 119. In a few cases, different literature sources reported
different values of lambda and/or n for the same materials. For this situation, the different
lambda values were arithmetically averaged to obtain a single value for the material. This
procedure yielded lambda values for a total of 85 different geologic materials.

Brooks and Corey (1964) report lambda values for five unconsolidated samples and two
consolidated samples determined by fitting to observed capillary pressure curves. Lambda
values for 42 soils determined by fitting to observed drainage data are presented in
Mualemn (1976). Rawls et al. (1982) give lambda values for the 11 USDA soil texture
classes. They fit the measured water retention-matrix potential data reported in 26
sources and averaged within texture classes. Haverkamp and Parlange (1986) report
lambda values for ten sandy soils. They estimated the value of lambda using the
cumulative particle-size distribution function. Lambda values determined by fitting to
experimental data for 11I soils are given in Lappala et al. (1987).

van Genuchten (1980) reports n values for five soils. These values were determined by
fitting his model to measured conductivity curves. Values of n for four soils determined
by fitting to observed data are given in van Genuchten and Nielsen (1985). Hopmans and
Overmars (1986) determined n values for a Norfolk sandy loam at two soil temperatures
by fitting to experimental data. Parker et al. (1987) report n values for a sandy porous
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Parameter(s): Pore Distribution - All Shaft Materials

Discussion: (continued)

media and a clayey porous media which they determined by fitting to observed data.
Stephens et al. (1988) determined five n values for three stratigraphic units underlying the
IT Corporation's Imperial Valley Facility located in southern California. The n values
were determined by fitting to the data obtained from in-situ field testing. A single n value
was determined for two units and three n values were determined for a third stratified unit.
The latter were for individual clay and silt layers and for the composite unit. Observed
hydraulic conductivity and water retention data from soils in the Netherlands were used by
Wosten and van Genuchten (1988) to obtained n values. They report 20 average n values
for 105 coarse-textured samples, 43 medium-textured samples, and 49 fine-textured
samples.

For concrete, a literature search yielded only one reference (Mayer et al. 1992). This
reference indicates that the Corey (1954) relationships are appropriate for describing the
two-phase characteristic curves for the normal concretes they tested. For asphalt
materials, data regarding lambda values were not found in the literature.

Based on the above background research, the shaft materials parameter records package
reports a range for lambda between 0. 11 and 11. 67 and interprets the data as lognormally
distributed. The record package median value of 0.94 is preserved in the cumulative
distribution defined for the simulation and is used for all shaft materials.

References:

Brooks, R.H., and A.T. Corey. 1964. Hydraulic Properties of Porous Media.
Hydrology Paper No. 3. Fort Collins, CO: Colorado State University. -

Corey, A.T. 1954. "The Interrelation Between Gas and Oil Relative Permeabilities,"
Producer's Monthly. Vol. XIX, no. 1, 38-41

Haverkamp, R., and J.Y. Parlange. 1986. "Predicting the Water-Retention Curve From
Particle-Size Distribution: 1. Sandy Soils Without Organic Matter," Soil Science. Vol.
142, no. 6, 325-339.
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References: (continued)

Hopmans, J.W., and B. Overmars. 1986. "Presentation and Application of an Analytical
Model to Describe Soil Hydraulic Properties," Journal of Hydrology. Vol. 87, no. 1-2,
13 5-143.

Lappala, E.G., R.W. Healy, and E.P. Weeks. 1987. Documentation of Computer
Program VS2D to Solve the Equations of Fluid Flow in Variably Saturated Porous
Media. Water-Resources Investigations Report 83 -4099. Denver, CO: U.S. Geological
Survey.
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Engineering and Design. Vol. 13 8, no. 2, 171-177.

Mualem, Y. 1976. "A New Model for Predicting the Hydraulic Conductivity of
Unsaturated Porous Media," Water Resources Research. Vol. 12, no. 3, 513-522.

Parker, J.C., R.J. Lenhard, and T. Kuppusamy. 1987. "A Parametric Model for
Constitutive Properties Governing Multiphase Flow in Porous Media," Water Resources
Research. Vol. 23, no. 4, 618-624.

Rawls, W.J., D.L. Brakensiek, and K.E. Saxton. 1982. "Estimation of Soil Water
Properties," Transactions of the ASAE. 1316-1328. St. Joseph, MI: American Society of
Agricultural Engineers.

Stephens, D.B., M. Unruh, J. Havlena, R.G. Knowlton, Jr., E. Mattson, and W. Cox.
1988. "Vadose Zone Characterization of Low-Permeability Sediments Using Field
Permeameters," Ground Water Monitoring Review. Vol. 8, no. 2, 59-66.

van Genuchten, M. Th. 1980. "A Closed-form Equation for Predicting the Hydraulic
Conductivity of Unsaturated Soils," Soil Science Society of America Journal Vol. 44,
no. 5, 892-898.

van Genuchten, M. Th., and D.R. Nielsen. 1985. "On Describing and Predicting the
Hydraulic Properties of Unsaturated Soils," Annales Geophysicae. Vol. 3, no. 5, 615-
628.

Wosten, J.H.M., and M. Th. van Genuchten. 1988. "Using Texture and Other Soil
Properties to Predict the Unsaturated Soil Hydraulic Functions," Soil Science Society of
America Journal. Vol. 52, no. 6, 1762-1770.
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Parameter Description:

PCTA is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

EARTH PCT-A (#2707)

CLAYRUS PCT-A (#3 004)

CLLTI PCT-A (#2642)
CL_L_T2 PCT-A (#2647)
CL_L_T3 PCT-A (#2652)
CL_L_T4 PCT-A (#3 074)

CLMTi PCT-A (#2657)
CL_M_T2 PCT-A (#2662)
CL_M_T3 PCT-A (#2667)
CL_M_T4 PCT-A (#2672)
CL_M_T5 PCT-A (#2677)

CLAYBOT PCT-A (#263 7)

CONCTI PCT A (#2682)
CONCT2 PCT-A (#2687)

CONCMON PCT-A (#3055)

SALTTi PCT-A (#2745)
SALTT2 PCTA (#2750)
SALTT3 PCT-A (#275 5)
SALTT4 PCT-A (#2760)
SALTT5 PCT-A (#2765)
SALTT6 PCT-A (#2987)

IParameter Value: 0.56

IUnits: Palm2
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Parameter(s): PCTA Threshold Pressure Parameter - All Shaft Materials
Except Asphalt

[Distribution Type: Constant

Data: General Literature - Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCTA and PCTEXP) have not been measured for the
Shaft Materials.

Discussion:

The threshold pressure (Ps), as defined by Davies (1991), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined ffrom
the relationship:

Pt= PCTA - k (PCT-EX)a

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in'.

For consolidated material, literature values for the coefficient range from 3 x 10-7 to

9 X 10-7 and literature values for the exponent range from -0.34 to -0.37 (Davies 1991).
The literature correlations separately considered carbonate, anhydrite, shale, and
sandstone materials. Davies (1991) constructed a best-fit power curve to the combined
data for all lithologies to obtain:

pt= 5.6 xi10 k 0.346

where Pt is the threshold pressure in MWa and k is the intrinsic permeability in m'2 .

For intrinsic permeabilities less than 10-17 mn2 , Davies (1991) found the threshold pressures
estimated using the capillary tube model to be less accurate than those estimated using the
intrinsic permeability correlations.

Pihlaj avaara (1991) conducted gas permeability tests on normal concretes under wet

conditions. Based on the results of 23 tests, he developed a relationship between
threshold pressure and permeability. His results cover a threshold pressure range of about
10 to 0.3 MIPa and a permeability range of about 10-2' to 1018 in2 . The results of
Pihiajavaara (1991) were compared to the threshold pressure-permeability correlation
given in Davies (199 1) above. Using, the calculated threshold pressures for permeabilities
of 10-21, 10-20, 10-19, and 10-11 M2 are 10.3, 4.7, 2. 1, and 0.9 Mva, respectively. These
calculated values fall within the experimental data from Pihlaj avaara (1991) for
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Parmetr~s: PT-AThreshold Pressure Parameter -All Shaft Materials
Paraeters): CTAExcept Asphalt

Discussion: (continued)

permeabilities between 1 020 and 1 0-1 in2 . It appears, however, that the experimental
threshold pressure data of Pihlajavaara (1991) is limited for low permeability. This
suggests that the correlation between threshold pressure and permeability given in the
Davies equation is appropriate to use for the concrete seal materials as well as for seal
components based on geologic materials.

Based on Davies (199 1) work, the correlation between the threshold pressure and the
intrinsic permeability given in the above equation is recommended for determination of the
threshold pressure for all seal materials in future performance assessment calculations.
The expected value and distribution for the threshold pressure will, therefore, be
controlled by the expected value and distribution for the intrinsic permeability for each seal
material.

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.

Pihlajavaara, S.E. 1991. "Long-Term Gas Permeability Properties of Concrete in Wet
Repository Conditions," Nuclear Engineering and Design. Vol. 129, no. 1, 4 1-48.
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Parameter Description:

PCTEXP is used to calculate the threshold pressure (Pr), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

EARTH PCTEXIP (#2708)

CLAYRUS PCTEXP (#3005)

CLLTi PCTEXP (#2643)
CL_L_T2 PCTEXP (#2648)
CL_L_T3 PCTEXP (#2653)
CL_L_T4 PCTEXP (#3075)

CLMTi PCTEXP (#2658)
CL_M_T2 PCTEXP (#2663)
CL_-M_-T3 PCTEXP (#2668)

*CL_M_T4 PCTEXP (#2673)
CL_M_T5 PCTEXP (#2678)

CLAYBOT PCTEXP (#263 8)

CONCTi PCTEXP (#2683)
CONCT2 PCT._EXP (#2688)

CONCMON PCTEXP (#3 056)

SALTTi PCTEXP (#2746)
SALTT2 PCTEXP (#275 1)
SALTT3 PCTEXP (#275 6)

SALTT4 PCTEXP (#2761)
SALTT5 PCTEXP (#2766)
SALTT6 PCTEXP (#298 8)

Parameter Value: -0.346

* jUnits: None
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Parameter(s): PCTEXP Threshold Pressure Parameter -All Shaft Materials
Except Asphalt

IDistribution Type: Constant

Data: General Literature - Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCTA and PCTEXP) have not been measured for the
Shaft Materials.

Discussion:

The threshold pressure (P1), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA - k (PCT-EX1')

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in2 .

For consolidated material, literature values for the coefficient range from 3 X 10-7 to
9 X 10- and literature values for the exponent range from -0.34 to -0.37 (Davies 1991).
The literature correlations separately considered carbonate, anhydrite, shale, and
sandstone materials. Davies (1991) constructed a best-fit power curve to the combined
data for all lithologies to obtain:

t= 5.6iok 0 4

where Pt is the threshold pressure in M~a and k is the intrinsic permeability in m'2 .

For intrinsic permeabilities less than 10-17 in2 , Davies (199 1) found the threshold pressures
estimated using the capillary tube model to be less accurate than those estimated using the
intrinsic permeability correlations.

Pihlajavaara (1991) conducted gas permeability tests on normal concretes under wet
conditions. Based on the results of 23 tests, he developed a relationship between
threshold pressure and permeability. His results cover a threshold pressure range of about
10 to 0. 3 MIPa and a permeability range of about 10-21 to 10-11 in 2 . The results of
Pihlajavaara (1991) were compared to the threshold pressure-permeability correlation
given in Davies (1991) above. The calculated threshold pressures for permeabilities of 10-
21, 102o, 10-19, and 10-18 M2 are 10.3, 4.7, 2. 1, and 0.9 WIa, respectively. These calculated
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Parameter(s): PCTEXP Threshold Pressure Parameter - All Shaft Materials
Except Asphalt

* Discussion: (continued)

values fall within the experimental data from Pihlajavaara (1991) for permeabilities
between 10Q20 and 1 0-1 in 2 . It appears, however, that the experimental threshold pressure
data of Pihlajavaara (1991) is limited for low permeability. This suggests that the
correlation between threshold pressure and permeability given in the Davies equation is
appropriate to use for the concrete seal materials as well as for seal components based on
geologic materials.

Based on Davies (199 1) work, the correlation between the threshold pressure and the
intrinsic permeability given in the above equation is recommended for determination of the
threshold pressure for all seal materials in future performance assessment calculations.
The expected value and distribution for the threshold pressure will, therefore, be
controlled by the expected value and distribution for the intrinsic permeability for each seal
material.

References:

Davies, P.B. 199 1. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.

Pihiajavaara, S.E. 1991. "Long-Term Gas Permeability Properties of Concrete in Wet
Repository Conditions," Nuclear Engineering and Design. Vol. 129, 4 1-48.
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Parameter(s): Log of Intrinsic Permeability - All Clay Shaft Materials--

Parameter Description:

Log of the vertical and horizontal intrinsic permeability for the Rustler compacted clay, the
lower Salado compacted clay, and the upper Salado compacted clay, and the bottom clay
column from 0 to 10, 000 yrs.

Material and Parameter Name(s):

CLAY_-RUS PRMXLOG (#3009)
CLAY_-RUS PRMYLOG (#3010)
CLAYRUS PRMZLOG (#3 011)

CLLTI PRMXLOG (#2334)
CL_-L_-TI PRMY_-LOG (#23 35)
CLLTi PRMZLOG (#2336)

CL_-L_-T2 PRMIXLOG (#23 51)
CL_-LT2 PRMY_-LOG (#23 52)
CLLT2 PRMZLOG (#23 53)

CL-L T3 PRMIXLOG (#2368)
CL_-LT3 PRMY_-LOG (#23 69)
CLLT3 PRMZLOG (#23 70)

CLLT4 PRMXLOG (#3078)
CL_-L_-T4 PRMY_-LOG (#3 079)
CLLT4 PRMZLOG (#3 080)

CL_-M_-TI PRMXLOG (#2385)
CL_-M_-TI PRMY_-LOG (#2386)
CLMTi PRMZLOG (#2387)

CL_-M_-T2 PRMXLOG (#2402)
CL_-M_-T2 PRMY_-LOG (#2403)
CLMT2 PRMZLOG (#2404)

CL_-M_-T3 PRMXLOG (#2419)
CL_-M_-T3 PRMY_-LOG (#2420)
CLMT3 PRMZLOG (#242 1)

CL_-M_-T4 PRMXLOG (#243 6)
CL_-M_-T4 PRMY_-LOG (#243 7)
CLMT4 PRMZLOG (#243 8)
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Parameter(s): Log of Intrinsic Permeability - All Clay Shaft Material

Material and Parameter Name(s): (continued)

CL_M_T5 PRMXLOG (#2453)
CL_-M_-T5 PRMY_-LOG (#2454)
CL_M_T5 PRMZLOG (#2455)

CLAY_-BOT PRMIXLOG (#2317)
CLAYBOT PRMYLOG (#2318)
CLAYBOT PRMZ_LOG (#2319)

Parameter Value: -18.30 10

mean median minimum maximum units

-18.8670 -18.3010 -21.0000 -17.3010 log(M 2)

Distribution Type: Tniangular

Data: General Literature - Professional Judgment and Site-Specific Experimental
Data

Data is based on a review of the available literature and a series of small-scale in-situ tests.

Discussion:

A significant body of literature regarding compacted bentonite permeability was reviewed.
Most literature sources report hydraulic conductivity rather than intrinsic permeability.
Hydraulic conductivity can be related to intrinsic permeability through the fluid density
and viscosity and the acceleration of gravity. The permeability of reported bentonites
ranges from 1 X 10-21 M2 to 1 X 101 I.

A series of in-situ tests were conducted to evaluate the feasibility of various candidate
/ materials to be used for sealing materials at the WIPP Site. These tests are referred to as

the Small Scale Seal Performance Tests (SSSPT). Results from these tests support the
use of compacted bentonite as a sealing material at the WLPP Site and in the Salado
Formation. Test Series D tested two 100 percent bentonite vertical seals emplaced in
vertical boreholes within the Salado Formation at the repository horizon. The diameter of

each seal was 2.9 ft (0.91 m) and the length of each seal was 2.9 ft (0.91 in). Cores of the
two bentonite seals had initial dry densities of 1.8 and 2.0 g/cm3 . Pressure differentials of
0.72 and 0.32 MPa were maintained across the bentonite seals with a brine

DOE/CAO-96-2 160 PAR- 101 June 14, 1996



Parameter(s): Log of Intrinsic Permeability - All Clay Shaft Material

Discussion: (continued)

reservoir on the upstream (bottom) of the seals for several years. Over the course of the
seal test, no visible brine was observed at the downstream end of the seals. Because the
saturation state of the bentonite seals is unknown, determination of the absolute
permeability of the bentonite seals cannot be estimated precisely. However, a bounding
calculation of permeability was reported by Knowles and Howard (1996) for the bentonite
seals of 1 x 10-1' in'.

The compacted bentonite material specification in the Compliance Submittal Design
Report (in review) specifies that the clay seals will be emplaced at a dry density of 1. 8 to
2.0 g/cm3 . Based upon this information, a distribution function for clay permeability was
developed. The basis for the proposed distribution is the following:

(1) A practical minimum for the distribution can be specified at 1 x 10 ( 2 in.

(2) Assuming that the effective dry density of the bentonite emplaced in the seals only
varies from 1. 8 to 2. 0 glcm', then a maximum expected permeability can be
extrapolated as 1 x 10-1 m2 .

(3) The material specification does require that the bentonite be emplaced at a high
density, between 1.8 and 2.0 g/cm3 . However, the effective dry density of
emplacement is somewhat uncertaln. Uncertainty exists in being able to emplace
mass columns of bentonite at such high densities. To address this uncertainty, it is
assumed that the compacted clay may be emplaced at a dry density as low as 1.6
glcm3 . This actuality is not considered to be a high probability, but cannot be
completely ruled out. At 1.6 glcm3 , the maximum permeability for the clay would '

be approximately 5 x 1o n.Therefore, assuming no salinity effects, a range of
permeability from 1 x 102" to 5 x10 9 m2 with a best estimate of less than
1 X 10 -19 M 2 is defined (assuming a best estimate emplacement density of 1. 8
glcin3 ). It could be argued that the best estimate could be as low as 2 X 10-20 M2 .

(4) The literature reports that salinity increases permeability. However, these effects
are greatly reduced at the emplacement densities specified for the shaft seal. At
seawater salinities, Pusch et al. (1987) report the effects on permeability could be
as much as a factor of 5 (one-half of an order of magnitude). Salinity effects are
currently uncertain at the WLPP.

(5) To account for salinity effects, the maximum permeability is increased from
5 x 1 0-' to 5 x 1 0-" in2. The best estimate permeability is increased by one-half
order of magnitude to 5 x 10-1 9 in2 . The lower limit is held at 1 x 10-2' in2 .

Because salinity effects are greatest at higher densities, the maximum is adjusted
one full order of magnitude while the best estimate (assumed to reside at a density
of 1.8 glcin) is adjusted one-half of an order.
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Parameter(s): Log of Intrinsic Permeability - All Clay Shaft Material

Discussion: (continued)

The effective sealJDRZ permeabilities for the clay shaft materials are calculated from the
equation

kmodel - kAs + kdAd

where: km ... e, effective sealIDRZ permeability used in BRAGFLO

Amodel = effective shaft area modeled in BRAGFLO (equal to the shaft area, Aj)

= average shaft seal permeability (given in this parameter sheet)

As = average shaft area

kd = average DRZ permeability (SHFTDRZ PRMXLOG in PA database)

Ad = average DRZ area

Assuming that the change in permeability within the DRZ is log linear, the effective DRZ
permeability, kd, is calculated from:

2 r0 (ln(k)- ln(k1)) - Ar r.(ln(k0,) - In(k1)) - Ar
kd [(K0 k 0-( 1 )k.

ro + ri (ln(k0 ) - ln(ki))2  (ln(k0 ) - ln(k1))2

where: ri inner radius (shaft excavation radius)

r. outer DRZ radius
Ar =outer DRZ radius minus the inner DRZ radius

k. inner skin permeability (DRZ permeability at the shaft/DRZ interface)

=o intact halite permeability

The average DRZ permneability is calculated from;

kd Ad = kdl Ad, +kd2 Ad2 + kd3Ad3+kd4 A&

where: dl = air-supply shaft
d2 = salt-handling shaft

d3 = waste-handling shaft
d4 = air-exhaust shaft

and the average seal permeability is calculated from

kl As = Ik+k s+k3A3+4A4
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Parameter(s): Log of Intrinsic Permeability - All Clay Shaft Material

Discussion: (continued)

The resulting effective seal/DRZ permeabilities for the clay shaft materials are given
below:

Time Period Intrinsic Permeability
Clay Layer O1S) Wm)

Rustler 0 -10,000 5.00 x 1019

Upper Salado 0 -10 7.65 x 10-17

Upper Salado 10-25 5.02 x1-7

Upper Salado 25 -50 3.02 x 10.17

Upper Salado 50-100 1.16 x10-17
Upper Salado > 100 5.00 x 10-17

Lower Salado 0 -10 9.32 x 01

Lower Salado 10 -25 1.74 x1-7

Lower Salado 25 -50 7.07 x10

Lower Salado > 50 5.00) x 1-'9

Bottom Clay 0 -10,000 5.00 x 10-'9

References:

Compliance Submittal Design Report, in review. Appendix A: Material Specifications.
Albuquerque, NM: Sandia National Laboratories.

Knowles, M.K., and C.L. Howard. 1996. "Field and Laboratory Testing of Seal Materials
Proposed for the Waste Isolation Pilot Plant," Proceedings of the Waste Management
1996-Symposium, Tucson, AZ, February 25-29, 1996. SAND95-2082. Albuquerque,
NM: Sandia National Laboratories.

Pusch, R., L. Borgesson, and G. Ramqvist. 1987. Final Report of the Borehole, Shaft,
and Tunnel Sealing Test - Volume IP Borehole Plugging. SKB 87-0 1. Stockholm,
Sweden: Swedish Nuclear Fuel and Waste Management Co.

June 14, 1996 PAR-104 DOEICAO-96-2160



Parameter(s): Effective Porosity - All Clay Shaft Materials

Parameter Description:

Effective porosity of the Rustler compacted clay, the lower Salado compacted clay, and
the upper Salado compacted clay, and the bottom clay column from 0 to 10,000 yrs.

Material and Parameter Name(s):

CLAYRUS POROSITY (#3007)

CL_-L_-TI POROSITY (#23 31)
CLLT2 POROSITY (#23 48)
CL_-L_-T3 POROSITY (#23 65)
CLLT4 POROSITY (#3 077)

CL_-M_-TI POROSITY (#23 82)
CL_-M_-T2 POROSITY (#2399)
CL_-M_-T3 POROSITY (#2416)
CL_-M_-T4 POROSITY (#2433)
CLMT5 POROSITY (#2450)

* CLAYBOT POROSITY (#23 14)

Parameter Value: 0.24

lUnits: m3/m3

Distribution Type: Constant

Data: Professional Judgment

The effective porosity was calculated based upon the material specifications and standard
geotechnical relationships.

Discussion:

The porosity of natural unconsolidated clays can vary from 0.4 to 0.8 (Freeze and Cherry
1979). Consolidated clay formations such as shales have much smaller porosities ranging
from 0.01 to 0.4 (Touloukian et al. 1981). The compacted clay seal will be composed of
sodium bentonite.
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Parameter(s): Effective Porosity - All Clay Shaft Materials

Discussion: (continued)

The specific gravity of a commercial bentonite (Voiclay GPG-30) is 2.5 (Ran and Daemen
1995). The expected water content of the compacted clay may vary from 0. 1 to 0. 12
(Hansen 1995). The dry density of the compacted clay is specified to be from 1.8 to 2.0
g/cm3 (Compliance Submittal Design Report, in review). Based upon estimates of the
compacted clay water content, dry density, and specific gravity, the porosity of the
compacted clay can be calculated. The calculated void ratio of the compacted clay varies
from 0.25 to 0.39 and the corresponding porosity varies from 0.2 to 0.28. An average
value of 0.24 is chosen as the compacted clay total porosity. Diamond (1970) found that
the effective porosity of montmorillonites was approximately 35 percent less than the
calculated porosity. Therefore, a constant value of 0.24 for effective porosity is very
conservative.

References:

Diamond, S. 1970. "Pore Size Distributions in Clays," Clays & Clay Minerals. Vol. 18,
no. 1, 7-23.

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice-
Hall, Inc.

Compliance Submittal Design Report, in review. Appendix A: Material Specifications.
Albuquerque, NM: Sandia National Laboratories.

Hansen, F.D. 1995. Memorandum to T. Jones, INTERA Inc., November 30, 1995.

Rdn, C., and J. Daemen. 1995. "Bentonite Properties with Corrections." Memorandum
to F. Hansen, Sandia National Laboratories, December 4, 1995.

Touloukian, Y. S., W.R. Judd, and R.F. Roy. 198 1. Physical Properties of Rocks and /-

Minerals. Volume 11-2 of McGraw-HilI/Cindas Data Series on Material Properties, Eds. .p

Y.S. Touloukian and C.Y. Ho. New York, NY: McGraw-Hill Book Company.
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Parameter(s): Pore-Volume Compressibility - Rustler Clay

Parameter Description:

Pore-volume compressibility of the Rustler compacted clay column is used to calculate the
specific storage of the porous medium which is required in BRAGELO.

Material and Parameter Name(s):

CLAYRUS COMPRCK (#3001)

Parameter Value: 1.96 x 1-

Units: Pa'

IDistribution Type: Constant

Data: Professional Judgment

The pore-volume compressibility was calculated based upon the material specifications
and standard geotechnical relationships.

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

The bulk modulus of the Rustler clay column will not change as a function of time because
the Rustler will not creep in towards the shaft after closure. Therefore, the initial
(emplaced) bulk modulus of 2.129 x 10' Pa (RE/SPEC 1995) was used to calculate the
Rustler clay column compressibility. Assuming a compacted clay porosity of 0.24, the
pore-volume compressibility is 1. 96 xl10' Pa'for the Rustler compacted clay column.

References:

RE/SPEC. 1995. "Transmittal of Bulk Modulus Values for Various Sealing Materials."
Memorandum to V. Kelley, INTERA Inc., December 27, 1995.
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Parameter(s): Pore-Volume Compressibility - Upper Salado Clay

Parameter Description:

Pore-volume compressibility of the upper Salado compacted clay column is used to
calculate the specific storage of the porous medium which is required in BRAGFLO.

Material and Parameter Name(s):

CL_-M_-TI COMP_ RCK (#2379)
CL_-M_-T2 COMP_ RCK (#23 96)
CL_-M_-T3 COMIPRCK (#2413)
CL_-M_-T4 COMP_ RCK (#2430)
CL_M_T5 COMPRCK (#2447)

IParameter Value: 1. 81 x 10-9

IUnits: Patl

IDistribution Type: Constant

Data: Professional Judgment

The pore-volume compressibility was calculated based upon the material specifications
and standard geotechnical relationships.

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

The bulk modulus is reported to be 2.297 x 10' Pa for the Upper Salado compacted clay
component at 150 years (RE/SPEC 1995). The pore-volume compressibility will be
treated as a constant in the BRAGFLO simulations. Therefore, the bulk modulus value at
150 years has been used to calculate the seal compressibility. Assuming a compacted clay
porosity of 0.24, the pore-volume compressibility is 1. 81 x 10 Pa-' for the Upper Salado
compacted clay.
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Parameter(s): Pore-Volume Compressibility - Upper Salado Clay

References:

RE/SPEC. 1995. "Transmittal of Bulk Modulus Values for Various Sealing Materials."
Memorandum to V. Kelley, INTERA Inc., December 27, 1995.
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Parameter(s): Pore-Volume Compressibility - Lower Salado and Bottom Clays

Parameter Description:

Pore-volume compressibility of the lower Salado compacted clay and the bottom clay
column is used to calculate the specific storage of the porous medium which is required in
BRAGFLO.

Material and Parameter Name(s):

CL_-L_-TI COWMPRCK (#2328)
CL_-L_-T2 COMP_-RCK (42345)
CL -L_-T3 COWMPRCK (#2362)
CL_L_T4 COMPRCK (#3071)

CLAYBOT COM4PRCK (#2311)

IParameter Value: 1. 59 x 10-9

Units: Pa'

IDistributionType: Constant

Data: Professional Judgment

The pore-volume compressibility was calculated based upon the material specifications
and standard geotechnical relationships. r/ '

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

The bulk modulus is reported to be 2.627 x 10' Pa for the Lower Salado compacted clay
column at 150 years (RE/SPEC 1995). The pore-volume compressibility will be treated as
a constant in the BRAGELO simulations. Therefore, the bulk modulus value at 150 years
has been used to calculate the seal compressibility. Assuming a compacted clay porosity
of 0.24, the pore-volume compressibility is 1.59 x 10- Pa1l for the Lower Salado
compacted clay column.
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Pameter(s): Pore-Volume Compressibility - Lower Salado and Bottom Clays

References:

RE/SPEC. 1995. "Transmittal of Bulk Modulus Values for Various Sealing Materials."
Memorandum to V. Kelley, INTERA Inc., December 27, 1995.
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability -

Salt Shaft Material (T = 0-50 yrs)

Parameter Description:

Log of the triangular distribution for the mode of the intrinsic permeability of the
compacted salt column during the first 50 yrs.

Material and Parameter Name(s):

SALTTI PMLT_-MD (#2940)
SALTT2 PMLT_MD (#2948)
SALTT3 PMLTMD (#2956)

P1arameter Value: -14.7825

lUnits: lo m2)

IDistribution Type: Constant

~Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

Brodsky (1994) measured permeability as part of a comprehensive study to characterize
both the consolidation characteristics and permeability of WIPP crushed salt. A total of
16 brine permeability tests were performed in the study including 15 tests performed on
crushed salt specimens consolidated by Brodsky (1994) and one test performed on a
crushed salt specimen. All tests were performed using brine as the permeant and
specimens having nominal dimensions of 3.9 in. (100 mm) in diameter by 7.8 in. (200 mm)
in length. The brine was manufactured by saturating distilled water with WLPP crushed
salt ground to a fine powder. Saturation of the brine was assumed when salt precipitated
out of solution. The permeability tests were performed using a brine-filled accumulator
located on the upstream side of the specimen to induce brine pressure gradients that
ranged from 0.05 M~a to 2.01 M~a and a buret located on the downstream side of the
specimen to measure flow. In all tests, the flow-versus-time curves were nonlinear with
higher flow rates measured early in the test and lower rates measured later in the test. The
permeabilities reported by Brodsky (1994) represent values calculated from the high flow
rates measured during the early portion of each test. These data show that permeability
decreases as the fractional density increases.
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability -

Salt Shaft Material (T =0-50 yrs)

* Discussion: (continued)

Hansen and Ahrens (1996) have reported gas permeability measurements from testing
performed as part of a large-scale dynamic compaction demonstration using WJPP
crushed salt. In this test, about 1,412 ft3 (40 in') of WIEPP crushed salt was placed in a
steel cylindrical chamber and compacted in three lifts by dropping a 19,845-lb (9,000-kg)
weight 49 ft (15 m) in a systematic pattern to achieve an input energy of three times
Modified Proctor Energy. The chamber had a diameter of 12 ft (3.65 m) and a height of
12 ft (3.65 in). Each lift was 3.9 ft (1.2 m) in original thickness and sufficient water was
added to the lifts to bring the moisture content of the crushed salt up to about 1.0 percent
(by weight). After the mass was compacted, seven vertical test holes were drilled into the
compacted crushed salt to recover cores for density determinations and also to provide
access for in situ gas permeability equipment. The fractional density of the compacted
mass was determined to be about 0.88. A total of 14 permeability measurements were
made in the test holes with a reported average permeability of 9.0 x 10-14 M2 .

RE/SPEC (1996) performed permeability tests on specimens prepared from cores
recovered from the large-scale dynamic compaction test (described above) and from two
small-scale dynamic compaction tests performed earlier (Hansen et al. 1995). The
specimens tested were nominally 3.9 in. (100 mm) in diameter with lengths that varied

* from 3.9 in. to 7.8 in. (100 mm to 200 mm). The tests were performed with nitrogen gas
using a steady-state flow technique. Pressure gradients of 0.345 MIPa or smaller were
used in each test and rotameter flowmeters were used to measure gas flow rates. The
specimens were confined with a pressure of 1 MPa during the permeability measurements.
A total of 13 tests were performed including seven tests on specimens recovered from the
large-scale dynamic compaction test, two tests on specimens from the first small-scale
dynamic compaction test, and four tests on specimens from the second small-scale
dynamic compaction test. The density of each specimen was determined before the
permeability test was conducted. The data from these test are included in the attached
table.

The effective seaIIDRZ permeabilities for the salt shaft materials are calculated from the
equation

kmdc - kAs + k d A d

where: kmodel = effective seal/DRZ permeability used in BRAGFLO

Amodel = effective shaft area modeled in BRAGFLO (equal to the shaft area, Aj)
k, = average shaft seal permeability (given in this parameter sheet)

A, = average shaft area
kd = average DRZ permeability (SH-FT DRZ PRMXLOG in PA database)

Ad = average DRZ area
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability -
Salt Shaft Material (T =0-50 yrs)

Discussion: (continued)

Assuming that the change in permeability within the DRZ is log linear, the effective DRZ
permeability, kd, is calculated from:

k 2 r.(ln(k.) - In(k)) - Ar k ri(ln(k0) - In(k1)) - Ar )kd K (- )k 1]

where: ri inner radius (shaft excavation radius)
=, outer DRZ radius

Ar =outer DRZ radius minus the inner DRZ radius
k, inner skin permeability (DRZ permeability at the shaft/DRZ interface)
k, intact halite permeability

The average DRZ permeability is calculated from:

kd Ad = kdl Adl +kd2 A2+ kd3Ad3+kd 4 A&

where: dl = air-supply shaft
d2 =salt-handling shaft
d3 = waste-handling shaft
d4 = air-exhaust shaft

and the average seal permeability is calculated from

k As = k . 2A2+k . . s

The permeability data summarized above were transformed into logarithmic space (base
10) and plotted as a function of fractional density by RE/SPEC (1996). In this
transformed (semi-log) space, the permeability-versus-fractional density data exhibited a
linear trend over the range of densities investigated. Therefore, an empirical linear model
was fitted to the semi-log data to relate permeability to fractional density (RE/SPEC
1996). Because of the scatter associated with the laboratory data, three predictor intervals
were determined; i.e., (1) the 80 percent interval bounded by the 10 and 90 percent
predictor limits, (2) the 90 percent interval bounded by the 5 and 95 percent predictor
limits, and (3) the 98 percent interval bounded by the 1 and 99 percent predictor limits.
The predictor interval incorporates both the error from the fitted model and the error
associated with future observations. It was shown that the 90 percent interval contained
nearly all of the laboratory data.
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability -

Salt Shaft Material (T = 0-50 yrs)

* Discussion: (continued)

Chieslar (1996) performed structural calculations using the finite element analysis code,
SPECTROM-32, to calculate the density of the crushed salt placed in the WIEPP Air
Intake Shaft as a function of time. These predictions and the correlation between
permeability and fractional density developed by RE/SPEC (1996) were used to predict
permeability as a function of time. Upper and lower bound permeabilities were established
at each time using the 90 percent predictor interval and assuming the upper bound
corresponded to the 95 percent prediction limit and the lower bound corresponded to the
five percent prediction limit. The assumed distribution function for intrinsic permeability

(i.e., log triangular) used the upper and lower bounds and the most probable value as the
distribution parameters.

The resulting effective sealIDRZ permeabilites for the salt shaft materials are:

TIME PERIOD INTRINSIC PERMEABILITY

(yrs) (m)

0-50 1o1

50-100 7 x 10.17

100-200 01

200-400 3.3 X102

> 400 1 o021

References:

Brodsky, N. S. 1994. Hydrostatic and Shear Consolidation Tests With Permeability
easurements on Waste Isolation Pilot Plant Crushed Salt . SAND93-7058.
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Hansen, F.D. and E.H. Ahrens. 1996. "Large-Scale Dynamic Compaction Demonstration
Using WIPP Salt: Fielding and Preliminary Results," Proceedings of the 4th Conference
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References: (continued)
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Waste Isolation Pilot Plant Shaft Sealing Materials for Handoff to WIPP Performance
Assessment. Calculation No. 325/13/02. February 1996. Rapid City, SD: RE/SPEC Inc.
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability -

Salt Shaft Material (T = 0-50 yrs)

Table PAR-2. Summary of Permeability Measurements for WIPP Crushed Salt

Specimen Fractional Permeability
Identification No. Density(a) (in') Reference

HC1A 0.8953 6.34 E- 18

HC2A 0.9377 4.88 E-18

HC3A 0.9333 2.14 E- 19

HC4A 0.9272 1.37 E-19

HC5A 0.9907 3.42 E-22

HC6A 0.9907 1.00 E-20

SC lB 0.9546 3.54 E- 19

SC2A 0.9788 1.23 E-18

SC3A 0.9607 3.22E- 19 Brodsky 1994

SC4A 0.9428 5.18 E- 19

SC5A 1.0051 6.90 E- 19

SC6A 0.9678 2.56 E-20

SC7A 0.969 1 9.24 E-20

SC8A 0.9629 1.29 E- 19

SC9A 0.9804 3.31 E-20

19JUN90 0.9709 5.77 E-20

In Situ 0.8800 9.00 E- 14 Hansen and Ahrens 1996

CS/DC1-4-1/3/1 0.9026 2.50 E- 15

CS/DC 1-8-3 0.8644 2.43 E- 13

CS/DC2/MM-1/1 0.8782 1.71 E-13

CS/DC2/MM-2/1 0.8220 4.11 E-13

CS/DC2/T2S-1/1 0.8626 5.71 E-13

CS/DC2/T2S-3/2 0.8349 1.10 E-12

DCCS313/3-1 0.8892 7.88 E- 14 RE/SPEC 1996

DCCS3/2/1 -1 0.9012 4.99 E-14

DCCS3/1/1-4 0.8886 5.51 E-14

0.9007 4.99 E- 14

DCCS3/3/1-4 0.9160 2.63 E-14

0.9289 4.58 EB-15

0.9339 4.95 EB-15

(a) Fractional density is based on an intact salt density of 2,160 kg W~.
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Parameter Description:

Log of the triangular distribution for the low value of the intrinsic permeability of the
compacted salt column during the first 50 yrs.

Material and Parameter Name(s):

SALTTi PMLTLO (#294 1)
SALTT2 PMLTLO (#2949)
SALTT3 PMLTLO (#295 7)

IParameter Value: -17.30 1

jUnits: log(m2)

Distribution Type: Constant

~Data: Site-Specific Experimental Data and Professional Judgmentj

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution High Value for Intrinsic Permeability -

Salt Shaft Material (T = 0-50 yrs)

Parameter Description:

Log of the triangular distribution for the high value of the intrinsic permeability of the
compacted salt column during the first 50 yrs.

Material and Parameter Name(s):

SALTTi PMILTHI (#2942)
SALTT2 PMLTH1I (#2950)
SALTT3 PMLTHI (#2958)

iParameter Value: -12.2652

jUnits: log(M2)

IDistribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability-
Salt Shaft Material (T = 50-100 yrs)

Parameter Description:

Log of the triangular distribution for the mode of the intrinsic permeability of the
compacted salt column ftrm 50 to 100 yrs.

Material and Parameter Name(s):

SALTT4 PMLT_MD (#2964)

IParameter Value: -17.1656

jUnits: log(m 2)

Distribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References: /'V

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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is Parameter Description:

Log of the triangular distribution for the low value of the intrinsic permeability of the
compacted salt column from 50-100 yrs.

Material and Parameter Name(s):

SALTT4 PMLT_LO (#2965)

Parameter Value: -22.8761

Units: log(m2 )

Distribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution High Value for Intrinsic Permeability -

Salt Shaft Material (T =50-100 yrs)

Parameter Description:

Log of the triangular distribution for the high value of the intrinsic permeability of the
compacted salt column from 5 0 to 100 yrs.

Material and Parameter Name(s):

SALTT4 PMLTH1I (42966)

IParameter Value: -13.9508

Units: log(M 2)

IDistribution Type: Constant

~Data: Site-Specific Experimental Data and Professional JudgmentI

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution Mode for Intrinsic Permeability -

Salt Shaft Material (T = 100-200 yrs)

* Parameter Description:

Log of the triangular distribution for the mode of the intrinsic permeability of the
compacted salt column from 100 to 200 yrs.

Material and Parameter Name(s):

SALTT5 PMLTMD (#2973)

Parameter Value: -19.2782

Units: log(m 2)

Distribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution Low Value for Intrinsic Permeability -1
Salt Shaft Material (T= 100 -200 yrs)

Parameter Description:

Log of the triangular distribution for the low value of the intrinsic permeability of the
compacted salt column from 100-200 yrs.

Material and Parameter Name(s):

SALTT6 PMLTLO (#298 1)

IParameter Value: -22.8761

jUnits: log(M2)

IDistribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter Description:

Log of the triangular distribution for the high value of the intrinsic permeability of the
compacted salt column from 100-200 yrs.

Material and Parameter Name(s):

SALTT5 PMLT_HIl (#2974)

P1arameter Value: -15.4260

Units: log(m 2)

Distribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter Description:

Log of the triangular distribution for the mode of the intrinsic permeability of the
compacted salt column after 200 yrs.

Material and Parameter Name(s):

SALTT6 PMLTMD (#2980)

Parameter Value: -20.27 16

jUnits: log(m2)

Distribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution Low Value for Intrinsic Permeability -

Salt Shaft Material (T > 200 yrs)

Parameter Description:

Log of the triangular distribution for the low value of the intrinsic permeability of the
compacted salt column after 200 yrs.

Material and Parameter Name(s):

SALTT6 PMLTLO (#~2981)

P1arameter Value: -22.876 1

Units: log(M 2)

Distribution Type: Constant

~Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Log Triangular Distribution High Value for Intrinsic Permeability -1
Salt Shaft Material (T > 200 yrs)

Parameter Description:

Log of the triangular distribution for the high value of the intrinsic permeability of the
compacted salt column after 200 yrs.

Material and Parameter Name(s):

SALTT6 PMLTHI (#2982)

iParameter Value: -17.6676

jUnits: log(m2 )

IDistribution Type: Constant

~Data: Site-Specific Experimental Data and Professional Judgment

Discussion:

See: Discussion on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."

References:

See: References on Parameter Sheet for "Log Triangular Distribution Mode for Intrinsic
Permeability - Salt Shaft Material (T=0-50 yrs)."
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Parameter(s): Effective Porosity - Salt Shaft Material

Parameter Description:

Effective porosity of the compacted salt column.

Material and Parameter Name(s):

SALTTI POROSITY (#25 17)
SALTT2 POROSITY (#2534)
SALTT3 POROSITY (#255 1)
SALTT4 POROSITY (#2568)
SALTT5 POROSITY (#2990)
SALTT6 POROSITY (#2990)

Parameter Value: 0.05

Units: m3/m3

Distribution Type: Constant

* Data: Professional Judgment

The effective porosity was calculated based upon the material specifications and standard
geotechnical relationships.

Discussion:

Data used in the development of transient best estimators for effective porosity are based
on predictions of crushed salt density with time and subsequent calculation of porosity.
Density predictions of the crushed salt column midheight have been made by Chieslar
(1996). Porosity values determined from these density predictions are given in the
attached table.

The porosity of the emplaced crushed-salt column is initially about 0. 10 and is reduced to
about 0.01 after the crushed salt reconsolidates because of the creep deformation of the
salt surrounding the shaft. Therefore, a mean porosity over this consolidation time is
about 0.05, which is the value selected as the best estimator.
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Parameter(s): Effective Porosity - Salt Shaft Material

References:

Chieslar, J.D. 1996. Material Property (Permeability, Bulk Moduli) Determination for
Material WIPP Shaft Seals/Components, Calculation File 325113101. Albuquerque, NM:

Sandia National Laboratories. Rapid City, SD: RE/SPEC Inc.

Table PAR-3. Best Estimators for Porosity of Compacted Crushed Salt

Time After
Seal Emplacement Density() Porosity

(years) (kg in3 ) (percent)

0 1,944 10.0

50 2,038 5.6

100 2,121 1.8

200 2,160 10b

400 2,1601.Ob

(a) After Chieslar (1996).
(b) Equal to the porosity of Salado salt.

"Oil
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Parameter(s): Pore-Volume Compressibility - Salt Shaft Material

Parameter Description:

Pore-volume compressibility of the compacted salt column is used to calculate the specific
storage of the porous medium which is required in BRAGFLO.

Material and Parameter Name(s):

SALTTi COM4P_RCK (t2514)
SALTT2 COM4P_RCK (#25 31)
SALTT3 COMPRCK (#2548)
SALT_-T4 COMPRCK (#2565)
SALTT5 COMIPRCK (#2582)
SALTT6 COMIPRCK (#2984)

IParameter Value: 1.60 x 10-9

IUnits: Pa-'

IDist ribution Type: Constant

* Data: Professional Judgment

The pore-volume compressibility was calculated based upon the material specifications
and standard geotechnical relationships.

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

The bulk modulus of crushed salt has been measured in the laboratory at different levels of
density by Holcomb and Hannum (1982); however, these measurements were performed
on crushed salt obtained from the Mississippi Chemical Co. mine rather than from the
WLEPP. Although Holcomb and Hannum. (1982) did not compare the bulk moduli of
Mississippi Chemical Co. crushed salt and WIPP crushed salt directly, they did perform
paired quasi-static compression tests on both materials and concluded that their respective
quasi-static behaviors was similar.
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Parameter(s): Pore-Volume Compressibility - Salt Shaft Material

Discussion: (continued)

RE/SPEC (1996) performed limited testing on specimens prepared from cores recovered
from a large-scale dynamic compaction test (Hansen and Ahrens, 1996). The objectives of
the testing were to (1) evaluate the elastic behavior of the dynamically compacted salt, and
(2) to obtain bulk modulus at fractional densities ranging from 0.9 to 1. 0. Bulk modulus
values were obtained as a function of density from a single test specimen by subjecting the
specimen to repeated stages of hydrostatic consolidation followed by hydrostatic
unload/reload cycles. The stages of hydrostatic consolidation were performed at
hydrostatic stresses that ranged from 10 to 15 M~a and were conducted to induce changes
in density. The hydrostatic unload/reload cycles were performed to obtain data
appropriate for calculating bulk modulus. The data from these tests are summarized in
Table 4 along with the values of bulk modulus reported by Holcomb and Hannum (1982).
The data indicate that the nonlinear elastic model for bulk modulus proposed by
Sjaardema and Krieg (1987) is a reasonably good approximation both for Mississippi
Chemical Co. crushed salt and for dynamically-compacted WLPP crushed salt.

References:

Hansen, F.D., and E.H. Ahrens. 1996. "Large-Scale Dynamic Compaction
Demonstration Using WIPP Salt: Fielding and Preliminary Results," Proceedings of the
4th Conference on the Mechanical Behavior of Salt, Montreal, Quebec, Canada, June.

Holcomb, D.J., and D.W. Hannum. 1982. Consolidation of CrushedSalt Backfill Under
Conditions Appropriate to the WIPP Facility. SAND82-0630. Albuquerque, NM:
Sandia National Laboratories.

RE/SPEC. 1996. Probability Distribution Functions for Hydrologic Parameters of
Waste Isolation Pilot Plant Shaft Sealing Materials for Handoff to WIPP Performance
Assessment. Calculation No. 325/13/02. February 1996. Rapid City, SD: RE/SPEC Inc.

Sjaardema, G.D., and R.D. Krieg. 1987. A Constitutive Model for the Consolidation of
WJPP Crushed Salt and Its Use in Analyses of Backfilled Shaft and Drift Configurations.
SAND87-1977. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Pore-Volume Compressibility - Salt Shaft Material

Table PAR-4. Summary of Crushed Salt Bulk Modulus Values

Bulk
Specimen Dry Density Modulus

Identification No. (kg m-3) (GPa)

1,540 0.562

1,620 0.855

1,670 1.269

1,720 1.381

24MAY82(- 1,760 1.823

1,790 1.557

1,830 1.938

1,870 2.290

1,900 2.700

1,978 9.640

DCCS3/3/1-4(b 2,006 11.300

2,017 12.180
(a) Mississippi Chemical Co. Crushed salt [Holcomb and Hannum. 1982].

(b) Dynamically compacted WJIPP crushed salt (test performed by RE/SPEC Inc. 1996)
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Parameter(s): Log of Intrinsic Permeability - Concrete (T =0-400 yrs)

Parameter Description:

Log of the vertical and horizontal intrinsic permeability for the concrete column during the
first 400 yrs.

Material and Parameter Name(s):

CONC_-TI PRMXLOG (#2470)
CONC_-TI PRMY_-LOG (#2471)
CONCTi PRMZLOG (#2472).

IParameter Value: -18.7496

mean median minimum maximum units
-18.8160 -18.7496 -20.699 -17.000 log(m2)

IDistribution Type: Triangular

Data: Site-Specific Experimental Data

The intrinsic permeability of the concrete column is based on laboratory and in situ data.

Discussion:

As reported in the Compliance Submittal Design Report (in review), traditional fresh-
water concrete has been widely used for hydraulic applications such as water storage
tanks, water and sewer systems, and massive dams because it has exceptionally low
permeability (less than 10"0 m' upon hydration). Salado Mass Concrete (SMC) is a
specially-designed salt-saturated concrete mix that has been developed recently (Wakeley
et al. 1994; Wakeley et al. 1995).

RE/SPEC (1996) performed two permeability tests on concrete specimens prepared from
cores recovered from the WIPP SSSPT field experiments and one test on an SMC
specimen prepared from a sample batched by the Waterways Experiment Station (WES).
The specimens were tested as received with no attempts made to dry the specimens or to
determine their moisture contents. Each test was performed using nitrogen gas as the
permeant, flowmeters to measure gas flow, and fluid pressure gradients of either 0.3, 0.6,
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Parameter(s): Log of Intrinsic Permeability - Concrete (T = 0-400 yrs)

Discussion: (continued)

or 0.75 MWa. Attempts were made to apply Klinkenberg corrections to measured values
of permeability, but the range in pressure gradients used in the testing was not large
enough to establish any particular trend when the permeability data were plotted as a
function of reciprocal mean fluid pressure.

A total of 18 permeability measurements were made on the three specimens. Permeability
of the SMC and SSPT specimens are all very low with a range from 2.1 X 10-21 M2 to 7.51
X 10-21 M2 with an average of 4.71 x 10-21 in2 . Permeability of the SSSPT specimens
ranged from 3.00 x 10-20 Mn2 to 5.04 x 1O-' 9 Mn2 with and average of 2.18 x10-19 Mn2 .

Knowles and Howard (1996) presented results of field permeability tests performed in the
WI[PP SSSPT boreholes during 1985-1987 and 1993-1995. Although individual seal
system component material permeabilities for concrete, DRZ salt, and salt were not
determined, overall seal system permeabilities were determined and ranged from 1. 0 x10-
20 mn2 to 1.0 x 10"'mm and from 1.0 x 10-23 M2 to 1.0 X 10-19 M2 for the 1985-1987 tests
and the 1993-1995 tests, respectively. These ranges encompass the laboratory values
measured by RE/SPEC (1996).

References:

* Compliance Submittal Design Report, in review. Appendix A: Material Specifications.
Albuquerque, NM: Sandia National Laboratories.

Knowles, M.K., and C.L. Howard. 1996. "Field and Laboratory Testing of Seal
Materials Proposed for the Waste Isolation Pilot Plant." Proceedings of the Waste
Management 1996 Symposium, Tucson, AZ, February 25-29, 1996. SAND95-2082C.

Albuquerque, NM: Sandia National Laboratories.

RE/SPEC. 1996. Probability Distribution Functions for Hydrologic Parameters of
Waste Isolation Pilot Plant Shaft Sealing Materials for Handoff to WI PP Performance
Assessment. Calculation No. 325/13/02. February 1996. Rapid City, SD: RE/SPEC Inc.

Wakeley, L.D., T. S. Poole, and J.P. Burkes. 1994. Durability of Concrete Materials in
High-Magnesium Brine. SAND93-7073. Albuquerque, NM: Sandia National
Laboratories.

Wakeley, L.D., P.T. Harrington, and F.D. Hansen. 1995. Variability in Properties of
Salado Mass Concrete. SAND94-1495. Albuquerque, NM: Sandia National
Laboratories.
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Parameter Description:

Log of the vertical and horizontal intrinsic permeability for the concrete column after 400
yrs. and the concrete monolith at the base of the shaft from 0 to 10,000 yrs.

Material and Parameter Name(s):

CONC_-T2 PRMXLOG (#2486)
CONCT2 PRMYLOG (#2487)
CONCT2 PRMZLOG (#248 8)

CONCMON PRMX_LOG (#3059)
CONCMON PRMYLOG (#3 060)
CONCMON PRMZLOG (#3 06 1)

IParameter Value: -14.0

lUnits: logm m2

Distribution Type: Constant

Data: Site-Specific Experimental Data

The long-term intrinsic permeability value for concrete materials is not explicitly based on
laboratory data. The parameter value is conservatively assigned; no credit is taken for the
expected performance of concrete materials in the shaft over the long-term.

Discussion:

Traditional fresh-water concrete has been widely used for hydraulic applications such as
water storage tanks, water and sewer systems, and massive dams because it has
exceptionally low permeability (less than 10.20 m2 upon hydration). RE/SPEC (1996)
performed two permeability tests on concrete specimens prepared from cores recovered
from the WIEPP SSSPT field experiments and one test on a Salado Mass Concrete (SMC)
specimen prepared from a sample batched by the Waterways Experiment Station (WES).

Permeability of the SMC specimens ranges from 2.1 x 10-21 m2 to 7.51 X 10-21 M2 with an
average of 4.71 X 10.21 in 2 . Permeability of the S SSPT specimens ranged from 3.-00 x

10-20 M2 to 5.04 x 10"9 m 2 with an average of 2.18 x 10.19 in2. Knowles and Howard
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Parameter(s): Log of Intrinsic Permeability - Concrete (T > 400 yrs) and
Concrete Monolith (T =0 - 10,000 yrs)

* Discussion: (continued)

(1996) have also determined overall seal system permeabilities ranging from 1.0 X 10-20 M2

to 1.0 X 10-17 M2 and from 1.0 x 10-21 M2 to 1.0 X 10-'9 M2 for 1985-1987 tests and the
1993-1995 tests, respectively.

Attachment IA of Appendix CLP discusses the expected long-term performance of shaft
concrete materials.

References:

Knowles, M.K., and C.L. Howard. 1996. "Field and Laboratory Testing of Seal
Materials Proposed for the Waste Isolation Pilot Plant." Proceedings of the Waste
Management 1996 Symposium, Tucson, AZ February 25-29, 1996. SAND95-2082C.

Albuquerque, NM: Sandia National Laboratories.

RE/SPEC. 1996. Probability Distribution Functions for Hydrologic Parameters of
Waste Isolation Pilot Plant Shaft Sealing Materials for Handoff to WIPP Performance
Assessment. Calculation No. 325/13/02. February 1996. Rapid City, SD: RE/SPEC Inc.

Wakeley, L.D., T. S. Poole, and J.P. Burkes. 1994. Durability of Concrete Materials in
High-Magnesium Brine. SAND93-7073. Albuquerque, NM: Sandia National
Laboratories.

Wakeley, L.D., P.T. Harrington, and F.D. Hansen. 1995. Variability in Properties of
Salado Mass Concrete. SAND94-1495. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Effective Porosity - Concrete and Concrete Monolith

Parameter Description:

Effective porosity of the concrete column and the concrete monolith at the base of the
shaft.

Material and Parameter Name(s):

CONG_-TI POROSITY (#2467)
CONCT2 POROSITY (#2484)
CONGMON POROSITY (#3058)

IParameter Value: 0.05

lUnits: m3/m'

IDistribution Type: Constant

Data: Site-Specific Experimental Data

The effective porosity of the concrete is based on air entrainment measurements made
both on "green" concrete and on cured concrete cores.

Discussion:

Data used in the development of the best estimator of porosity for Salado Mass Concrete
(SMC) were derived exclusively from a single literature source. Wakeley et al. (1995)
measured air entrainment in both "green" SMC and cured SMC concrete cores.
Measurements of air entrainment were made for 19 batches of "green" SMG. For each
batch, air entrainment was determined at two distinct times, once at the beginning of the
mixing process and once near the end of the mixing process (-2 hours). Air entrainment
values of "green" SMC ranged from 1. 1 to 3.3 percent with an average of 2. 0 percent.
Wakeley et al. (1995) also determined air entrainment from concrete cores recovered from
two SMG cast monoliths identified as 161 SM3 and 23 1 SM3. These monoliths were
prepared by discharging the portions of the SMG into oval galvanized metal tanks with
approximate dimensions of 4 ft x 8 ft x 3 ft (1.2 m x 2.4 m x 0.9 in). The SMG was
allowed to flow freely from one end of the tank to the opposite end of the tank. After the
monoliths had cured (six months), cores were recovered from six locations within the
monolith to obtain samples for determining air entrainment (and other
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Parameter(s): Effective Porosity - Concrete and Concrete Monolith

Discussion: (continued)

characteristics). The locations included three horizontal sampling positions; i.e., at
discharge, near middle, and at far end, and two vertical sampling depths; i.e., top and
bottom. Air voids were determined by sectioning the samples and using petrographic
techniques. Air entrainment values of the cast SMC ranged from 1. 5 to 4.5 percent with
an average of 3.2 percent.

A porosity value of 0.05 was used because field emplaced concrete is expected to be
similar to cast SMC concrete. It has the same batch design and will be transported over
moderate distances, thus increasing its entrained air content.

References:

Wakeley, L.D., P.T. Harrington, and F.D. Hansen. 1995. Variability in Properties of
Salado Mass Concrete. SAND94-1495. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Pore-Volume Compressibility - Concrete and Concrete Monolith

Parameter Description:

Pore-volume compressibility of the concrete column and the concrete monolith at the base
of the shaft is used to calculate the specific storage of the porous medium which is
required in BRAGFLO.

Material and Parameter Name(s):

CONC_-TI COMIP_-RCK (#2464)
CONC_-T2 COMIPRCK (#248 1)
CONGMON COMIPRCK (#3 052)

IParameter Value: 2.64 x 10-9

JUnits: Pa

Distribution Type: Constant

Data: General Literature - Professional Judgment and Site-Specific Experimental
Data

Data used in the development of the best estimator of bulk modulus for SMIC were
derived from two sources: (1) literature reviews; and (2) testing of both SMC cores and <

concrete cores recovered from the WIPP Small Scale Seal Performance Test (SSSPT). 14

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

Chen and Loken (1994) performed a literature review to develop material properties for
use in rock mechanics analyses of SMIC sealing materials. Their review revealed relatively
few references, primarily because the SMC is a specially-designed mix that has been
developed only recently (Wakeley et al. 1994; Wakeley et al. 1995), and, thus, has been
subjected to very little mechanical testing. Citing Wakeley et al. (1994) and Van Sambeek
(1987), Chen and Loken (1994) selected values for Young's modulus and Poisson's ratio
for use in their analyses. The values selected for Young's modulus and Poisson's ratio
were 30 GPa and 0.2, respectively. The bulk modulus for SMIC was calculated to be
16.667 GPa. Wakeley et al. (1995) have reported values for Young's modulus as
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Parameter(s): Pore-Volume Compressibility - Concrete and Concrete Monolith

Discussion: (continued)

determined from unconfined compression tests of SMC; however, no lateral strain
measurements were made during the testing so Poisson's ratio could not be determined.
Furthermore, bulk modulus could not be determined because only values of Young's
modulus were determined from the testing.

A total of three compression tests were performed to measure Young's modulus and
Poisson' s ratio (RE/SPEC 1996). These values were then used to compute bulk modulus.
One test was performed on SMC batched and cast at the Waterways Experiment Station
(WES5); while two tests were performed on concrete recovered from the WIPP SSSPT.
The results of the testing show that the value of bulk modulus determined for SMC
concrete is 19.2 GPa which is approximately 15 percent higher than that used in rock
mechanics analyses (Chen and Loken 1994); while the average of the two values
determined for SSSPT concrete is 30.1 GPa which is approximately 80 percent higher
than that used in rock mechanics analyses. The concrete components emplaced in the
Salado Formation are expected to comprise materials nearly identical to the SMC tested in
the laboratory by RE/SPEC (1996). In view of the fact that only one test was performed
on the SMC, the difference between the laboratory determined value and the rock
mechanics analysis value is relatively small.

References:

Chen, R.U., and M.C. Loken. 1994. Concrete/Steel Panel Seal Structural Response,
Calculation File 325/03/01. Rapid City, SD: RE/SPEC Inc.

RE/SPEC. 1996. Probability Distribution Functions for Hydrologic Parameters of
Waste Isolation Pilot Plant Shaft Sealing Materials for Handoff to WIPP Performance
Assessment. Calculation No. 325/13/02. February 1996. Rapid City, SD: RE/SPEC Inc.

Van Sambeek, L.L., D.D. Luo, M.S. Lin, W. Ostrowski, and D. Oyenuga. 1993. Seal
Design Alternatives Study. SAND92-7340. Albuquerque, NM: Sandia National
Laboratories.

Wakeley, L.D., T. S. Poole, and J.P. Burkes. 1994. Durability of Concrete Materials in
High-Magnesium Brine. SAND93-7073. Albuquerque, NM: Sandia National
Laboratories.

Wakeley, L.D., P.T. Harrington, and F.D. Hansen. 1995. Variability in Properties of
Salado Mass Concrete. SAND94-1495. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Log of Intrinsic Permeability - Asphalt Shaft Material

Parameter Description:

Log of the vertical and horizontal intrinsic permeability for the asphalt shaft material.

Material and Parameter Name(s):

ASPHALT PRMXLOG (#2283)
ASPHALT PRMY_-LOG (#2284)
ASPHALT PRMZ_LOG (#2285)

[Parameter Value: -20.000

mean median minimum maximum units
-19.667 -20.000 -21.000 -18.000 log(m2 )

Distribution Type: Triangular

{Data: Professional Judgment

Discussion:

The WJPP asphalt will consist of -All asphalt mastic mix (AMMN) with a mineral filler. It
will be approximately 10-20 percent asphalt by weight and air voids (porosity) will be
1 percent or less. The material specifications for the WIPP asphalt component (i.e., low
void volume) are such that the permeability will be very low.

Several sources were reviewed in an attempt to find relevant information on the
permeability of asphalt and asphaltic based construction materials. A large body of
literature exists on applications of using asphalt as a barrier to water flow such as in the
case of dams. Asphalt is routinely referred to in the literature as being impermeable,
waterproof, etc. However, very little quantitative information exists regarding the
permeability of asphalt. No permeability values were found for an AMM which shares the
expected low void volume and high asphalt content that will exist in the shaft seal.

Robert Romine, a Research Scientist in the Environmental Technology Division of Pacific
Northwest National Laboratories (PNNL) and technical expert to Sandia in the design and
development of the specifications for the shaft seal AMM, expects the permeability for the
WIPP AMM seal to be less than 1 X 10-20 M2 (Romine 1995).

June 14, 1996 PAR-142 DOEICAO-96-2160



Parameter(s): Log of Intrinsic Permeability - Asphalt Shaft Material

Discussion: (continued)

The effective sealIDRZ permeability for the asphalt shaft material is calculated from the
equation

kmodel - ks As +k dA d

where: kmodel = effective seal/DRZ permeability used in BRAGFLO
Amodel = effective shaft area modeled in BRAGFLO (equal to the shaft area, A,)

k, = average shaft seal permeability (given in this parameter sheet)
A, = average shaft area
kd = average DRZ permeability (SHFTDRZ PRMXLOG in PA database)
Ad =average DRZ area

Assuming that the change in permeability within the DRZ is log linear, the effective DRZ
permeability, kd is calculated from:

kd 2 Rr 0 (ln(k.) - In(k1)) - Ar ko ri(ln(k.) - In(k~)) - Ar )i
ro + i (l~k) ln~i))'(ln(k 0 ) -ln(k i))2

where: r1  inner radius (shaft excavatin radius)
r. outer DRZ radius

Ar outer DRZ radius minus the inner DRZ radius

k-= inner skin permeability (DRZ permeability at the shaft/DRZ interface)

k. intact halite permeability

The average DRZ permeability is calculated from:

kd Ad = kdl Adl +kd2 Ad2 ±+kd3 Ad3±+kd4 Ad&

where: dl air-supply shaft
d2 = salt-handling shaft
d0 = waste-handling shaft
d4 =air-exhaust shaft

and the average seal permeability is calculated from

k A, = IAl+k2A2+kA.+ sA4

The resulting effective seaIIDRZ permeability for the asphalt shaft material is 6.76 x 1 -1

2m .

DOE/CAO-96-2160 PAR-143 June 14, 1996



Parameter(s): Log of Intrinsic Permeability - Asphalt Shaft Material

References:

Kelley, V., T. Jones, and J. Ogintz. 1996. Memorandum to Diane Hurtado, Re: WLEPP
Seal System Parameters for Performance Assessment BRAGFLO Compliance
Calculations, January 15, 1996 (with updates).

Romine, R. 1995. E-mail communication to V. Kelley, INTERA Inc., November 29,
1995.
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Parameter(s): Effective Porosity - Asphalt Shaft Material

Parameter Description:

Effective porosity of the asphalt shaft material.

Material and Parameter Name(s):

ASPHALT POROSITY (#2280)

Parameter Value: 0.01

Units: m3/m'

Distribution Type: Constant

Data: Professional Judgment

The effective porosity of the asphalt shaft material is specified in the material
specifications.

Discussion:

The WTiPP asphalt will consist of an asphalt mastic mix (AN" with a mineral filler. It
will be approximately 10-20 percent asphalt by weight. The Compliance Submittal Design
Report (in review) reports that the asphalt column composed of an AMV will have an
extremely low air void content (porosity), between 1 and 2 percent. It is assumed that the
asphalt column has a porosity of 0. 01.

References:

Compliance Submittal Design Report, in review. Appendix A: Material Specifications.
Albuquerque, NM: Sandia National Laboratories.

Kelly, V., T. Jones, and J. Ogintz. 1996. Memorandum to Diane Hurtado, Re: WI[PP
Seal System Parameters for Performance Assessment BRAGFLO Compliance
Calculations, January 15, 1996 (with updates).
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Parameter(s): PCTA Threshold Pressure Parameter - Asphalt Shaft Matera

Parameter Description:

PCTA is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

ASPHALT PCT-A (#2600)

IParameter Value: 0

jUnits: Pa/m2

IDistribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCTA and PCTEXP) have not been measured for the
Asphalt Shaft Material.

Discussion:

The threshold pressure (Ps), as defined by Davies (1991), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA - k(1cT E")

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in.

Data regarding threshold pressures in asphalt materials were not found in the literature.
Therefore, the Davies (199 1) relationship is assumed to be applicable for the asphalt seal
material.
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Parameter(s): PCTA Threshold Pressure Parameter - Asphalt Shaft Matera

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Asphalt Shaft Mtra

Parameter Description:

PCTEXP is used to calculate the threshold pressure (Pr), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

ASPHALT PCTEXP (#260 1)

IParameter Value: 0

IUnits: None

IDistribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCTEM' and PCT EXP) have not been measured for
the Asphalt Shaft Material.

Discussion:

The threshold pressure (Pr), as defined by Davies (1991), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA - k(cT EF-1')

where P1 is the threshold pressure in units of Pa, PCTA and PCTEM' are constants, and
k is the permeability in units of in'.

Data regarding threshold pressures in asphalt materials were not found in the literature.
Therefore, the Davies (199 1) relationship is assumed to be applicable for the asphalt seal
material.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Asphalt Shaft Matra

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Pore-Volume Compressibility - Asphalt Shaft Materia

Parameter Description:

Pore-volume compressibility of the asphalt shaft material is required for specification in
BRAGFLO and makes up part of the hydraulic diffusivity term for a porous medium.

Material and Parameter Name(s):

ASPHALT COMPRCK (#2277)

IParameter Value: 2.97 x 10O'

jUnits: Pa

IDistribution Type: Constant

Data: Professional Judgment

The pore-volume compressibility was calculated based upon the material specifications
and standard geotechnical relationships.

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

The bulk modulus reported for asphalt is 3.3 71 x 10' Pa (RE/SPEC 1995). Assuming an
asphalt porosity of 0. 01, the pore-volume compressibility for the asphalt column is
2.97 x 10- Pa-'.

References:

RE/SPEC. 1995. "Transmittal of Bulk Modulus Values for Various Sealing Materials."
Memorandum to V. Kelley, INTERA Inc., December 27, 1995.
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Parameter(s): Log of Intrinsic Permeability - Earthen Fill Shaft Material

Parameter Description:

Log of the vertical and horizontal intrinsic permeability for the earthen fill material.

Material and Parameter Name(s):

EARTH PRMIXLOG (#2503)
EARTH PRMYLOG (#2504)
EARTH PRMZLOG (#2505)

IParameter Value: -14.0

mean median minimum maximum units

-14.333 -14.000 -17.000 -12.000 log(m 2)

IDistribution Type: Tniangular

Data: General Literature-Professional Judgment

Data is based on a review of the available literature.

Discussion:

The intrinsic permeability values for the earthen fill material are based upon literature
values of permeability for soils which are classified as SC or SM (clayey sand or silty sand)
according to the Unified Soil Classification System. These references include Freeze and
Cherry (1979), Davis and DeWiest (1966), and de Marsily (1986). All of the literature
sources, with the exception of one, report a maximum permeability for these types of soils
of 1 x 10"2 in. Freeze and Cherry (1979) report a maximum hydraulic conductivity for
unconsolidated silty sand of 0. 002 m/s which converts to a permeability of 2.04 x 101 Mn2.

This value is not considered for a maximum value because the earthen fill in the shaft will
be consolidated through compaction. Because the earthen fill will be consolidated and
because the permeability of the earthen fill column will be controlled by low permeability
lifts (layers), the maximum permeability assumed for earthen fill is 1 X 10-12 in 2 . The best
estimate permeability is assumed to be 1 X 10'- iM2 and the minimum permeability is
assumed to be 1 x o10' in2 . The minimum value is based upon actual measurements of
hydraulic conductivity of compacted SM and SC soils (U.S. Department of Interior 1977;
1987). The permeability distribution is therefore log triangular with the preceding
maximum, best estimate, and minimum values.
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Parameter(s): Log of Intrinsic Permeability - Earthen Fill Shaft Material

References:

Davis, S.N., and R.J.M. DeWiest. 1966. Hydrogeology. New York, NY: John Wiley &
Sons.

de Marsily, G. 1986. Quantitative Hydrogeology. Orlando, FL: Academic Press, Inc.

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice-
Hall, Inc.

U. S. Department of the Interior. 1977. Design of Small Dams. Revised Reprint. A
Water Resources Technical Publication.

U.S. Department of the Interior. 1987. Design of Small Dams. Third Edition. A Water
Resources Technical Publication.

June 14, 1996 PAR~-152 DOE/CAO-96-2160



Parameter(s): Effective Porosity - Earthen Fill Shaft Material

Parameter Description:

LEffective porosity of the earthen fill material.

Material and Parameter Name(s):

EARTH POROSITY (#2500)

Parameter Value: 0.32

jUnits: m3/m'

Distribution Type: Constant

Data: Professional Judgment

The effective porosity was calculated based upon the material specifications and standard
geotechnical relationships.

Discussion:

The effective porosity of the earthen fill can be calculated from knowing the void ratio of
the earthen fill. The void ratio for SM and SC (clayey sand or silty sand) soils is reported
to. be 0.48 (U.S. Department of Interior 1977). Therefore, the calculated effective
porosity of the earthen fill is 0.32.

References:

Kelley, V., T. Jones, and J. Ogintz. 1996. Memorandum to Diane Hurtado, Re: WIPP
Seal System Parameters for Performance Assessment BRAGFLO Compliance
Calculations, January 15, 1996 (with updates).

U. S. Department of the Interior. 1977. Design of Small Dams. Revised Reprint. A
Water Resources Technical Publication.
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Parameter(s): Pore-Volume Compressibility - Earthen Fill Shaft Material

Parameter Description:

Pore-volume compressibility of the earthen fill material is required for specification in
BRAGFLO and makes up part of the hydraulic diffusivity term for a porous medium.

Material and Parameter Name(s):

EARTH COMPRCK (#2497)

Parameter Value: 3. 1 x 1-

Units: Pa'

Distribution Type: Constant

CDF Graph: Not applicable

Data: Professional Judgment

The pore-volume compressibility was calculated based upon the material specifications
and standard geotechnical relationships.

Discussion:

The pore compressibility is equal to the rock compressibility divided by the effective
porosity and the rock compressibility is the inverse of the bulk modulus. Therefore, the
pore compressibility is equal to the inverse of the product of the bulk modulus and the
effective porosity.

The range of compressibility reported by Freeze and Cherry (1979) for clays is from

1 x 1 0- to 1 x 10-6 Pa-'. The range of compressibility for sands reported by Freeze and
Cherry (1979) is from 1 X 10-9 to I10-7~ Pa&'. The earthen fill represents a mixture of
clay, silt and sand. Assuming a mixture and the ranges listed above, a representative
compressibility is 1 x 10-' Pa&1. Dividing this compressibility by a porosity of 0. 32 yields a
pore-volume compressibility of 3. 1 x 10'8 Pa'.
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Parameter(s): Pore-Volume Compressibility - Earthen Fill Shaft Material

References:

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice-
Hall, Inc.
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Final No-Migration Variance Petition

Salado Formation Halite Parameter Values

* (as summarized in Table 8-5, Chapter 8)

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel

Closures" Section
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Parameter(s): Log of Intrinsic Permeability - Halite

Parameter Description:

The Salado Formation halite is assigned an intrinsic permeability intended to reflect the
stratigraphic variability of Salado halite and far-field hydraulic conditions. The
permeability parameters in the x and y direction are assigned the same value as
SHALITE PRMIXLOG.

Material and Parameter Name(s):

SHALITE PRMXLOG (#547)
SHALITE PRMYLOG (#548)
SHALITE PRMZLOG (#549)

Parameter Value: -22.5

mean median low high units

-22.5 -22.5 -24.0 -21.0 log(m 2)

Distribution Type: Uniform

Data: Site-Specific Experimental Data

The reported permeability range of undisturbed impure halite is based on four selected in-
situ hydraulic tests: three flow tests believed representative of far-field permeability and
one flow test that measured permeability in a zone that included a range of halite
lithologies. Computer-derived permeabilities based upon brine inflow data from Room Q
fall within the range derived, from flow tests. The reader is referred to the relevant
parameter record package for more detail; the following data packages are included in the
records package:

SC)W-A:WVBS 1.2.07.1 :PDD:QA: SALADO :PKG 7:Halite Permeability (x,y,z)

SCWF-A:WVBS 1.2.07.1 :PDD:QA: SALADO:PKG 7: Salado Halite Permeability

Discussion:

Impure halite denotes a broad range of lithologic types ranging from "pure" halite to
lithologies with various degrees of impurities, including polyhalite, argillaceous and

anhydritic halite. Three hydraulic tests believed representative of far-field permeability

were conducted in the present location of Room Q in map units with relatively low
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Parameter(s): Log of Intrinsic Permeability - Halite

Discussion: (continued)

impurities: a halite with less than 0. 5 percent impurity, a halite containing approximately 1
percent impurity and a halite/polyhalite zone with a 1-2 percent impurity. These units
were tested before the large-scale brine inflow excavation was mined and at stratigraphic
intervals located over 20 m from the excavation. These tests are believed to represent the
lower end of the permeability range for Salado halite (see Table 5).

Far-field hydraulic tests data do not exist for relatively impure halites, which tend to show
higher permeabilities in the near-field. Although located within the influence of the DRZ,
one flow test (C2HOlI-BGZ) measured within map units 0-4 is used to bound the
maximum permeability of Salado halite containing relatively high impurities. The median
log10 value of -22.5 is believed to be the best value.

A summary of selected interpretative results of these four flow and pressure tests is
compiled in the attached table. A schematic representation of Salado map units near the
disposal area horizon, adapted from Deal et. al. (1989), is attached for information
purposes.

References:

Beauheim, R.L., G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant Site: First
Interim Report. SAND9O-0083. Albuquerque, NM: Sandia National Laboratories.

Beauheim, R.L., R.M. Roberts, T.F. Dale, M.D. Fort, and W.A. Stensrud. 1993.
Hydraulic Testing of Salado Fornation Evaporites at the Waste Isolation Pilot Plant
Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National
Laboratories.

Deal, D.E., R.J. Abitz, D.S. Belski, and J.B. Case. 1989. Brine Sampling and Evaluation
Program. 1988 Report. DOE-WII'P-89-015. Carlsbad, NM: Westinghouse Electric
Corporation.

Jensen, A.L., C.L., Howard, R.L. Jones, and T.P. Peterson. 1993. Room Q Data Report:
Test Borehole Data from April 1989 through November 1991. SAND92-1172.
Albuquerque, NM: Sandia National Laboratories.

Saulnier, G.J. Jr., P.S. Domski, J.B. Palmer, R.M. Roberts, W.A. Stensrud, and A.L.
Jensen. 1991. WIPP Salado Hydrology Program Data Report #1. SAND9O-7000.
Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Log of Intrinsic Permeability - Halite

References: (continued)

Stensrud, W.A., T.P. Dale, P. S. Domski, J.B. Palmer, R.M. Roberts, M.D. Fort, G.J.
Saulnier, Jr., and A.L. Jensen. 1992. Waste Isolation Pilot Plant Salado Hydrology
Pro gram Data Report #2. SAND92-7072. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Log of Intrinsic Permeability - Halite

Table PAR-5. Summary of Permeability Test-Interpretations Results from In Situ
Permeability Tests Representing Undisturbed Impure Halite

TEST
INTERVAL PERMEABILITY
(meters from MAP ANALYSIS K
excavation) HOLE UNIT(s) METHOD (2

20.13-21.03 QPP05 NM6 GTFM6.0 1.12 x 10-24

23.35-24-20 QPP12 H3 GTFM6.0 2.69 - 1022

20.19-21.09 QPP15 MUO 0- GTFM6.0 5.5 x 1024

MU PH-4

4.50-5.58 C2H01-BGZ NM 0- GTEM6.0 1.38 x1021

MU4

Note: See Record Parameter Package for additional detail.
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Parameter(s): Effective Porosity - Halite

Parameter Description:

The effective porosity of Salado Formation halite and polyhalite refers to the ratio of the
interconnected pore volume to bulk volume; total porosity, is defined as the ratio of
interconnected plus non-connected pore space to bulk volume.

Material and Parameter Name(s):

SHALITE POROSITY (#544)

iParameter Value: 0.01

mean median minimum maximum units

0.0128 0.01 0.001 0.03 None

IDistribution Type: Cumulative

. Data: Site-Specific Experimental Data

The effective porosity of Salado halite used in the NMVP analysis is supported by three
separate porosity calculations: 1) Skokan et al., (1989, 15) determined from,
electromagnetic and DC resistivity experiments, 2) drying experiments described in
Powers et al., (1978, 7-30), and 3) drying experiments reported in Deal et al., (1993).
The data package associated with this parameter is as follows:

SCWF-A:WB S 1.2.07.1 :PDD:QA: SALADO :PKG8:POROSITY effective porosity/hal

Discussion:

The high value (0.03) for the range of porosity is suggested in Skokan et al. (1989, 13),
based on the low end (10 ohm) of the DC resistivity measurements registered in the
underground. The low value (0.00 1) is suggested in Powers et al. (1978) based on drying
experiments. The median value of 0.01 is suggested in Skokan et al.(1989, 15). Deal et
al. (1993) found an average value of 0. 016 for total porosity from a different series of
drying experiments, providing support for selecting a reasonable constant value of 0.01
used in the NMIVP simulation.
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Parameter(s): PCTA Threshold Pressure Parameter - Halite

Parameter Description:

PCT_-A is linear factor used to calculate threshold pressure (Pr), as required in the Brooks-
Corey two-phase flow model to characterize incipient gas flow through a porous media.
The sum of the existing pore pressure in the rock and the threshold pressure is the gas-
pressure level that must be reached to overcome capillary resistance and drive gas into
brine-filled rock pores.

Material and Parameter Name(s):

SHALITE PCT-A (#2779)

Parameter Values: 0.56

Units: Palm2

Distribution Type: Constant

* Data: General Literature and Professional Judgment

There is no site-specific PCT_-A parameter measurement for halite. The linear threshold
parameter value is based on a best-fit power correlation of threshold pressures and
intrinsic permeabilities published for several types of consolidated lithologies, referred to
as the Davies correlation (Davies 1991, 25-26).

Discussion:

Threshold pressure (Pr) is calculated by the following relationship:

Pt =PCTA -k (PCT-EXP)

where k is the permeability. Use of the Davies correlation is appropriate based on gross
similarities between halite rock and the consolidated carbonate, anhydrite, shale and
sandstone lithologies used to derive the Davies exponential threshold pressure parameter.
Halite possesses a relatively tight crystalline textures with interconnected pore space
occurring along grain boundaries.
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Parameter(s): PCTA Threshold Pressure Parameter - Halite

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant. SAND9O-
3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Halite

Parameter Description:

PCT_-EXP is an exponential factor used to calculate threshold pressure (P1), as required in
the Brooks-Corey two-phase flow model to characterize incipient gas flow through a
porous media. The sum of the existing pore pressure in the rock and the threshold
pressure is the gas-pressure level that must be reached to overcome capillary resistance
and drive gas into brine-filled rock pores.

Material and Parameter Name(s):

SHALITE PCT_EXP (#2780)

IParameter Values: -0.346

jUnits: None

IDistribution Type: Constant

* Data: General Literature and Professional Judgment

There is no site-specific PCT_-EXP parameter measurement for halite. The exponential
threshold parameter value is based on a best-fit power correlation of threshold pressures
and intrinsic permeabilities published for several types of consolidated lithologies, referred
to as the Davies correlation (Davies 1991, 25-26).

Discussion:

Threshold pressure (P,) is calculated by the following relationship:

Pt =PCTA -k (PCT-EXP)

where k is the permeability. Use of the Davies correlation is appropriate based on gross
similarities between halite rock and the consolidated carbonate, anhydrite, shale and
sandstone lithologies used to derive the Davies exponential threshold pressure parameter
(e.g. relatively tight crystalline textures with interconnected pore space occurring along
grain boundaries).
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Parameter(s): PCTEXP Threshold Pressure Parameter - Halite

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant. SAND9O-
3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Brine Saturation - Halite

Parameter Description:

The residual brine saturation (Sbr) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. Sb, is also referred to as
S, (wetting phase) or S,, (liquid phase). For brine saturations above Sb., brine phase
relative permeability (Kft) increases as dictated by the shape of K, curve to a valve K,
1. 0 for fully brine-saturated conditions. For modeling purposes, halite is specified as 100
percent brine-saturated.

Material and Parameter Name(s):

SHALITE SATRBRN (#55 5)

Parameter Value: 0.3

mean median minimum maximum units

0.3 0.3 0.0 0.6 None

. IDistribution Type: Uniform

Data: General Literature and Professional Judgment

There have been no measurements of residual brine saturation in halite rock materials for
the W~IPP project. Consequently, natural analog data are used to justify' the range and best
value for halite (Brooks and Corey 1964).

Discussion:

Brooks and Corey (1964) report a residual wetting phase saturation (S,,) range of 0.08 to
0.56 based on curve fitting capillary pressure data for several types of porous
unconsolidated and consolidated analog materials. The selected Sbr value of 0.30 is the
median of the uniform distribution and is consistent with the Berea Sandstone tested in the
Brooks and Corey study. Due to the high threshold pressure assigned to halite, this
material maintains brine saturation above the residual for the duration of the simulation
(i.e., gas does not displace brine).
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Parameter(s): Residual Brine Saturation - Halite

References:

Brooks , R.H., and A. T. Corey. 1964. Hydraulic Properties of Porous Media.
Hydrology Paper No. 3. Fort Collins, CO: Colorado State University.
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Parameter(s): Residual Gas Saturation - Halite

Parameter Description:

The residual (critical) gas saturation (Sgr) is required in the Brooks-Corey two-phase flow
model to define the relative permeability and capillary pressure curves. Sg, corresponds to
the degree of waste-generated gas saturation necessary to create an incipient
interconnected pathway in porous material, a condition required for porous rock to be
permeable to gas.

Material and Parameter Name(s):

SHALITE SATRGAS (#556)

IParameter Value: 0.2

mean median minimum maximum units

0.2 0.2 0.0 0.4 None

IDistribution Type: Uniform

Data: General Literature and Professional Judgment

Two-phase flow parameters have not been measured for halite rock material. In past brine
and gas flow simulations, this range was also applied to anhydrite marker beds. Two-
phase flow measurements have since shown a smaller range for anhydrite (1.4 - 19.7
percent). At this time, such experimental data do not exist for halite, suggesting the larger
range of S., remains appropriate.

Discussion:

The range, mean and median values developed for this analysis are the same as those used
in previous performance assessment analyses, when the range was defined simply by
doubling the median value. In a review of studies in the general literature, Solutions
Engineering (1995) documents a natural analog Sg, range from 0-27 percent. In

developing empirical equations for two-phase flow in consolidated rock, of sandstone,
dolomite, limestone and conglomerate lithologies, Honarpour et al. (1982) reports a range
of 0-40 percent for residual gas saturation based on several hundred data points. The
value of 20 percent used in the NMVP is considered the best value.
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Parameter(s): Residual Gas Saturation - Halite

References:

Honarpour M, Koederitz, L.F., and Harvey, H.A. 1982. "Empirical Equations for
Estimating Two-Phase Relative Permeability in Consolidated Rock," Journal of
Petroleum Technology, December 1982, p. 2905-2908.

Solutions Engineering. 1995. "Critical Gas Saturation Recommendations for WIPP,"
Letter Report to D.M. Stoelzel, November 15, 1995, Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Pore Distribution - Halite

Parameter Description:

The pore size distribution parameter (X) is used in the calculation of capillary pressure and
relative permeability in the second modification to the Brooks-Corey model implemented
in BRAGFLO.

Material and Parameter Name(s):

Parameter Value: 0.7

mean median minimum maximum units

2.9 0.7 0.2 10.0 None

Distribution Type: Cumulative

Data: General Literature, Site-Specific Experimental Data and Professional
Judgment

Pore size distribution has not been measured in halite. The range and distribution of
parameter values is derived from natural-analog data, but is supported by site-specific
experimental data measured in the laboratory for marker bed anhydrites.

Discussion:

The range limits for the pore-size distribution parameter X for halite is based on Mualem
(1976) who fit the Brooks and Corey model to data for 4 5 soils. The median value of 0. 7
used in the NMVP analysis was originally based on a study by Morrow et al. (1986) on
the Multiwell Tight Gas Sands Project. The justification was that the permeabilities in the
the tight sands, ranging from 2.3 X 10-17 to 4.3 x10-17 M2 , were the lowest permeability
materials for which pore size information was available.

The WLPP project now has site-specific experimental data for low permeability anhydrite
marker beds. The parameter range specified for the anhydrites (0.49 1 to 0.842) supports
the median value calculated at the lower end of the parameter range.
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Parameter(s): Pore Distribution - Halite

References:
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Parameter(s): Rock Compressibility - Halite

Parameter Description:

Rock compressibility of Salado Formation halite is used in BRAGFLO to calculate pore
compressibility. Pore compressibility is used to predict the effect of material
compressibility on porosity and mass storage in the equation of state for flow through
porous media as follows:

4)=4). exp (cr(p-po))

where,

4)=porosity of solid matrix (dimensionless)

=porosity at reference pressure p.
c, pore compressibility of solid matrix (Pa-')

CONiIPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

.SHALITE COMIPRCK (#541)

Parameter Value: 9.75 x 1-

mean median minimum maximum units

9.75 x 101 9.75 x 10" 2.94 x 10-12 1.92 x 10-'0 Pa 1

Distribution Type: Uniform

Data: Site-Specific Experimental Data

The parameter distribution for halite rock compressibility is based upon data from two
hydraulic tests in Room Q QPP05 and QPP 15. Another data point calculated from
sensitivity studies using brine inflow data from Room Q is within the range derived from
the hydraulic tests.

Data packages associated with this parameter are located at:

SCWF-A:W*BS 1.2.07.1 :PDD :QA: SALADO:PKG 4: Halite Rock Compressibility

*SCWF-A:W*BS 1.2.07. 1:PDD:QA: SALADO:PKG 5: Salado Halite Rock Compressibility_
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Parameter(s): Rock Compressibility - Halite

Discussion:

The two in situ hydraulic tests were conducted in the location of Room Q before the
large-scale brine inflow excavation was mined. Test intervals were located over 65 ft (20
m) from the excavation. Map units (MU) represented included MU 6 (halite) and MU 0
(halite)/MU PH-4 (polyhalite) within a radius of about 3.2808 ft (one m) of each borehole.
Raw data included pressure, fluid volume, temperature, axial test-tool movement, and
radial borehole closure.

Interpretation of all flow tests in the WIEPP facility is based on the assumption that Darcy
flow and borehole closure are the only forms of pressure/flow transmission during
hydraulic tests. References related to data collection and interpretation are listed in the
references section.

References:

Beauheim, R.L., G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant Site: First
Interim Report. SAND9O-0083. Albuquerque, NM: Sandia National Laboratories.

Beauheimn, R.L., R.M. Roberts, T.F. Dale, M.D. Fort, and W.A. Stensrud. 1993.
Hydraulic Testing of Salado Formation Evaporites at the Waste Isolation Pilot Plant
Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National
Laboratories.

Jensen, A.L., C.L., Howard, R.L. Jones, and T.P. Peterson. 1993. Room Q Data Report:
Test Borehole Data from April 1989 through November 1991. SAND92-1 172.
Albuquerque, NM: Sandia National Laboratories.

Saulnier, G.J. Jr., P.S. Domski, J.B. Palmer, R.M. Roberts, W.A. Stensrud, and A.L.
Jensen. 1991. IWPP Salado Hydrology Program Data Report #1. SAND9O-7000.
Albuquerque, NM: Sandia National Laboratories.

Stensrud, W.A., T.P. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Fort, G.J.
Saulnier, Jr., and A.L. Jensen. 1992. Waste Isolation Pilot Plant Salado Hydrology
Pro gram Data Report #2. SAND92-7072. Albuquerque, NM: Sandia National
Laboratories.

June 14, 1996 PAR-178 DOE/CAO-96-2160



Parameter(s): Rock Compressibility - Halite

Table PAR-6. Summary of Rock Compressibility Test-Interpretations Results from
In Situ Permeability Tests for Undisturbed Halite and Polyhalite
Map Units

TEST ROCK FORMATION
INTERVAL HOLE COMPRESSIBILITY PORE
(meters from AND MAP ANALYSIS K PRESSURE
excavation) LOCATION ZONE UNIT(s) METHOD (1/Pa) (p)

20.13-21.03 QPP05 undisturbed MU6 GTFM6.O 2.94 x 1012 13.89
down Room Q

20.19-21.09 QPP15 undisturbed MUG0 GTFM6.0 1.92 x 10"' 11.04
down Room Q MU PH-4

*-Mean

Note: See Parameter Record Package for additional detail.
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Parameter s) Initial Pressure - Salado Halite

Parameter Description:

Initial brine far-field pore pressure in the Salado Halite.

Material and Parameter Name(s):

SHALITE PRESSURE (#546)

Parameter Value: 1.247 x 107

mean Imedian Iminimum Imaximum Iunits
1.247 x 107 1.247 x 107 1. 104 x 17 1.389 x 107 Pa

[Distribution Type: Uniform

Data: Site-Specific Experimental Data

Two hydraulic tests were performed in boreholes in undisturbed halite in the underground
WIPP. Both tests were performed in the area where Room Q would later be mined. The
tests were undertaken in April-July, 1989. Pressure, fluid volume, temperature, axial test-
tool movement, and radial borehole closure were measured during the hydraulic tests in
undisturbed rock. The following data package is associated with the tests:

SWCF-A:WBS 1.2.07.1 :PDD:QA: SALADO:PKG4:Halite Pressure

Discussion:

It was assumed that Darcy flow and borehole closure were the only forms of
pressure/flow transmission during the hydraulic tests in undisturbed halite. The
uncertainty associated with the estimated parameter values is high. The distribution is
based on the two data points provided in the data package and the calculated median is
1.247 x io0 Pa.
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Parameter s) Initial Pressure - Salado Halite

References:
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Final No-Migration Variance Petition
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Final No-Migration Variance Petition

Salado Formation Anhydrite Layers a and b and
* Marker Beds 138 and 139 Parameter Values

(as summarized in Table 8-6, Chapter 8)

Note -Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Parameter(s): Log of Intrinsic Permeability - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

* Parameter Description:

Intrinsic undisturbed permeabilities along the three principal axes of the BRAGFLO grid
for Marker Bed 138, Anhydrite Layers a and b, and Marker Bed 139 are set equal to the
value for SMB13 9PRMXLOG.

Material and Parameter Name(s):

S ANHAB PRMXLOG (#53 1) SMB 13 8 PRMXLOG (#570)
S ANH_AB PRMYLOG (#532) SMB138 PRMYLOG (#571)
S ANH_AB PRMZ LOG (#533) SMiB138 PRMZ_LOG (#572)

S_-MB139 PRMIXLOG (#591)
SMB 13 9 PRMYLOG (#592)
SMB 13 9 PRMZ_LOG (#593)

iParameter Value: -18.89

mean median minimum maximum units

-18.89 -18.89 -21.00 -17.10 log(m 2)

IDistribution Type: Student-t

Data: Site-Specific Experimental Data and Laboratory-Measured Data

The reported parameter range of undisturbed Salado anhydrite permeabilities is based
upon selected data collected from in situ hydraulic tests and measurements conducted in
the laboratory: 1) five hydraulic tests conducted in the underground experimental area;
and 2) 31 Klinkenberg-corrected gas permeabilities measured in the laboratory on
specimens collected from MB 139 core samples. Summary data tables are attached for
both in-situ and laboratory tests.

Data packages associated with this parameter are located at: SCWF-
A:WVBS 1.2.07.1 :PDD:QA: SALADO :PKG 13 :Anhydrite Permeability (x,y,z)
A:W*BS1.2.07.1I:PDD:QA: SALADO:PKG 13:PRMXLOG Log of Permeability in x
direction/anh
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Parameter(s): Log of Intrinsic Permeability - Marker Bed 138,

Anhydrite Layers a and b, and Marker Bed 139

Discussion:

Out of 15 borehole and field permeability tests conducted in MB 140, MB 139, MB 138
and anhydrites a and b, five in situ hydraulic tests are considered representative
of undisturbed anhydrite permeability. Located from about 3 3 to 79 ft (10 to 24 m) from
the excavation, the test intervals for these five boreholes were outside of the disturbed
rock zone; the radius of visibility ranged from 13 to 82 ft (4 to 25 in). The five successful
tests are summarized as follows:

Borehole Location May Unit Testine Period
QPP03 Room Q Anhydrite b 4/89 11/91
QPP13 Room Q MB 139 4/89 11/91
C2H02 Room C2 MB 139 4/89 12/89
L4P5 1 -ClI Room L4 MB 140 4/92 6/94
SCP01-A Core Storage MB 139 4/90 10/90

Klinkenberg-corrected gas permeabilities measured in the laboratory can be used as an
equivalent measure of liquid permeabilities. Gas-corrected test specimen data exist from
six whole cores taken from MB 13 9 in the northern experimental area: E1IX07, E 1X08,
E1X1O, E1X1 1 (E140 Drift) P3X10 and P3X1 1 (Room L3).

For purposes of parameterization, in situ test data are treated differently than laboratory-
derived data. Uncertainty exists in regards to the spatial representativeness of the core
samples, as well as the consideration of in situ stress conditions in laboratory
measurements. In general, in situ hydraulic tests are considered representative of
expected permeability conditions on the scale of the grid system used in the BRAGFLO
mesh. Consequently, for the parameter distribution above, laboratory data are averaged as
one data point, whereas each of the five hydraulic tests is considered an individual data
point. The parameter value used in the NMVP simulation is considered appropriate: it is
higher than the mean/median value as determined from in situ data.

References:

Beauheim, R.L., G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant Site: First
Interim Report. SAND9O-0083. Albuquerque, NM: Sandia National Laboratories.

Beauheim, R.L., R.M. Roberts, T.F. Dale, M.D. Fort, and W.A. Stensrud. 1993.
Hydraulic Testing of Salado Formation Evaporites at the Waste Isolation Pilot Plant
Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Log of Intrinsic Permeability - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

* Reference(s): (continued)

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SAND94-04 72.
Albuquerque, NM: Sandia National Laboratories.

Jensen, A.L., C.L. Howard, R.L. Jones, and T.P. Peterson. 1993. Room 0 Data Report:
Test Borehole Data from April 1989 through November 1991. SAND92-1 172.
Albuquerque, NM: Sandia National Laboratories

Saulnier, G.J., Jr., P.S. Domski, J.B. Palmer, R.M. Roberts, W.A. Stensrud, and A.L.
Jensen. 1991. WIPP Salado Hydrology Program Data Report #]. SAND9O-7000.
Albuquerque, NM: Sandia National Laboratories.

Stensrud, W.A., T.F. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Fort, G.J.
Saulnier, Jr., and A.L. Jensen. 1992. Waste Isolation Pilot Plant Salado Hydrology
Program Data Report #2. SAND92-7072. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Log of Intrinsic Permeability - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

Table PAR-7. Summary of Test-Interpretations Results from In Situ Permeability
Tests for Undisturbed Anhydrite Map Units

TEST FORMATION
INTERVAL PERMEABILITY PORE
(meters from MAP ANALYSIS K PRESSURE
excavation) HOLE ZONE UNIT -METHOD (M)pa)
10.68-14.78 SCPO1-A undisturbed MB139 GTFM6.0 1.4 - 1019 12.27

down

9.47-10.86 C2H02 undisturbed MB139 GTFM6.0 1.0 x 1021 11.11
down

20.50-21.40 QPP03 undisturbed anhydrite GTFM6.0 7.6 x 100 12.9
up "b"

20.62-21.52 QPP13 undisturbed MB139 GTFM6.0 6.0 x 1020 12.43
down

17.44-22.20 L4P51I- undisturbed MB140 GTFM6.0 8.7 x 101 9.38
down Cl

*-Mean

Note: See Record Parameter Package for additional detail.
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MB139 DATA Penneabilitycombine 1/26/96

Table PAR-8. Marker Bed 139 Data
Porosity Permeability (pressure values are net effective stress)

Lab Bore Sample Zone Depth Flow Bulk *Grai Total IEffective Gas (Klinlcenberg Crected) Log of Permeability
Hole No. Dir. Vol IDen. 0MWa 3.4 MPa 6 MPa 10OMPa 3.4 MPa 6 MPa I OMPa 2 MPa 16 MPa 10OMPa

CL EIX10 1 2 4.50 H 11.88 2.64 0.6
CL EIXIO 2 2 4.50 H 10.70 2.59 0. 0.7 6.5E-19 4.6E-19 2.3E-19 -18.19 -18.33 -18.64

CL El I0 3 2 5.00 H
CL EIXIO 4 2 5.00 H 12.69 2.62 0.9 0.9 1.3E-18 8.8E-19 6.5E-19 -17.89 -18.06 -18.19

CL EIX1O 5 3 5.25 H 12.45 2.62 0.7 0.6 5.IE-19 3.8E-19 1.8E-19 -18.29 -18.42 -18.75
CL EIX1O 6 3 5.25 H 12.43 2.62 0.7 5.8E-19 3.OE-19 5.OE-20 -18.24 -18.53 -19.30
CL EIXIO 7 3 5.25 V 12.65 2.95 1.1 1.0 9.5E-19 5.5E-19 -18.02 -18.26
CL EIXIO 8 3 5.25 V 12.98 2.95 1.1 1.0 8.2E-19 4.9E-19 l.4E-19 -18.08 -18.31 -18.86
CL EIXIO 9 3 5.50 H 12.65 2.85 0.9 4.7E-19 -18.33
CL ElX1O 10 3 5.50 H 12.65 2.94 1.0 L.E-18 1.8E-19 L.IE-18 -17.97 -18.75
CL EIX1O 11 3 5.75 H 12.53 2.89 1.7 1.7 1.6 1.8E-18 1.6E-18 7.3E-19 -17.74 -17.81 -17.94

CL EIX10 12 3 5.75 H 12.93 2.92 1.4 1.3 1.4E-18 1.OE-18 -17.87 -17.99 -18.13
CL EIXIO 13 3 5.75 V 12.70 2.96 1.6 1.5 1.5 1.6E-18 3.1E-19 1.7F-19 -17.79 -18.51
CL E1X1O 14 3 5.75 V 10.78 2.95 1.2 1.1 6.1E-19 3.1E-19 6 4E-20 -18.21 -1 8.51 -18.76
CL EIXIO 15 4 6.25 V 12.60 2.96 1.0 0.9 5.9E-19 1.3E-19 -18.23 -18.89 -19.19
CL IEIXIO 16 4 16.25 V 112.37 2.96 10.6 1 1 1 1

CL EIXI1 17 2 4.50 H 11.38 2.63 0.8 4.OE-19 3.4E-19 1.OE-19 -18.40 -18.47 -19.00
CL EIXI1 18 2 4.50 H 11.88 2.63 1.8
CL EIXII 19 3 4.75 H 12.91 2.72 0.9 4.7F-19 3.2E-19 1.OE-19 -18.32 -18.49 -19.00
CL EIXII 20 3 4.75 H 12.83 2.79 0.9 0.8 3.9E-19 -18.41
CL EIXII 21 3 5.00 H 12.04 2.82 1.1 1.0 7.7E-19 5.7E-19 2.6E-19 -18.12 -18.25 -18.58

CL EIXII1 22 3 5.00 H 12.29 2.69 1.4 1.3 1.5E-18 8.4E-19 -17.83 -18.07
CL EIX1I 23 3 5.25 H 12.62 2.65 2.1 1.3E-18 5.9E- 19 -17.88 -18.23
CL E1X1I 24 3 5.25 H 12.20 2.67 1.4 1.4 1.5E-18 5.7E-19 -17.82 -18.24

CL EIX1I 25 3 5.25 V 13.00 2.61 0.9 0.8 2.OE-18 5.6F-19 2.9E-19 -17.70 -18.25 -18.53
CL EIXII1 26 3 5.25 V 12.93 2.74 1.6 2.2E-18 7.5E-19 3.3E-19 -17.66 -18.13 -18.48

CL EIXII 27 4 5.75 H 12.72 2.75 1.6 1.4 1.2
CL EIXII 28 4 5.75 H 13.67 2.91
CL EIXII 29 4 5.75 V 12.69 2.96 0.8
CL IEIXII 130 4 15.75 V 112.72 2.96 1 - 1.0 11.5E-18 15.9E-19 1___ -17.84 -18.23 -

RS P3XI I 5-2-SPI 2 5.50 H 823.5 3.2F-18 1.7F,-18 l.4E-18 -17.49 -17.77 -17.87
RS P3XI I 5-2-SPI 2 5.50 H 12.62 2.73
RS P3XI I 5-2-SPI 2 5.50 H 13.97 2.73
RS P3XIO 6-SP2 3 5.70 H 820.5
RS P3XIO 6-SP2T 3 5.70 H 14.59 2.69
RS P3XIO 6-SP2B 3 5.70 H 13.19 2.57
RS P3XII1 5-3-SP3 4 7.05 H 813.0 1.6E-17 8.9E-18 5.IE-18 -16.79 -17.05 -17.29
RS P3XI I 5-3-SP3 4 7.05 H 14.97 2.53
RS IP3XI I 15-3-SP3 4 17.05 H 117.88 2.70 1 1 1 9

RS P3XI I5-3-2-TS3 .93 H- -- _ _ _

RS P3XII1 5-3-2-TS 3 5.93 V
RS P3X11 5-3-2-TS 3 5.93 V
RS P3XI I 5-3-2-TS 3 5.93 V
RS P3X1O 5-3-2-TS 2 5.28 H
RS P3X1O 5-3-2-TS 2 5.28 V
RS P3X1O 5-3-2-TS 2 5.28 V
RS P3XIO 5-3-2-TS 2 5.28 V
RS P3XI I 6-TS3-1 4 7.60 H
RS P3X1I 16-TS3-2 4 7.60 V
RS P3XI I 6-TS3-3 4 7.60 V
RS IP3X1I 16-TS3-4 4 17.60 V I_____

IT ElXO8 A 2 3.82 H 822.8 2.65 1.9 8.2E-18 5.7E-18 5.OE-18 -17.08 -17.24 -17.30

TT EIX08 B 3 4.66 H 776.8 2.60 0.5 1.3E-17 7.4E-18 4.6E-18 -16.90 -17.13 -17.34

TT EIX08 C 4 5.53 H 819.6 2.72 1.0 4.6E-18 2.6E-18 2.OE-18 -17.34 -17.58 -1770
TT EIX08 EPI 2 3.57 H 83.47 2.56 1.4 1.3
Tr EIX08 EP2 3 4.40 H 84.39 2.66 0.8
Fr E1X08 EP3 3 5.12 H 83.54 2.58 0.4 0.4
TT E1X08 EP4 4 5.93 H 83.35 2.88 1.6 1.6
TT E1X08 PXI 2 4.07
Fr E1X08 PX2 3 4.93
Fr EIX08 PX3 4 5.78 1 1 1_

T- EIX07 D) 2 4.32 H 803.8 2.71 0.7 1.5E-19 5.9E-20 5.5E-20 -18.84 -19.23 -19.26

Fr EIX07 E 3 4.82 H 843.1 2.71 1.5 8.3E-16 3.OE-16 1.5E-16 -15.08 -15.52 -15.82

T E1X07 F 4 5.38 H 815.3 2.88 1.0 1 IE-18 6.9E-19 5.7E-19 -17.95 -18.16 -18.25

Fr EIX07 EPS 2 4.07 H 84.85 2.64 1.9
Fr EIX07 EP6 2 4.57 H 84.04 2.70 2.7
Fr EIX07 EP7 3 5.07 H 83.73 2.80 0.6
Fr EIX07 EP8 4 5.66 H 84.52 2.75 1.6
Fr EIX07 P2(4 2 4.07
Fr EIX07 P2(5 3 5.07
F7r IEIX07 IP26 14 15 801 1 11
SGrain densities from effective grain volume measurements

Minimum 2.53 0.4 0.4 0.6 0.6 1.2 1.5E-19 5.9E-20 5.OE-20 -18.84 -19.23 -19.30

Maximum 2.96 1.6 2.7 2.1 1.7 1.6 8.3E-16 3.OE-16 1.5E-16 -15.08 -15.52 -15.82
Sum 134.8 3.4 17.4 31.4 17.3 4.4 9.OE-16 3.4E-16 1,8E-16 -552.29 -524.43 -402.17

Points 49 3 14 2 8 16 3 31 29 22 31 29 22
Mean 2.75 1.1 1.2 1.1 -- 1.1 1.5 29E- 17 1.2E-17 8.OE-18 -1782 -18.08 -18.28

Median 2.72 1.4 1. 1.0 1. 1.5 1.E-18 5.7E- 9 31E-19 -17.89 -1824 18.51
Std Deviation 0.14 0.63 0.66 0.40 0.32 0.20 1.5E-16 5.6E-17 3.2E-17 0.67 0.69 0.83

Variance IL02 0.40 0.44 1 0.16 1. 0.10 1 0.04 12.2E-32 I3.2E-33 I1. IE-33 10.45 10.48 10.69
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Parameter(s): Effective Porosity - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

Parameter Description:

The effective porosity of Marker Bed 13 8, Anhydrite Layers a and b, and Marker Bed 13 9
refers to the ratio of the interconnected pore volume to bulk volume, as opposed to total
porosity, defined as ratio of interconnected plus non-connected pore space to bulk
volume.

Material and Parameter Name(s):

S_-ANH_-AB POROSITY (#528)
S_-MB 138 POROSITY (#567)
SMB139 POROSITY (#588)

Parameter Value: 0.011

mean median minimum maximum units

0.011 0.011 0.006, 0.009 0.017 None

IDistribution Type: Student-t

Data: Site-Specific Laboratory-Measured Data

As part of the Two-Phase Flow Laboratory Program for the Waste Isolation Pilot Plant,
effective porosity was successfully measured on forty-two specimens under various
conditions of net effective stress (e.g., lithostatic minus hydrostatic pressure). See the
attached table (kANH) for a summary of porosity and permeability data measured as part
of the two-phase flow program.

The data package associated with this parameter is located at: SCWF-A:WBS 1.2.07. 1:
PDD:QA: SALADO:PKG1 1 :POROSITY:effective porosity/ani.

Discussion:

Data exist from 42 specimens ranging in size from 10 to 825 cc cut from MB 13 9 core
samples measured at the following conditions of net effective stress: 0 MPa (14), 3.4 MIPa
(28), 6 MIPa (16), and 10 MIPa (3). The median value of 0. 011 used in the NMVP
calculation is the same for all units and is consistent with mean and median data values
ranging from 0. 010 to 0. 015 representing all net effective stress levels. Note that
anhydrites a and b and MB 13 8 are assigned a lower minimum parameter value (0. 006).

The reader is referred to the anhydrite porosity parameter record package for more detail.
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Parameter(s): Effective Porosity - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

* References:

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SAND94-0472.
Albuquerque, NM: Sandia National Laboratories.
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Parameter Description:

PCTA is used to calculate threshold pressure (Ps), as required in the Brooks-Corey two-
phase flow model to characterize incipient gas flow through a porous media. The sum of
the existing pore pressure in the rock and the threshold pressure is the gas-pressure level
that must be reached to overcome capillary resistance and drive gas into brine-filled rock
pores.

Material and Parameter Name(s):

SANHAB PCTA (#2774)
SMB138 PCTA (#2784)
SMB139 PCT-A(#2789)

IParameter Value: 0.26

jUnits: Pa/m2

IDistribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

PCT_-A is based on an empirical correlation for computing threshold pressure, as reported
in Davies (1991, 19) for anhydrite rocks. Supporting use of this threshold pressure
equation in BRAGFLO, P, ale derived from measurements of capillary pressure on sixr
anhydrite specimens from the repository are found to be well-bounded by the Davies -0
correlation (Howarth and Christian-Frear in review).

Discussion:

Defined in the experiment as the first gas bubble to enter a 100 percent liquid saturated
rock, threshold pressure (Pa) is equal to the entry pressure. P, values derived by curve
fitting are the threshold pressures at critical (residual) gas saturation and are consistent
with the Brooks and Corey definition of threshold pressure. Experimental data supporting
this threshold pressure parameter value is published in Howarth and Christian-Frear (in
review).

PCT_-A and PCTEXP are constants used in BRAGFLO modeling to calculate P, by the
following relationship:
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Parameter(s): PCTA Threshold Pressure Parameter- Marker Bed 138,

Anhydrite Layers a and b, and Marker Bed 139

* Discussion: (continued)

Pt=PCTA - k (PCT EXP)

where k is the permeability. These constants can be used to derive threshold pressures for
similar or analog materials in the disposal system.

References:

Davies, P.B. 1991. Evauation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant. SAND9O-
3246. Albuquerque, NM: Sandia National Laboratories.

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SALND94-0472.
Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCT_EXP Threshold Pressure Parameter- Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

Parameter Description:

The exponential pressure threshold parameter (PCT -EXP) is used to calculate threshold
pressure (Ps), as required in the Brooks-Corey two-phase flow model. See the discussion
of the linear threshold pressure parameter PCTA.

Material and Parameter Name(s):

S_AINHAB PCTEXP (#2775)
SMB138 PCTEXP (#2785)
S_MIB 13 9 PCTEXP (#2790)

IParameter Value: -0.348

IUnits: None

IDistribution Type: Constant

Data: Site-Specific Experimental Data and Professional Judgment

PCTEXP is based on an empirical correlation for computing threshold pressure, as
reported in Davies (1991, 19) for anhydrite rocks. Supporting use of this threshold
pressure equation in BRAGFLO, Pt values derived from measurements of capillary
pressure on six anhydrite specimens from the repository are found to be well-bounded by ~
the Davies correlation (Howarth and Christian-Frear in review).

Discussion:

Defined in the experiment as the first gas bubble to enter a 100 percent liquid saturated
rock, threshold pressure (Ps) is equal to the entry pressure. P, values derived by curve
fitting are the threshold pressures at the critical (residual) gas saturation and are consistent
with the Brooks and Corey definition of threshold pressure. Experimental data supporting
this threshold pressure parameter value is published in Howarth and Christian-Frear (in
review).

PCT_-A and PCTEXP are constants used in BRAGFLO modeling to calculate P, by the
following relationship:
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Parameter(s): PCTEXP Threshold Pressure Parameter- Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

* Discussion: (continued)

Pt= PCTA - k (PCT-EXP)

where k is the permeability. These constants can be used to derive threshold pressures for
similar or analog materials in the disposal system.

References:

Davies, P.B. 1991. Evauation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant. SAND9O-
3246. Albuquerque, NM: Sandia National Laboratories.

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SAND94-0472.
Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Brine Saturation - Marker Bed 138, Anhydrite Layers
a and b, and Marker Bed 139

Parameter Description:

The residual brine saturation (Sb,) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. Referred to also as S,
(wetting phase) or SI, (liquid phase), residual brine saturation is the point reached under
increasing gas saturation conditions when brine is sufficiently displaced by gas to impede
formation of a continuous brine-filled pore network. Relative brine permeability becomes
zero at the Sbr

Material and Parameter Name(s):

SM1B138 SATRBRN (#577)
SMB3139 SATRBRN (#598)
S_AINH_AR SATRBRN (#53 8)

[Parameter Value: 0.08363

mean median minimum maximum units

0.08363 0.08362 0.0078, 0.0688 0.174 None

IDistribution Type: Student-t

Data: Site-Specific Experimental Data

Residual brine saturation parameter values for the marker beds are based on curve fit
parameter values predicted from laboratory measurements of capillary pressure. The data
package associated with this parameter is retained in Sandia National Laboratories WTPP
Central Files: SWCF-A 1.2.07.1 :PDD:QA:SALADO:PKG 10:Anh 2-Phase Parameters.

Discussion:

Parameter values are based on curve fit capillary pressure data measured using a mercury
injection technique. The two-phase flow program reports the results of curve-fitted
measurements of capillary pressure on six marker bed samples (Howarth and Christian-
Frear in review). Specimens were collected from intact MB 139 core samples taken from
the experimental area of the repository. Note that anhydrite layers a and b are assigned a
slightly higher "minimum" residual brine saturation (0.0688) due to extrapolation from
IMB 139 data. The median value assigned for all anhydrite units is not affected.
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Parameter(s): Residual Brine Saturation - Marker Bed 138, Anhydrite Layers
a and b, and Marker Bed 139

* References:

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SAND94-0472.
Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Gas Saturation - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139

[Parameter Description:

The residual (critical) gas saturation (Sgr) is required in the Brooks-Corey two-phase flow
model to define the relative permeability and capillary pressure curves. ST corresponds to
the degree of waste-generated gas saturation necessary to create an incipient
interconnected pathway in porous material, a condition required for porous rock to be
permeable to gas.

Material and Parameter Name(s):

S_ANH_AB SAT_RGAS (#539)
SMB 13 8 SATRGAS (#578)
5 MIB 13 9 SAT_RGAS (#599)

IParameter Value: 0.07711

mean median minimum maximum units
0.07711 0.07711 0.01398 0.19719 None

IDistribution: Student-t

Data: Site-Specific Experimental Data

Residual gas saturation parameter values for the marker beds are based on curve-fitted
laboratory measurements of capillary pressure. The data package is retained in Sandia
National Laboratories WJEPP Central Files: SWCF-A 1.2.07.1 :PDD:QA: SALADO:PKG
10: Anh 2-Phase Parameters

Discussion:

The two-phase flow program reports the results of curve-fitted measurements of capillary
pressure on six marker bed samples tested using mercury injection (Howarth and
Christian-Frear in review). The samples were taken from intact MB 139 core samples
collected from the northern experimental area of the repository. The measurements were
conducted at ambient conditions (no stress) and were assumed to be 100 percent saturated
at the initiation of capillary pressure tests.
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Parameter(s): Residual Gas Saturation - Marker Bed 138,

Anhydrite Layers a and b, and Marker Bed 139

* References:

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SAND94-0472.
Albuquerque, New Mexico: Sandia National Laboratories.
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Parameter(s): Pore Distribution - Marker Bed 138,

Parameter(s) Description:

The pore size distribution parameter (X) is used to calculate capillary pressure and relative
permeabilities for gas and brine flow in the Brooks-Corey two-phase flow model.

Material and Parameter Name(s):

SMB138 POREDIS (#566) SM1B139 PORE DIS (#587)
SANHAR POREDIS (#527)

IParameter Value: 0.644

mean median minimum maximum units
0.6436 0.6436 0.4905 0.8418 None

IDistribution Type: Student-t

Data: Site-Specific Experimental Data

Pore size distribution parameter values for all anhydrite units are based on curve fit values
predicted from laboratory measurements of capillary pressure. The data package
associated with this parameter is retained in Sandia National Laboratories WIPP Central
Files: SWCF-A 1.2.07.1 :PDD:QA:SALADO:PKG 10:Anh 2-Phase Parameters.

Discussion:

Curve fit parameter values are derived from six specimens cut from intact MB 139 core
samples collected from the northern experimental area of the repository. Reported data
and parameters are based on mercury injection capillary pressure tests. As with other
two-phase flow parameters, the median value assigned to MB 138 and anhydrite a and b is
supported by and based on MB 139 data.
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Parameter(s): Pore Distribution - Marker Bed 138,

Anhydrite Layers a and b, and Marker Bed 139

* References:

Howarth, S.M., and T. Christian-Frear. In review. Porosity, Single-Phase Permeability,
and Capillary Pressure Data from Preliminary Laboratory Experiments on Selected
Samples from Marker Bed 139 at the Waste Isolation Pilot Plant. SAND94-0472.
Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Rock Compressibility - Marker Bed 138, Anhydrite Layers a and b,
and Marker Bed 139

Parameter Description:

Rock compressibility of the Salado Formation Anhydrite Interbeds a and b and Marker
Beds 138 and 139 is used in BRAGFLO to calculate pore compressibility. Pore
compressibility is used to predict the effect of material compressibility on porosity and
mass storage in the equation of state for flow through porous media as follows:

4) =4,exp (cr.(p-po))

where,

4) =porosity of solid matrix (dimensionless)

4= porosity at reference pressure p.
c, pore compressibility of solid matrix (Pa-')

COMPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

SANHAB COMPRCK (#521)
5_MB 13 8 COMPRCK (#560)
SMB 13 9 COMPRCK (#580)

IParameter Value: 8.26 x 10'1

mean median minimum maximum units

8.26 x 10" 8.26 x 10'1 1.09 X 01 2.75 x IWO Pa0

Distribution Type: Student-t

Data: Site-Specific Experimental Data

The parameter distribution for anhydrite rock compressibility is based upon data from four
hydraulic tests in the underground WIPP facility. The boreholes and map units tested
include: C21-02 (MB 139); QPP03 (Anhydrite b); QPP13 (MB 139); SCPO1 (Marker Bed
139).

The data package associated with this parameter is located at:

SCWF-A:WVB Si.2.07.1 :PDD :QA: SALADO:PKG 19 :Rock Compressibility

June 14, 1996 PAR-202 DOE/CAO-96-2 160



Parameter(s): Rock Compressibility - Marker Bed 138, Anhydrite Layers a and b,
and Marker Bed 139

*0 Discussion:

The four successful tests include:

Borehole Location Start Date of Testing End Date of Testin2
QPP03 Room Q 4/89 11/91
QPP13 Room Q 4/89 11/91
C2H02 Room C2 4/89 12/89
SCPO1-A Core Storage 4/90 10/90

Raw data collected during hydraulic tests include pressure, fluid volume, temperature,
axial test-tool movement and radial borehole closure. Pressure/flow transmission during
hydraulic tests is assumed to be a result of Darcy flow and borehole closure. The reader is
referred to the anhydrite porosity parameter record package for more detail.

References:

Beauheim, R.L., G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant Site: First
Interim Report. SAND9O-0083. Albuquerque, NM: Sandia National Laboratories.

Beauheim, R.L., R.M. Roberts, T.F. Dale, M.D. Fort, and W.A. Stensrud. 1993.
Hydraulic Testing of Salado Formation Evaporites at the Waste Isolation Pilot Plant
Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National
Laboratories.

Jensen, A.L., C.L. Howard, R.L. Jones, and T.P. Peterson. 1993. Room Q Data Report:
Test Borehole Data from April 1989 through November 1991. SAND92-1 172.
Albuquerque, NM: Sandia National Laboratories.

Saulnier, G.J., Jr., P.S. Domski, J.B. Palmer, R.M. Roberts, W.A. Stensrud, and A.L.
Jensen. 1991. WIPP Salado Hydrology Program Data Report #1. SAND9O-7000.
Albuquerque, NM: Sandia National Laboratories.

Stensrud, W.A., T.F. Dale, P.S. Domski, J.B. Palmer, R.M. Roberts, M.D. Fort,
G.J. Saulnier, Jr., and A.L. Jensen. 1992. Waste Isolation Pilot Plant Salado Hydrology
Program Data Report #2. SAND92-7072. Albuquerque, NM: Sandia National
Laboratories.
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Parameter(s): Rock Compressibility - Marker Bed 138, Anhydrite Layers a and b,
and Marker Bed 139

Table PAR-9. Summary of Rock Compressibility Test-Interpretations Results from
In Situ Permeability Tests for Undisturbed Anhydrite Marker Beds

TEST ROCK FORMATION
INTERVAL COMPRESSIBILITY PORE
(meters from MAP ANALYSIS K PRESSURE
excavation) HOLE ZONE UNIT(s) METHOD (1/Pa) (p)

9.47-10.86 C2H02 undisturbed MB 139 GTFM6.0 1.09 x 10.11 11.11
down

20.62-21.52 QPP13 undisturbed MB 139 GTFM6.O 3.37 x 10.11 12.43
down

10.68-14.78 SCP01 undisturbed MB 139 GTFM6.0 1.09 x 10.11 12.27
down

20.50-21.40 QPP03 undisturbed Anhydrite b GTFM6.0 2.75 x 10.10 12.94
UP

*-Mean

Note: See Parameter Record Package for additional detail.
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Final No-Migration Variance Petition

Salado Formation Anhydrite Interbeds Fracture
* Parameter Values

(as summarized in Table 8-7, Chapter 8)

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Final No-Migration Variance Petition
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Parameter(s): Increment Above Initial Pressure for Fracture Initiation Pressure -1
Marker Bed 138, Anhydrite Layers a and b, and Marker Bed 139

* Parameter Description:

The pressure increment above the initial pressure required to initiate fracturing in Marker
Beds 13 8 and 13 9 and Anhydrite Layers a and b; this value is used in the pressure-induced
fracture model (see Section BRAGFLO. 10 of Appendix BRAGFLO).

Material and Parameter Name(s):

SMB139 P1_DELTA (#586)
SMB138 P1_DELTA (#565)
S_ANH_AB P1_DELTA (#526)

P1arameter Value: 2. 0< xi10

lUnits: Pa

IDistribution Type: Constant

* Data: Professional Judgment

See: Chu (1996) and Lord (1996).

Discussion:

Lord (1996) recommended using the same PI _DELTA value as was used in the 1995
Features, Events, and Processes (FEPs) calculations. In the FEPs calculations, the
fracture initiation pressure was assigned a value of 2. 0 x 1 0' Pa above the grid block initial
pressure.

References:

Chu, Margaret. 1996. Memorandum to Palmer Vaughn, Re: Strawman for Altered
Anhydrite Model in Support of the CCA, January 22, 1996.

Lord, Michael. 1996. Memorandum to Margaret Chu, Re: Parameters Describing the
Variable Porosity and Permeability within Anhydrite Material, January 29, 1996.
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Parameter(s): Increment Above Intact Porosity for Full Fracture Porosity -

Marker Beds 138 and 139

Parameter Description:

The porosity increment required to produce full fracture porosity in Marker Beds 138 and
13 9; this value is used in the pressure-induced fracture model (see Section BRAGFLO. 10
of Appendix BRAGFLO).

Material and Parameter Name(s):

SMB 13 9 DPHIMAX (92177)
SMB 13 8 DPHIIVLA(#2169)

IParameter Value: 0.039

lUnits: None

IDistribution Type: Constant

Data: Professional Judgment

See Chu (1996) and Lord (1996).

Discussion:

At all times after t = 0, porosity in the interbeds (and other rock units in BRAGFLO) is a
calculated number dependent on initial porosity, pressure, and rock compressibility.
Above the fracture initiation pressure, the local compressibility of the interbed is assumed
to increase linearly with pressure and greatly increase the rate at which porosity increases
with increasing pore pressure.

The maximum fractured porosity is equal to the initial porosity of the Salado halite plus
the "increment," DPHLMAX. The porosity at full fracture condition was adjusted to
produce a change in porosity of about 1 percent at 2.5 MPa above fracture initiation
pressure or a pressure of 15.2 MIPa (Lord 1996). This was obtained with a maximum
porosity of 0.05. Therefore, the increment DPEEIMAX is equal to 0.039 for Marker Beds
138 and 139.
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Parameter(s): Increment Above Intact Porosity for Full Fracture Porosity -

Marker Beds 138 and 139

* References:

Chu, Margaret. 1996. Memorandum to Palmer Vaughn, Re: Strawman for Altered
Anhydrite Model in Support of the CCA, January 22, 1996.

Lord, Michael. 1996. Memorandum to Margaret Chu, Re: Parameters Describing the
Variable Porosity and Permeability within Anhydrite Material, January 29, 1996.
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Parameter Description:

The porosity increment required to produce full fracture porosity in Anhydrite Layers
a and b; this value is used in the pressure-induced fracture model (see Section
BRAGFLO. 10 of Appendix BRAGFLO).

Material and Parameter Name(s):

S_ANITAB DPHJMAX (#2158)

IParameter Value: 0.239

lUnits: Pa

IDistribution Type: Constant

Data: Professional Judgment

See Chu (1996) and Lord (1996).

Discussion:

The maximum fractured porosity is equal to the initial porosity of the Salado halite plus
the "increment," DPHMIMAX. The porosity at full fracture condition was adjusted to
produce a change in porosity of about 3 percent at 2.5 MPa above fracture initiation
pressure or a pressure of 15.2 MPa (Lord 1996). This was obtained with a maximum
porosity of 0.25. Therefore, the increment DPHLMAX is equal to 0.23 9 for Anhydrite
Layers a and b.

References:

Chu, Margaret. 1996. Memorandum to Palmer Vaughn, Re: Strawman for Altered
Anhydrite Model in Support of the CCA, January 22, 1996.

Lord, Mvichael. 1996. Memorandum to Margaret Chu, Re: Parameters Describing the
Variable Porosity and Permeability within Anhydrite Material, January 29, 1996.
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* Parameter Description:

The log of the maximum allowable intrinsic permeability in Marker Beds 13 8 and 13 9 and
Anhydrite Layers a and b; this value is used in the pressure-induced fracture model (see
Section BRAGFLO. 10 of Appendix BRAGFLO).

Material and Parameter Name(s):

S_-MB 13 9 KMAXLOG (#2178)
SIvLB138 KMAXLOG (#2170)
SANHAB KMAXLOG (#2159)

Parameter Value: -9.0

Units: Pa

Distribution Type: Constant

* Data: Professional Judgment

See Chu (1996) and Lord (1996).

Discussion:

Lord (1996) recommended that the maximum full fracture permeability be a large value

such as 10-9 in2 . This is the same intrinsic permeability value that was used in the 1995
Features, Events, and Processes (FEPs) calculations.

References:

Chu, Margaret. 1996. Memorandum to Palmer Vaughn, Re: Strawman for Altered
Anhydrite Model in Support of the CCA, January 22, 1996.

Lord, Michael. 1996. Memorandum to Margaret Chu, Re: Parameters Describing the
Variable Porosity and Permeability within Anhydrite Material, January 29, 1996.
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Parameter Description:

The increment of litho static pressure required to produce maximum fracture pressure in
Marker Beds 138 and 139 and Anhydrite Layers a and b; this value is used in the pressure-
induced fracture model (see Section BRAGFLO. 10 of Appendix BRAGFLO).

Material and Parameter Name(s):

S_-M13139 PF_-DELTA (#2180)
SMIB13 8 PF_-DELTA (#563)
SANTIAR PFDELTA (#524)

IParameter Value: 3.8 x 106

lUnits: Pa

IDistribution Type: Constant

Data: Professional Judgment

See Chu (1996) and Lord (1996).

'Of

Discussion:

Lord (1996) recommended that the pressure at fuill fracture condition be an increment of
3.8 x 106 Pa above the fracture initiation pressure. This would result in a frull fracture
pressure of approximately 1.65 X 107~ Pa which is a desirable value in that it is slightly
above lithostatic pressure.

References:

Chu, Margaret. 1996. Memorandum to Palmer Vaughn, Re: Strawman for Altered
Anhydrite Model in Support of the CCA, January 22, 1996.

Lord, Michael. 1996. Memorandum to Margaret Chu, Re: Parameters Describing the
Variable Porosity and Permeability within Anhydrite Material, January 29, 1996.
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Final No-Migration Variance Petition

Disturbed Rock Zone Parameter Values

* (as summarized in Table 8-8, Chapter 8)

Note -Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Parameter(s): Log of the Intrinsic Permeability (T = -5 to 0 yrs) -

Disturbed Rock Zone

Parameter Description:

The log of the intrinsic permeability of the Disturbed Rock Zone (DRZ) from time -5 to 0
years.

Material and Parameter Name(s):

DRZ_0 PRMXLOG (# 18 1)
DRZ_0 PRMYLOG (#182)
DRZ_0 PRMZ_LOG (#183)

Parameter Value: -17.0

Units: lo m2)

Distribution Type: Constant

Data: Site-Specific Experimental Data

Two hydraulic tests were performed in boreholes where the tested interval included DRZ
anhydrite and/or halite in the underground WII'P facility. The radius of visibility for the
DRZ tests ranged from 0.66 ft to 6.6 ft (0.2 m to 2 in). The test in QPP05 is considered
representative of the DRZ not because of the depth of the test interval, but because of the
proximity of the test interval to Room Q. A clear distinction is visible between the tests
performed in halite (C2HO 1 -A & QPP05) and the test performed in anhydrite (OH-36).
The halite tests have much lower values of k and compressibility and higher pore pressure,
while the anhydrite test displays high relative k and compressibility and zero pore pressure.
The difference being caused by the style of deformation - brittle for anhydrite and ductile
for halite.

Table 10 contains a summary of the DRZ permeability test results. Note that only the test
in QPP05 is considered representative of the DRZ.

Discussion:

Parameter values for the DRZ are defined for two time periods: 1) the 'waste
emplacement' time associated with a fresh panel (-5 to 0 years), and 2) the sealed
repository time period from 0 to 10,000 years. The first time period is intended to
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Parameter(s): Log of the Intrinsic Permeability (T =-5 to 0 yrs) -

Disturbed Rock Zone

Discussion: (continued)

represent the time from the initial excavation of a new panel (at -5 years) to the sealing of
that panel after waste is emplaced (at time 0 years).At the start of this time period (the
instant the excavation is made) the surrounding formation is assumed to have the
properties of intact rock. During this first five years this initially intact rock becomes
depressurized and partially desaturated do to the presence of the excavation. Therefore
the initial (at t= -5 years) pressure and brine saturation of this material is assumed to be
fully brine saturated and in hydrostatic equilibrium with the rest of the Salado formation.
The model will calculated the degree of desaturation and depressurization which occurs
over this five year period. Also, during this first five years the formation will alter
becoming more permeable and perhaps more porous as a result of the influence of the
excavation. Because these hydrologic properties are not dynamically adjusted within the
numerical simulation during this five year drainage period, the appropriate values should
represent the average values.

For this time period the DRZ because of its proximity to the excavation is characterized by
a higher permeability than its intact counterpart. Alteration of this material is not
complete at the end of this time period so that further deterioration of its hydrological
properties (at least permeability) is expected.

References:

Beauheim, R.L., R.M. Roberts, T.F. Dale, M.D. Fort, and W.A. Stensrud. 1993.
Hydraulic Testing of Salado Formation Evaporites at the Waste Isolation Pilot Plant
Site: Second Interpretive Report. SAND92-0533. Albuquerque, NM: Sandia National
Laboratories.

Beauheim, R.L., G.J. Saulnier, Jr., and J.D. Avis. 1991. Interpretation of Brine-
Permeability Tests of the Salado Formation at the Waste Isolation Pilot Plant Site: First
Interim Report. SAND9O-0083. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Log of the Intrinsic Permeability (T = -5 to 0 yrs) -

Disturbed Rock Zone

Table PAR-10. Summary of Test-Interpretation Results from In Situ Permeability
Tests

Test Interval
(meters from Map Analysis Permeability
excavation) Hole Unit Method(s) log (in)

2.16-2.85 C2HO I-A MUJ-05 GTMI6.0 -17.82
OH-36 NM139 BSEP 1989 -19.28

DOE-WIPP9 1-009
20.13 - 21.03 QPP05 MU6 GTFM6.0 -12.53
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Parameter(s): Log of the Intrinsic Permeability (T = 0 to 10,000 yrs) -

Disturbed Rock Zone

Parameter Description:

The log of the intrinsic permeability of the Disturbed Rock Zone (DRZ) from 0 to 10, 000
years.

Material and Parameter Name(s):

DRZ_1 PRMXLOG (# 198)
DRZ_1 PRMY_-LOG (# 199)
DRZ_1 PRMZLOG (#200)

iParameter Value: -15.0

jUnits: log(m2)

IDistribution Type: Constant

Data: Site-Specific Experimental Data

The DRZ permeability for the repository (T = 0 to 1,000 years) is a modeling assumption
based on laboratory and field permeability data related to the shaft, and modeling studies
of DRZ development over time. In addition to the field data used to support the DRZ
permeability for the time period T = -5 to 0 years, a number of studies have focused on
charcterizing the development of the DRZ around the excavated underground facility
(Stormont and Howard 1987; Stormont 1990; Borns and Stormont 1988; Holcomb 1988;
Pfeifer et al. 1989). In laboratory tests of salt cores, Hansen and Mellegard (1979) found
that dilatency is favored by conditions of low-confining stress and high deviatoric stress
which characterizes the region near an excavation. Laboratory testing has shown that a
halite DRZ is self-healing given the proper stress conditions (Brodsky 1990). Brodsky
(1990) showed that artificially damaged cores could be healed with certain confining
pressures and time.

Although a sizeable body of laboratory and field evidence of DRZ development exists,
there have been no definitive studies conducted in vertical excavations at the WIPP until
recently. Two hydraulic testing programs have been conducted within WJPP shafts. The
earliest hydraulic testing program was conducted in the Waste Handling Shaft (\VHS)
(Saulnier and Avis 1988). More recently, hydraulic testing was performed to determine
the extent of the DRZ in the Air Intake Shaft (AIS). Six boreholes, three at each of two
levels, were used to determine gas and brine permeabilities.

June 14, 1996 PAR-2 18 DOE/CAO-96-2 160



Parameter(s): Log of the Intrinsic Permeability (T = 0 to 10,000 yrs) -

Disturbed Rock Zone

* Discussion:

The intrinsic permeability value for the DRZ for the time period from 0 to 10, 000 years is
the same as mode of the value for the shaft seal DRZ which is described in the "Data"
section above. Parameter values for the DRZ are defined for two time periods: 1) the
'waste emplacement' time associated with a fresh panel (-5 to 0 years), and 2) the sealed
repository time period from 0 to 10,000 years. For t = 0 to 10,000 yrs., the DRZ is
assumed to be a well developed region characterized by vertical fractures. Because of gas
generation and the resulting pressures in the repository, the DR.Z above and below the
repository is assumed not to heal. These fractures are a result of both the presence of the
excavation and the pressurization of the repository due to gas generation. Consequently,
the DRZ is assumed to provide a relatively permeable connection between the repository
and the adjacent anhydrite layers. Because this enhanced permeability is associated with
vertical fracturing there is little further increase in porosity. Many of the parameter values
are selected to reduce the possibility of the numerical model result of over pressurization
(pressures in excess of litho static for extend periods of time) of the repository due to gas
generation. The surrounding formation will respond by providing pathways to relieve this
pressure so that pressures of this magnitude are not realistic. The Salado FEP issue S-6
examined modeling of the DRZ and is documented in the FEPs record package. This
analysis shows that use of a time invariant elevated permeability is an acceptable
alternative to using a time varying permeability.

References:

Borns, D.J., and J.C. Stormont. 1988. An Interim Report on Excavation Effects Studies
at the Waste Isolation Pilot Plant: Delineation of the Disturbed Rock Zone. SAND87-
13 75. Albuquerque, NM: Sandia National Laboratories.

Brodsky, N. S. 1990. Crack Closure and Healing Studies in WIPP Salt Using
Compressional Wave Velocity and Attenuation Measurements. SAND9O-70 76.
Albuquerque, NM: Sandia National Laboratories.

Hansen, F.D., and K.D. Mellegard. 1979. Creep Behavior of Bedded Salt From
Southeastern New Mexico at Elevated Temperature. SAND79-7030. Albuquerque, NM:
Sandia National Laboratories.

Holcomb, D.J. 1988. "Crosshole Measurements of Velocity and Attenuation to Detect a
Disturbed Rock Zone in Salt at the Waste Isolation Pilot Plant." Key Questions in Rock
Mechanics, Proceedings of the 29th US. Symposium, University of Minnesota,
Minneapolis, MW, June 13-15, 1988. Eds. P.A. Cundall, R.L. Sterling, and A.M

Starfield. Brookfield, VT: A.A. Balkema. 633-640.
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Parameter(s): Log of the Intrinsic Permeability (T = 0 to 10,000 yrs) -

Disturbed Rock Zone

References: (continued)

Pfeifer, M.C., D.J. Borns, C.K. Skokan, H.T. Andersen, and J.M. Starrett. 1989.
"Geophysical Methods to Monitor Development of the Disturbed Rock Zone Around
Underground Excavations in Bedded Salt," Proceedings of the Symposium on the
Application of Geophysics to Engineering and Environmental Problems, Golden, CO,
March 13, 1989. Vol. 2. 400-411. SAND89-7055A. Albuquerque, NM: S andia

National Laboratories.

Saulnier, G.J. Jr., and J.D. Avis. 1988. Interpretation of Hydraulic Tests Conducted in
the Waste-Handling Shaft at the Waste Isolation Pilot Plant (WIPP) Site. SAND88-
7001. Albuquerque, NM: Sandia National Laboratories.

Stormont, J.C. 1990. Summary of 1988 WIPP Facility Horizon Gas Flow
Measurements. SAND89-2497. Albuquerque, NM: Sandia National Laboratories.

Stormont, J.C., and C.L. Howard. 1987. Development, Implementation and Early
Results: Test Series C of the Small-Scale Seal Performance Tests. SAND87-2203.
Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Effective Porosity - Disturbed Rock Zone

Parameter Description:

Effective porosity of the Disturbed Rock Zone (DRZ) from time t = -5 yrs to 10,000 yrs.

Material and Parameter Name(s):

DRZ_0 POROSITY (#178)
DRZ_1 POROSITY (#195)

Parameter Value: 1.29 x 10-2

mean median minimum maximum units

1.565 x 10-2 1.29 x 10-2 3.90 x 10-3 3.29 x 10-2 3/M

IDistribution Type: Cumulative

Data: Professional Judgment

Discussion:

Parameter values for the DRZ are defined for two time periods: 1) the 'waste
emplacement' time associated with a fresh panel (-5 to 0 years), and 2) the sealed
repository time period from 0 to 10,000 years. The effective porosity for both time
periods is the same and is equal to 0.0029 plus the Salado halite effective porosity.

References:

Vaughn, Palmer. 1996. E-mail from Palmer Vaughn to Margaret Chu, Re: Revision to
DRZ and TZ Properties to be used in the BRAGFLO CCA Calculations. January 24,
1996.
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Parameter(s): PCTA Threshold Pressure Parameter - Disturbed Rock Zone

Parameter Description:

PCT_A is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

~Material and Parameter Name(s):

DRZ_0 PCT-A (#2702)
DRZ_1 PCT-A(#3128)

IParameter Value: 0

Units: Palm2

Distribution Type: Constant

Data: Professional Judgment

Discussion:

The threshold pressure (P1), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCT_A* - (ITI

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in2 .

References:

Davies, P .B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND90-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Disturbed Rock Zone

Parameter Description:

jPCT_ýEXP is used to calculate the threshold pressure (P1), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

DRZ_0 PCTEXIP (#2703)

DRZ_1 PCTEXP (#3129)

IParameter Value: 0

jUnits: None

IDistribution Type: Constant

~Data: Professional Judgment

Discussion:

The threshold pressure (Ps), as defined by Davies (1991), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt = PCTA* - ~c''

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in.

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Fow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Brine Saturation - Disturbed Rock Zone

Parameter Description:

The residual brine saturation (Sir) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. Initially, the DRZ is
specified to be 100 percent brine saturated. Sbr is the point reached under increasing gas
saturation when brine in the pore network becomes discontinuous due to displacement by
gas, and the relative permeability to the liquid phase becomes zero.

Material and Parameter Name(s):

DRZ_0 SAT_-RBRN (# 188)
DRZ_1 SATRBRN (#205)

Parameter Value: 0

Units: None

IDistribution Type: Constant

Data: Professional Judgment

Discussion:

Assigning a zero residual brine saturation to the DRZ is conservative. The assumption
allows relative brine phase permeability to be maintained over the full range of brine
saturations (0- 100 percent), regardless of the gas saturation level.

References:

Vaughn, Palmer. 1996. E-mail from Palmer Vaughn to Margaret Chu, Re: Revision to
DRZ and TZ Properties to be used in the BRAGFLO CCA Calculations. January 24,
1996.
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Parameter(s): Residual Gas Saturation - Disturbed Rock Zone

Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

DRZ_0 SATRGAS (#189)
DRZ_1 SATRGAS (#206)

Parameter Value: 0

jUnits: None

IDistribution Type: Constant

~Data: Professional Judgment

Discussion:

Assigning a zero residual gas saturation is conservative. This assumption allows relative
gas phase permeability to be maintained over the full range of potential gas saturation
conditions (0-100 percent).

References:

Vaughn, Palmer. 1996. E-mail from Palmer Vaughn to Margaret Chu, Re: Revision to

DRZ and TZ Properties to be used in the BRAGFLO CCA Calculations. January 24,
1996.
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Parameter(s): Pore Distribution - Disturbed Rock Zone

Parameter Description:

The pore size distribution parameter (,.) is required for the Brooks-Corey two-phase flow
model.

Material and Parameter Name(s):

DRZ_0 POREDIS (#177)
DRZ_1 POREDIS (#194)

IParameter Value: 0.7

jUnits: None

IDistribution Type: Constant

Data: Professional Judgment

Using the median value assigned to the Salado halite for the DRZ is a modeling
assumption.

See Also: Data section of Parameter Sheet for "Pore Distribution - Halite."

Discussion:

Assigning a relatively low pore-size distribution to the DRZ is reasonable based on
observations that porous materials with wide ranges of pore sizes typically display small.X
values (Corey 1990).

See Also: Discussion section of Parameter Sheet for "Pore Distribution - Halite."

References:

Corey, A. T. 1990. Mechanics of Immiscible Fluids in Porous Media: Water Resources
Publications. Littleton, CO.
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Parameter(s): Rock Compressibility - Disturbed Rock Zone

Parameter Description:

The rock compressibility of the DRZ is used in BRAGFLO to calculate pore
compressibility. Pore compressibility is used to predict the effect of material
compressibility on porosity and mass storage in the equation of state for flow through
porous media as follows:

( = 4 . exp (cr,(p-p.))
where,

=porosity of solid matrix (dimensionless)

k porosity at reference pressure p.
c, pore compressibility of solid matrix (Pa-')

COMIPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

DRZ_0 COMPRCK (#175)
DRZ_1 COMPRCK (#191)

Parameter Value: 7.41 x< 101'0

IUnits: Pa7'

Distribution Type: Constant

Data: Site-Specific Experimental Data

Three hydraulic tests were performed in boreholes where the tested interval included DRZ
anhydrite and/or halite in the underground WTPP facility. The test in QPP05 is considered
representative of the DRZ not because of the depth of the test interval, but because of the
proximity of the test interval to Room Q. A clear distinction is visible between the tests
performed in halite (C2HO I1-A & QPPO5) and the test performed in anhydrite (OH-3 6).
The halite tests have much lower values of k and compressibility and higher pore pressure,
while the anhydrite test displays high relative k and compressibility and zero pore pressure.
The difference being caused by the style of deformation - brittle for anhydrite and ductile
for halite.

See: Data Package for DRZ Rock Compressibility (SWCF-A:WBS1 .2.07.1 :PDD:QA:

SALADO:PKG16:DRZ ROCK COMIPRESSIBILITY)
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Parameter(s): Rock Compressibility - Disturbed Rock Zone

Discussion:

Parameter values for the DRZ are defined for two time periods: 1) the 'waste
emplacement' time associated with a fresh panel (-5 to 0 years), and 2) the sealed
repository time period from 0 to 10, 000 years. Data for the first time period was used for
the entire lifetime of the facility.

References:

SWCF-A:W BS 1.2.07.1 :PDD:QA: SALADO:PKG1 6:DRZ ROCK COMPRESSIBILITY
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Final No-Migration Variance Petition

Rustler Formation Culebra Member Parameter Values

* (as summarized in Table 8-9, Chapter 8)

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel

Closures" 
Section
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Final No-Migration Variance Petition
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Parameter(s): Log of Intrinsic Permeability - Culebra

Log of the intrinsic permeability of the Culebra Member of the Rustler Formation.

Material and Parameter Name(s):

CULEBRA PRMXLOG (#143)
CULEBRA PRMYLOG (#144)
CULEBRA PRMZLOG (#145)

IParameter Value: -13.678

Units: log m)

Distribution Type: Constant

Data: Professional Judgment

Discussion:

For each of the 70 transmissivity fields used in the 1992 PA analysis, an area weighted
hydraulic conductivity was computed. The conductivity was estimated for a circular
region 3.1 mi (5 kmn) in radius centered at the intrusion borehole location. These 70
hydraulic conductivity estimates provide a distribution that exists in the material property
database, (PROPERTY. SDB) under material name CULEBRA and property name
HYCD5000.

BRAGFLO uses intrinsic permeability rather than hydraulic conductivity. The relationship
between these is given by

k = &t.

Pg

where k = intrinsic permeability (mn)
K = hydraulic conductivity (mis)
p. fluid viscosity (Pa-s)
p = fluid mass density (kg/rn)
g = gravitational constant (mis 2)
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Parameter(s): Log of Intrinsic Permeability - Culebra

Discussion: (continued)

The median value of hydraulic conductivity was used and fluid properties for Culebra
brine (BRINECUL) were also obtained form the property database. The following were
used:

K = 2.24 10' rn/s (median value)
t= 0.001 Pa-s

p = 1090 Kg/rn3

g = 9.79 MS2

resulting in an intrinsic permeability, k, of 2. 10 x< 1014 in 2 .

References:

SWCF-A 1.2.07.1 :PDD :QA:NON-SALADO :PKG 21A: CULEBRA PERMEABILITY
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Parameter(s): Effective Porosity - Culebra

18 Parameter Description:

Effective porosity of the Culebra Member of the Rustler Formation.

Material and Parameter Name(s):

CULEBRA POROSITY (#140)

Parameter Value: 0. 151

lunits: None

Distribution Type: Constant

Data: Site-Specific Experimental Data

Laboratory porosity data for Culebra core samples were provided in a memorandum from
Wes Mar-tin, Terra Tek, to Richard Beauheimn, Sandia National Laboratories, dated
January 8, 1996, RE: Progress Report - Contract AA-2896 and from Table 4.4 of
SAIND90-70 11, Core Analyses for Selected Samples from the Culebra Dolomite at the
Waste Isolation Pilot Plant Site by V. A. Kelley, G. J. Saulnier, Jr.

Discussion:

A total of 103 core samples from the Culebra were analyzed in the laboratory by Terra
Tek, Inc., Salt Lake City, Utah. These included core samples from H-19b4, MIS, H-2a,
H-2b, H-2b1, H-3b2, H-3b5, H-4b, H-5b, H-6b, H-7b1, H-7b2, H-7c, H-lob, H-i 1,
WLPP- 12, WI[PP- 13, WIEPP-25, WLPP-26, WIEPP-28, WJ[PP-3 0, and AEC-8.

The distribution of porosity values equals a point and that point is equal to the mean.
Therefore, that point is a constant (0. 15 1).

References:

SWCF-A:WBS 1.2.07.1 :PDD:QA:NON-SALADO:PKG#22:NON-SALADO
EFFECTIVE POROSITY.
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Parameter(s): Effective Porosity - Culebra

References: (continued)

Kelley, V.A., and G.J. Saulnier, Jr. 1990. Core Analyses for Selected Samples from the
Culebra Dolomite at the Waste Isolation Pilot Plant Site. SAND90-701 1. Albuquerque,
NM: Sandia National Laboratories.
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Parameter(s): PCTA Threshold Pressure Parameter - Culebra

Parameter Description:

W PCTA is used to calculate the threshold pressure (Pr), as required in the Brooks-Corey

two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

CULEBRA PCT-A (#2692)

Parameter Value: 0.26

Units: Pa/m2

Distribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCT_-A and PCT_-EXP) have not been measured for the
Culebra. The mean values measured for the anhydrites from the WIPP site are considered
reasonable.

See Also: Data section of Parameter Sheet for "PCTEXP Threshold Parameter - Marker
Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

The threshold pressure (Pa), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA -.k (CT-EXI)

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in 2 .

Given the lack of site-specific data, using the mean values measured for the anhydrites
from the WJ[PP site for PCTA and PCTEXP are reasonable.
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Parameter(s): PCTA Threshold Pressure Parameter - Culebra

Discussion: (continued)

See Also: Discussion section of Parameter Sheet for "PCT EXP Threshold Parameter -

Marker Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

References:

Davies, P .B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.

See Also: References section of Parameter Sheet for "PCTEXP Threshold Parameter -

Marker Bed 138, Anhydrite Layers a and b, and Marker Bed 139."
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Parameter(s): PCTEXP Threshold Pressure Parameter - Culebra

Parameter Description:

PCTEXP is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Parameter Value: -0.348

Units: None

Distribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e. PCT_-A and PCT_-EXP) have not been measured for the
Culebra. The mean values measured for the anhydrites from the WJ[PP site are considered
reasonable.

See Also: Data section of Parameter Sheet for "PCTEXP Threshold Parameter - Marker
Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

The threshold pressure (Ps), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA - k~c''~)

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of mn.

Given the lack of site-specific data, using the mean values measured for the anhydrites
from the WLEPP site for PCTA and PCTEXP are reasonable.

See Also: Discussion section of Parameter Sheet for "PCTEXP Threshold Parameter -

Marker Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

DOE/CAO-96-2160 PAR-237 June 14, 1996



Parameter(s): PCT EXP Threshold Pressure Parameter - Culebra

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3 246. Albuquerque, NM: Sandia National Laboratories.

See Also: References section of Parameter Sheet for "PCTEXP Threshold Parameter -

Marker Bed 138, Anhydrite Layers a and b, and Marker Bed 139."
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Parameter(s): Residual Brine Saturation - Culebra

Parameter Description:

The residual brine saturation (Sbr) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

CULEBRA SATRBRN (#150)

Parameter Value: 0.08363

Units: None

Distribution Type: Constant

Data: Professional Judgment

The mean value measured for Salado anhydrites from the WIPP site is considered
reasonable.

See: Data section of Parameter Sheet for "Residual Brine Saturation - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

For modeling purposes, the Culebra Dolomite is assigned the value used for Salado
anhydrites. The Sb, value is relatively low, allowing relative permeability to the brine
phase to be maintained over a wide range of brine saturations.

References:

See: References section of Parameter Sheet for "Residual Brine Saturation - Marker Bed
138, Anhydrite Layers a and b, and Marker Bed 139."
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Parameter(s): Residual Gas Saturation - Culebra

Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

CULEBRA SATRGAS (#151)

IParameter Value: 0.07711

jUnits: None

IDistribution Type: Constant

Data: Professional Judgment

Using the mean value measured for Salado anhydrites for the Culebra Dolomite site is a
modeling assumption.

Discussion:

Using the mean value measured for the anhydrites from the WJEPP site for SAT_-RGAS is
reasonable. The mean values for the anhydrites fa within the range of values reported in
the literature.

References:

See: "Residual Gas Saturation - Panel Closures" for discussion of general references.
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Parameter(s): Pore Distribution - Culebra

Parameter Description:

The pore size distribution parameter (X ) is required for the Brooks-Corey two-phase flow
model.

Material and Parameter Name(s):

CULEBRA POREDIS (#139)

Parameter Value: 0.6436

Units: None

Distribution Type: Constant

Data: Professional Judgment

The mean value measured for Salado anhydrites from the WIIPP site is considered
reasonable.

See: Data section of Parameter Sheet for "Pore Distribution - Marker Bed 138, Anhydrite
Layers a and b, and Marker Bed 139."

Discussion:

Although literature references are used to support similar PORE_-DIS values assigned to
other disposal system materials (e.g. Maloney et al. 1990; Mualem 1976; Brooks and
Corey 1964), the Culebra Dolomite is assigned the value used for Salado anhydrites.

References:

Maloney, D.R., A.D. Brinkmeyer, and M.M. Honarpour. 1990. Relative Permeabilities
and Other Characteristics of 700-Millidarcy Fired Berea Sandstone. DOE Report
NIPER-496. Bartlesville, OK: National Institute for Petroleum and Energy Research.
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Parameter(s): Pore Distribution - Culebra

References (continued):

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.

Brooks, R.H. and A.T. Corey. 1964. Hydraulic Properties of Porous Media. Fort
Collins, CO: Colorado State University.
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Parameter(s): Rock Compressibility - Culebra

Parameter Description:

The rock compressibility of the Culebra Member of the Rustler Formation is used to
calculate pore compressibility. Pore compressibility is used to predict the effect of
material compressibility on porosity and mass storage in the equation of state for flow
through porous media as follows:

4)=4). exp (cr(P-Po))

where

4) = porosity of solid matrix (dimensionless)

= porosity at reference pressure p.
cr pore compressibility of solid matrix (Pa-')

COMPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

*CULEBRA COMPRCK (# 120)

Parameter Value: 10-10

Units: Pa-'

Distribution Type: Constant

Data: Professional Judgment

See: Freeze, R.A., and R.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ:
Prentice Hall, p. 55.

Discussion:

The value chosen represents an average literature value for this material type. Freeze and
Cherry (1979) gave a range of 10' to 10-11 Pa' for the compressibility of sound rock.
Therefore, the average, or 10 10 Pa-1, was chosen for the Culebra.
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Parameter(s): Rock Compressibility - Culebra

References:

Freeze, R.A., and R.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice
Hall, p. 55.
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Parameter(s): Initial Pressure - Culebra

Parameter Description:

Initial brine far-field pore pressure in the Culebra Member of the Rustler Formation.

Material and Parameter Name(s):

CULEBRA PRESSURE (#142)

IParameter Value: 8.22 x 10'

lUnits: Pa

IDistribution Type: Pa- 7

Data: Site-Specific Experimental Data

Data used in the calculation of initial pressure in the Magenta came from Mercer, J. W.,
1983, Geohydrology of the Proposed Waste Isolation Pilot Plant Site, Los Medanos
Area, Southeastern New Mexico," USGS Water Resources Investigations Report 83-

* 4016, Prepared in cooperation with the US DOE.

Discussion:

The initial pressure in the Culebra was calculated from fluid level and fluid density data
from H-i1, H-2B, H-3, H-4B, H-5B, H-6B, P- 14, P- 15, and P- 17 which are all located
within the land-withdrawal area boundary. The constant value used in the NMVP
represents the average value calculated from these nine points.

References:

Mercer, J.W. 1983. Geohydrology of the Proposed Waste Isolation Pilot Plant Site, Los
edaihos Area, Southeastern New Mexico. USGS Water Resources Investigations Report

83-4016. Prepared in cooperation with the U.S. DOE. Albuquerque, NM: U.S.
Geological Survey.

SWCF-A:W*BS 1.2.07.1 :PDD:QA:NON-SALADO:PKG#24:NON-SALADO
PRESSURE.
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Final No-Migration Variance Petition

THIS PAGE INTENTIONALLY LEFT BLANK

June 14, 1996 PAR-246 DOE/CAO-96-2 160



Final No-Migration Variance Petition

Rustler Formation Magenta Member Parameter Values

* (as summarized in Table 8-10, Chapter 8)

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Final No-Migration Variance Petition
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Parameter(s): Log of Intrinsic Permeability - Magenta

Log of the intrinsic permeability of the Magenta Member of the Rustler Formation.

Material and Parameter Name(s):

MAGENTA PRMIXLOG (#2102)
MAGENTA PRMYLOG (#2103)
MAGENTA PRMZLOG (#2104)

Parameter Value: -15.2

Units: log m2)

Distribution Type: Constant

Data: Site-Specific Experimental Data

Transmissivity data for the Magenta Member of the Rustler Formation was determined via
* a field hydrologic test at H- I which was reported in Mercer, J.W., 1983, Geohydrology of

the Proposed Waste Isolation Pilot Plant Site, Los Medanos Area, Southeastern New
Mexico, USGS Water Resources Investigations Report 83-40 16, Prepared in cooperation

with the U.S. Department of Energy.

Discussion:

The Magenta transmissivity was calculated to be 0. 05 ft2/day (4.6 x 10 m2/day) from the
field hydrologic test at H-i. This transmissivity is equivalent to a permeability of 7.0 x 10-

1m 2 or -15.2 log(m2 ) for the Magenta.

References:

SWCF-A:WBS1 .2.07. 1:PDD:QA:NON-SALADO:PKG#21:NON-SALADO
PERMEABILITY.
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Parameter(s): Log of Intrinsic Permeability - Magenta

References: (continued)

Mercer, J.W. 1983. Geohydrology of the Proposed Waste Isolation Pilot Plant Site, Los
Meda-hos Area, Southeastern New Mexico. USGS Water Resources Investigations Report

83-40 16. Prepared in cooperation with the U.S. DOE. Albuquerque, NM: U.S.
Geological Survey.
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Parameter(s): Effective Porosity - Magenta

Parameter Description:

Effective porosity of the Magenta Member of the Rustler Formation.

Material and Parameter Name(s):

MAGENTA POROSITY (#2100)

Parameter Value: 0. 13 8

mean median minimum maximum units

0.138 0.138 0.027 0.252 None

IDistribution Type: Student-t

Data: Site-Specific Experimental Data

Laboratory porosity data for Magenta core samples was provided in a memorandum from
Wes Martin, Terra Tek, to Richard Beauheim, Sandia National Laboratories, dated

* January 8, 1996, RE: Progress Report - Contract AA-2896.

Discussion:

Four core samples from the Magenta at H-i1 9b 1 were analyzed in the laboratory by Terra
Tek, Inc., Salt Lake City, Utah. The four data points were used to fit a Student-t
distribution for effective porosity.

References:

SWCF-A:WBS 1.2.07. 1:PDD:QA:NON-SALADO:PKG#22:NON-SALADO
EFFECTIVE POROSITY.
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Parameter(s): PCTA Threshold Pressure Parameter - Magenta

Parameter Description:

PCTA is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

MAGENTA PCT-A (#2726)

IParameter Value: 0.26

IUnits: Pa/m2

IDistribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCT_-A and PCTEXP) have not been measured for the
Culebra. The mean values measured for the anhydrites from the WIPP site are considered
reasonable.

See Also: Data section of Parameter Sheet for "PCTEXP Threshold Parameter - Marker
Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

The threshold pressure (Pr), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA - c-Ep

where P, is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in 2 .

Given the lack of site-specific data, using the mean values measured for the anhydrites
from the WIIPP site for PCTA and PCTEXP are reasonable.
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Parameter(s): PCTA Threshold Pressure Parameter - Magenta

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Magenta

Parameter Description:

PCTEXP is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

MAGENTA PCTEXP (#2727)

IParameter Value: -0.348

Units: None

IDistribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCT_-A and PCTEXP) have not been measured for the
Culebra. The mean values measured for the anhydrites from the WTPP site are considered
reasonable.

See Also: Data section of Parameter Sheet for "PCTEXP Threshold Parameter - Marker
Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

The threshold pressure (Pr), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA A* k~pcT-Ex)

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in2 .

Given the lack of site-specific data, using the mean values measured for the anhydrites
from the W1PP site for PCTA and PCTEXP are reasonable.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Magent

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Brine Saturation - Magenta

Parameter Description:

The residual brine saturation (Sb,) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

MAGENTA SATRBRN (#2241)

Parameter Value: 0.08363

jUnits: None

Distribution Type: Constant

Data: Professional Judgment

The mean value measured for Salado anhydrites from the WLPP site is considered
reasonable.

See Also: Data section of Parameter Sheet for "Residual Brine Saturation - Marker Bed
138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

For modeling purposes, the Magenta Dolomite is assigned the value used for Salado
anhydrites. The SIbr value is relatively low, allowing relative brine phase permeability to be
maintained over a wide range of brine saturations.

References:

N/A
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Parameter(s): Residual Gas Saturation - Magenta

Parameter Description:

The residual gas saturation (Sgr) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

MAGENTA SATRGAS (#2107)

IParameter Value: 0.07711

Units: None

IDistribution Type: Constant

Data: Professional Judgment

Applying the mean value measured for Salado anhydrites to the Magenta Dolomite site is
a modeling assumption.

See Also: Data section of Parameter Sheet for "Residual Gas Saturation - Marker Bed
138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

Using the mean value measured for the anhydrites from the WJEPP site for SATRGAS is
reasonable. The mean values for the anhydrites fall within the range of values reported in
the literature (Mualem 1976; Maloney et al. 1990).

See "Residual Gas Saturation - Panel Closures" for discussion of references.
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Parameter(s): Residual Gas Saturation - Magenta

References:

Maloney, D. R., A. D. Brinkmeyer, and M. M. Honarpour. 1990. Relative
Permeabilities and Other Characteristics of 700-Millidarcy Fired Berea Sandstone.
DOE Report NIPER-496. Bartlesville, OK: National Institute for Petroleum and Energy
Research.

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.
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Parameter(s): Pore Distribution - Magenta

Parameter Description:

The pore size distribution parameter (X ) is required for the Brooks-Corey two-phase flow
model.

Material and Parameter Name(s):

MAGENTA POREDIS (#2099)

Parameter Value: 0.643 6

Units: None

Ditiution Type: Constant

Data: Professional Judgment

Assigning the mean value for Salado anhydrites to the Magenta Dolomite is a modeling
assumption.

See Also: Data section of Parameter Sheet for "Pore Distribution - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

Although literature references are used to support similar PORE_-DIS values assigned to
other disposal system materials (e.g., Maloney et al. 1990; Mualem 1976; Brooks and
Corey 1964), the Magenta Dolomite is assigned the value used for Salado anhydrites.

See Also: Discussion section of Parameter Sheet for "Pore Distribution - Marker Bed
13 8, Anhydrite Layers a & b, and Marker Bed 13 9."
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Parameter(s): Pore Distribution - Magenta

References:

Maloney, D. R., A. D. Brinkmeyer, and M. M. Honarpour. 1990. Relative
Permeabilities and Other Characteristics of 700-Millidarcy Fired Berea Sandstone.
DOE Report NIPER-496. Bartelsville, OK: National Institute for Petroleum and Energy
Research.

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.

Brooks, R.H., and A.T. Corey. 1964. Hydraulic Properties of Porous Media. Fort
Collins, CO: Colorado State University.
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Parameter(s): Rock Compressibility - Magenta

Parameter Description:

The rock compressibility of the Magenta Member of the Rustler Formation is used in
BRAGFLO to calculate pore compressibility. Pore compressibility is used to predict the
effect of material compressibility on porosity and mass storage in the equation of state for
flow through porous media as follows:

ci, = 4ý. exp (cr(P-Po))

where,
= porosity of solid matrix (dimensionless)
( =porosity at reference pressure p,

cr = pore compressibility of solid matrix (Pa-')

COMPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

MAGENTA COMPRCK (#3016)

IParameter Value: 2.644 x10'

mean median minimum maximum units

2.644 x 10O' 2.644 x 10.10 1. 162 x 10O'0 4.553 x< 10-' P-

IDistribution Type: Student-t

Data: Site- Specific Experimental Data

Laboratory compressibility data for Magenta core samples was provided in a
memorandum from Wes Martin, Terra Tek, to Richard Beauheim, Sandia National
Laboratories, dated January 8, 1996, RE: Progress Report - Contract AA-2896.

Discussion:

Three core samples from the Magenta at H- I 9b 1 were analyzed in the laboratory by Terra
Tek, Inc., Salt Lake City, Utah. The three data points were used to fit a Student-t
distribution.
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Parameter(s): Rock Compressibility - Magenta

References:

SWCF-A:WBS 1.2.07.1 :PDD:QA:NON-SALADO:PKG#23 :NON-SALADO
COMPRESSIBIOLITY.
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Parameter(s): Initial Pressure - Magenta

*[Parameter Description:

Initial brine far-field pore pressure in the mid-point of the Magenta Member of the Rustler
Formation.

Parameter Value: 9.17 x 10'

Units: Pa

Distribution Type: Constant

Data: Site-Specific Experimental Data

Data used in the calculation of initial pressure in the Magenta came from Mercer, J.W.,
1983, Geohydrology of the Proposed Waste Isolation Pilot Plant Site, Los Medanos
Area, Southeastern New Mexico," USGS Water Resources Investigations Report 83 -

40 16, Prepared in cooperation with the US DOE.

Discussion:

The initial pressure in the Magenta was calculated from fluid level and fluid density data
from H-1, H-2A, H-3, H-4A, H-5A, and H-6A which are all located within the LWA
boundary. The constant value used in the NMVP represents the average value calculated
from these six points.

References:

SWCF-A:WBTS 1.2.07.1 :PDD:QA:NON-SALADO:PKG#24:NON-SALADO
PRES SURE.

Mercer, J.W. 1983. Geohydrology of the Proposed Waste Isolation Pilot Plant Site, Los
Medaihos Area, Southeastern New Mexico. USGS Water Resources Investigations Report

83-40 16. Prepared in cooperation with the U.S. DOE. Albuquerque, N.M: U.S.
Geological Survey.
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Final No-Migration Variance Petition

Dewey Lake Formation Parameter Values

* (as summarized in Table 8-11, Chapter 8)

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Parameter(s): Log of Intrinsic Permeability - Dewey Lake

Parameter Description:

Log of the Intrinsic permeability of the Dewey Lake Formation.

Material and Parameter Namne(s):

DEWYLAKE PRMXLOG (9#16 1)
DEWYLAKE PRMY_-LOG (162)
DEWYLAKE PRMZ_LOG (163)

Parameter Value: -16.30

Units: log m'

Distribution Type: Constant

Data: Site-Specific Experimental Data

Laboratory permeability data for Dewey Lake core samples was provided in a
memorandum from Wes Martin, Terra Tek, to Richard Beauheimn, Sandia National
Laboratories, dated January 8, 1996, RE: Progress Report - Contract AA-2896.

Discussion:

Intrinsic permeability in the Dewey Lake, as well as all other formations, is considered to
be homogeneous and isotropic. Horizontal permeability was measured in the laboratory
for five core samples from the Dewey Lake at H-19b1I by Terra Tek, Inc., Salt Lake City,
Utah. The constant value [- 16.3 0 log(m')] chosen for the intrinsic permeability of the
Dewey Lake is the median of the five data points.

References:

SWCF-A:WvBS 1.2.07.1 :PDD:QA:NON-SALADO:PKG#21 :NON-SALADO
PERMEABILITY
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Parameter(s): Effective Porosity - Dewey Lake

Parameter Description:

Effective porosity of the Dewey Lake Formation.

Material and Parameter Name(s):

IParameter Value: 0. 143

mean median minimum maximum units

0.143 0.143 0.035 0.248 M3m

Distribution Type: Student-t

Data: Site-Specific Experimental Data

Laboratory porosity data for Dewey Lake core samples was provided in a memorandum
from Wes Martin, Terra Tek, to Richard Beauheim, Sandia National Laboratories, dated
January 8, 1996, RE: Progress Report - Contract AA-2896.

Discussion:

Eight core samples from the Dewey Lake at H-1I9b1I were analyzed in the laboratory by
Terra Tek, Inc., Salt Lake City, Utah. The eight data points were used to fit a Student-t
distribution for effective porosity. -

References:

SWCF-A:W;BS 1.2.07.1 :PDD: QA:NON-SALADO :PKG#22 :NON-SALADO
EFFECTIVE POROSITY.
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Parameter(s): PCT A Threshold Pressure Parameter - Dewey Lake

Parameter Description:

PCTA is used to calculate the threshold pressure (P1), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

DEWYLAKE PCT-A (#2697)

Parameter Value: 0.26

Units: Palm 2

Distribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e_, PCT_-A and PCT_-EXP) have not been measured for the
Culebra. The mean values measured for the anhydrites from the WTPP site are considered
reasonable.

See Also: Data section of Parameter Sheet for "PCTEXP Threshold Parameter - Marker
Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

The threshold pressure (Ps), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA - k(cT-E-'p)

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units ofMi2 .

Given the lack of site-specific data, using the mean values measured for the anhydrites
from the WII'P site for PCTA and PCTEXP are reasonable.
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Parameter(s): PCTA Threshold Pressure Parameter - Dewey Lake

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3 246. Albuquerque, INM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Dewey Lake

Parameter Description:

PCTEXP is used to calculate the threshold pressure (Pr), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

DEWVYLAKE PCT_EXP (#2698)

Parameter Value: -0.348

Units: None

Distribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e_, PCT_-A and PCT_-EXP) have not been measured for the
Culebra. The mean values measured for the anhydrites from the WIPP site are considered
reasonable.

See Also: Data section of Parameter Sheet for "PCTEXP Threshold Parameter - Marker
Bed 138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

The threshold pressure (Ps), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA* - (II

where P1 is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in'.

Given the lack of site-specific data, using the mean values measured for the anhydrites
from the WTPP site for PCTA and PCT_EXP are reasonable.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Dewey Lak

References:

Davies, P.B. 1991. Evaluation of the Role of Th2reshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Brine Saturation - Dewey Lake

Parameter Description:

The residual brine saturation (Sbr) is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves. Sbr is also referred to as
S, (wetting phase) or Sir (liquid phase) and defines the minimum liquid saturation
necessary for a material to exhibit relative permeability to that phase.

Material and Parameter Name(s):

DEYLAKE SATRBRN (#169)

Parameter Value: 0.083 63

jUnits: None

Distribution Type: Constant

Data: Professional Judgment

Assigning the mean value for Salado anhydrites to the Dewey Lake Formation is a
modeling assumption.

See Also: Data section of Parameter Sheet for "Residual Brine Saturation - Marker Bed
13 8, Anhydrite Layers a and b, and Marker B ed 13 9."

Discussion:

For modeling purposes, the Dewey Lake Formation is assigned the value used for Salado
anhydrites. The Sb, value is at the lower end of the range of values reported in the
literature (Maloney et al. 1990; Mualem 1976), allowing relative permeability to the
wetting phase to be maintained over a wide range of liquid saturations.
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Parameter(s): Residual Brine Saturation - Dewey Lake

References:

Maloney, D.R., A.D. Brinkmeyer, and M.M. Honarpour. 1990. Relative Permeabilities
and Other Characteristics of 700-Millidarcy Fired Berea Sandstone. DOE Report
NIPER-496. Bartlesville, OK: National Institute for Petroleum and Energy Research.

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.
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Parameter(s): Residual Gas Saturation - Dewey Lake

Parameter Description:

The residual gas saturation (S.) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

DEWYLAKE SATRGAS (# 170)

IParameter Value: 0.07711

Units: None

Distribution Type: Constant

Data: Professional Judgment

Using the mean value measured for Salado anhydrites for the Dewey Lake Formation site
is a modeling assumption.

See Also: Data section of Parameter Sheet for "Residual Gas Saturation - Marker Bed
138, Anhydrite Layers a and b, and Marker Bed 139."

Discussion:
Using the mean value measured for the anhydrites from the WIIPP site for SATRGAS is

reasonable. The mean values for the anhydrites fall at the lower end of the range of values
reported in the literature (Mualemn 1976; Maloney et al. 1990).

See "Residual Gas Saturation - Panel Closures" for discussion and references.
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Parameter(s): Residual Gas Saturation - Dewey Lake

References:

Maloney, D.R., A.D. Brinkmeyer, and M.M. Honarpour. 1990. Relative Permeabilities
and Other Characteristics of 700-Millidarcy Fired Berea Sandstone. DOE Report
NTPER-496. Bartlesville, OK National Institute for Petroleum and Energy Research.

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodyamics
and Hydraulic Laboratory.
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Parameter(s): Pore Distribution - Dewey Lake

Parameter Description:

The pore size distribution parameter (X) is required for the Brooks-Corey two-phase flow
model.

Material and Parameter Name(s):

DEWYLAKE POREDIS (#157)

IParameter Value: 0.643 6

Units: None

Distribution Type: Constant

Data: Professional Judgment

The mean value measured for Salado anhydrites from the WIPP site is considered
* reasonable.

See Also: Data section of Parameter Sheet for "Pore Distribution - Marker Bed 138,
Anhydrite Layers a and b, and Marker Bed 139."

Discussion:

Literature references could be used to support the PORE_-DIS value assigned to the well-
sorted, fine-grained sandstone and siltstone of the Dewey Lake Formation (e.g., Morrow
et al. 1986; Maloney et al. 1990; Mualem 1976; and Brooks and Corey 1964). For
modeling purposes, the Dewey Lake Red Beds are assigned the same value as that used
for Salado anhydrites.
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Parameter(s): Pore Distribution - Dewey Lake

References:

Brooks, A.H., and A.T. Corey. 1964. Hydraulic Properties of Porous Media. Fort
Collins, CO: Colorado State University.

Maloney, D.R., A.D. Brinkmeyer, and M.M. Honarpour. 1990. Relative Permeabilities
and Other Characteristics of 700-Millidarcy Fired Berea Sandstone. DOE Report
N1PER-496. Bartlesville, OK: National Institue for Petroleum and Energy Research.

Morrow, N.R., J.S. Ward, and K.R. Brower. 1986. Rock Matrix and Fracture Analyses
of Flow in Western Tight Gas Sands-1985 Annual Report. DOE/MC/21 179-2032.

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.

June 14, 1996 PAR-278 DOE/CAO-96-2 160



Parameter(s): Rock Compressibility - Dewey Lake

Parameter Description:

The rock compressibility of the Dewey Lake Formation is used in BRAGFLO to calculate
pore compressibility. Pore compressibility is used to predict the effect of material
compressibility on porosity and mass storage in the equation of state for flow through
porous media as follows:

(P = (P0 exp (cr(p-p.))

where,
(P= porosity of solid matrix (dimensionless)

= porosity at reference pressure p.
cr = pore compressibility of solid matrix (Pa-')

COMIPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

DEWYLAKE COMIPRCK (# 154)

IParameter Value: 10-8

Units: Pa'

Distribution Type: Constant

Data: Professional Judgment

See: Freeze, R.A. and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ:
Prentice Hall. p. 55.

Discussion:

The value chosen represents an average literature value for this material type. Freeze and
Cherry (1979) gave a range of 10-7 to 10-9 for the compressibility of sand. Therefore, the
average, or 10-8 Pa-', was chosen for the Dewey Lake.

DOE/CAO-96-2160 PAR-279 June 14, 1996



Parameter(s): Rock Compressibility - Dewey Lake

References:

Freeze, R.A. and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice Hall.
p. 5 5.
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Parameter(s): Initial Pressure - Dewey Lake

Parameter Description:

Initial pressure in the Dewey Lake Formation.

Material and Parameter Name(s):

DEWVYLAKE PRESSURE (#160)

Parameter Values: 1.01325 x 10'

Units: Pa

Distribution Type: Constant

Data: Professional Judgment

The water table is set at 3,215 ft (980 m) above mean sea level based on calculations
performed as part of the FEPs (Features, Events, and Processes) screening analyses
performed in 1995. The region above 3,215 ft (980 m) (above the water table) is assumed
to be at a residual liquid saturation of 20 percent.

Discussion:

The initial pressure above the water table in the Dewey Lake Formation is equal to

1. 0 atm or 1. 013 25 x I O' Pa. The liquid saturation in the unsaturated zone above the
water table is assumed to be 20 percent. The initial pressure below the water table in the
Dewey Lake Formation is assumed to be hydrostatic. That is, the pressure exerted by the
water at any given point in the formation is at rest. The pressure at any given point in the
formation is due to the weight of water above it in the zone of saturation. The water table
in the Dewey Lake Formation is at 3,215 ft (980 m) above mean sea level, which is 142 ft
(43.3 m) below the top of the formation. As stated above, this elevation is based on
calculations performed as part of the Features, Events, and Processes (FEPs) screening
analyses performed in 1995.

References:

SWCF-A: 1. 1.6.3 :PA:QA:TSK:NS-1 (Dewey Lake Data Collection and Compilation).
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Final No-Migration Variance Petition

Santa Rosa Formation Parameter Values

* (as summarized in Table 8-12, Chapter 8)

Note - Maximum Capillary Pressure parameters for all material regions are appended to "Repository and Panel
Closures" Section
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Parameter(s): Log of Intrinsic Permeability - Santa Rosa

Parameter Description:

Log of the intrinsic Permeability of the Santa Rosa Formation.

Material and Parameter Name(s):

SANTAROS PRMIXLOG (#3 44)
SANTAROS PRMY_-LOG (#345)
SANTAROS PRMZLOG (#346)

IParameter Value: -10.0

lUnits: log m)

IDistribution Type: Constant

Data: Professional Judgment

See: Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ:. Prentice Hall. p. 29.

Discussion:

The value chosen represents an average literature value for this material type (Freeze and
Cherry 1979).

References:

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice
Hall. p. 29.
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Parameter(s): Effective Porosity - Santa Rosa

Parameter Description: 
1

Effective porosity of the Santa Rosa Formation.

Material and Parameter Name(s):

SANTAROS POROSITY (#341)

IParameter Value: 0. 175

lUnits: None

IDistribution Type: Constant

Data: Professional Judgment

See: Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ:
Prentice Hall. p. 3 7.

Discussion:

The value chosen represents an average literature value for this material type. Freeze and
Cherry (1979) gave a range of values for the porosity of sandstone of 0.05 to 0.30.
Therefore, the average value, or 0. 175, was chosen for the Santa Rosa.

References:

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: Prentice
Hall. p. 29.
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Parameter(s): PCT A Threshold Pressure Parameter - Santa Rosa

Parameter Description:

PCTA is used to calculate the threshold pressure (Pr), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

Material and Parameter Name(s):

SANTAROS PCTA (#2769)

IParameter Value: 0

lUnits: Palm2

IDistribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e_, PCTA and PCTEXP) have not been measured for the
Santa Rosa.

Discussion:

The threshold pressure (P), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA . k(P1'cI)

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and

k is the permeability in units of in.

References:

Davies, P .B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND9O-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): PCTEXP Threshold Pressure Parameter - Santa Rosa

Parameter Description:

PCT EXP is used to calculate the threshold pressure (Ps), as required in the Brooks-Corey
two-phase flow model to define the capillary pressure curve.

~Material and Parameter Name(s):

~SANTAROS PCTEXP (#2770)

Parameter Value: 0

Units: None

Distribution Type: Constant

Data: Professional Judgment

The two-phase flow parameters which, along with intrinsic permeability, describe the
threshold capillary pressure (i.e., PCTA and PCTEXP) have not been measured for the
Santa Rosa.

Discussion:

The threshold pressure (Pa), as defined by Davies (199 1), is the pressure at which gas
begins to flow through porous media at the residual gas saturation. P, is determined from
the relationship:

Pt= PCTA 0 k (CITEX)

where Pt is the threshold pressure in units of Pa, PCTA and PCTEXP are constants, and
k is the permeability in units of in.

References:

Davies, P.B. 1991. Evaluation of the Role of Threshold Pressure in Controlling Flow of
Waste-Generated Gas into Bedded Salt at the Waste Isolation Pilot Plant.
SAND90-3246. Albuquerque, NM: Sandia National Laboratories.
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Parameter(s): Residual Brine Saturation - Santa Rosa

Parameter Description:

The residual brine saturation (Sbr)is required in the Brooks-Corey two-phase flow model
to define the relative permeability and capillary pressure curves (constant value). Sbr is also
referred to as S,, (wetting phase) or as S1, (liquid phase) and defines the minimum liquid
saturation necessary for a material to exhibit relative permeability to that phase.

Material and Parameter Name(s):

SANTAROS SATRBRN (#3 5 1)

Parameter Value: 0.08363

Units: None

Distribution Type: Constant

Data: Professional Judgment

Assigning the mean value for Salado anhydrites to the Santa Rosa Formation is a modeling
assumption.

Discussion:

For modeling purposes, the Santa Rosa is assigned the value used for Salado anhydrites.
The 5 brvalue is at the lower end of the range of values reported in the literature (Maloney
et. al. 1990; Mualem 1976), allowing relative permeability to the wetting phase to be
maintained over a wide range of liquid saturations.

References:

Maloney, D.R., A.D. Brinkmeyer, and M.M. Honarpour. 1990. Relative Permeabilities
and Other Characteristics of 700-Millidarcy Fired Berea Sandstone. DOE Report
NLPER-496. Bartleville, OK: National Institute for Petroleum and Energy Research.

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.
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Parameter(s): Residual Gas Saturation - Santa Rosa

Parameter Description:

The residual gas saturation (S,,) is required in the Brooks-Corey two-phase flow model to
define the relative permeability and capillary pressure curves.

Material and Parameter Name(s):

SANTAROS SATRGAS (#3 52)

IParameter Value: 0.07711

IUnits: None

IDistribution Type: Constant

Data: Professional Judgment

Applying the mean value measured for Salado anhydrites to the Santa Rosa Formation is a
modeling assumption.

Discussion:

Using the mean value measured for the anhydrites from the WIPP site for SAT_-RGAS is
reasonable. The mean values for the anhydrites fall at the low end of the range of values
reported in the literature.

References:

~See: "Residual Gas Saturation - Panel Closures" for discussion and references.
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Parameter(s): Pore Distribution - Santa Rosa

Parameter Description:

The pore size distribution parameter (X ) is required for the Brooks-Corey two-phase flow
model.

Material and Parameter Name(s):

SANTAROS POREDIS (#340)

Parameter Value: 0.6436

jUnits: None

Distribution Type: Constant

Data: Professional Judgment

The mean value measured for the anhydrites from the WIPP site is considered reasonable.

Discussion:

Literature references could be used to support the PORE_-DIS value assigned to the
poorly-sorted, angular coarse-grained sandstone of the Santa Rosa Formation (e.g.
Morrow et al. 1986; Mualem 1976; Brooks and Corey 1964). For modeling purposes, the
Santa Rosa Formation is assigned the same value as that used for Salado anhydrites.

References:

Brooks, A.H. and A. T. Corey. 1964. Hydraulic Properties of Porous Media. Fort
Collins, CO: Colorado State University.

Maloney, D.R., A.D. Brinkmeyer, and M.M. Honarpour. 1990. Relative Permeabilities
and Other Characteristics of 700-Millidarcy Fired Berea Sandstone. DOE Report
NIIPER-496. Bartleville, OK National Institute for Petroleum and Energy Research.

Morrow, N.R., J.S. Ward, and K.R. Brower. 1986. Rock Matrix and Fracture Analyses
of Flow in Western Tight Gas Sands - 1985 Annual Report. DOE/MC/21 179-2032.
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Parameter(s): Pore Distribution - Santa Rosa

References: (continued)

Mualem, Y. 1976. A Catalogue of the Hydraulic Properties of Unsaturated Soils.
Project No. 442, Haifa, Israel: Technion, Israel Institute of Technology. Hydrodynamics
and Hydraulic Laboratory.
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Parameter(s): Rock Compressibility - Santa Rosa

Parameter Description:

The rock compressibility of the Santa Rosa Formation is used in BRAGFLO to calculate
pore compressibility. Pore compressibility is used to predict the effect of material
compressibility on porosity and mass storage in the equation of state for flow through
porous media as follows:

=4)0 exp (c,(p-p.))

where

=porosity of solid matrix (dimensionless)
4)= porosity at reference pressure p.

c, = pore compressibility of solid matrix (Pa-')

COMIPRCK is divided by material porosity to calculate pore compressibility.

Material and Parameter Name(s):

.SANTAROS COMIPRCK (#337)

IParameter Value: 10-8

jUnits: Pa-'

Dsrbution Type: Constant

Data: Professional Judgment

See: Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ:
Prentice Hall. p. 55.

Discussion:

The value chosen represents an average literature value for this material type. Freeze and

Cherry (1979) gave a range of values for the compressibility of sand of 10-7 to 1- ~Pa-1.
Therefore, the average value, or 1 0- Pa1l, was chosen for the Santa Rosa.
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Parameter(s): Rock Compressibility - Santa Rosa

References:

Freeze, R.A., and J.A. Cherry. 1979. Groundwvater. Englewood Cliffs, NJ: Prentice
Hall. p. 55.
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Parameter(s): Initial Pressure - Santa Rosa

Parameter Description:

Initial pressure in the unsaturated Santa Rosa Formation.

Material and Parameter Name(s):

SANTAROS PRESSURE (#343)

Parameter Value: 1.01325 x 10'

Units: Pa

Distribution Type: Constant

Data: Professional Judgment

Discussion:

The initial pressure in the Santa Rosa Formation is equal to 1.0 atm or 1.01325 x 10'
Pa. The Santa Rosa Formation is assumed to be unsaturated with an assumed liquid
saturation of 20 percent.

References:

N/A
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Final No-Migration Variance Petition

Table PAR-il. Key for NMVP Database

idnitrI mtrldesc

ASPHALT Asphalt shaft material

BRINSESAL Salado brine

CAVITY I Cavity for waste areas

CAVITY_2 Cavity for non-waste areas

CAVITY 3 Cavity for shaft

CAVITY 4 Cavity for borehole

CELLULS Cellulose in waste material

CLAY BOT Bottom clay shaft material

CLAY RUS Clay seals in Rustler formation

CL L Ti Lower Salado clay shaft material: time period, 0 to 10 years

CLL T2 Lower Salado clay shaft material: time period, 10 to 25 years

CLL T3 Lower Salado clay shaft material: time period, 25 to 50 years

CLLT4 Lower Salado clay shaft material: time period, 50 to I10K years

CLM-TI Upper Salado clay shaft material: time period, 0 to 10 years

CLM-T2 Upper Salado clay shaft material: time period, 10 to 25 years

CLM-T3 Upper Salado clay shaft material: time period, 25 to 50 years

CLM-T4 Upper Salado clay shaft material: time period, 50 to 100 years

CLM-T5 Upper Salado clay shaft material: time period, 100 to I10K years

CONCMON Degraded concrete monolith at shaft base

CONCTi Concrete shaft material: time period, 0 to 400 years

CONCT2 Concrete shaft material: time period, 400 to I10K years

CULEBRA Culebra member of the Rustler formation

DEWYLAKE Dewey Lake Red Beds

DRZ_0 Disturbed rock zone: time period -5 toO0 years

DRZ I Disturbed rock zone: time period 0 to 1000 years

EARTH Earthen fill shaft material

EXPAREA Experimental area

FORTYNIN Forty-niner member of the Rustler formation

H2 Hydrogen Gas

MAGENTA Magenta member of the Rustler formation

NIT RATE Nitrate

NOTES:
idmtrl = material name
mtrldesc =material description
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Final No-Migration Variance Petition

Table PAR-il. Key for NMVP Database (continued)

idmtrl mtrldesc

OPSAREA Operations region

PAN-SEAL Panel seal

REFCON Reference Constant

REPOSIT Repository regions outside of Panel region

SALT Ti Shaft salt material column compacted: time 0 to 10 years

SALT T2 Shaft salt material column compacted: time 10 to 2 5 years

SALT T3 Shaft salt material column compacted: time 25 to 50 years

SALT T4 Shaft salt material column compacted: time 50 to 100 years

SALT T5 Shaft salt material column compacted: time 100 to 200 years

SALT T6 Shaft salt material column compacted: time 200 to I10K years

SANTAROS Santa Rosa formation

SHFT DRZ Permeability of the disturbed rock zone around the shafts

STEEL Generic steel in waste

SULFATE Sulfate

SANH AB Salado anhydrite beds a & b, intact and fractured

SHALITE Salado halite, intact

SMB138 Salado marker bed 138, intact and fractured

SMB139 Salado marker bed 139, intact and fractured

TAMARISK Tamarisk member of the Rustler formation

UNNAMED Unnamed Lower Member of Rustler formation

WAS-AREA Waste emplacement area and waste

NOTES:
idmtrl =material name
mtrldesc =material description
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Final No-Migration Variance Petition

Table PAR-12. Parameter Key for NMVP Database

idpram pramdesc units

ASDRUJM Surface area of corrodable metal per drum mn2

ATMPA Conversion from std. atmospheres to Pascals Pa/atmn

BKLINK Klinkenberg b correction parameters for H, gas Pa/m**2exp

CAP-MOD Model number, capillary pressure model NONE

COMP-RCK Bulk compressibility Pa-1

COMPRES Brine compressibility Pa'

CORRMC02 Inundated corrosion rate for steel without CO, present m/s

CUMvPROB Index for selecting shaft material permeabilities NONE

DCELLCHW Average density of cellulosics in Contact-Handled (CH) Transuranic (ITU) waste kg/in 3

DCELLRHW Average density of cellulosics in Remote-Handled (RH) TRU waste kg/in 3

DELTA PF Fracture initiation pressure Pa

DIRNCCHW Bulk density of iron containers, CH-TRU waste kg/in 3

DIRNCRHW Bulk density of iron containers, RH-TRU waste kg/in 3

DIRONCHW Average density of iron-based material in CH-TRU waste kg/in 3

DIRONRHW Average density of iron-based material in RH-TRU waste kg/rn 3

DNSFLUID Brine density kg/in

DPHIMvAX Incremental increase in porosity relative to intact conditions NONE

DPLASCHW Average density of plastics in CH-TRU waste kg/rn 3

DPLASRHW Average density of plastics in RII-TRU waste kg/in 3

DPLSCCHW Bulk density of plastic liners, CH-TRU waste kg/in 3

DPLSCRHW Bulk density of plastic liners, RH-TRU waste kg/rn 3

DRROOM Number of drums, per rcom, in ideal packing NONE

DRUJBBCHW Average density of rubber in CH-TRU waste kg/in 3

DRUBBRI-W Average density of rubber in RH-TRU waste kg/in 3

EXCPKLRINK Klinkenberg b correction parameters for H, gas NONE

FBETA Factor beta for microbial reaction rates NONE

FCLAYFLL Fraction of clay fill NONE

FRACPR Fraction of plastics and rubbers that are biodegradeable NONE

GRATCORH Gas generation rate, corrosion, humid conditions relative to inundated conditions NONE

GRATCORI Gas generation rate, corrosion, inundated conditions mol H,/m2Fe

GRATMTCH Gas production rate, microbial, humid conditions relative to inundated rate NONE

GRATMICI Gas production rate, microbial, inundated conditions mol/kg*s

GRAVACC Standard gravitational acceleration in/s 2

HUMCORR Humid corrosion rate for steel in/s

KMAkXLOG Log of maximum permeability in altered anhydnte flow model anhydntes log (in**2)

NOTES:
idprain = parameter name
pramdesc = parameter description
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Final No-Migration Variance Petition

Table PAR-12. Parameter Key for NMVP Database (continued)

idpraxn prsnidesc units

KPT Flag for permeability-determined threshold NONE

OPS AREA Operations Area NONE

PCMAX Maximum allowable capillary pressure Pa

PCT A Threshold pressure linear parameter PaI(m**2PCT-EXP)

PCT EXP Threshold pressure exponential parameter NONE

PF DELTA Incremental pressure for full fracture development Pa

P1 Mathematical constant: PI NONE

PMLT HT Log triangular distribution high value for permeability log(m2 )

PMLT LO Log triangular distribution low value for permeability log(m2 )

PMILT -MD) Log triangular distribution mode for permeability log(m2 )

P0 MIN Minimum brine pressure for capillary model KPC=3 Pa

PORE DIS Brooks-Corey pore distribution parameter NONE

POROSITY Effective porosity NONE

PRESSURE Brine far-field pore pressure Pa

PRMX LOG Log of intrinsic permeability, X-direction log(m 2)

PRMY LOG Log of intrinsic permeability, Y-direction log(m 2)

PRMZ LOG Log of intrinsic permeability, Z-direction log(m 2)

RADNDRZ, DRZ outer radius at each shaft in/in

RELPMOD Model number, relative permeability model NONE

RSH-AIR Air-supply shaft radius (3.09 m) m

RSH EXH Air-exhaust shaft radius (2.3 m) mn

RSH SAL Salt-handling shaft radius (1.8 m) m

RSH-WAS Waste-handling shaft radius (3.5 m) m

SAL -USAT Average saturation, unsaturated zones none

SAT-1I3RN Initial brine saturation none

SAT RBRN Residual brine saturation NONE

SAT RGAS Residual gas saturation NONE

SAT-WICK Index for computing wicking NONE

SECYR Conversion: Seconds to years yr/s

STOICOR Anoxic corrosion stoichiometric factor none

STOIFX Stoichiometric factor - X NONE

STOIMC Stoichiometric factor for microbial gas generation none

VISCO Viscosity of H, Gas at 27 degrees Celsius & 0. 10 132 5 MPa Pa*s

VOLCHW Baseline Inventory Report (BIR) total volume of CH-TRU waste in
3

NOTES:
idpramn parameter name
pramdesc = parameter description
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Final No-Migration Variance Petition

Table PAR-12. Parameter Key for NMVP Database (continued)

idpramn pramdesc units
VOLRHW BIR total volume of RH-TRU waste I

VPANLEX Excavated volume of one panel 3

VREPOS Excavated storage volume of the repository 3

VROOM Volume of one room in repository 3

YRSEC IConversion: Years to seconds s/yr

NOTES:
idpram. = parameter name
pramdesc = parameter description
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. 1 APPENDIX PMR

2 PNIR.1.O INTRODUCTION

3 PMR.1.1 Purpose

4 This conceptual design report describes a concept for permanently marking the Waste
5 Isolation Pilot Plant (WIPP) as required by Title 40 CFR 191.14(c), which states that:

6 Disposal sites shall be designated by the most permanent markers, records,
7 and other passive institutional controls practicable to indicate the dangers
8 of the wastes and their location.

9 Although erection of the permanent marker system will not be initiated until after closure
10 of the WJPP, design information is necessary to evaluate the efficacy of the marker
I1I system, which in turn can be used in the demonstration of compliance. This conceptual
12 design will be used as part of the 40 CFR 191 Compliance Certification Application and
13 the No-Migration Variance Petition (NMVP) for disposal submitted to the Environmental
14 Protection Agency (EPA).

15 PNM.1.2 Scope

.16 This report describes a design concept for a permanent marker system comprised of
17 various messages, surface monument markers, small subsurface warning markers, on-site
18 rooms for long term storage of messages, archival storage of WIPP information off-site,
19 and large earthen structures marking the WIFPP repository footprint on the surface. It
20 should be noted that the illustrations used to support this conceptual design report are not
21 intended to represent the final configurations, or even the most current concepts. Rather,
22 they represent the type of illustrations that are intended to be used in the final design.

23 Three separate concepts of the configuration of the earthen structures, arrangement of the
24 monument markers, and placement of the archival storage rooms within the perimeter of
25 the repository footprint are described. The first concept consists of a large earthworks
26 configured in the shape of a trefoil centered above the repository surface footprint center.
27 An Information Center is also placed at the center with large monoliths arranged along
28 the footprint's perimeter and outside the trefoil. Two Storage Rooms are located east and
29 west of the trefoil center. Each of these rooms is buried approximately 20 ft (6 mn) below
30 the footprint surface.

31 A second configuration consists of a large earthworks configured as an earthen berm
32 enclosing the footprint's perimeter. The large monoliths are arranged just inside the berm
33 along the footprint perimeter. The locations of the Information Center and the Storage
34 Rooms are geographically similar to the trefoil concept with small warning markers
35 buried throughout the footprint surface.

DOE/CAO-96-2 160 PMR- 1 June 14, 1996
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I The third concept includes several large earthen berm-like structures arranged in a pattern
2 intended to convey a "menacing" appearance. The structures "radiate" out from the
3 footprint perimeter as outlined by the monoliths. The four corner sections are
4 significantly larger than the other sections. Within each corner section is buried a Storage
5 Room. The Information Center is located at the footprint center. Again, small warning
6 markers are buried throughout the footprint surface area.

7 The second configuration is the concept currently recommended for consideration of a
8 preliminary design effort. When initiated, the preliminary design should include detailed
9 planning for the testing of various materials and configurations over a period of several

10 decades of WEPP operation and active control after closure.

11 All three earthwork configurations are constructed in a similar manner, as described later
12 in this report. The purpose of the testing effort is to better understand the long term
13 chemical stability and weathering resistance characteristics of various materials and
14 message configurations. The resulting information will then be used for the final design
15 of the permanent marker system prior to its construction after closure of the facility.

16 PNM.1.3 Background

17 Title 40 of the Code of Federal Regulations (CFR), Part 191 prescribes that disposal/
18 systems be designed and built to provide a reasonable expectation that for 10,000 years:.
19 1) the undisturbed performance of the system will not result in an annual committed
20 effective dose to any member of the public in excess of 15 millirem; 2) the levels of
21 radioactivity in groundwater will not exceed limits specified by the standard in 40 CER
22 § 191.24; and 3) the probability of releases from all significant processes and events acting
23 on the disposal system will not exceed the specifications in 40 CFR § 191.13(a).
24 Appendix C to Title 40 CFR Part 191 states that inadvertent and intermittent intrusion by
25 exploratory drilling for resources is the most severe intrusion scenario assumed by the
26 Department of Energy (DOE). This represents the greatest potential risk to release of the
27 stored transuranic (TRU) mixed waste into the environment. The primary goal of the
28 permanent marker system is to minimize the likelihood of inadvertent human intrusion.

29 Sandia National Laboratories (SNL), in its capacity as the scientific advisor to the DOE
30 for the WIPP Project, established two groups of experts to examine the issues involved
31 with selecting, designing, and implementing an effective system of permanent markers.
32 These groups assumed 10,000 years as the applicable time period. 40 CFR § 191.13 also
33 specifies 10,000 years as the applicable period of the containment requirements. Hora
34 et al., Expert Judgment on Inadvertent Human Intrusion into the Waste Isolation Pilot
35 Plant, SAND9O-3063, December 1991 documents the Futures Panel (FP') discussion or
36 the "underlying physical and societal factors that would influence society and the likely
37 modes of human-intrusion at the WIPP."
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@I The FP also developed probabilities of 'various alternative futures, of inadvertent human
2 intrusion, and, in some cases, of particular modes of intrusion. The report was an
3 important source of information for the follow-on group of experts when developing
4 Trauth et al., Expert Judgment on Markers to Deter Inadvertent Human Intrusion into the
5 Waste Isolation Pilot Plant, SAND92-1382, November 1993. Trauth et al. (1993) reports
6 the results of two teams of experts, the Markers Panel (MP), who considered various
7 concepts of marking the site and conveying to future generations information regarding
8 the presence of dangerous waste material and the potential consequence of intrusion into
9 the waste repository. The conceptual designs described in this report are expansions of

10 the ideas developed by the MP.

I1I The testing described in Section PMR.9.O will include the development of data regarding
12 the long term durability of construction materials intended to be used in the Permanent
13 Marker System (PMS). It is anticipated that this testing program will initiate during the
14 disposal phase and continue beyond decommissioning into the Active Controls phase.
15 During the Active Controls phase, periodic evaluation of test structures will be
16 conducted. Actual construction of the PMS will be delayed for some decades after
17 decommnissioning to provide sufficient time to effectively evaluate the long-term
18 durability of the various construction materials and the effects of weathering on
19 monument markers and a section of berm.

.20 PMR.2.O SITE DESCRIPTION

21 The WIPP facility was constructed 26 mii (42 kin) east of Carlsbad, New Mexico in
22 southeastern New Mexico's Eddy County. The site, occupying 10,240 acres (40.96 krn 2 ),

23 was withdrawn from the public domain in October 1992 by the Waste Isolation Pilot
24 Plant Land Withdrawal Act (LWA) (Public Law 102-579). This law places jurisdiction
25 of the land in the hands of the Secretary of Energy. The area surrounding the site is
26 .sparsely populated, with about 25 people living within 10 mi (16 kin). The activities in
27 the general area are primarily devoted to livestock grazing, potash mining, and oil and gas
28 development. Figure PMR-1 shows the general location of the WIEPP site.

29 The surface physiography of the land in the immediate WIPP vicinity is that of sand
30 dunes from which the area gets its name, Los Mendafios. The area within the waste
31 disposal area footprint is punctuated with dunes up to approximately 10 ft (3 m) high.
32 The dunes have been stabilized primarily by Havard Shin Oak, which has an extensive
33 root structure to limit the wind effects on the sand dunes. The sand is underlain by a
34 caliche layer. The caliche represents a fairly impermeable barrier to moisture. Within the
35 10,240 acres (40.96 kin2) , approximately 35 acres (0. 14 km2) are devoted to surface
36 structures and facilities including the four shafts leading to the repository horizon 2150 ft
37 (655 m) below the surface. The surface footprint of the repository occupies an area south
38 of the surface structures. Figure PIVR-2 provides a general spatial rendition of the.39 relative locations of the surface facilities, the underground Experimental Area, and the
40 underground Waste Disposal Area.
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I The surface facilities provide security and safeguards, accommodate routine operations,
2 provide administrative and management facilities, and support ongoing scientific studies.
3 These facilities are designed to service full-scale operations and have undergone
4 extensive testing and operational review. The Waste Handling Building is the principal
5 surface structure dedicated to supporting the handling of TRU waste containers and their
6 transport to the repository. The building shelters the facilities for receiving Contact
7 Handled (CH) TRU waste containers within the Nuclear Regulatory Commission
8 certified Transuranic Package Transporter-il (TRUPACT-il), unloading the
9 TRUPACT-Il, inspecting the waste containers, and preparing the containers for transfer to

10 the underground repository. The building also shelters facilities for receiving Remote
I I Handled (RH) TRU waste in canisters and shielded casks. The building is divided into
12 two major areas. One area is for receipt and inspection of CH-TRU waste and the other
13 area is dedicated to the receipt and inspection of RH-TRU waste. A single Waste Shaft is
14 designed integral with the Waste Handling Building to transport either CH- or RH-TRU
15 waste containers to the underground repository. Within the RH-TRU waste area is the
16 Hot Cell. The Hot Cell provides a radiation shielded facility for unloading and
17 manipulating containers of radioactive waste with surface radiation dose rates of up to
18 1000 Rem/hr. The Hot Cell is constructed of concrete walls 4.5 ft (1.4 mn) thick and
19 extending 60 ft (18 mn) above grade. The Hot Cell basement extends approximately 20 ft
20 (6.1 mn) below the grade level. As part of this conceptual design, the concrete hot cell will
21 remain as an archeological monument after decommissioning the WIPP site.

22 External to the Waste Handling Building and the Waste Shaft are additional buildings and
23 three shafts. The major buildings are the Support Building, the Safety and Emergency
24 Services Facility, the Engineering Building, the Training Building, the Warehouse/Shops
25 Building, and the Core Storage Building. A number of temporary buildings and trailers
26 are also used to support various operational, maintenance, technical, and administrative
27 functions.

28 The salt handling shaft, located north of the Support Building, is used for transporting
29 personnel to and from the repository, transporting mined salt from the mine, and as a
30 secondary source of air to the underground. An air intake shaft provides the primary
31 source of air into the underground ventilation system. An Exhaust Shaft with two normal
32 ventilating fans and three emergency fans provides for the forced ventilation of the entire
33 underground area. The three emergency fans exhaust through a bag house containing
34 particulate filters to mitigate the release of radioactive particulate in the unlikely event
35 that such material is released in the underground storage area.

36 In the repository, to the north of the surface structures, is the Experimental Area. This
37 12-acre (0.05-kn2 ) area was dedicated to conducting scientific investigations and
38 experiments, and with completion of programmed investigations and experiments this
39 area is being deactivated. To the south of the surface structures' footprint is the Waste
40 Disposal Area. Approximately 100 acres (4 kin 2) are dedicated to the eight panels
41 planned for storage of TRU-mixed waste. Connecting the Experimental and Waste
42 Disposal Areas are four major interconnecting drifts (tunnels) used for ventilation and
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1 traffic. In addition, equipment and maintenance facilities supporting the underground
2 mining and operational activities are constructed along the drifts.

3 Each of the eight panels (only Panel 1 is currently mined) will be comprised of seven
4 rooms. The nominal excavated dimensions of the individual rooms are 300 ft by 33 ft by
5 13 ft (91.4 mn by 10Gm by 4 in). The designed storage capacity of the repository is.
6 6,200,000 ft3 (175,000 in'). CH-TRU waste will be contained in individual Standard
7 Waste Boxes (SWB) or 55-gallon drums arranged in seven-packs. The SWVBs and seven-
8 packs will be stacked in the waste disposal rooms. Containers will also be emplaced
9 within the ventilation supply and exhaust drifts in each panel. Individual panels will be

10 closed as they are filled. Upon complete filling of the repository, the shafts will be
I1I plugged and sealed along their entire lengths up to the surface. Figure PMR-3 illustrates
12 a shaft plugging and sealing configuration (Nowak 1990).

13 PMR.3.0 DESIGN REQUIREMENTS/CRITERIA

14 Trauth et al. (1993) discusses at length the processes used to form the expert panel. The
15 panel was divided into two teams, Team A and Team B. Each team then developed its
16 philosophy for passing messages on to future generations. Attachment 1 is the table from
17 Trauth et al. (1993) comparing the Marker System Components developed by each team.
18 As shown in the table, some differences existed between the teams. Drawing on

* 19 information found in the table and a review of the individual team reports documented in
20 Trauth et al. (1993), the following principles were applied to guiding the conceptual
21 permanent marker design:

22 0 The site is marked
23 a Message(s) are truthful and informative
24 0 Multiple components exist within a marker system
25 0 Multiple means of communication (e.g., language, pictographs, scientific
26 diagrams) are provided
27 a Multiple messages with differing levels of complexity are inscribed on
28 individual marker system elements
29 0 Materials with little recycle value are used to the extent practicable
30 0 Markers will comply with international standards of marking locations and
31 contents of nuclear waste repositories

32 All but the last of these principles are discussed in this PMR document. The last
33 principle, while laudatory, is not achievable at this time. No international standards exist.
34 If, in the future, standards are developed and adopted by the United States, they will be
35 evaluated for incorporation in preparing the final permanent marker design.

36 The following design requirements were developed from a review of Trauth et al. (1993).g 37 and the applicable regulations. Each of the requirements was addressed in the
38 development of the design criteria.
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1I The marking system should provide reasonable assurance that the site will be
2 uniquely marked visually and/or electronically and such marking will endure
3 and be recognizable for a period of 10,000 years. Experience gained during
4 the first 100 years may result in marker system modifications to improve the
5 endurance capability of the system.
6 BASIS: Title 40 CFR Part 191 and Trauth et al. (1993). The period of
7 regulatory interest is 10,000 years. The period of Active Controls credit is
8 100 years after disposal.

9 *The site must be marked in a manner that provides reasonable assurance that
10 the marker's purpose cannot be mistaken or its intended message
11 mnisinterpreted. The system should include a combination of surface and
12 subsurface markers.
13 BASIS: Trauth et al. (1993). Expert panel judgment to account for possible
14 removal of surface markers and effects of erosion for uncovering subsurface
15 markers.

16 *The marking system must include the concept of "defense in depth," which
17 implies redundancy by way of its physical design and message delivery
18 concepts.
19 BASIS: Trauth et al. (1993). Expert panel judgment and a common design
20 philosophy of the nuclear industry.

21 *Materials comprising the marking system should have as little intrinsic value
22 as is reasonable to minimize the likelihood of future generations salvaging the
23 material for recycling purposes.
24 BASIS: Trauth et al. (1993). Expert panel judgment.

25 *The marking system on the surface should encompass the grade level
26 equivalent of the entire waste storage footprint (waste-filled panels and drifts),
27 but not exceed the footprint by more than 10 percent.
28 BASIS: Trauth et al. (1993) and engineering judgment. Expert panel
29 judgment that the marker system extent should be limited to the repository
30 footprint so as not to give false sense of the hazard if deep drilling is
31 conducted outside the footprint with no hazardous material encountered.
32 Engineering judgment to provide a 10 percent margin.

33 *The message delivery subsystem should provide a means of communicating
34 with reasonable assurance the what, when, who, why, and how essentials of
35 the WIPP program to future generations using an assortment of symbolic,
36 pictographic, linguistic, narrative, diagrammatic, scientific, and astronomic
37 messages.
38 BASIS: Trauth et al. (1993). Expert judgment.
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10 1 The marker system should be constructed using available technology and its
2 construction should be cost-effective.
3 BASIS: Engineering judgment.

4 Development of the design criteria applicable to the PMS included adherence to the
5 guidelines and design requirements addressed above. Design criteria were established to:

6 1 . Provide a system for marking the disposal area footprint on the surface through
7 use of berms and monoliths:

8 * Berm dimensions should be a minimum of 100 ft (30 m) at the base and a
9 minimum 31 ft (10 m) high.

10 BASIS: Trauth et al. (1993). Expert judgment. Berms should be massive to
I1I withstand human and natural forces. Slope needs to accommodate a roadway
12 on the surface to facilitate construction.

13 * Berm slope should be at least 1.3 horizontal to 1.0 vertical.
14 BASIS: Slope of a natural talus is 1.3 to 1.0. A steeper slope may
15 significantly impact effects of erosion.

* 16 0 Berm should be mechanically packed.
17 BASIS: A mechanically packed berm provides a more stable structure and
18 reduces slumping over time.
19
20 0 Berm should provide a dielectric or magnetic anomaly when compared to the
21 local surface characteristics.
22 BASIS: Trauth et al., (1993). Expert judgment. Provide a capability for
23 marker detection by electronic means as part of the defense-in-depth concept.

24 * Configuration of the berm marker should provide for observation of the
25 entire marked area from any point on top of the berm adjacent to the marked

2 26 area.
27 BASIS: Trauth et al. (1993). Expert judgment.

28 To the extent practical when considering a projected 10,000 year life, local
29 material should be used for the majority of the berm structure.
30 BASIS: Trauth et al. (1993). Expert judgment.

31 * Monoliths should be at least 25 ft (7.5 m) high.
32 BASIS: Trauth et al. (1993). Expert judgment. The monoliths' height
33 should prevent coverage by blowing sand.

* 34 * Monoliths should include a minimum 20 tons (18 metric tons) continuous
35 mass (no bonding materials should be used between components of
36 individual monoliths).
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1 BASIS: Trauth et al. (1993). Expert judgment. Monoliths should be 4
2 sufficiently massive to minimize the affects of vandalism or removal.
3 Bonding materials of different chemical composition than the monolith
4 material may have long-term detrimental effects on the monolith material.

5 0 The total number of perimeter marking monoliths should be a power of two.
6 BASIS: Trauth et al. (1993). Expert judgment. Provide a sufficient number
7 of monoliths to permit future societies to reconstruct monolith orientation if
8 several monoliths are missing.

9 0 Monoliths should be spaced so that an average individual standing adjacent
10 to one monolith will be able to see the monoliths on either side.
I1I BASIS: Trauth et al. (1993). Expert judgment.

12 0 Monolithic material should be relatively unaffected by anticipated
13 environmental and climatic conditions for 10,000 years.
14 BASIS: Trauth et al. (1993). Expert judgment. Minim ize the risk of adverse
15 environmental effects.

16 a The monolith messages shall be engraved to a depth of at least 0.39 in.
17 (1cm).
18 BASIS: Engineering judgment when considering 10,000 year environmental
19 effects.

20 2. Place subsurface warning markers throughout the disposal area footprint:

21 0 Warning markers shall be less than 2 ft (0.6 mn) in their longest point.
22 BASIS: Engineering judgment. Sufficient size to carry a warning message,
23 but not represent a major emplacement effort.

24 0 Marker material should be inert with respect to the local environmental
25 conditions at their burial depth.
26 BASIS: Trauth et al. (1993). Endure a 10,000-year burial period.

27 0 Burial depth should be greater than that expected from deep plowing/tilling
28 or digging by amateur archaeologists.
29 BASIS: Trauth et al. (1993). Minimize loss due to inadvertent uncovering or
30 vandalism.

31 0 The message on the warning markers shall be engraved in such a manner that
32 slight erosion or fracture of the marker will not render the message
33 completely unintelligible.
34 BASIS: Engineering judgment.
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1 * The warning message shall be written in Spanish, English, Russian, Chinese,
2 French, Arabic, and Navajo. The seven languages should be distributed
3 evenly among all the buried warning markers.
4 BASIS: Trauth et al. (1993). Expert and engineering judgment.
5

6 * Markers should be spaced so that their discovery is highly probable under
7 conditions currently anticipated to be created by drilling crews and
8 professional archaeologists.
9 BASIS: Engineering judgment.

10 3. Provide for detailed, complex information storage:

11 0 Structures for the permanent storage of detailed and complex information
12 relating to the repository location, contents, and associated hazards shall be
13 constructed.
14 BASIS: Trauth et al. (1993). Expertjudgment.

15 0 Buried and surface structures shall be provided.
16 BASIS: Trauth et al. (1993). Expert judgment. Provide reasonable
17 assurance that complex information is available during the entire period of.18 regulatory concern.

19 0 The structural material shall be inert and sufficiently durable to provide a

20 high degree of protection for the stored information for a period of

21 10,000 years.
22 BASIS: Trauth et al. (1993) and engineering judgment.

23 * Stored written records, tables, figures, graphs, maps, and diagrams shall be

24 .engraved in stone or man-made materials having the durability to retain the
25 engraved information over the 10,000-year period.
26 BASIS: Trauth et al. (1993) and engineering judgment.

27 * Entry to buried structures shall be designed to preclude removal of the stored

28 information by curious individuals. Removal should require a concerted

29 effort by a well-financed and technically competent organization.
30 BASIS: Engineering judgment.

31 0 Concrete for construction shall be in accordance with the Building Code

32 requirements for Reinforced Concrete (ACI-3 18, latest edition) with special

33 emphasis on durability (ACI-201.2, Guide to Durable Concrete).
34 BASIS: Engineering judgment.

DOE/CAO-96-2 160 PMR-15 June 14, 1996



Final No-Migration Variance Petition

I PNM.4.O MESSAGES

2 Five levels of messages will be used in the PMS.

3 * Level I conveys the message that the site is man-made. The message itself is in
4 the physical form of the marker system and the effort expended in constructing it.

5 * Level II conveys the message that something dangerous is buried here and that no
6 digging or drilling should be conducted. This message is carried in seven
7 languages uniformly distributed among the subsurface warning markers. Each
8 marker has the message in a single language. The level II message is also
9 engraved on each monolith in seven languages.

10 * Level IlI conveys basic information that tells what, why, when, where, who, and
I1I how. This message is carried by the monolithic markers.

12 * Level IV conveys complex information in seven languages and is stored in the
13 permanent structure(s) buried underground and the Information Center on the
14 surface.

15 * Level V is archival and involves storing a more complete rulemaking record than
16 the messages provided at the WJPP site. This record is not stored at the site, but
17 shall be located in various public access facilities at the local, state, federal, and
18 international levels.
19
20 Figure PMR-4 represents the level HI and level III messages. Attachment 2 contains the
21 level IL, MI, and IV message text in English. During the final design phase, the messages
22 will be translated into the other six languages. Testing of the messages' ability to inform
23 the public about the danger of intruding into the repository will be conducted among
24 populations indigenous to the language's locale.

25 The level I message consists of the surface structures delineating the site boundaries and
26 provides the surfaces upon which to engrave the level II, Ell, and IV messages. This
27 includes the earthen berm, the granite monoliths, and the information center. The
28 physical size of these structures should clearly convey the notion that the site is a man-
29 made facility that required a significant amount of effort to construct Trauth et al. (1993).
30 This should inspire any organization with sufficient resources to dismantle the surface
31 structures to investigate and attempt to understand the purpose of the site prior to
32 initiating activities which are counter to maintaining the site's integrity. Individuals
33 intent on vandalism or artifact collection may cause some superficial damage, but it is
34 very doubtful that they could reduce the structures sufficiently to destroy the implication
35 that something man-made occupies the site.
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LEVEL 11 MESSAGE

DANGER

POISONOUS RADIOACTIVE &-'vvAsTE HERE
DO NOT DIG OR DRILL

LEVEL III MESSAGE

THESE STRUCTURES MARK AN AREA USED TO BURY RADIOACTIVE '

WA~STES. 'FETE AREA IS 0.66 BY 0.81 KILOMETERS AND THE WASTE IS
BURIED 0.66 KILOMETERS DOWN. THIS PLACE WAS CHOSEN TO PUT
THIS DANGEROUS MATERIAL FAR AWAY FROM PEOPLE AND OTHER
LIVING THINGS. THE ROCK AND WATER IN THIS AREA MAY NOT LOOK,
FEEL, OR SMELL UNUSUAL, BUT MAY BE POISONED BY RADIOACTIVE
WA~STES. WHEN RADIOACTIVE I' MATTER DECAYS, IT GIVES OFF
INVISIBLE ENERGY THAT' CAN DESTROY OR DAMAGE PEOPLE,
ANIM/ALS, AND PLANTS.

0 DO NOT DRILL HERE. DO NOT DIG HERE. DO NOT DC ANYTHING WITH
THE ROCKS OR WATER IN THE AREA.

DO NOT DESTROY THIS MARKER. THIS MARKING SYSTEM HAS BEEN
DESIGNED TO LAST 10,000 YEARS. IF THE MARKER IS DIFFICUlT TO
READ, ADD NEW MARKERS COMPOSED OF LONGER-LASTING

IAT ERI ALS AND COPY THIS MESSAGE IN YOUR LANG UAGE ONTO
THEM.

FOR MORE INFORMATION, GO TO THE BUILDING FURTHER INSIDE THIS
MARKED AREA. THE SITE WAS KNOWN AS THE WIPP (XT
ISOt.ATION PILOT PLANT) SITE WHEN IT WAS CLOSED IN 2020 A.D.

T his l1unstmuton LotIn-forma-tion PtrposeOl

NMVP-6342- 102-0

Figure PMR-4. Level I1 and III Messages
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1 The level 11 and III (Figure PMR-4) messages are engraved on the granite monoliths. The
2 level II message is a warning of danger. The graphic symbols from Trauth et al. (1993)

3 accompanying the "DANGER" warning are meant to convey:

4 - Horror and terror

5 9 .Something nauseating or poisonous

6 The definition describes the waste as both poisonous and radioactive. The trefoil symbol
7 (W) is used throughout the messages in association with the terms "radioactive" and
8 "1radioactivity." Its use in association with these terms should provide the interpretive
9 definition of the symbols' significance. This would seem to be more appropri ate than

10 attempting to define the symbol narratively. The biohazard symbol is shown along with
I I the trefoil on the monoliths and the small subsurface warning markers as indicated in
12 Figure PMR- 14 and Figure PMR- 15. Finally, the level 11 message admonishes the reader
13 not to dig or drill. Figure PMR-4 illustrates the three-part level I1 message.

14 The level III message, also illustrated in Figure PMR-4, provides more definition with
15 respect to what is buried, the size of the area in which digging or drilling should be

* 16 prohibited, and the depth at which the radioactive waste is located. Readers of this
17 message will also be made aware of when the WIPP closed and that there was an intent to
18 preserve the warning information for 10,000 years. Included in this message is a request
19 that the reader take action to update the message or the marker system to add long lasting
20 materials and/or messages written in languages more current to the times. The design of
21 the monoliths provide sufficient blank surface areas for the addition of messages in other
22 languages. It is anticipated that over time the languages will change sufficiently to

* 23 become incomprehensible to the general public and only scholars will be able to interpret
24 their meaning.

25 Jensen (1993) provides an example of how quickly (relative to 10,000 years) the English
26 language has changed by providing the following quote from Sir Gawain and the Greene
27 Knight (author unknown, written about 1375 AD-less than 650 years ago):

28 The stele of a stif staf the sturne, hit bi gripte
29 That was wounden with iron to the wandes ende,
30 And al bigraven with grene in gravios werkes.

31 In the modem English, this quote is written as:

32 The grim man gripped it by its great strong handle,
33 which was wound with iron all the way to the end,

* 34 and graven in green with graceful designs.
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I For this reason, the messages will be presented in a variety of languages to improve the
2 likelihood that their meaning will be understood by future generations. A monolith with
3 its messages in seven different languages is a modem Rosetta stone. However, unlike the
4 Rosetta stone, the size of each monolith makes it unlikely to be moved to some remote
5 location in order to be studied and interpreted. Rather, the interpreters will need to record
6 the messages for study and even if the study activity does occur elsewhere, not moving
7 the original messages from the site should enhance the probability that the interpreted
8 results will be quickly made known at the site.

9 Figure PMR-5 shows the spatial perspective of the marking system to the repository and
10 the underground shafts which will support the repository during its construction,
I1I operation, and closure. Figures PMR-6 and PMR-7 will support the level III message.
12 Figure PMR-6 shows the spatial perspective of the marking system to the underground
13 repository. As a warning, it depicts a sequence of activities which lead to releasing the
14 waste from the repository and causing death to the individual digging or drilling down to
15 the repository level. Figure PMR-7 (Diagram 3 of the message text in Attachment 1)
16 provides the skilled and technically knowledgeable reader a method to independently
17 determine when the repository was closed after waste emplacement. The constellation
18 formations for Ursa Minor, Draco, Cygnus, Ursa Major, and the brightest star, Vega are
19 shown with respect to the position of the north celestial pole 10,000 years after repository
20 closure. The reader can estimate when the repository was closed by comparing the pole
21 position at closure to its position at the reader's time. The decreasing size of the V
22 (Trefoil) conveys the idea that the amount of radioactivity is decreasing with time. The
23 faces (Trauth et al. 1993) show disgust at the time of closure, neutrality at 10,000 years,
24 and contentment well beyond 10,000 years.

25 The level IV message is the most comprehensive and complex message located at the
26 W1PP site. Attachment 2 provides the text of the level IV message in the seven languages
27 in which it will be presented. The text portion of the level IV message expands upon the
28 brief level III message. In particular, the level IV message provides the following details:

29 0 It describes the potential leakage path for radioactive material through
30 groundwater, should deep drilling occur

31 a It specifies the disease cancer as the potential human impact from radiation
32 poisoning and explains that cancer is a long-term result

33 0 It specifies the particular radioactive isotopes, their individual quantities, and the
34 hazardous chemicals which were originally buried

35 0 It identifies that the U.S. Government was responsible for this long-term solution
36 of isolating waste derived from its bomb-making activities

37 9 It describes why the Salado formation was chosen as the repository site
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Figure PMR-6. Monument Hazard Inscription
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Figure PMR-7. Celestial Calendar
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I It describes the general layout of the repository and the original configuration of
2 theemplaced waste

3 * It provides an explanation of the trefoil and Biohazard symbols

4 * It explains the diagram showing the four brightest stars at the time of waste burial,
5 including their azimuth angles, to provide an independent means for future
6 generations to determine when the waste was buried

7 * It explains the diagram showing the precession of the north celestial pole through
8 constellations and the diminution of the radioactive waste with time

9 * It provides an equivalency of the year of WIPP closure with five other calendar
10 dates

I1 I It explains the diagrams associated with the level IV message

12 * It urges the reader to check other locations around the world where radioactive
13 wastes are buried for consistency with the markings used at the WIPP and the
14 basic criteria used for establishing the character and protection of the message

* 15 Figure PMR-8 through Figure PMR- 14 are associated with the level IV message. Figure
16 PMR-8 (Diagram 1 of the message text in Attachment 2) provides a more detailed spatial
17 perspective of the repository than that shown with the level III message. Figure PMR-3
18 (Diagram 2 of the message text) provides information on how the shafts supporting the
19 repository were sealed at closure. Figure PMR-9 (Diagram 4 of the message text in
20 Attachment shows the geologic cross section of the WIPP site and locates the relative
21 position of the repository within the geologic formations shown. Dimensional
22 .characteristics are provided in Attachment as are the names of repository components.
23 Figure PMR- 10 (Diagram 5 in the message text in Attachment) is the periodic chart. It
24 identifies the radioactive elements with a " and specifically identifies those elements
25 which have significant quantities of their radioactive isotopes buried at the WIPP site
26 with aEM. The nonradioactive toxic elements that are also buried in significant quantities
27 are identified with a circle on the periodic chart. Figure PMR- 11 (Diagram 7 in the
28 message text in Attachment) provides the azimuths of the bright stars (Vega, Arcturus,
29 Sirius, and Canopus) as they rise above the horizon at the time of WIPP closure. From
30 this information, future generations can determine the length of time the repository has
31 been closed. Figure PMR-12 (Diagram 6 in the message text) is a world map showing the
32 locations throughout the world where radioactive wastes are buried (the locations shown
33 in Figure PMR- 12 are examples, and are not necessarily where the wastes will be buried
34 at the time the WIPP is closed). The U symbol is used to convey that "Radioactive Waste
35 Is Buried Here." Figure PMR-13 (Diagram 8 in the message text) is comprised of two

* 36 circles as described in Trauth et al. (1993). The numbers corresponding to the dots refer

is 37 to the buried waste storage locations shown on the world map. The outer circle provides
38 the longitudinal position of the storage locations relative to the WIPP. The inner circle
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I provides the latitude of the storage locations relative to the WIPP. According to Trauth
2 et al. (1993), if circles approximately 9.8 ft (3 mn) in diameter are used and the positions
3 are placed with an accuracy of 0.03 9 in. (1 mm), the locations of the storage sites can be
4 located to within 25 mi (4 kin). The design of the buried rooms containing the level IV
5 message accommodate both the map and the 9.8 ft (3 mn) diameter latitude/longitude
6 circles.

7 PMR.5.O MONUMENT MARKERS

8 Monument markers are those elements of the marker system consisting of large monoliths
9 (Kaplan 1982) on the surface and small warning markers buried throughout the repository

10 footprint. To facilitate fabrication and shipping of the monoliths, each monolith will
11 consist of two separate stones connected by a tendon joint. The large monoliths will be
12 engraved with level II and Ill messages. Figure PMR-14 provides the dimensional
13 characteristics of the large monoliths. Each monolith will be inscribed with the level 1E1
14 and IlI messages in seven languages, the six official United Nations languages (English,
15 French, Spanish, Chinese, Russian, and Arabic) and Navajo. Trauth et al. (1993)
16 discusses in some detail the selection of these languages by the NIP. In addition, each
17 monolith will be inscribed with a diagram (Figures PMR-5 and PMR-7) depicting two
18 concepts. The first concept is comprised of four frames illustrating the danger of digging
19 or drilling into the repository and releasing the radioactive and toxic waste. The second
20 concept illustrates the decay of the radioactive material (decreasing size of the trefoil and
21 improving disposition of the icon) over many thousands of years by depicting the position
22 of the north pole through the major constellations (Ursa Minor, Ursa Major, Draco, and
23 Cygnus) and the brightest star, Vega.

24 One of the NIP recommendations with respect to the monolith placement is for both
25 aboveground and belowground inscriptions. Trauth et al. (1993) prescribes that at least
26 one copy of the level II and mI messages should be inscribed at a height well above a
27 position "accessible to a standing person, or a person on horseback or standing on top of
28 common farm equipment (wagons, pickup trucks, tractors)." To meet the intent of this
29 restriction, individual monoliths will have the messages inscribed in the top 6 to 8 ft (1.8
30 to 2.4 mn) on all four sides. This places the messages 17 to 19 ft (5.2 to 5.8 m)
31 aboveground. Three translations and one illustration are inscribed aboveground. Four
32 translations are inscribed on the buried portion of the monolith in the area of 5 to 12 ft
33 (1.5 to 3.6 mn) above the base. Placement of the messages in these areas also provides
34 ample surface area for future generations to inscribe messages in their respective
35 languages. Individual translations will be varied in their locations among all of the
36 monoliths so that copies of all translations will be located both aboveground and
37 belowground.

38 The monoliths will be made from granite and shipped by rail to the WIPP site. Monolith
39 locations will be excavated to at least 5 ft (1.5 mn) into the caliche. After emplacing the
40 base monolith, the upper monolith will be placed over the base tendon and the excavation
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Figure PMR-8. Generalized Geologic Cross Section
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Figure PMR-9. Spatial View of Sealed Repository and Permanent Marker System
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O will be backfilled. This will suitably support the base monolith within the caliche deposit
2 or the Gatuna formation even under conditions where the overlaying layer of sand is
3 removed through erosion or other weathering phenomena. The center of gravity of the
4 two monolithic stones is 15.5 ft (4.7 mn) from the bottom of the base. The monolithic
5 structure would require sufficient erosion to tip approximately 14.5 degrees from the
6 vertical before the structure would become unstable.

7 In discussions with a number of quarry operators and a memorial distributor in the local
8 area, it is apparent that granite will come in a variety of grades. Granite is commonly
9 referred to as blue, grey, black, or red. The color is a result of the granite composition

10 and the hardness will vary. As a result of this condition, the testing addressed in Section
I1I IX below, provides for subjecting a number of different types of granite to long-term
12 testing prior to actual purchase of the final monoliths. A local memorial distributor with
13 over 40 years of actual experience in the Carlsbad area stated that one of the harder
14 grades, blue granite from Vermont, is not as durable as grey granite from Georgia.
15 Although this is only a single reference point, it does support the proposed testing of
16 various grades of granite over a period of decades prior to the final monolith material
17 decision.

18 The small warning marker is shown in Figure PMR- 15. The level II message placed on

* 19 the small subsurface warning markers will also be in the seven languages described
20 above. However, each marker will have the message in only one of the seven languages.
21 Warning markers will be placed throughout the repository footprint, within the berm, and

22 in the shaft sealing system. The level 11 message is shown in Figure PMR-4. The
23 warning markers will be made of granite, aluminum oxide, and fired clay to provide a
24 diversity of materials and thus improve the likelihood that at least some materials will
25 endure for a 10,000-year period.

26 Warning markers should be spaced approximately 15 ft (4.5 mn) apart. The warning
27 markers should be buried 6-8 ft (1.8-2.4 mn) below the surface, but above the caliche. This
28 depth is below that which would be encountered from deep plowing or amateur
29 archaeologists. This burying criteria is based upon two conditions. The first condition is
30 that the soil covering the caliche in the local WIPP area ranges to a depth of 10 ft (3 in).

31 The second condition is based upon discussions with local drilling operators regarding
32 their standard practice for drilling preparation. Discussions with local well drilling
33 companies reveal that typically an area 200 ft by 300 ft (61 mn by 91.5 mn) is cleared down

34 to the caliche in preparation for drilling. Included within this area is the excavation of a
35 "4mud pit" that is typically 150 ft (45.7 mn) square and 10 ft (3 mn) deep. Thus, by placing

36 the small warning markers above the caliche at intervals of approximately 15 ft (4.6 in),

37 over 250 warning markers should be unearthed during the well drilling preparation. This

38 provides a reasonable likelihood that at least some of the warning markers would be
39 discovered by a drilling crew.

@40 Trauth et al. (1993) discusses the use of deep markers. Discussions were held with local

41 drilling company representatives regarding possible techniques for alerting drilling crews.
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I No practicable scheme was identified to mark the repository in a manner that would alert
2 drill crews to the potential of a drill bit entering radioactive waste. In discussing drilling
3 routines and the degree that the drilling fluid is monitored once a routine drilling
4 operation has commenced, oil field drilling company representatives stated that close
5 observation of the fluid does not occur until the bit is below local salt formations. Unless
6 an extremely hard material (steel or titanium) was emplaced to encounter the drill bit and
7 dull it quickly, the drilling operation would not likely be stopped upon encountering rock
8 that is harder to drill than salt. According to at least one local drilling contractor, most
9 drilling plans identify the depth to which the drilling operation is targeted and after some

10 initial checks of the operation, continuous drilling proceeds to that depth with little or no
11 significant monitoring of the drilling fluid. One drilling company manager stated that. 2
12 to 3 in. (5 to 8 cm) of steel or titanium were encountered, it would probably impact the
13 drilling operation sufficiently to cause additional investigation. Anything short of this
14 would only be seen as an inconvenience.

15 A second drilling operations supervisor stated that drilling for oil and gas in the local area
16 required depths of 8,000 and 16,000 ft (2,438 and 4,877 in), respectively. Knowledge of
17 the area is ample enough that no examination of the drilling fluid is normally conducted
18 until after the drill has passed through the salt layers. The same supervisor also stated
19 that the drill cuttings ranged in size from about 3 micron grains to small slivers up to 1
20 1/2 in. (3.8 cm) in length. Under these conditions, there is no practical way to provide a
21 message. In addition, current drill materials can typically penetrate even granitic rock at 6
22 to 8 ft (1.8 to 2.4 m) per hour. It was the opinion of at least one drilling supervisor that
23 for a 1/2 in. (1.3 cm) steel plate to dull a bit sufficiently to ,,vent penetration, the steel
24 would require placement at a shallow depth. Otherwise, -. weight of the drill string
25 would sufficiently improve the capability of the drill bit to penetrate the steel plate
26 without alerting the drill crew to any unusual condition. Placing a steel plate near the
27 surface would violate the requirement against using material of intrinsic value. In
28 addition, the corrosion resistance of steel reduces the likelihood of its remaining an
29 effective barrier over a period of 10,000 years.

30 Emplacement of markers in the panels immediately above the waste would be ineffective,
31 because there would be insufficient lag time to alert the crew even if they were closely
32 monitoring the drilling fluid content. The use of a dye was also discussed as a possible
33 marking option. Discussions with a number of dye manufacturers and suppliers failed to
34 identify a dye material that would affect the drilling fluid at specific concentrations and
35 that could be emplaced with the waste. In addition, some means would be necessary to
36 provide a message telling the drilling crew why the dye was present. Finally, the use of
37 pyrotechnics as deep marker components is not practical since significant quantities of
38 drilling fluid under high pressure are used to flush out the drill cuttings. The fluid would
39 extinguish any flammable materials long before the material could be brought to the
40 surface to alert the drilling crew. If thermite were used in a configuration and quantity
41 that would melt the drill bit, it might stop the operation-but without a message to
42 convey to the drillers what they were about to enter, the drillers have one of three choices:
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1 They could change out the drill bit and commence drilling again. In this case,
2 they would successfully pass through the waste unless the design included
3 multiple layers of thermite separated sufficiently to prevent sympathetic
4 detonation.

5 a They could abandon the drill site and set up elsewhere. In this case, they might
6 strike another thermite condition and abandon the attempt, or simply move a third
7 time.

8 They could abandon the area altogether.

9 The material used to "melt" the drill would require a protective cover to remain stable for
10 10,000 years. In addition, a prodigious quantity of the material would be required and in
I1I itself would represent a significant hazard during fabrication and field emplacement.

12 Tolan (1993) reports that experience with environmental remediation work on old
13 landfills indicates that old tires or steel fencing/baling wire can make effective barriers to
14 truck-mounted rotary drilling. He states that in two cases where the material was layered
15 greater than 33 ft (10 in), the problems presented to the drillers resulted in their
16 abandoning the boreholes.

* 17 The installation of a 30 ft (10 m) thick barrier of old tires or steel wire in itself represents
18 a significant construction effort when considering a repository footprint (excluding the
19 area of the pillars between repository rooms and panels) of .05 mi 2 (0. 13 kin2). Placing
20 the barrier near the surface requires excavating the entire area to provide reasonable
21 assurance that the repository is protected. Emplacing the barrier only over the room
22 footprints and not the pillars would ignore the risks associated with drilling near the
23 pillar/room boundaries and the inaccuracies that might be associated with the vertical
24 trueness of the drilling process. Emplacing the barrier nearer the location of the
25 repository, over the room footprints plus some small percentage overlap, may require
26 significant additional study to determine what, if any, effects this additional mining above
27 the repository may have on the performance of the repository. This additional study time
28 could significantly affect obtaining the required permits to begin waste emplacement, yet
29 result in a barrier that will not be effective against slant or possible future horizontal
30 drilling techniques.

31 When discussing what action a drilling crew might take upon encountering a barrier made
32 of old rubber tires, the experienced drilling personnel interviewed responded that they
33 would investigate the problem. Under current operating practices, this would entail a
34 review of the maps provided by state and federal agencies to determine the cause.
35 However, unless some means not yet identified provided a message regarding the
36 presence of the repository, drilling would probably recommence. If a typical 8,000-fl-

* 37 (2,438-in-) deep oil well in the WIPP locale costs $300,000, abandoning a well after
38 drilling over 1,000 ft (305 m) represents a significant financial loss.
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I As stated at the beginning of this section, a practical means of warning the drilling crew
2 that they are about to enter a waste repository has not been identified. Therefore, this
3 conceptual design report does not recommend emplacing a deep marker system in the
4 strata above the repository.

5 PMR.6.0 STORAGE ROOM

6 The storage room for containing the level IV message and associated diagrams is
7 designed to endure for the 10,000-year period of the PMS. The design characteristics
8 contributing to this longevity are the material and environmental conditions associated
9 with its construction and location. The room is made of granite with a minimum number

10 of joints. As designed, individual walls, the floor, and the roof are comprised of single
11 granite slabs joined only at the perimeter locations. The internal walls are each made of
12 three sections to provide redundancy of information. Figure PNM-16 is an isometric
13 view of the planned buried storage room containing the level IV message. The magnets
14 shown in the figure are to permit locating the rooms magnetically. Figures PMR- 17
15 through PMR- 19 show views of the building from the top, side, and end. They include
16 overall dimensional characteristics. The configuration minimizes the risk of failure due
17 to chemical interactions between the construction material, joining materials, and
18 environment.

19 In each of the conceptual design configurations described later in this report, at least one
20 room is buried. In addition, an Information Center will be located on the surface
21 providing access to the same information contained in the buried rooms. This should
22 limit the incentive to future generations to excavate the buried rooms. The Information
23 Center will house details regarding the location of the buried Storage Rooms containing
24 identical information. Attachment 3 contains the "Storage Room Location" message
25 placed in the Information Center. It is anticipated that distribution of archival
26 information regarding the WIPP site in local, state, federal, and international repositories
27 will also deter future generations from excavating and entering any of the buried rooms
28 for a significant number of years. If societal changes, calamities, or loss of the archival
29 information mean that society cannot determine what the buried room(s) contain, it is
30 assumed that at least one of the rooms will be entered and observed. Entry into any of the
31 buried rooms will be precluded by establishing access control and maintaining active
32 control for at least 100 years after decommissioning of the site. A significant effort
33 would be required to fully excavate the rooms and even occasional surveillance by local
34 law enforcement personnel should thwart any significant damage to the rooms by
35 vandalism or souvenir hunters during the active controls period.

36 The overall dimensions of each buried storage room are approximately 39 ft by 22 ft by
37 16 ft (11.9 mn long by 6.7 mn wide by 4.9 mn high). The message texts in Attachment 2 are
38 engraved on the walls in an arrangement similar to that for the Information Center shown
39 in Figure PMR-20. In addition, the diagrams are arranged on the walls of the rooms
40 similar to that shown in Figure PMR-20 for the Information Center and as depicted in
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Figure PMR-16. Storage Room Configuration
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1 Figure PMR-19 for the buried rooms. To provide redundancy, additional granite slabs
2 engraved with the message text and the diagrams are held in place against the interior
3 walls. The room entrance is a single plug in one wall measuring 2 ft (0.6 m) at the inner
4 minimum diameter. The tapered plug weighs approximately 1,600 pounds. Its removal
5 will likely require more than a single individual. The opening is small, so that the room
6 contents cannot be removed easily by an unorganized group or individuals intent on
7 vandalism. Although some damage could be inflicted by vandals, the granite
8 composition of the message-carrying materials provides the greatest opportunity for
9 preventing complete destruction of the information contained within the buried room.

10 The physical size of the Storage Rooms is dictated by the m inimum size lettering which
I1I can be engraved in granite. Discussions with a number of quarry operators and local
12 memorial vendors indicate that the minimum lettering size is 5/8". This is limited by the
13 sandblasting technique typically used. Engraving smaller size letters causes "blowout" of
14 small enclosed characters, such as "A," "P""R," etc. No laser engraving capability
15 exists within the granite quarrying industry. Additional discussions with laser
16 manufacturers verified the lack of laser engraving capability on large pieces of granite.
17 One manufacturer stated that he gets called at least once a week by memorial dealers
18 inquiring about laser engraving technology. Two reasons are given for the lack of the
19 technology today. First, high laser power (6-8 kilowatts) would most likely be required.

* 20 Second, the granite quarry and memorial industry is not willing to fund~research to
21 develop the technology. This particular manufacturer suggested that perhaps a national
22 laboratory attempting to convert defense related technology to commercial use might take
23 on such a development effort. In any event, the technology currently does not exist to

24 engrave granite with characters smaller than 5/8".

25 PMR.7.O INFORMATION CENTER

26 An isometric drawing of the Information Center shown in Figure PMR-20 illustrates an
27 aboveground structure which contains the same information provided in the buried
28 storage rooms. Construction of the Information Center is comprised of solid granite walls
29 embedded in compacted caliche for support. Engraved on the walls is the level IV

30 message in seven languages and the graphics information provided in the storage rooms
31 buried underground. In addition, the Information Center contains a diagram (Figure
32 PMR-21) of the PMS locating the buried rooms relative to the Information Center. The

33 Information Center is an open structure allowing natural sunlight to illuminate the
34 engraved information.

35 In addition to the level IV message, the Information Center will also contain a message

36 regarding the Storage Rooms. Figure PMR-22 illustrates the proposed message. The
37 message provides information for locating the rooms both in relation to the Information
38 Center and by magnetic signature. The magnetic signature is developed by permanent

* 39 magnets similar to those described in Section PMR.8.0 below. The message also
40 cautions not to excavate the Storage Rooms arbitrarily, but to leave them alone for future
41 generations as a backup in the event that the information presented on the Information
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I Center walls ha s been lost. It also requests that the rooms be reburied if conditions have
2 caused them to become exposed.

3 Figure PMR-23 provides the dimensional characteristics of the Information Center
4 exterior and interior walls. Placement of the walls and the relatively narrow spacing
5 between the walls will minimize the erosion due to wind-driven sand and rain. It is
6 anticipated that, barring vandalism, this structure and its information will endure as long
7 as the monoliths. However, should this not to be the case, the information will also be
8 available in the underground storage rooms.

9 PMR.8.O BERM CONFIGURATION

10 The decision to base a PMS design on the construction of a berm or berm-like structure is
11 based upon the following arguments:

12 0 The structure should identify the extent of the surface footprint of the repository,
13 but need not follow the footprint outline

14 * The structure should be sufficiently massive to provide reasonable assurance that
15 it will endure for 10,000 years

16 * The structure's profile should minimize the likelihood that it can become buried
17 by shifting sands or that characteristics of the profile may lead to fabrication
18 stresses affecting the ability of the structure to retain its configuration

19 * It should be constructable without the need for high-tech equipment or processes

20 * Its construction materials should be reasonably available to the WIPP site and
21 have as little intrinsic value as is reasonable

22 * Its cost should be competitive with other alternatives. That is to say, its cost
23 should not be disproportionately high for the advantages it provides
24 * To the extent practicable, the nature of the structure should lend itself to valid
25 testing over a period of 2 to 5 decades

26 Trauth et al. (1993) explores a number of different techniques and structures for defining
27 the repository's surface footprint. The resulting recommendation from each of the two
28 teams is to use a berm-like configuration. A berm also meets the arguments listed above
29 to a greater extent than any of the other configurations proposed. Each of the conceptual
30 design configurations described below make use of a berm configuration. Although the
31 individual configurations may have an outwardly different appearance, their construction
32 consists of similar materials and material placement. Figure PMR-24 depicts the general
33 cross-sectional berm construction configuration. The core base material to be used is salt
34 remaining from the excavation of the repository. The design capacity of the repository of
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STORAGE ROOM LOCATION

THE INFORMATION YOU HAVE READ HERE IN THE INFORMATION

CENTER HAS BEEN DUPLICATED IN TWO OTHER LOCATIONS.
THERE ARE TWO BURIED ROOMS 135 METERS TO THE EAST AND
WEST OF THE INFORMATION CENTER ON A LINE PASSING
THROUGH THE INFORMATION CENTER AND DIVIDING THE SITE IN
HALF ALONG ITS MAJOR AXIS. EACH OF THESE BURIED ROOMS
CONTAINS THE SAME INFORMATION YOU HAVE FOUND HERE. THE
CONSTRUCTION OF THE ROOMS IS VERY SIMILAR TO THE
INFORMATION CENTER. THE BURIED LOCATIONS ARE MARKED BY
PERMANENT MAGNETS AT EACH LOCATION. THESE ROOMS WERE
PLACED APPROXIMATELY 7 METERS BELOW THE SURFACE WHEN
ORIGINALLY BURIED. DO NOT EXPOSE THESE ROOMS UNLESS THE
INFORMATION PRESENTED IN THIS CENTER HAS BECOME
WEATHERED OR OTHERWISE OBLITERATED BEYOND RECOVERY.
LEAVE THE BURIED ROOMS FOR FUTURE GENERATIONS. IF THE
BURIED ROOMS HAVE BECOME EXPOSED, PROTECT THEM BY
ADDITIONAL COVERING.

This Illustration for Information Purposes Only
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Figure PMR-22. Storage Room Message
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Figure PMR-23. Information Center Structure Details
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1 6,200,000 ft3 (175,000 in) will provide a significant amount of material remaining after
2 closure. This material will be used to form the core of the berm(s). Although the salt

3 would be susceptible to water and wind erosion if left unprotected, using it as a base core
4 material for the berm with other material applied as a protective cover should effectively
5 protect the salt. The WIPP site is in a semi-arid region in which, for the worst case, the
6 rainfall will no more than double in the next 10,000 years (Swift 1992). Therefore, it is
7 reasonable to assume that water erosion will not become a major issue with respect to
8 berm durability.
9

10 A practical and locally available protective covering for the salt core is the caliche soil
11 found locally up to 15 ft (4.6 m) below the surface. Large quantities are available. The
12 caliche is reasonably impervious to water penetration in the semi-arid environment of the
13 WJ1PP. Studies of the locale report that even at the height of an ice age, the annual
14 rainfall is not expected to more than double its current 13 in. (33 cm) per year average.
15 Therefore, 6.6 to 9.8 ft (2 to 3 m) of caliche compacted over the salt core should provide
16 significant protection of the salt from water.

17 A third layer of berm material will be comprised of riprap quarried near Carlsbad, New
18 Mexico. This will provide protection for the caliche from wind erosion. It will also
19 provide for runoff of rainwater to the surrounding desert with minimum water erosion of
20 the caliche layer. The final layer of berm material will consist of a mixture of riprap and

* 21 native soil. This should support local vegetation and add another erosion-resistant
22 characteristic to the overall berm configuration. During the disposal phase of the WIPP,
23 testing will be conducted to determine what combination of rock sizes, soil, and
24 vegetation provide the best likelihood of success, at least in the near term (100 years).

25 To provide a unique magnetic signature for the berm with respect to the local geology, as
26 recommended in Trauth et al. (1993), an investigation into the use of magnetite as a
27 layered material over the salt was conducted. Although magnetite in its natural state
28 often demonstrates a detectable magnetic anomaly, removing large quantities by mining
29 and transporting them to another locale to provide local detectable magnetic anomaly may
30 not be a prudent course of action. In its natural state, the mineral magnetite (Fe3O4 )
31 develops its magnetic signal through induced magnetism from the earth's own magnetic
32 field over eons of time. When mined, the magnetite material becomes mixed up and the
33 individual dipoles will not all be aligned to reinforce each other as is found in the natural
34 state. After being emplaced, large quantities of the mineral could be magnetized with a
35 large electromagnet. However, successfully completing such a task would require
36 considerable effort to demonstrate and evaluate. Even if successful, the retention of the
37 artificially induced magnetic field over thousands of years is unknown and could not be
38 determined with a high degree of certainty. In view of the shortcomings of magnetite, a
39 unique magnetic signature will be provided by large permanent magnets.

40 To provide a distinctive magnetic signature for the berm, large permanent magnets buried
* 41 in the berm can be used (Mallick 1994; Krefta 1994). Large strontium ferrite permanent

42 magnets buried within the berm at intervals of 246 to 328 ft (75 to 100 m) would give a
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I signal detectable with current state-of-the art airborne equipment 328 ft (100 m) above
2 the magnets. The individual magnets would be approximately 3.28 ft (1 mn) in length and
3 1.6 ft by 1.6 ft (1/2 mn by 1/2 mn) in cross-section. Should unexpected future climatic
4 conditions cause sand shifts so extensive that the berm and monoliths become covered,
5 future generations conducting magnetic surveys of the area should still be able to detect a
6 magnetic anomaly resulting from the permanent magnets. The magnetic signal's
7 geometric form will provide strong indication that it could only have been man-made.
8 This should inspire any organization capable of magnetic surveying to investigate this
9 anomaly further prior to initiating any planned drilling activities in the local area enclosed

10 by the magnetic signature.

11 Bellus (1994) describes the use of trihedrals fabricated from metal as a means of
12 providing a radar reflective signature unique from the surrounding terrain. Figure PMR-
13 25 illustrates the basic trihedral configuration. Current ground-penetrating radars operate
14 below 100MHz. Much of the communication allocations occupy frequencies below
15 100MHz; therefore, radars operating below this range must use filters to avoid problems
16 with communications bands. Bellus reports that recent experience in the Middle East
17 with SeaSat operating at 1.2GHz produced excellent images of roads and structures
18 buried under the desert.

19 The dimensional characteristics of a trihiedral facet that will give a peak Radar Cross
20 Section (RCS) is 3X the wavelength of the incident radar signal. Assuming a radar
21 operating at 1 GHz, a trihedral with facets measuring 2.9 ft (0.9 mn) on a side will be
22 optimal. This will provide a peak RCS of l7dBsm/sm (decibels m' per mn2) (Bellus
23 1994). The typical peak terrain RCS is -l5dBsmlsm. The difference in RCS strength
24 operating at 1 GHz is 32 dBsm/sm. This will give a highly visible signal. The trihedrals
25 will be fabricated from stainless steel and placed within the berm at the surface of the salt
26 core. To provide a unique radar signature, the trihedrals will be grouped in sets of four
27 spaced approximately every 300 ft (91 mn) around in the berm, as shown in Figure PMR-
28 26. In addition, four trihedrals will be placed around each of the buried rooms to provide
29 a unique radar signature at the room location. One trihedral will be placed adjacent to
30 each room's exterior wall approximately midway along the wall. During the disposal
31 phase and for some period after decommissioning, buried bare stainless steel trihedrals
32 and trihedrals encased in concrete should be evaluated for performance of their respective
33 RCS. Encasing the trihedral in concrete reduces the likelihood of its being efficiently
34 salvaged and may also add to the effective lifetime of the trihedral by the protective
35 concrete covering.

36 PNM.9.O TESTING

37 Upon closure of the WIPP, at the conclusion of the disposal phase, active controls will be
38 implemented to control the access to the site and long-term monitoring systems will
39 detect significant deviations in repository performance. With active control provided
40 over the site, the schedule for constructing the PMS could be extended out to decades
41 after disposal. Because the design of the PMS has a 10,000-year-lifetime goal, it is
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Figure PMR-25. Trihedral Configuration
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0 Figure PMR-26. General Trihedral Arrangement
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1 prudent that the DOE conduct some long-range testing of the construction materials
2 planned for use as PM material.

3 One aspect of the long-term testing is the construction of a section of the berm. The
4 overall size (height and width) of the test section will match the design of the PM berm.
5 However, the test berm length will be shorter than the full size berm. A section
6 approximately 164 to 328 ft (50 to 100 mn) will provide a length sufficient to test a
7 number of different configurations. Included within the test section will be varying
8 thicknesses of the salt core, the caliche layer, and the top layer of riprap and soil material.
9 The DOE will construct a section of the berm to evaluate materials and construction

10 techniques. Actual construction and testing will begin during the disposal phase to
11 provide a maximal time for testing. The major subjects which may be evaluated during
12 this testing program are:

13 * The system for unloading and moving large quantities of material from the
14 railroad spur to the PM site

15 * Performance of the railroad spur and maintenance required. This may impact a
16 decision of whether to conduct periodic maintenance of the spur or refurbish it at
17 the time of initiating construction of the PMS

.18 * Evaluation of the climatic environmental affects on granite by surveying
19 representative monuments within a 150-mi (93-kin) radius of the WIPP

20 * Identification of a suitable local source of caliche and establishing the required
21 contractual and regulatory agreements to obtain and move the caliche in the
22 quantities required

23 * Identification of a suitable local source of riprap and establishing the required
24 contractual and regulatory agreements to obtain and move the riprap in the
25 quantities required

26 * Identification of construction techniques applicable to a large berm. Determine
27 what, if any, configuration changes may have significant impacts on the cost of
28 construction

29 * Evaluation of various berm surface materials (e.g., size of rocks, types of soil,
30 types of vegetation) for durability and success in supporting vegetation
31 overgrowth

32 0 Procure, ship, erect, and evaluate various types of monument rock (granites and
33 sandstones) to determine long-term environmental effects of wind, rain, and.34 shifting sand. This will provide experience for meeting of contractual
35 specifications developed for procurement and erection of multiple monuments. In
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1 addition, concrete should be emplaced underground and tested for durability as a
2 substitute for granite in construction of the Storage Rooms

3 * Evaluation of the magnetic signature provided by sample permanent magnets
4 buried within the berm to determine optimum locations and spacing

5 * Evaluation of the effects of various soils used as protective backfill for granites
6 and sandstones

7 * Evaluation of the effects of chemical interaction with the backfill material

8 * Evaluation of the environmental effects on the berm caused by wind, rain, and
9 shifting sand, including the depth of infiltration under a variety of climatic

10 conditions

I1 I Evaluation of the effects of plant root and burrowing animal intrusion into the
12 berm and potential for salt dissolution and berm slumping

13 * Evaluation of the effectiveness of sample radar reflectors buried within the berm
14 at various distances. Evaluations should include reflectors directly buried in the
15 berm and buried reflectors encased in concrete
16
17 Development of cost estimates for various configurations and materials tested

18 Other testing should address the refinement of the messages, diagrams, and the method of
19 presentation. As recommended in Trauth et al. (1993), the translated versions of the
20 message text should be evaluated by presentations to groups indigenous to the countries
21 whose language is represented in the message. This should provide input as to how
22 comprehensible the messages are. When considering that the messages were developed
23 by educated individuals residing in the U.S., it is prudent to thoroughly test the
24 effectiveness of the messages to convey their information to a broader cross-section of
25 individuals. The testing, therefore, should include cross-cultural groups in evaluating the
26 effectiveness of conveying the intended messages through diagrams and pictures as well
27 as script.

28 Testing should also be conducted on the various materials used for the warning markers
29 buried near the surface. Warning markers made of aluminum oxide, granite, fired clay,
30 glass (specifically lanthanumborate made by Coming, (Trauth et al. (1993)), and
31 polyethylene should be fabricated and buried at depths of 5 to 10 ft (1.5 to 3 m) below the
32 surface. It is anticipated that subsurface warning markers made from some of these
33 materials will be used in the final design. However, by burying these "test" warning
34 markers for 40 to 60 years and then evaluating their condition, it can be established
35 whether some of these materials seem unsuitable for burying in the WIPP soil/caliche
36 environment. Each of the "test" warning markers should also be engraved with the
37 level HI message.
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@I During a conversation with the proprietor of a Carlsbad, New Mexico memorial
2 distributor, it was determined that local experience with granite memorials in cemeteries
3 indicate that artificial watering accelerates the weathering of granite. Therefore, any
4 judgments made on the effects of weathering due to local conditions would be biased by
5 the artificial watering phenomenon. To provide for a more accurate assessment of the
6 environmental effects on granite at the WIPP site, granite monuments made from
7 materials from multiple quarries within the U.S. will be engraved and emplaced at the
8 WIPP site during the disposal phase. Over a period of decades, data will be taken to
9 judge the affect of weathering on both the granite material and the lettering. The data will

10 be developed for both the buried and aboveground surfaces. These data will then be used
11 in developing the final design specifications for the monolithic monuments emplaced as
12 permanent markers.

13 A variety of permanent magnet materials and protective coating for the magnets should
14 be buried at the bottom of the berm. In addition, this permanent magnet test program
15 should evaluate the effectiveness of providing a directional magnetic signal. These
16 signals should be detectable from an appropriately equipped airplane. Testing should also
17 be conducted at ground level to verify detectability. Verifying the capability to fix a
18 particular location within the repository footprint through triangulation of multiple
19 magnetic signals should also be conducted. Subsequent to being buried for a significant@20 number of years, the magnets should be recovered and the condition evaluated against the
21 risk of their failure over a 10,000-year period. At least one manufacturer stated that some
22 permanent magnets lose their strength at the rate of 0.1% per 10,000 hours. If this is a
23 constant rate, a magnet would only have 10% of its strength remaining after about
24 2,700 years.

25 PMR.1O.O CONCEPTUAL DESIGN A

26 .Figure PMR-27 represents the surface plan view of design A. The salient features of this
27 PM design consist of the repository footprint delineated by monolithic monuments along
28 the rectangular perimeter with an earthen berm constructed in the shape of a trefoil. At
29 the center of the trefoil is the Information Center described above. The trefoil is built up
30 of halite (salt) originally excavated from the repository, caliche, riprap, and a mixture of
31 riprap and soil used to support vegetation on the surface of the berm. The type of
32 vegetation planted on the berm should be representative of vegetation occurring in the
33 local WIPP region.

34 Figure PMR-28 provides a cross-sectional view with dimensional characteristics for the
35 trefoil circle and typical trefoil circle sections. Ghosted in the figure is the repository
36 footprint. This illustrates the relative location of the trefoil over the actual repository. As
37 shown in Figure PMR-27, the footprint outline is described by the monuments erected
38 outside of the trefoil dimensions. Approximately 38,841,000 ft3 (1I, 100,000 in) Of@39 material would be required for the trefoil. Buried within the trefoil and the remainder of
40 the site are the small warning markers described above.
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I PMR.11.O CONCEPTUAL DESIGN B

2 Figure PMR-29 represents the surface plan view of design B. The repository footprint
3 and its panels, rooms, and salt pillars are ghosted with dotted lines within the berm area.
4 This design concept features a rectangular berm slightly larger than the footprint
5 dimensions enclosing the repository footprint. Immediately within the berm enclosure
6 and along the dimensional perimeter of the repository footprint, the 16 granite monoliths
7 are emplaced. At the center of the footprint, the Information Center described above is
8 erected. The small warning markers are buried below the surface throughout the footprint
9 area. Within the enclosed footprint the two Storage Rooms containing the level IV

10 message are buried approximately 20 ft (6 mn) below the surface. Access across the berm
11 will be provided by a stairway along the berm's western edge.

12 Outside the berm perimeter, the concrete hot cell structure will remain as an archeological
13 remnant. During the test program, the Hot Cell structure will be periodically monitored
14 to determine the erosion resistance of concrete in the WIPP environment. The stairway
15 will be constructed of concrete or granite stones. The volume of material required to
16 construct the berm is approximately 18,890,850 ft3 (535,000 in'). This is considerably
17 less material than required by design concepts A or C.

18 PMR.12.O CONCEPTUAL DESIGN C

19 Figure PMR-30 represents the surface plan view of design C. This design concept
20 incorporates the "Menacing Earthworks" concept recommended in Trauth et al. (1993).
21 Sections of earthen berms radiate outward from the perimeter of the repository footprint.
22 The repository footprint outline is described by the emplacement of 16 granite monoliths
23 as utilized in designs A and B above. At each corner of the earthworks, a large earthwork
24 structure is located. A Storage Room is buried within each of the four corner earthworks.
25 Each Storage Room configuration is as described in Section VI. The Information Center
26 is located at the center of the footprint and the small warning markers are buried within
27 the footprint.

28 Figures PMR-3 1 through PMR-34 provide the profile structural details of the various
29 earthwork configurations used to make up the Menacing Earthworks, including the
30 approximate total volume of material for each configuration. The various configurations
31 and their mirror images are used in making up the total earthworks structure. The cross-
32 sectional material composition of the structure is similar to that shown in Figure PMR-29.
33 The total volume of material required to construct the berms is approximately 32,838,300
34 ft3 (930,000 in). Discussions with at least one construction contractor raised some
35 significant issues with respect to erecting earthworks configured as depicted in concept C
36 or any, similar earthwork. Providing a steep slope (a ratio of 1. 3: 1.0 horizontal to vertical)
37 combined with a zigzag configuration results in a safety issue with respect to turning
38 large construction equipment to create the zigzag. This is especially true during the final
39 stages, when the top of the berm is narrowed. Increasing the width of the berm top or
40 increasing the slope adds additional material either in a higher profile or a broader base.
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5 Figure PM IR-27. Trefoil Configuration
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Figure PMR-28. Trefoil Cross Section
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Figure PMR-34. Menacing Earthworks
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@I This increases the expense of the construction effort. In addition, those portions of
2 individual earthwork configurations which have a narrow or almost nonexistent upper
3 roadway offer an additional construction difficulty. Conventional berm or earth dam
4 construction activities will not lend themselves to the final stages of construction for
5 those berm portions which have no upper roadway.

6 PMR.13.O CONCEPT SELECTION

7 The following discussion addresses the selection of conceptual design B as the
8 recommended design for permanently marking the site.

9 The distinguishing features of the individual designs considered are the berm
10 configurations. This arises from the various configurations addressed in Trauth et al.
11 (1993). The quantity of material and general configuration of the berms suggest a
12 significant construction effort in their erection. For total quantity of material required,
13 designs A and C each represent on the order of 35,290,000 ft3 (1,000,000 in'). Design B
14 is approximately 21,186,000 ft3 (600,000 in'). In addition, the shape of the various berm
15 sections for design C add an additional degree of construction complexity over that of
16 designs A and B. Although design C is more "menacing," the actual warning of danger is
17 conveyed effectively by the inscribed information on the monoliths. The primary purpose. 18 of the berm is to convey the level 1 message that something man-made is here. All of the
19 berm configurations will perform this function.

20 Design A does not provide the degree of "protection" (i.e., enclose the repository
21 footprint) that is conveyed by either design B or C. It is acknowledged that access to
22 much of the footprint is inhibited by an additional 32.8 ft (10 mn) of material when design
23 A is considered. However, other than causing some additional effort to set up a drilling
24 platform, it adds little protection when considering that the repository is 2,148 ft (655 mn)
25 below the surface. The'volume of the trefoil-shaped berm is also considerably more than
26 that required to construct design B. Design A would appear not to provide the same
27 degree of protection from wind-drive erosion of the monoliths that design B does. The
28 proximity of the monuments to the berm in design B may provide more protection to at
29 least one face of a monument than would be available to the more exposed monuments in
30 design A. Although barriers can be erected to improve protection of the inscribed
31 material, there is no apparent advantage of the trefoil over that of the perimeter berm.
32 The location of the Information Center in design A may also be subjected to greater wind-
33 driven erosion than the location provided by design B.

34 The berm aspect of the three permanent marking concepts considered is the major design
35 variable. The monoliths, the Information Center, the Storage Rooms, and the subsurface
36 warning markers will not significantly vary in cost for any of the three configurations.
37 When all the salient features, including total materials required, ease of construction,.38 design requirements/criteria, and establishing permanence are compared, the conceptual
39 configuration using a rectangular berm to enclose the entire repository footprint is the
40 best. For this reason, design B is the configuration of choice for the PMS.
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I PMR.14.O OFFSITE ARCIHIVAL STORAGE0

2 This report has described the PMS with emphasis on those portions of the system which
3 are in close proximity to the waste repository location. A significant part of the overall
4 system is the archiving of important information away from the repository. The archived
5 material should include information that is important to defining the location, design,
6 content, and hazards associated with the WIPP. This information will be more extensive
7 in volume than that available within the PMS at the repository footprint location and
8 should be widely distributed in a number of locations, including some locations
9 worldwide. The initial form of the information should be on archival-quality paper and

10 high quality microfilm. Jensen (1993), a Scandinavian paper, describes a specification
11 which prescribes that the archival-quality paper contain fibers from cotton, linen, and/or
12 bleached chemical pulp with any other type pulp making up less than 5 percent of the
13 fiber content. In addition, the pH is specified as 7.5 to 10 with a minimum 2 percent
14 calcium carbonate alkaline reserve.

15 Specific documents which should be included in the archived information portfolio
16 include:

17 1. The Final Safety Analysis Report (FSAR) and the addenda, which describes the
18 disposal phase of the WIPP.

19 2. The Final Environmental Impact Statement (FEIS) for WIPP and the
20 Supplement(s) to the Environmental Impact Statement (EIS).

21 3. The NMVP and the No-Migration Determination for Disposal.

22 4. The Resource Conservation and Recovery Act (RCRA) Permit.

23 5. The Certification of Demonstration of Compliance with Title 40 CFR 19 1.

24 6. Environmental and ecological background data collected during the pre-
25 operational phase of WIPP and summaries of data collected during the disposal
26 and decommissioning phases of WIPP.

27 7. Records of the waste containers contents and disposal locations within the WIPP
28 repository.

29 8. Drawings defining the construction and configuration of the repository and shafts.

30 9. Drawings, procedures, and the design report(s) describing how the waste was
31 emplaced; how the rooms, drifts, and panels were closed; and how the shafts were
32 backfilled and sealed.

33 10. Detailed maps showing the exact location of the repository.
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O1 Locations for this information should include public funded organizations, that may be
2 more likely to expend the resources necessary to preserve the documents in well-
3 controlled environments. However, the most likely strategy for long-term protection of
4 the information is through widespread distribution. The information will be submitted to
5 the following facilities/organizations for archiving:

6 0 Library of Congress
7 0 National Archives
8 0 Within the States of New Mexico and Texas
9 0 The State Archives

10 0 The State Library
11 0 The City Libraries of population centers exceeding 15,000 within 150 mi
12 (241 kin) of the WIPP site
13 0 The state libraries of the remaining 48 states
14 * The local office of the Bureau of Land Management
15 0 The local office of the Bureau of Mines
16 0 The local office of the Bureau of Reclamation
17 0 The national library and national archives of the nations worldwide which
18 possess nuclear weapons and/or operate nuclear power generating plants
19 * The archive of the United Nations.20 0 The national archive/libraries of the signatory nations to the nuclear non-
21 proliferation treaty
22 0 The U.S. Nuclear Regulatory Commission
23 0 The 53 Federal Regional Depository Libraries

24 Location and hazards information should be submitted to various federal and State of
25 New Mexico mapping agencies to ensure that the WIPP location and drilling or mining
26 restrictions are identified on widely distributed maps used by almost all public and private
27 organizations. These agencies include:

28 0 Bureau of Land Management
29 0 U.S. Geological Survey
30 * Library of Congress
31 * National Archives and Records Service
32 0 Defense Mapping Agency
33 * International Boundary Commission
34 0 Federal Highway Administration
35 * New Mexico State Highway Department Planning and Research Division,
36 Cartography Section
37 0 One-Call System of notification of underground utilities

38 To ensure widespread location information of the WIPP site and the hazards associated.39 with the emplaced waste, detailed maps and descriptions of the hazardous material should
40 be sent to national and international professional societies of cartographers and
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1 geographers. Weitzburg (1982) suggests the following organizations and societies
2 receive this location and hazards information:

3 0 The American Congress on Surveying and Mapping
4 0 The American Society of Cartographers
5 0 The Commission for the Geological Map of the World
6 * The International Cartographic Association
7 0 The American Geographical Society
8 0 The Association of American Geographers
9 0 The International Geographical Union

10 * The Society of Women Geographers
I1 0 The American Geological Institute
12 * The American Geophysical Union
13 0 The American Society of Professional Geographers
14 0 The National Geographic Society
15 0 The Federal Aviation Administration
16 0 Mining, Oil, and Gas Professional Organizations

17 Many of the members of these various organizations are employed in secondary and
18 college education, providing an opportunity for this information to become more widely
19 disseminated among students during their formal education.

20 PMR.15.O QUALITY ASSURANCE

21 Quality Assurance (QA) and Quality Control (QC) discipline should be applied to a
22 number of aspects of the PM procurement and construction efforts.

23 The basic PM building materials are granite and possibly concrete and can be subjected to
24 QC inspection and testing to ensure that the final specifications for the materials and their
25 properties are met. In the case of the granite monoliths and the granite slabs for
26 fabrication of the storage rooms, the final products lend themselves to measurements and
27 evaluation of cutting tole-~ ices and alignment. If the final Storage Room design uses
28 granite instead of pourec crete, it will be prudent to have QC inspection at the quarry
29 for verification of config ion alignment and tolerances prior to shipping the massive
30 granite slabs and monuments. Similarly, the engraving of such a large quantity of letters
31 and characters to provide the messages in different languages will offer a unique
32 challenge to both the supplier and the DOE's QA program. For concrete work, the testing
33 techniques of individual pour characteristics is well established and can be applied where
34 applicable to support the PM construction effort.

35 Construction of the berms consisting of layers of materials and their compaction also
36 lends itself to QC inspection techniques developed for the construction of earthen dams.
37 Although permeability is not a concern for the PM berms, other testing and measuring
38 techniques can be applied for quantities of specified materials applied, required slopes,
39 degree of compaction, and overall dimensional requirements.
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@1 QAIQC will also be applied to the fabrication of the small warning markers. These
2 warning markers will be made of different materials to provide a higher level of
3 confidence that no single adverse material characteristic will render all of the small
4 warning markers ineffective over the prescribed 10,000-year design life required of the
5 PMS. Ceramic, granite, and fired clay warning markers will be utilized in the small
6 marker system.
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. 1 ATTACHMENT 1

2 MARKER SYSTEM COMPONENT COMPARISON
3 FOR TEAM A AND TEAM B OF
4 SANDIA'S EXPERT PANEL

5 TEAM A TEAM B

6 ARCHITECTURAL DESIGN

7 Mark area over panels plus possibly Mark area over panels only
8 buffer to potential radionuclide
9 migration distance

10 Multiple components to marker Multiple components to marker
I1I system system

12 9 large earthen berms * large earthen berms
13 9 monoliths (inscribed) * monoliths (inscribed)
14 9 message chambers for complex e message chambers for complex
15 information
16 * buried message disks (e.g., 9 buried message capsules (e.g.
17 clay, glass) clay, ceramics, glass, sintered alumina).18 0 world map of other nuclear disposal sites 0 world map of other nuclear disposal sites
19 * stone markers in the sealed * stone markers in the sealed
20 shafts and in the repository shafts

21 0 part of the WIPP surface 9 part of the WIPP surface facilities
22 facilities (e.g., hot cell) (e.g., the Hot Cell)
23
24 No sense of center ("nothing" is Attract to center to inform
25 there)

26 Progressively encounter higher Progressively encounter higher
27 levels of information from outside levels of information from outside
28 toward (but not at) center to center

29 LINGUISTICS

30 Less emphasis on pictographs Prominent role for pictographs

31 Use human facial expressions
32 (horror and sickness)

33 Use several languages Use several languages

34 Greater reliance on sense of Purely functional area; not
35 place artistic

36 Reliance on language Reliance on language.37 Accurately convey the risk Accurately convey the risk of
38 of intrusion (not an attempt intrusion (not an attempt to
39 to scare) scare)
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I TEAM A TEAM B

2 MATERIAL PROPERTIES

3 Use low-value materials Use low value materials

4 0 local materials for berms * local materials for berms
5 0 "common" rock for monoliths * "common" rocks for monoliths
6 (e.g., granite) (e.g., granite)

7 MESSAGE LEVELS

8 Five levels of messages Four levels of messages

9 Levels based on complexity of messages Levels based on complexity of messages

10

I11 OTHER MESSAGE MEDIA

12 Star map and celestial marker to Star map and celestial marker to
13 indicate time since closure indicate time since closure

14 Placement near the surface of Placement near the surface of
15 materials with magnetic and materials with magnetic and
16 electrical conductivity properties electrical conductivity properties
17 anomalous to those of the anomalous to those of the naturally/
18 naturally-occurring materials occurring materials in the area
19 in the area

20 Periodic table of the elements Periodic table of the elements and
21 diagrams of nuclear reactions

22 Aeolian structures

23 Models of the WIPP's surface Models of the WJPP' s surface
24 facilities, stratigraphy, shafts, facilities, stratigraphy, shafts,
25 and waste panels and waste panels

26 International radiation symbol International biohazard symbol used
27 used with test and other media with test and other media

28 OTHER MARKING COMPONENTS

29 Public information effort (current)

30 International standard for the basic International standard for the basic
31 design features for long-term marking design features for long-term

32 Testing for the longevity of markers Testing for the longevity of markers
33 and the interpretability of messages and the intepretability of messages
34 across cultures across cultures

35 Off-site archives Off-site archives
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1 ATTACHMENT 2

2 MESSAGES

3 LEVEL II MESSAGE:

4 1. 1 DANGER

5 2. POISONOUS RADIOACTIVE ? WASTE HERE

6 3. DO NOT DIG ORDRELL.

7 LEVEL III MESSAGE:

8 THESE STRUCTURES MARK AN AREA USED TO BURY RADIOACTIVE i

9 WASTES. THE AREA IS 0.41 BY 0.50 MI (0.66 BY 0.81 KM) AND THE WASTE IS
10 BURIED 0.41 MI (0.66 KM) DOWN. THIS PLACE WAS CHOSEN TO PUT THIS
11 DANGEROUS MATERIAL FAR AWAY FROM PEOPLE AND OTHER LIVING.12 THINGS. THE ROCK AND WATER IN THIS AREA MAY NOT LOOK, FEEL, OR
13 SMELL UNUSUAL, BUT MAY BE POISONED BY RADIOACTIVE '- WASTES.
14 WHEN RADIOACTIVE ti MATTER DECAYS, IT GIVES OFF INVISIBLE ENERGY
15 THAT CAN DESTROY OR DAMAGE PEOPLE, ANIMALS, AND PLANTS.

16 DO NOT DRILL HERE. DO NOT DIG HERE. DO NOT DO ANYTHING WITH THE
17 ROCKS OR WATER IN THE AREA.

18 DO NOT DESTROY THIS MARKER. THIS MARKING SYSTEM HAS BEEN
19 DESIGNED TO LAST 10,000 YEARS. IF THE MARKER IS DIFFICULT TO READ,
20 ADD NEW MARKERS IN LONGER-LASTING MATERIALS AND COPY THIS
21 MESSAGE IN YOUR LANGUAGE ONTO THEM.

22 FOR MORE INFORMATION, GO TO THE BUILDING FURTHER INSIDE THIS
23 MARKED AREA. THE SITE WAS KNOWN AS THE WIPP (WASTE ISOLATION
24 PILOT PLANT) SITE WHEN IT WAS CLOSED IN 2020 A.D.

25 LEVEL IV MESSAGE:

26 THIS PLACE IS A REPOSITORY WHERE RADIOACTIVE Vt WASTE HAS BEEN
27 BURIED. IT WAS DESIGNED TO ISOLATE DANGEROUS RADIONUCLIDES V
28 FROM HUMANS AND OTHER LIFE FORMS FOR A PERIOD OF AT LEAST 10,000.29 YEARS. THE REPOSITORY IS AT A DEPTH OF 2,148 FT (655 M) BELOW THIS
30 ROOM.
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1 DO NOT DRILL OR DIG AT THIS SITE, OR DO ANYTHING ELSE
2 THAT MIGHT DISTURB THE WATER OR ROCKS IN THIS AREA.
3 IF YOU DO, THERE IS DANGER THAT THE POISONOUS RADIOACTIVITY V
4 MAY COME TO THE SURFACE IN THE GROUNDWATER. IF THIS WATER IS USED
5 DIRECTLY BY HUMANS OR FOR GROWING FOOD OR FEEDING ANIMALS THAT
6 PRODUCE FOOD, HUMANS COULD SUFFER FROM THE DISEASE CANCER.
7 CANCER IS THE UNCONTROLLED GROWTH OF CELLS IN THE HUMAN BODY
8 AND CA4N RESULT FROM THE DAMAGE TO CELLS CAUSED BY THE ENERGY
9 FROM DECAYING RADIOACTIVE V MATERIALS. IT SOMETIMES TAKES MANY

10 YEARS FOR THE SICKNESS AND DEATH DUE TO CANCER TO BECOME
11 EVIDENT. IF YOU SUSPECT THAT RADIOACTIVITY V MAY HAVE REACHED
12 THE SURFACE, CHECK THIS SITE FOR (1) FAILED SEALS IN THE SHAFTS OF THE
13 ORIGINAL REPOSITORY AS SHOWN ON DIAGRAMS 1 AND 2 AND (2)
14 DRILLHOLES OR MINE SHAFTS THAT MAY HAVE PROVIDED A MEANS FOR
15 ESCAPE OF THE RADIOACTIVITYT.

16 THIS REPOSITORY WAS CONSTRUCTED DURING THE PERIOD AD 1985 TO 1998,
17 WAS FILLED WITH WASTE FROM 1998 TO 20.., AND HAS BEEN SEALED IN 20..
18 THIS IS A MAJOR EFFORT BY HUMANS TO ATT'EMPT A LONG-TERM SOLUTION
19 TO THE PROBLEM OF RADIOACTIVE V WASTE DISPOSAL, FOR WE BELIEVE
20 THAT WE HAVE AN OBLIGATION TO PROTECT FUTURE GENERATIONS FROM
21 THE HAZARDS THAT WE HAVE CREATED. THIS REPOSITORY IS KNOWN AS
22 THE WASTE ISOLATION PILOT PLANT AND HAS BEEN BUILT AND OPERATED
23 BY THE GOVERNMENT OF THE UNITED STATES OF AMERICA. THE LONG-
24 TERM RADIOACTIVE V WASTES BURIED HERE CONSIST OF RADIONUCLIDES? /
25 WITH ATOMIC NUMBERS GREATER THAN 92, HALF-LIVES EXCEEDING 20
26 YEARS, AND CONCENTRATIONS EXCEEDING 3700 NUCLEAR DISINTEG-
27 RATIONS PER GRAM PER SECOND (A GRAM IS THE MASS OF THREE HUNDRED
28 THOUSANDS OF A FOOT (ONE MILLIONTH OF A CUBIC METER) OF WATER,
29 AND THERE ARE 31,600,000 SECONDS IN A YEAR, THE ORBITAL PERIOD OF THE
30 EARTH).

31 THE INFORMATION IN THIS ROOM IS THE MOST DETAILED ON THE SITE.
32 OTHER ROOMS IDENTICAL TO THIS ONE ARE LOCATED UNDERGROUND, BUT
33 WE URGE YOU TO KEEP THE ROOMS INTACT AND BURIED AS THEY ARE, SO
34 THAT THEY MAY BE PRESERVED FOR FUTURE GENERATIONS. IF THE
35 LANGUAGES AND DIAGRAMS IN THIS ROOM ARE DIFFICULT FOR YOU TO
36 UNDERSTAND, WE URGE YOU TO ADD NEW TRANSLATIONS OF OUR TEXTS
37 FOR THE BENEFIT OF FUTURE GENERATIONS. THIS SHOULD BE DONE FOR
38 TEXTS IN THIS ROOM AND THROUGHOUT THE SITE; ALSO ADD NEW
39 MARKERS AND OTHER STRUCTURES IF NECESSARY TO MAINTAIN THE
40 MARKING SYSTEM IN GOOD, EFFECTIVE CONDITION. HOWEVER, DO NOT
41 DEFACE OR REMOVE THE ORIGINAL TEXTS, DIAGRAMS, OR MARKERS, FOR
42 THEY WILL REMAIN VALUABLE TO FUTURE PERSONS TRYING TO
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1 UNESTN YOUR OWN TRANSLATIONS AND ADDITIONS. IF YOU WANT
2 MOE IFORATIN THN I AVILALE I THS ROMSEARCH IN

3 HISTORICAL AND ARCHAEOLOGICAL LIBRARIES, MUSEUMS, AND ARCHIVES
4 APPROPRIATE TO OUR TIME.

5 THE SALT BED AT THIS SITE AT A DEPTH OF 2,148 FT (655 M) IS ABOUT 220
6 MILLION YEARS OLD AND IS CONSIDERED VERY STABLE ON A TIE-SCALE
7 OF 10,000 YEARS AGAINST GEOLOGICAL EVENTS SUCH AS EARTHQUAKES
8 AND VOLCANISM. DIAGRAM 4 SHOWS THE GEOLOGICAL STRATA AT THIS
9 SITE AND THE LOCATION OF THE REPOSITORY. SALT IS CONSIDERED A GOOD

10 MEDIUM FOR THE PERMANENT STORAGE OF THESE WASTES BECAUSE ITS
11 PRESENCE INDICATES A LACK OF CIRCULATING GROUNDWATER, ITr IS EASY
12 TO MINE, AND IT IS MOBILE IN THE SENSE THAT IT RELATIVELY QUICKLY
13 SEALS ANY FRACTURES OR VOIDS, SUCH AS THOSE OF A WASTE
14 REPOSITORY. THE SITE IS ALSO CONSIDERED ACCEPTABLE IN THAT FEW
15 RESOURCES ATTRACTIVE FOR EXTRACTION ARE KNOWN IN THE VICINITY.
16 THE MAIN SUCH RESOURCES KNOWN IN THIS REGION ARE POTASH, OIL, AND
17 SOME NATURAL GAS. THE SITE ALSO IS NOT ASSOCIATED WITH ANY
18 POTABLE AQUIFER AND HAS A VERY DRY CLIMATE (1 FT [0.3 M] OF RAIN PER
19 YEAR); MOREOVER, WE EXPECT THE CLIMATE TO REMAIN DRY OVER THE. 20 NEXT 10,000 YEARS.

21 THE REPOSITORY AS CONSTRUCTED CONSISTED OF A SERIES OF ROOMS
22 CARVED OUT OF THE SALT, EACH ABOUT 33-FT BY 13-FT (10-M WIDE BY 4-M)
23 HIGH BY 330-FT (100-M) LONG. THE ROOMS COVERED A TOTAL AREA OF
24 APPROXIMATELY 2,050 BY 2,624 FT (625 BY 800 M) AND WERE ACCESSED BY
25 A WASTE SHAFT APPROXIMATELY 23 FT (7 M) IN DIAMETER AND ACCESS
26 DRIFTS WITH CROSS SECTIONS OF APPROXIMATELY 26-FT BY 13-FT (8-M BY
27 4-M), DIAGRAM 1. OTHER SHAFTS WERE PROVIDED FOR REMOVAL OF SALT,
28 ANT) FOR AIR INTAKE AND EXHAUST. ALTOGETHER OVER 800,000 BARRELS,
29 EACH OF VOLUME OF 7.1 FT 3 (0.2 M3), WERE BROUGHT TO THIS SITE IN ABOUT
30 20,000 TRUCK SHIPMENTS. THE AVERAGE MASS OF A BARREL IS .... GRAMS.
31 THE BARRELS CONTAIN MOSTLY ORDINARY ITEMS THAT BECAME
32 RADIOACTIVE V AT SOME STAGE IN THE DEVELOPING, TESTING,
33 CONSTRUCTING, AND RENEWING OF NUCLEAR WEAPONS. BURIED ITEMS
34 INCLUDE RAGS, CLOTHING, BAGS, AND CONTAINERS; THESE ARE MADE OF
35 FABRICS, PLASTIC, GLASS, AND METAL. THERE ARE ALSO COMPLEX
36 MACHINES SUCH AS MOTORS, HAND TOOLS, AND MACHINE TOOLS. ABOUT
37 60 PERCENT OF THE RADIOACTIVE V WASTE ALSO CONTAINS HAZARDOUS
38 CHEMICAL WASTES SUCH AS LEAD, CADMIUM, CHROMIUM, BARIUM,
39 METHYLENE CHLORIDE (CH 2C12), AND TOLUENE (C6H5CH3). MOST OF THE
40 RADIOACTIVE V WASTE HAS MINIMAL EMISSIONS OF GAMMA RAYS, BUT. 41 ABOUT 3 PERCENT HAS ENOUGH GAMMA-RAY EMISSION THAT IT HAD TO BE
42 REMOTELY HANDLED AT ALL STAGES, WITH HUMANS WELL REMOVED FROM
43 THE BARRELS. THE ESTIMATED AMOUNT AT THE TIME OF BURIAL OF THE
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I MAJOR RADIONUCLIDES V BURIED HERE IS: NEPTUTNIUM-237 (... GRAMS,
2 EACH WITH .. NUCLEAR DIS INTEGRATIONS PER SECOND, HALF-LIFE OF
3 2,100,000 YEARS); PLUTONIUM-238 (... GRAMS, EACH WITH ... NUCLEAR
4 DISINTEGRATIONS PER SECOND, HALF-LIFE OF 88 YEARS); PLUTTONIUM-239 ( ...

5 GRAMS, EACH WITH ... NUCLEAR DISINTEGRATIONS PER SECOND, HALF-LIFE
6 OF 24,000 YEARS) ; PLUTONIUM-240 (... GRAMS, EACH WITH ... NUCLEAR
7 DISINTEGRATIONS PER SECOND, HALF-LIFE OF 6,500 YEARS); AMERICIUM-241
8 (... GRAMS, EACH WITH ... NUCLEAR DISINTEGRATIONS PER SECOND, HALF-
9 LIFE OF 432 YEARS); AMERICIUM-243 (... GRAMS, EACH WITH ... NUCLEAR

10 DISINTEGRATIONS PER SECOND, HALF-LHr. OF 7,380 YEARS); CURIUM-244 ( ...

11 GRAMS, EACH WITH ... NUCLEAR DIS INTEGRATIONS PER SECOND, HALF-LIFE
12 OF 18); AND URANIUM-233 (... GRAMS, EACH WITH ... NUCLEAR
13 DISINTEGRATIONS PER SECOND, HALF-LIFE OF 158,000 YEARS). WE ESTIMATE
14 THAT AFTER 10,000 YEARS THE TOTAL NUMBER OF DISINTEGRATIONS IN THE
15 BURIED WASTE HERE WILL BE REDUCED TO ... PER SECOND, WHICH MEANS
16 THAT SOMEONE STANDING NEXT TO THIS WASTE WOULD ENCOUNTER A
17 LEVEL OF RADIOACTIVITY Vt CORRESPONDING TO .. PERCENT OF THE
18 NATURAL BACKGROUND AT THE SURFACE, OR ABOUT THE AMOUNT
19 CORRESPONDING TO TYPICAL URANIUM ORE. DIAGRAM 5 IS A PERIODIC
20 TABLE OF THE ELEMENTS, WITH THE RADIOACTIVE Vt ELEMENTS INDICATED
21 BY THE INTERNATIONAL "RADIOACTIVITY HAZARD" SYMBOL "'r" THAT HAS
22 BEEN USED IN OUR TIME SINCE 1950. ELEMENTS WITH A LARGE AMOUNT OF
23 RADIONUCLIDES 'r BURIED HERE ARE ALSO MARKED WITH A "N" THAT
24 MEANS "RADIOACTIVE t WASTE BURIED HERE"; THESE SYMBOLS ARE THEN
25 CONNECTED BY LINES TO THE REPOSITORY, SEE DIAGRAM 1. THESE TWO
26 SYMBOLS HAVE ALSO BEEN USED WIDELY ELSEWHERE IN OUR MARKING
27 SYSTEM. NONRADIOACTIVE, CHEMICALLY TOXIC ELEMENTS BURIED HERE
28 ARE INDICATED WITH A CIRCLE ON DIAGRAM 5. A DOWNWARD-POINTING

29 IN A TRIANGLE IS USED IN THE MARKING SYSTEM TO INDICATE THAT
30 "BIOHAZARD MATERIAL IS BURIED HERE".

31 AFTER EACH ROOM WAS FILLED WITH BARRELS OF WASTE, THE REMAINING
32 SPACE WAS THEN COMPLETELY FILLED WITH SALT. GROUPS OF SEVEN
33 ROOMS WERE EACH SEALED WITH CEMENT PLUGS AND RECONSOLIDATED
34 SALT. UPON COMPLETE FILLING OF THE REPOSITORY IN AD 2020 EACH OF
35 THE FOUR SHAFTS TO THE SURFACE WAS SEALED WITH A SERIES OF
36 MATERIALS, DIAGRAM 2, TOPPED BY A CONCRETE CAP ..M THICK. THE
37 WASTE ROOMS ARE EXPECTED TO COLLAPSE FROM THE WEIGHT OF ROCK
38 ABOVE THEM WITHIN 100 YEARS AND THE STEEL BARRELS WILL BREAK. THE
39 SALT IS EXPECTED TO PREVENT THE RADIONUCLIDES Vt FROM ESCAPING TO
40 THE SURFACE; THE EXPECTED OUTWARD DIFFUSION INTO THE SALT IS ONLY
41 .. METERS PER YEAR. WE BELIEVE THAT THE GREATEST POSSIBILITY FOR
42 RADIONUCLIDES 'r TO MAKE THEIR WAY TO THE SURFACE IS THROUGH
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. 1 HUMAN INTRUSION, AND HENCE WE HAVE DESIGNED AND BUILT THIIS
2 ELABORATE MARKING SYSTEM TO WARN YOU OF THE DANGERS. DO NOT
3 DRILL OR DIG AT THIS SITE, DO NOT DO ANYTHING ELSE
4 THAT MIGHT DISTURB THE WATER OR ROCKS IN THIS AREA.
5 WE BELIEVE THAT THE MOST LIKELY TYPE OF ACCIDENTAL INTRUSION IS
6 DRILLING A HOLE THAT PENETRATES BOTH THE SITE AND THE SALTY WATER
7 FOUND AT SOME LEVELS ABOVE AND BELOW THE REPOSITORY. THIS WATER
8 MAY THEN BECOME CONTAMINATED AND REACH THE SURFACE THROUGH
9 THE DRILLHOLE.

10 A DETAILED MAP OF THE MARKER SYSTEM IS GIVEN IN DIAGRAM 6. THE
11 ALIGNMENTS SHOWN ON THE MAP TOWARD THE AZIMUTH ANGLES OF 110
12 DEGREES, 160 DEGREES, 66 DEGREES, AND 42 DEGREES CORRESPOND TO THE
13 LOCATIONS WHERE THE FOUR BRIGHTEST STARS NOW VISIBLE FROM THIS
14 SITE RISE: SIRIUS, CANOPUS, ARCTURUS, AND VEGA. BECAUSE OF
15 PRECESSION OF THE POLES, THESE STAR-RISE LOCATIONS CONSTANTLY
16 CHANGE AND THUS A MEASUREMENT OF THESE ALIGNMENTS ALLOWS AN
17 ACCURATE DATING OF THIS SITE.

18 IN ORDER TO INCREASE THE CHANCES OF SUCCESSFUL TRANSMISSION, THE. 19 DETAILS OF THE MESSAGE HAVE BEEN GIVEN MANY DIFFERENT,
20 REDUNDANT FORMS, IN MATERIALS, LOCATIONS, LANGUAGES, GRAPHICS,
21 AND AMOUNT OF DETAIL. MOST COMMON IS THE APPROXIMATELY 10-WORD
22 BASIC MESSAGE FLANKED BY TWO HUMAN FACES, WHICH WE BELIEVE WILL
23 CARRY FOR DISTANT FUTURE GENERATIONS THE SAME EFFECT AS FOR US.

24 THE ONE ON THE LEFT CONVEYS HORROR AND TERROR AND THE

25 ONE ON THE RIGHT CONVEYS THE PRESENCE OF SOMETHING NAUSEOUS OR

26 POISONOUS i4--.IN THIS MESSAGE THE INTERNATIONAL

27 -RADIOACTIVITY HAZARD" SYMBOL V IS ALSO INTRODUCED BY PLACING IT
28 NEXT TO THE WORD "RADIOACTIVE" V WITH AN ARROW BELOW IT POINTING
29 DOWNWARDS, TO INDICATE THAT THE RADIOACTIVITY Vt IS BELOW THE
30 GROUND, NOT ON THE SURFACE. THIS AND ALL OTHER MESSAGES ARE
31 GIVEN IN THE FOLLOWING SIX LANGUAGES, WHICH ARE THE OFFICIAL
32 LANGUAGES OF THE UNITED NATIONS ORGANIZATION: CHINESE, RUSSIAN,. 33 ENGLISH, SPANISH, ARABIC, AND FRENCH. WE ALSO GIVE THESE MESSAGES
34 IN NAVAJO.
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1 THE NEXT TYPE OF MESSAGE IS ENGRAVED LESS FREQUENTLY ON THE SITE
2 AND IS MORE DETAILED THAN THE BASIC MESSAGE DESCRIB3ED ABOVE, BUT
3 STILL DOES NOT ASSUME ANY SCIENTIFIC KNOWLEDGE ABOUT
4 RADIOACTIVITY ".. IT IS FLANKED BY TWO DIAGRAMS. THE ONE ON THE
5 LEFT IS A PERSPECTIVE, SCALE VIEW OF THE REPOSITORY IN RELATION TO
6 THE SURFACE AND ITS MARKJNG SYSTEM; THIS IS A SIMPLER VERSION OF
7 DIAGRAM 1. IT ALSO SHOWS WITH AN ARROW WHERE THE READER IS
8 LOCATED. THE RIGHT DIAGRAM 3 SHOWS THE PATH OF THE NORTH
9 CELESTIAL POLE THROUGH THE SKY DUE TO THE PRECESSION OF THE

10 EARTH'S AXIS OF ROTATION. BRIGHT STARS ARE INDICATED BY CIRCLES
11 (THE BRIGHTEST STAR, ON THE LEFT, IS VEGA) AND PORTIONS OF OUR
12 CONSTELLATIONS URSA MINOR, DRACO, ANT) CYGNUS ARE SHOWN BY
13 DASHED LINES CONNECTING STARS. THE ]ILLUSTRATED SECTION OF ARC
14 CORRESPONDS TO THE PERIOD FROM AD 2020, WHEN THE POLE WAS CLOSE
15 TO THE STAR POLARIS AND REPOSITORY WAS SEALED, TO AD 12,000, WHEN
16 THE POLE WILL BE IN CYGNUS. THE FACES AT THE TWO EPOCHS EXPRESS
17 DIFFERING EMOTIONS ABOUT THE SAFETY OF INTRUDING INTO THE
18 REPOSITORY, AND THE SEQUENCE OF "RADIOACTIVE WASTE BURIED HERE"
19 SYMBOLS V OF DIMINISHING SIZE EXPRESSES THE DIM[INISHING AMOUNT OF
20 RADIOACTIVITYV PRESENT IN THE REPOSITORY AS 10,000 YEARS PASS. THE
21 LEVEL OF RADIOACTIVITY V IN THE WASTE DECREASES OVER TIME, BUT IT
22 WILL NOT ALL BE GONE AFTER 10,000 YEARS. IF YOU HAVE ACCURATELY
23 OBSERVED THE CHANGING POSITION OF THE POLE IN YOUR OWN TIME, THIS
24 DIAGRAM SHOWS YOU HOW TO DETERMINE THE DATE OF THE SEALING OF
25 THIS REPOSITORY REASONABLY ACCURATELY EVEN IF YOU DO NOT
26 UNDERSTAND THE "AD" (ANNO DOMINI) NOTATION USED FOR GREGORIAN
27 CALENDAR DATES IN THIS MESSAGE. IN OTHER CALENDARS OF OUR TIME,
28 THE END OF THE YEAR AD 2020 OCCURS DURING THE FOLLOWING YEARS:
29 7529 IN THE BYZANTINE CALENDAR, 5781 IN THE JEWISH CALENDAR, 1441 IN
30 THE ISLAMIC CALENDAR, AND 4718 IN THE CHINESE CALENDAR. IT ALSO
31 OCCURS ON JULIAN DATE 2459275. THIS RADIOACTIVE WASTE REPOSITORY
32 AND MARKER SYSTEM IS IN FACT ONLY ONE OF MANY CONSTRUCTED ALL
33 OVER THE EARTH; DIAGRAM 7 SHOWS A MAP OF THE WORLD WITH THE
34 WASTE SITES INDICATED BY THE "RADIOACTIVE WASTE BURIED HERE"
35 SYMBOL?". IN ORDER TO LOCATE THESE SITES MORE ACCURATELY, EACH
36 SYMBOL ON THE MAP HAS BEEN LOCATED WITH A NUMBER THAT CAN ALSO
37 BE FOUND LABELING TWO DOTS FOUND IN DIAGRAM 8. EACH DOT ON THE
38 CIRCUMEFERENCE OF THE OUTER CIRCLE GIVES THE LONGITUDE OF ANOTHER
39 WASTE SITE RELATIVE TO THE LONGITUDE OF THIS SITE; THIS RELATIVE
40 LONGITUDE IS EQUAL TO THE ARC TRAVERSED FROM THE DOT LABELED 0 AT
41 THE TOP (WHICH CORRESPONDS TO THIS SITE), DOTS TO THE RIGHT
42 REPRESENT SITES TO THE EAST. IN A SIM[ILAR MANNER, THE INNER PARTIAL
43 CIRCLE GIVES THE RELATIVE LATITUDE OF A SITE, WHICH IS EQUAL TO THE
44 ARC TRAVERSED FROM THE DOT LABELED 0. DOTS ON THE UPPER SIDE ARE
45 SITES TO THE NORTH. THE FABRICATION OF THESE PANELS (ACCURACY OF
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. 1 0.039 IN. [1 MM]) HAS BEEN SUCH THAT WE BELIEVE THAT YOU CAN
2 DETERMI1NE THE LOCATION OF ALL OTHER RADIOACTIVE V WASTE SITES
3 FROM OUR TIME TO AN ACCURACY OF ABOUT 2.5 MI (4 KM). WE URGE YOU
4 TO CHECK THESE LOCATIONS AROUND THE WORLD AND MAKE CERTAIN
5 THAT THE MARKINGS SYSTEMS FOR THESE OTHER MARKING SYSTEMS ARE
6 IDENTICAL TO THOSE HERE. THE INTERNATIONAL STANDARD FOR THESE
7 MARKING SYSTEMS CAN BE SUMMARIZED THUS:

8 "EACH SITE MUST (1) DISPLAY ITS BASIC WARNING MESSAGES IN AT
9 LEAST THE FOLLOWING LANGUAGES: CHINESE, RUSSIAN,

10 ENGLISH, SPANISH, FRENCH AND ARABIC; (2) PROM[INENTLY
I1I DISPLAY THE SYMBOL FOR INTERNATIONAL RADIOACTIVE WASTE
12 BURIAL V'; (3) DISPLAY IN A PROTECTED CHAMBER A WORLD MAP
13 OF ALL DISPOSAL SITES, TOGETHER WITH A STANDARD DIAGRAM
14 THAT GEOMETRICALLY ALLOWS THEIR LOCATION TO AN
15 ACCURACY OF AT LEAST 3 MI (5 KM[); AND (4) INCLUDE EARTHEN
16 BERMS TO DELINEATE THE DISPOSAL AREA WITH HEIGHTS OF AT
17 LEAST 5 MI (10 M)."
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I ATTACHMENT 3

2 STORAGE ROOM LOCATION

3 THE INFORMATION YOU HAVE READ HERE IN THE INFORMATION CENTER
4 HAS BEEN DUPLICATED IN TWO OTHER LOCATIONS. THERE ARE TWO BURIED
5 ROOMS 443 FT (135 M) TO THE EAST AND WEST OF THE INFORMATION CENTER
6 ON A LINE PASSING THROUGH THE INFORMATION CENTER AND DIVIDING THE
7 SITE IN HALF ALONG ITS MAJOR AXIS. EACH OF THESE BURIED ROOMS
8 CONTAINS THE SAME INFORMATION YOU HAVE FOUND HERE. THE
9 CONSTRUCTION OF THE ROOMS IS VERY SIMILAR TO THE INFORMATION

10 CENTER. THE BURIED LOCATIONS ARE MARKED BY PERMANENT MAGNETS
I1I AT EACH LOCATION. THESE ROOMS WERE PLACED APPROXIMATELY 23 FT
12 (7 M) BELOW THE SURFACE WHEN ORIGINALLY BURIED. DO NOT EXPOSE
13 THESE ROOMS UNLESS THE INFORMATION PRESENTED IN THIS CENTER HAS
14 BECOME WEATHERED OR OTHERWISE OBLITERATED BEYOND RECOVERY.
15 LEAVE THE BURIED ROOMS FOR FUTURE GENERATIONS. IF THE BURIED
16 ROOMS HAVE BECOME EXPOSED, PROTECT THEM BY ADDITIONAL COVER-
17 ING.

18 TRANSLATION OF THE ENGLISH VERSION OF THE
19 LEVEL 11, 111, AND IV MESSAGES INTO
20 ARABIC, CHINESE, FRENCH, SPANISH, RUSSIAN,
21 AND NAVAJO WILL BE COMPLETED DURING THE
22 FINAL DESIGN PHASE AND SUBJECTED TO TESTING
23 AMONG INDIGENOUS PEOPLE PRIOR TO FINALIZATION.
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. POLICY STATEMENT

The mission of the Carlsbad Area Office (GAO) is to protect human health and the
Ienvironment by opening and operating the Waste Isolation Pilot Plant (WIPP) for safe
disposal of transuranic (TRU) waste, and establishing an effective system for
management of TRU waste from generation to disposal.

To help in fulfilling this mission and to ensure that the risks and environmental impacts
are identified and minimized, and that safety, reliability, and performance are optimized,
it is the policy of the GAO to establish, implement, and maintain an effective quality
assurance (QA) program that supports compliance with applicable Federal, State, and
local regulations, and U.S. Department of Energy (DOE) Orders and requirements.

Further, it is the intent of the GAO to establish a culture and work environment that
Iencourages setting and maintaining effective standards, identifying and resolving
problems, emphasizing a continual pursuit of improvement, and fostering mutual
respect and effective communication within the GAO, and among its participants, their
suppliers, the public, and other stakeholders.

The CAC Quality Assurance Program Document (QAPD) establishes QA program

Irequirements for all programs, projects, and activities sponsored by the GAO. The GAO
Iand organizations supporting the GAO shall implement the applicable requirements of

W I this QAPO within their systems for management and control of these activities.

IIt is the responsibility of all personnel assigned to GAO sponsored activities to achieve
Iquality, identify problems, and recommend improvements. Line organizations define,
achieve, and verify quality; recommend and promote improvements in the quality of
items and process; and identify, document, and resolve problems. GAO management
establishes and cultivates principles and practices that integrate QA program
requirements and performance standards into their management approach and control

Isystems. GAO management additionally, provides personnel performing work with the
Iproper qualifications, training, resources, oversight, and support to achieve the GAO
organizational and mission objectives.

The GAO QA Program requirements, as described in this QAPD, have my full
Iendorsement and complete support. Implementation of the applicable QAPD
Irequirements, responsibilities, and authorities is mandatory for all GAO personnel.

In support of this Policy Statement, all GAO personnel are expected to demonstrate
their personal commitment to the achievement of quality through their active
involvement in the implementation of the GAO QA Program.

Itt'
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. CHANGE HISTORY

Revision: Changes to the OAPD

1 The QAPD has been substantially rewritten, the structure has been reorganized
and the content supplemented to transition from a GAO internal requirements
and participant guidance document to a GAO "program-wide" requirements
document. The document elements that defined the extent of applicability
regarding specific QA program requirements have been clarified through the
identification of "general" and "additional" requirements. Requirements for the
grading of management controls have been clarified and more fully developed.
The requirement for SNL and WID QAPDs was deleted. A requirement was
added for each organization to prepare, submit for review, and maintain a QA
implementing procedures matrix. Revisions were made to incorporate all the
requirements of 40 CER Part 194; ANSINCSL Z540-1; and stakeholder
comments. The use of the terms "will" and "shall" are interchangeable and
denote requirements. Editorial changes were made throughout.

Oi%,
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. 1 - INTRODUCTION

The GAO QAPD is the document that describes and establishes the GAO QA Program.
IThe provisions of this QAPD apply to all programs and projects managed by the GAO.
This document serves to identify the sources of all applicable QA program requirements.

IThe subject requirements are based on criteria contained, or incorporated by reference,
in documents such as 10 GER Part 830, Nuclear Safety Management, 40 CFR Part 194,
Criteria for the Certification and Re-Certification of the Waste Isolation Pilot Plant's
Compliance with the 40 CFR Part 191 Disposal Regulations; DOE Order 5700.6C, Quality
Assurance; and the DOE-EM Quality Assurance Requirements and Description Document
(QARD). Table 1-1 lists applicable QA program source documents. These documents
have been placed into one of three categories:

A. Regulatory documents, including those incorporated by reference, that define the
requirements necessary for the Waste Isolation Pilot Plant (WIPP) to be granted a
certificate of compliance by the federal government and permit(s) by state
governmental agencies to dispose of TRU and mixed-TRU wastes in the WiPP
repository, or that define requirements applicable to the management of the W IPP as
a DOE non-reactor nuclear facility.

B. Commitment documents that are imposed by DOE management.

IC. Guidance documents that provide additional information, useful in the development
and implementation of the GAO QA Program.

IThe purpose of the QAPD is to describe the applicability and requirements of the GAO QA
Program as applied within the GAO management infrastructure. In this context, the

Imanagement infrastructure includes all GAO Program participants (e.g. Sandia National
Laboratories (SNL), as Science Advisor; Westinghouse Waste Isolation Division (WID), as

Ithe Management and Operating (M&O) Contractor of the WIPP; and various DOE
organizations and contractors performing work under the cognizance of the GAO). This

Iprogram is developed and maintained through an ongoing process that selectively applies
Ithe varied QA program criteria. This process provides due consideration to: the extent of
Isource requirement applicability; a g raded-app roach; available guidance; and the current
foreseeable activities expected to be performed under the cognizance of GAO.

The requirements in this QAPD are based on the principle that work shall be planned,
documented, performed under controlled conditions, and periodically assessed to
establish work item quality and process effectiveness and to promote improvement.
Management and line personnel are responsible for planning, achieving, verifying, and
assessing quality and promoting continuous improvement. This QAPD further
delineates the quality contributions expected of all personnel and encourages their

Iactive participation in implementing the GAO QA Program.
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Table 1-1 QA PROGRAM SOURCE DOCUMENTS

[ REGULATORY REQUIREMENTS DOCUMENTS jTITLE
10OCFR Part 71, Subpart H Packaging and Transportation of Radioactive

Material, Quality Assurance

10 CFR Part 830 Nuclear Safety Management

40 CFR Part 194 Criteria for the Certification and Re-Certif ication
of the Waste Isolation Pilot Plant's Compliance

______________________________________ with the 40_CFRPart_191_DisposalRegulations

40 CFR Part 261 Identification and Listing of Hazardous Waste

40 CFR Part 268.6 Land Disposal Restrictions

ASME NQA-1 -1 989 Quality Assurance Program Requirements for
(incorporated by reference in 40 CFR Part 194) Nuclear Facilities

ASME NQA-2a- 1990 addenda, Part 2.7 Quality Assurance Requirements of Computer
(incorporated by reference in 40 CFR Part 194) Software for Nuclear Facility Applications

ASME NQA-3-1 989 Quality Assurance Program Requirements for
excluding Section 2.1 (b) and © and Section 17.1 the Collection of Scientific and Technical

Information for Site Characterization of High-
(incorporated by reference in 40 CFR Part 194) Level Nuclear Waste Repositories

NUREG-1297(1988) Peer Review for High-Level Nuclear Waste
(incorporated by reference in 40 CFR Part 194) Repositories

[ COMMITMENT DOCUMENTS 1TITLE
DOE Order 5700.6C Quality Assurance

DOE-EM QARD U. S. Department of Energy - Office of
Environmental Management (EM) Quality
Assurance Requirements and Description

_______________________________________ Document

ANSI/NCSL Z540-1 General Requirements for Calibration
Laboratories and Measuring and Test
Equipment

GUIDANCE DOCUMENTS ITITLE
DOE Order 5700.6C, Attachment 1 Quality Assurance Program Implementation

Guide

DOE, Division of Nuclear Safety, G-830.120 Implementation Guide for use with 10 CFR Part
83.2 uality Asurance

NUREGIBR-0167 (1993) Software Quality Assurance Program and
Guidelines
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@1SECTION 1 -MANAGEMENT REQUIREMENTS

I This section describes the fundamental elements related to the organization and
I management of the GAO QA Program, as well as the fundamentals to be applied in
I managing the work of the CAO.

1.1 ORGANIZATION AND QUALITY ASSURANCE PROGRAM

I This section describes the GAO organizational structure, primary interfaces, functional
I responsibilities, and levels of authority established to develop and implement the GAO
I QA Program. In addition, this section describes the basic elements of the QA Program
I and their applicability.

1.1.1 Organization

Effective implementation of the GAO QA Program is dependent on the efforts at all
I levels of the GAO and participant organizations. The GAO organization is structured

such that the individual performing the work is responsible for achieving and
I maintaining quality. Management is responsible for defining quality, developing
I appropriate plans to attain quality, providing support of the workers in pursuit of quality,
I and verifying quality achievement. The QA Manager is responsible for defining,

* I integrating, and ensuring effective implementation of the GAO QA Program.

I The GAO Organization Ghart is shown in Figure 1 -1.

1.1.1.1 CAO Manager

I The GAO Manager reports to the Assistant Secretary, Environmental Management,
I (EM-i) and has overall responsibility for the GAO QA Program. The GAO Manager is
I responsible for approving this QAPD and for maintaining an organizational environment
I conducive to the effective implementation of the GAO QA Program. Authority for
I execution of the GAO QA function, including the verification of effective implementation,

is delegated to the GAO QA Manager.

1 1.1.1.2 CAO Management

A. GAO management has overall responsibility for the successful accomplishment of
I the GAO objectives. GAO management provides the necessary planning,
I organization, direction, control, resources, and support to achieve the GAO mission

I objectives. Management is responsible for planning, performing, assessing, and
I improving the work. For a description of the GAO Management system, see GAO
I operational plan, WIPP/GAO-95-1 127.

I CAO OAPD Rev. 1.01-



CAO Organization Chart

Office of CAO Manager

-Administrative Assistant
*Legal Counsel
-NEPA Compliance Officer
Executive Officer Ofieo Pubil Affairs

______________________________________ Team
(External Relations)
(Institutional Programs)

Office of Program Office of Regulatory Office of National TRU
Support and Assurance Compliance Waste Operations

- Administrative Team -National TRU Program
(Program Analysis) -Compliance Team Team
(Information Mgmt) (Environmental (Waste Characterization)
(Training Admin) Compliance) (Technology Develpmt)

- Contracts/Budget Team (Performance (Transportation)
-Assurance Team Assessment) (RH TRU)

(Facilities) Experimental Programs WIPP Site Team
(Safety & Occupational Team (Mine Operations)

Health) (R & D Programs) (Facility Operations)
(Environmental Prcgr) (Experimental Test (Health Physics)

* QAanaer Pogrms)(Security)

Figure 1-1

I B. GAO management is responsible for establishing and implementing policies, plans,
I and procedures that control the quality of work, consistent with the provisions of this
I QAPO.

C. GAO management has various QA responsibilities that include:

1. ensuring that adequate technical and QA training is provided for personnel

I performing activities important to the satisfaction of GAO objectives;

2. ensuring compliance with all applicable regulations, DOE orders and

I requirements applicable to GAO programs, and applicable state and local laws;

3. ensuring that personnel adhere to procedures for the generation, identification,

control, and protection of QA records;

1 4. exercising the authority and responsibility to stop unsatisfactory work such that
cost and schedule do not override environmental, safety, or health
considerations;
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5. developing, implementing, and maintaining plans, policies, and procedures that

* I implement this QAPO; and

6. identifying, investigating, reporting, and correcting quality problems.

D. Quality achievement is the responsibility of those performing the work. Members of
GAO management are responsible for the achievement and verification of quality in
their area. GAO management shall identify the responsibilities and authorities of
those organizational line management positions responsible for achieving and
verifying quality.

E. GAO management empowers employees by delegating authority and decision
making to the lowest appropriate level in the organization.

I1.1.1.3 CAO Employees

I Each GAO employee, including contractor personnel working to GAO procedures, is
I responsible for the quality of his or her work and for promptly reporting all existing,
I developing, or potential conditions adverse to quality to the responsible management
I for evaluation and action.

1 1.1.1.4 CAO QA Manager

* The GAO QA Manager has the authority and overall responsibility to independently
* I assess the effective implementation of the GAO QA Program, both within the GAO

I organization, and participant organizations.

A. Additional authorities and responsibilities of the QA Manager include the following:

1 1 . scheduling and conducting QA assessments;

2. maintaining liaison with participant QA organizations and other affected
organizations;

1 3. preparing, as appropriate, and reviewing internal procedures that implement the
I provisions of this QAPD;

1 4. reviewing and approving, with line management concurrence, supplier and sub-
I tier participant QA plans;

1 5. tracking, performing trend analysis, and reporting quality problem areas; and

1 6. providing for the administrative processing of documentation concerning
I conditions adverse to quality.

* I B. TheGCAOQA Manager shall:

1. have direct access to responsible management at a level where appropriate
action can be effected;
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2. be sufficiently independent from cost and schedule considerations;

3. have the organizational freedom to communicate with management; and

4. have no other assigned responsibilities unrelated to the quality assurance
program that would prevent full attention to quality assurance matters.

I C. GAO management policy grants the QA organization sufficient authority, access to
work areas, and organizational freedom to:

1 . identify quality problems;

2. recommend solutions;

3. verify implementation of solutions; and

4. assure that unsatisfactory conditions are controlled until proper disposition has
occurred.

I D. In addition to the above responsibilities and authorities, the GAO QA Manager shall:

1 1 . develop, establish, interpret, GAO QA policy and ensure effective
implementation.

1 2. prepare, issue, and maintain the GAO QAPD and review GAO implementing
I procedures;

1 3. interface with the GAO staff, participants, and other stakeholders, on quality
I assurance matters;

1 4. review and jointly approve, with GAO line management, subordinate QA plans
I including the Quality Assurance Program Plan (QAPP) and participant Quality
I Assurance Project Plans (QAPjPs);

1 5. assist other GAO organizations with quality planning, documentation, quality
I measurement, and problem identification and resolution; and

1 6. provide guidance to all GAO organizations concerning identification, control,
I and protection of QA records.

I 1.1.1.5 Participant Organization

I A. Participant Management

I 1 . Management within each participant organization shall provide the necessary
I planning, organization, direction, control, resources, and support to achieve their
I defined objectives. Management is responsible for planning, performing,
I assessing, and improving work.
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* 1 2. Participant management is responsible for establishing and implementing policies,
plans, and procedures that control the quality of work, consistent with the provisions
of this QAPD.

1 3. Participant management has various QA responsibilities that include:

I a. ensuring that adequate technical and QA training is provided for personnel
I performing activities subject to this QAPD;

I b. ensuring compliance with all applicable regulations, DOE orders and
I requirements applicable to activities subject to this QAPD;

I c. ensuring that personnel adhere to procedures for the generation, identification,
control, and protection of QA records;

I d. exercising the authority and responsibility to stop unsatisfactory work such that
I cost and schedule do not override environmental, safety, or health
I considerations;

I e. developing, implementing, and maintaining plans, policies, and procedures that
I implement this QAPD; and

* I f. identifying, investigating, reporting, and correcting quality problems.

1 4. Quality achievement is the responsibility of those performing the work. Members of
I participant management are responsible for the achievement and verification of
I quality in their area. Participant management shall identify the responsibilities and
I authorities of those organizational line management positions responsible for
I achieving and verifying quality.

1 5. Participant management shall ensure that each participant employee is responsible
I for the quality of his or her work and for promptly reporting all existing, developing,
I or potential conditions adverse to quality to the responsible management for
I evaluation and action.

I B. Participant QA Management

1 1 . Participant QA management shall have the authority and responsibility to
I independently assess the effective implementation of the GAO QA Program, both
I within the participant organization, and their sub-tier organizations. Additional
I authorities and responsibilities of the participant QA managers include the
I following:

I a. scheduling and conducting QA assessments;
* I

I b. maintaining liaison with the GAO QA organization and sub-tier organizations;

!NFOHM1p ONOL
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c. preparing and reviewing internal procedures that implement the provisions of
their QA plans;

d. reviewing and approving lower-tier organizational QA plans;

e. tracking, performing trend analysis, and reporting quality problem areas; and

f. providing for the administrative processing of documentation concerning
conditions adverse to quality.

1 2. Participant QA Management shall:

I a. have direct access to responsible management at a level where appropriate
I action can be effected;

I b. be sufficiently independent from cost and schedule considerations;

I c. have the organizational freedom to communicate with management; and

I d. have no other assigned responsibilities unrelated to the quality assurance
program that would prevent full attention to quality assurance matters.

1 3. The participant QA organization shall have sufficient authority, access to work
I areas, and organizational freedom to:

I a. identify quality problems;

I b. recommend solutions;
II

I c. verify implementation of solutions; and

I d. assure that unsatisfactory conditions are controlled until proper disposition has
I occurred.

1 1.1.1.6 Communication and Interface Responsibilities

I A. Communication Responsibilities

I Participating organizations at all management levels shall establish communication
I channels that provide timely, routine, and wide dissemination of information pertinent to
I quality performance such as:

1 1. the status of development and implementation of the QA program;

1 2. the status and resolution of significant quality problems;

1 3. the lessons learned from significant quality problems and adverse conditions;
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4. quality management practices and improvements; and

5. trend analysis results.

I B. Interface Responsibilities

I The primary GAO interfaces are shown in Figure 1-2.

CAO Primary Interfaces

CAO

SadaWestinghouse DOE Site h
National Waste Offices

Laboratories Isolation (Operations Offices,

(Scientific Advisor) Division Area Offices, & *
(M&O Contractor) Field Offices)

Subcontractors Subcontractors Subcntators

Figure 1-2

1 1. Where more than one organization is involved in the execution of activities
I covered by this QAPD, the responsibility and authority of each organization
I shall be clearly established and documented. The external interfaces between
1 organizations and the internal interfaces between organizational units, and

I interface changes, shall be documented. Interface responsibilities shall be
I defined, documented, and shall include the responsibilities for management,

performance, and assessment.
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2. GAO external interfaces include other DOE elements, GAO program
participants, suppliers, the Environmental Protection Agency (EPA), the
Environmental Evaluation Group (EEG), and the New Mexico Environment
Department (NMED).

3. The management of GAO organizations that interface with other DOE
elements, program participants, and regulatory agencies, shall be responsible
to notify the GAO QA Manager of all issues related to quality assurance,
including new or proposed quality assurance requirements and questions
regarding the GAO QA policies or program.

4. GAO sponsored activities, performed by organizations external to the GAO,
include, but are not limited to, waste characterization, repository performance
assessment, and management and operation of the WIPP facility. Responsible
GAO organizations cognizant of such activities shall be responsible to ensure
the effective implementation of the GAO QA Program.

I1.1.1.7 Delegation of Work

I Individuals or organizations responsible for establishing, planning, accomplishing, and
assessing the work may delegate work to other individuals or organizations; however,
the individuals or organizations making the delegation shall retain overall responsibility
for the delegated work.

1.1.1.8 Resolution of Disputes

I Differences of opinion involving the definition and implementation of QA program
I requirements will be brought to the attention of the cognizant QA Manager and the

responsible manager and, if not resolved, will be elevated progressively to successively
higher levels of management as necessary.

I 1.1.2 Implementation of the CAO QA Program

1.1.2.1 Quality Assurance Program Documents

I A. The GAO and each program participant shall develop and follow procedures that
I effectively implement the requirements described herein, as applicable to the
I activities they perform in support of the GAO. The principal participants (i.e. the
I WIPP M&O Gontractor, and Science Advisor) may implement the requirements of
I the QAPD directly through internal implementing plans and procedures prepared
I and maintained by their respective organization. The principal participants may
I choose to maintain their own QAPDs to support their implementation of the GAO
I QA Program.

I B. The Transuranic Waste Characterization QAPP is prepared, issued, and
I maintained by GAO, in order to prescribe program-specific QA and quality control
I (QC) provisions that apply to multiple participants. The QAPP shall indicate that
I the requirements described supplement those of this QAPD.
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*1 C. QAPjPs are prepared, issued, and maintained by GAO participants, as appropriate,
I to identify project QA and QC provisions, and implementing procedures.

D. The following requirements apply to the development and implementation of
I QAPPs, QAPjPs, and the associated implementing procedures.

1 . Participants are expected to develop QA implementing procedures, that provide
I for top-down implementation of the QAPD, QAPP and QAPjPs, as applicable.

1 2. GAO and participant QA plans and implementing procedures shall provide
control over internal and external interfaces. An interface exists when one
participant prescribes an activity or requirement to, or shares an activity or

I requirement with, another participant. Interfaces shall be defined, documented,
I and controlled.

I The GAO Document Hierarchy is shown in Figure 1-3.

* Document Hierarchy

* ~ A * A TUWat Pricpn

Impemntig mpemetig eneatr Ipete n
Document DocumensmQAnts

Sbotatr SbotatrImplementing Implementing nrt Se
APlnQAPasDocuments Documents Q~~

* Optional

Figure 1-3
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1 1.1.2.2 Procedures Matrix

1 Each organization that directly supports GAO activities shall prepare and maintain a
I procedures matrix, identifying all current and applicable documents of each
I organization or project that serve to implement each applicable requirement of this
I QAPD. The procedure matrix shall be submitted to the GAO QA Manager for review.
I The matrix shall be updated as implementation procedures are revised.

I When this QAPD is revised, all QAPP, QAPjPs, and implementing procedures are to be
I evaluated and revised as necessary to ensure that the QA program of each
I organization continues to satisfy the applicable requirements of the GAO QA Program.

1 1.1.2.3 Applicability of QAPD Requirements

I The GAO QA Program, as described in this QAPD, is driven by a variety of source
I requirements, as identified in Table 1-1. The objective of this QAPD is to effectively and
I efficiently satisfy the QA program requirements through the application of management
I controls appropriate to the varied activities of the GAO and participants. In pursuit of
I this objective, the QAPD establishes two primary categories of requirements, identified
I as "general requirements" and "additional requirements".

I The requirements of QAPO sections that do not identify specific applications, are
I "general requirements", that shall apply to all items, activities, and processes under the
I cognizance of the GAO. In most cases the "general requirements" form the introductory
I portion of a given section, followed by any "additional requirements". Several sections
I of the QAPD have a more limited application, as specifically identified within the given
I section. The requirements of QAPD sections identified as "additional requirements"
I shall apply to all items and activities listed below, unless otherwise specified in this
I QAPD.

I The terminology "items or activities important to compliance application, nuclear safety,
I waste characterization, or waste isolation" is used generically throughout this QAPD to
I refer to the following:

I A. WIPP Site activities or operations that produce, process, or store radioactive liquid
I or solid waste; perform waste management activities involving radioactive materials;
I or design, manufacture, or assemble items for use with radioactive materials and or
I fissionable materials in such a form and quantity that a nuclear hazard exists;

I B. waste characterization activities and assumptions;

I G. environmental monitoring, monitoring the performance of the disposal system,
I sampling, and analysis activities;

I D. field measurements of geological factors, ground water, meteorology, and
I topography;
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1 E. computations, codes, models, and methods used to demonstrate compliance with
I disposal regulations;

I F. expert judgement elicitation to support applications for certification or determination
I of compliance;

I G. design of the disposal system and actions taken to ensure compliance with design
I specifications;

I H. the collection of data and information used to support compliance application(s);

1 1. other systems, structures, components, and activities important to the isolation of
I waste in the disposal system; or

I J. those items and activities related to NRC licensed packaging (e.g., Transuranic
I Package Transporter (TRUPACT)-ll): design, purchase, fabrication, handling,
I shipping, storage, cleaning, assembly, inspection, testing, operation, maintenance,
I repair, and modification or components of packaging which are important to safety.

1 1.1.2.4 Grading Items and Activities and Applying Management Controls

I A. The graded approach is the process by which the level of analysis, documentation,
*I verification, and other controls necessary to comply with QA program requirements

I are developed commensurate with the following factors:

1 1 . the relative importance of an item or activity with respect to safety, safeguards,
security, waste isolation, and other mission objectives (e.g., cost and schedule);

1 2. the importance of the data to be generated;

1 3. the need to demonstrate compliance with specific regulatory design and QA
I requirements;

1 4. the impact on the results of performance assessments and engineering
I analyses;

1 5. the magnitude of any hazard or the consequences of failure;

1 6. the life-cycle stage of a facility or item;

1 7. the programmatic mission of a facility;

1 8. the particular characteristics of a facility, item or activity (e.g. complexity,
I uniqueness, history, or the necessity for special controls or processes); and

1 9. any other relevant factor.
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I B. The extent of management and QA controls applied to an item or activity will vary
I as a function of the degree of confidence needed to achieve the desired quality of0
1 the item or activity. The grading process provides the flexibility to design and
I implement controls that best suit the facility or activity. The graded approach
I process is not intended to reduce or in any way degrade the full implementation of
I requirements specified in this QAPD. The use of the graded approach shall
I determine the appropriate controls necessary to manage the items, systems, and
I activities under the cognizance of the GAO.

I C. Implementing procedures for each organization shall provide for:

1 1. the assignment of management and QA control levels;

1 2. the definitive criteria used in the selecting those levels; and

1 3. detailed descriptions of the management and QA control provisions
I corresponding to those levels, based on the above requirements.

I D. It is not the intent of this QAPD to require a GAO-specific process for participant
I organizations that have already implemented a site- or company-wide grading
I process, as long as the provisions of such control systems satisfy the requirements
I of this QAPD. Participant procedures that establish and implement a graded
I approach for items and activities under the cognizance of the GAO shall submit
I those procedures to the next higher-tier participant QA organization and the GAO
I QA Manager for approval for use in GAO programs.

1.1.2.5 Planning Work

I A. General Requirements

I Planning shall be performed and documented to ensure that work is accomplished
I under suitably controlled conditions. Programmatic planning documentation shall
I include a description of the applicable management systems and processes, including
I those that govemn planning, scheduling, and resource considerations.

Appropriate, nationally recognized standards shall be used, where applicable, to
I develop and implement methods and processes to control items, processes, and
I activities, as appropriate. Standards used to develop the implementing procedures
I shall be identified and documented in work activity planning. When no recognized
I standard exists, the procedures shall be reviewed to assure the technical adequacy and
I validity of the methods and processes to be implemented.

I B. Additional Requirements

I For programs, projects, items, activities, and processes related to compliance
I application, nuclear safety, waste characterization, or waste isolation, planning shall be
I coordinated among the responsible organizations and shall include the following
I elements, as applicable:
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*1 . the definition of the program, project, or task work scope, objectives, applicable
W QA controls, and a listing of the primary activities involved;

2. the identification of the specific scientific and technical information to be
collected and analyzed;

3. the identification of methods or procedures for field, laboratory, and engineering
sampling, testing, and analysis activities;

4. the identification of applicable technical and quality assurance standards and
criteria, including provisions for quality verification;

5. provisions for determining the resources and numbers of personnel required;

6. a description of any management reviews, technical reviews, QA reviews, peer
reviews, and readiness reviews, as appropriate;

7. the identification of applicable implementation documents;

8. the identification of field and laboratory testing equipment or other equipment;

9. the identification of required QA records, including provisions and
* I documentation for providing objective evidence of the work performed;

10. the identification of prerequisites, special controls, specific environmental
conditions, processes, or skills; and

11. the identification of applicable computer software.

1 1.1.2.6 Compliance Application Peer Reviews

I Peer reviews performed in support of WIPP Compliance activities shall be documented,
I as shall all peer review processes.

I Peer reviews of the following activities shall be conducted in a manner consistent with
I NUREG-1 297, Generic Technical Position on Peer Review for High-Level Nuclear
I Waste Repositories:

I A. conceptual models selected and developed by the DOE;

I B. waste characterization analysis as required in 40 CFR § 194.24(b); and

I C. engineered barrier evaluation as required in 40 CFR § 194.44.

INFORMAA TION' O)NL Y
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1.2 PERSONNEL QUALIFICATION AND TRAINING

1 Personnel shall be trained and qualified to ensure they are capable of performing their0
I assigned tasks. Personnel shall be provided training to ensure that job proficiency is
I maintained.

1 1.2.1 Additional Qualification Requirements

I Qualification requirements for CAO and participant positions or job functions shall be
I established for activities important to compliance application, nuclear safety, waste
I characterization or waste isolation. The evaluation shall be documented. These

positions include but are not limited to managers, designers, scientists, independent
assessment personnel, operators, maintenance personnel, technicians, and inspectors.

I The responsible organization shall:

I A. Analyze each job position to determine the task responsibilities of the position, that
I are subject to the QAPD . The analysis shall identify minimum education,

I experience, and training prerequisites for each position involved in the planning,
I performance, or verification of activities that are subject to the QAPD,

commensurate with the scope, complexity, and nature of the work.

I B. Personnel selected to perform or verify activities, that are subject to the QAPD,
I shall have education, experience, and training commensurate with the minimum
I requirements specified. The qualification of an individual shall be based upon an
I evaluation of education and experience and shall be compared to those established
I for the position.

1 1.2.2 Additional Training Requirements

I CAO and participant personnel performing activities important to compliance
I application, nuclear safety, waste characterization or waste isolation shall receive
i related training in accordance with the following requirements. Training shall
I emphasize the correct performance of work, provide a description of why the applicable
I quality and nuclear safety requirements exist, and describe the fundamentals of the

work and the context. Training shall be subject to ongoing review to determine
I instruction and training program effectiveness, and shall be upgraded whenever needed

improvements or enhancements are identified. Management is expected to:

A. Ensure personnel receive indoctrination and training, including on-the-job and
hands-on training, as needed to achieve initial proficiency; maintain proficiency; and
adapt to changes in technology, methods, job responsibilities, and quality

I assurance implementing procedures, prior to performing any tasks, that are subject
I to the QAPD.

B. Ensure personnel receive indoctrination in the following:

1. general criteria, including, appli.- able QA Plans, codes, regulations, and

standards; and
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* I 2. specific criteria, including applicable QAPjPs and implementing procedures.

I C. Records generated during qualification, general indoctrination and training, or
I specific skill training activities shall be collected and maintained as QA records.

1.3 QUALITY IMPROVEMENT

1 1.3.1 General Requirements

I A. This section defines GAO management responsibility for building a culture in which
continuous improvement is a fundamental and integral part of the organization's

I mission. The GAO and participants shall establish and implement processes to
I detect and prevent conditions adverse to quality and to ensure continuous

improvement. Items and processes that do not meet established requirements
shall be identified, controlled, and corrected.

I B. Corrective action for significant condition adverse to quality shall include
I identification of the causes of adverse conditions and provisions to preclude
I recurrence. Item reliability, process implementation, and other relevant information

shall be reviewed and the data analyzed to identify items and processes needing
improvement.

C. All personnel shall be responsible for identifying nonconforming items, activities,
and processes and shall be encouraged by management to suggest improvements.
Management at all levels should foster a "no-fault" attitude to encourage the
identification of nonconforming items and processes. Nonconformances shall be
documented, evaluated, and dispositioned.

I 1.3.2 Additional Requirements

I The requirements of this section shall apply, in addition to the above requirements, for
I items, activities, and processes related to compliance application, nuclear safety, waste
I characterization or waste isolation.

1.3.2.1 Identifying and Classifying Conditions Adverse To Quality

A condition adverse to quality is an all-inclusive term used in reference to failures,
I malfunctions, deficiencies, and nonconforming items and processes. Conditions
I adverse to quality shall be identified and documented. Documentation shall clearly
I identify and describe the characteristics that do not conform to specified criteria.

A. Conditions adverse to quality shall be classified in regard to their significance.
I Corrective actions shall be developed accordingly.

* B. Two categories of classification shall be established:

1. conditions adverse to quality; and
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2. significant conditions adverse to quality.

Significant conditions adverse to quality are conditions that if not corrected, could have
I a serious effect on safety, operability, waste isolation, compliance, or the reliability of
I the QA program.

1 1.3.2.2 Control of Conditions Adverse to Quality

A. Conditions adverse to quality shall be investigated, including the extent of the
I condition and the impact on completed work, and documented. Corrective action

plans, as appropriate and as discussed in Section 1.3.2.4, shall be developed,
documented, and implemented as soon as practical.

B. Significant conditions adverse to quality shall be reported to and evaluated by the
I cognizant quality assurance organization, other relevant compliance functions (e.g.
I environmental and safety) and the responsible management to determine if a work
I suspension order is necessary. Corrective action plans for significant conditions
I adverse to quality shall address all provisions of Section 1.3.2.4. Management of
I the cognizant organization shall be notified and provided with the results of the
I subject evaluations.

1 1 . The cognizant organization shall issue work suspension order to the
I responsible management after a work suspension condition has been

identified.

1 2. The cognizant organization shall take appropriate action to lift and close (in part
I or total) the work suspension order based on the resolution of the related

significant condition adverse to quality. The quality assurance organization
I shall verify and document the completion of applicable corrective actions prior

to any management action releasing the work suspension order.

1 1.3.2.3 Control and Disposition of Nonconforming Items

I Nonconforming items are adverse conditions, or the result of adverse conditions
I requiring the following additional controls.

A. Nonconforming items shall be identified by marking, tagging, or other methods that
I do not adversely affect their end use. The identification shall provide traceability to
I the related adverse condition documentation, and shall be legible and easily
I recognizable. If marking or tagging of a nonconforming item is not practical then

the item, container, package, or segregated storage area shall be clearly identified.

B. Nonconforming items shall be segregated, when practical, by placing them in a
clearly identified and designated hold area until properly dispositioned. If
segregation is impractical or impossible due to physical conditions, then other
administrative controls and precautions shall be employed to preclude inadvertent

I use of a nonconforming item. Nonconforming items shall be controlled to prevent
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any adverse impact on test, installation, or use. Organizations affected by the
nonconformance shall be notified.

I C. Responsibility for the control of further processing, delivery, installation, or
I operation of nonconforming items, systems or equipment shall be designated in
I writing.

D. The nonconforming characteristics shall be reviewed and recommended.
I Dispositions of nonconforming items shall be proposed and approved in
I accordance with documented procedures. The responsibility and authority for the
I evaluation and disposition of nonconforming items shall be defined in applicable
I QA plans or implementing procedures. Personnel performing evaluations to
I determine a disposition shall have demonstrated competence in the specific area
I they are evaluating, have an adequate understanding of the requirements, and

have access to pertinent background information.

I E. The disposition of nonconforming items shall be identified and documented, and
I have the concurrence of the cognizant quality assurance organization.

1 1 . The disposition, such as "use-as-is," "reject," "repair," "rework," or "~scrap" for
nonconforming items shall be identified and documented. Further processing,

I delivery, installation, or use of a nonconforming item shall be controlled, in
@1 accordance with approved procedures, pending the evaluation and approval of

the disposition.

2. Items that do not meet original design requirements that are dispositioned "use
as is" or "repair" shall be subject to design control measures commensurate

I with those applied to the original design. The as-built records, if such records
I are required, shall reflect the accepted deviation. The technical justification for

the acceptability of a nonconforming item that has been dispositioned "repair"
or "use as is" shall be documented.

3. The disposition of an item to be reworked or repaired shall contain a
requirement to re-examine (inspect, test, or conduct nondestructive
examination) the item to verify acceptability. Repaired or reworked items shall
be re-examined using the original process and acceptance criteria unless

I alternative acceptance criteria or methods have been established and approved
as part of the nonconforming item disposition.

1 1.3.2.4 Corrective Action Planning and Follow-up

I Corrective action plans are required for all significant conditions adverse to quality and
I shall address the following points, as appropriate:

* I A. the actions to resolve the initialI problem (remedial actions);

I B. the assessment of the extent and impact of the significant condition adverse to

I quality (investigative actions);
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C. the determination of the root cause of the problem;

D. the actions be taken to preclude recurrence of the problem; and

I E. the expected completion dates and responsibilities for the required actions.

I A follow-up system shall be established to verify the effective implementation of
scheduled corrective actions and to complete the corrective action in a timely manner.

I The cognizant organization (the organization that documented the condition adverse to
I quality) shall evaluate the adequacy of corrective actions planned, assign responsibility
I for follow-up verification, and perform and document the corrective action verification.

1 1.3.2.5 Improvement Analysis

I Quality performance data shall be identified, collected, and routinely analyzed to
identify opportunities to improve items, activities, and processes. This analysis shall
consider information from external sources and not be limited to one type of work or to
one organization.

I The analyses shall be performed by the organization, in a manner and at a frequency
I that provides for prompt identification of trends adverse to quality. CAO and
I participants will report trending information to responsible management and to the

quality assurance organization of the next higher level participant. Reports of
conditions adverse to quality shall be evaluated to identify adverse quality trends, and

I identify root causes, with results reported to the organization responsible for corrective
action.

I 1.3.2.6 Recurring Conditions Adverse to Quality

I For recurring conditions adverse to quality, management shall, as appropriate:

I A. determine the events leading to the occurrences;

I B. develop an understanding of the technical and work activities associated with the
I conditions adverse to quality;

I C. ascertain any generic implications;

I D. determine the extent to which similar quality problems, or precursors to the
I problem, have been recognized by the responsible organization; determine the

I effectiveness of any corrective actions that were taken, and identify any generic
I implications and impacts on completed work;

I E. consider suspending work associated with the applicable activity; and

I F. suggest actions that can be taken by the responsible organization to preclude
recurrence.
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. 1.4 DOCUMENTS

1 1.4.1 General Requirements

I Documents shall be prepared, reviewed, approved, issued, used, and revised to
prescribe processes, specify requirements, or establish design.

I 1.4.2 Additional Requirements

Documents that specify requirements, prescribe processes, or establish design
I important to compliance application, nuclear safety, waste characterization, or waste
I isolation, such as instructions, procedures, drawings, test plans, management plans,
I technical reports, performance reports, and test reports, shall be controlled according to
I the requirements listed below, to assure that correct documents are being employed.

1 1.4.2.1 Document Preparation, Review, Approval, and Issuance

Documents shall be reviewed for adequacy, correctness, and completeness prior to
I approval and issuance. The CAO and participants shall identify the individuals or
I organizations responsible for the preparation, review, approval, and issuance of

controlled documents..A. Documents shall be controlled during the review and approval phase in accordance
with approved procedures.

B. The requesting organization shall identify the applicable criteria for the review.
I These criteria shall consider technical adequacy, accuracy, completeness, and

compliance with established requirements.

C. Pertinent background information or data shall be made available by the
organization requesting the review, if the information is not readily available to the
reviewer.

D. The review will be performed by individuals other than the originator.

E. Reviewers will be technically competent in the subject area being reviewed.

F. The organization or technical discipline affected by the document shall review the
document according to the established review criteria.

I G. The cognizant quality assurance organization shall review documents that translate
G AO QAPD or QAPP requirements.

I H. Review comment documentation shall be resolved in accordance with approved
I procedures. Dispositioned review comment documentation shall be maintained by

the originating organization.

1 1. Documents shall be approved for release by authorities designated in accordance
I with approved procedures.
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I J. Documents shall be issued by designated individuals or organizations in

I accordance with approved procedures.

1 1.4.2.2 Document Distribution and Use

The distribution and use of controlled documents and forms that document or prescribe
work, including changes and editorial corrections to documents, shall be controlled to
meet the following requirements:

A. Documents shall be distributed to affected personnel and used at the work location.

B. Effective dates shall be established and identified on the approved documents.

C. The disposition of obsolete or superseded documents and forms shall be controlled
to avoid their inadvertent use.

D. Controls shall be established and maintained to identify the current status or
revision of controlled documents and forms.

I E. Controls shall provide for identif ication of documents to be controlled and their
I distribution.

1 1.4.2.3 Document Changes

I Changes to documents, other than those defined below as editorial changes, shall be
reviewed and approved by the same organizations that performed the original review

I and approval, unless other organizations are specifically designated in accordance with
I approved procedures.

I A. Document changes shall be:

1. reviewed by the organizations or technical disciplines affected; and

1 2. clearly indicated in the changed document.

I B. Editorial changes may be made without the same level of review and approval as
I the original or otherwise changed document. The following items are considered

editorial changes:

1 1. correcting grammar or spelling (the meaning has not changed);

2. renumbering sections or attachments; or

3. updating organizational titles

C. A change in an organizational title accompanied by a change in responsibilities is

not considered to be an editorial change.

I CAO QAPO Rev. 1.0 1-20



* D. The organization responsible for preparing the document shall identify and approve

W editorial changes.

1.5 RECORDS

l1.5.1 General Requirements

Records shall be specified, prepared, reviewed, approved, and maintained.

I 1.5.2 Additional Requirements

I A "QA record" is an authenticated record that provides objective evidence of the quality
I of items or activities. QA records shall be controlled in accordance with the following
I requirements.

1 1.5.2.1 Records System

I A QA records system(s) shall be established by the organization responsible at the
I earliest practicable time consistent with the schedule for accomplishing work activities.
I The QA records system(s) shall be defined, implemented, and enforced in accordance
I with written procedures, instructions, or other documentation.

* 1 This does not prohibit the management of QA records within a general records system,
I nor does this require a separate records system for QA records, as long as the
I applicable provisions of Section 1.5.2 are satisfied for the control of QA records.

1.5.2.2 Generating QA Records

I A. Prior to conducting a work activity, the cognizant organization shall:

1. identify those documents that shall become QA records; and

2. identify the organization responsible for submitting the QA records to the
records system.

I B. QA records shall be legible, accurate, and completed appropriate to the work
I accomplished.

I C. Individuals handling documents that are intended to become QA records, shall
provide reasonable protection for the records from damage or loss until the records
are submitted to the records system (this includes documents generated during
field operations).

I D. Documents shall be considered valid QA records only if stamped, initialed, or
* I signed and dated by authorized personnel or otherwise authenticated. If the nature
W of the record (such as magnetic or optical media) precludes stamping or signing,

I then other means of authentication by authorized personnel are required. This
I authentication represents a certification as to the content of the record by those
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individuals with knowledge of the related facts, whether by direct personal
knowledge or through the direct reports of others. The authentication should not be
confused with any subsequent reviews of the content.

I E. Once authenticated, QA records shall be submitted to the records system, as
I described above, for either permanent or temporary storage. Upon completion of a
I project or other discrete task or activity, responsible management shall verify that
I the contents of the applicable QA records package are stored in the records
I system.

I F. QA records may be originals or reproducible copies; unless, otherwise required.

I G. Documents referenced by final reports, except readily available references such as
I encyclopedias, dictionaries, engineering handbooks, national codes and standards,
I etc. shall be retrievable from records files. Preparers of such records shall ensure
I that the documents are entered into the records system.

1.5.2.3 Indexing QA Records

The records system shall provide for the indexing of QA records according to the
following requirements:

A. An individual or organization shall be assigned the responsibility of indexing and
maintaining QA records.

I B. The indexing system shall include, as a minimum, record retention times and the
I location of the record within the records system. These and other features of the
I record system shall facilitate the disposition of scheduled QA records and ensure
I the retrievability of any and all QA records entered.

1.5.2.4 Classifying QA Records

I QA records shall be initially classified as either "post closure", "lifetime" or
"tnonpermanent."

I A. Records that fall into one or more of the following categories shall be classified as
" 1post closure" QA records:

1 . records that assist in preventing actions that could impair the long-term
isolation of the waste;

2. records preserving information that would prevent inadvertent human intrusion,
such as the nature and hazard of the waste and the locations of the geologic
repository operations area, the underground facility, boreholes, and shafts, and
boundaries of the controlled area;

3. records providing information relevant to post-closure monitoring and
assessment of performance of the repository system;
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4. records preserving for future generations information regarding the geologic
setting relevant to mitigation of releases of radioactive materials; and

5. records that would be of significant value after decommissioning and closure of
the repository.

I B. Records that do not fall into the above listed categories but do fall into one or more
I of the following categories shall be classified as "lifetime" QA records:

1 1. records that may be used for repository permitting or certification;

1 2. records that may be used to identify and assess the performance capabilities of
i those engineered and natural barriers important to waste isolation;

1 3. records of computer programs and mathematical models needed to perform
I ongoing correlations between performance assessment predictions and actual
I tests and data analyses;

1 4. records that would be of significant value in demonstrating the capability for
I safe operation or in determining the cause of an accident or a malfunction of an
I item in the WIPP repository;

1 5. records that would be of significant value in maintaining, reworking, repairing,
I replacing, or modifying WIPP repository systems, components, or structures;

1 6. records that would be needed during decommissioning and closure of the
I repository;

1 7 records that relate to site characterization samples and data;

1 8 records that relate to data used in performance assessment of the WIPP
I facility;

I~

1 9. records that relate to the mixed transuranic waste form characterization and
I acceptance of the mixed transuranic waste form; and

1 10. records that document regulatory compliance. 0

C. Records that provide objective evidence that the QA program has been properly
implemented but do not meet the above criteria shall be classified as
"~non pe rmanent" QA records.

O 1.5.2.5 Receiving QA Records

I Each organization responsible for the receipt of QA records shall designate the person
I or organization responsible for receiving QA records. The designee shall be
I responsible for organizing and implementing a system of controls for the receipt of QA
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I records for permanent and temporary storage. As a minimum, the receipt control
I system shall include the following:

I A. provisions to permit a current and accurate assessment of the status of QA records;

I B. a method for identifying the records required to be included in the records system;

I C. a method for identifying the records that have been received;

I D. procedures for the receipt and inspection of incoming records, including verification
I that the QA records received are in agreement with the transmittal document and
I that the records are legible;

I E. provisions to control and protect the records from damage or loss during the
I receiving processes; and

I F. a method for submittal of completed records to the storage facility without
I unnecessary delay.

1 1.5.2.6 Storage, Preservation, Safekeeping, and Disposition of QA Records

A. QA records shall be stored and preserved in predetermined storage facilities in
accordance with approved QA implementing procedures that provide a:

1. a description of the storage facility;

1 2. a description of the filing and indexing systems that are used;

3. a method for ensuring that a receipt acknowledgment is returned to the sender;

4. a description of controls govemning QA record access, retrieval, and removal;
and

1 5. a method for filing supplemental information and documenting the authorization
I for corrections.

B. The records storage arrangements shall provide adequate protection of records,
I including special processed records (such as radiographs, photographs, negatives,
I microfilm, and magnetic media) to preclude damage from moisture, temperature,

rodent infestation, excessive light, electromagnetic fields, or stacking, as
appropriate for the type of record being stored.

C. Records that require special processing and control, such as software and related
documentation or information on high density media or optical disks, hardware and
software required to maintain and access records, shall be controlled to ensure that
the records are useable.
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* 1 D. Lifetime QA records are required to be retained and preserved in an acceptable
I condition for the operating life of the WIPP repository (i.e., until termination of the
I operating permits), or the particular item while it is installed in the repository or is
I being stored for future use. Lifetime records shall be evaluated for the need to be
I upgraded to post closure records prior to their destruction.

E. Design and construction of a single record storage facility shall meet the following
criteria:

1 . reinforced concrete, concrete block, masonry, or equal construction;

2. floor and roof with drainage control (if a floor drain is provided, a check valve, or
equal, shall be included);

3. doors, structure and frames, and hardware shall be designed to comply with the
requirements of a minimum 2-hour fire rating;

4. sealant applied over walls as a moisture or condensation barrier;

5. surface sealant on floor providing a hard wear surface to minimize concrete
dusting;

*6. foundation sealant and provisions for drainage;

7. forced air circulation with filter system;

8. fire protection system; and

9. only those penetrations used exclusively for fire protection, communication,
lighting, or temperature/humidity control are allowed; all such penetrations shall
be sealed or dampened to comply with the minimum 2-hour fire protection
rating.

The construction details shall be reviewed to determine the adequacy of protection of
contents by a person who is competent in the technical field of fire protection and fire
extinguishing. If the facility is located within a building or structure, the environments
and construction of that building can provide a portion or all of these criteria.

F. The following are acceptable altemnatives to the criteria of Section F. above, for a
single storage facility:

1 1 . 2-hour fire rated vault meeting the National Fire Protection Association (NFPA)
1 232-1986, Standards for the Protection of Records or NFPA 232AM-1 986 or
I both;

2. 2-hour fire rated Class B file containers meeting the requirements of NFPA 232-
1986 or NFPA 232AM-1 986 or both; or
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3. 2-hr fire rated file room meeting the requirements of NFPA 232-1986 or NFPA
232AM-1 986 or both, with the following additional provisions:

a. Early warning fire detection and automatic fire suppression capability with

electronic supervision at a constantly attended central station;

b. Records storage in fully enclosed metal cabinets;

c. Adequate access and aisle ways;

d. Prohibition in the room of work not directly associated with record storage
or retrieval;

e. Prohibition in the room of smoking, eating, or drinking;

f. 2-hour fire rated dampers or doors in all boundary penetrations.

G. If storage at dual facilities for each record is provided, the facilities shall be at
locations sufficiently remote from each other to eliminate the chance of exposure to
a simultaneous hazard. Each facility is not required to satisfy the requirements of
either Sections F or G above, but shall meet all other records storage requirements
prescribed in this QAPD.

I H. When temporary storage of records (such as for processing, review, or use) is
I required by an organization's procedures, prior to establishing storage at dual
I facilities, the records shall be stored in a one-hour fire-rated container. The
I procedures shall specify the maximum allowable time limit for temporary storage.
I The container shall bear a UL label (or equivalent) certifying one-hour fire protection

or be certified by a person competent in fire protection.

I 1. Access to storage facilities shall be controlled. A list designating personnel who are
I permitted access to the QA records shall be maintained and posted. Measures

shall be established to preclude the entry of unauthorized personnel into the
storage area. These measures shall guard against larceny and vandalism.

J . Measures shall be taken to provide for replacement, restoration, or substitution of
lost or damaged records.

K. QA records shall not be destroyed until the following conditions are met:

1. the appropriately assigned National Archives and Records Administration
I (NARA) authorized disposition specifies destruction;

2. regulatory requirements are satisfied;

3. operational status permits the disposal of such records; and

1 4. the related contractual requirements have been satisfied.
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* 1.5.2.7. Correcting Information in QA Records

I A. Corrections to records will include the initials or signature of the authorized person
making the correction and the date the correction was made.

I B. Corrections to QA records shall be authorized by the originating organization.

I C. Corrections to QA records should be made with a single line-through, and shall not
I obliterate the prior entry. QA records shall not be corrected through the use of

correction fluids or tapes.
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SECTION 2 - PERFORMANCE REQUIREMENTS

2.1 WORK PROCESSES

A. Work shall be performed in accordance with established technical standards and
administrative controls. Work shall be performed under controlled conditions using
approved instructions, procedures, or other appropriate means. Items shall be
identified and controlled to ensure their proper use. Items shall be maintained to
prevent their damage, loss, or deterioration. Equipment used for process
monitoring or data collection shall be calibrated and maintained.

B. The intent of this section is to establish the policy that each person, who performs
work, is responsible for the quality of his or her work, and he or she will have the
goal of doing work correctly the first time. To ensure that the person doing the work
achieves that goal, management is responsible for establishing processes and
procedures to ensure that all work is planned and performed under controlled
conditions by personnel who are knowledgeable of the work requirements, and that
these individuals are capable of accomplishing the work in accordance with the
requirements of this QAPD.

* C. This section further establishes management involvement in the work processes
through their interactions with personnel performing the work and through their
review and verification of ongoing and completed work. This will help ensure that
the definition of "acceptable work performance" is clearly communicated and that
personnel are provided the necessary training, resources, and administrative
controls to properly accomplish their tasks.

2.1.1 Work

A. Personnel performing work are responsible for the quality of their work. Because -6
the individual worker is the first line in ensuring quality, personnel will be
knowledgeable of requirements for work they perform and the capability of the tools
and processes they use.

B. Line managers will ensure that personnel working under their supervision are
qualified and are provided the necessary training, resources, and administrative
controls to accomplish assigned tasks. Criteria describing acceptable work
performance shall be defined for the worker.

C. Line managers will review work and related information to assure that the desired
quality is being achieved and to identify areas needing improvement.

* D. Work shall be planned, authorized, and accomplished under controlled conditions
using technical and QA standards and implementing procedures commensurate
with applicable control levels.
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2.1.2 Implementing Procedures

IFor activities and processes supporting compliance application, or related to nuclear
Isafety, waste characterization or waste isolation, appropriate procedures, shall be
Ideveloped and followed in accordance with the requirements of this section.

A. Implementing procedures shall be developed, reviewed, and approved by
technically competent personnel.

B. Implementing procedures shall include the following information as appropriate to
the work to be performed:

1 . responsibilities of the organizations affected by the document;

2. technical, regulatory, quality assurance, or other program requirements;

3. sequential description of the work to be performed, including any allowance for
out-of-sequence processing;

4. quantitative or qualitative acceptance criteria sufficient for determining that
activities were satisfactorily accomplished;

5. prerequisites, limits, precautions, process parameters, and environmental
conditions;

6. special qualification and training requirements;/

7. verification points and hold points;

8. methods for demonstrating that the work was performed as required (such as
provisions for recording inspection and test results, check-off lists, or sign-off
blocks); and

9. identificatirnm and classification of OA records to be generated by the
implementing procedure.

C. Individuals performing work shall comply with implementing procedures; however,
when work cannot be accomplished as described in the implementing procedure or
accomplishment of such work would result in an undesirable situation, a condition

Iadverse to quality, or an unacceptable safety risk, the work shall be suspended until
Ithe appropriate procedure change provisions are implemented.

I2.1.3 Item Identification and Control

IA. Items and systems supporting compliance application, or related to nuclear safety,
I waste characterization or waste isolation, shall be identified and controlled in
I accordance with the requirements of this section.
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* IB. Processes shall be established and maintained to identify, control, and maintain
items. The identification of items shall be maintained to ensure appropriate
traceability. Traceability requirements shall be specified in design documents or
implementing procedures. Processes shall be established and implemented to
control consumables and items with limited operating or shelf life and to prevent the
use of incorrect or defective items.

C. The following additional controls shall be established to ensure that only correct
and accepted items are used or installed:

1 . Items shall be identified and traced from the time of receipt, up to and including,
installation or end use. Records shall be maintained to ensure that the item
can be traced at all times from its source through installation or end use.

2. Item identification methods shall include physical markings. If physical
markings are either impractical or insufficient, other appropriate means shall be
employed (such as physical separation, labels or tags attached to containers,
or procedural control). When used, physical markings shall:

a. be applied using materials and methods that provide a clear, permanent,
and legible identification;

Is b. not be detrimental to the function or service life of the item;

c. be transferred to each part of an identified item when the item is
subdivided; and

d. not be obliterated or hidden by surface treatments, or coatings, or
installation unless other means of identification are substituted.

3. If codes, standards, or specifications include specific identification or
traceability requirements (such as identification or traceability of the item to
applicable specification or grade of material; heat, batch, lot, part, or serial
number; or specified inspection, test, or other records), then identification and
traceability methods shall be implemented to ensure meeting the special
requirements.

4. Item identification control system records shall provide the inspection, test, and
operating status of items. Items that have satisfactorily passed the required
inspections and tests shall be identified. The identification methods shall
preclude the inadvertent installation, use, or operation of items that have not
passed required inspections and tests.

5. The status of inspections and tests shall be identified either on the items or in
documents traceable to the items. Status shall be maintained through the use
of status indicators (such as tags, markings, labels, and stamps) or other
means (such as travelers, inspection or test records) and the authority for
applying and removing status indicators shall be specified.
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2.1.4 Special Processes

Special processes supporting compliance application or related to nuclear safety, waste
Icharacterization or waste isolation, shall be controlled in accordance with the
Irequirements of this section.

A. Processes shall be considered as special processes if they meet any one or
combination of the following criteria:

1. the results are highly dependent on the control of the process;

2. the results are highly dependent on the skill of the operator; or

3. the quality of the results cannot be readily determined by inspection or test of
the product.

B. Implementing procedures shall be established to ensure special process
parameters are controlled and specified environmental conditions are maintained.
In addition to the requirements provided in Section 2.1.2, special process
implementing procedures shall include or reference:

1 . the requirements for qualification of personnel, processes, and equipment; and

2. the conditions necessary for completion of the special process, including0
equipment, statistical process control, controlled parameters of the process,
and calibration requirements.

2.1.5 Handling, Storage, and Shipping

Items supporting compliance application or related to nuclear safety, waste
Icharacterization or waste isolation, shall be controlled in accordance with the
Irequirements of this section.

A. Handling, storage, cleaning, shipping, and other means of preserving, transporting,
and packaging of items shall be conducted in accordance with established work
and inspection procedures, shipping instructions, or other specified documents.

B. If required for critical, sensitive, perishable, or high-value articles, specific
implementing procedures for handling, storage, cleaning, packaging, shipping, and
other preservation shall be prepared and used.

C. Measures shall be established and implemented for the marking and labeling of
items for packaging, shipping, handling, and storage as necessary to adequately
identify, maintain, and preserve the item. Markings and labels shall indicate the
presence of special environments or the need for special controls, as necessary,
and be applied and removed by authorized personnel.
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* D. If required for protection or maintenance of particular items, special equipment
(such as containers, shock absorbers, and accelerometers) and special protective
environments (such as inert gas and specific moisture and temperature levels) shall
be specified, planned for, and provided.

1 . If special protective equipment and environments are used, provisions shall be
made for verifying their adequacy.

2. Special handling tools and equipment shall be used and controlled, as
necessary, to ensure safe and adequate handling.

3. Special handling tools and equipment shall be inspected and tested at specified
intervals and in accordance with implementing procedures to verify that the
tools and equipment are adequately maintained.

4. Operators of special handling and lifting equipment shall be sufficiently
experienced and trained to use the equipment.

E. If storage of items is required, then methods shall be established for the control of
item identification records that are commensurate with the planned duration and
conditions of storage. These methods shall provide for, as applicable:

1 1. maintenance or replacement of markings and identification tags damaged
during handling or aging;

2. protection of identification markings that are subject to excessive deterioration
resulting from environmental exposure; and

3. update of related identification records and documentation.

F. Status indicators, such as tagging valves and switches to prevent inadvertent
operation, shall be used to indicate the operating status of items. Status indicators,
such as lockout tagging, shall also be used where appropriate, and be applied and
removed by authorized personnel.

2.2 DESIGN CONTROL

2.2.1 General Requirements !NPO0FMATION ONL,

Items and processes shall be designed using sound engineering and scientific
principles and appropriate standards. Design work, including changes, shall
incorporate appropriate requirements such as general design criteria and design bases.
Design interfaces shall be identified and controlled.

* The adequacy of design products shall be verified by individuals or groups other than
those who performed the work. Required verification and validation work shall be
completed before approval and implementation of the design.
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2.2.2 Additional Requirements

The design of items and processes supporting compliance application or related to
Inuclear safety, waste characterization, or waste isolation, shalt be controlled in
accordance with the requirements of this and following sections.

This section provides requirements to ensure that designs (from conceptual through
final) are defined, controlled, and verified. In establishing design controls, management
is responsible to ensure that design inputs are technically correct; that design interfaces
are identified; that authorities, responsibilities, and lines of communication are clearly
defined; and that the design processes clearly define the acceptance criteria for the
product.

2.2.2.1 Design Input

Applicable design inputs, such as design bases, conceptual design reports,
performance requirements, regulatory requirements, codes, and standards, shall be
controlled by those responsible for the design in accordance with the following
requirements:

A. design inputs shall be identified and documented, and their selection reviewed and
approved by those responsible for the design;

B. design inputs shall be specified and approved on a timely basis and to the level of
detail necessary to permit the design work to be carried out correctly in a manner
that provides a consistent basis for making design decisions, accomplishing design
verification, and evaluating design changes; and

C. changes from approved design inputs and reasons for the changes shall be
identified, approved, documented, and controlled.

2.2.2.2 Design Process

The design process shall be controlled according to the following requirements:

A. Appropriate standards shall be identified and documented, and their selection
reviewed and approved. Changes from specified standards, including the reasons
for the change, shall be identified, approved, documented, and controlled;

B. Design work shall be prescribed and documented on a timely basis and to the level
of detail necessary to permit the design process to be carried out correctly;

C. Design documents shall be adequate to support design, fabrication, construction,
and operation;
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D. Design documents shall be sufficiently detailed as to purpose, method,
assumptions, design input, references, and units such that a person technically
qualified in the subject can understand the documents and verify their adequacy
without recourse to the originator;

E. Controls for identifying assemblies or components that are part of the item being
designed shall be established. If a commercial grade assembly or component is
modified or selected by special inspection or testing to meet requirements that are
more restrictive than the supplier's published product description, then the
assembly or component shall be represented as different from the commercial
grade item in a manner traceable to a documented definition of the difference;

F. Controls for selecting and reviewing design methods, materials, parts, equipment,
and processes essential to the function of an item shall be established; and

G. Drawings, specifications, and other design output documents shall contain
appropriate inspection and testing acceptance criteria.

2.2.2.3 Design Analyses

A. Design analyses shall be planned, controlled, and documented.

* B. Documentation of design analyses shall include:

1 . definition of the objective of the analyses;

2. definition of design inputs and their sources;

3. results of literature searches or other applicable background data;

4. identification of assumptions and designation of those assumptions that shall
be verified as the design proceeds;

5. identification of any computer calculations, including computer type, computer
software name, revision identification, inputs, outputs, and the bases (or
reference thereto) supporting application of the software to the specific physical
problem; and

6. identification of the reviewer and the approver.

C. Calculations shall be identifiable by subject (including structure, system, or
component to which the calculation applies), originator, reviewer, and date, or by
other designator such that the calculations are traceable.

* D. Computer software used to perform design analyses shall be developed, qualified,
and used according to the requirements of Section 6.
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2.2.2.4 Design Interface

Design interfaces shall be identified and controlled so that efforts are coordinated
among participating organizations.

A. Design interface controls shall include the assignment of responsibility and the
establishment of implementing procedures among participating design
organizations for the review, approval, release, distribution, and revision of
documents involving design interfaces.

B. Design information transmitted across interfaces shall be documented and
controlled.

C. The status of the design information or issued design documents shall be identified
in transmittals. Where necessary, incomplete designs that require further
evaluation, review, or approval shall be identified.

2.2.2.5 Design Verification

The acceptability of design work and documents, including design inputs, processes,
outputs, and changes, shall be verified. The following design control requirements shall
be applied to verify the adequacy of design:

A. Design verification shall be performed using one or a combination of the following
methods:

1. design review;

2. alternate calculations; or

3. qualification testing.

B. The particular design verification method shall be identified.

C. The results of design verification shall be documented, including the identification of
the verifier.

D. Design verification shall be performed by competent individuals or groups other
than those who'performed the original design (but they may be from the same
organization). If necessary, this design verification may be performed by the
originator's supervisor provided that:

1. the supervisor did not specify a singular design approach or rule out certain
design considerations and did not establish the design inputs used in the
design, or

2. the supervisor is the only individual in the organization competent to perform
the verification, and
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3. the determination to use the supervisor is documented and approved in
advance.

E. Design verification shall be performed at appropriate times during the design
process.

1. Verification shall be performed before release for procurement, manufacture,
construction, or release to another organization for use in other design work.

2. Design verification shall be completed before relying on the item to perform its
function.

F The e *xtent of the design verification required shall be based on the complexity, risk,
uniqueness of the design, complexity of design, degree of standardization, state of
the art, and similarity with previously proven designs.

G. Use of previously proven designs shall be controlled according to the following
requirements:

1 . the applicability of standardized or previously proven designs shall be verified
with respect to meeting pertinent design inputs for each application;

2. known problems affecting standard or previously proven designs and their0 effects on other features shall be considered;

3. the original design and associated verification measures shall be adequately
documented and referenced in the files of subsequent application of the design;
and

4. changes in previously verified designs shall require reverification. Such
reverifications shall include the evaluation of the effects of those changes on
the overall previously verified design and on any design analyses upon which
the design is based.

2.2.2.6. Design Reviews

A. Design reviews shall be controlled, documented, and performed. Design reviews
shall consider the following:

1 . design inputs were correctly selected and incorporated;

2. assumptions necessary to perform the design work were adequately described,
reasonable, and reverified as necessary;

*3. appropriate design methods were used;

4. design output is reasonable compared to design inputs; and
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5. the necessary design input and verification requirements for interfacing
organizations were specified in the design documents or in supporting
implementing procedures.

B. Disposition of design review comments shall be documented.

2.2.2.7. Alternative Calculations

These are calculations or analyses that are made using alternate methods to verify
correctness of the original calculations or analyses. The appropriateness of any
assumptions, the input data used, any computer programs, or other calculation
methods used shall be evaluated.

2.2.2.8. Qualification Testing

When qualification testing is used, the following requirements shall apply:

A. the test configuration shall be defined and documented;

B. testing shall demonstrate the adequacy of performance under conditions that
simulate the most adverse design conditions. Operating modes and environmental
conditions in which the item shall perform satisfactorily shall be considered in
determining the most adverse conditions;

C. if the tests verify only specific design features, then the other features of the design
shall be verified by other means;

D. test results shall be documented and evaluated by the responsible design
organization to ensure that test requirements have been met;

E. if qualification testing indicates that a modification to an item is necessary to obtain
acceptable performance, then the modification shall be documented and the
modified item retested or otherwise verified to ensure satisfactory performance;

F. scaling laws shall be established and verified when tests are being performed on
models or mockups; and

G. the results of model test work shall be subject to error analysis, where applicable,
before using the results in final design work.

2.2.2.9 Design Change

Design changes shall be controlled in accordance with the following requirements:

A. changes to final designs, field changes, and nonconforming items dispositioned
Huse as is" or "repair" shall be justified and shall be subject to design control
measures commensurate with those applied to the original design;
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* B. design control measures for changes shall include provisions to ensure that the
design analyses for the item are still valid;

C. changes shall be approved by the same groups or organizations that reviewed and
approved the original design documents;

1 . If an organization that originally was responsible for approving a particular
design document is no longer responsible, then a new responsible organization
shall be designated.

2. The cognizant design organization shall have demonstrated competence in the
specific design area of interest and have an adequate understanding of the
requirements and intent of the original design.

D. if a significant design change becomes necessary because of an incorrect original
design, the design process and design verification methods and implementing
procedures shall be reviewed and modified as appropriate. These design
deficiencies shall be documented according to the requirements provided in Section
1.3.2;

E. field changes shall be incorporated into the applicable design documents; and

* F. design changes that impact related implementing procedures or training programs
shall be communicated to the appropriate organizations.

2.3 PROCUREMENT

I2.3.1 General Requirements

ICAO and participant organizations shall ensure that procured items and services meet
established technical and QA requirements and that they perform as specified.
Prospective suppliers shall be evaluated and selected on the basis of documented
criteria. The responsible organization shall verify that approved suppliers continue to
provide acceptable items and services.

I2.3.2 Additional Requirements

The procurement of items and services important to compliance application, nuclear
Isafety, waste characterization, or waste isolation, shall be controlled in accordance with
the requirements of this and following sections.

2.3.2.1 Procurement Planning Requirements

. Procurement activities shall be planned as early as possible and documented to assure
a systematic approach to the procurement process. Procurement planning shall:
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A. Identify procurement methods and organizational responsibilities, including the
appropriate QA organization.

B. Identify and document the sequence of actions and milestones needed to
effectively complete the procurement. Provide for the integration of the following
activities:

1. procurement document preparation, review, and change control;

2. selection of procurement sources;

3. proposal or bid evaluation and award;

4. purchaser evaluation of supplier performance;

5. purchaser verifications including any hold-point and witness-point notifications;

6. control of nonconformances;

7. corrective action;

8. acceptance of the item or service; and

9. identification of QA records.

2.3.2.2 Supplier Selection

Supplier selection shall be based on an evaluation of the supplier's capability to provide
items or services in accordance with procurement document requirements.

A. Organizations responsible for supplier source selection shall be identified and shall
include the appropriate QA organization.

B. Measures for selecting procurement sources shall include:

1 . an evaluation of the supplier's history for providing an identical or similar
product that performs satisfactorily in actual use;

2. an evaluation of the supplier's current QA documentation supported by any
qualitative and quantitative information; and

3. an evaluation of the supplier's technical and QA capability based on an
evaluation of the supplier's facilities, personnel, and quality program
implementation.

C. The results of procurement source selection shall be documented.
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* 2.3.2.3 Proposal/Bid Evaluation

A. The proposal or bid evaluation process shall include a determination of the extent
of conformance to the procurement document requirements. This evaluation shall
be performed by designated, technically qualified personnel and shall include, at a
minimum, the following:

1. technical considerations;

2. QA program applicability;

3. supplier personnel skills;

4. supplier production capabilities;

5. supplier past performance;

6. alternatives proposed by the supplier; and

7. exceptions taken by the supplier.

B. Before the contract is awarded, the purchaser shall resolve, or obtain commitments

* to resolve deficiencies identified during the proposal or bid evaluation.

IC. Supplier QA provisions shall be accepted by the purchaser QA management before
authorizing the supplier to start work.

2.3.2.4 Procurement Document Requirements

IProcurement documents shall include the following, as applicable to the item or service
being procured:

A. the scope of work;

B. technical requirements, including:

1 . design bases shall be identified or referenced;

2. specific documents (such as drawings, codes, standards, regulations,
procedures, or instructions) that describe the technical requirements of the
items or services to be furnished shall be identified. The revision level or
change status of these documents shall also be identified; and

3. tests, inspections, hold points or acceptance criteria that the purchaser shall
* use to monitor and evaluate the performance of the supplier shall be specified;

C . QA provisions specified by the purchaser QA organization, including:
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1. the requisite QA and documentation requirements, depending on the control
level of the item or service being procured;

2. the pass-down requirements that the supplier shall incorporate into any sub-tier
procurement document; and

3. when deemed appropriate, the purchaser may permit some or all supplier work
to be performed under the purchaser QA program, provided that the
requirements are adequately implemented. In these cases, procurement
documents shall specify that the purchaser's QA implementing procedures are
applicable to the supplier and that the purchaser shall provide these applicable
documents to the supplier.

D. right of access to supplier facilities and records for inspection or audit by the
purchaser, GAO, or other designee authorized by the purchaser;

IE. the requirements of Section 1.5 and provisions for disposition, if the supplier is
required to maintain QA records;

F. requirements for the supplier to report nonconformances and obtain purchaser
approval of supplier recommended dispositions;

G. spare and replacement parts or assemblies and the appropriate technical and QA
requirements for ordering; and

IH. requirements for the use, control, and calibration of measuring and test equipment
in conformance to the requirements of ANSI/NCSL Z540-1, Calibration Laboratories,-
and Measuring and Testing Equipment - General Requirements.

2.3.2.5 Procurement Document Review and Approval

A. A review of the procurement documents and any changes thereto shall be made to
verify that documents include appropriate provisions to ensure that items or
services shall meet the prescribed requirements.

B. Procurement document reviews shall be performed and documented prior to the
document being issued to the supplier.

C. Reviews shall be performed by personnel who have access to pertinent information
and who have an adequate understanding of the requirements and scope of the
procurement.

D. Procurement document reviews shall include representatives from the technical
and QA organizations and shall be approved by appropriate management.
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* 2.3.2.6 Supplier Performance Evaluation Requirements

The purchaser of items and services shall establish measures to interface with the
supplier and to verify supplier performance, as deemed necessary by the purchaser.
The measures shall include:

A. establishing an understanding between the purchaser and supplier of the
requirements and specifications identified in the procurement documents;

B. requiring the supplier to identify planning techniques and processes to be used in
fulfilling procurement document requirements;

C. reviewing supplier documents that are prepared or processed during work
performed to fulfill procurement requirements;

D. identifying and processing necessary change information;

E. establishing the method to be used to document information exchanges between
purchaser and supplier; and

F. establishing the extent of assessment activities and inspection.

* I 2.3.2.7 Acceptance of Items or Services

A. Source Verification

The purchaser may accept an item or service by monitoring, auditing, surveillance,
witnessing, or observing activities performed by the supplier. This method of
acceptance is called source verification.

The extent of source verifications shall be a function of the relative importance,
complexity, and quantity of items or services being procured, as well as the supplier's
quality of performance. Source verifications shall be accomplished as early as
possible, but in any case, prior to the start of those activities that are required to be
controlled and shall include the active involvement of the purchaser's QA organization.
In addition:

1 . Source verification shall be accomplished consistent with the supplier's planned
inspections, examinations, or tests, and performed at intervals consistent with
the importance and complexity of the item.

2. Documented evidence of acceptance of source verified items or services shall
be furnished to the party receiving the item, to the purchaser, and to the
supplier.

3. Source verification shall be performed by qualified personnel.
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B. Receiving Inspection

When a receiving inspection is used to accept an item:

1 . The inspection shall include consideration of source assessments, verifications,
and audits, and the demonstrated performance quality of the supplier.

2. The inspection shall be performed in accordance with established inspection
procedures or instructions.

3. The inspection shall verify, as applicable, proper configuration; identification;
dimensional, physical, and other characteristics; freedom from shipping damage;
and cleanliness.

4. The inspection shall be planned and executed in accordance with the applicable
requirements of Section 2.4.

5. Receiving inspection shall include a review of the adequacy and completeness of
any required supplier documentation.

C. Post-installation Testing

When post-installation testing is used as a method of acceptance, then post-installation
test requirements and acceptance documentation shall be mutually established and~
agreed upon by the purchaser and supplier.

D. Supplier Certificate of Conformance

When a certificate of conformance is used, the following, as a minimum, shall be met:

1. The certificate shall identify the purchased material or equipment, including the
purchase order and item number, or other identification that is traceable to the
requirements of the procurement document.

2. The certificate shall identify the specific procurement requirements met by the
purchased material or equipment, such as codes, standards, and other
specifications. The procurement requirements identified shall include any
approved changes, waivers, or deviations applicable to the subject material or
equipment.

3. The certificate shall identify any procurement requirements that have not been
met, together with an explanation and the means for resolving the
nonconformances.

4. The certificate shall be signed or otherwise authenticated by an official of the
supplier organization.
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*5. The certification system, including the procedures to be followed in filling out a
certificate and the administrative procedures for review and approval of the
certificates, shall be described in the purchaser or supplier QA program.

6. Means shall be provided to verify the validity of supplier certificates and the
effectiveness of the certification system, such as during the performance of
audits of the supplier or independent inspection or test of the items. Such
verification shall be conducted by the purchaser at intervals commensurate with
supplier quality performance.

2.3.2.8. Control of Supplier Nonconformances

The purchaser and supplier shall establish and document the process for dispositioning
items that do not meet procurement document requirements in accordance with the
following:

A. The supplier shall submit a report of nonconformance to the purchaser that
includes supplier-recommended disposition (for example, ''use as is"1 or "repair")
and provide technical justification for such disposition.

B. Reports of nonconformances to procurement document requirements or documents
approved by the purchaser shall be submitted to the purchaser for approval.
Examples of conditions requiring a report of nonconformance include:

1 . Failure to meet technical or material requirements.

2. Failure to meet a requirement in supplier documents that have been approved
by the purchaser.

3. The nonconformance cannot be corrected by continuation of the original
manufacturing process or by rework.

4. The item does not conform to the requirement even though the function of the
*1 j item is apparently unimpaired.

C. The purchaser shall evaluate the supplier-recommended disposition.

D. The purchaser shall verify implementation of the disposition.

2.3.2.9 Commercial Grade Items

Where the design specifies the use of commercial grade items, the following

requirements are an acceptable altemnative to other requirements of this section.
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A. The commercial grade item shall be identified in an approved design output
document, such as drawing, specification or other document translated from a
design input document. An altemnative commercial grade item may be applied, as
long as the responsible design organization provides verification that the alternative
commercial grade item performs the intended function and meets design
requirements that are applicable to both the replaced item and its application.

B. Supplier selection shall be in accordance with source selection requirements.

C. Commercial grade items shall be identified in the procurement document by the
manufacturer's published product description.

0. After receipt of a commercial grade item, the purchaser shall ensure that:

I. Damage was not sustained during shipment.

2. The item received was the item ordered.

3. Inspection or testing is accomplished, to the extent determined by the
purchaser, to assure conformance with the manufacturer's published
requirements.

4. Documentation, as applicable to the item, was received and is acceptable.

2.4 INSPECTION AND TESTING

2.4.1 General Requirements

Inspections and testing shall be performed in accordance with approved implementing
procedures. An essential part of the work planning process is to identify the items and
processes to be inspected or tested, the parameters or characteristics to be evaluated,
the techniques to be used, the acceptance criteria, any hold points, and the
organizations responsible for performing the tests and insp~ections. Inspection for

Iacceptance shall be performed by personnel other than those who performed or directly
supervised the work being inspected. Inspection and testing of specified items and

Iprocesses shall be conducted using established acceptance and performance criteria.
IThe acceptance of items and processes shall be made by and documented by qualified
and authorized personnel. Equipment used for inspections and tests shall be calibrated
and maintained.

2.4.2 Additional Requirements

IInspection and testing activities supporting compliance application or related to nuclear
Isafety, waste characterization, or waste isolation, shall be conducted in accordance
Iwith the requirements of this section, as applicable.
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* 2.4.2.1 Qualification of Inspection and Test Personnel

IThis section provides amplified requirements for the qualification of personnel who
perform inspection and testing to verify conformance to specified requirements for the

Ipurpose of acceptability.

The requirements of this section do not apply to the qualification of personnel for
Iperformance of nondestructive examination. Qualification of personnel for
Inondestructive examination is addressed in Section 2.4.2.2.

IA. The responsible organization shall designate those activities that require qualified
Iinspection and test personnel and the minimum requirements for such personnel.
IFurther, the responsible organization shall establish written procedures for the
I qualification of inspection and test personnel and for the assurance that only those
I personnel who meet the requirements of this section are permitted to perform
I applicable inspection and test activities.

B. When a single inspection or test requires implementation by a team or a group,
personnel not meeting the requirements of this section may be used in data-taking

I assignments or in plant or equipment operation, provided they are supervised or
overseen by a qualified individual.

* C. Personnel selected for performing inspection and test activities shall have the
Iexperience or training commensurate with the scope, complexity, or special nature
Iof the activities.

ID. Provisions shall be made for the indoctrination of personnel to the technical
I objectives and requirements of the applicable codes and standards and the QA
I program controls that are to be employed.

IE. The need for a formal training program shall be determined, and such training
Iactivities shall be conducted as required to qualify personnel that perform such

inspections and tests. On-the-job training shall also be included in the program, as
appropriate, with emphasis on first-hand experience gained through actual
performance of inspections and tests.

nIF. The capabilities of a candidate for certification shall be initially determined by a0
I suitable evaluation of the candidate's previous education, experience, training, and 3
I either test results or capability demonstration. 9

G. The job performance of inspection and test personnel shall be reevaluated for
capability at periodic intervals not to exceed three years. Reevaluation shall be by0
evidence of continued satisfactory performance or redetermination of capability in

I accordance with the above requirements. If during this evaluation, or at any other
* I time, it is determined by the responsible organization that the capabilities of an
W individual are not in accordance with the qualification requirements specified for the

job, that person shall be removed from that activity until such time as the required
capability has been demonstrated. Any person who has not performed inspection or
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testing activities in their qualified area for a period of one year shall be reevaluated
for the required capability in accordance with the above requirements.

H. The qualification of personnel shall be certified in writing in an appropriate form,
and shall include the following information:

1. employer's name;

2. identification of person being certified;

3. activities certified to perform;

4. basis used for certification, including such factors as: (1) education, experience,
indoctrination, and training; (2) test results, where applicable; and (3) results of
capability demonstration;

5. results of periodic evaluation;

6. results of physical examinations, when required;

7. signature of employer's designated representative who is responsible for such
certification; and

18. the date of certification and date of certification expiration.

1 . The responsible organization shall identify any special physical characteristics
needed in the performance of each activity, including the need for initial and

Isubsequent physical examination.

IJ. Records of personnel qualification shall be established and maintained by the
employer. These records shall include the information required above for

Icertification.

I2.4.2.2 Qualification of Nondestructive Examination Personnel

IThis section identifies the requirements for the qualification of personnel who perform
Inondestructive examination (NDE) [radiographic (RT), magnetic particle (MT), ultrasonic
I (T), liquid penetrant (PT), eddy current (ET), neutron radiographic (NRT), and leak

Itesting (LT], to verify conformance to specified requirements.

IA. The American Society of Nondestructive Testing (ASNT) Recommended Practice
No. SNT-TC-1 A, June 1980 Edition, and its applicable supplements shall apply as

Irequirements for personnel performing the above methods of NDE.

IB. The responsible organization shall establish written procedures for the control and
Iadministration of the training, examination, and certification of NDE personnel.
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* C. Records of personnel qualification shall be prepared and maintained by the
employer.

2.4.2.3 Inspection Requirements

A. Inspection Planning

Inspection planning shall be performed and documented and shall include the:

1. identification of work operations where inspections are necessary;

2. identification of the characteristics to be inspected and the identification of
when, during the work process, inspections are to be performed;

3. identification of inspection or process monitoring methods to be employed;

4. identification of acceptance criteria;

5. identification of sampling requirements;

6. methods to record inspection results;

* I 7. selection and identification of the measuring and test equipment (M&TE) to be
used to perform the inspection; and

8. the process used to ensure that the equipment being utilized for inspection or
testing is calibrated and is of the proper type, range, accuracy, and tolerance to
accomplish the intended function.

B. Inspection Hold Points

When mandatory hold points are used to control work that is not to proceed without the
specific consent of the organization placing the hold point, then the specific hold points
shall be indicated in implementing procedures. Only the organization responsible for
the hold point may waive the hold point. Approval to waive specified hold points shall
be documented before continuing work beyond the designated hold point.

C. In-Process Inspections and Monitoring

1 . Items in process shall be inspected as necessary to verify quality. If inspection
of processed items is impossible or disadvantageous, indirect control by
monitoring of processing methods, equipment, and personnel shall be provided.
Both inspection and process monitoring shall be conducted when control is
deemed inadequate using only one of these methods.

2. When a combination of inspection and process monitoring methods is used,
monitoring shall be performed systematically to ensure that the specified
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requirements for control of the process and the quality of the item are met
throughout the duration of the process. i

3. Controls shall be established and documented for the coordination and
sequencing of the work at established inspection points during successive
stages of the process.

D. Final Inspections

1 . Final inspections shall include a review of the results and the verification of the
resolution of all nonconformances identified by earlier inspections.

2. Finished items shall be inspected for completeness, markings, calibration,
protection from damage, or other characteristics as required to verify the quality
and conformance of the item to the applicable requirements.

3. Records review shall be performed to assure adequacy and completeness.

4. Item modifications, repairs, or replacements that are performed subsequent to
final inspection shall require reinspection or retest, as appropriate, to verify
acceptability.

IE. Inservice, Inspections

1 . Required inservice inspection or surveillance of structures, systems, or
components shall be planned and executed by or for the organization
responsible for their operation.

2. Inspection methods shall be established and executed to verify that the
characteristics of an item continue to remain within specified limits.

3. Inspection methods shall include evaluations of performance capability of
essential emergency and safety systems and equipment, verification of
calibration and integrity of instruments and instrument systems, and verification
of maintenance, as appropriate.

F. Inspection Documentation

Inspection documentation shall identify:

1. the item inspected and the date of the inspection;

2. the name or unique identifier of the inspector that documented, evaluated, and
determined acceptability;

3. the method of inspection;
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4. the inspection criteria, sampling plan, or reference documents (including

revision designation) used to determine acceptance;

5. the results;

6. the measuring and test equipment used during the inspection, including the
identification number and the calibration due date; and

7. reference to any information on actions taken in connection with
nonconformances, as applicable.

2.4.2.4 Test Requirements

Testing shall be used to determine the capability of an item to meet specified
requirements by subjecting the item to a set of physical, chemical, environmental, or
operating conditions. Examples of such tests include prototype qualification tests,
production tests, proof tests prior to installation, construction tests, and pre-operational
tests.

A. Test Planning

Test planning shall include:

1 . the identification of the implementing procedures to be developed to control
and perform the test. In lieu of specially prepared written test procedures
appropriate sections of related documents such as ASTMV methods may be
used. If used, they shall incorporate the information directly into the approved
test implementing procedure, or shall be incorporated by reference;

2. the identification of the item to be tested and the test requirements and
acceptance limits, including the required levels of precision and accuracy;

3. the identification of the M&TE to be used to perform the test to ensure that the
equipment being utilized is calibrated and is of the proper type, range,
accuracy, and tolerance to accomplish the intended function;

4. any test prerequisites, including: test equipment, instrumentation and software
needs, personnel training and qualification, and suitably controlled
environmental conditions;

5. any mandatory hold points;

6. the methods that are to be used to record data and results; and

*7. the provisions for assuring that prerequisites for the given test have been met.

B. Test Documentation
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Test documentation shall identify:

1. the applicable test requirements, plans, and procedures, including revisions;

2. the item or work product tested;

3. the date of the test;

4. the name of the tester and data recorders;

5. the type of observation and method of testing;

6. the identification of test criteria or reference documents used to determine
acceptance;

7. the results and acceptability of the test;

8. the actions taken in connection with any noted nonconformances;

9. the name of the person evaluating the test results; and

10. the identification of the measuring and test equipment used during the test,
(including the identification number and calibration due date).

C. Test Results

Test results shall be documented and their conformance with acceptance criteria shall
be evaluated by a qualified individual within the responsible organization to assure that
all test requirements have been satisfied.

2.4.3 Monitoring, Measuring, Testing, and Data Collection Equipment

The following sections establish requirements to ensure equipment used for inspection
and testing is properly controlled, calibrated, and maintained. Equipment discussed in
the following sections includes measuring and test equipment, measuring and data
collection equipment, equipment (either hand held or installed) used for data indication,

Iand other equipment used for data indication, collection, or evaluation. These are
Itermed as M&TE.

Calibration and control measures may not be required for rulers, tape measures, levels,
and other such devices, if normal commercial equipment provides adequate accuracy.

I2.4.3.1 Use and Control of M&TE

Each organization using M&TE shall:

IA. establish and document a system to control the use and calibration of M&TE;
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* IB. have a program to recall for calibration, or remove from service, M&TE that has
exceeded its calibration interval, has broken calibration seals, has been modified,
repaired, or has had components replaced, or is suspected to be malfunctioning
because of mishandling, misuse, or unusual results;

IC. establish and maintain documented procedures to evaluate the adequacy of the
calibration system and to ensure compliance with the requirements of this QAPD,
including the acquisition of calibration services from laboratories meeting the
requirements of ANSI/NCSL Z540-1, Calibration Laboratories and Measuring and
Testing Equipment - General Requirements;

ID. maintain records documenting that established M&TE schedules and procedures
I have been followed. These records shall include an individual record of calibration,

or other means of control, providing:

I 1. a description or identification of the item;

2. calibration interval;

I 3. date calibrated;

4. identification of the calibration source;

I 5. calibration results (data and status);

6. calibration action taken (adjusted, repaired, new value assigned, derated, etc.);
I and

7. evaluation and corrective action taken in response to out-of-cal ib ration
conditions;

IE. label all M&TE to indicate: the calibration status, the date calibrated, the calibration
Idue date or usage equivalent, and the identification of any limitations. (When it is

impractical to apply a label directly to an item, the label may be affixed to the
instrument container or some other suitable means may be used to reflect

I calibration status);

IF. evaluate the validity of previous inspection and test results and the acceptability of
related items, data collected, and processes monitored, when M&TE is found to be

I out-of -calibration;

IG. handle, store, and transport M&TE in a manner that does not adversely affect the
Icalibration or condition of the equipment; and

* H. give due consideration to temperature, humidity, lighting, vibration, dust control,
cleanliness, electromagnetic interference, and any other factors affecting the results

Iof measurements. Where pertinent, these factors shall be monitored and recorded
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and, when appropriate, correcting compensations shall be applied to measurement
Iresults.

2.4.3.2 Calibration

IA. M&TE requiring calibration shall be calibrated at periodic intervals established and
Imaintained to assure acceptable reliability, where reliability is described as the
Iprobability that M&TE will remain in-tolerance throughout the interval.

IB. Intervals shall be established for all M&TE requiring calibration unless the
Iequipment is regularly monitored through the use of check standards in a
Idocumented measurement assurance process. Check standards must closely
Irepresent the item parameters normally tested in the process and the check

standard must be verified periodically.

IC. Where intervals are used to ensure reliability, the interval setting system must be
Isystematically applied and shall have stated reliability goals and a method of
Iverifying that the goals are being attained.

ID. Intervals may be based on usage or time since last calibration.

IE. All exemptions from periodic calibration shall be approved and documented.

IF. The recall system may provide for the temporary extension of the calibration due
date for limited periods of time under specified conditions that do not unreasonably

I impair the satisfaction of task objectives.

IG. Calibration services shall conform to the requirements of ANSI/NCSL Z540-1,
I Calibration Laboratories and Measuring and Testing Equipment - General
I Requirements.

H. Hf any M&TE is found to be significantly out-of-tolerance during the calibration
I process, the cognizant organization shall provide for the notification, to the user and

cognizant QA management, of the out-of-tolerance condition with the associated
measurement data so that appropriate action can be taken.
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SECTION 3 - ASSESSMENT REQUIREMENTS

3.1 MANAGEMENT ASSESSMENT

Managers at every level shall periodically assess the performance of their organization
to determine the effectiveness of QA program provisions that enable the organization to

Imeet customer requirements and expectations. This assessment shall place emphasis
on the use of human and material resources to achieve organizational goals and
objectives.

A. The management assessment should include an introspective evaluation to
determine if the entire integrated management system effectively focuses on
meeting strategic goals.

B. Managers shall retain overall responsibility for management assessments. Direct
participation by senior management is essential to the success of the process
because management is in the position to view the organization as a total system.

C. Management assessments should focus on the identification and resolution of both
systemic and management issues and problems. Strengths and weaknesses

* affecting the achievement of organizational objectives should be identified so that
meaningful action can be taken to improve quality.

D. Processes being assessed should also include strategic planning, organizational
interfaces, cost control, use of performance indicators, staff training and
qualifications, and supervisory oversight and support. Effective management
assessments should evaluate such conditions as the state of employee knowledge,
motivation, and morale;'the amount of mutual trust and communication among
workers and organizations; the existence of an atmosphere of creativity and
improvement; and the adequacy of human and material resources.

IE. Management assessments of the QA program shall be conducted regularly and
reported at least annually to an identified senior management level with sufficient
authority to effect corrective measures, as necessary.

F. Management assessment results should be used as input to the organizational
continuous improvement process.
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3.2 INDEPENDENT ASSESSMENT

3.2.1 General Requirements

IPlanned and periodic independent assessments shall be conducted to measure item
Iand service quality, process effectiveness, and to promote improvement. The

organization performing assessments shall have sufficient authority and freedom from
Ithe activities being assessed to carry out its responsibilities. Persons conducting
Iassessments shall be technically qualified and knowledgeable of the items and
activities being assessed.

The types and frequencies of independent assessments shall be based upon the
relevant control levels assigned to the items and activities under the cognizance of the
organization.

I3.2.2 Additional Requirements

IThe CAO and participant organizations responsible for the performance of activities
Iimportant to compliance application, nuclear safety, waste characterization or the
Iisolation of waste within the disposal system, shall implement a program of surveillance
Iand audits. The program shall be planned and documented and include both routine
Isurveillance of those activities, and audits to verify compliance with all aspects of the
quality assurance program and determine its adequacy and effectiveness. The

Isurveillance and audit program shall be implemented in accordance with the
Irequirements of Sections 3.2.3 and 3.2.4, respectively, in addition to the general
requirements above.

3.2.3 Surveillances

IA. A program of surveillance of the above referenced activities shall be planned,
Iperformed, documented, and reported to appropriate management personnel. The
Isurveillance process consists of monitoring or observing to verify whether an item,
Iactivity, system, or process conforms to specified requirements.

IB. Surveillances shall accomplish the following:/

I1. monitor work in progress;

2. document compliance or non-compliance with established requirements and
I procedures;

3. identify actual and potential conditions adverse to quality;
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*4. obtain timely corrective action commitment from cognizant managers for
identified conditions adverse to quality;

5. provide notification to responsible managers of the status and performance of
work under surveillance; and

6. verify timely implementation of corrective action.

C. Surveillances of the subject activities, conducted by the responsible organization,
may be counted as satisfying the requirement to do surveillances of related
activities in the corresponding surveillance schedule period.

I3.2.4 Audits

An audit is a planned and documented independent assessment to determine by
Iinvestigation, examination, or evaluation of objective evidence, the adequacy of, and
compliance with established procedures, instructions, drawings, and other applicable

Idocuments, and the effectiveness of implementation. An audit should not be confused
with surveillance or inspection activities performed for the sole purpose of process
control or product acceptance.

* I 3.2.4.1 Scheduling Audits

IA. The CAO and participant organizations shall perform an annual evaluation of audit
I needs (both internal and external) from which to develop and maintain a schedule
I of audits. The evaluation shall be documented and include justification for the
I approach used to determine the subjects, scope, and frequency of the audits
I scheduled, as well as those areas for which audits have not been scheduled. This

evaluation shall include:

1 . a review of documentation furnished by, or regarding the work of the
I organization or supplier (such as certificates of conformance, nonconformance

notices, and corrective actions);

2. the results of previous assessments (including assessments from other
sources), source verifications, and receiving inspections; and

3. a review of experience from identical or similar products or services furnished
I by the same organization or supplier.

IB. Audits shall be scheduled to begin as early in the life of a project or activity as
practicable and continue at intervals consistent with the schedule for accomplishing

Ithe work and commensurate with the assigned control level.
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IC. Periodically scheduled QA program audits shall be supplemented by, or integrated
with, either audits or surveillances a technical nature (e.g., performance based
audits) which address the quality of selected work products and work processes.

I3.2.4.2 Planning and Preparation for Audits

The organization performing the audit shall develop and document a plan for each
Iaudit.

IA. The plan shall include the scope, requirements, purpose, audit personnel, activities
to be audited, organizations to be notified, applicable documents, schedule, and
written procedures or checklists to be used.

B. Audit planning shall include a review of past assessment results to determine the
nature of problems that have occurred. When recurring problems are found, the
audit team shall review corrective actions that have been taken and attempt to
determine whether the corrective actions were effective in preventing recurrence.

IC. Audit preparation shall include review of pertinent background information,
procedures, and technical documents so that audit team members are familiar with
the work being audited.

ID. Audits shall include technical evaluations of the applicable procedures, instructions,
activities, and items.

E. The scope shall include related corrective actions taken since the previous
assessment.

3.2.4.3 Audit Team Selection

Audit team members shall be identified prior to the start of the audit activity. The team
Imembers shall be selected on the basis of technical qualifications, knowledge of the
item or process being audited, and shall be independent from the items or processes

Ibeing audited. Audit team members shall have sufficient authority and organizational
Ifreedom to carry out their assigned responsibilities. In the case of internal audits,
Ipersonnel having direct responsibility for performing the activities being audited shall
not be involved in the selection of the audit team.

IA. An audit team leader shall be appointed to provide indoctrination and supervision of
Ithe team, organize and direct the audit, and coordinate the preparation and
Iissuance of the audit report.

ICAO QAPD Rev. 1.0 3-4



* B. Before starting the audit, the audit team leader shall ensure that the assigned
personnel collectively have experience and training commensurate with the scope,
complexity, or special nature of the work to be audited.

IC. Technical specialists, with appropriate technical expertise or experience in the work
being audited, shall be used when auditing the adequacy of technical processes.

I3.2.4.4 Auditor Qualification

Auditors shall be technically qualified in their assigned roles. In addition, they shall
have appropriate training or orientation to develop their competence for performing
audits. Competence of personnel performing various audit functions shall be
developed by the following methods:

A. Orientation to provide a working knowledge and understanding of the program QA
requirements and implementing procedures used to perform audits and report audit
results.

B. Training that provides fundamentals, objectives, and techniques of performing
audits. Training shall include methods of examining, questioning, evaluating, and
documenting specific audit items and methods of evaluating the effectiveness of

* I corrective actions for conditions adverse to quality.

C. On-the-job training, guidance, and counseling under the direct supervision of a lead
auditor may be substituted for the training above. Such training shall include
planning, performing, reporting, and follow-up actions.

3.2.4.5 Technical Specialist Qualification

ITechnical specialists selected for audit assignments shall receive indoctrination
Icommensurate with the scope, complexity, or special nature of the work being audited.
In addition they shall be trained to the requirements of the audit process associated
with their duties.

3.2.4.6 Lead Auditor Qualification

A lead auditor shall be capable of organizing and directing audits, reporting audit
Iresults, and evaluating planned and implemented corrective action. A lead auditor also
shall be certified as meeting the requirements provided in this section for education and

Iexperience, communication skills, training, audit participation, and the successful
Icompletion of a lead auditor examination.

CAO QAPD Rev. 1.0 3-5



A. Lead Auditor Education and Experience

The prospective lead auditor shall have verifiable evidence that a minimum of 10 credits
have been accumulated under the following scoring system:

1. Education (four credits maximum)

a. An associate's degree from an accredited institution scores one credit. If
the degree is in engineering, physical sciences, mathematics, or QA, it
scores two credits.

b. A bachelors degree from an accredited institution scores two credits. If the
degree is in engineering, physical sciences, mathematics, or QA, it scores
three credits. In addition, score one more credit for a masters degree (or
higher) in engineering, physical sciences, business management, or QA
from an accredited institution.

2. Experience (nine credits maximum)

The prospective lead auditor shall have participated in a minimum of five QA audits
or equivalent verifications (such as management assessments, pre-award surveys,
or comprehensive surveillance, as long as the parameters of the audit process are
met) within a period of time not to exceed three years prior to the date of
certification. One audit of which shall be a nuclear QA audit within the year prior to
qualification. In addition, for technical experience in such areas as scientific
investigation, site characterization, nuclear waste management, production,
transportation, engineering, manufacturing, construction, operation, maintenance,
or experience applicable to the auditing organization's area of responsibility scores
one credit for each full year, with a maximum of five credits for this aspect of
experience.

a. If two years of this experience have been in a nuclear field, score one
additional credit; or

b. If two years of this experience have been in QA, score two additional
credits; or

c. If two years of this experience have been in auditing or assessment, score
three additional credits; or

d. If two years of this experience have been in nuclear-related QA, score three
additional credits; or

e. If two years of this experience have been in nuclear-related QA auditing or
assessment, score four additional credits.
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* 3. Professional Competence (two credits maximum)

For certification of competency in engineering, science, or QA specialties, issued
and approved by a state agency or national professional or technical society, score
two credits.

4. Rights of Management (two credits maximum)

When determined appropriate, the organization performing the qualification may
grant up to two credits for other performance factors applicable to auditing that are
not explicitly called out in this section (such as leadership, sound judgment,
maturity, analytical ability, tenacity, past performance, and completed QA training
courses).

B. Lead Auditor Communication Skills

The prospective lead auditor shall have the capability to communicate effectively, both
in writing and orally. These skills shall be attested to in writing by the candidate's
supervisor.

C. Lead Auditor Training

* Prospective lead auditors shall be trained to the extent necessary to ensure their
competence in skills as established by the organization responsible for performing
audits. Training in the following areas shall be accomplished and its completion verified
based upon a management evaluation of the particular needs of each prospective lead
auditor:

1 . knowledge and understanding of the participant organization's QA Program and
other program related procedures, codes, standards, regulations, and
regulatory guides;

2. general structure of QA plans and implementation procedures, as a whole.

3. auditing techniques of examining, questioning, evaluating, reporting, methods
of identifying, following up, and closing corrective action items; and

4. audit planning in functional areas of nuclear QA.
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D. Lead Auditor Examination

1 . The prospective lead auditor shall pass an examination that evaluates the
comprehension of and the ability to apply the audit knowledge described in this
section. The test shall be oral, written, practical, or any combination of these
methods.

2. The development and administration of the examination for a lead auditor is the
responsibility of the auditing organization. The auditing organization shall:

a. Maintain the integrity of the examination through confidentiality of files and,
where applicable, proctoring of examinations.

b. Develop and maintain objective evidence regarding the type and content of
the examination.

E. Lead Auditor Certification

Lead auditors shall be certified by the auditing organization as being qualified to lead
audits. This certification will document the:

1. name of the organization performing the certification;

2. name of the lead auditor;

3. date of certification or recertification;

4. basis of certification (such as education, experience, communication skills, and
training); and

5. signature of the designated representative of the organization responsible for
the certification.

F. Lead Auditor Proficiency Maintenance

1. Lead auditors shall maintain their proficiency through one or a combination of
the following:

a. regular and active participation in the audit process;

b. review and study of codes, standards, QA implementation procedures,
instructions, and other documents related to QA program auditing; and

c. participation in training programs.
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*2. Management of the auditing organization shall evaluate the proficiency of lead
auditors annually. Based on the evaluation, management shall choose to
extend the qualification, require retraining, or require requalification.
Management evaluations shall be documented.

3. Lead auditors who fail to maintain their proficiency for a two-year period shall
require requalification to the requirements of this section of the QAPD.
However, participation in only one nuclear audit is required.

I3.2.4.7 Performing Audits

IA. Audits shall be performed using the written procedures related to the activity being
audited or checklists.

B. Elements that have been selected for audit shall be evaluated against specified
requirements. Objective evidence shall be examined to the depth necessary to
determine if those elements are being implemented effectively.

IC. Audit results shall be documented by audit personnel and reported to and reviewed
Iby management having responsibility for the area audited. Conditions requiring

prompt corrective action shall be reported immediately to management of the
* I audited organization.

D. Conditions adverse to quality shall be documented and corrected according to the
requirements of Section 1.3.2.

I3.2.4.8 Reporting Audit Results

IThe audit report shall be prepared by the audit team leader, and issued to the
management of the audited organization and any affected organizations. The audit
report shall include the following, as appropriate:

A. a description of the audit scope;

IB. the identification of the auditors;

C. the identification of persons contacted during the audit;

D. a summary of the documents reviewed, persons interviewed, and the specific
results of the reviews and interviews (i.e., a summary of the checklist contents);

IE. a summary of audit results, including a statement of the QA program adequacy,
implementation and effectiveness, as appropriate to the scope;
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F. a description of each reported condition adverse to quality in sufficient detail to

enable corrective action to be taken by the audited organization; and

G. a description of commendable quality practices.

IAdditionally, audit findings of a common nature shall be grouped in the report whenever
Ipossible so that related or systematic breakdowns in the QA program are identified.
Findings or deficiencies shall be categorized based on their relative importance, to

Iindicate their degree of impact on compliance assessment, nuclear safety, waste
Icharacterization, waste isolation, environmental protection, or the QA program.

I3.2.4.9 Audit Response and Follow Up

IManagement of the audited organization will investigate conditions adverse to quality;
determine and schedule corrective action, including measures to preclude recurrence;
and notify the auditing organization in writing of the actions planned or taken. The

Iadequacy of audit responses shall be evaluated by or for the auditing organization.
IFollow-up action shall be taken to verify that corrective action is accomplished as
Ischeduled.

I3.2.4.10 Audit Records

IThe following documents, when developed in fulfillment of the audit requirements of this
IQAPID, shall be controlled as QA records, in accordance with Section 1.5 of this QAPD:

.i dit plans; audit reports, audit checklists, audit responses, and documentation of
corrective action completion and follow-up.
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*SSCTION 4-AMPLE CONTROL REQUIREMENTS

IThis section identifies the requirements for controlling samples of waste and
Ienvironmental media. The control measures shall include provisions for the

identification, handling, storage and shipping, archival, and disposition of the samples,
Iincluding those identified as nonconforming.

I4.1 GENERAL

The following general requirements apply to sample control:

A. Samples shall be controlled and identified in a manner consistent with their
intended use.

B. Implementing procedures shall define responsibilities, including organizational
I interfaces, related to documenting and tracking sample possession from sample

collection and identification through handling, preservation, shipment, transfer,
analysis, storage, and final disposition.

IC. Sample control measures shall include provisions for the identification of the in situ
orientation of samples, where appropriate.

*D. A chain of custody record form shall be maintained. The chain of custody record
I shall provide a document trail of all persons that have custody of a given sample,
I including the date and time of its transfer, from the time the sample is taken until its

final disposition.

IE. Sample control measures, including identification and documentation, shall ensure
that samples can be traced at all times, from collection through final disposition.

IF. Where samples have a maximum life expectancy or expiration date, methods shall
be employed that preclude the use of the sample beyond its specified life.

IG. Representative archival samples from difficult to repeat sample collection activities,
Isuch as principal bore holes, shall be maintained.

H. Implementing procedures shall specify the representative samples to be archived if
the need to archive samples is identified.

4.2 SAMPLE IDENTIFICATION

A. Each sample shall be uniquely identified from its initial collection through the final
disposition of the sample.

* B. Sample identification shall be verified and documented before each transfer or
I release for testing, analysis or disposition.
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IC. Identification shall be maintained by placing the identification directly on the
samples wherever possible or in a manner that ensures that identification is
maintained. If direct physical markings are either impractical or insufficient, other
appropriate means shall be employed (e.g. physical separation, labels or tags
attached to containers, or procedural control). When used, physical markings shall:

1. be applied using materials and methods that provide a clear and legible
identification;

2. not affect the sample content or form; and

3. be transferrable to each identified sample part when the sample is subdivided.

D. If sample storage is required, then methods shall be established for the control of
sample identification that are commensurate with the planned duration and storage
conditions. These methods shall provide for, as applicable:

1. the maintenance or replacement of markings and identification tags that have
been damaged during handling or aging; and

2. the protection of identification markings from excessive deterioration due to
environmental exposure.

4.3 HANDLING, STORING, AND SHIPPING SAMPLES

Handling, storing, cleaning, packaging, shipping, and preservation of samples shall be
conducted in accordance with established work and inspection implementing

Iprocedures. Controls shall provide for the maintenance of sample characteristics,
Isample integrity, and sample identification during storage.

IA. The controls shall be consistent with the planned duration and storage conditions,
and shall describe actions to be taken where maximum sample life expectancy
limits are identified.

IB. Storage methodology shall be developed and implemented to ensure that samples
are maintained in predetermined environmental conditions commensurate with their
intended use and purpose.

IC. Samples shall be controlled to preclude the mixing of like samples.

ID. Samples on which analysis or tests have been performed shall be identified and
maintained in a separate part of the storage area.

E. If required for critical, sensitive, perishable, or high-value samples, specific
measures for the handling, storage, cleaning, packaging, shipping, and sample
preservation shall be identified and used.
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* F. Measures shall be established for sample marking and labeling for packaging,
shipping, handling, and storage as necessary to adequately identify, maintain, and
preserve the sample. Markings and labels shall indicate the need for and the
presence of special environments or the need for other special controls, if
necessary.

G. Samples requiring special protective equipment (such as containers) and special
protective environments (such as inert gas or limits on moisture and temperature)
shall be specified, employed, verified, and documented.

4.4 DISPOSITION OF NONCONFORMING SAMPLES

A. Sample requirements that are not met as specified in work controlling documents
(such as job packages, travelers, or work requests) shall be identified, documented,
evaluated, and segregated in accordance with Section 1.3.

B. The disposition for nonconforming samples shall be identified and documented and
shall be limited to "use-as-is," "limited use," or "discard."

C. Samples that have lost their identity shall be documented as nonconforming and
shall not be used.

CAO QAPD Rev. 1.0 4-~3





SECTION 5- SCIENTIFIC INVESTIGATION REQUIREMENTS

IThis section applies to all technical investigations and design development data
Icollection activities performed in support of the WIPP Compliance Application.
Scientific investigations shall be defined, controlled, verified, and documented. Process
variables affecting scientific investigations shall be measured and controlled. Test
processes conducted in support of such investigations shall be controlled in accordance
with the requirements of Sections 2.4, Inspection and Testing, 2.4.2.4, Test
Requirements, and 2.4.3, Monitoring, Measuring, Testing, and Data Collection

IEquipment, as applicable, and as supplemented by the requirements of this section.

5.1 PLANNING SCIENTIFIC INVESTIGATIONS

A. Variables that affect interrelated scientific investigations shall be identified and
controlled appropriately in each related investigation.

B. The intended use of the data shall be documented before collection as part of the
planning for data processing. Any alternate use of the data shall be evaluated for
appropriateness and the justification for use shall be documented.

* C. Planning shall consider the compatibility of data processing with any conceptual or
mathematical models used at each applicable stage.

0. The technical adequacy of procedures for conducting scientific investigations and
their implementation shall be reviewed and approved by qualified persons other
than those who prepared the procedures. Changes to procedures for conducting
scientific investigations shall be reviewed and approved in a manner commensurate

Iwith the original procedure.

IE. Development activities used to establish new methods or procedures for conducting
Iscientific investigations shall be documented. The results of developmental testing

shall be reviewed for adequacy and approved by qualified persons prior to
implementation of the procedures for data collection.

F. Planning shall be coordinated with organizations providing input to or using the
results of the investigation.

IG. Planning shall include the establishment of acceptance criteria for data quality
Ievaluation, to assure that the data generated are valid, and satisfy documented

requirements for the following characteristics, as appropriate: data precision; data
I accuracy; data representativeness; data comparability; and data completeness.

* H. Planning shall include the identification of known sources of error and uncertainty
as well as any input data that are suspect or whose quality is beyond the control of

I the performing organizations.
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5.2 PERFORMING SCIENTIFIC INVESTIGATIONS

A. Scientific investigations shall be performed in accordance with requirements
documented in test plans, procedures, and scientific notebooks.

IB. If deviation from test standards or the establishment of specially prepared test
procedures is deemed appropriate (e.g., no nationally recognized test standards
exist), the modified or new test procedures shall be documented in sufficient detail
to be repeatable, and shall be justified, evaluated, and approved by the cognizant
technical organization.

IC. Scientific notebooks shall contain, as a minimum:

1. a statement of the objective and description of work to be performed or
reference to an approved plan that describes the work;

2. the method(s). used;

3. identification of the samples;

4. the measuring and test equipment used;

5. a description of the work performed and the results obtained, the names of
individuals performing the work, and dated initials or signature, as appropriate,
of individuals making the entries;

6. a description of changes made to methods used, as appropriate; and

7. the potential sources of uncertainty and error in test plans, procedures, and
I parameters that must be controlled and measured to assure that tests are valid.

ID. Scientific results shall be periodically reviewed, by a qualified individual, to verify
that there is sufficient detail to retrace the investigation and confirm the results, if
feasible, or repeat the investigation and achieve comparable results without
recourse to the original investigator.

IE. Practices, techniques, equipment, and manual or computerized methods used to
I obtain and analyze data shall be verified to assure they are technically sound, and
I have been properly selected. Controls shall be established for these processes to
I ensure that they are properly implemented, including controls to prevent tampering.

IF. Data collection and analysis shall be controlled by procedures of sufficient detail to
allow the processes to be repeated. Where appropriate, quality control checks shall
be performed, using recognized methods such as replicate, spike, and split
samples; control charts; blanks; reagent checks; replication of the methods used to

I obtain the results; or alternate analysis methods.
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* I G. Test media (e.g., fluids), when used, shall be characterized and controlled in
accordance with test procedures.

H. Scientific notebooks and technical implementation documents shall be maintained
as QA records.

5.3 DATA DOCUMENTATION, CONTROL, AND VALIDATION

5.3.1 Data Identification and Usage

A. All data shall be recorded so that they are clearly identifiable and traceable to the
test, experiment, study, or other source from which they were generated.
Identification and traceability of the data shall be maintained.

IB. The method of data recording (e.g., scientific notebooks, log books, data sheets, or
I computerized instrumentation systems) shall be controlled to avoid data loss and

permit data retrievability. Controls shall be established to ensure that data integrity
and security are maintained wherever data are stored. Controls shall prescribe how

I specific types of data will be stored with respect to media, conditions, location,
I retention time, security, and access. Data shall be suitably protected from damage
I and destruction during their prescribed lifetime and shall be readily retrievable.

* C. Data transfer and reduction controls shall be established to ensure that data
Itransfer is error free (or within a prescribed permissible error rate); that no
Iinformation is lost in transfer; and that the input is completely recoverable. Data

transfer and reduction will be controlled to permit independent reproducibility by
another qualified individual. Examples of data transfer include: copying raw data

Ifrom a notebook into computerized data form or copying from computer tape to
Idisk.

D. Data that are determined to be erroneous, rejected, superseded, or otherwise
Iunsuited for their intended use shall be controlled to prevent their inadvertent use.
IControls shall include the identification, segregation, and disposition of inadequate
Idata. The basis for the disposition of erroneous data shall be justified and
Idocumented.

IE. All processes which change either the form of expression or quantity of data,
Ivalues, or number of data items (data reduction) shall be controlled by prescribed

methods that allow for the validation of the conversion process.

IF. Data collection and analysis shall be critically reviewed and questions resolved
before the results are either used or reported. Uncertainty limits shall be assigned
to the data prior to their use.
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5.3.2 Data Validation

Data validation is a systematic process used to review data, to assure that the required
Idata quality characteristics have been obtained. Results of the review may require that
qualifiers be placed on the use of the data.

A. Validation methods shall be planned and documented. The documentation shall
include the acceptance criteria used to determine if the data is valid.

IB. All applicable data collected shall be validated. Validation shall include the
following:

1. the relevant documentation is reviewed to evaluate the technical adequacy, the
suitability for the intended use, and the adequacy of the QA record;

2. the results of the data review shall be documented; and

3. the reviewer shall be independent of the collection activities.

IC. Data validation shall be controlled to permit independent reproducibility by another
Iqualified individual.

D. Data considered as established fact by the scientific and engineering community,
Isuch as engineering handbook data, critical tables, etc., do not require validation.

I5.4 QUALIFICATION OF EXISTING DATA

IThis section contains requirements unique to the post qualification of data and
Iinformation that are relied upon to support the WIPP Compliance Application and were
collected prior to the implementation of this QAPD. While the qualification process

Ishall be conducted in accordance with the program control requirements of this QAPD,
it is not intended that this QAPO identify the data that are subject to this process, or the

Itechnical requirements of the qualification process. The qualification process shall be
Iconducted in accordance with approved procedures that provide for documentation of
Ithe decision process, the factors used in arriving at the choice of the qualification
Imethod, and the decision that the data are qualified for their intended use.

Existing data shall be qualified using one or a combination of the following methods:

IA. Determination that the data were collected under a QA program that is equivalent in
effect to ASME NQA-1 -1989 edition; ASME NQA-2a-1 990 addenda, Part 2.7, to
ASME NQA-2-1 989 edition; and NQA-3-1 989.

IB. The use of corroborating data, with the data relationships and inferences clearly
identified and justified.

C. Confirmatory testing that is performed and documented.
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* D. Peer review conducted in a manner that is compatible with NUREG-1 297, Peer
Review for High-Level Nuclear Waste Repositories.
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ISECTION 6 - SOFTWARE REQUIREMENTS

6.1 GENERAL

This section of the QAPD establishes Software Quality Assurance (SQA) requirements
Ifor GAO participants that develop, procure, maintain, or use computer software that is
Iimportant to compliance application, and waste characterization.

6.2 APPLICABILITY

A. The requirements in this section apply to computer software that manipulates or
produces data that are, in turn, used to process, gather or generate information
and whose output is relied upon to make design, analytical, operational, or

I compliance-related decisions with respect to the performance of the waste
I confinement, waste characterization, waste transportation, or waste acceptance
I processes. The application of these requirements shall be prescribed in written

plan(s), policies, procedures or instructions.

B. Exempt from the requirements of this section of the QAPD are software that are
considered to be "systems software", (e.g., operating systems, administrative
and management systems, system utilities, compilers, assemblers, translators,

I interpreters, query languages, word processing programs, spreadsheets,
Idatabase managers, and graphing programs) or other software that do not
Igenerate data that are used in the formulation of conclusions. However, specific

applications supporting Section 6.2A above, written for use within these types of
Isoftware (e.g. detailed formulas or macros), that can be verified by hand

calculations or other means shall meet the following requirements of this section:

1 . A listing of the version of the software used, and

I 2. Documentation that the specific application provides correct results for the
specified range of input parameters.

6.2.1 Inventory of Software

An inventory of all software shall be maintained to identify the software name, version,
classification, exemption status, operating environment, and the person and
organization responsible for the software.
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6.2.2 Classification of Software

ISoftware that is not exempt from the provisions of the QAPD shall be classified. The
criteria for classification shall be documented in the inventory and shall address the

Ipurpose of the software relative to its use in engineering, scientific, testing, data
Icollection, design, analysis, operations activities, and its importance to safety or
significance in managing information or augmenting mission-essential decisions.

6.2.3 Software Quality Assurance

IPlan(s) for ensuring software quality shall be prepared for each new software project at
Ithe start of the software life cycle. For procured software the software quality plan shall
Ibe prepared prior to when the software enters the purchaser's organization. Plan(s)
may be prepared individually for each software project, or may exist as a generic
document to be applied to software prepared within or procured by an organization, or
may be incorporated into the overall quality assurance program. The plan shall identify:

A. the software products to which it applies;

B. the types of documentation to be prepared, reviewed, and maintained during the
software design, development, implementation, test, and use;

C. the organizations responsible for performing the work and achieving software
I quality and their tasks and responsibilities;

D. the process for reporting and documenting software discrepancies, evaluating
the impact of discrepancies on previous calculations, and determining the
appropriate corrective action(s);

E. the standards, conventions, techniques, or methodologies that guide the
I software development, as well as the methods used to assure implementation of

requirements; and

F. the procedure(s) used for establishing and maintaining the integrity of data,
I embodied mathematical models, and output files.

6.3 SOFTWARE PROCUREMENT

IA. The procurement of software and related services shall be performed in
Iaccordance with Section 2.3 of this QAPD. This section of the QAPD identifies

responsibilities of the sponsoring organization for procured software upon receipt
of the software.
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* B. Once the software has been installed, but prior to its use, the sponsoring
organization shall perform user acceptance to verify the functional capability of
the software and the acceptability of the supplier supporting documentation (e.g.,
the user manual, technical specification, and the results of supplier testing).

C. For procured software, the supplier shall report software errors and failures to
the sponsoring organization. The sponsoring organization shall also report
software errors to the supplier.

6.4 SOFTWARE DEVELOPED UNDER OTHER QA PROGRAMS

Software that has not been developed or approved in accordance with this QAPD shall
be evaluated using the criteria of this section. The software shall be uniquely identified
and controlled prior to the evaluation, accepted by the sponsoring organization, and
placed under configuration control prior to use. This evaluation shall serve as the basis
to:

IA. Determine the adequacy of existing verification and validation activities, and
software documentation to support operation and maintenance; and

IB. Identify the activities to be performed and the documentation necessary to
* I accept the software for its intended use and place it under configuration control.

The evaluation shall be documented and contain as a minimum:

1 . user application requirements;

2. test plans and test cases required to validate the software acceptability;
and

3. user documentation per Section 6.8.6.

6.5 SOFTWARE DEVELOPMENT & LIFE CYCLE

A. The activities associated with the evolution of the software shall use an iterative
or sequential approach. The approach shall address the analysis of the problem
under study, the transformation of the analysis into the design, the
implementation of the design into validated computer software, and the
development of sufficient documentation to demonstrate that the specified
requirements have been successfully implemented in the computer software.

B. The iterative or sequential approach to software development consists of
phases, with each phase leading to the development of a specific work product
representing components of the software baseline. The software phases are:
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1 . definition of requirements;
2. design; i
3. implementation;
4. testing;
5. installation and checkout;
6. operations and maintenance; and
7. retirement.

IC. Following the development of the Software Quality Plan, no strict sequence of
performing activities is required (i.e., activities, may be performed serially or
recursively) provided that all the specified requirements for each software
development phase are met and the intent of the requirements are not
subverted.

6.5.1 Requirements

Software requirements shall be specified, documented, and reviewed. These
requirements shall pertain to functionality, performance, design constraints, data
attributes, and external interfaces (e.g. hardware limitations) as outlined in Section

I6.8.2. Each requirement shall be specified in sufficient detail to permit the
Iaccomplishment of design and validation activities. Software requirements shall be
Itraceable throughout the software development cycle, and a verification and validation
Iplan shall be prepared at the conclusion of documenting and approving software
Irequirements.

6.5.2 Design

The software design shall be based on the software requirements, and shall be
Idocumented and reviewed. The design shall specify the overall structure (control and
data flow) and the reduction of the overall structure into physical solutions (algorithms,
equations, control logic, and data structures). The design may necessitate the
modification of the requirements documentation and the verification and validation

Iplans.

6.5.3 Implementation

The software design shall be translated into a form (e.g., programming language)
Isuitable for processing by a computer. The executable software shall be analyzed to
identify and correct errors.
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* 6.5.4 Testing

A. Test requirements and acceptance criteria shall be specified, documented, and
reviewed and shall be based upon applicable design or other pertinent technical
bases. Appropriate tests, such as verification tests, hardware integration tests,
and in-use tests, shall be controlled. Software testing, using documented test
plans, test cases, and test results, is the primary method of software validation.

B. Testing of software shall be performed to the extent that unintended functions
are identified, reviewed, and their impact determined and corrected. If
appropriate, determine if modifications of the requirements, the design, the
implementation, or the test plans and test cases are required.

6.5.4.1 Verification Tests

IVerification tests are design-driven and shall be used to demonstrate the capability of
the software to produce valid results for test problems encompassing the range of

Iintended use as defined by the software documentation. Testing of software used for
Ioperational control shall demonstrate the required performance over the entire range of
the controlled function or process. Acceptable test problem methods consist of:

A. hand calculations;

B. calculations using comparable proven problems;

C. empirical data and information from confirmed published data and correlations or
technical literature;

D. comparison with other validated software of similar purpose; and

E. manual inspections or qualitative checks, not involving numerical manipulation
such as visual inspection of table reformatting (or plotting).

6.5.4.2 Validation Tests

Validation tests are requ irements-d riven and shall be used to validate software by
comparing tests results of software execution with objective evidence obtained by other
acceptable means. The results of this evaluation shall be of sufficient scope and depth
to prove the capabilities and limitations delineated in the software documentation.
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6.5.5 Installation and Checkout

A. During installation and checkout, the software becomes part of a system
consisting of applicable software components, hardware, and data. The process
of integrating the software with other applicable components may consist of
installing both the hardware and software, initializing or creating databases, and
verifying that all components of the system have been included in the installation.
Test problems shall be developed and documented to permit confirmation of the
acceptable performance of the software in its operating environment. Installation
and checkout of software shall consist of the:

1 . execution of tests for installation and integration;

2. documented acceptance of the software for operational use; and

3. the placement of the software under configuration control prior to use.

IB. Completion of the installation and checkout activities establishes the software
baseline.

6.5.6 Operations and Maintenance

A. Operation of the software is conducted by the user in accordance with the
operation and usage instructions described in the user's documentation. Once
the software is made available for use, the software requirements and the design
integrity shall be maintained. Sustaining activities shall be performed in a
traceable, planned, and orderly manner.

B. In all cases, verification and validation of software shall be completed and
approved and corrective actions performed, as necessary, prior to relying upon
the software to perform its intended function.

6.5.6.1 Post Installation Maintenance

ISoftware shall be maintained to remove latent errors (corrective maintenance), to
respond to new or revised requirements (perfective maintenance), or to adapt the

Isoftware to changes in the operating environment (adaptive maintenance). Software
Imodifications shall be approved by authorized personnel, documented, verified,
Ivalidated, and controlled.
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. 6.5.6.2 In-Use Tests

A. Test problems shall be run whenever the software is installed on a different
computer or when significant hardware or system software configuration
changes are made. These tests shall be documented, performed by an
individual technically competent in the subject area(s), and serve as the basis for
determining if the software still meets specified requirements.

B. Periodic in-use manual or automatic self-check routines shall be prescribed and
performed for those software where computer failure or electronic drift can affect
required outcomes.

6.5.7 Retirement

Criteria shall be developed to determine when software can be retired from use.
Methods shall be developed to prevent the use of software which is no longer

Icontrolled. Upon retirement the support for a software product is terminated.

6.6 SOFTWARE VERIFICATION AND VALIDATION

A. Verification and validation of software shall include the review of software

activities, documentation, and tests to ensure that the software:
1 . adequately and correctly performs all intended functions; and

2. does not perform any unintended function that either by itself or in
combination with other functions can degrade the intended outcomes of
the software.

B. Verification and validation shall be performed by any competent individual(s) or
group(s) other than those who performed the software design, but the individuals
may be from the same organization, including the designer's supervisor,
provided the supervisor:

1 . did not specify a singular design approach;

2. did not rule out certain design considerations;

3. did not establish the design inputs used; and

4. is the only individual in the organization competent to perform the

verification or validation.

CAO QAPD Rev. 1.0 6-7



6.6.1 Verif ication

Verification is a formal checking activity performed throughout the evolution of the
software life cycle. Verification activities shall be clearly documented, including the
identification of those performing and approving the verification. The reviewed
documents shall be updated and placed under configuration control. Documentation of
review comments and their disposition shall be retained. Comments and their
disposition not incorporated shall be retained in accordance with established
procedures.

6.6.1.1 Requirements

Verification review(s) of software requirements shall ensure that the requirements are
complete, verifiable through testing, consistent, and technically feasible as described in

ISection 6.5.1.

6.6.1.2 Design

Verification review(s) of software design shall evaluate the technical adequacy of the
design approach and ensure that all the requirements have been addressed and that

Ithe design is complete, verifiable, (through testing, using approved test plans and test
Icases) consistent, technically feasible, and traceable to the software requirements as
Idescribed in Section 6.5.2.

6.6.1.3 Implementation

Verification of the implementation of software design shall consist of the examination of
Isoftware logic and source code to assure adherence to standards and conventions and
Ito assure that the design has been implemented as described in Section 6.5.3.

6.6.1.4 Testing

IVerification of software testing shall consist of reviews to assure that the specified test
criteria, the expected results, and the software development documentation have been

Imet as described in Section 6.5.4.

6.6.1.5 Installation and Checkout

IVerification of installation and checkout activities consists of reviews to assure that the

software baseline has been established.
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. 6.6.2 Validation

IA. Software validation is primarily a formal testing activity that shall be performed
prior to installation and checkout. It shall be used to demonstrate that the
computational model embodied in the software is an acceptable representation
of the process or system for which it is intended and that the software produces
correct solutions within defined limits for each parameter employed.

B. Validation methods, test data, software-gen erated results, and conclusions shall
be documented in a form that can be understood by an independent individual
technically competent to use the software for the particular problem under study.
The documentation shall be reviewed to assess the adequacy and correctness of
the documentation in meeting the requirements of this section of the QAPID, and
the overall acceptability of the software for the intended use.

C. When the adequacy of the conceptual, mathematical, or computational models
or the suitability of procedures and methods cannot be established through
testing, alternate calculations or reference to previously established standards
and practices, a documented peer review shall be performed to meet the
software validation requirements.

D. The validation of software modifications shall be subject to selective regression
* testing to:

1 . detect errors introduced during the modification of the systems or system
components;

2. verify that the modifications have not caused unintended adverse effects;
and

3. to verify that the modified system(s) or system component(s) still meets
specified requirements.

6.7 SOFTWARE CONFIGURATION MANAGEMENT

IImplementation of baseline and change control processes are fundamental to
configuration management. A baseline is a collection of all approved components of
the software development cycle. As each component is approved it is added to the
overall software baseline. A software baseline serves as the basis for further
development and maintenance that can be changed only through the use of formal
change control procedures. Change control is the process by which a change to a
baseline is proposed, evaluated, and approved or rejected.
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6.7.1 Configuration Identification

Software shall be placed under configuration control as each configuration item is
Iapproved. A software baseline shall define the most recent approved software
Iconfiguration. The configuration items and their associated documentation shall be
traceable to one another. A labeling system for configuration items shall be
implemented that:

1 . uniquely identifies each configuration item;

2. identifies changes to configuration items by revision or version identifier; and

3. provides the ability to uniquely identify each approved configuration of the
revised software that is available for use.

6.7.2 Configuration Change Control

A. Changes to software shall be systematically proposed, evaluated, documented,
and approved-to ensure that the impact and rationale for making the change is
carefully assessed prior to updating the software baseline. Changes to
previously accepted software shall be subject to the same level of control as the
original software.

B. Information concemning approved changes shall be transmitted to all affected
organizations. All changes shall be formally evaluated and approved by the
organization responsible for the original design, unless an alternate organization
has been given the authority to approve the changes. Only authorized changes
shall be made to software baselines. Software verification activities shall be
performed for the change as necessary to assure that the change is
appropriately reflected in the software documentation, and to assure that
document traceability is maintained. The degree of software validation shall be
commensurate with the nature and scope of the change.

6.7.3 Configuration Status Accounting

Information shall be maintained that reflects the current status of the software baseline.
This includes the identity and version of the approved configuration and the status of
any proposed and approved changes to the baseline components. This information
shall be available to all designated users of the software upon request.

6.8 DOCUMENTATION

Software shall be described in one or more documents that detail user instructions,

technical basis, functional requirements, and maintenance-related information sufficient

CAO OAPD Rev. 1.0 6-10



* to allow independent verification allow maintenance, and provide traceability of the
documentation to the software. The documentation shall be reviewed by an individual
competent in the technical subject area for which the use of the software is intended.
The review shall verify that the documentation adequately and accurately reflects the
software that comprise the system and it is sufficient to objectively demonstrate that the
software requirements have been successfully implemented. Appropriate
documentation shall be made available to all designated users of the software.

6.8.1 Procurement Documentation

IThe applicable quality assurance requirements shall be specified and the required
vendor-supplied software documentation, plans, and procedures shall be identified in
the software procurement documentation.

6.8.2 Requirements Documentation

A. Software requirements documentation shall outline the requirements that the
proposed software must satisfy. The software requirements shall, as applicable,
address the following:

1 . Functionality - the functions the software is to perform;

2. Performance - the time-related issues of software operation such as
speed, recovery time, response time, etc.;

3. Constraints - those imposed on implementation activities - any elements
that will restrict design options;

4. Attributes - non time-related issues of software operation such as
portability, acceptance criteria, access control, maintainability, etc.; and

5. External interfaces - interactions with people, hardware, and other
software.

B. Software requirements shall be traceable throughout the software development
cycle.

6.8.3 Design and Implementation Documentation

Software design and implementation documentation consists of a document or series of
documents that:

1. Describe the major components of the software design as they relate to the
software requirements;
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2. Describe the theoretical basis, embodied mathematical model, control flow,

control logic, and data structure(s) of the software;

3. Describe the allowable or prescribed ranges for inputs and outputs; and

4. Describe the design in a manner that can be translated into code.

6.8.4 Verification and Validation Documentation

A. Software verification and validation documentation shall consist of associated
plans and describe the activities, including the results of reviews and tests, and
the criteria for accomplishing the verification of the software throughout the
software evolution. The documentation shall also specify the hardware and
software configurations pertinent to the software verification and validation.

B. Software verification and validation documentation shall be organized in a
manner that allows traceability from the software requirements to both the
software design and to the validated capabilities of the software.

6.8.5 Change Documentation

Changes to software shall be formally documented. This documentation shall contain a
description of the change, the rationale for the change, and the identification of affected
configuration items of the software baseline.

6.8.6 User Documentation

User documentation should be sufficient to allow any qualified user (i.e., one having
adequate technical background) to "set up" and run the software and properly respond-,
to errors. User documentation, as a minimum, shall include:

A. the software name and version identifier;

IB. statement(s) of functional requirements and system limitations, including
hardware;

C. an explanation of the mathematical model(s) and derivation of the numerical
methods used in the software design. Physical and mathematical assumptions
on which the software is based shall be included along with an explanation of the
capabilities and limitations inherent in the software;

D. user instructions that describe user interaction with the software, user messages
initiated as a result of improper input and how the user can respond, the
identification and description of input and output specifications and formats, and
input parameters;
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* E. a description of any required training necessary to use the software; and

IF. user information for obtaining user and maintenance support.

6.8.7 Error Documentation

Documentation of errors detected during the use of the software following installation
and checkout shall be maintained. This documentation can be used for process
improvement and to prevent future recurrence of errors during the development and

Imaintenance of other software. This documentation shall contain the identity of the
software, the classification of the error in terms of its significance to the integrity of the
software output, and the disposition of the error corrective action(s).

6.9 PROBLEM REPORTING AND CORRECTIVE ACTION

A. A system shall be established and maintained to record, classify, analyze, track,
and report software problems (in released versions) and the associated
corrective actions. Problems shall be promptly reported to any affected
organizations and the resolution shall be formally processed.

B. When problems are discovered in software or software results, the sponsoring
organization shall determine the affect on previous use(s) and the need for
corrective action based on sufficient information obtained from the affected
users. Corrective action shall ensure that:

1 . problems are identified, evaluated, documented, and, if required,
corrected;

2. problems are assessed for their impact on past and present uses of the
software;

3. changes to software are in accordance with the software configuration
management requirements of this section of the QAPD; and

4. results are provided to the affected users along with any revised software
documentation.

C. Problems that could significantly impact decisions based upon prior use or that
require significant modification to the software shall be identifiable to all users.
Errors that have been determined to represent a condition adverse to quality
shall be controlled in accordance with Section 1.3 of this QAPD.
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6.10 ACCESS CONTROL

To the extent appropriate, controls shall be established to permit authorized and
prevent unauthorized access to software that has been accepted in accordance with
this section of the QAPD.
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. APPENDIX A - GLOSSARY

Alternative Calculations: Calculations that are made with alternative methods to
verify correctness of the original calculation.

IApproval: The documented determination by a responsible individual that a work
product is suitable for the intended purpose and shall be used as required.

AssessmentVerification: The act of reviewing, inspecting, testing, checking,
conducting surveillances, auditing, or otherwise determining and documenting whether
items, processes, or services meet specified requirements. Assessments are

Iperformed by or for management. Verifications are performed by the line organization.

IAssessment, Internal: An assessment of those portions of an organization's quality
assurance program retained under its direct control and within its organizational
structure.

IAssessment, External: An assessment of those portions of an organizations's quality
assurance program not under the direct control or within the organizational structure of

Ithe auditing organization.

* Assessor: An individual who is qualified to perform assigned portions of an
assessment.

IAudit: A planned and documented independent assessment to determine by
investigation, examination, or evaluation of objective evidence, the adequacy of, and

Icompliance with established procedures, instructions, drawings, and other applicable
Idocuments, and the effectiveness of implementation. An audit should not be confused
with surveillance or inspection activities performed for the sole purpose of process
control or product acceptance.

Auditor: An individual who is qualified to perform assigned portions of an audit.

ICalibration: The set of operations which establish, under specified conditions, the
Irelationship between values indicated by a measuring instrument or measuring system,
and the corresponding standard or known values derived from the standard.

Certificate of Conformance: A document signed or otherwise authenticated by an
authorized individual certifying the degree to which items or services meet specified
requirements.

Certification: The act of determining, verifying, and attesting in writing the
qualifications of personnel, processes, procedures, or items in accordance with
specified requirements.
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Characteristic: A property of a work product that is distinct, describable, and
measurable.

Commercial Grade Item: An item that is: (1) not subject to design or specification
criteria unique to a CAO program or facility, (2) used in applications other than the
nuclear industry, and (3) ordered from the manufacturer or supplier on the basis of
specifications set forth in the manufacturer's published product description.

ICompliance Application: The compliance certification application submitted to the
IEPA pursuant to Section 8 (d) (1) of the WIPP Land Withdrawal Act of 1992 (Pub.L.
I102-579, 106 Statue 4777) or any compliance re-certification applications submitted to
Ithe EPA pursuant to Section 8(f) of the WIPP Land Withdrawal Act.

Condition' Adverse to Quality: An all-inclusive term used in reference to any of the
Ifollowing: failures, malfunctions, deficiencies, defective items, and nonconformances,
Iand technical inadequacies. A significant condition adverse to quality is one which, if
Iuncorrected, could have a serious effect on safety, operability, waste confinement,
Icompliance demonstration, or the reliability of the QA program.

Configuration Control: The process of identifying and defining the configuration items
in a system, controlling the release and change of these items throughout the system
life cycle, and the recording and reporting of the status of configuration items and
change requests.

Configuration Item: A collection of hardware or software elements treated as a unit
for the purpose of configuration control.

Controlled Document: A document that is prepared, reviewed, approved, and
distributed in accordance with established implementation procedures. Controlled
documents are subject to controlled distribution and to a defined and controlled change
process.

Corrective Action: Measures taken to rectify conditions adverse to quality and, where
necessary, to preclude recurrence.

Data Accuracy: The degree to which data agree with an accepted reference or true
value. Accuracy is a measure of the bias in a system.

IData Comparability: A measure of the confidence with which one data set can be
Icompared to another.

IData Completeness: A measure of the amount of valid data obtained, compared to the
Iamount that was planned.
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* I Data Precision: A measure of the mutual agreement between comparable data
gathered or developed under similar conditions, usually expressed in terms of a
standard deviation.

Data Representativeness: The degree to which data accurately and precisely
Irepresent a characteristic of a population, a parameter, variations at a sampling point or
Ienvironmental conditions.

Design Basis: Information that identifies the specific functions to be performed by
items and the specific values or ranges of values chosen for controlling parameters as
reference bounds for design.

Design Input: Those criteria, parameters, bases, or other design requirements upon
which the detailed final design is based.

Design Output: Drawings, specifications, and other documents resulting from the
translation of design input requirements.

Design Process: The technical process that commences with the identification of
design input and ends with the issuance of design output documents.

* Design Review: A documented evaluation of design output during the design process
to determine the design adequacy and the conformance to specified acceptance
criteria.

IDisposal System: The disposal system is any combination of engineered and natural
Ibarriers that isolate transuranic waste after disposal. For the purposes of the WIPP,
Ithis will include the combination of the repository/shaft system and the controlled area.

IDocument: Written or pictorial information that describes, specifies, reports, or
certifies activities, requirements, procedures, or results.

Document Control: The process that provides for document adequacy review,
approval for release by authorized personnel, and distribution for use at the prescribed
work locations.

Error: A discrepancy between a computed, observed, or measured value or condition
and the true, specified, or theoretically correct value or condition.

IFissionable Materials: A nuclide capable of sustaining a neutron-induced fission chain
Ireaction (e.g., uranium-233, uranium-235, plutonium-238, plutonium-239, plutonium-
241, neptunium-237, americium-241, and curium-244).
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IGraded Approach: The process by which the level of analysis, documentation,
verification, and other controls necessary to comply with QA program requirements are
developed commensurate with specified factors.

Hazard: A source of danger (e.g., material, energy source, or operation) with the
potential to cause illness, injury, or death to personnel or damage to a facility or to the

Ienvironment (without regard to the likelihood or credibility of accident scenarios or

Iconsequence mitigation).

Independent Assessment: An assessment that is conducted by a group or
organization, having authority and freedom from the line organization, to evaluate the

Iscope, status, adequacy, programmatic implementation, or the effectiveness of a

Iprogram or process.

Item: An all-inclusive term used in place of any of the following: appurtenance,
assembly, component, equipment, material, module, part, structure, subassembly,
subsystem, system, unit, or support system.

Lead Auditor: An individual trained, qualified, and certified to organize and direct an
audit, report audit findings, and evaluate corrective actions.

Lifetime Records: Records required to be maintained for the useful life of the items to
which they pertain while the items are installed in the plant or facility (life of the item), or
for the lifetime of the equipment, facilities, or programs to which the records apply.

Line Management: Those management positions that are directly responsible for task

Iproducts and services. Includes GAO supervisors and team leaders; and contractor
Imanagement within the context of the definition.

ILine Organization: The organization directly responsible for task products and
services. Includes GAO off ices and teams; and contractor organizations within the
context of the definition.

IManagement Assessment: Assessment performed by management that focuses on
how well the integrated quality assurance program is working and should identify

Imanagement problems that hinder the organization from achieving its objectives in

accordance with quality, safety, and environmental requirements.

Measuring and Test Equipment (M&TE): All devices used to measure, gage, test,
inspect, or otherwise determine compliance with prescribed technical requirements.
Measuring instruments used in taking quantitative or qualitative measurements.
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. Monitoring and Data Collection Equipment (M&DC): A subcategory of M&TE that is
used in the collection of measurement data for the establishment of test conditions and
general information and the collection of general measurement data not utilized to verify
the conformance of an item or equipment to specified criteria.

Nonconformance: A deficiency in characteristic or record that renders the quality of
an item or sample unacceptable or indeterminate.

INonpermanent Records: Records having value for a specific, limited time and
authorized by the National Archives and Records Administration to be destroyed after
that time.

INonreactor Nuclear Facility: Those activities or operations that involve radioactive or
Ifissionable materials in such form and quantity that a nuclear hazard potential exists to
Ithe employees or the general public. Incidental use and the generation of radioactive

materials in a facility operation (e.g., check and calibration sources, radioactive isotopes
used in research and experimental and analytical laboratory activities, electron

Imicroscopes, and x-ray machines) would not ordinarily require the facility to be included
in this definition. The transportation of radioactive materials , accelerators and reactors,

Iand their operations are not included.

* I Participant: A DOE contractor organization that furnishes items or services in support
Iof GAO sponsored programs, including those TRU waste generator and storage sites
Iparticipating in the National TRU Waste Program.

Peer: A person having technical expertise in the subject matter to be reviewed to a
degree at least equivalent to that needed for the original work.

Peer Review: A documented, critical review performed by peers who are independent
Iof the work being reviewed. A peer review is an in-depth critique of assumptions,
calculations, extrapolations, alternate interpretations, methodology, and acceptance
criteria employed, and of conclusions drawn in the original work. Peer reviews confirm
the adequacy of work.

Permanent QA Record: A QA record which is maintained for the life of the Republic.

Permanent Records: Records that have been determined by the National Archives
and Records Administration to have historical or other value warranting permanent
preservation in the National Archives.

Procedure: A document that specifies or describes how an activity is to be performed.
The term "procedure" is also inclusive of instructions and drawings.. Process: A series of actions that achieves an end or result.
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Procurement Document: Purchase orders, contracts, specifications, or other
documents used to define technical and quality assurance requirements for the
procurement of items or services.

IQualification (Personnel): The characteristics or abilities gained through education,
Itraining, or experience, as measured against established requirements, such as
Istandards or tests, that qualify an individual to perform a required function.

Qualification Testing: A test that is intended to provide a desired level of confidence
that an item meets specified criteria.

Quality: The condition achieved when an item, service, or process meets or exceeds
the user's requirements and expectations.

IQuality Assurance: All those planned and systematic actions necessary to provide
Iadequate confidence that an item will perform satisfactorily in service.

Quality Assurance Program: The program established to assign responsibilities and
authorities, define policies and requirements, and provide for the performance and
assessment of work.

IQuality Assurance Record: A completed record, or any authenticated portion of a
Irecord that provides objective evidence of the quality of items or activities.

Quality System: See Quality Assurance Program.

IReceipt Inspection: A method of accepting an item or related service from a supplier
Iby examination or testing of the item or related service to verify conformance to
Ispecified requirements.

IRecords: Books, papers, maps, photographs, machine readable materials or other
Idocumentary materials, regardless of physical form or characteristics, made or received
Iby an agency of the United States Government under Federal law or in connection with
Ithe transaction of public business and preserved or appropriate for preservation by that
Iagency or its legitimate successor as evidence of the organization, functions, policies,
Idecisions, procedures, operations or other activities of the government or because of
Ithe informational value of the data in them.

Records Holding Facility: A CAO records storage facility meeting regulatory
requirements for the storage of inactive records pending their final disposition.

Repair: The process of restoring an item to a condition such that the capability of an
item to function reliably and safely is unimpaired even though that item still does not
conform to the original requirement.
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* Rework: The process by which an item is restored to original specifications by
completion or correction.

ISample: A subset of a population (e. g. wastes, environmental media, materials,
Icores) whose properties are used to gain information about the population.

Scientific and Engineering Software: Software that uses numerical methods to
complete scientific, engineering, and mathematical calculations.

Scientific Investigation: Any research, experiment, test, study, or activity that is
performed for the purpose of investigating a natural system or the man-made aspects
of a geologic repository, including the investigations that support design of the facilities
and the waste package.

Scientific Notebook: A record of the methods and results of scientific investigations
that is used when the work involves a high degree of professional judgment or trial and
error methods or both.

Service: The performance of work, such as design, construction, fabrication,
inspection, nondestructive examination, testing, environmental qualification, equipment
qualification, repair, installation, or the like.

* Significant Condition Adverse to Quality: See Condition Adverse to Quality.

Site Characterization: The program of exploration and research both in the laboratory
and the field that is undertaken to establish the natural conditions and the ranges of
parameters of a particular site.

Software: Computer programs, procedures, rules, and associated documentation and
data pertaining to the operation of a computer system.

ISoftware Baseline: An item or product that has been formally reviewed and agreed
Iupon, and that serves as the basis for further development and that can be changed
Ionly through formal change control procedures.

Software Validation: The process of test and evaluation of the completed software to
ensure compliance with software requirements.

ISoftware Verification: The process of determining whether or not the product of a
given phase of the software development cycle fulfills the requirements imposed by the

Iprevious phase.
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Software Verification and Validation (V&V): The process of determining whether the
requirements for a system or component are complete and correct, the products of
each development phase fulfill the requirements or conditions imposed by the previous
phase, and the final system or component complies with specified requirements.

ISource Verification: A purchaser method of accepting an item or related service from
a supplier by monitoring, auditing, surveillance, witnessing, or observing activities

Iperformed by the supplier.

Special Process: A process, the results of which are highly dependent on the control
of the process or the skill of the operators, or both, and in which the specified quality
cannot be readily determined by inspection or test of the product.

Supplier: Any individual or organization who furnishes items or services in accordance
with a contract. An all-inclusive term used in place of any of the following: vendor,
seller, source, participant, contractor, or subcontractor.

Surveillance: The act of monitoring or observing to verify whether an item, activity,
Isystem, or process conforms to specified requirements. Surveillance of a technical
work activity is normally done in real time (i.e., the surveillance is accomplished as the

Iwork is being performed).

System Software: Software which is used exclusively in the preparation, installation,
or operation of executable software applications. Examples of such software include
Operating Systems, Administrative and Management Systems, System Utilities,
Compilers, Assemblers, Translators, Interpreters, Automated Protocols, Utilities and
Tools, Teleprocessing Managers, and Query Languages.

Technical Review: A documented critical review of work that has been performed
within the state of the art. The review is accomplished by one or more qualified
reviewers who are independent of the work but collectively have equivalent technical
expertise to those who performed the original work. The review is an in-depth analysis
and evaluation of documents, activities, material, data, or items that require technical
verification or validation for applicability, correctness, adequacy, completeness, and
assurance that established requirements are satisfied.

Technical Specialist: An individual assigned to an assessment team when the scope,
Icomplexity, or special nature of the work to be examined warrants assessment of the
Itechnical adequacy of the work or the effectiveness of the technical process.

Testing: An element of verification for the determination of the capability of an item to
Imeet specified requirements, or processes that facilitate the collection of data in
conducting scientific investigations, by subjecting the item or environment to a set of
physical, chemical, environmental, or operating conditions.

CAO OAPD Rev. 1.0 A-8



* Traceability: The ability to trace the history, application, and location of an item, data,
or sample using recorded documentation. As related to metrology, traceability means,
the ability to relate individual measurement results through an unbroken chain of
calibrations to one or more of the following:

(a) U.S. national standards maintained by National Institute of Standards and
Technology or the U.S. Naval Observatory;

(b) fundamental or natural physical constants with values assigned or accepted by
the National Institute of Standards and Technology, or

(c) national standards of other countries which are correlated with N 1ST.

Use As Is: A disposition permitted for a nonconforming item when it can be
established that the item is satisfactory for its intended use

Validation: An activity that demonstrates or confirms that a process, item, data set, or
service satisfies the requirements defined by the user.

Verification: See Assessment.

* I WIPP: The Waste Isolation Pilot Plant, as authorized pursuant to Section 213 of the
IDepartment of Energy National Security and Military Applications of Nuclear Energy
IAuthorization Act of 1980 (Pub.L. 96-164; 93 Stat. 1259, 1265) to provide a research
Iand development facility for demonstrating the safe disposal of radioactive wastes
Iproduced by national defense activities.

Work: The process of performing a defined task or activity, for example, research and
development, operations, maintenance and repair, administration, software
development and use, inspection, safeguards and security, data collection, and
analysis.

IWork Suspension Order: A formal directive issued by management that work must be
stopped until resolution of the related significant condition adverse to quality or

* Inonconformance has been achieved.
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. 1 APPENDIX RA
2
3 RA.1 INTRODUCTION
4
5 The purpose of this analysis is for the assessment of potential human exposure to waste
6 emissions in the atmosphere, and a comparison of that potential exposure to acceptable
7 regulatory levels. 20 NMAC 4. 1, Subpart V, §264.60 1 requires such an assessment for
8 disposal of hazardous waste in a miscellaneous unit.
9

10 This assessment applies only to potential air emissions from waste containers during
11 normal operations and the closure period of the Waste Isolation Pilot Plan (WTPP)
12 facility. After final facility closure of the repository, no credible pathway will exist for air
13 emissions. Once sealed, the waste is confined by engineered and natural barriers, which
14 prevent the release of waste constituents into the atmosphere. In this assessment, only
15 gaseous emissions will be considered as a source, because any particulate matter will be
16 contained in the waste containers or panel closures and no liquid waste will be accepted
17 for disposal. Of the gaseous constituents, the assessment is limited to volatile organic
18 compounds (VOCs), which comprise approximately 99 percent of the risk.
19
20 This appendix provides calculation details and summaries of risk assessments and worker
21 exposures for the operational phase of the WIPP facility. The analyses included here are
22 the. 23
24 0 risk to a hypothetical member of the public at the boundary of the site
25 0 risk to potential members of the public within the boundary of the site
26 0 assessments of worker exposure on the surface within the site
27 0 assessments of worker exposure in the underground portion of the facility
28
29 The exhaust shaft concentration of VOCs, which are used in the exposure and risk
30 assessments included in this appendix, are given in Section RA.2. The exposure
31 scenarios are described in Section RA.3. The air dispersion modeling factors for the
32 assessments are given in Section RA.4. Section RA.5 details the calculations for each
33 risk and worker exposure assessment, and Section RA.6 summarizes the assessment
34 results.
35
36 RA.2 EXHAUST SHAFT CONCENTRATIONS OF VOLATILE ORGANIC
37 COMPOUNDS
38
39 During waste disposal at the WIPP facility, closure systems will be used to isolate waste
40 in a filled panel and to eliminate ventilation through these filled panels. Similarly, as
41 individual rooms within a panel are filled, ventilation barriers will be placed on the filled
42 rooms to prevent the flow of ventilation air through these filled rooms and to isolate the
43 rooms. Exhaust shaft concentrations of VOCs will thus vary with the number of filled,
44 closed panels, the number of filled rooms with ventilation barriers within an open panel,. 45 and the number of drums in an open room.
46
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1 RA.2.1 Exhaust Shaft Concentrations of Volatile Organic Compounds from a
2 Closed Panel
3
4 Exhaust shaft concentrations of VOCs from a single closed panel are calculated as
5 follows:

Xx GR HS (1 mole fraction XM 1X10 gg

SCPE ( 1X10 6 PIPm ) (RA- 1)
V x 0.0283 m3/ft3 x (525,600 min/yea,)

6 where,
7 SCPE = exhaust shaft concentration of the VOC from a single closed panel,
8 gm
9 X = number of drums in a closed panel, 8 1,000 drums/panel

10 GR = effective gas generation rate, 0.5 moles/drum/year
11 HS = weighted average headspace concentration of the VOC, ppmv
12 MW = molecular weight of the VOC, g/mole
13 P, number of closed panel equivalents, 1 panel
14 V = mine ventilation exhaust rate, 425,000 ft3 /min (12,036 M3 /min)
15
16 Weighted average headspace concentrations are based on sampling and analysis of wastes
17 from the Idaho National Engineering Laboratory (INEL) and the Rocky Flats
18 Environmental Technology Site (RFETS). The weighted average headspace
19 concentrations are derived in Appendix VOC.
20
21 During the placement of waste at WIPP, closure systems will be used to isolate wastes in
22 a full panel and to eliminate ventilation through these filled panels. Assuming a
23 continuous fresh air flow across the filters, VOCs will diffuse from the drums at a rate
24 that is dependent on the concentration gradient across the filters and the diffusion
25 properties of the VOCs, as described in Appendix DEFR After a panel is filled and the
26 ventilation barrier is installed, which is the first step in the closure process, fresh air will
27 no longer flow across the waste drums, and VOC concentrations in the dead air space
28 above the filter will begin to build up and approach the concentrations in the drum
29 headspace. Therefore, the maximum concentration of VOCs that would be present in the
30 panel atmosphere would be equivalent to the average drum headspace concentration. For
31 the risk assessments, it is conservatively assumed that the average drum headspace
32 concentrations serve as a constant source of VOCs.
33
34 The ventilation barrier design includes the use of low-permeability materials that restrict
35 the diffusion of VOCs from the panel; therefore, gas pressurization is assumed to be the
36 only process that would cause VOCs to migrate beyond a panel with a ventilation barrier
37 installed (Appendix CLP, Attachment Ii). Pressurization within a panel will be caused
38 by gas generation and volume reduction due to creep closure of the repository. The panel
39 closure systems will be designed to withstand some pressure buildup; however, for this
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I evaluation, the leakage rate from the panel closure system is conservatively assumed to be
2 equivalent to the effective gas generation rate.
3
4 Appendix GAS includes information on gas generation by WIEPP waste. Of the gas-
5 generating mechanisms described in Appendix GAS, microbial degradation will contribute
6 the most to the generation rate during the time periods of interest. The best estimate for
7 gas generation from microbial degradation under humid conditions is 0. 1 moles of gas per
8 drum per year (see Appendix GAS). The recommendation in Appendix GAS is for a rate
9 of 0.02 moles/kg/year. This results in 0.2 moles/drum/year, based on 10kg of cellulosics

10 per drum. However, the memo in Appendix GAS states that mocrobial degradation only
I1I occurs half of the time. This time results in a 0. 1 mole/drum/year rate. For the period of
12 time in this analysis, there is not expected to be enough brine flow into panels to create an
13 inundated environment, which would be necessary to produce these and higher gas
14 generation rates. This analysis conservatively assumes that a humid condition will exist to
15 produce gas at a rate of 0. 1 moles per drum per year.
16
17 Although Appendix GAS states that the maximum expected value for any one drum of
18 waste is 0.4 moles per drum per year, the lowest expected value for any one drum is 0
19 moles per drum per year. A discussion of the relationship between gas generation, brine
20 inflow, and creep closure can be found in Appendix CLP, Section I-lIe(4). In reality,
21 under the conditions that will initially exist in a closed panel, the predominant degradation
22 mechanisms may consume gas at a rate faster than it is produced. This outcome is a

* 23 function of the availability of nutrients to sustain microbial activities. Indications of gas
24 consumption activities are in Francis and Gillow (1994), where they reported 200-day
25 experiments (see Appendix GAS).
26
27 The average creep closure rate, as discussed in Appendix CLP, Attachment 11, will result
28 in a reduction of the panel void volume of 28,672 ft3 (812 in) per year for each panel.
29 Converting this volumetric reduction rate to a molar (gas) displacement rate, using the
30 Ideal Gas Law:

GDR = 812 M 3  
_ RA2

panel/year RT (A2

31 Because one full panel contains 81,000 drums of waste, this rate expressed on a drum
32 basis is:

GDR= 81 m3  _ t 1 1~ x (panell8l,0Q0drum)
panellyear 0 .082 L - atm X (298K<) m 3

mole - K

33

34 GDR = 0.4 mole/drum/year
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2 An effective gas generation rate (gas generation rate plus gas displacement rate) can be
3 calculated as follows:

GR = GGR + GDR (RA-3)

4 where

GDR = (4.74 x 1013 mole/panel/year) x (pane/81 ,OO0drum)

5 GR = effective gas generation rate, mole/drum/year
6 GGR = gas generation rate due to microbial degradation in a humid
7 environment, 0. 1 mole/drumn/year
8 GDR = gas displacement rate due to salt creep (creep closure), 0.4
9 mole/drum/year

GR =(0.1 mole/drum/year) + (0.4 mole/drum/lyear)

GR = 0.5 mole/drum/year

10 RA.2.2 Exhaust Shaft Concentrations of Volatile Organic Compounds from an
11 Open Panel without Ventilation Barriers
12
13 Exhaust shaft concentrations of VOCs from an open panel without ventilation barriers on
14 the filled rooms are calculated using the equation

SOPE X xADEVOC xMW x(1 Xl10 6 Pg~g) XP,

V X 0.0283 m3/ft3 Xr 1 (RA-4)
60 s/mi)

15 where
16 SOPE = exhaust shaft concentration of the VOC from a full open
17 panel without ventilation barriers on the filled rooms,
18 Vig/M 3

19 X = number of drums in a full panel, 8 1,000 drums/panel
20 ADEvoc = the average drum VOC emission rate, mole/s/drum
21 MW = molecular weight of the VOC, g/mole
22 P0,= number of open panel equivalents, 1 panel
23 V = mine ventilation exhaust rate, 425,000 ft3/min
24 (12,036 m3/min)
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1 The average drum emission rate for each VOC is calculated from the diffusion rate using
2 the following equation:
3

ADEV0C = DVOC x Mvcx 31,536,000 s/year (RA-5)

4 where
5 ADEvoc = average drum VOC emission rate, mole/drumlyear
6 Dv0 ~c the VOC diffusion characteristic through a model NFT-O 13
7 carbon composite filter, mole/s/mole fraction/drum
8 =FO mole fraction of the VOC, mole/mole
9

10 The mole fraction of each VOC is calculated from its weighted average headspace
11I concentration by:
12

Mvc=(HSvoc) X (10~-6 mole fraction/ppmv) (RA-6)

13 where
14 =~ mole fraction of the VOC, mole/mole
15 =~ average headspace concentration for VOC, ppmv.
16

* 17 For filter-specific diffusion characteristics, the ratio of VOC-to-H 2 diffusivities in air are
18 calculated as follows:
19

1/2

-VO air PC,_ (' X o -1/2 M air Mwvoc) (RA-7)( '2 TCHair MWH)

20 where
21 DVO =i diffusivity of the VOC in air, mole/s/mole fraction/drum
22 DH2-ar = diffusivity of hydrogen in air, mole/s/mole fraction/drum
23 P, , vc = critical pressure of the VOC, atm
24 PcH2 = critical pressure of hydrogen, 12.8 atm.
25 =.VO critical temperature of the VOC, K
26 TC'H2  = critical temperature of hydrogen, 33.2K
27 MWv~ = molecular weight of the VOC, g/mole
28 MWH2  = molecular weight of hydrogen, 2.0 16 g/mole
29 MWair = molecular weight of air, 28.946 g/mole. 30

is 31
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1 The filter-specific VOC diffusion characteristics from the ratio of VOC-to-H 2
2 diffusivities in air are calculated using the following equation:
3

DVC= (VO - air x H (A
DH, air ) 2(A8

4 where
5 Dvo the VOC diffusion characteristic through a model NFT-0 13 carbon
6 composite filter, mole/s/mole fraction/drum
7 DH2  = the diffusion characteristic for hydrogen through a model NFf-0 13
8 carbon composite filter, 1. 17E-5 mole/s/mole fraction/drum.
9

10 VOC-specific properties for calculating diffusion rates, the SOPE, and the SCPE are
11 given in Table RA- 1.
12
13 VOCs considered in all calculations are indicator VOCs selected using the screening
14 technique in EPA (1989, 5-23). These indicator VOCs represent approximately 99
15 percent of the risk due to air emissions. This screening methodology is described in
16 detail in Appendix VOC.
17
18 

l
19 Table RA-1. Properties Used in Calculating Diffusion Rates and Emission
20 Concentrations
21

PC Tc IMW Dvoc HS
22
23 Diffusivity Weighted
24 Critical Critical Mol1ecular (molefs/mole Average
25 Pressure Temperature Weight fraction/ Concentration
26 Constitun (atm) (K) (g/mole) drum) (ppnw)
27 Carbon Tetrachloid 45 556.4 153.84 1.21lE-06 375.5

28 Chlorobenzene 44.6 632.4 112.56 1. 16E-06 12.5

29 Chloroform 54 536.4 119.39 1.34E-06 25.3

30 1,1-Dichioroethyln 51.3 495 96.95 1.40E-06 11.5

31 1,2-Dichioroethane 53 561.6 98.97 1.32E-06 9.1

32 Methylene Chloride 60 510 84.94 1.47E-06 368.5

33 1, 1,2,2-Tetrachioroethane 57.6 644.5 167.86 1.21E-06 9.4

34 Toluene 40.6 591.7 92.13 1. 19E-06 19.4

35 1, 1, 1-Trichloroethane 42.4 545 133.42 1.21E-06 317.1
36 ppmv = parts per million by volume

37
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* 1 RA.2.3 Public Exposure Concentrations of Volatile Organic Compounds
2
3 As the waste disposal operations proceed, an increasing number of drums are emplaced in
4 the open panel contributing to the exhaust shaft concentration. In addition, an increasing
5 number of closed panels contribute to the exhaust shaft concentration over time.
6
7 The exhaust shaft concentrations for nine closed and one open panel are conservative for
8 any exposure prior to filling the last panel. From the full open panel, maximum VOC
9 emissions will depend on the presence of ventilation barriers outside the filled rooms.

10 Two levels of conservatism are possible: (1) assuming that rooms in the full panel do not
11 have ventilation barriers installed and VOC emissions are from all drums (i.e., 8 1,000) in
12 the panel and (2) assuming that the filled rooms within the open panel have ventilation
13 barriers installed and only the drums (i.e., 11,57 1) in the last room are freely contributing
14 to VOC emissions. The average exhaust shaft VOC concentration over the operational
15 period of the facility will be lower than the maximum for nine closed panels and one full
16 open panel.
17
18 The maximum exhaust shaft concentrations of VOCs from nine closed panels and one
19 open panel without ventilation barriers outside the filled rooms is calculated as ECna.
20 using the equation
21

ECma. (P, xSCP4) + ( P x SoP" (RA-9)

22 where
23 EC = exhaust shaft concentration of the VOC from nine closed panels and
24 ome full open panel without ventilation barriers outside the filled
25 rooms, gIg/m'
26 P, number of closed panel equivalents, nine panels
27 P0, = number of open panel equivalents, one panel
28
29
30 RA.2.4 Surface Worker Exposure Concentration
31
32 The maximum exposure concentration for the worker on the surface of the facility is
33 based on emissions from nine closed and one full open panel with ventilation barriers on
34 six of the seven rooms. The surface worker exposure concentration is calculated from the
35 exhaust shaft concentration multiplied by the ADF. The exhaust shaft concentration is
36 calculated:
37
38

ECSMAX : (AOPEvoc) + (Pc x Rcx ACRE) x MW x 1 X 106 pgg (RA-lO)
0 x 0.0283 m3/f 3 x 525,600 min/yr

39
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1 where
2 ECSm~x = exhaust shaft concentration of the VOC from nine closed panels 4
3 and one full open panel with ventilation barriers, jig/rn3

4 AOPEvOc = average open panel VOC emission rate, mole/panel/year
5 PC = number of closed panel equivalents, nine panels
6 RC= number of closed rooms in the open panel, seven rooms/panel
7 ACREvoc = average closed room VOC emission rate, mole/room/year
8 MW = molecular weight of the VOC, g/mole
9 Q= ventilation rate through the mine, 425,000 ft3 /minute

10 (12,036 m3/min)
11
12 The average open panel yearly emission rate (AOPE) for each VOC is based on the
13 number of full rooms, the number of drums in the open room, and the emission rates from
14 each type of room. AOPE for one open and six closed rooms is calculated as:
15

AOPEV00 = (R,, x AOREvoc) + (R, x ACREvoc) (RA-i11)

16 where
17 AOPEvOc average open panel VOC emission rate, mole/panel/year
18 AOREvOc = average open room VOC emission rate, mole/room/year
19 ACREvoc average closed room VOC emission rate, mole/room/year
20 R,,= number of open rooms in the open panel, one room/panel
21 Rc number of closed rooms in the open panel, six room/panel
22
23 The average open room emission rate (AORE) is dependent on the number of drums that
24 have been emplaced in the room and the diffusion of VOCs across the drum vent filters.
25 Assuming a continuous fresh alr flow across the filters, VOCs will diffuse from the
26 drums at a rate that is dependent on the concentration gradient across the filters and the
27 diffusion properties of the VOCs, as described in Appendix DIEF. The AORE is
28 calculated using the equation
29

AOREVOC = ADEVOC x D (RA-12)

30 where
31 AOREvOc = average open room VOC emission rate, mole/room/year
32 ADEvoc = average drum VOC emission rate, mole/drum/year
33 D = number of drums in the room, drum/room.
34
35 The average yearly closed room emission rate (ACRE) for each VOC is calculated as:
36

ACREvoc = (GR) x (11,571 drum/room) x Mvc(RA- 13)

37 where
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* 1 ACREvoc average yearly closed room VOC emission rate, mole/room/year
2 GR = effective gas generation rate, mole/drum/year
3 =~o VOC mole fraction, mole/mole
4
5 GR is defined as above for gas generation through closed panels. Similar to panel
6 closures, ventilation barriers will be used to isolate wastes in a full room and to eliminate
7 ventilation through these filled rooms. As for panels (Section RA.2. 1), gas pressurization
8 is assumed to be the only process that would cause VOCs to migrate beyond a closed
9 room. The effective gas generation rate used for calculating ACRE, then, is 0.5

10 moles/drum/year.
11
12
13 RA.2.5 Underground Worker Exposure Concentration
14
15 The maximum exposure concentrations of VOCs to workers is the hazardous waste
16 worker who is emplacing waste at the beginning of the next open room, which will place
17 the worker downstream in the ventilation air of previously filled rooms with ventilation
18 barriers, but always upstream of the open room waste. This concentration is calculated as
19 follows:
20

(RC x ACRE VOC) x MW x 106 p.gg 0 (RA14
ECU,,.x Q x 0.0283 M3/ft3 x 525,600 min/year R 14

21 where
22 ECU,, = exposure concentration of the VOC from one full open panel
23 with ventilation barriers on the filled rooms, [gm
24 R, number of closed rooms in the open panel, six room/panel
25 ACREvoc average closed room VOC emission rate, mole/room/year
26 MW = molecular weight of the VOC, g/mole
27 P0  = number of open panel equivalents, one panel
28 Q= ventilation rate through the open room, 35,000 ft3 /minute
29 (991 m3/min)
30
31 RA.3 EXPOSURE ASSESSMENT
32
33 In order to assess the potential public exposure to hazardous constituents in the alr, first
34 the probable public activities both outside and inside the WIPP site boundary during the
35 35-year operational/closure time frame are evaluated. Exposure scenarios for potential
36 receptors both outside and inside the WIPP site boundary are then described.
37
38 RA.3.1 Public Activity Outside the WIPP Site Boundary. 39
40 The most prevalent public activity currently outside the WIPP site boundary is oil and gas
41 production. Several wells are located along the boundary, and drilling activities may
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1 require oil workers to be present continuously, but not for several years at a time. Oil
2 activities could be ongoing 24 hours a day, seven days a week, up to six months at a time,
3 but the same oil workers are not likely to be present for several years.
4
5 Since the land immediately adjacent to the WIPP site boundary is federal or state land, a
6 family could not theoretically build a house or dwelling at the boundary; however, one
7 could potentially occupy that space for long periods of time. Currently, there are only 27
8 residents within a 1 0-mi (1 6-kin) radius of the WJPP facility, and the closest dwelling is
9 the Mills ranch house approximately 0.75 mi (1.2 kin) south of the southwest corner of

10 the WIPP site boundary (Figure RA- 1).
11
12 RA.3.2 Public Activity Inside the WIPP Site Boundary
13
14 As shown in Figure RA-l, the area of land that lies within the WIPP site boundary
15 contains approximately 10,240 acres (4,144 hectares) including Sections 15-22 and 27-34
16 in Township 22 South and Range 31 East. This area contains three other distinct
17 boundaries that limit public access. The innermost boundary, which contains most of the
18 WIPP facility structures, is surrounded by a chain link fence and covers approximately 35
19 acres (14 hectares) in Sections 20 and 21. This fenced area is known as the Property
20 Protection Area. Only persons on official business are allowed within this area. Access
21 is controlled by a 24-hour per day security force. The next area is surrounded by a barbed
22 wire fence, covers approximately 424 acres (172 hectares), and is posted "No
23 Trespassing." This area is known as the Exclusive Use Area. The public may access this
24 area for short periods of time for limited purposes. This area is patrolled frequently by
25 the security force. The third area covers approximately 1,450 acres (587 hectares), is
26 posted "No Trespassing," and is known as the Off Limits Area. Within this area, certain
27 activities, such as hunting, are prohibited. Other forms of public access are allowed with
28 permission of the DOE. The fourth area covers approximately 10,240 acres (4,144
29 hectares) and is leased for cattle grazing.
30
31 Public access is allowed inside the WIPP site boundary for various activities and for
32 various periods of time. Activities that take place inside the WIPP site boundary are
33 described in detail in DOE (1993).
34
35 RA.3.2.1 Agricultural Uses
36
37 All the land within the WIPP site boundary outside the Exclusive Use Area has been
38 leased for grazing, which is the only significant agricultural activity in the vicinity. There
39 are two leaseholders, as shown in Figure RA-1. The Livingston Ridge Allotment,
40 currently leased by Kenneth Smith, Inc., of Carlsbad, New Mexico, includes 2,880 acres
41 (1,166 hectares) within the northern portion of the WIPP Site. J.C. Mills of Abernathy,
42 Texas, current lessee of the Antelope Ridge Allotment, has lease rights to 7,360 acres
43 (2,979 hectares) within the southern portion of the WJPP Site.
44

45
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2
3 Hunting, camping, horseback riding, hiking, wildlife watching, and sightseeing are all
4 activities that may be permitted inside the WIPP site boundary up to the boundaries
5 marked "No Trespassing.' Campers are required to check in with WIPP Security
6 personnel before establishing camp. Although all of these activities are allowed and
7 managed (DOE 1993), no member of the public is expected to perform any of these
8 activities on WIPP property for long periods of time. Hunting durations are short and are
9 established and enforced by the State of New Mexico. The other activities mentioned

10 above are not likely to occur, because the WIPP facility is in a hot, arid environment, and
11 much more scenic areas are in the vicinity for these activities (e.g., Guadalupe
12 Mountains).
13
14 RA.3.2.4 Scientific Research
15
16 Some scientific research is conduced for WIPP-related activities (i.e., archaeological and
17 geological studies), but public research inside the WIPP site boundary does not typically
18 occur. If such studies were to occur in the future, the time frame for such studies would
19 be short (hours, days, or weeks at most), and would not pose significant exposure
20 concerns for the public.
21
22 RA.3.3 Public Exposure Outside the WIPP Site Boundary. 23
24 The worst-case exposure just outside the WIPP site boundary is conservatively assumed
25 to occur to the hypothetical member of the public who could occupy space on the
26 boundary up to 24 hours a day, 365 days a year, for 35 years (EF = 8760 hours/year, ED=
27 35 years, AT = 613,200 hours). This exposure scenario is referred to in following
28 sections as the Boundary Public Receptor. The Boundary Public Receptor exposure
29 scenario is not considered a realistic scenario because residents around the facility live
30 some distance away from the site boundary. More realistic exposure scenarios are those
31 relating to ranching activities within the site boundary, as discussed below.
32
33 RA.3.4 Public Exposure Inside the WIPP Site Boundary
34
35 The worst-case exposure of a member of the public to hazardous constituents released
36 into the air around the WIPP facility is assumed to occur to the rancher who may be on
37 land leased for cattle grazing. The exposure is assumed to be equally likely for any point
38 within the area. The assumption is conservative, because the ranch hand is typically
39 inspecting fences and watering facilities, which takes him to isolated locations either on
40 the periphery of the grazing area or to locations which are not principle downwind
41 locations. DOE is responsible for inspecting the fence on the boundary of the grazing
42 allotment adjacent to WIPP. Because no actual statistics exist regarding the amount of
43 time a ranch hand may spend at any field location on a ranch, the DOE had to make. 44 several assumptions in order to prepare the exposure analysis. The exposure time
45 assumptions have been made in a manner that tends to overestimate exposures. First, it is
46 assumed that a ranch hand spends eight hours per day, five days per week (EF = 2080
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1 hours/year) for 35 years (ED = 35 years, AT = 613,200 hours) working the ranch. This is
2 conservative, because ranchers rotate pastures to protect them from overgrazing. As a
3 result, there will be extended periods of time when there will be no activity in the grazing
4 areas within the WIPP site boundary. Second, it is assumed that a single ranch hand from
5 each ranch works only on the portions of the leases within the WIPP site boundary. This
6 is conservative, because the lease covers a much larger area than what lies within the
7 WIPP site boundary. Third, the exposure assessment is based on the average ground
8 level, rather than inhalation level, concentrations of hazardous constituents for each area
9 of grazing-leased land between the WIPP site boundary and the Exclusive Use Area.

10
11 For the exposure assessment, two hypothetical receptors are evaluated, corresponding to
12 ranchers working on each of the two grazing allotments within the WIPP site boundary.
13 The exposure scenarios are referred to in following sections as Livingston Ridge
14 Rancher and Antelope Ridge Rancher.
15
16 RA.3.5 Occupational Exposure Inside the WIPP Site Boundary
17
18 Two additional exposure scenarios that hypothetically occur within the WIPP site
19 boundary are also evaluated in this appendix. One additional scenario is that of a worker
20 who works on site 1,920 hours/year (EF = 1,920 hours/year), for ten years (ED = 10
21 years, AT = 613,200 hours) on the surface near the exhaust shaft. The 1,920 hours are the
22 hours for an employee after removing vacations and holidays. This is conservative, since
23 workers spend approximately ten percent of their time off site at training, travel, and
24 meetings. The ten-year exposure duration represents normal turnover in employees.
25 Turnover, in this case, includes new employment, new positions, and new locations at the
26 facility. The exposure location chosen corresponds to the maximum VOC exposure at the
27 surface within the site boundary and is located in the property protection area. The
28 scenario is referred to in following sections as Surface Worker.
29
30 The second scenario is that of an underground worker who works "downwind" of a full,
31 but closed room. This worker performs hazardous waste duties and is estimated to be
32 working downstream of a closed room while beginning to fill each subsequent room 33
33 hours/year for ten years. The underground worker exposure scenario is a worst-case
34 exposure scenario, and is referred to in the following sections as Underground Worker.
35 The exposure frequency was developed based on the expected operational throughput
36 times in Figure 3-5, Chapter 3 of the NMVP and the number of waste locations in the
37 area of a room (130) that is downwind from a room exhaust. The 130 positions
38 represents stacks that are three high, so 390 waste units (seven-pack, Standard Waste Box
39 (SWB), four-pack, or ten-drum overpack (TDOP)) are involved. These configurations
40 represent approximately 100 pallets of waste, which take 30 minutes per pallet to emplace
41 or 50 hours per room. Backfill requires 30 minutes every time a row of five stacks is
42 complete. Since there are 26 rows in this area (130 --5), 13 hours for emplacing backfill
43 is needed. This results in a total of 63 hours per room that are spent downwind from full
44 rooms. Finally, a waste worker will be downwind for Rooms 6 through 1; however, the
45 amount of waste in the Room 1 entry is 32 positions (1/4 of Rooms 2-6), s0 that the total
46 exposure time in a panel is 63 x 5.25 = 330 hours. This exposure occurs over the 2.5
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* I years required to fill the panel and is shared equally by four waste workers resulting in an
2 annual exposure of 330 - 2.5 - 4= 33 hours/year.
3
4 RA.4 AIR DISPERSION MODELING
5
6 This section presents the results of specific air dispersion modeling performed inside and
7 outside the WIPP site boundary that are used in assessing the scenarios described in
8 Section RA.3 for exposures at the surface, that is, for the Boundary Public, Livingston
9 Ridge Rancher, Antelope Ridge Rancher, and Surface Worker. The Long-Term Version

10 of the Industrial Source Complex (ISCLT3) model, (EPA 1995) was used for the air
11I dispersion modeling. Concentrations were modeled in accordance with EPA (1992).
12 Details of the modeling described in Appendix ADM.
13
14 To determine areas where the maximum concentrations may occur, the air dispersion
15 model was run with a coarse receptor grid of 437 yds (400 mn) (see Figure RA-2). To
16 model the boundary public exposures, the air dispersion model was run with a fine
17 receptor grid of 11 yds (10 mn) around the point of highest concentration predicted on the
18 boundary during the coarse grid run. To determine the exposure concentrations at the
19 WIPP site boundary, the annual average concentration anywhere on the boundary is used
20 to determine the Air Dispersion Factor (ADF) for the boundary public receptor. That
21 average concentration, which was modeled from an arbitrary 1,000 ptg/m 3 source, is

* 22 divided by 1,000 /ptg/m3 to arrive at the ADF used in the risk calculations presented in
23 Section RA.5. The ADF for the boundary public receptor is 1.2 x 10' (Table RA-2).
24
25 For the rancher exposure assessments, the coarse grid run mentioned above was used.
26 This grid covers all of the leased land within the WIPP site boundary, as shown in Figure
27 RA- 1. All concentrations derived in the model run were then averaged for each lease,
28 representing an average exposure concentration throughout the leased land inside the
29 boundary. The resulting ADF for the Livingston Ridge Allotment is 9.8 x 10' and the
30 ADF for the Antelope Ridge Allotment is 6.7 x 10'.
31
32 For determining the exposure concentrations to the surface worker, the model was run
33 with a fine receptor grid of 11 yds (10 m) around the area with the highest concentration
34 inside the WIPP site boundary predicted during the coarse grid run (see Figure RA-3).
35 This area was near the exhaust fans. The ADF for the surface worker is 1.23 x 10-2.

36
37 RA.5 RECEPTOR CONCENTRATIONS AND RISK CALCULATIONS
38
39 Risks and hazards for the public exposure scenarios described in Section RA.3 are
40 described in this section. Also presented are evaluations of VOC concentration levels to
41 worker receptors. The equations used in assessing excess risk from carcinogens and
42 hazard from noncarcinogens are derived and given. The calculations use exposure factors
43 as appropriate for the exposure scenarios. ADFs are used for the Boundary Public,. 44 Livingston Ridge Rancher, Antelope Ridge Rancher, and Surface Worker scenarios. The
45 calculations assume the receptors are subjected to concentrations based on maximum
46 exhaust shaft VOC concentrations, which are those concentrations that result from
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1 emissions from nine closed and one full open panels. The full open panel is
2 conservatively assumed to contain no room closures for assessing impacts to the public at
3 the surface, that is, the Boundary Public, Livingston Ridge Rancher, Antelope Ridge
4 Rancher, and Surface Worker scenarios. These scenarios also include model estimates of
5 concentrations from air dispersion. For assessing impact to an underground worker, only
6 one full open panel is used and is assumed to contain room closures. Since this worker is
7 exposed to underground concentrations, no air dispersion takes place before exposure.
8
9 RA.5.1 Public Risk Outside the WIPP Site Boundary

10
11 The Boundary Public exposure scenario is evaluated in this section. An ADF of 1.2 x
12 10-' is used in assessing risk from emissions from nine closed and one open panel
13 equivalents, with no credit taken for room closures within the open panel.
14
15 RA.5.1.1 Carcinogens
16
17 For carcinogens, risk is calculated as follows:
18

Risk-= EC xADF xURF xEF xED R 15
AT

19 where
20 Risk = a unitless probability (e.g., 2 x 10-') of an individual developing cancer
21 EC = maximum exhaust shaft concentration for the VOC, Vtg/rn, EC.
22 ADF = air dispersion factor, unitless, 1.2 x 10-

4

23 URF = unit risk factor for VOC, (pg/rn)'
24 EF = exposure frequency, 8,760 hours/year (24 hours/day x 365 days/year)
25 ED = exposure duration, 35 years
26 .AT = averaging time, 613,200 hours (24 hours/day x 365 days/year x 70 years)
27
28
29 Equation (RA- 15) was derived from equations in EPA (1989); the derivation is shown
30 below.
31
32 EPA (1989, 6-44), provides the calculation of residential exposure from inhalation of
33 airborne (vapor phase) chemicals as:
34

Intake CA xIR x EF x ED (R-g6
BWx AT 1 X103g)(A-6

35
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Final No-Migration Variance Petition.1 Table RA-2. ADFs for WIPP Site Areas
0 2

3 Averaged/Modeled
4 Concentration
5 Area (pg/ni3) AL)F

6 WIPP Site Boundary 1.2E-01 1.213-04
7
8 Livingston Ridge Allotment 9.8E-02 9.8E-05
9

10 Antelope Ridge Allotment 6.7E-02 6.7E-05
11
12 WIPP Property Protection Area 1 .23E+0 1 1 .23E-02

13
14 where
15 Intake = receptor intake, mg/kg-day
16 CA = contaminant concentration in air, jig/rn3

17 IR = inhalation rate, 20 m3/day
18 EF = exposure frequency, hours/year
19 ED = exposure duration, years
20 BW = body weight, 70 kg
21 AT = averaging time, days
22. 23 EPA (1989, 8-6) also describes chronic intake as:
24

Intake = Risk (RA- 17)
SF

25 where
26 Intake = receptor intake, mg/kg-day
27 Risk = a unitless probability (e.g., 2 x 10-') of an individual developing
28 cancer
29 SF = cancer slope factor, (mg/kg-day)-'
30
31 To express the carcinogenic effect in terms of unit risk factor, as provided in EPA (1989,
32 7-13), the following equation is used:
33

URF-= SF xIR ( (R-g8
B BW 1 X 103 g(R-8

34 where
35 URF = unit risk factor, unitless
36 JR = inhalation rate, 20 M3 /day. 37 BW = body weight, 70 kg
38 SF = cancer slope factor, (mg/kg-day)-'
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1 Solving for slope factor in equation (RA-19):
2

SF-= URF x BW ( 1 X 103 pg (RA 19)
IR mg )

3 where
4 SF = cancer slope factor, (mg/kg-day)-'
5 URF = unit risk factor, unitless
6 BW = body weight, 70 kg
7 IR = inhalation rate, 20 M3 /day
8
9 Combining equation (RA- 17) and (RA- 19):

Intake = Risk x IR ( Mg (RA-20)
URF xBW 1iXi103Pg)

10 where
11 Intake = receptor intake, mg/kg-day
12 Risk = a unitless probability (e.g., 2 x 10-5) of an individual developing
13 cancer
14 IR = inhalation rate, 20 m3/day
15 URF = unit risk factor, unitless
16 BW = body weight, 70 kg
17
18 Setting equations (RA- 16) and (RA-20) equal to each other:

Risk x IR x mg _CA x IRx EFx ED x __Mg

URF xBW 1 X103 P9 BWx AT 1 103opg)

19 and solving for risk yields equation (RA-2 1):
20

21Risk = CA xURFx EFx ED (RA-21)
AT

22 where
23 Risk = a unitless probability (e.g., 2 x 10-5) of an individual developing
24 cancer
25 CA = contaminant concentration in air, [tg/in3

26 URF = unit risk factor, unitless
27 EF = exposure frequency, hours/year
28 ED = exposure duration, years
29 AT = averaging time, days
30
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.I For this assessment, the contaminant concentration in air is the exhaust shaft
2 concentration (EC) in air multiplied by the ADF as follows:

CA = EC xADF (RA-22)

3 where
4 CA = contaminant concentration in air, [tg/rn3

5 EC = exhaust shaft concentration for the VOC, pg/rn3

6 ADE = air dispersion factor, unitless
7
8
9 Combining equations (RA-2 1) and (RA-22) yields equation (RA-i15):

Risk = EC x ADF x URF x EF x ED
AT

10 Excess cancer risks to the Boundary Public Receptor are calculated using equation
11 (RA-i15) with an ADF of 1.2 x 104 and are presented in Table RA-3. For this assessment,
12 excess cancer risk to the public ranges from one and one-half to three and one-half orders
13 of magnitude below acceptable risk levels. All risks given in Table RA-3 are for a. 14 receptor being subjected to concentrations based on maximum exhaust shaft VOC
15 concentrations, that is, those resulting from emissions from nine closed and one full open
16 panels, over the entire exposure period. Room closures within the open panel are not
17 considered.
18
19 RA.5.1.2 Noncarcinogens
20
21 For noncarcinogens, excess health effects are quantified in terms of a hazard quotient.
22 The hazard quotient is computed as:

Hazard Quotient-= EC xADF xEF xED (R1g -(23)
AT x RfC 1 X 1o03g

23 where,
24 Hazard Quotient = receptor hazard quotient, unitless
25 EC = exhaust shaft concentration for the VOC, [ig/in3

26 ADE = air dispersion factor, unitless
27 ED = exposure duration, years
28 RfC = reference concentration, mg/in3

29 AT = averaging time, 306,600 hours (24 hours/day x 365
30 days/year x 35 years). 31
32
33
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1 Table RA-3. Excess Cancer Risks Outside the Wipp Site Boundary
20
3 Receptor UFRs
4 Con centrationm
5 (EC x ADF)
6
7 Boundary
8 PublicuntBndr
9 Receptor Risk Carcinogen.Public Acceptable

10 Compound (Pgtmn) Factor Class Receptor Risk Level

11 Carbon Tetrachloride 3.79E-03 1.50E-05 a B2 3E-08 IE-06

12 Chloroform 2.17E-04 2.30E_05a B2 2E-09 IE-06

13 1, 1,-Dichloroethylene 8.34E-05 5.O0E-05a C 2E-09 lE-05

14 1,2-Dichioroethane 6.38E-05 2.6OE_05a B2 8E-10 IE-06

15 Methylene Chloride 2.45E-03 4.7OE-O7a B2 6E-10 IE-06

16 1, 1,2,2-Tetrachioroethane 1.03E-04 5.80E-05 b C 3E-09 IE-05

17 1, 1, 1 -Trichloroethane 2.77E-03 1 .60E-05~' C 2E-08 IE-05
18 a. Data from EPA (1994a)
19 b. Data from Superfund Technical Support Center
20
21 Note that the averaging time for noncarcinogens is one-half that for carcinogens. If the
22 hazard quotient is below 1.0, no excess health effects to the receptor is expected.
23 Equation (RA-23) was derived from equations in EPA (1989); the derivation is shown
24 below.
25
26 EPA (1989, 8-11) provides the calculation for intake as:

Intake =Hazard Quotient x RfD (RA-24)

27 where
28 Intake - receptor
29 intake, mg/kg-day
30 Hazard Quotient - receptor
31 hazard
32 quotient,
33 unitless
34 RfD - reference
35 dose, mg/kg-day
36
37 EPA (1989, 8-5) provides the calculation for the reference dose as:
38

RfD _RfC x IR (RA-25)
39 0W
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* 1 where
2 RfD = reference dose, mg/kg-day
3 RfC = reference concentration, mg/rn3

4 ZR = inhalation rate, 20 M3 /day
5 BW = body weight, 70 kg
6
7 Combining equations (RA-24) and (RA-25):

Intake -Hazard Quotient x RfC x IR (RA26)
BW

8 where
9 Intake = receptor intake, mg/kg-day

10 Hazard Quotient = receptor hazard quotient, unitless
11 RfC = reference concentration, mg/rn3

12 ZR = inhalation rate, 20 M3 /day
13 BW = body weight, 70 kg
14
15 Setting equations (RA-iS) and (RA-26) equal to each other:
16

Hazard Quotient x RfC x IR CA x IR x EF x ED ( 1g '

BW BWx AT 1 Xo 10 g)

17 and solving for Hazard Quotient:
18

Hazard Quotient =CA x EF x ED ~ mg (RA-27)
AT x RfC 11 X 103jig

19 where
20 Hazard Quotient = receptor hazard quotient, unitless

21 CA = contaminant concentration in air, jig/rn 3

22 EF = exposure frequency, hours/year
23 ED = exposure duration, years
24 AT = averaging time, 306,600 hours (24 hours/day x 365
25 days/year x 35 years)
26 RfC = reference concentration, mg/rn3

27
28 Combining equations (RA-22) and (RA-27) yields equation (RA-23):
29
30

Hazard Quotient =EC xADF xEF xED 1( 1mg
AT x RfC lX ig jig)

31
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1 Excess noncancerous health effects to a Boundary Public Receptor are calculated using
2 equation (RA-23) with an ADF of 1.2 x 10' and are presented in Table RA-4.
3 Noncancerous health effects range from five and one-half to six and one-half orders of
4 magnitude below acceptable levels for a hypothetical Boundary Public Receptor. All
5 hazard quotients given in Table RA-4 are a receptor being subjected to concentrations
6 based on maximum exhaust shaft VOC concentrations, that is, those resulting from
7 emissions from nine closed and one full open panels, over the entire exposure period.
8
9 Table RA-4. Excess Noncancerous Health Effects Outside the Wipp Site Boundary

10

11 Receptor RJC Hlazard
12 Concentratiorn Quotient
13 (EC x ADF)
14
15 Boundary Public Reference Boundary Acpal
16 Receptor Concentration Public Hzr
17 Compound (pg/M3) (M'Yw Receptor. Lve

18

19 Chlorobenzene 8.88E-05 2.OOE.02 a 4E-06 1E+00
20
21 Toluene 1.15E-04 4.OOE-0 lb 3E-07 LE+OO

22
23 a. Data from EPA (1994b)
24 b. Data from EPA (1994a)
25
26
27 RA.5.2 Receptor Concentrations and Risk Inside the WIPP Site Boundary
28
29 The Livingston Ridge Rancher, Antelope Ridge Rancher, Surface Worker, and
30 Underground Worker exposure scenarios are evaluated in this section. ADFs of 9.8 x
31 10'~, 6.7 x 10', and 1.23 x 10.2 are used for the Livingston Ridge Rancher, Antelope
32 Ridge Rancher, and Surface Worker exposure scenarios, respectively. For all public
33 exposure scenarios, the maximum exhaust concentration from emissions from nine closed
34 and one open panel equivalents is used in assessing risk, with no credit taken for room
35 closures within the open panel. Room closures are used in evaluating the Underground
36 Worker exposure scenario.
37
38 RA.S.2.1 Carcinogens
39
40 The excess cancer risks calculated for each VOC inside the WIPP site boundary for the
41 Livingston Ridge Rancher and the Antelope Ridge Rancher are presented in Table RA-5.
42 The excess cancer risks to the Livingston Ridge Rancher and the Antelope Ridge Rancher
43 range from two and one-half to four and one-half orders of magnitude below acceptable
44 levels. Acceptable levels for these receptors are 1 x 10-6 for Class B carcinogens and 1 x
45 10' for Class C carcinogens.
46
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* 1 Risks given in Table RA-5 are for receptors being subjected to concentrations based on
2 maximum exhaust shaft VOC concentrations, that is, those resulting from emissions from
3 nine closed and one full open panels, over the entire period of exposure.
4

5 RA.5.2.2 Noncarcinogens
6
7 The excess noncancerous health effect calculation results for each VOC inside the WIPP
8 site boundary are presented in Table RA-6. The ADFs used are the same as those
9 described in Section RA.5.2. 1. Excess non-cancer health effects range from six to seven

10 and one-half orders of magnitude below a hazard quotient of one; this implies that there
11 will be no adverse health effects from noncarcinogens to any of the evaluated receptors
12 inside the WIPP site boundary. All hazard quotients given in Table RA-6 are for
13 receptors being subjected to concentrations based on exhaust shaft VOC concentrations
14 for emissions from nine closed panels and one full open panel over the entire period of
15 exposure.
16
17 RA.5.3 Worker Concentrations and Risk on the Surface and Underground
18 Facilities
19
20 Worker concentrations are calculated using the maximum allowable average VOC
21 headspace concentration as established in Table C-5 of Appendix WAP. The Table C-5

* 22 limits are the highest average concentrations that can exist in any waste room. This

23 assumption is very conservative, since the average headspace concentration clearly shows
24 that concentrations are much lower on average. The Table C-5 limits are listed in Table
25 RA-7.
26
27 RA.5.3.1 Carcinogens
28
29 VOC contaminant concentrations in air for the Surface Worker and the Underground
30 .Worker are given in Table RA-8 along with Occupational Safety and Health
31 Administration (OSHA) eight-hour, time-weighted averages (TWAs). This information

32 provides a mechanism for evaluating occupational exposures. The receptor
33 concentrations for the Surface Worker range from four to nearly seven orders of

34 magnitude below the TWAs. The receptor concentrations for the Underground Worker

35 range from two to nearly six orders of magnitude below the TWAs.
36
37 RA.5.3.2 Non-Carcinogens
38
39 As for carcinogens, noncarcinogen VOC contaminant concentrations in air for the Surface

40 Worker and the Underground Worker and OSHA eight-hour TWAs are presented (Table

41 RA-9). This information provides a mechanism for evaluating occupational exposures in

42 addition to the risk assessment approach. The receptor concentrations for the Surface

43 Worker are seven orders of magnitude below the TWAs and those for the Underground. 44 Worker are more than six orders of magnitude below the TWAs.
45
46
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Final No-Migration Variance Petition.I Table RA-6. Excess Noncancerous Health Effects Inside the Wipp Site Boundary
2 for Livingston Ridge Rancher and Antelope Ridge Rancher Scenarios
3

4 Receptor Concentration RfC Calculated Hlazard

(ECx ADE) Quotient

5 Livingston Antelope
6 Ridge Ridge Reference Livingston Antelope Acceptable
7 Rancher Rancher Concentration Ridge Ridge Hazard
8 Compound (pg/Dn3 (tg/m,). (mg/rn 3) Rancher Rancher Level

9

10 Chlorobenzene 7.25E-05 4.9613-05 2.OOE-02 9E-07 6E-07 1E+00
11
12 Toluene 9.43E-05 6.45E-05 4.OOE-01 6E-08 4E-08 1E+0O

13
14

15
16
17 Table RA-7. Maximum Average Headspace Concentration Limits
18

19 Appendix WAP,
20 Table C-5 LimitO21 Compound (ppmv)

22 Carbon Tetrachloride 7,510

23 Chlorobenzene 17,660

24 Chloroform 6,325

25 1, 1,-Dichloroethylene 28,750

26 1,2-Dichioroethane 9,100

27 Methylene Chloride 100,000

28 1, 1,2,2-Tetrachloroethane 7,924

29 Toluene 41,135

30 1, 1, 1 -Trichloroethane 100,000

31
32
33
34
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1Table RA-8. VOC Contaminant Concentrations in Air for the Surface Worker and
2 the Underground Worker0
3

Receptor Coenrto
ECS.

4 ECUW,,

Exaust Shaft Exposure (ECS x
5 Cocentration Concentration AT)F)
6 for Surface for Underground Surface Underground OSHA
7 Worker. Worker Worker Wo~rker TWA
8 Compon (pgRn') (pg/us pm,) (pnmv) (PPV Ppmv)

9 Carbon Tetrachloride 1.54E+02 7.70E+01 3.OOE-04 1 .22E-02 10

10 Chloroform 1 .06E+02 5 .0313+01 2.67E-04 1 .03E-02 50

11 1, 1,-Dichioroethylene 4.01E+02 1.8613+02 1.2413-03 4.68E-025b

12 1 ,2-Dichloroethane 1.2513+02 6.OOE+01 3.8 1E-04 1.48E-01 100

13 Methylene Chloride 1 .26e+02 5.66E+02 4.4513-03 1 .63E-02 500

14 1, 1,2,2-Tetrachioroethane 1.77E+02 8.86E+01 3.17E-04 1.29E-02 5

15 1, 1, 1-Trichioroethane 1.77E+03 8.89E+02 4.OOE-03 1.63E-01 350

16
17 a. eight-hour TWAs except chloroform TWA for up to a ten-hour day in a 40 hour work week.
18 b. TWA from American Conference of Governmental Industrial Hygienists (ACGIH)
19
20
21 Table RA-9. VOC Contaminant Concentrations in Air for the Surface Worker and
22 the Underground Worker
23

24 ECS, ECU,,, Receptor Conenttratiorn

Exposure
Exhaust Shaft Concentration

25 Concentration for for Underground Surface Underground OSHA
26 Surface Worker Worker Worker Worker TWA
27 Comipound (Pg/.I).....(Pg/.)......PPMV) (PPMV)...(Ppmv)

28 Chlorobenzene 2.58E+02 1.32E+02 6.91E-04 2.88E-02 75
29
30 Toluene 4.99E+02 2.53E+02 1 .63E-03 6.70E-02 200

31
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. 1 RA.6 SUMMARY
2
3 Based on estimated maximum VOC emissions from emplaced waste, there are no
4 significant exposures expected to occur to the public or workers. Risks and hazards to
5 members of the public range from one and one-half to seven and one-half orders of
6 magnitude below acceptable levels. Worker exposure VOC concentrations are
7 approximately two to over five orders-of-magnitude below eight-hour OSHA TWAs.
8
9 The worker exposure and public risk assessment used the following conservative

10 assumptions:
11
12 1 . Appendix WAP, Table C-5 limits for headspace concentrations of VOCs
13 represent the average container concentration
14 2. All drums are fitted with the model NFT-0 13 carbon composite filter
15 3. The effective gas generation rate is constant in closed panels
16 4. The actual source of VOCs will exist throughout the operational/closure
17 phase and will maintain the average concentrations in drum and panel
18 headspaces (i.e., no depletion of the source over time)
19 5. VOC concentrations in the closed panel atmosphere are instantaneously
20 equivalent to the drum average headspace concentrations
21 6. There is no decrease in closure system permeability due to creep closure
22 over time. 23 7. The hypothetical Boundary Public receptor is exposed every hour of
24 every day during the span of facility operations
25 8. Public risk to developing excess cancer does not include the probability
26 that the receptor is one of the 27 residents within ten mi (16 kmn) of
27 WIPP
28 9. Enough moisture will exist to create humid environmental conditions for
29 gas generation
30 10. A full repository of waste exists for the duration of the
31 -operational/closure

32 11. There will be 8 1,000 drums disposed of in each panel. The actual
33 configuration may include 60 percent SWVBs (two vents, seven-drum
34 equivalent) and 40 percent drums (one vent), meaning less than 8 1,000
35 filter vents will be venting in a panel (approximately 58,000)
36 12. The assessments for the public and surface worker assume that no room
37 ventilation barriers are installed, and emissions from nine closed and one
38 open panel full of waste exists for 35 years
39
40 Other assumptions that may contribute to the overall uncertainty of the receptor
41 concentration and risk estimates are as follows:
42
43 - The mine ventilation flow rate will remain constant throughout the. 44 operational/closure phase
45 - Weighted average drum headspace concentrations of VOCs are representative
46 of all waste to be disposed of at the WIPP
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1 Although the uncertainties in the receptor concentration and risk estimates that result
2 from these assumptions are not quantifiable, it is believed that they are far outweighed by
3 the conservative assumptions used in the estimates.
4
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ABSTRACT

The Rock Mechanics Program is important to the establishment of a radioactive waste repository
in salt because rock mechanics deals with the prediction of creep closure and eventual
encapsulation of the waste. The intent of this paper is to give the current status of the program.
This program consists of three major modeling efforts: continuum creep, fracture, and the
disturbed rock zone. These models, together with laboratory material parameters, plastic flow
potentials, initial and boundary input data, and other peripheral information forms the predictive
technology. The extent to which the predictive technology is validated against in situ test data
adds certainty to the method. Application of the technology is through simulations of the test
results, design, or performance using numerical codes.- In summary, the predictive capabilities
are technically sound and reasonable. The current status of the program is that which would be
advanced for compliance.
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1 1.0 INTRODUCTION

2 An important aspect of radioactive waste disposal is the ability of the repository to ensure

3 public safety through isolation of the waste from the accessible environment until the waste is

4 no longer radioactive. The fact that salt slowly deforms or "creeps" with time and that fractures

5 in salt heal under load suggests that in a radioactive waste repository in a natural salt formation

6 the rooms would eventually creep closed and encapsulate the waste, isolating it from the

7 accessible environment for the relevant regulatory time period. The technical question concerns

8 the need to know exactly how and when this creep process occurs with respect to other possible

9 events so that we may state with reasonableness that repository safety is ensured. To answer

10 this concern, a predictive technology is required. The technology is based on establishing a

I I mathematical equation which simulates the known salt behavior as accurately as possible based

12 on laboratory data and validated against measured short-term in situ data. This mathematical

13 equation or constitutive model can then be used to answer the important questions about the

14 repository condition far into the future-in other words to predict the behavior. The description

15 of this predictive technology and its technical basis follows.

16 The disposal of radioactive waste imposes unique engineering requirements in that it is

17 necessary to predict the behavior of the repository perhaps as much as 10,000 years. Even

*18 though the rock mechanics processes discussed he re will occur on a faster time scale, usually

19 a few hundred years, the only way such predictions can be made is through calculations based

20 on an understanding of the behavior obtained over a relatively short interval of contemporary

21 observation. Predictive calculations such as these require three elements: a model, which is a

22 mathematical description of the behavior; material parameters, which are the values (numbers)

23 relating an individual material to the behavior; and a calculational method, which may be an

24 analytic method but which is often a computer program or numerical code. Together with other

25~ important peripheral information, these three fundamental elements form a predictive technology.

26 The subject of this paper is essentially a discussion of the specific models and predictive

27 technology developed for the Rock Mechanics Program under the auspices of the Waste Isolation

28 Pilot Plant (WIPP) Project.

29 In the Rock Mechanics Program, there are both discrete material response models and

30 process models. A list of these models and an evaluation of their status is given in Table 1.

31 Although the discrete material behavior model may be quite complicated, it is always related to

32 one type of material, such as salt. The process model is actually a collection of several types

33 of other models, assembled to describe a more complicated physical situation, such as the

*34 behavior of a disturbed rock zone (DRZ) which forms around underground openings. For

35 example, in this case, the process model must include, at least, models that determine the
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Table 1. Rock Mechanics Models.

2 Phenomenon Model Status

3 Creep Multimechanism Deformation Technically Sound, Validated
(M-D) Model Against In Situ Data

4 Fracture M-D Coupled Fracture (MDCF) Technically Sound, Partially
Model Validated Against In Situ Data

5 DRZ Process Model Still in Development, Usable
(involving several models)

6 formation of microfractures, the creep closure, the potential healing of microfractures, and the

7 relation between fracture and permeability.

8 The Rock Mechanics Program considers creep, the time-dependent deformation of salt;

9 fracture, the time-dependent development of creep-induced microfracture formation and damage;

10 and the disturbed rock zone (DRZ), the region adjacent to the excavated. openings affected by

I I the development of damage with attendant changes in permeability. The understanding of the

12 rock mechanical or structural response of the underground excavations in the salt is one of the

13 critical applied engineering areas of study for the WIPP Program. It is utilized either (1)

14 directly through performance calculations of repository room and shaft closure or (2) indirectlyU

15 through the prediction of coupled behavior of room contents under concurrent gas generation,

16 the crushed salt backfill, the compaction of crushed salt seal components, the formation of the

17 DRZ adjacent to rooms and seals, and the potential increases in permeability and eventual

18 healing adjacent to seal locations. The full array of fundamental behaviors or processes covered

19 by the Rock Mechanics Program are given in Table II (Rechard et al., 1989; WIPP PA,

20 1992a,b).

21 Table I1. Relevant Performance Assessment (PA) References

22 Phenomenon or Process PA (1992) Reference

23 Creep Closure Vol. 2 p. 2-55 (2.3.5) Vol. 3 p. A109

24 Seal System Performance* DRZ Vol. 2 P. 2-45 (2.3.2) Vol. 2 p. 2-45
(2.3.2.2) and p. 2-42 (2.3. 1)

25 Compaction Processes* (e.g., back stress Vol. 2 p. 2-28 (2.3.2.3)
26 development, etc.)

27 Fracture (propagation) Vol 2 p. 2-42 (2.3. 1)

28 *

29 Not part of Rock Mechanics Program but included for completeness.
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In those cases where the understanding of individual process has progressed sufficiently,

* 2 the constitutive models and the associated material parameters have been specified. In addition,

3 to establish the relevance to performance assessment and regulatory requirements, the

4 appropriate reference is made to the Performance Assessment documentation (WIPP PA,

5 1992a,b). However, mathematical definition of individual models, parameter lists, and databases

6 are too extensive to repeat here, but will be sum marized by example throughout the paper as

7 appropriate.

8 The basis for the mechanical performance of a radioactive waste repository was initially

9 defined by the National Academy of Sciences, Committee on Waste Disposal (NAS, 1957) based

10 on the ability of rooms in natural salt deposits to creep closed with time and ensure the isolation

11 of the waste for sufficient time to render it harmless. The NAS recommended a natural deposit

12 of'salt for three reasons: (1) its thermal properties, (2) its physical properties (e.g., creep

13 deformation), and (3) the very existence of the salt deposit for hundreds of millions of years

14 demonstrates its isolation from circulating groundwater and the stability of the geologic

15 formation in which it is located. For non-heat producing waste, such as that proposed for the

16 WIPP, only the last two reasons pertain. Because the Rock Mechanics (Creep, Fracture, and

17 DRZ) Program incorporates processes affecting total repository performance (e.g., room and

*18 seal performance, migration pathways, etc.), this program bears on compliance issues in both

10 9 40 CER 191 and 40 CFR 268.6. With the citations in the 92 PA document, further specific

20 references to the regulations will not be made, except for well defined cases.

21 As a result of the basic NAS premise and the subsequent regulations, the principal direct

22 application of the models developed by the Rock Mechanics Program is the calculation of the

23 creep closure of the rooms and shafts, with or without contributions from the development of

24 the DRZ. In addition to providing the primary compliance evaluation of the creep closure of

25 the repository to ensure the encapsulation of the waste, the general application of the constitutive

26 models and results of the Rock Mechanics Program directly and indirectly support technical

27 goals of other WIPP programs. The most direct support is of the Disposal Room and Drift

28 Systems and the Seal Design and Modeling Programs, as shown in Table III. The Rock

29 Mechanics Program also provides indirect support to other programs of the WIPP Project,

30 although these will not be discussed here.

31 As is evident, the current status of the three elements of the Rock Mechanics Program

32 are in fact statements of the rock mechanics program position and the technology base that would

33 currently support any formal compliance submittal.
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I Table III. Rock Mechanics Program Support Correlations

2 Activity Creep Fracture DRZ

3 Repository Creep Closure X

4 Room and Drift Systems

5 Backfill X

6 Waste X

7 Disposal Room X X X

8 Eng. Alt. Sys. Analy. X

9 Seal.Design and Modeling

10 Components X X X

11 Seal and System Design X X X

12 Small-Scale Seal Test X X X

13- Large-Scale Seal Test

14 Large-Seal Brine Inflow X X X

is Salado Permeability vs. Stress X X X

16 The three major areas of the Rock Mechanics Program will be discussed separately

17 because they represent somewhat discrete but closely related efforts at different stages of

1s development. In each area, a brief status summary is given which will be indicative of the

19 technical soundness and level of validation of the model involved. Significant aspects of the

20 model development, parameter evaluations, and data will be traced through important references,

21 and in some cases will be included in the paper. The major consequences for compliance are

22 noted for each model area.
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1 2.0 CREEP

.2 As previously noted, one of the advantages of placing radioactive waste in natural salt
*3 deposits is that the salt undergoes time-dependent deformation or creep and therefore will
4 eventually close the repository rooms and encapsulate the waste. Even in more complex
5 situations, such as concurrent gas generation, the mechanical or structural response of the
6 repository or shaft is governed by the creep of the salt. In fact, the mechanical behavior of salt,
7 as expressed by creep, is one of the fundamental inputs to the design and performance
8 assessment of the repository and seal systems. It has already proven influential in repository

9 design through structural evaluation of several room configurations (Krieg et al., 1980). In this
10 regard, it is critical that the creep process be adequately understood and properly described to
I I permit reasonable long-term predictions of the repository performance required by the regulatory
12 standards.

13 A simple representation of a standard creep curve is given in Figure 1, which shows the
14 strain as a function of time for, a specimen under a constant stress and temperature. This figure
15 indicates the customary decomposition of the curve into a steady-state creep and transient creep
16 components. Also, two different creep curves are indicated, one with tertiary creep behavior

*17 as marked by an accelerated creep rate caused by progressive failure of the material, and one
18 denoted as a continuum creep curve matching the continuum creep model in which the tertiary
19 behavior is suppressed. Tertiary creep contains all of the aspects of the development of the
20 DRZ, in that the early stage of tertiary creep is caused by the generation of microfractures; as
21 the microfractures increase, grow, and coalesce to form discrete cracks in the late stage of
22 tertiary creep, the material ultimately falls.

23 The detailed technology that permits the prediction of the structural response consists of

24 a constitutive model for creep, the material parameters for all of the materials in the site
25 stratigraphy, and a numerical code for calculation of the response of the repository structure.
26 In addition, because the actual stress fields involved are three-dimensional, there must be a flow
27 potential which describes the deformation of salt in response to a three-dimensional stress state.

28 Two other inputs are required: the stratigraphy which gives the materials and elevations of the
29 bedded layers in the natural salt (evaporite) deposit, and the initial stress condition.

30 The constitutive model of salt creep, the experimentally determined parameter values,

31 and the numerical codes required for simulation of WIPP structural problems, at the current
32 stage of development, are well established on technically sound principles and data. At this

Rock Mechanics 5March 17, 1995



TAA-14263O

CONSTANT STRESS

CREEP CURVE WITH_
FRACTURE CONTRIBUTION

z CONTINUUM CREEP CURVE
z 91 WITHOUT FRACTURE CONTRIBUTION

I-
C0

SI

TRANSIENT CREEP---
COMPONENT------

-- STEADY STATE CREEP
- -- COMPONENT

TIME

Figure 1. Tertiary creep curve schematic with continuum model and fracture contribution noted.
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I time, the creep predictive technology is the most sound and best validated of the models and
* 2 technologies of the Rock Mechanics Program. However, to establish site-specific compliance

3 criteria and demonstrate compliance with general regulatory criteria, completion of ongoing
4 efforts in several areas will potentially assist in demonstrating regulatory compliance. Briefly,
5 these are the determination of the creep parameter distribution functions for argillaceous salt,
6 further definition of the fast probability integration methodology, additional improvements in
7 calculational speed of the codes, probabilistic evaluation of room and shaft closure, and some
8 minor additional improvements in the current three-dimensional code capability.

9 2.1 Constitutive Model

10 During the course of the project, two constitutive models of continuum creep have been
11 used for performance assessment: the multimechanism deformation steady-state creep response
12 with workhardening/recovery transient creep model (Munson et al., 1989a), and a steady-state,
13 reduced modulus model (Morgan et al., 1986).

14 The model that produces very reasonable agreement with the extensive in situ test data
Is and is proposed as the new reference model is the multimechanism deformation steady-state

*16 creep response with workhardening/recovery transient (M-D) model. Room closures (as
17 required by 40 CFR 268.6(b) (3) and 40 CFR 268.6(b)(5) and environmental performance
18 standard 40 CFR'264.601) as measured from a number of in situ tests have been successfully
19 predicted using this model, together with the recommended updated stratigraphy (Munson et al.,
20 1989a). The agreement between calculated and measured room closures is typically better than
21 10%, with the longest current comparison of 3.5 years. This indicates that the model and
22 predictive technology may be valid within acceptable uncertainty (Munson and DeVries, 1991).
23 A plan view of the WIPP underground together with designations of the in situ test rooms is
24 given in Figure 2. The updated stratigraphy is as shown in Figure 3. The simulations included
25 both heated (Room B) and unheated (Room D and G) single rooms, a multiple room complex
26 (Rooms A), a cylindrical room (Room Q) and a shaft (Air Intake Shaft - Shaft V), a cylindrical
27 pillar (Room H), and the computationally complicated, three-dimensional, intermediate-scale
28 borehole test (Rooms C). As a result of the success of this model in simulating the room closure
29 of a range of significantly different room and shaft geometries, which implies different stress
30 fields, using a single reference set of parameters (see Table IV), suggests that this model is
31 reasonable for WIPP use (WIPP PA, 1992a,b). As examples of the ability of this model, and
32 associated predictive technology, the calculated and measured vertical and horizontal closures
33 of Rooms D and B, both isolated 5.5-in-square cross-section rooms some 5.5 in above the WIPP

*34 horizon, but with the latter heated after one year, are shown in Figure 4 (Munson et al., 1990a).
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Figure 2. Plan view of the in situ tests in the WIPP facility.
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Agreement between measured and calculated closure is within. 10% except for the vertical

2 closure of Room B where progressive roof failure leads to a high apparent measured closure

3 rate. The continuum creep model does- not include fracture and cannot simulate the roof

4 response once fracture becomes a significant mechanism. In Figure 5, the comparison is shown

5 between calculated and measured horizontal and vertical closures (Munson et al., 1993) for the

6 entirely different geometry of Room Q. This room is a horizontal, cylindrical room with a

7 diameter of 2.9 m, at the WIPP horizon, which differs from the previous rooms. Here, the

8 agreement of both horizontal and vertical calculated and measured closures is within 3 %, for the

9 nearly 3 years' duration of comparison. These results, together with similar results in the other

10 comparisons of calculation to in situ test data, have been the basis for suggesting the M-D model

I I is technically sound and an indication of the validity of the predictive technology.

12 The technical basis of the model is supported by fundamental concepts where this is

13 possible. The M-D model is based on the deformation mechanism map for steady-state creep.

14 A deformation mechanism map for salt is given in Figure 6 (Munson, 1979). This map

15 describes those regions of stress (plotted as the non-dimensionalized modulus reduced stress) and

16 temperature (plotted as the homologous temperature) where a specific dislocation mechanism

17 controls the creep process. For the conditions of the WIPP, there are potentially three distinct

18s mechanisms involved: (1) a high temperature and low stress region based on a dislocation climb

19 mechanism, (2) a low temperature and low stress undefined mechanism (e.g., no theoretical

20 micromechanical mechanism is known in this region), but tl- region is empirically well

21 characterized, and (3) a high stress dislocation slip mechanism. Although the WIPP conditions

22 are expected to be isothermal at the ambient natural underground temperature, all of the stated

23 mechanisms could still be involved because of the large range of stress states that occur around

24 underground rooms and shafts. These mechanisms conform to the requirements for additive

25 processes and the total steady-state creep rate is then the sum of the rates of the individual

26 mechanisms. The boundaries between regions of the deformation map are defined as the locus

27 where the strain rates of the adjacent mechanism regime are equal. Transient creep strain is

28 incorporated into the model through a multiplier on the steady-state rate. Transient creep is

29 described through a state parameter which obeys a higher order (quadratic) kinetic equation.

30 Both stress loading and unloading changes of the long transient (single-state parameter) type can

31 be accommodated by the model. Initial state values less than the transient strain limit will
32. increase through workhardening until the transient strain limit is reached, while initial state

33 values greater than the limit will decrease through recovery. At the transient strain limit, the

34. material continues to accumulate further, unlimited strain by steady-state creep.
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Table IV. Parameter Values for the M-D Model

ELASTIC PROPERTIES (DENOTED WIPP-D)

p12.4 GPa
E 31.0 GPa
u 0.25

CREEP PROPERTIES (DENOTED WIPP-D)

1 CLEAN JARGILLACEOUS
PARAMETERS J SALT jSALT UNITS REMARKS

A, 8.386 E22 1.407 E23 /S FROM ERDA-9
01 25,000 25,000 cal/mol FROM ERDA-9
n,5.5 5.5 FROM ERDA-9

B, 6.086 E6 8.998 E6 /S FROM ERDA-9

A 2  9.672 El2 1.31984 El3 /s
Q2 10,000 10,000 cal/mol FROM ERDA-9
n25.0 5.0 FROM ERDA-9

B2  3.034 E-2 4.289 E-2 /S

U0  20.57 20.57 MPa
q 5.335 E3 5.335 E3 FROM ERDA-9

m 3.0 3.0 THEORETICAL
K0  6.275 E5 1 .783 E6
c 0.009198 0.009198 /T DeVRIES [19881

a -17.37 -14.96 FROM ERDA-9
fl -7.738 -7.738

65 0.58 0.58 FROM ERDA-9

NOTE: THE ERDA-9 VALUES WERE OBTAINED FROM MUNSON AND DAWSON 11979; 1982]. HERE, M IS THE SHEAR

MODULUS, E IS YOUNG'S MODULUS, AND N IS POISON'S RATION. THE A'S AND B'S ARE CREEP STRUCTURE
FACTORS, THE Q'S ARE ACTIVATION ENERGIES, THE N'S ARE POWER EXPONENTS OF THE STRESS

DEPENDENCIES, 0 IS THE EXPONENTIAL STRESS DEPENDENCY, Oo IS THE CUT-OFF STRESS FOR THE SLIP
MECHANISM, M IS A THEORETICAL VALUE. Ko IS THE CONSTANT FOR THE TRANSIENT STRAIN LIMIT. C IS THE
TEMPERATURE DEPENDENCE OF THE TRANSIENT STRAIN LIMIT, AND a. fl, AND 6 THE ARE PARAMETERS THAT

GOVERN THE CURVATURE OF THE TRANSIENT CREEP RESPONSE.
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1 In addition, the M-D model, with the large strain SPECTROM-32 code, has been used

*2 successfully to calculate the closure of the quite complicated Engineered Alternatives Task Force

3 (EATF) Baseline configuration, which is a repository room containing waste and crushed salt

4 with the conditions of concurrent gas generation.

5 A somewhat simpler constitutive model was developed early in the project based entirely

6 on the steady-state creep behavior in the undefined mechanism region (Morgan et al., 1986).

7 Unlike the M-D model, this model required an arbitrary reduction of elastic moduli by a factor

8 of 12.5 to obtain adequate agreement with, the measurements in the South Drift (Morgan et al.,

9 1985). In certain situations, this constitutive model has been used for WIPP calculations

10 (Butcher and Mendenhall, 1993). However, the reduced modulus model is no longer used unless

11 the M-D model has unacceptably long computation times and the simpler model has been shown

12 to' be accurate.

13 2.2 Flow Potential

14 Selection of the proper plastic flow potential is critical because this potential makes it

15 possible to obtain the response of a material to the three-dimensional stress fields found around

* 16 the underground openings. A series of thin walled, hollow salt cylinders was subjected in the

17 laboratory to various loading paths chosen to explore the angles between the conditions of

18 uniaxial compression and pure shear. Significantly, these experimental results can be interpreted

19 directly, without recourse to structural calculation, to show that a Tresca plastic flow potential

20 based on a maximum shear stress criterion describes salt creep and is therefore preferred over

21 the von Mises criterion (Mellegard et al., 1992), which is based on the octahedral shear stress

22- criterion. Although the difference in stress in pure shear is only 15.7%, the strong stress

23 dependence of creep causes this to become a factor of two in creep rate in pure shear. .This

24 effect is important for closure of underground rooms in salt where significant amounts of salt

25 can be in shear. In confirmation of the choice of the plastic flow potential, the structural

26 calculations using the Tresca flow potential make possible the very reasonable agreements

27 obtained.

28 2.3 Material Parameters

29 The material parameters required for the M-D model have all been determined from

30 laboratory triaxial, compressive creep tests, except where a theoretical value exists. The

31 reference values proposed which are the values used for all M-D model simulations of the in situ

* 2 experiments (as discussed previously) are given in Table IV. As is apparent, the parameters

33 have been determined for the two dominant types of salt layers in the stratigraphy, clean salt and
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1 argillaceous (containing clay) salt layers. Because the wastes intended for the WIPP are not heat

2 producing, except for limited amounts of remote-handled TRU, the thermal parameters are not

3 important and have no influence on the typical WIPP structural problems. Other evaporite
4 materials, such as anhydrite and polyhialite, when sufficiently close to the excavation that it is

5 necessary to treat their explicit behavior, are treated as elastic or elastic-plastic materials. The

6 interbeds found between the layers of salt are represented as planes of frictional slip with a

7 coefficient of friction of 0.2, taken as a constant for all calculations and based on qualitative
8 evaluation of in situ behavior.

9 At this time, the principal parameters for clean salt of the M-D model have been framed

10 in terms of probability distribution functions (Fossum et al, 1994) and the analysis has been
11 made to determine a distribution function for creep closure of a simulated crushed-salt-filled
12 shaft seal configuration. Calculated creep closure was to a selected crushed salt density (Fossum

13 and Munson, 1995). The distribution functions for argillaceous salt still have to be determined

14 and additional evaluations of shaft closure have to be made. Comparisons must be made of the

15 fast probability integration and Monte Carlo methods.

16 2.4 Stratigraphy and Initial Conditions

17 The stratigraphic detail for the numerical simulations is the updated version given by
18 Munson et al. (1989a), as shown in Figure 3, which modified that given earlier by Krieg (1984).
19 This updated stratigraphy is specialized to capture those aspects of the materials important to the

20 mechanical behavior, and therefore differs from those reflecting more common geological

21 aspects. Features of geological importance often are not influential in terms of, mechanical

22 behavior.

23 The initial stress condition of the site is essentially one of uniform rock pressure (al

24 a 2 =a 3) due to the overburden (Wawersik and Stone, 1989).

25 2.5 Numerical Codes

26 Essentially, three distinct numerical structural codes have the necessary (as noted

27. previously in 40 CFR 268.6(b) (3), 40 CFR 268.6(b) (S), and 40 CER 264.601) capabilities to

28 simulate the major aspects of the WIPP underground as follows: SANTOS, JAC-3D (Biffle,

29. 1993), and SPECTROM-32 (Callahan et al, 1989). These codes use finite-element, numerical

30 solution methods. Their current capabilities include a choice of flow potential, multiple material

31 layers, slide lines to emulate interbed seams, and birth/death options simulating mining. Two

32 codes are limited to two-dimensional simulations, while one code, JAC-3D, has the capability
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1 for either two- or three-dimensional simulations. All of these codes can account for large (finite)

*2 strains, a feature of some importance in treating the long times and large deformations involved

.3 in some WIPP problems. All codes currently incorporate the M-D model; however, JAG-3D

4 and SPECTROM-32 have the most experience with simulations using this model. SPECTROM-

5 32 is rated as a Level A code according to Sandia QAP 19-1 quality assurance requirements.

6 2.6 Remarks

7 The creep models are "continuum" models and, as a result, they do not allow fracture.

8 However, if we are addressing the long-term creep closure effects, such as that of complete

9 repository creep closure to encapsulate the waste, the problem, in fact, is relatively simple. The

10 creep closure involves the removal of all underground void, regardless of whether the void

11 volume is that of the original repository room or some redistribution of this volume, such as

12 occurs with the formation of microfractures around the room. In this case, then, the prediction

13 involves only the general response of the entire salt body to eliminate the underground void

14 volume; and, therefore, the use of a continuum creep model is both adequate and sufficient.

15 Certainly, there are temporary situations, such as formation of a potentially permeable DRZ

16 around seals, that must be considered. In fact, the calculated creep strain caused by the

*17 formation of the DRZ is quite small (3%) compared to the continuum creep stains, so that it

18 does not affect significantly the comparison between measured and calculated continuum creep

19 closure. However, the small strains associated with the development of microfractures can have

20 a large effect on changes in permeability. Again, in the long-term closure, the microfractures,

21 because of the conservation of mass (or void) do not change the encapsulation process. In the

22 more complicated situation of concurrent gas generation, the gas will potentially act as a source

23 within the repository to increase the required void volume and alter the encapsulation process.

24 The proper form of the plastic flow potential remains an issue within the technical

25 community. Historically, most structural analysts continue to use the von Mises potential in

26 creep structural problems. However, based on the definitive thin-walled cylinder results and the

27 success of the calculations of in situ behavior, the Tresca potential should be considered the

28 proper plastic flow criterion for creep of salt.

29 Currently, an issue to be resolved concerns whether the fast probability integration (FPI)

30 methods produce the same results as the Monte Carlo or Latin, Hypercube methods currently

31 used for the WIPP program. For very complex structural calculations, Monte Carlo or Latin

32 Hypercube methods require too many realizations or calculations to be economical. Perhaps

*33 only FPI methods are efficient enough to permit probabilistic analysis of structural responses.
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1 However, because no mathematical proof of equivalency of the methods exist, direct

2 comparisons of simple problems will be necessary to establish confidence- in- the FPI method.

3 2.7 Continuum Creep Data to Analysis Guide

4 The database and analysis history is too extensive to be included directly in this paper.

5 As a alternative, a partial reference guide is given in Table V.
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1 Table V. Continuum Creep Data and Analysis Guide

2 Conceptual Model Model Analysis References (partial)

3 Creep closure of M-D Multi- Numerical finite Model --

4 rooms expected to mechanism element simulations Munson et al. 1989a PA
5 encapsulate the waste deformation 1992, Vol. 3
6 (NAS 1957) and model
7 assure sealing of Parameters --

a shafts Munson et al. 1989a
PA 1992, Vol. 3

Flow potential -

Mellegard et al. 1992
PA 1992, Vol. 3

In situ data -

Matalucci et al. 1982
Munson 1991
Munson & others
1987b, 1988b, 1990b,
1991b, 1991c, 1992b,
1992c, etc.

Stratigraphy -

Munson et al. 1989a
PA 1992, Vol. 3

Initial conditions --

Wawersik & Stone 1985
Munson et al. 1989a
PA 1992, Vol. 3

Analysis --

Munson & DeVries 1991
Munson & others 1987a,
1988a, 1989b, 1990a,
1991a, 1992a, 1993, etc.
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1 3.0 FRACTURE

2 It is kn~own that, as the continuum creep deformation of the salt immediately adjacent to

3 the. underground openings occurs, conditions for the formation of microfractures become
4 favorable and the salt experiences a progressive increase in microfracturing. This process is

5 evident as damage which evolves with time. These microfractures may eventually link to form
6 discrete cracks. At late times, the discrete cracks propagate and link until the salt fails.

7 Expression of this process in situ leads to the creation and accumulation of damage in the rock,
8 which gives rise to the DRZ. The material expression of this process in the laboratory is the

9 tertiary creep behavior, as shown in the curve which incorporates fracture in Figure 1. These
10 details of fracture development become relevant in two specific cases: (1) At relatively small
11 amounts of damage which is the early portion of the tertiary behavior, the formation of
12 microfractures may cause an increase of permeability, and consequently, a potential loss of long-

13 term seal system integrity and performance that may be reasonably expected for regulatory
14 compliance (as given in 40 CFR 191.13, 40 CFR 191.14, and 40 CFR 191.24). As a result, this

15 effort supports the performance response of the repository rooms and drifts, especially for
16 Disposal Room models and seal systems through Seal Design and Modeling. (2) The

17 development of fractures and a DRZ must be recognized and appropriate steps taken to deal with
*i1 the conditions encountered during operational activities, such as construction, for example. Of
1 19 these two cases, the Rock Mechanics Program is primarily concerned with the first case in which

20 only relatively small amounts of damage occur.

21 As previously mentioned, the relationship of the fracture model to the M-D continuum

22 creep model and the DRZ process model is to add a crucial component to the modeling
23 capability. The development of microfractures described by the fracture model contributes only

24 a few percent to the closure strain, and even that strain eventually is removed by continuum
25 creep. However, the small amount of fracture strain or damage may in fact be responsible for
26 marked changes in permeability and deterioration of the performance of seals. This is why the
27 fracture model is important to the compliance goal. The DRZ process model combines
28 individual models, such as functional forms for damage healing and permeability changes with
29 damage together with the creep and fracture models, to assess the DRZ growth evolution
30 (growth or healing) with time.

31 The study to understand fracture is an important area of development of the Rock
32 Mechanics Program and it is currently the most active. This activity includes the additional

33 theoretical inputs to define the cleavage modes of fracture and complete the fracture model, the

*34 development of the capability to handle bed separation, the generation of the experimental
35
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1 database for the argillaceous salt material, the final parameter selection for the fracture model,

2 and the further comparisons to the underground observations of damage to demonstrate validity.

3 3.1 Fracture Constitutive Model

4 The constitutive model of fracture has been formulated to address progressive, time-

5 dependent development of damage (Chan et al., 1992). This model, which is the

6 multimechanism deformation (M-D) continuum creep model coupled to fracture (MDCF), is

7 based on the Bodner-Partom (Bodner, 1985) description of tertiary creep, with the parameters

8 determined from laboratory creep tests (Fossum et al., 1993). The Bodner-Partom description

9 for tertiary creep is a very non-linear evolutionary equation for damage. The MDCF model

10 defines from the damage a new strain contribution, due to deformation of the microfractures,

11 which evolves with time. Damage enters the model directly through the damage strain and

12 indirectly through reduction of the loaded area to increase the effective stress. From the fracture

13 mechanism map (Gandhi and Ashby, 1979), this formulation represents two separate fracture

14 mechanisms, one of which, stress rupture, is very relevant to the WIPP conditions. The model

15 accounts for important effects of confining pressure in that microfracture is sensitive to confining

16 pressure and can be completely suppressed. The model also contains a feature that permits the

17 elimination of damage, which simulates the rehealing process, as the damaged salt is

1s repressurized. Such repressurization is expected to occur around seals as they take up load from W
19 the overburden as the creep-closure process continues.

20 As in the case of the continuum creep model, the attempt during the development of the ~

21 fracture model is to maintain a fundamental basis wherever possible. The fracture model is

22 based on a fracture mechanism map which defines the regions in non-dimensionalized stress and

23 homologous temperature that different fracture mechanisms dominate. Just as for the

24 deformation mechanism map, the fracture mechanism map can be used as a guide to the model

25 development. In contrast to the deformation mechanisms, fracture mechanisms are very

26 sensitive to confining pressure. In certain instances, the confining pressure will suppress the

27 fracture process completely. As a result, the fracture model imposes the effect of confining

28 pressure on fracture. Of the possible fracture mechanisms, three relate directly to the conditions

29 of the WIPP underground. These are a brittle grain boundary fracture mechanism of short-time

30. failure which is strain-rate dependent, a stress rupture mechanism which is the long-time failure

31 mode, and a cleavage failure mechanism. The fracture mechanism of stress rupture dominates

32. the formation of microfractures during the development of the DRZ and is considered the most

33 important mechanism. This mechanism appears to obey the Monkman and Grant (1956)

34 criterion of a constant strain to long-term failure.
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1 The MDCF model is a "ubiquitous" model in the sense that it describes the damage as

2 though it is smoothly distributed throughout a material volume. That is, the presence of discrete

*3 fractures is not modeled or tracked in the MDGF formulation. However, this is not a

4 significant problem in addressing the issue of the formation, growth, and healing of the DRZ

5 for use in sealing system performance assessment and design where the damage is limited to

6 small values. For these conditions the model is thought to be accurate. In terms of the level

7 of validation of the fracture model, it is much less advanced than the M-D continuum creep

a model. As is apparent, some work remains to be done to achieve reasonable expectation of

9 regulatory compliance. The remaining work involves further refinement of the fracture

10 constitutive model, determination of material properties, comparison of model predictions to

11 underground observations, and the proper incorporation of the interbed behavior. Regardless,

12 the model is currently developed adequately to be used for seal design studies of the influence

13 of the DRZ on seal performance.

14 Several " stress-based " fracture models have been used on WIPP analyses. In the analysis

15 of the permeability changes in the DRZ, Stormont et al. (1992) used a time-independent

16 representation of the stress strain curve and calculated changes in volumetric (dilatant) strain

17 with increase in stress. A similar approach has been used in support of the study of design

18 alternatives for seal systems (Van Sambeek et al., 1993). Unless specifically modified, stress-

*19 based models in general do not permit the damage to evolve independently with time as a

20 separate material behavior, a characteristic feature that is known to occur in salt. In these

21 models, changes in damage may occur only as the stress field changes in time. In fact, if the

22 stress field around an opening decreases with time, accumulated damage would incorrectly

23 appear to decrease also. In general, the stress-based fracture models need to be replaced by the

24 time-dependent evolutionary formulation of the MDCF.

25 3.2 Fracture Model Parameters

26 The MDCF fracture material parameters have been determined for clean salt, and

27 preliminary parameters are now becoming available for argillaceous salt. It appears based on

28 experimental evidence that the small quantity ((<4 %) of clay content in argillaceous salt has a

29 marked effect on the microfracture behavior, increasing the rate of damage evolution and

30 decreasing the time to failure. A comparison of creep and fracture behavior shows that,

31 although clay increases the creep rate and the transient strain, an equivalent clay content has a

32 much more marked influence on the fracture response. Apparently, the overall effect of clay

33 content is quite important in that it causes argillaceous salt layers to accumulate damage at a

34 higher rate than the clean salt layers, which appear to match the underground response.

*35 However, until the entire available database has been evaluated, the fracture model parameters

36 will not be given.
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1 3.3 Numerical Code MDCF Model Incorporation

2 The MDCF model has been incorporated into SPECTROM-32 and a number of

3 preliminary simulations made of the WIPP underground room configurations, including the

4 storage room configuration. It has been possible to make a preliminary comparison to the

5 formation of the damage, as measured by ultrasonic wave speed, around the Air Intake Shaft.
6 Although further analysis is required, the model calculation compares qualitatively with the

7 measured results, especially in the radial extent of the damage, as shown in Figure 7. The
a nature of the fracture model is such that it will also predict the accumulation of large amounts

9 of damage, essentially that equivalent to failure. In a preliminary sense, it has been used to

10 calculate the accumulation of damage around a room of the Transuranic (TRU) Test Panel, as
11 shown in Figure 8. While direct comparison is not yet possible because the ubiquitous model*

12 does not permit localization, the initial fracture pattern is certainly suggestive of the fracture

13 trajectories observed in these rooms. These simulations have been encouraging because they

14 show development of damage around the underground opening with time, which matches in a
15 qualitative sense the general observations. The predicted behavior is thought to be more realistic

16 than previously possible with the earlier, stress-based, time- independent fracture models which

17 cannot evolve with time and do not have a true tertiary creep- related measure of damage.

is 3.4 Discrete Fracture -Fracture Mechanics Approach

19 For the more extreme conditions of damage accumulation, it is necessary to treat discrete

20 crack formation and propagation; this technology is not so well developed. Work is in progress
21 to address the problem of the localization of the damage to produce a discrete fracture. There

22 are two distinct approaches to this problem: global and local. The classic or global approach

23 i s to convert at some point the ubiquitous results in a mesh to a discrete element with an

24 advancing crack tip, which presents mathematical and numerical difficulties. The simplest of
25 these global approaches (linear elastic fracture mechanics) has been applied to the WIPP problem

26 of the response of interbeds to the pressurization of the repository by gas generation. However,
27 with a simplistic linear elastic approximation what is often found is that the linear elastic

28 energies misestimate severely the actual conditions of an elastic-plastic, creeping crack tip. A
29 common assumption of a characteristic length to control the energy release has not always
30 proven satisfactory because of difficulty in rationally specifying the length. In fact, in some

31 cases where the "process" zone is very complicated, the mathematical representation has no

32
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Figure 7. Comparison of in situ ultrasonic equivalent of damage against MDCF model
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*4 laboratory data of the change in ultrasonic velocity with volume dilatancy.
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1 independent parameter available in the solution to take the role of the fracture toughness, and

2 the crack tip conditions no longer can be described by global parameters. In this case the stress

*3 field becomes independent of the applied stress and may become geometry dependent.

4 3.5 Discrete Fracture - Local Approach

5 A more recent development, which is an alternative to the global approach, is to use a

6 local approach based on "adaptive meshing" where the gradients of damage or energy across a

7 mesh serve as a measure of the need to refine the mesh. As mesh refinement occurs at regions

8 of high damage gradients, the highly refined mesh generates a trajectory of the crack. Adaptive

9 meshing requires only the definition of the ubiquitous model, without the need to introduce

10 special elements to define the discrete crack. Although coding of adaptive meshing is not an

11 easy task, this is the reason the rock mechanics program has chosen the adaptive meshing

12 approach.

13 3.6 Remarks

14 Although the predictive technology for fracture damage and failure is not as well

is developed as for creep deformation, several significant advances have been made. The MDCF

*1i6 model already incorporates the necessary- features and is capable of simulating the shaft sealing

1 17 systems. The important contribution of the MDCF model is that the time-dependent

18 accumulation of damage is strain based, in marked contrast to earlier models based on stress

19 related quasistatic onset of dilatancy. This model is expected to replace the earlier stress-based

20 models for use in WIPP shaft seal design calculations.

21 As noted, the uncertain aspects of fracture modeling appear in the manner in which the

22 fracture damage is extended to discrete cracks. The proper, and physically correct, choice

23 between global (fracture mechanics) and local (ubiquitous models) is not yet settled. For very

24 complex situations, such as those around a moving crack tip in a creeping material, no global

25 solution appears to be available so the use of fracture mechanics is not possible. Thus, for salt,

26 at this time, a local approach appears more reasonable.

27 3.7 Fracture Model Data to Analysis Guide

28 The database and analysis history is too extensive to be included directly into this paper.

29 As a alternative, a partial reference guide is given in Table VI.
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1 Table VI. Fracture Model Data and Analysis Guide

2 Conceptual Model Model Analysis References (partial)

3 Creep closure is MDCF Multi- Numerical finite Model --

4 accompanied by mechanism element simulations Chan et al. 1992
5 fracture evolution deformation model
6 a round shafts and coupled to Parameters --

7 rooms (PA 1992) (in progress)
8 which makes a small Fossum et al. 1994
9 contribution to strain

10 but a large potential Flow potential -

11 change in Mellegard et al. 1992
12 permeability PA 1992, Vol. 3

In situ data --

(in progress)

Stratigraphy --
Munson et al. 1989a
PA 1992, Vol. 3

Initial conditions -

Wawersik & Stone
1985
Munson et al. 1989a
PA 1992, Vol. 3

Analysis --

(in progress)
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1 4.0 DISTURBED ROCK ZONE (DRZ)

2 The DRZ is the zone of rock immediately surrounding underground openings in which

3 the mechanical and hydrologic properties have changed in response to the excavation and

4 subsequent creep. Since the existence of the DRZ was documented (Bomns and Stormont, 1988,

5 1989; Holcomb, 1988) and accepted at the WIPP (Lappin et al., 1990) the Project has postulated

6 that the DRZ has an impact on (1) gas and brine storage relocation, (2) localized hydrologic

7 response of the Salado Formation, (3) design and performance of seals, and (4) repository

8 design. DRZ investigations address compliance issues for the Seals Program through Seal

9 Design and Modeling and Seal Field Studies programs, since the DRZ development at the

10 proposed seal locations determine changes in hydraulic and mechanical properties of the seal

11 system .with time. Compliance issues are addressed for Salado Hydrology by supporting Flow

12 and Transport Modeling, Hydrologic Field Studies and Large-Scale Brine Inflow Experiment.

13 Except for some laboratory, numerical simulations, and minor field studies, the

14 investigations of the DRZ were largely ended in 199 1. The exceptions are the Large-Scale Brine

15 Inflow Experiment (Room Q), where studies of hydrologic and physical behavior continue, and

16 the Air Intake Shaft, where ultrasonic studies are still in progress. However, the current

*17 technical position would benefit from additional information, which it appears may eventually

is be needed. It appears especially important to monitor the time-dependent hydrologic behavior

19 of the DRZ (e.g., water saturation, porosity, and permeability). Monitoring the time-dependent

20 behavior of the DRZ will be of great significance from initial excavation and, when possible,

21 during and after seal emplacement tests. Characterization is required of the DRZ in proposed

22 seal locations. Also, the extent and propensity for fracturing in the Salado marker beds needs

23 to be more fully investigated. Some of these concerns are being addressed by a current

24 investigation of the DRZ developed around the small-scale seals tests.

25 4.1 Process Model of DRZ

26 As shown in Table I, the model for describing the DRZ is classified as a process model.

27 This implies that the model is actually a collection of individual physical elements that describe

28 mechanical and hydrological behavior of the DRZ behavior. Thus, the DRZ process model

29 must, at least, incorporate the creep response through the creep model, the formation of

30 microfractures through the MDCF fracture model for predicting damage evolution, the model

31 for describing healing of microfractures under pressure, and a physical model relating the

32 damage to permeability. Application of this process model to seal design, for example, permits

* 33 a test of the design against performance criteria over the critical recompaction period of the

34 crushed salt seal components.
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1 As is evident from the results in Figures 7 and 8, some. elements of the DRZ process

2 model are currently operational, while others are well advanced and eminently available. The

3 constitutive model of the damage evolution (MDCF) has been developed which can be applied

4 to predict the time-dependent details of the evolution of damage. The model is able to simulate

5 the fractional damage surrounding an excavation, either shaft or room. Because the damage

6 measure determined by the model is not a physical quantity, a correlation function to volume

7 dilatancy in the form of a non-associated flow rule has been established. To provide the physical

8 link to hydrological performance, the permeability, as previously mentioned, as a function of

9 the volume dilatancy completes the predictive capability.' A functional form of the healing

10 relationship has been established based on laboratory results. This relationship is the sum of two

11 first-order kinetics equations and is now incorporated into the DRZ model.

12 Two of the elements of the DRZ process model are major models: the M-D model of continuum

13 creep and the MDCF model of damage evolution. These models of mechanical behavior have

14 been fully treated in the earlier discussions. The other elements will be discussed here.

15 4.2 Kinetics of Healing

16 The kinetics of the microfracture healing process have been determined through

17 laboratory tests (Brodsky and Munson, 1994). Damaged dry salt specimens heal, as measuredW

18 by the return of volume strain and ultrasonic wave speed, according to the sum of two first-order
19 kinetic equations. The characteristic time constant of the process is on the order of days, which

20 is short compared to that of the creep process. In seal system performance, this suggests that

21 the damage healing depends only on the rate that the creep process repressurizes the seal.

22 Because of the short time constants and based on void geometry, the healing process is thought

23 to differ significantly from the compaction process of final void elimination in crushed salt.

24 4.3 Permeability Relationship to Damage

25 Although a measure of the relationship between permeability and damage can be obtained

26 from back correlations of damage calculations to the permeabilities measured in situ, the most

27 direct measure will come from laboratory experiments. In these experiments, previously

28 damaged specimens with known volume dilatancies are used to determine permeability.

29 Relatively few laboratory experiments are currently available from which to deduce a

30 relationship. Consequently, additional studies will probably be necessary to improve the

31 definition of the permeability-damage relationship.
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1 4.4 Peripheral Inputs

2 There are some critical peripheral inputs to the analysis of the DRZ under the actual
3 conditions as they pertain to seals and seal systems. It is of interest to mention the most
4 important of these inputs here for completeness. The analysis of a seal system requires a
5 description of the mechanical and hydrological behavior of the seal components. This especially
6 means the behavior of the concrete and crushed salt components, because these are the principal
7 materials being considered. In general, these peripheral inputs are being developed in WIP?
8 Programs on Seals, external to the Rock Mechanics Program.

9 4.5 DRZ Characterization

10 The DRZ has been characterized by three approaches: visual observation, geophysical
11 methods, and in situ hydrologic testing (Borns, 1985; Bechtel National, 1985; USDOE, 1988).
12 Geophysical studies have utilized seismic refraction, seismic tomography, surface wave analysis,
13 electromagnetic (EM) methods, and direct current (DC) methods (Borns and Stormont, 1989;
14 Borns et al., 1990; Holcomb, 1988; Jung et al., 1991; Pfeifer et al., 1989). Taken in

15 conjunction with the in situ hydrologic tests, these studies define a DRZ extending to a depth
*16 of 1 to 5 meters throughout the underground facility (Barns and Stormont, 1988; Stormont et

17 al., 1991). The DC and EM methods indicate that fracture saturation or fracture density may
18 vary laterally along the excavations. These in situ studies also demonstrate that microfracturing
19 and desaturation of the pore space have occurred within the DRZ. The dilation that results from
20 the microfracturing in the DRZ provides a small component of the observed room closure. The
21 processes involved in the development of the DRZ are complex, although basically related to
22 the strain and strain rates of the salt adjacent to the underground opening. The redistribution
23 of stress around the excavation with the development of the DRZ drives coupled processes such
24 as changes in permeability and porosity in response to fracture growth.

25 Gas flow measurements have previously been conducted in the Salado Formation
26 immediately surrounding excavations. Measurements taken in small diameter boreholes (50 to
27 150 mm) show that, within 1 to 2 m of the excavation, the halite has very little resistance to
28 fluid flow. Tracer tests (Stormont et al., 1987; Stormont, 1990) demonstrate that flow paths are
29 consistent with the elliptical fracture pattern generally applied to describe fracture distribution
30 around excavations. These tests have provided a qualitative description of the fluid flow
31 properties of a DRZ adjacent to the facility rooms and drifts at the WIPP. However, such a
32 description is difficult to accommodate from the performance assessment perspective. In fact,

& 3 a conceptual model of the repository zone requires as input the quantitative distributions for the
34 porosity, permeability, and initial saturation of the DRZ. At the present time, the fluid flow
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1 characteristics of the DRZ have not been described by an experimentally derived conceptual

2 model. Models of the DRZ have thus far been limited to constitutive modeling of the structural

3 deformation processes. These observations relate to the formation of the DRZ adjacent to rooms

4 specifically and, while the formation of the DRZ adjacent to shafts has similar characteristics,

5 the DRZ at the shaft will differ significantly in detail.

6 The well instrumented Air Intake Shaft (Munson et al., 1992a) at the WVIPP facility has

7 formed the nucleus of several important studies. It has already been noted that shaft creep

8 closure aided in the validation study of the creep model and the preliminary comparisons of the

9 calculated MDCF damage with in situ ultrasonic measurements in the shaft. This shaft will

1 0 undoubtedly continue to provide data for DRZ characterization. Although initially planned,

11 permeability testing in the shaft has not been possible to date.

12 An in'situ test is currently in progress to characterize the hydrological behavior of the

13 DRZ in the vicinity of earlier small-scale concrete seal test configurations emplaced in salt. The

14 intent of this test is to provide a linkage between the MDCF model and the needed fluid flow

15 parameters for the DRZ. The analysis will include modeling of the excavated borehole and the

16 seal.

17 4.6 Remarks

i8 Perhaps the most relevant issue at this time regarding the DRZ concerns general

19 agreement on a reasonable description, essentially quantitative, of the time-dependent evolution

20 of damage, porosity, permeability, and hydrologic processes. These basic pieces of knowledge

21 have not been completely determined, in situ, to provide the parameters and processes for the

22 repository performance models or to validate current damage models. The existence of the DRZ

23 is not in question, but the role it plays in the room response and in the shaft sealing is not

24 currently settled. Considerable work must be done to quantify the in situ properties and extent

25 to the DRZ. Certainly, a continuation of the validation effort is required to iteratively and

26 painstakingly compare the quantitative in situ studies to the current and refined constitutive

27 descriptions which predict the evolution of the damage. Other important issues that remain to

28 be resolved are the relationships between. deformation in the DRZ and the hydrologic process

29 of the Salado and the DRZ, including evolution of porosity and permeability. The effects and

30 significance of chemical precipitation in fractures and pores of the DRZ, which can be taken as

31 part of the healing process, have not been investigated nor incorporated into any of the

32 numerical models.
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1 4.7 DRZ Process Model to Analysis.Guide

2 As noted previously for the other rock mechanics models, the database and analysis

3 history of the DRZ is also too extensive to' be included directly into this paper. As an

4 alternative, a partial reference guide is given in Table VII.

5 Table VII. DRZ Process Model Data and Analysis Guide

6 Conceptual Model Model Analysis References (partial)

7 Complex fracture and Combination of Numerical finite Model -

8 deformation several deformat- element simulations (in progress)
9 processes under mechanical, and

10 actual conditions may hydro models. Parameters -

11 alternately degrade (in progress)
12 and heal the
13 disturbed zone with In situ data --

14 time, with changes in Barns & Stormont 1988
15 permeability, a Bomns & Stormont 1989
16 potential critical Stormont 1990
17 performance issue Stormont et al. 1991

is f rs at s as Healing kinetics --

Brodsky & Munson
1994

Permeability/Damage -

(in progress)

Analysis --

(in progress)
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1 5.0 SUMMARY

.2 Although there remain small areas of incomplete development and perceived further

*3 needs, the technology produced by the Rock Mechanics Program is basically sound and

4 reasonable. The fundamental understanding of the creep process, together with a capable

5 predic tive technology, is well developed and technically sound. This predictive technology is

6 essential to the WIPP Program because ultimately continuum creep determines the time required

7 for closure of the rooms and the eventual encapsulation of the waste. The creep closure

8 response is also responsible for recompaction of the crushed salt seal components.

9 The level of understanding of the fracture process is not as well developed as that of

10 continuum creep. However, significant progress has been made in that the constitutive models

11 of fracture now are closely tied to theory and laboratory data, and moreover describe the

12 fracture modes thought essential for the WIPP conditions. The fracture model can lead to a

13 reasonable description of the evolution of damage in the disturbed rock zone or DRZ. Such a

14 damage prediction capability facilitates understanding the long-term response of sealing systems,

15 especially where the DRZ has the potential to form a detrimental high permeability path to

16 deteriorate seal performance. Detailed examination and evaluation of the DRZ remains an issue

*1i7 because this will form the validation basis to decrease the level of uncertainty in our predictive

is capability. Evaluations and testing of the DRZ also should include the aspects of coupling the

19 damage evolution to changes in permeability and porosity.
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. 1 APPENDIX SCR

2 This appendix discusses natural Features, Events and Processes (FEPs) (SCR. 1), waste-
3 induced or facility-induced FEPs (SCR.2), and human-induced Events and Processes
4 (EPs) (SCR.3) consistent with draft guidance contained in "No-Migration " Variances to
5 the Hazardous Waste Land Disposal Prohibitions: A Guide Manualfor Petitioners
6 (Environmental Protection Agency [EPA] 1992, 34-35). EPA (1992) contains additional
7 details for preparing a No-Migration Variance Petition (NMVP) in accordance with the
8 performance requirements provided in Title 40 Code of Federal Regulations (CFR) Part
9 268.6. Where relevant, EPA (1992, 38) Information Checklist Criteria are discussed

10 within the context of the Uncertainty Analysis Criteria in a manner consistent with the
I1I discussion of FEPs addressed in other Waste Isolation Pilot Plant (WIPP) compliance
12 documents.

13 This appendix:

14 0 identifies which FEPs are considered in the no-migration demonstration calculations,
15 and which ones are screened out on the basis of consequence or low probability

16 * makes points concerning the conservative or reasonable nature of model assumptions

. 17 * identifies uncertainty and describes how uncertainty is accounted for in the no-
18 migration demonstration. Assessment of uncertainty in this appendix focuses on
19 conceptual model uncertainty. Parameter uncertainty is addressed in Appendix PAR

20 The FEPs identified and discussed in this appendix have been classified according to
21 whether they were included in no-migration demonstration calculations or were screened
22 out using two criteria: probability and consequence.

23 FEPs that have a low probability of occurring within the geological setting of the WIPP,
24 or within the chemical and physical conditions expected within the disposal unit, have
25 been screened out. By analogy with EPA guidance in appendix C of 40 CFR 194.32(d),
26 the Department of Energy (DOE) has assumed that FEPs with a probability of less than
27 1'over 10,000 years can be excluded from consideration in no-migration demonstration
28 calculations. Quantitative assessments of probability cannot be made for all FEPs, and
29 qualitative arguments based on reasonableness have been made for a number of FEPs.

30 There are three categories of FEPs that have been screened out from no-migration
31 demonstration calculations on the basis of consequence. The first category includes those
32 FEPs the DOE believes have negligible consequences (e.g., FEP does not affect the
33 source term, the mobility of hazardous constituents, the integrity of the disposal unit, or a
34 simulated process modeled as part of the larger disposal system).
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I The second category of FEPs screened out on the basis of consequence includes those
2 FEPs that would reduce the source term of hazardous constituents and/or reduce the
3 mobility of those constituents. The inclusion of these FEPs in the no-migration
4 demonstration calculations would have a beneficial consequence by reducing the amount
5 of hazardous constituents calculated to reach the disposal unit boundary. Screening out
6 FEPs with a beneficial consequence therefore constitutes a set of conservative
7 assumptions and provides additional levels of assurance that the amount of hazardous
8 constituents reaching the disposal unit boundary will not exceed the appropriate health-
9 based limits (I{BLs).

10 The third category of FEPs screened out on the basis of consequence includes those that
I1I affect the source term or mobility of hazardous constituent metals. Two alternative
12 bounding approaches selected by the DOE to demonstrate no-migration of hazardous-
13 constituent metals in the liquid phase do not require detailed evaluation of chemical
14 mobility. The primary bounding compliance measure is migration away from the waste-
15 disposal panels, assumed to be contaminated through potential contact with waste. In the
16 event contaminated brine leaves the waste area, an alternative strategy would be to track
17 the migration of a surrogate tracer, representing a liquid-phase hazardous constituent, to
18 the unit boundary.

19 SCR.1 NATURAL FEATURES, EVENTS, AND PROCESSES

20 The natural FEPs discussed in this section are potentially relevant to the analyses
21 conducted to support the NMVP required by 40 CFR § 268.6. The NMVP is required to
22 evaluate the consequences of predictable future events. The U.S. DOE believes that
23 natural events that are unlikely to occur in the region of the WIPP are not predictable in
24 this sense, and, hence, the consequence of unlikely events has not been evaluated.
25 Natural events and processes that are occurring in the region of the WIPP, or are expected
26 to occur in the future, are evaluated in terms of their effect on the disposal unit and/or the
27 disposal system.

28 In the remainder of Section SCR. 1, the DOE discusses natural FEPs in the context of the
29 PEP categorization scheme presented in Table SCR-i. The categories concerned with
30 geology (1.1), hydrology (1.2), and geochemistry (1.3) relate to the subsurface structure,
31 fluid flow, and fluid chemistry, respectively. The categories concerned with
32 geomorphology (1.4), surface hydrology (1.5), climate (1.6), marine environment (1.7),
33 and ecology (1.8) relate to natural FEPs occurring at and near the ground surface that may
34 affect subsurface conditions. FEPs presented in Table SCR-l are printed in bold in the
35 text of the FEP screening discussions.
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.1 Table SCR-i. Natural FEPs and Their Screening Classifications

2 FE. f. - las.41 iation Comment ApendixNCR

3 GEOLOGICAL 1.1
4 Stratigraphy 1.1.1

Stratigraphy NMD
5 Tectonics 1.1.2

Changes in regional stress SO-C
Regional tectonics SO-C
Regional uplift and subsidence SO-C

6 Structural effects 1.1.3
7 Deformation1.3.

Salt deformation NMD near SO-P elsewhere
repository.

Diapirism SO-P
8 Fracture development 1.1.3.2

Formation of fractures NMD near SO-P elsewhere
repository.

Changes in fracture properties NM]) near SO-C elsewhere
repository.

9 Fault movement 1.1.3.3
Formation of new faults SO-P
Movement along faults SO-P

10 Seismic activity 1.1.3.4
Earthquakes NMD DRZ assumptions
Ground shaking NMD DRZ assumptions

11 Crustal processes 1.1.4
12 Igneous activity1.41

Volcanic activity SO-P
Magmatic activity SO-C

13 Metamorphism Mtmrhs O 1.1.4.2

14 Geochemnical effects 1.1.5
15 Dissolution115.

Shallow dissolution SO-C
Lateral dissolution SO-C
Deep dissolution SO-P
Solution chimneys SO-P
Breccia pipes SO-P
Collapse breccias SO-P

16 Mineralization 1.1.5.2
Fracture infilling SO-C
Hydrothermal alteration SO-P

17 SUBSURFACE HYDROLOGICAL 1.2
18 Groundwater flow characteristics 1.2.1

Saturated groundwater flow SO-C
Unsaturated groundwater flow SO-C
Groundwater flow: fractures SO-C
Effects of preferential pathways SO-C

19 Changes in groundwater flow 1.2.2
Thermal effects on groundwater flow SO-C
Saline groundwater intrusion SO-P
Fresh groundwater intrusion SO-C
Density effects on groundwater flow SO-C
Hydrological response to earthquakes SO-C

20 Legend:

21 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
22 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
23 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
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I Table SCR-i. Natural FEPs and their Screening Classifications (continued)

3 SUBSURFACE GEOCHEMICAL 1.3
4 Groundwater geochemistry 1.3.1

Groundwater geochemsr NMD
Changes in groundwater chemistr 1.3.2

Saline groundwater intrso SO-C
Fresh groundwater intrusion SO-C
Changes in groundwater Eli SO-C
Changes in groundwater pH SO-C
Effects of dissolution on groundwater chemistry SO-C

5 GEOMORPHOLOGICAL 1.4
6 Physiography 1.4.1

Physiography NMD
7 Meteorite impact 1.4.2

Meteorite impact SO-P
8 Denudation 1.4.3
9 Weathering 1.4.3.1

Mechanical weathering SO-c
Chemical weathering SO-C

10 Erosion 1.4.3.2
Aeolian erosion SO-C
Fluvial erosion SO-C
Mass wasting SO-C

11Sedimentation 1.4.3.3
Aeolian deposition SO-C
Fluvial deposition SO-C
Lacustrine, deposition SO-C
Mass wasting SO-C

12 Soil development 1.4.4
Soil development SO-C

13 SURFACE HYDROLOGICAL 1.5
14 Fluvial 1.5.1

Surface flow characteristics: streamn/river flow SO-C

1 autie Surface water bodies SO-C1.2

16 Infiltration / recharge / discharge 1.5.3
Groundwater discharge SO-C
Groundwater recharge SO-C
Infiltration SO-C

17 Changes in surface hydrology 1.5.4
Changes in groundwater recharge /discharge SO-C
Lake formation / infilling SO-C
River flooding SO-C

18 CLIMATIC 1.6
19 Climate 1.6.1

Precipitation SO-C
Temperature SO-C
Wind SO-C

20 Climate change 1.6.2
21 Meteorological 1.6.2.1

Climate change NMD
Drought SO-C

22 Legend:

23 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
24 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
25 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
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.I Table SCR-i. Natural FEPs and their Screening Classifications (continued)

3 Glaciation1.22

Olcatn r SO-C
etuarest SO-C

4 MARINEemetog 1.7.

Coastal erosion SO-C
Marine sediment transport and deposition SO-C

7 Sea level change 1.7.3
Sea level change SO-C

8 ECOLOGICAL 1.8
9 Flora & fauna 1.8.1

Plants SO-C
Animals SO-C
Microbes SO-C

10 Changes in flora & fauna 1.8.2
Natural ecological development SO-C

O 11 Legend:

12 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
13 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
14 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.

15 SCR.1.1 Geological

16 SCR.1.1.1 Stratigraphy

17 The strati graphy of the geological formations in the region of the WIPP is accounted for
18 in no-migration demonstration calculations. The stratigraphy and geology of the region
19 around the WIPP are discussed in detail in Section 2.] of the NMVP.

20 SCR.1.1.2 Tectonics

21 The effects of regional tectonics, regional uplift or subsidence, and changes in stress are
22 not included in no-migration demonstration calculations on the basis of low consequence
23 to the performance of the disposal unit.

24 Regional tectonics encompasses two related issues of concern: the overall level of
25 regional stress and whether or not any significant changes in regional stress might
26 occur.
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I The tectonic setting and structural features of the area around the WJPP are described in
2 Section 2.1.5 of the NMVP. In summary, there is no geological evidence for Quaternary
3 regional tectonics, epeirogenic displacement, or orogenic diastrophism in the Delaware
4 Basin. The eastward tilting of the region has been dated as mid-Miocene to Pliocene by
5 King (1948, 120-121) and is associated with the uplift of the Guadalupe Mountains to the
6 west. Fault zones along the eastern margin of the basin, where it flanks the Central Basin
7 Platform, were active during the late Permian period. Evidence of this includes the
8 displacement of the Rustler Formation (hereafter referred to as the Rustler) observed by
9 Holt and Powers (1988, 4-14) and the thinning of the Dewey Lake Redbeds (hereafter

10 referred to as the Dewey Lake) reported by Schiel (1994). There is, however, no surface
I1I displacement along the trend of these fault zones, indicating that there has been no
12 significant Quaternary movement. Other faults identified within the evaporite sequence
13 of the Delaware Basin are inferred by Barrows in Boms et al. (1983, 58-60) to be the
14 result of salt deformation, rather than regional tectonic processes. According to
15 Muehiberger et al. (1978, 338), the nearest faults on which Quaternary movement has
16 been identified lie to the west of the Guadalupe Mountains and are of minor regional
17 significance.

18 There are no reported stress measurements from the Delaware Basin, but a low level of
19 regional stress has been infer-red from the geological setting of the area (see Section 2.1.5
20 of the NMVP). The inferred low level of regional stress and the lack of Quaternary
21 tectonic activity indicate that regional tectonics will be of low consequence to the
22 performance of the disposal unit. Even if rates of regional tectonic movement
23 experienced over the past 10 million years continue, the extent of regional uplift or
24 subsidence over the next 10,000 years would only be on the order of several feet
25 (approximately 1 in). This amount of uplift or subsidence would not lead to a breach of
26 the Salado, because the salt would deform plastically to accommodate this slow rate of
27 movement. Uniform regional uplift or a small increase in regional dip consistent with
28 this past rate could give rise to downcutting by rivers and streams in the region. The
29 extent of this downcutting would be little more than the extent of uplift, and reducing the
30 overburden by one or two m would have no significant effect on the disposal unit.

31 SCR.1.1.3 Structural Effects

32 SCR.1.1.3.1 Deformation

33 Natural salt deformation at the WIPP site over the next 10,000 years severe enough to
34 significantly affect performance of the disposal unit is not included in no-migration
35 demonstration calculations on the basis of low probability of occurrence. However, local
36 deformation of the Salado around repository excavations is accounted for in no-
37 migration demonstration calculations (see Sections 2.1.6, 8.2.3. 1, and 8.2.5.3 of the
38 NMVP).
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@1 Deformed salt in the lower Salado and upper Castile has been encountered in a number of
2 boreholes around the WIPP site; the extent of existing salt deformation is summarized in
3 Section 2.1.6.1 of the NMVP, and further detail is provided in Appendix DEF.

4 A number of mechanisms may result in salt deformation; in massive salt deposits,
5 buoyancy effects or diapirism may cause salt to rise through denser, overlying units, and
6 in bedded salt with anhydrite or other interbeds, gravity foundering of the interbeds into
7 the halite may take place. Results from rock mechanics modeling studies indicate that the
8 time scale for the deformation process is such that significant natural deformation is
9 unlikely to occur at the WIPP site over any time frame significant to waste isolation.

10 Thus, natural salt deformation severe enough to alter existing patterns of groundwater
I I flow or the behavior of the disposal system over the regulatory period is not included in
12 no-migration demonstration calculations on the basis of low probability of occurrence.

13 SCR.1.1.3.2 Fracture Development

14 The formation of new fracture sets that could affect the disposal system is not included in
15 no-migration demonstration calculations on the basis of a low probability of occurrence
16 over 10,000 years. Naturally- induced changes in fracture properties are not included in
17 no-migration demonstration calculations on the basis of low consequence to the@18 performance of the disposal unit. Repository- induced fracturing of the disturbed rock
19 zone (DRZ) and Salado interbeds is included in no-migration demonstration calculations.

20 The formation of fractures requires significant changes in stress to overcome the shear
21 and tensile strength of the rock. The regional tectonic setting of the Delaware Basin is
22 described in Section 2.1.5 of the NMVP. It is concluded that no significant changes in
23 regional stress are expected over the regulatory period (see also Section SCR. 1. 1.2). The
24 formation of new fracture sets, is, therefore, not included in no-migration demonstration
25 calculations on the basis of a low probability of occurrence over 10,000 years.

26 Changes in fracture properties can arise through smaller changes in the local stress
27 field; for example, through erosion changing the amount of overburden, or by dissolution
28 or precipitation of mineral infillings. The extent of natural changes in fracture properties
29 in undisturbed Salado potentially affecting brine and gas flow calculations are expected to
30 be small. Changes in fracture properties are not included in no-migration demonstration
31 calculations on the basis of low consequence.

32 SCR.1.1.3.3 Fault Movement

33 Naturally induced fault generation and fault movement of sufficient magnitude to
34 significantly affect the performance of the disposal unit are not included in no-migration
35 demonstration calculations on the basis of low probability of occurrence over 10, 000. 36 years.
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I Faults are present in the Delaware Basin in both the units underlying the Salado and in
2 the Permian evaporite sequence (see Section 2.1.5.3 of the NMVP). According to Powers
3 et al. (1978, 4-57), there is evidence that movement along faults within the pre-Permian
4 units affected the thickness of Early Permian strata, but these faults did not exert a
5 structural control on the deposition of the Castile Formation (hereafter referred to as the
6 Castile), the Salado, or the Rustler. Fault zones along the margins of the Delaware Basin
7 were active during the late Permnian period. Along the eastern margin, where the
8 Delaware Basin flanks the Central Basin Platform, Holt and Powers (1988, 4-14) note
9 there is displacement of the Rustler, and Schiel (1994) notes there is thinning of the

10 Dewey Lake. There is, however, no surface displacement along the trend of these fault
11 zones, indicating that there has been no significant Quaternary movement. Muehlberger
12 et al. (1978, 338) note that the nearest faults on which Quaternary movement has been
13 identified lie to the west of the Guadalupe Mountains.

14 The absence of Quaternary fault scarps and the general tectonic setting and understanding
15 of its evolution indicate that large-scale tectonically-induced fault movement within the
16 Delaware Basin can be eliminated from no-migration demonstration calculations on the
17 basis of low probability. The stable tectonic setting also means that the formation of
18 new faults within the basin over the next 10,000 years is not included in no-migration
19 demonstration calculations on the basis of low probability of occurrence.

20 Subsidence above natural dissolution features could lead to the formation of, and
21 movement along, local faults. However, significant dissolution in the region of the waste
22 panels is not included in no-migration demonstration calculations on the basis of low
23 probability of occurrence (see Section SCR. 1. 1. 5.1), and, therefore, faults arising from
24 dissolution are also not included on the basis of low probability of occurrence.

25 SCR.l.l.3.4 Seismic Actiy

26 The postclosure effects of seismic activity on the repository and the DRZ are accounted
27 for in no-migration demonstration calculations through the treatment of the DRZ as a

28 zone of pennanently high permeability. The effects of seismic activity beyond the DRZ
29 are not included in no-migration demonstration calculations on the basis of low
30 consequence.

31 This section is concerned with the effects of seismic activity away from the immediate
32 source region, and only the effects of groundshaking are discussed. Other SCR sections
33 discuss the direct effects of fault movement (SCR. 1. 1.3.3), and changes in hydrogeology
34 induced by seismic activity (SCR.1.2.2).

35 Causes of Seismic Activity

36 Seismic activity describes transient ground motion that may be generated by a variety of
37 energy sources. There are two possible causes of seismic activity that could potentially
38 affect the WJPP site: natural and human-induced. Natural seismic activity is caused by
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@0 1 fault movement (earthquakes) when the buildup of strain in rock is released through
2 sudden rupture or movement. Human-induced seismic activity may result from a variety
3 of surface and subsurface activities, such as explosions, mining, fluid injection, and fluid
4 withdrawal, discussed in SCR.3.

5 Groundshaking

6 Ground vibration and the consequent shaking of buildings and other structures are the
7 most obvious effects of seismic activity. Once the repository and shafts have been sealed,
8 however, existing surface structures will be dismantled. Postclosure performance
9 assessments are concerned with the effects of seismic activity on the closed repository.

10 An assessment of the extent of damage in underground excavations caused by
11 groundshaking largely depends on observations from mines and tunnels. Because such
12 excavations tend to take place in rock types more brittle than halite, these observations
13 cannot be related directly to the behavior of the WIPP. According to Wallner (1981,
14 244), the DRZ in brittle rock types is likely to be more highly fractured, and, hence, more
15 prone to spalling and rockfalls, than an equivalent zone in salt. Relationships between
16 groundshaking and subsequent damage observed in mines will, therefore, be conservative
17 with respect to the extent of damage induced at the WIPP by seismic activity.

@ 18 Dowding and Rozen (1978) classified damage in underground structures following
19 seismic activity and found that no damage (cracks, spalling, or rockfalls) occurred at
20 accelerations below 0.2 gravities (g) and that only minor damage occurred at
21 accelerations up to 0.4 g. Lenhardt (1988) derived an empirical relationship to show that
22 a magnitude 3 earthquake would have to be within 0.6 mi (1 kin) of a mine to result in
23 falls of loose rock. The risk of seismic activity in the region of the WIPP reaching these
24 thresholds is discussed below.

25 Seismic Risk in the Region of the WIPP

26 Prior to the introduction of a seismic monitoring network in 1960, the majority of
27 recorded earthquakes in New Mexico were associated with the Rio Grande Rift, although
28 small earthquakes were felt in other parts of the region. In addition to continued activity
29 in the Rio Grande Rift, the instrumental record has shown a significant amount of seismic
30 activity originating from the Central Basin Platform and a number of small earthquakes in
31 the Los Medafios area. Seismic activity in the Rio Grande Rift is associated with
32 extensional tectonics in that area. Seismic activity in the Central Basin Platform may be
33 associated with natural earthquakes, but there are also indications that this activity occurs
34 in association with oil-field activities, such as fluid injection. Small earthquakes in the
35 Los Medafios region have not been precisely located, but may be the result of mining
36 activity in the region. Section 2.6.2 of the NMVP contains additional discussion of@ 37 seismic activity and risk in the WIPP region.
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I The instrumental record was used as the basis of a seismic risk study primarily intended
2 for design calculations of surface facilities, rather than postclosure performance
3 assessments. The use of this study to define probable ground accelerations in the WIPP
4 region over the next 10,000 years is based on the assumptions that hydrocarbon extraction
5 and potash mining will continue in the region and that the regional tectonic setting
6 precludes major changes over the next 10,000 years.

7 Three source regions were used in calculating seismic risk: the Rio Grande Rift, the
8 Central Basin Platform, and part of the Delaware Basin province (including the Los
9 Medafios). Using conservative assumptions about the maximum magnitude event in each

10 zone, the study indicated a period of about 10,000 years (annual probability of occurrence
11 of 10') for events giving ground accelerations of 0. 1 g. Ground accelerations of 0. 2 g
12 would have an annual probability of occurrence of about 5 x 10'.

13 Combining the results of the seismic risk study, considering the observations of damage
14 in mines due to groundshaking, gives an estimated annual probability of occurrence of
15 between 10-6 and 10-8 for events that could increase the permeability of the DRZ. The
16 DRZ is accounted for in no-migration demonstration calculations as a zone of
17 permanently high permeability; this treatment is considered to account for the effects of
18 any potential seismic activity.

19 SCR.1.1.4 Crustal Processes

20 SCR. 1. 1.4.1 Igneous activity

21 Volcanic activity is not included on the basis of low probability of occurrence over
22 10, 000 years, and the effects of magmatic activity are not included on the basis of low
23 consequence.

24 Volcanic Activity

25 The Paleozoic and younger stratigraphic sequences within the Delaware Basin are devoid
26 of locally derived volcanic rocks. Volcanic ashes (dated at 13 million years and 0.6
27 million years) do occur in the Gatufia Formation (hereafter referred to as the Gatufia), but
28 these are not locally derived. Within eastern New Mexico and northern, central, and
29 western Texas, the closest Tertiary volcanic rocks with notable areal extent or tectonic
30 significance to the WIPP are approximately 100 mi (160 kin) to the south in the Davis
31 Mountains volcanic area. The closest Quaternary volcanic rocks are 150 mi (241 kin) to
32 the northwest in the Sacramento Mountains. No volcanic rocks are exposed at the surface
33 within the Delaware Basin.

34 Volcanic activity is associated with particular tectonic settings: constructive and
35 destructive plate margins, regions of intraplate rifting, and isolated "hot-spots" in
36 intraplate regions. The tectonic setting of the WIPP site and the Delaware Basin is
37 remote from plate margins, and the absence of past volcanic activity indicates the absence
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46 of a hot-spot in the region. Intraplate rifting has taken place along the Rio Grande some
2 120 mi (193 kin) west of the WIPP site during the Tertiary and Quaternary periods.

3 Igneous activity along this rift valley is comprised of sheet lavas intruded on by a host of
4 small to large plugs, sills, and other intrusive bodies. However, the tectonic setting of the
5 WIPP site allows volcanic activity in the region of the WIPP repository to be eliminated
6 from performance calculations on the basis of low probability of occurrence.

7 Magmatic Activity

8 Magmatic activity is defined as the subsurface intrusion of igneous rocks into country
9 rock. Deep intrusive igneous rocks, such as granites, form at depth and have no surface

10 or near-surface expression until after considerable erosion has taken place. Alternatively,
11I intrusive rocks may form from magma that has risen to near the surface or in the vents
12 that give rise to volcanoes and lava flows. Magma near the surface may be intruded along
13 subvertical and subhorizontal discontinuities (forming dikes and sills, respectively), and
14 magma in volcanic vents may solidify as plugs. The formation of such features close to a
15 repository, or the existence of a recently intruded rock mass, could impose thermal
16 stresses inducing new fractures, altering the hydraulic characteristics of existing fractures,
17 or initiating hydrothermal activity.

* 18 The principal area of magmatic activity in New Mexico is the Rio Grande Rift, where
19 extensive intrusions occurred during the Tertiary and Quaternary Periods. The Rio
20 Grande Rift, however, is in a different tectonic province than the Delaware Basin, and its
21 magmatic activity is related to the extensional stress regime and high heat flow in that
22 region.

23 Within the Delaware Basin, there is a single identified outcrop of a lamprophyre dike
24 about 40 mi (64 kin) southwest of the WIPP (see Section 2.1.5.4 of the NMVP and
25 .Chapter 3 of Appendix GCR for more detail). Closer to the WIPP site, similar rocks have
26 been exposed within potash mines some ten mi (16 kin) to the northwest, and igneous
27 rocks have been reported from petroleum exploration boreholes. Material from the
28 subsurface exposures has been dated at around 35 million years. Some recrystallization
29 of the host rocks took place alongside the intrusion, and there is evidence that minor
30 fracture development and fluid migration also occurred along the margins of the
31 intrusion. However, the fractures have been sealed, and there is no evidence that the dike
32 acted as a conduit for continued fluid flow.

33 Aeromagnetic surveys of the Delaware Basin have shown anomalies on a linear
34 southwest-northeast trend that coincide with the surface and subsurface exposures of
35 magmatic rocks. There is a strong indication, therefore, of a dike or a closely related set
36 of dikes extending for at least 70 mi (113 kin) across the region. The aeromagnetic
37 survey conducted to delineate the dike showed a magnetic anomaly that is several km

* 38 wide at depth and narrows to a thin trace near the surface. This pattern is interpreted as
39 the result of an extensive dike swarm at depths of less than 2.5 mi (approximately 4.0 kin)
40 near the Precambrian basement, from which a limited number of dikes have extended
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1 towards the surface. If magmatic activity is continuing at depth, it could potentially lead
2 to the extension of another dike or dike swarm towards the surface. Continuing
3 magmatic activity would lead to a heat flow anomaly in the region, but measurements
4 from the AEC-8 borehole (see Chapter 2, Figure 2-2) show a geothermal heat flux of
5 around 44 mWm-2 . This heat flux is typical of regional heat flows in the Southern Great
6 Plains and is significantly less than that in regions of active or recent magmatic activity,
7 such as the Rio Grande Rift.

8 Magmatic activity has taken place in the vicinity of the WIPP site in the past, but the
9 igneous rocks have cooled over a long period of time. Any enhanced fracturing or

10 conduits for fluid flow have been sealed by salt creep and mineralization. The existence
I1I of a broad magnetic anomaly at depth suggests that the dike found near the surface is
12 derived from a larger dike swarm at depth, but heat flow measurements indicate that this
13 magmatic activity has ceased. Continuing magmatic activity in the Rio Grande Rift is too
14 remote from the WIPP location to be of consequence to the performance of the disposal
15 unit. Thus, the effects of magmatic activity are not included in no-migration
16 demonstration calculations on the basis of low consequence.

17 SCR. 1.l1.4.2 Metamorphism

18 Metamorphic activity is not included in no-migration demonstration calculations on the
19 basis of low probability of occurrence.

20 Metamorphic activity, that is, changes to rock properties and geologic structures through
21 the effects of heat and/or pressure, requires depths of burial much greater than that of the
22 repository. Regional tectonics that would result in the burial of the repository to the
23 depths at which the repository would be affected by metamorphic activity are not
24 included in no-migration demonstration calculations on the basis of low probability of
25 occurrence; therefore, metamorphic activity is also not included in no-migration
26 demonstration calculations on the basis of low probability of occurrence.

27 SCR.1.1.5 Geochemical Effects

28 SCR.1.1.5.l Dissolution

29 Shallow and lateral dissolution are not included in no-migration demonstration
30 calculations on the basis of low consequence. Deep dissolution and the formation of
31 associated features (e.g., solution chimneys, breccia pipes, collapse breccias) at the
32 WIPP site are not included in no-migration demonstration calculations on the basis of
33 low probability of occurrence.

34 This section discusses a variety of styles of dissolution that have been active in the region
35 of the WIPP or in the Delaware Basin. A distinction has been drawn between shallow
36 dissolution, percolation of groundwater and mineral dissolution into the Rustler, lateral
37 dissolution, involving dissolution at the top of the Salado, and deep dissolution taking
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@1 place in the Castile and the base of the Salado. Dissolution will initially enhance
2 porosities, but continued dissolution may lead to compaction of the affected units with a
3 consequent reduction in porosity. Compaction may result in fracturing of overlying
4 brittle units and increased permeability. Extensive dissolution may create cavities (karst)
5 and result in the total collapse of overlying units. This topic is discussed further in
6 Section 2.1.6.2 of the NMVP.

7 Shallow Dissolution

8 Flow through fractures is an important contributor to groundwater flow in the Culebra
9 and other units of the Rustler, and the conductivity of fractures is the principal control of

10 this flow. Dissolution of fracture infillings and any subsequent changes in groundwater
11I flow in the Rustler will, however, be of low consequence to the disposal unit and disposal
12 system. Thus, shallow dissolution is not included in no-migration demonstration
13 calculations on the basis of low consequence.

14 Lateral Dissolution

15 Lateral dissolution takes place when percolating groundwater dissolves halite at the top of
16 the Salado, causing collapse of the overlying Rustler with consequent changes in@ 17 hydrogeological properties. Nash Draw, some 5 mi (8 kin) to the west of the WIPP site,
18 is the most prominent lateral dissolution feature in the region. An average lateral
19 dissolution rate of from 6 to 8 mi (10 to 13 kin) per million years has been calculated by
20 Bachman and Johnson (1973) for the Salado based on the assumption that the edge of the
21 salt has moved from the Capitan Reef to its present position over a period of from 7 to 8
22 million years. A vertical dissolution rate of 0.06 mi (0.09 kin) per million years has
23 similarly been calculated by Bachman (1980, 198 1) using dated ash layers. Although
24 these are average rates and may be exceeded during particular climate states or by
25 advancing tongues ahead of the main dissolution front, these rates indicate that
26 dissolution of the Salado at the edge of the WIPP site would not take place for some
27 225,000 years, and an additional 2 to 3 million years would be required for dissolution to
28 reach the repository horizon. Lateral dissolution, therefore, has been screened out on the
29 basis of low consequence to the performance of the disposal system.

30 Deep Dissolution

31 Deep dissolution refers to the dissolution of salt or other evaporite minerals in a
32 formation at depth (see Section 2.1.6.2 of the NMVP). Deep dissolution is distinguished
33 from shallow and lateral dissolution not only by depth, but also by the origin of the water.
34 Dissolution by groundwater from deep, water-bearing zones can lead to the formation of
35 cavities. Collapse of overlying beds leads to the formation of collapse breccias, if the
36 overlying rocks are brittle, or to deformation if the overlying rocks are ductile. If@ 37 dissolution is extensive, breccia pipes or solution chimneys may form above the cavity.
38 These pipes may reach the surface or pass upwards into fractures and then into
39 microcracks that do not extend to the surface. Breccia pipes may also form through the
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I downward percolation of meteoric waters, as di scussed earlier in this section. Deep
2 dissolution is of concern, because it could accelerate hazardous constituent transport
3 through the creation of vertical flow paths.

4 Features identified as the result of deep dissolution are present along the northern and
5 eastern margins of the Delaware Basin. In addition to features that have a surface
6 expression or that appear within potash mine workings, deep dissolution has been cited
7 by Anderson et al. (1972) as the cause of lateral variability within evaporite sequences in
8 the lower Salado. Observations concerning various features ascribed to deep dissolution
9 are considered below.

10 Solution Chimneys

11 Exposures of the McNutt Potash Member of the Salado within a mine near Nash Draw
12 have shown a solution pipe containing cemented brecciated fragments of formations
13 higher in the stratigraphic sequence. At the surface, this feature is marked by a dome, and
14 similar domes have been interpreted as dissolution features. The depth of dissolution has
15 not been confirmed, but the collapse structures led Anderson (1978) and Snyder and Gard
16 (1982) to postulate dissolution of the Capitan Limestone at depth, collapse of the Salado,
17 Rustler, and younger formations, and subsequent dissolution and hydration by downward
18 percolating waters. San Simon Sink (see Section 2.1.6.2 of the NMVP ), some 20 mi (32
19 kin) east-southeast of the WIPP site, has also been interpreted as a solution chimney.
20 Subsidence has occurred here in historical times according to Nicholson and Clebsch
21 (1961), suggesting that dissolution at depth is still taking place. Whether this is the result
22 of downward-percolating surface water or of deep groundwater has not been confirmed.
23 The association of these dissolution features with the inner margin of the Capitan Reef
24 suggest that they owe their origins, if not their continued development, to groundwaters
25 derived from the Capitan Limestone.

26 Dissolution within the Castile and Lower Salado Formations

27 The Castile contains sequences of varved anhydrite and carbonate (that is, laminae
28 deposited on a cyclical basis) that can be correlated between several boreholes. On the
29 basis of these deposits, a basin-wide uniformity in the depositional environment of the
30 Castile evaporites was assumed. The absence of varves from all or part of a sequence and
31 the presence of brecciated anhydrite beds was interpreted by Anderson et al. (1972) as
32 evidence of dissolution. Holt and Powers (1988) questioned the assumption of a uniform
33 depositional environment and contend that the anhydrite beds are lateral equivalents of
34 halite sequences without significant post-depositional dissolution. Wedges of brecciated
35 anhydrite along the margin of the Castile were interpreted by Robinson and Powers
36 (1987) as gravity-driven clastic deposits, rather than the result of deep dissolution.

37 Localized depressions at the top of the Castile and inclined geophysical marker units at
38 the base of the Salado were interpreted by Davies (1983) as the result of deep dissolution
39 and subsequent collapse or deformation of overlying rocks. The postulated cause of this
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@1 dissolution was circulation of undersaturated groundwaters from the Bell Canyon
2 Formation (hereafter referred to as the Bell Canyon). Additional boreholes (notably
3 WIPP-13, WIPP-32, and DOE-2) and geophysical logging led Borns and Shaffer (1985)
4 to conclude that the features interpreted by Davies as being dissolution features are the
5 result of irregularities at the top of the Bell Canyon. These irregularities led to localized
6 depositional thickening of the Castile and lower Salado sediments.

7 Collapse Breccias at Basin Margins

8 Collapse breccias are present at several places around the margins of the Delaware Basin.
9 Their formation is attributed to relatively fresh groundwater from the Capitan Limestone

10 that forms the margin of the basin. Collapse breccias corresponding to features on
I1I geophysical records ascribed to deep dissolution have not been found in boreholes away
12 from the margins. These features have been reinterpreted as the result of early dissolution
13 prior to the deposition of the Salado. This topic is discussed further in Section 2.1.6.2 of
14 the NMVP.

15 Deep dissolution features have been identified within the Delaware Basin, but only in
16 marginal areas underlain by the Capitan Reef. There is a low probability that deep
17 dissolution will occur sufficiently close to the waste panels over the regulatory period to
18 affect the integrity of the disposal unit in the immediate region of the WIPP. Deep@ 19 dissolution at the WJPP site is, therefore, not included in no-migration demonstration
20 calculations on the basis of low probability of occurrence.

21 SCR.l.1.5.2 Mineralization

22 The effects offracture infilling are not included in no-migration demonstration
23 calculations on the basis of low consequence. The effects of hydrothermal alteration are
24 not included in no-migration demonstration calculations on the basis of low probability.

25 Precipitation of minerals as fracture infills can reduce hydraulic conductivities. An
26 increase in the proportion of infilled fractures in the Rustler and any subsequent changes
27 in groundwater flow patterns will be of low consequence. There is no evidence of any
28 fracture infills within the anhydrite interbeds in the Salado; any such infills that form in
29 the future would serve to reduce the permeability of the interbeds and reduce the quantity
30 of brine that might reach the disposal unit boundary. Infilling of fractures is, therefore,
31 not included in no-m-igration demonstration calculations.

32 The groundwater temperatures and geothermal gradient in the region around the WIPP
33 are too low for hydrothermal alteration of minerals to take place. No mechanism has
34 been identified that could significantly increase the geothermal gradient at the WIPP over
35 the next 10,000 years.
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I SCR.1.2 Subsurface Hydrological'

2 SCR.1.2.1 Groundwater Flow Characteristics

3 The effects of groundwater flow are not included in no-migration demonstration
4 calculations on the basis of low consequence.

5 Groundwater flow is discussed in Chapter 2 of the NMVP. The hydraulic gradient in the
6 Salado is too low for natural groundwater flow to take place in this unit. Groundwater
7 flow, including unsaturated flow, preferential pathways, and fracture flow does take
8 place in the units overlying the Salado, but does not affect the disposal unit. The effects
9 of naturally-driven groundwater flow are, therefore, not included in no-migration

10 demonstration calculations on the basis of low consequence.

I1I SCR.1.2.2 Changes in Groundwater Flow

12 The effects of changes in groundwater flow arising from climate change, natural thermal
13 variation, and earthquakes are not included in no-migration demonstration calculations
14 on the basis of low consequence. Changes in groundwater flow arising from saline
15 intrusion are not included on the basis of a low probability of occurrence over 10, 000
16 years.

17 SCR. 1.2.2.1 Infiltration and Recharge Effects

18 A number of FEPs, including climate change, can result in changes in infiltration and
19 recharge, and, hence, on groundwater flow in the Rustler. These FEPs are discussed in
20 Section SCR. 1.5.3. Changes in infiltration could alter the density of the groundwater, but
21 such density effects on groundwater flow will be of low consequence, because it would
22 not affect potential brine and gas flow in Salado.

23 SCR. 1.2.2.2 Saline Intrusion

24 No natural events or processes have been identified that could result in significant saline
25 intrusion or cause a significant increase in fluid density.

26 SCR. 1.2.2.3 Thermal Effects

27 The geothermal gradient in the region of the WIPP has been measured at about 50'C per
28 mi (30'C per kin). Given the generally low permeability in the region, any natural
29 convection will be too weak to affect groundwater flow significantly. No natural FEPs
30 have been identified that could significantly alter the temperature distribution of the
31 disposal system or give rise to thermal effects on groundwater flow, because it would
32 not affect potential brine anid gas flow in Salado.
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. 1 SCR. 1.2.2.4 Hydrological Effects of Seismic Activity

2 There are a variety of hydrological responses to earthquakes. Some of these responses,
3 such as changes in surface-water flow directions, result directly from fault movement.
4 Others, such as changes in subsurface water chemistry and temperature, probably result
5 from changes in flow pathways along the fault or fault zone. The expected level of
6 seismic activity in the region of the WI[PP will be of low consequence in terms of
7 groundwater flow. Changes in groundwater levels resulting from more distant
8 earthquakes will be of too short a duration to be significant.

9 Changes in groundwater flow arising from natural events and processes are not included
10 in no-migration demonstration calculations, because it would not affect potential brine
I1I and gas flow in Salado.

12 SCR.1.3 Subsurface Geochemnical Effects

13 SCR.1.3. Groundwater Geochemistry

14 The geochemistry of brine in the Salado is accounted for in no-migration demonstration
15 calculations.

.16 Groundwater geochemistry is discussed in detail in Section 2.2 of the NMVP. The
17 Delaware Mountain Group, Castile, and Salado all contain basinal brines, which in the
18 Salado are at or near halite saturation. Physical effects of brine composition on calculated
19 flow and brine migration are accounted for in no-migration demonstration calculations.

20 SCR.1.3.2 Changes in Groundwater Chemistry

21 The effects of future natural changes in groundwater chemistry are not included in no-
22 migration demonstration calculations on the basis of low probability of occurrence.

23 Changes in the groundwater chemistry of the Salado could potentially affect solubility
24 and the stability of colloids. No natural events or processes have been identified that
25 could result in saline or freshwater intrusion into the Salado or result in changes in
26 groundwater Eh and pH. Dissolution of halite at the top of the Salado that could cause
27 changes in groundwater chemistry is not expected to be significant in the region of the
28 WJPP (see Section SRC. 1. 1.5. 1). The effects of dissolution and other natural changes in
29 groundwater geochemistry are not included in no-migration demonstration calculations
30 on the basis of low probability of occurrence.
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1 SCR.1.4 Geomorphological

2 SCR.1.4.1 Physiography

3 The effect of physic graphy on the elevation of the water table and hydrostatic conditions
4 in the disposal system are accounted for in no-migration demonstration calculations.

5 Physiography and geomnorphology are discussed in detail in Section 2.1.4 of the NMVP.

6 SCR.1.4.2 Meteorite Impact

7 Meteorite impact is not included in no-migration demonstration calculations on the basis
8 of low probability of occurrence over 10, 000 years.

9 Meteors frequently enter the earth's atmosphere, but the majority of these are small and
10 burn up before reaching the ground. Of those that reach the ground, most produce only
I1I small impact craters that would have no effect on the postclosure integrity of a repository
12 2,150 ft (655 m) below the ground surface. While the depth of a crater may be only one-
13 eighth of its diameter, the depth of the disrupted and brecciated material is typically one-
14 third of the overall crater diameter (Grieve 1987, 248). Direct disruption of waste at the
15 WIPP would only occur with a crater larger than 1. 1 ml (1.8 kin) in diameter. Even if
16 waste were not directly disrupted, the impact of a large meteorite could create a zone of
17 fractured rocks beneath and around the crater. The extent of such a zone would depend
18 on the rock type. For sedimentary rocks, the zone may extend to a depth of half the crater
19 diameter or more (Dence et al. 1977, 263). The impact of a meteorite causing a crater
20 larger than 0.6 mi (1 kin) in diameter could, thus, fracture the Salado above the
21 repository.

22 Geological evidence for meteorite impacts on earth is rare, because many meteorites fall
23 into the oceans, and erosion and sedimentation serve to obscure craters that form on land.
24 Dietz (1961) estimated that meteorites that cause craters larger than 0.6 ml (1 kin) in
25 diameter strike the earth at the rate of about one every 10,000 years (equivalent to about 2
26 X 10-13 impacts per km' per year). Using observations from the Canadian Shield,
27 Hartmann (1965) estimated a frequency of between 0.8 x 10-13 and 17 x 1013 per km2 per
28 year for impacts causing craters larger than 0.6 ml (1 1km). Frequencies estimated for
29 larger impacts in studies reported by Grieve (1987, 263) can be extrapolated to give a rate
30 of about 1.3 x 10-12 per km' per year for craters larger than 0.6 mli (1 kin). It is commonly
31 assumed that meteorite impacts are randomlAy distributed across the earth's surface,
32 although Halliday (1964) calculated that the rate of impact in polar regions would be
33 some 50 to 60 percent of that in equatorial regions. The frequencies reported by Grieve
34 would correspond to an overall rate of about one per 1,000 years on the basis of a random
35 distribution.

36 Assuming the higher estimated impact rate of 17 x 10-13 impacts per km2 per year for
37 impacts leading to fracturing of sufficient extent to affect a deep repository, and assumlng
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.1 a repository footprint of 1.4 kmn xl 1.6 kmn for the WIPP, yields a frequency of about 4 x
2 10-12 impacts per year for a direct hit above the repository. This impact frequency is
3 several orders of magnitude below the screening limit of 1 0' per year (1 0' over 10,000
4 years) adopted by the DOE.

5 Meteorite hits directly above the repository footprint are not the only impacts of concern,
6 however, because large craters may disrupt the waste panels even if the center of the
7 crater is outside the repository area. It is possible to calculate the frequency of meteorite
8 impacts that could disrupt a deep repository such as the WIPP by using the conservative
9 model of a cylinder of rock fractured to a depth equal to one-half the crater diameter, as

10 shown in Figure 1. The area within which a meteorite could impact the repository is
I1I calculated by

S =(L+2x-D) x (W + 2x-D (SCR-1.1)
2 2

12 where

13 L = length of the repository footprint (km)
14 W = width of the repository footprint (km). 15 D = diameter of the impact crater (km)
16 SD = area of the region where the crater would disrupt the repository (kin 2).

17 There are insufficient data on meteorites that have struck the earth to derive a distribution
18 function for the size of craters directly. Using meteorite impacts on the moon as an
19 analogy, however, Grieve (1987, 257) derived the following distribution function:

FD , D' (SCR- 1.2)

20 where

21 FD = frequency of impacts resulting in craters larger than D
22 (impactslkrn 2/year).

23 If f(D) denotes the frequency of impacts giving craters of diameter D, then the frequency
24 of impacts giving craters larger than D is

FD = {f(D) dD (SCR-1.3)
D

25 Area SD is the critical region for meteorite impacts that could result in fracturing at the
26 repository horizon. The inner rectangular block represents the repository and the cylinder. 27 represents the disrupted volume associated with a meteorite crater of diameter D,

28 and
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f(D) = Flxl .8xD -2.8 (SCR-1.4)

1 where

2 F1  = frequency of impacts resulting in craters larger than 1 km
3 (impacts/km2/year)
4 f(D) = frequency of impacts resulting in craters of diameter D (impacts/km 2/year).

5 The overall frequency of meteorite impacts that could disrupt or fracture the repository is
6 thus given by

N = {f(D)xSD dD (SCR-1 .5)
2hz

7 where

8 h = depth to repository (kin)
9 N = frequency of impacts leading to disruption of the repository (impacts/year)

10 and

N = 1.8F1 [1.8LW(2h)1'8 + 0.8(L+W)(2h)- 08 - 0.2(2h)0 .2 ]. (SCR-1.6)

11 If it is assumed that the repository is located at a depth of 2,150 ft (655 m) and has a
12 footprint area of 1.4 km x 1.6 kmn and that meteorites creating craters larger than 1 km in
13 diameter hit the earth at a frequency (FI) of 17 x 10-13 impacts per km 2 per year, then the
14 above equation gives a frequency of approximately 1.3 x 10-11 impacts per year for
15 impacts disrupting the repository. If impacts are randomly distributed over time, this
16 corresponds to a probability of 1.3 x 10' over 10,000 years.

17 Similar calculations have been performed that indicate rates of impact of between 10.12

18 and 10-13 per year for meteorites large enough to disrupt a deep repository (see, for
19 example, Hartmann 1979; Kdirnbrdrnslesakerhet 1978; Logan and Berbano 1978;
20 Claiborne and Gera 1974; Cranwell et al. 1990; and Thorne 1992). Meteorite impact can
21 thus be eliminated from no-migration demonstration calculations on the basis of low
22 probability of occurrence over 10,000 years.

23 Assuming a random or nearly random distribution of meteorite impacts, cratering at any
24 location is inevitable given sufficient time. Although repository depth and host-rock
25 lithology may reduce the consequences of a meteorite impact, there are no repository
26 locations or engineered systems that can reduce the probability of impact over 10,000
27 years.
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NMVP-6342-062-0

Figure SCR-1. The Critical Region for Meterorite Impacts That Could
Result in Fracturing of the Repository Horizon
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1 S CR .1.4.3 Denudation

2 SCR.l.4.3.1 Weathering

3 The effects of weathering are not included in no-migration demonstration calculations on
4 the basis of low consequence.

5 Mechanical weathering and chemical weathering is assumed to be occurring at or near
6 the surface around the WIPP site, through processes such as exfoliation and leaching.
7 The extent of these processes is limited and will contribute little to the overall rate of
8 erosion in the area or to the availability of material for other erosional processes. The
9 effects of weathering are, therefore, not included in no-migration demonstration

10 calculations.

I1I SCR.l1.4.3.2 Erosion

12 The effects of erosion in the region of the WIPP are not included in no-migration

13 demonstration calculations on the basis of low consequence.

14 The geomorphological regime on the Mescalero Plain (Los Medaflos) in the region of the
* 15 WIPP is dominated by aeolian processes. Dunes are present in the area, and although

16 some are stabilized by vegetation, aeolian erosion will occur as they migrate across the
17 area. Old dunes will be replaced by new dunes, and no significant changes in the overall
18 thickness of aeolian material are likely to occur.

19 Presently, precipitation in the region of the WIPP is too low (about 13 in. [33 cm] per
20 year) to cause perennial streams, and the relief in the area is too low for extensive sheet
21 flood erosion during storms. An increase in precipitation in cooler climatic conditions
22 (Appendix CLI) could result in perennial streams; however, significant fluvial erosion is
23 not expected during the next 10,000 years.

24 Mass wasting (the downslope movement of material caused by the direct effect of
25 gravity) is only important in terms of sediment erosion in regions of steep slopes. In the
26 vicinity of the WIPP, mass wasting will be insignificant under the climatic conditions
27 expected over the next 10,000 years.

28 Erosion from wind, water, and mass wasting will continue in the WIPP region throughout
29 the next 10,000 years at rates similar to those occurring at present. These rates are too
30 low to significantly affect the performance of the disposal unit.

31 SCR. 1.4.3.3 Sedimentation

* 32 The effects of sedimentation in the region of the WIPP are not included in no-migration
Is 33 demonstration calculations on the basis of low consequence.
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I The geomorphological regime on the Mescalero Plain (Los Medaiios) in the region of the
2 WJPP is dominated by aeolian processes. Vegetational changes during periods of wetter
3 climate may act to further stabilize existing dune fields, but aeolian deposition is not
4 expected to significantly increase the overall thickness of the superficial deposits.

5 The limited extent of water courses in the region of the WIPP, under both present-day
6 conditions and under the expected climatic conditions, will restrict the amount of fluvial
7 and lacustrine deposition in the region.

8 Mass wasting may be significant if it results in dams or modifies streams. In the region
9 around the WIPP, the Pecos River forms a significant water course some 12 mi (19 kin)

10 away, but broadness of its valley precludes either significant mass wasting or the
I1I formation of large impoundments.

12 Sedimentation from wind, water, and mass wasting are expected to continue in the WIPP
13 region throughout the next 10,000 years at the low rates similar to those occurring at
14 present.

15 SCR.1.4.4 Soil Development

16 Continued soil development in the region of the WIPP is not included in no-migration
17 demonstration calculations on the basis of low consequence.

18 In the region of the WIPP, an extensive caliche has developed through reprecipitation of
19 calcium carbonate. Formation of the caliche began in the middle Pleistocene (see Section
20 2.1.3.9 of the NMVP). Continued growth of caliche or other soil types may occur in the
21 future, but will be of low consequence to the performance of the disposal unit.

22 SCR.1.5 Surface Hydrological

23 SCR.1.5.1 Fluvial

24 Surface flow features are not included in no-migration demonstration calculations on the
25 basis of low consequence.

26 No perennial streams are present at the WIPP site, and there is no evidence in the
27 literature indicating that such features existed at this location since the Pleistocene (see,
28 for example, Powers et al. 1978; Bachman 1974, 1981, 1987). The Pecos River is
29 approximately 12 mi (19 kin) from the WIPP site and more than 300 ft (90 in) lower in
30 elevation. Stream and river flow, therefore, is a low consequence process.

31 SCR.1.5.2 Lacustrine

32 Surface water bodies are not included in no-migration demonstration calculations on the
33 basis of low consequence.
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@1 No standing surface water bodies are present at the WIPP site, and there is no evidence
2 in the literature indicating that such features existed at this location during or after the
3 Pleistocene (see, for example, Powers et al. 1978; Bachman 1974, 1981, 1987). In Nash
4 Draw, lakes and spoil p9nds associated with potash mines are located at elevations 100 ft
5 (30 mn) below the elevation of the land surface at the location of the waste panels. There
6 is no evidence in the literature to suggest that Nash Draw was formed by stream erosion
7 or was at any time the location of a deep body of standing water, although shallow playa
8 lakes have existed there at various times. Based on these factors, the formation of large
9 lakes is unlikely and the formation of smaller lakes and ponds is of little consequence.

10 SCR.1.5.3 Infilfration/RechargelDischarge

I1I Infiltration, recharge, and discharge are not included in no-migration demonstration

12 calculations on the basis of low consequence.

13 Infiltration, recharge, and discharge are important controls on groundwater flow in
14 unconfined and semi-confined aquifers such as the Culebra. Groundwater flow in the
15 Rustler does not, however, affect the disposal unit, and infiltration, recharge, and
16 discharge are not included in no-migration demonstration calculations on the basis of low
17 consequence.

O 18 SCR.1.5.4 Changes in Surface Hydrology

19 The effects of climate change, flooding, and lake formation on groundwater recharge and
20 discharge are not included in no-migration demonstration calculations on the basis of
21 low consequence.

22 Changes in the surface environment driven by natural climate change are expected to
23 occur over the next 10,000 years. Consequent changes in groundwater recharge may
24 increase the rate of groundwater flow in the Rustler or result in changes in flow direction,
25 but will not affect the disposal unit.

26 Flooding of streams and the formation of shallow lakes will occur in the WIPP region
27 over the next 10,000 years. Many of these floods will be too short-lived to affect the deep
28 groundwater systems. Future occurrences of playa lakes or other longer-term floods will
29 be remote from the WIPP and will have little consequence on system performance in
30 terms of groundwater flow at the site. There is no reason to believe that any
31 impoundments or lakes could form over the WIPP site itself.

32 Thus, changes in surface hydrology are not included in no-migration demonstration
33 calculations on the basis of low consequence.

. 34 SCR.1.6 Climatic

35 This section discusses climate change and glaciation in the WIPP region.
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I SCR.1.6.1 Climate

2 The effects of climatic variables, precipitation, temperature, and wind patterns are not
3 included in no-migration demonstration calculations on the basis of low consequence.

4 The climate and meteorology of the region around the WIPP are described in Section
5 2.5.2 of the NMVP. Precipitation in the region is low (about 13 in. [33 cm] per year),
6 and temperatures are moderate with a mean annual temperature of about 63'F (17'0C).
7 Precipitation and temperature influence the amount of recharge that reaches the
8 groundwater system but have no significant effect on the disposal system. Wind
9 strength, including the effects of any hurricanes or tornadoes that may occur, also have

10 low consequence. The present-day climate of the region around the WIPP is, therefore,
I1I not included in no-migration demonstration calculations on the basis of low consequence
12 to the performance of the disposal unit.

13 SCR.1.6.2 Climate Change

14 SCR.1.6.2.1 Meteorological

15 Climate change (including temperature changes, precipitation changes, and
16 consequential vegetational changes) is not included in no-migration demonstration

17 calculations on the basis of low consequence.0

18 Climate changes are instigated by changes in the earth's orbit (which affects the amount
19 of insolation) and by a variety of feedback mechanisms within the atmosphere and
20 hydrosphere. Models of these mechanisms, combined with interpretations of the
21 geological record, suggest that the climate will become cooler and wetter in the WIPP
22 region during the next 10,000 years as a result of natural causes.

23 Changes in climate are expected to cause changes in the rates and patterns of groundwater
24 flow in the Rustler, but these changes will not affect the disposal unit. Consequently,
25 climate change is not included in no-migration demonstration calculations.

26 SCR. 1.6.2.2 Glaciation

27 Glaciation and periglacial processes are not included in no-migration demonstration
28 calculations on the basis of low probability of occurrence over 10, 000 years.

29 No evidence exists to suggest that the northern part of the Delaware Basin has been
30 covered by continental glaciers at any time since the beginning of the Paleozoic Era.
31 During the maximum extent of continental glaciation in the Pleistocene Epoch, glaciers
32 extended into northeastern Kansas at their closest approach to southeastern New Mexico.
33 There is no evidence that alpine glaciers formed in the region of the WIPP during the

34 Pleistocene glacial periods.
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.I According to the theory that relates the periodicity of climate change to perturbations in
2 the earth's orbit, a return to a full glacial cycle within the next 10,000 years is highly
3 unlikely (Imbrie and Imbrie 1980). In addition to eliminating glaciation from no-
4 migration demonstration calculations on the basis of probability of occurrence, the
5 screening argument above has been used to eliminate a number of processes associated
6 with the proximity of an ice sheet or valley glacier, such as permafrost and accelerated
7 slope erosion (solifluction).

8 SCR.1.7 Marine

9 SCR. 1. 7. 1 Seas

10 The marine environment is not included in no-migration demonstration calculations on
I I the basis of low consequence.

12 The WIPP site is more than 480 mi (770 kin) from both the Pacific Ocean and the Gulf of
13 Mexico. Estuaries, coastal waters, and ocean waters are, therefore, not included in no-
14 migration demonstration calculations.

15 SCR.1. 7.2 Marine Sedimentology

. 16 The effects of marine sediment erosion, transport, and sedimentation are not included in
17 no-migration demonstration calculations on the basis of low consequence.

18 The WIPP site is not located near the Pacific Ocean or the Gulf of Mexico.
19 Consequently, coastal erosion and marine sediment transport are not included in no-
20 migration demonstration calculations.

21 SCR.1.7.3 Sea Level Change

22 The effects of both short-term and long-term variations in sea level are not included in
23 no-migration demonstration calculations on the basis of low consequence.

24 The WIPP site is some 0.63 mi (1.01 kin) above sea level. Global sea level change may
25 result in sea levels as much as 460 ft (140 in) below that of the present day during glacial
26 periods according to Chappell and Shackleton (1986). This can have marked effects on
27 coastal aquifers. During the next 10,000 years, the global sea level can be expected to
28 drop towards this glacial minimum, but this will not affect the groundwater system in the
29 vicinity of the WJPP. Short-term changes in sea level, brought about by events such as
30 meteorite impact, tsunamis, seiches, and hurricanes may raise water levels by several tens
31 of m. Such events have a maximum duration of a few days and will have no effect on the
32 surface or groundwater systems at the WIPP site. Anthropogenic-induced global. 33 warming has been conjectured by Warrick and Oerlemans (1990) to result in longer-term
34 sea level rise. The magnitude of this rise, however, is not expected to be more than a few
35 in, and such a variation will have no effect on the groundwater system in the WIPP
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1 region. Thus, the effects of both short-term and long-term variations in sea level are not
2 included in no-migration demonstration calculations.

3 SCR.1.8 Ecological

4 SCR.1.8.1 Flora and Fauna

5 The presence of the natural flora and fauna in the region of the WIPP is not included in
6 no-migration demonstration calculations on the basis of low consequence.

7 The terrestrial and aquatic ecology of the region around the WJPP is described in Section
8 2.4.1 of the NMVP. The plants in the region are predominantly shrubs and grasses. The
9 most conspicuous animals in the area are jackrabbits and cottontails. Microbes are

10 presumed to be present within the thin soil horizons. Because there is no credible
I1I influence of terrestrial process, in general, on the disposal unit, the presence of this flora
12 and fauna in the region is not included in no-migration demonstration calculations.

13 SCR.1.8.2 Changes in Flora and Fauna

14 The effects of natural vegetational changes likely to occur in the region of the WIPP are
15 not included in no-migration demonstration calculations on the basis of low
16 consequence.

17 The region around the WIPP is sparsely vegetated as a result of the climate and poor soil
18 quality. Wetter periods are expected during the regulatory period, but botanical records
19 indicate that, even under these conditions, dense vegetation will not be present in the
20 region (Swift 1992). Because of the depth of the disposal unit below the land surface,
21 indigenous fauna and flora are of low consequence. No FEPs related to changes in fauna
22 and flora, including those that might result from climatic change, fire, or human land use,
23 have been identified that would be of any consequence to performance of the disposal
24 unit.

25 SCR.2 WASTE-INDUCED OR FACILITY-INDUCED FEPS

26 This section describes how waste-induced or facility-induced FEPs are considered in the
27 no-migration demonstration. Consistent with EPA (1992) guidance, waste-induced or
28 facility-induced FEPs are discussed under the following sections:

29 0 mechanical effects

30 * chemical and biochemical effects

31 0 thermal effects

32 0 waste mobility and transport
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I Selected information requirements listed in the EPA (1992) guidance checklist under
2 "Waste Characteristics" and "Waste Transformation and Immobilization" are discussed
3 within the context of Chemical and Biochemical Effects. Modification of the hydrologic
4 regime is covered under Fluid Dynamics within the context of Mechanical Effects. The
5 category "Waste Mobility and Transport" is added to discuss other NMVP information
6 requirements, such as solid, liquid, and gas phase mobility and chemical transport
7 mechanisms. A comprehensive key to all EPA information requirements is located in
8 Chapter 1 of the NMVP. The discussion categories and the FEPs in each category are
9 listed in Table SCR-2. The FEPs are highlighted in bold in the text.

10 SCR.2.1 Mechanical Effects

11 SCR.2.1.1 Subsystem Characteristics

12 SCR.2. 1.l1.1 Host Rock Characteristics

13 The geological characteristics of the Salado that contain the WIPP repository form an
14 integral part of the no-migration demonstration calculations.

* 15 The geological characteristics of the Salado are described in Section 2.1 of the NMVP.
16 The Salado, which is mostly impure halite, has low permeability and therefore forms a
17 natural barrier to prevent the migration of hazardous constituents from the repository.

18 SCR.2. 1.1.2 Repository Characteristics

19 The WIPP repository geometry, seal characteristics, and waste disposal locations are
20 accounted for in the no-migration demonstration calculations.

21 Repository characteristics are described in Chapter 3 of the NMVP.

22 SCR.2. 1.1.3 Waste and Container Characteristics

23 The waste and container inventories are accounted for in the no-migration demonstration
24 calculations.

25 Waste and container characteristics are described in Chapter 4 of the NMVP.

26 SCR.2. 1.1.4 Backfill Characteristics

27 Physical and chemical properties of backfill are screened from the no-migration
28 demonstration on the basis of low and/or beneficial consequence.

. 29 A chemical conditioner (hereafter referred to as backfill) will be added to the disposal
30 room to buffer the chemical environment and reduce actinide solubility. Backfill
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I Table SCR-2. Waste-Induced or Repository-Induced FEPs and
2 Their Screening Classification

3 FEI~i clsiiato omet

4 MECHANICAL EFFECTS 2.1
Subsystem Characteristics 2.1.1

Geological Characteristics NMD 2.1.1.1
Repository Characteristics NMD 2.1.1.2
Waste and Container Characteristics MMD 2.1.1.3
Backfill Characteristics SO C 2.1.1.4
Seal Characteristics NMD 2.1.1.5
Post-Closure Monitoring SO C 2.1.1.6

Gas Generation 2.1.2
Microbial Gas Generation 2.1.2.1

Microbial degradation of organic material NMD
Effects of temperature on microbial degradation NMD
Effects of pressure on microbial degradation SO-C
Effects of radiation on microbial degradation SO-C
Effects of biofilms on microbial degradation NMD

Corrosion 2.1.2.2

Gases from metal corrosion MMD
Effects of galvanic coupling on gas generation rates SO-P
Chemical effects from corrosion on gas generation MMD
rates

Radiolytic Gas Generation 2.1.2.3
Radiolysis of brine SO-C
Radiolysis of cellulosics SO-C
Helium production SO-C
Radioactive gas production SO-C

Rock Mechanics .2.1.3

Excavation-Induced Fracturing 2.1.3.1
Formation of DRZ MMD
Excavation-induced local changes in stress MMD

Salt Creep 2.1.3.2
Salt creep MMD
Changes in stress field due to salt creep MMD

Roof Falls 2.1.3.3
Roof falls MMD

Mechanical Effects of Gas Generation 2.1.3.4
Mechanical effects of gas generation MMD

Effects of Explosions 2.1.3.5
Gas effects: explosions MMD
Explosions due to nuclear criticality SO-P

Mechanical Effects of Materials 2.1.3.6

Consolidation of waste MMD
Backfill SO-C
Movement of canisters SO-C
Mechanical failure of canisters MMD
Consolidation of seals (salt) MMD
Mechanical failure of seals (salt) SO-P

5 Legend:

6 MMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
7 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
8 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
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O1 Table SCR-2. Waste-Induced or Facility-Induced FEI's and Their Screening
2 Classifications (continued)

SLrecin4' Appensdix
3 VEPSi Gcidfi iofi ctmmltets SCR

Mechanical failure -of seals (concrete) SO-P
Mechanical failure of seals (clay) SO-P
Investigation borehole seal failure SO-C

Subsidence 2.1.3.7
Subsidence SO-C
Large-scale fracturing SO-P

Fluid Dynamics 2.1.4
Repository-Induced Flow 2.1.4.1

Brine inflow NMD
Capillary Rise 2.1.4.2

Wicking NMD
Effects of Gas Generation 2.1.4.3

Two-phase flow of brine and gas NMD
Backfill-hydraulic effects SO-C Beneficial 2.1.4.4

4 CHEMICAL AND BIOCHEMICAL EFFECTS 2.2
Repository 2.2.1

Metal Corrosion SO-C 2.2.1.1
Microbial Processes SO-C 2.2.1.2

Radiolysis SO-C 2.2.1.3
Dissolution Reactions SO-C 2.2.1.4
Dissolution Reaction kinetics SO-C Beneficial 2.2.1.4
Decomposition of Cementitious Sludges SO-C Beneficial 2.2.1.5
Chemical Effects of Backfill SO-C Beneficial 2.2.1.6

Leachate 2.2.2
Initial liquid content NMD
Brine inflow NMD
Leachate Formation NMD

Waste/Waste Container Persistence 2.2.3
Waste persistence NMD
Container persistence SO-C Beneficial

Oxidation/Reduction Potential 2.2.4
Organics 2.2.4.1

Degradation of organics SO-C Beneficial
Metals 2.2.4.2

Metal speciation SO-C
Redox kinetics SO-C
Localized reducing zones SO-C
Redox fronts SO-P

Adsorptivity 2.2.5
Organics 2.2.5.1

Post-closure volatile organic compound (VOC) SO-C
release mechanisms and increased volatilization
potential

Metals 2.2.5.2

Sorption SO-C Beneficial
Sorption kinetics SO-C
Changes in sorptive surfaces SO-C

5 Legend:

6 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
7 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
8 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
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1 Table SCR-2. Waste-Induced or Facility-Induced FEPs and Their Screening
2 Classifications (continued)

Hydrolysis 2.2.6
Organics 2.2.6.1

Organic hydrolytic degradation SO-C Beneficial
Organic half-lives SO-c Beneficial

Metals 2.2.6.2
Metal hydrolysis reactions SO-C
Reaction kinetics SO-C

Hazardous Constituent Degradation 2.2.7
Organics 2.2.7.1

Aerobic degradation SO-C Beneficial

Anaerobic degradation so-c Beneficial
Hydrolysis/substitution so-c Beneficial
Degradation of organic products so-c

Metals 2.2.7.2

Metals SO-P
4 THERMAL EFFECTS 2.3

Heat Generation 2.3.1
Radioactive decay So-c 2.3.1.1
Nuclear criticality SO-P 2.3.1.2
Exothertmic reactions so-c 2.3.1.3

Thermo-Mechanical Effects 2.3.2

Thermally-induced stress and fracturing SO-c
Thermal-Fluid Dynamic Effects 2.3.3

Convection SO-C
Thermo-Chemical Effects 2.3.4

Chemical changes (brine chemistry) So-c

5 WASTE MOBILITY AND TRANSPORT 2.4

Liquid Phase Source Term 2.4.1

Organics 2.4.1.1

Solubility of hazardous VOC/semi-volatile organic so-c Beneficial

compounds (SVOCs)
Non-aqueous phase liquids SO-P

Metals 2.4.1.2

Hazardous metal solubility So-c
Reaction kinetics so-c Beneficial

Organic complexation so-c
Colloid complexation so-c

Gas Phase Source Term
Organics

voc/SVOC volatilization NMD 2.4.2

Inner layer correction factors so-c 2.4.2
Retardation of Hazardous Constituents 2.4.3

Organics 2.4.3.1

Retardation of vociSVOC so-c Beneficial
6 Legend:

7 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
8 so-c FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.

9 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.

June 14, 1996 SCR-32 DOEICAO-96-2160



Final No-Migration Variance Petition

1 Table SCR-2. Waste-Induced or Facility-Induced FENs and Their Screening
2 Classifications (continued)

Reference
Screening Appendix

3 FPs> Clussilkcation Cominents SCR
Section

2.4.3.2
Metals

Sorption procse SO-C Beneficial
Sorption kintc SO-C
Precipitation SO-C Beneficial

Transport Modes 2.44
Solute Transport 2.4.4.1

Transport of dissolved, aqueous metals NMD
Colloid Transport 2.4.4.2

Colloid transport, SO-C
Colloid filtration SO-C Beneficial
Colloid agglomeration and stability SO-C Beneficial
Colloid sorption SO-C Beneficial

Particulate Transport 2.4.4.3
Particle suspensions SO-C
Rinse SO-C

Microbial Transport 2.4.4.4
Microbial transport of hazardous metals SO-C
Retardation of microbes carrying metals SO-C Beneficial

Gas Transport 2.4.4.5
Transport of hazardous organic gases NMD

Transport Mechanisms 2.4.5

Advection NMD
Unsaturated flow NMD

Diffusion 2.4.5.2
Diffusion of hazardous constituents SO-C
Matrix diffusion SO-C Beneficial

Thermo-Chemical Transport Phenomena 2.4.5.3

Soret effect SO-C
Electrochemical Transport Phenomena

Electrochemical effects SO-C 2.4.5.4

Galvanic coupling SO-P
Electrophoresis SO-P

Physicochemnical Transport Phenomena 2.4.5.5
Dilution NMD
Alpha recoil SO-C
Enhanced diffusion due to chemical gradients SO-C
Formation of colloids due to chemical gradients SO-C
Mixing of waters of different salinities SO-C
Osmosis SO-C Beneficial

4 Legend.

5 NMD FEPs accounted for in the no-migration demonstration calculations for 40 CFR § 268.6.
6 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
7 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability.
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I characteristics are discussed in the following sections: (1) mechanical and hydraulic
2 effects in Sections SCR.2. 1.3.6 and SCR.2. 1.4.4, respectively, and (2) chemical effects in
3 Section SCR.2.2.1.6.

4 SCR.2. 1.1.5 Seal Characteristics

5 The seal characteristics are accounted for in the no-migration demonstration

6 calculations.

7 Seal characteristics considered include geometry and physical properties described in
8 Chapter 3 of the NMVP. The sorptive capacity .of shaft seals is screened on the basis of
9 beneficial consequence in Section SCR.2.2.5.2.

10 SCR.2. 1.1.6 Post-Closure Monitoring

11 The potential effects of post-closure monitoring are not included in the no-migration
12 demonstration calculations on the basis of low consequence to the pefornance of the
13 disposal unit or influence on the disposal system.

14 The DOE will implement post-closure monitoring in accordance with 40 CFR 19 1.14(b)
15 to "detect substantial and detrimental deviations from expected performance." The DOE
16 will design the monitoring program so that the monitoring methods employed will not
17 effect the integrity of the disposal unit. Therefore, the effects of monitoring are not
18 included in the no-migration demonstration calculations.

19 Monitoring is described in Chapter 6 of the NMVP.

20 SCR.2.1.2 Gas Generation

21 Non-hazardous gas generation can affect the transport of hazardous constituents both
22 directly, in the case of VOCs, and indirectly by affecting the mechanical behavior of the
23 host rock and engineered barriers, chemical conditions, and brine flow. Potential gas
24 generation processes include corrosion, microbial degradation, radiolysis, and helium
25 production.

26 The amount of water available for gas generation will have a major impact on the
27 amounts and types of gases produced. WIPP waste may contain small amounts of water
28 as residual liquid; the Waste Acceptance Criteria (WAC) require that the waste containers
29 have no free liquids. For storage sites with no capability to repackage waste, approval
30 may be given for containers that contain residual liquids in well-drained containers as
31 long as such residuals do not exceed one percent of the volume of the container. Such
32 residual liquids are expected to be an insignificant source of liquid in the repository.
33 Water may also be introduced by the influx of brine from the Salado.
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.1 The following sections discuss gas generation by microbial degradation and corrosion and
2 radiolytic gas generation.

3 SCR.2.1.2.1 Microbial Gas Generation

4 Microbial gas generation is accounted for in the no-migration demonstration
5 calculations, and the effects of temperature and biofilm formation on microbial gas
6 generation are incorporated in the gas generation rates used. The effects of pressure and
7 radiation on microbial gas generation are not included in the no-migration
8 demonstration calculations on the basis of low consequence.

9 Microbial breakdown of cellulosic material, and possibly plastics and other synthetic
10 materials, will produce mainly CO2, but also N20, N2, H2S, H2, and CH4. The rate of
I1I microbial gas production will depend upon the nature of the microbial populations
12 established, the prevailing conditions, and the substrates present. Microbial gas
13 generation is accounted for in the no-migration demonstration calculations.

14 The following subsections discuss the effects of temperature, pressure, radiation, and
15 biofilms on gas production rates via their control of microbial gas generation processes.

. 16 Effects of Temperature on Microbial Gas Generation

17 The effects of temperature on microbial degradation and gas generation is considered
18 in the demonstration. An average temperature increase of 3 to 5 degrees in Farenheit (2
19 to 3 degrees in Celsius) from radioactive decay, discussed in Section SCR.2.3.1. 1,
20 suggests the expected maximum temperature in the repository will be 86'F (30'0C).
21 Experiments have been conducted over a range of temperatures and chemical conditions
22 and for different substrates (Molecke 1979, 4; Francis and Gillow 1994). Gas generation
23 rates reported by Molecke (1979, 7) were evaluated at conservatively high temperatures.
24 Later experiments reported by Francis and Gillow (1994) investigated the effects of
25 microbial inoculum, humid and inundated conditions, cellulosic substrates, additional
26 nutrients, electron acceptors, bentonite, and oxic and anoxic initial conditions.
27 Experiments by Francis and Gillow (1994) were carried out at a reference temperature of
28 86'F ( 30'C). Gas generation rates used in the simulation, recommended by Wang and
29 Brush (1996), implicitly incorporate the effects of temperature based on these available
30 experimental results.

31 Effects of Pressure on Microbial Gas Generation

32 Chemical reactions may occur depending on the concentrations of available reactants, the
33 presence of catalysts and the accumulation of reaction products, biological activity, and
34 the prevailing conditions (e.g., temperature and pressure), among other things. Reactions. 35 that involve the production or consumption of gases are often particularly influenced by
36 pressure, because of the high molar volume of gases. The effect of high total pressures on
37 chemical reactions is generally to reduce, or limit, further gas generation. Gas generation
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I rates used in the no-migration demonstration are documented in Appendix PAR 4
2 (pp.PAR-53-PAR-63).

3 Few data exist from which the influence of pressure on the microbial gas generation
4 reactions that may occur in the WIPP can be assessed and quantified. Studies of
5 microbial activity in deep-sea environments (for example, Kato et al. 1994, 153) suggest
6 that microbial gas generation reactions are less likely to be limited by increasing pressures
7 in the disposal rooms than inorganic gas generation reactions (e.g., corrosion).
8 Consequently, the effects of pressure on microbial gas generation are not included in no-
9 migration demonstration calculations.

10 Effects of Radiation on Microbial Gas Generation

11 Experimental investigations of microbial gas generation rates suggest that the effects of
12 alpha radiation from transuranic (TRU) waste is not likely to have significant effects on
13 microbial activity (Barnhart et al. 1980; Francis 1985). Consequently, the effects of
14 radiation on microbial gas generation are not included in the no-migration
15 demonstration calculations.

16 Effects of Bioflms on Microbial Gas Generation

17 The location of microbial activity within the repository is likely to be controlled by the
18 availability of substrates and nutrients. Biofimns may develop on surfaces where
19 nutrients are concentrated. These consist of one or more layers of cells with extra-cellular
20 polymeric material and serve to maintain an optimum environment for growth. Within
21 such a biofilm ecosystem, nutrient retention and recycling maximize microbe numbers on
22 the surface (see, for example, Stroes-Gascoyne and West 1994, 9-10). Biofilms; may
23 affect gas generation through their control of microbial population size.

24 Molecke (1979, 4) summarized microbial gas generation rates observed during a range of
25 experimental studies. The experiments were conducted over a range of temperatures and
26 chemical conditions and for different substrates. However, the quantitative effects of
27 biofilm formation in these experiments were uncertain. Gas generation rates were
28 presented as ranges, with upper and lower bounds as estimates of uncertainty. Later
29 experiments reported by Francis and Gillow (1994) support the gas generation rate data
30 reported by Molecke (1979). Under the more favorable conditions for microbial growth
31 established during the Francis and Gillow (1994, 59) experiments, the development of
32 populations of halophilic microbes and associated biofilms was evidenced by observation
33 of an extra-cellular, carotenoid pigment, bacterioruberin, in the culture bottles used. As
34 suggested, the recommendations reported by Wang and Brush (1996) implicitly
35 incorporate the results of this experimental data.

36 Biofilms; may also influence hazardous constituent transport rates through their capacity
37 to retain, and therefore retard, both the microbes themselves and the hazardous
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.I constituents. As discussed in Sections *SCR.2.2.5 and SCR.2.4, no credit is taken for this
2 beneficial process in the no-migration demonstration calculations.

3 SCR.2.1.2.2 Corrosion

4 Gas generation due to corrosion is accounted for in the no-migration demonstration
5 calculations. Galvanic coupling, and the effects of electrochemical gradients on gas
6 generation due to corrosion, are not included in the no-migration demonstration
7 calculations on the basis of low probability. The influences of chemical changes due to
8 metal corrosion on gas generation rates are accounted for in the no-migration
9 demonstration calculations via the rates used.

10 Oxic corrosion of waste drums and metallic waste will occur at early times following
I1I closure of the repository and will deplete its oxygen content. Anoxic corrosion will
12 follow the oxic phase and will produce much more significant quantities of gas (H2 ) while
13 consuming water. Gas generation due to anoxic corrosion is accounted for in the no-
14 migration demonstration calculations.

15 The following subsections discuss the effects of galvanic coupling, electrochemical
16 gradients, and chemical changes due to metal corrosion on gas production rates via their.17 control of gas generation due to corrosion.

18 Galvanic Coupling and the Effects of Electrochemical Gradients

19 Galvanic coupling refers to the establishment of an electrical current through chemical
20 processes. Galvanic coupling could lead to the establishment of potential gradients
21 between metals in the waste form, canisters, and other metals external to the waste form.
22 Such electrochemical effects can potentially influence corrosion processes and, therefore,
23 .gas generation rates and chemical migration.

24 Metals other than those in the waste form and canisters could potentially include natural
25 metallic ore bodies in the host rock and metallic elements in other parts of the repository.
26 However, the absence of metallic ores in the region (Powers et al. 1978) allows galvanic
27 coupling between the waste and metals external to the repository to be eliminated from
28 no-migration demonstration calculations on the basis of low probability.

29 A range of metals will be present within the repository (e.g., waste metals and canisters),
30 and the possibility exists for galvanic cells to be established over short distances. For
31 example, the presence of copper could influence rates of hydrogen gas production
32 resulting from the corrosion of iron.

33 The precise interactions that may occur are complex and depend on the metals involved,. 34 their physical disposition, and the prevailing conditions (for example, salinity). Good
35 physical and electrical contact between the metals involved is critical to the establishment
36 of galvanic cells. Experience with experimental investigations suggests that this
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I condition is unlikely to be achieved in the repository conditions. In the laboratory,
2 significant efforts are required to assure metal-to-metal contact sufficient for galvanic
3 coupling to occur. Such contact is unlikely to occur to a significant extent in the
4 repository. Consequently, given the preponderance of iron over other metals within the
5 repository, the influence of these electrochemical interactions on corrosion and, therefore,
6 gas generation, is not included in the no-migration demonstration calculations on the
7 basis of low probability.

8 Effects of Chemical Changes Due to Metal Corrosion on Gas Generation Rates

9 The predominant effect of corrosion reactions on the chemical environment of disposal
10 rooms will be to lower the oxidation state of the brines and maintain reducing conditions.

11 Experiments have investigated gas generation due to corrosion under a wide range of
12 possible conditions in the repository. Molecke (1979, 4) summarized experimentally-
13 derived gas generation rates and later experiments reported by Telander and Westerman
14 (1993) support the gas generation rate data generated from this early work. The Telander
15 and Westerman (1993) studies included corrosion of low-carbon steel waste packaging
16 materials in synthetic brines, representative of intergranular Salado brines at the
17 repository horizon, under anoxic (reducing) conditions.

18 The no-migration demonstration calculations employ gas generation rates due to
19 corrosion constructed from Molecke's data (1979, 7), which are consistent with the data
20 of Telander and Westerman (1993). Gas-generation rates used in the no-migration
21 demonstration are documented in Appendix PAR (pp. PAR-53-PAR-63). The no-
22 migration demonstration calculations, therefore, incorporate the effects of chemical
23 changes due to metal corrosion.

24 SCR.2. 1.2.3 Radiolytic Gas Generation

25 Gas generation due to radiolysis of brine and cellulosics, and helium production, is not
26 included in the no-migration demonstration calculations on the basis of low consequence.
27 Generation of radioactive gases is also not included in the no-migration demonstration
28 calculations on the same basis.

29 This section discusses gas generation resulting from the radiolysis of brine and
30 cellulosics, helium production, and the generation of radioactive gases.
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.1 Radiolysis of Brine

2 Radiolysis of brine in the WIPP disposal rooms, and of water in the waste, will lead to
3 the production of gases, which could contribute to the total volume of gas generated in
4 the repository'.

5 The overall reaction for the radiolysis of water in the waste and brine is:

6 H20 = H2 + '/202 (SCR-2. 1)

7 However, the production of intermediate oxygen-bearing species that may subsequently
8 undergo reduction, such as H202, C10 3-, and C10 4-1 Will lead to reduced oxygen gas
9 yields.

10 Reed et al. (1993) studied radiolytic gas generation during experiments lasting between
11 155 and 182 days. These experiments involved both synthetic brines similar to those
12 sampled from the Salado at the WIPP repository horizon and brines occurring in
13 reservoirs in the Castile, as well as natural brines sampled from the Salado in the
14 repository workings. The brines were spiked with 239pU( VI) at concentrations between
15 6.9 x 10-9 and 3.4 x 10' M. During these relatively short-term experiments, hydrogen gas. 16 was observed as the product of radiolysis. Oxygen gas was not observed; this was
17 attributed to the formation of intermediate oxygen-bearing species. However, given
18 sufficient exposure to alpha-emission, oxygen production may reach 50 percent that of
19 hydrogen.

20 An estimate of the maximum rate of gas generation due to the radiolysis of brine, RRAD,
21 can be made by making the following assumptions:

22 * gas production occurs following the reaction above, so that 1.5 moles of gas are
23 generated for each mole of water consumed

24 9 gas production occurs as a result of the alpha-decay Of 239pU

25 * 139Pu concentrations in the disposal room brines are controlled by solubility equilibria

26 0 all of the dissolved plutonium is 239pU

27 RRAD is then given by

Radiolysis will also increase the oxygen content of the rooms. This in turn will affect the prevailing
chemical conditions and potentially the concentrations of hazardous constituents that may be mobilized
in the brines.
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RRAD = 1.5 x 3.15 x1 7C uSapuGkaVB (SCR-2.2)
N NA

I where

2 RRA is the rate of gas production (molldrum/year),
3 Cp,, is the maximum dissolved concentration of plutonium (M),
4 Sa,,~ is the specific activity Of 239pU (5.42 x 1011 Bq/mol),
5 Ea is the average energy of alpha-particles emitted b y 239Pu decay (5.15 x 1 06 eV),
6 G is the number of moles of molecules split per eV (eV-),
7 VB is the volume of brine in the disposal room (1),
8 ND is the number of contact handled (CHI) drums in the disposal room (6800),
9 NA is the Avogadro constant (6.0 x 1023 mol-).

10 The maximum dissolved concentration of plutonium, Cp, for this screening analysis has
I1I been taken as 5.5 x 10 ' M, as derived during estimation of the actinide source term for
12 preliminary WIPP performance assessments. The value of G used in this calculation has
13 been set at 1.4, the upper limit of the range of values observed (1. 1 to 1.4) during
14 experimental studies of the effects of radiation on WIPP brines (Reed et al. 1993).
15 Estimates of the volume of brine that could potentially be present in the disposal rooms
16 vary up to 815,000 liters. For the purposes of this calculation, the upper limit of the range
17 has been used. These parameter values lead to an estimate of the rate of gas production
18 due to the radiolysis of brine of 2.02 x 10' molldruni/year. Gas production rates due to
19 other processes that will occur in the WIPP are likely to be significantly greater than this
20 (Wang and Brush 1996). Even if gas production by these processes is minimal and
21 radiolytic gas production dominated gas generation, the effects would be of low
22 consequence because of the low total volumes.

23 In addition to the assessment of the likely maximum gas generation by radiolysis of brine
24 given above, an evaluation of the likely consequences of considering this process in the
25 simulation is considered by Vaughn et al. (1995). A model was implemented in
26 BRAGFLO to estimate radiolytic gas generation in the disposal region according to the
27 chemical equation given above. A series of BRAGFLO simulations were performed to
28 assess the magnitude of the influence of the radiolysis of brine on brine migration. The
29 calculations considered radiolysis of H2 0 by 15 isotopes of thorium, plutonium, uranium,
30 and 24 1Am. The study indicates that radiolysis does not significantly affect brine
31 migration outward to the disposal unit boundary (Vaughn et al. 1995). Therefore,
32 radiolysis of brine is not included in the no-migration demonstration calculations.

33 Radiolysis of Cellulosics

34 Drums emplaced in the WIPP repository are likely to contain, on average, approximately
35 10 kg of cellulosic material, approximately 70 percent of which will be paper.
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.1 Experimental data on gas production rates due to radiolysis of cellulosic and other
2 waste materials have been reported by Molecke (1979). These data were considered by
3 Wang and Brush (1996), who indicate that the likely gas generation rates will be
4 significantly less than those associated with the radiolysis of brine (not included in the
5 no-migration demonstration calculations on the basis of low consequence).
6 Consequently, the production of gases by radiolysis of cellulosic materials is also not
7 included in the no-migration demonstration calculations.

8 Helium Production

9 Within the WIPP, helium gas will be produced by the reduction of alpha-particles
10 (helium nuclei) emitted from the waste. An estimate of the maximum amount of helium
I 1 that could be produced can be made by assuming that all of the alpha-particles generated
12 during radioactive decay are converted to helium gas by the following reaction:

13( 2He 2, a -particle) + e He (g)

14 The total inventory (1) that may be emplaced in the repository is approximately 9 million
15 Ci, or 3.3 x 1017 Bq (DOE 1995). Assuming that the inventory continues to yield alpha-
16 particles at this rate throughout the 10,000-year regulatory period (i.e., that the source. 17 does not diminish even though the alpha-particles are produced during radioactive decay),
18 the maximum rate of helium gas produced (RHe) may be calculated from

1 He =I(SCR-2.3)
N A

20 where
21 RHe is the rate of helium gas production in the repository (molls),
22 1 is the waste inventory (3.3 x 1017 Bq),
23 NA is the Avogadro constant (6.0 x 1023 mol-').

24 These assumptions regarding the inventory lead to maximum estimates for helium
25 production because, in reality, the total activity will decrease with time, and because some
26 of the hazardous constituents will decay by beta and gam ma emission.

27 Based on the figures and equation given above, R(He) is approximately 5.5 x 10-7 mob's.
28 Assuming ideal gas behavior and repository conditions of 27'C and 14.8 MPa (lithostatic
29 pressure), this is equivalent to approximately 3.0 liters/year (2.2 x 10-5 molldrumlyear).

30 Production of other gases due to other processes that will occur in the repository are
31 likely to occur at rates significantly greater than this (Wang and Brush 1996). Even if gas
32 production by these processes is minimal, and helium production dominates gas. 33 generation, the effects will be of low consequence because of the low total volumes.
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I Therefore, by estimation of the maximum possible generation rate, the effects of helium
2 production are not included in the no-migration demonstration calculations.

3 Radioactive Gases

4 Based on the anticipated waste inventory, the radioactive gases likely to be generated in
5 the repository are radon (Rn), carbon dioxide (C0 2), and methane (CH4) containing 1

4 C.

6 Radon will contain the alpha emitters 2"Rn, 22ORn and 222n All of these have short
7 half-lives, but 222 is potentially the most important isotope both volumetrically and
8 because it has the longest half-life (z four days). 22 Ri will be produced throughout the
9 10,000-year period of interest by decay of 226 Ra, which is produced from the decay of 238U

10 and 238pU. 14 C0 2 and 14CH4 may be derived during microbial degradation of cellulosic
11 wastes, rubbers, and plastics.

12 The inventories of 238U, 238p, and '4C are low, and such that the volume of radioactive gas
13 will be insignificant in comparison with gas production by other processes. Therefore,
14 the formation of radioactive gases has been eliminated from the no-migration
15 demonstration calculations on the basis of low consequence.

16 SCR.2.1.3 Rock Mechanics

17 SCR.2. 1.3.1 Excavation-Induced Host Rock Fracturing

18 Excavation- induced host rock fracturing is accounted for in the no-migration
19 demonstration calculations.

20 Excavation of the repository has caused local stress redistribution in the surrounding
21 rock as discussed in Section 3.7.1 of the NMVP. This has led to failure of intact rock
22 around the opening, creating a DRZ of fractures. On completion of the WIPP
23 excavation, the extent of the induced stress field perturbation will be sufficient to have
24 caused dilation and fracturing in the anhydrite layers a and b, marker bed (MB) 139, and,
25 possibly, MB 138 (Section 2.1 of the NMVP). The creation of the DRZ around the
26 completed excavation and the disturbance of the anhydrite layers and marker beds will
27 alter the permeability and effective porosity of the rock around the repository, providing
28 enhanced pathways for flow of gas and brine between the waste-filled rooms and the
29 nearby interbeds. This excavation-induced host rock fracturing is accounted for in the no-
30 migration demonstration calculations. The DRZ around repository shafts could provide
31 pathways for flow from the repository. The effectiveness of long-term shaft seals is
32 dependent upon the seals providing sufficient backstress for salt creep to heal the DRZ
33 around them, so that connected flow paths out of the repository will cease to exist. These
34 factors are considered in the current seal design.

35 SCR.2.1.3.2 Salt Creep

36 Salt creep in the Salado is accounted for in the no-migration demonstration calculations.
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@1 Salt creep will compact the waste and containers and consolidate the long-term
2 components of the sealing system and will tend to close fractures in the DRZ, leading to
3 reductions in porosity and permeability, increases in pore fluid pressure, and reductions in
4 fluid flow rates in the repository. Salt creep in the Salado is accounted for in the no-
5 migration demonstration calculations. The long-term repository seal system relies on the
6 consolidation of the crushed-salt seal material and healing of the DRZ around the seals to
7 achieve a low permeability under stresses induced by salt creep. Seal performance is
8 discussed further in Section SCR.2.1.3.6.

9 SCR.2.l.3.3 Roof Falls

10 The potential effects of rooffalls on flow paths are accounted for in the no-migration
11 demonstration calculations through appropriate ranges of the parameters describing the
12 DRZ.

13 Instability of the DRZ is likely to lead to roof falls in the first few hundred years of post-
14 closure. Development of the DRZ and roof falls may be sufficient to disrupt the
15 anhydrite layers above the repository, which may create a zone of rock containing
16 anhydrite extending from the interbeds toward a waste-filled room. Fracture development
17 is most likely to be induced as the rock stress and strain distributions evolve due to salt@ 18 creep. Because of uncertainty in the process by which the disposal room DRZ heals, the
19 flow model used in the no-migration demonstration calculations assumes that a higher
20 permeability zone remains for the long term. Thus, the potential effects of roof falls on
21 flow paths are accounted for in the no-migration demonstration calculations through
22 appropriate ranges of the parameters describing the DRZ. In the long term, the effects of
23 roof falls in the repository are likely to be minor, because salt creep will reduce the void
24 space and the potential for roof falls as well as lead to healing of any roof material that
25 has fallen into the rooms.

26 SCR.2. 1.3.4 Mechanical Effects of Gas Generation

27 The mechanical effects of gas generation are accounted for in the no-migration
28 demonstration calculations.

29 Simulation of the mechanical effects of gas generation is discussed in Section 8.2 of the
30 NMVP. One important modeled process is dilation or fracturing of interbeds, a process
31 capable of increasing the mass transport of hazardous constituents. In response to
32 pressure increases approaching lithostatic pressure, NMVP calculations provide for
33 increases in anhydrite permeability and porosity.

34 SCR.2.1.3.5 Effects of Explosions

. 35 The potential effects of gas explosions are included in the no-migration demonstration
36 calculations through the treatment of the DRZ Nuclear explosions are not included in
37 the no-migration demonstration calculations on the basis of low probability.
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1 The analysis of Slezak and Lappin (1990) indicates that there is little likelihood of a gas
2 explosion in the long term, because the rooms and panels are expected to become anoxic
3 and compaction through salt creep will greatly reduce any void space. The possibility of
4 an explosion prior to the occurrence of anoxic conditions is considered in the design of
5 the operational panel closure. The effect of such an explosion on the DRZ is expected to
6 be no more severe than a roof fall, which is accounted for in the no-migration
7 demonstration calculations.

8 For a nuclear explosion to occur, a critical mass of plutonium would have to undergo
9 rapid compression to a high density. Even if a critical mass of plutonium could form in

10 the system, there is no mechanism for rapid compression. Thus, nuclear explosions are
I1I not included in the no-migration demonstration calculations on the basis of low
12 probability.

13 SCR.2.l.3.6 Mechanical Effects on Materials

14 Consolidation of waste, mechanical failure of canisters, and consolidation of shaft seals
15 are accounted for in the no-migration demonstration calculations. Mechanical failure of
16 seals, canister movement, and the MgO backfill are not included in the no-migration
17 demonstration calculations on the basis of low consequence (canister movement/backfill)
18 and low probability (shaft seals). Likewise, flow through sealed WIPP investigation
19 boreholes drilled from the surface is not included in the no-migration demonstration
20 calculations, also on the basis of low probability.

21 Waste consolidation

22 After closure of the repository, salt creep will compact and consolidate the waste and
23 other repository components. The consequent reduction in waste porosity and
24 permeability is accounted for in the no-migration demonstration calculations.

25 Backfill

26 Backfill is expected to occupy only about ten percent of the available void volume at
27 repository closure. As creep closure proceeds, backfill will act to resist creep closure.
28 Neglecting any decrease in pore volume caused by the addition of backfill is potentially
29 conservative: the rate and magnitude of gas pressurization would increase in response to
30 a decrease in gas-available porosity.

31 Canister movement and mechanical failure

32 Movement of canisters within the repository panels is not included in the no-migration
33 demonstration calculations because this process will have no effect on the mobility of the
34 hazardous constituents. However, the mechanical failure of the canisters is implicitly
35 accounted for in the no-migration demonstration calculations by the assumption of
36 instantaneous release of hazardous constituents.
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1 Repository and Investigation Borehole Seal Performance

2 The shafts leading to the repository provide a potential significant transport pathway to
3 the disposal unit boundaries. Assumptions made regarding the seals in the no-migration
4 demonstration calculations are discussed in Appendix PAR and Sections 8.2.4 and 8.4 of
5 the NMVP. Consolidation of the shaft seals constructed from crushed salt is accounted
6 for in the no-migration demonstration calculations through the permeability range
7 assumed for the seal system. Field testing of seals has been conducted to investigate the
8 effects of high-pressure gas flow on concrete and clay (bentonite) seal materials placed in
9 WIPP halite at the repository horizon. The results of these tests are summarized by

10 Knowles and Howard (1996). No large-scale mechanical degradation of either material
I I has been observed. No gas flowed through the clay seal, and gas permeability of the
12 concrete seal system (concrete, salt and concrete interface, and DRZ) was low. In
13 addition, favorable hydrologic conditions (no hydraulic gradient), precludes mechanical
14 degradation from chemical deterioration due to contact with brine migrating laterally to
15 the shaft seal.

16 WIPP investigation boreholes drilled from the surface provide a less significant
17 transport pathway than the shafts, primarily because boreholes do not intersect the
18 underground excavation. The NMVP simulation considers borehole pathways to be low

* 19 probability based on their relative distance from the repository, and low consequence
20 relative to the shaft pathway in the event mechanical failure does occur. The cross-
21 sectional area of the WIPP investigation boreholes (typically 0.34 ft2 [0.03 Mn2] each) is
22 small in comparison to that of the shafts (which total about 1,025.8 ft2 [95.3 in 2 ]).

23 The site investigation program has also involved the drilling of boreholes from within the
24 excavated part of the repository. Following their use for monitoring or other purposes
25 these underground boreholes will be sealed where practical, and salt creep will also
26 serve to consolidate the seals and to close the boreholes. Simulation calculations account
27 for fluid flow to and from the interbeds by assuming that the DRZ has a permanently
28 enhanced permeability that allows flow of repository brines into specific anhydrite layers
29 and interbeds. This treatment is considered to account for the effects of any unsealed
30 boreholes.

31 SCR.2.1.3.7 Subsidence

32 The potential for subsidence to create fluid flow paths between the repository and the
33 disposal unit boundary is not included in the no-migration demonstration calculations on
34 the basis of low probability. Fracturing within units overlying the Salado and surface
35 displacement caused by subsidence associated with repository closure is not included in
36 the no-migration demonstration calculations on the basis of low consequence.

* 37 Subsidence associated with repository closure through salt creep or roof collapse might
38 cause large-scale fracturing between the repository horizon and the disposal unit
39 boundary, and might affect the hydrologic properties of units above the repository.
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I The amount of subsidence that can occur as a result of salt creep closure in the waste-
2 filled and sealed areas of the repository depends on the extraction ratio, the initial and
3 compressed porosities of various waste types, the amount of inward creep of the
4 repository walls, and the gas and fluid pressures within the repository. The DOE
5 (Westinghouse 1994) has analyzed potential excavation-induced subsidence at the WIPP.
6 Estimates of the amount of subsidence expected as a result of repository excavation were
7 made using analytical, empirical, and numerical techniques.

8 For an empty repository, the DOE estimated potential subsidence at the surface to be less
9 than 2 ft (0.6 in). The surface topography in the WIPP area varies by more than 10 ft (3

10 in), and this amount of subsidence will not create a basin and will not affect surface
I1I hydrology significantly. Subsidence at the depth of the Culebra was also estimated to be
12 less than 2 ft (0.6 in), and the horizontal displacement at the depth of the Culebra was
13 estimated to be less than 0. 1 ft (0.03 in), with a maximum horizontal strain of 0.007
14 percent. The induced strains will be uniformly distributed, because no known faults or
15 discontinuities occur in the vicinity of the WIPP. Strains of this magnitude would not be
16 expected to cause cracking or extensive fracturing.

17 The DOE (Westinghouse 1994) also reported investigations of subsidence associated with
18 potash mining operations located near the WIPP site to gain insight into the expected
19 subsidence conditions at the WIPP. Subsidence over potash mines in the area will be
20 much greater than at the WIPP, because of the significant differences in stratigraphic
21 position, depth, extraction ratio, and layout. The proposed WIPP rock extraction ratio is
22 about 22 percent, as compared to over 50 percent for the lowest extraction ratios within
23 local potash mines. Also, the WIPP site is located stratigraphically much lower than the
24 lowest potash mine, which is near the base of the McNutt Potash Zone. The base of the
25 McNutt Potash Zone is about 490 ft (150 m) above the repository horizon.

26 The reported maximum total subsidence at potash mines is about 5 ft (1.5 in). Although
27 this level of subsidence has been observed to have caused surface fractures, subsidence
28 associated with the WJ[PP will be less than that associated with potash mining (as
29 confirmed by the calculations reported above). In addition, relatively shallow potash-
30 related subsidence did not cause fracturing sufficient to connect the mining horizon to
31 water-bearing units or to the surface.
32
33 Based on the results of numerical analyses and observations of subsidence associated
34 with potash mines, the potential for subsidence to create fluid flow paths between the
35 repository and the disposal unit boundary is not included in the no-migration
36 demonstration calculations on the basis of low probability.
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.1 S CR .2.1.4 Fluid Dynamics

2 SCR.2. 1.4.1 Repository-Induced Flow

3 Brine inflow into the repository in response to a change in the pressure gradient around
4 the excavation is accounted for in the no-migration demonstration calculations.

5 Brine inflow into the repository may occur in response to pressure gradients created by
6 the excavation, with flow potentially taking place through the DRZ, impure halite,
7 anhydrite layers, or clay layers. Pressurization of the repository through gas generation
8 could limit the amount of brine that flows into the rooms and drifts. Brine flow into the
9 repository is accounted for in the no-migration demonstration calculations.

10 SCR.2.1.4.2 Capillary Rise

11 Capillary rise is accounted for in the no-migration demonstration calculations.

12 Capillary rise (or wicking) is a potential mechanism for liquid migration through
13 unsaturated zones in the repository. Capillary rise in the waste material could affect gas
14 generation rates, which are dependent on water availability. Capillary rise is therefore. 15 accounted for in the no-migration demonstration calculations.

16 SCR.2. 1.4.3 Effects of Gas Generation

17 Two-phase brine and gas flow in the repository and the Salado is accounted for in the no-

18 migration demonstration calculations.

19 Pressurization of the repository through gas generation could limit the amount of brine
20 that flows into the rooms and drift. If gas pressures are sufficiently high, brine may be
21 expelled from the repository through the DRZ, impure halite, anhydrite layers, or clay
22 layers. The amount of water available for reactions and microbial activity will affect the
23 amounts and types of gases produced (Section SCR.2. 1.2). Gas generation rates, and,
24 therefore, repository pressure, may change as the water content of the repository changes.
25 Two-phase flow of brine and gas in the repository and the Salado is accounted for in the
26 no-migration demonstration calculations.

27 SCR.2. 1.4.4 Hydraulic Effects of Backfill

28 Hydraulic effects of backfill are screened from the demonstration on the basis of
29 beneficial consequence.

30 Adding backfill to an empty cavity or a waste-filled room would cause the initial intrinsic. 31 permeability of these regions to decrease. Placement of backfill in unoccupied void space
32 can only decrease brine flow by increasing the tortuosity of resulting flow paths through
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I backfill. pores. Consequently, neglecting the hydraulic effects of backfill is
2 conservative: backfill is expected to decrease the potential for brine flow through the
3 waste region.

4 SCR.2.2 Chemical and Biochemical Effects (Transformation and
5 Immobilization)

6 Long-term chemical and biochemical FEPs occurring in the disposal room environment
7 and along migration pathways will influence the mobility and transport of hazardous
8 constituents. Decomposition and dissolution of waste forms will influence the chemical
9 environment, and by introducing by-products such as colloids and organic complexing

10 agents, could also affect hazardous constituent concentrations and mobility. This section
11 reviews the extent to which these processes are considered in the conceptual model
12 supporting this no-migration demonstration.

13 SCR.2.2.1 Repository Environment

14 A general discussion of post-closure repository evolution provides an introduction to
15 hazardous constituent-specific assessments of chemical and biochemical FEPs. Those
16 chemical and biochemical FEPs occurring in the repository and having the potential to
17 affect hazardous constituent transformation and mobility include:

18 0 corrosion

19 0 microbial activity

20 * radiolysis

21 * dissolution reactions

22 * reactions with cementitious materials

23 SCR.2.2.l1.1 Corrosion

24 The effects of corrosion on the chemical conditions in the disposal rooms are not
25 included in the no-migration demonstration calculations on the basis of low consequence
26 with respect to the bounding approaches used to demonstrate no-migration for liquid-
27 phase hazardous constituents.

28 Other than gas generation, which is discussed in Section SCR.2. 1.2, the main effect of
29 metal corrosion will be to influence the chemical conditions that prevail within the
30 repository. Ferrous metals will be the most abundant metals in the WIPP, and these will
31 corrode on contact with any brines entering the repository. Initially, corrosion will occur
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1 under oxic conditions owing to the atmospheric oxygen present in the repository at the
2 time of closure. However, consumption of the available oxygen by corrosion reactions

3 will rapidly lead to anoxic (reducing) conditions. These changes and controls on
4 conditions within the repository will affect the chemical speciation of the brines and, in
5 particular, the oxidation states of the hazardous-constituent metals present. Changes to
6 the speciation and oxidation states of the hazardous-constituent metals will lead to
7 changes in the concentrations that may be mobilized during brine flow. However, this
8 demonstration uses bounding approaches to demonstrate no migration of brine potentially
9 containing hazardous constituents, and does not require characterization of chemical

10 speciation and other factors influencing metal solubility. Consequently, the effects of
I11 corrosion on chemical conditions are not included in the no-migration demonstration
12 calculations on the basis of low consequence.

13 SCR.2.2. 1.2 Microbial Actviy4

14 The effects of microbial activity on disposal room conditions are not included in the no-
15 migration demonstration calculations on the basis of low consequence with respect to the
16 bounding methods used in the NMVP simulation.

17 Microbial processes may decompose waste and generate gas, affecting brine chemistry
* 18 and possibly degrading hazardous constituents. Although non-halophilic microbes may

19 be introduced to the waste during generation and packaging in the waste container,
20 halophilic or halo-tolerant bacteria are expected to prevail following room closure.
21 Studies related to long-term microbial activity in the repository have focused on potential
22 gas generation rates associated with degradation of cellulosic waste, and, to some extent,
23 of plastic materials.

24 Uncertainty exists regarding the magnitude of microbial processes in the post-closure
25 environment. A complex series of chemical and physical steps must occur for significant
26 microbial activity to occur: brine must enter the repository, electron acceptors and
27 nutrients must be available, and metabolic pathways must be established to sustain
28 continued degradation by microbes. For purposes of gas generation modeling, it is
29 assumed that viable populations of microbes will be sustained over the 10,000-year
30 compliance period. Given the assumption that some level of microbial activity is
31 achieved over the long-term, anaerobic microbial activity is expected to dominate.

32 Potentially significant long-term anaerobic microbial processes influencing brine
33 chemistry in the repository include: denitrification, SO2-rdcinfemtaoad
34 methanogenesis. Anaerobic microbial reactions will produce the following gases: C0 21
35 N2, NH 3, H2S, H2, and CH4. The CO 2 fugacity and organic acids produced by microbial
36 degradation will have an influence on the chemical conditions in the disposal room
37 environment. However, this demonstration uses a bounding approach to simulate the

* 38 migration of contaminated brine and does not require characterization of chemical
0 39 speciation and other factors influencing metal solubility. Consequently, the effects of
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I microbial activity on chemical conditions and source-termn chemistry in the brine are not
2 included in the no-migration demonstration calculations on the basis of low consequence.

3 SCR.2.2.1.3 Radiolysis

4 The effects of radiolysis on disposal room conditions are not included in the no-migration
5 demonstration calculations on the basis of low consequence.

6 Radiolysis refers to the rupture of chemical bonds by alpha-particles emitted during the
7 radioactive decay of the actinide elements in TRU waste. Although the overall gas and
8 H2 0 budget of the repository will not be significantly affected during the post-closure
9 phase, radiolysis of water and brine in the WIPP disposal rooms may significantly affect

10 the02 content. Because this demonstration uses a bounding approach to simulate the
11 migration of contaminated brine, and does not require characterization of chemical
12 speciation and other factors influencing metal solubility, the effects of radiolysis on
13 chemical conditions in the brine have been eliminated from the no-migration
14 demonstration calculations on the basis of low consequence.

15 SCR.2.2. 1.4 Dissolution Reactions

16 Dissolution of hazardous-constituent metals is not included in no-migration
17 demonstration calculations on the basis of low consequence. The effect of reaction
18 kinetics in controlling the rate of hazardous-constituent metal dissolution within the
19 disposal rooms is not included on the basis of beneficial consequence to the performance
20 of the disposal unit.

21 Dissolution of hazardous-constituent metals and precipitation of secondary minerals
22 are relevant because of their influence on metal concentrations in brine. It is expected
23 that a range of kinetic behavior will be exhibited by different mineral precipitation and
24 dissolution reactions in different geochemnical systems. The assumption of equilibrium
25 waste dissolution represents a conservative approach to predicting hazardous-constituent
26 metal concentrations in the disposal room brines, because it yields maximum
27 concentration estimates. Accounting for the effects of reaction kinetics in controlling
28 the rate of hazardous-constituent metal dissolution within the disposal rooms would serve
29 to reduce these concentrations. Reaction kinetics have, therefore, not been included in
30 no-migration demonstration calculations.

31 This demonstration uses a bounding approach to simulate the migration of contaminated
32 brine and does not require characterization of chemical speciation and other factors
33 influencing metal solubility. Consequently, hazardous-constituent metal dissolution is
34 not included in the no-migration demonstration calculations.

June 14, 1996 SCR-50 DOE/CAO-96-2160



Final No-Migration Variance Petition

1 SCR.2.2.1.5 Cementitious Materials

2 The effects of cementitious materials on hazardous-constituent metal solubility are not
3 included in the no-migration demonstration calculations on the basis of beneficial
4 consequence to the peformance of the disposal unit.

5 Cement-based materials are known to decompose in the presence of brine. The
6 decomposition of cementitious sludges and other materials in the repository suggests the
7 possibility of buffering of pH by the presence of Ca(OH)2. Such buffering of brines to
8 high pH would tend to decrease hazardous-constituent metal solubility and, therefore,
9 impede the mobility of hazardous-constituent metals. Consequently, excluding the

10 effects of cementitious materials on hazardous-constituent metal solubility from the no-
11 migration demonstration calculations is a conservative assumption. The effects of
12 cementitious materials have, therefore, not been included in the no-migration
13 demonstration calculations.

14 SCR.2.2.1.6 Chemnical Effects of Backfill

15 Chemical effects of back~fill are screened from the demonstration on the basis of
16 beneficial consequence.

* 17 A backfill chemical conditioner will be added to the disposal room to buffer the chemical
18 environment and reduce actinide solubility. The MgO backfill will also inhibit mobility
19 of hazardous constituent metals. On these grounds, neglecting the chemical effects of
20 the backfill is conservative.

21 SCR.2.2.2 Leachate

22 Leachate quantity and quality is represented in the no-migration calculations by the
23 brine saturation attained in the waste region. The NMVP assumes that the quantity of
24 brine predicted in the waste region is contaminated as a result of potential contact with
25 waste materials.

26 Leachate is defined as water that has become contaminated by soluble chemicals resulting
27 from leaching of waste contained within a disposal unit. For the purpose of this no-
28 migration demonstration, leachate includes hazardous constituents mobilized in the liquid
29 phase. Organic hazardous constituents may be a component of the leachate; however, as
30 a conservative assumption, all VOCs and SVOCs are included in the gas-phase source
31 term used in the no-migration demonstration calculations.

32 As applied to the WIPP disposal unit, brine inflow to the repository is the only
33 significant source of liquid solvent capable of mobilizing hazardous constituents from the.34 waste (see Appendix MASS). The initial liquid content of the waste, consisting mostly
35 of water, is not a viable source of solvent. As stated in Section SCR.2. 1.2, the WAC
36 require that the waste containers have no free liquids, and residual liquids in well-drained
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I containers are only permitted as long as such residuals do not exceed one percent of the
2 volume of their container.

3 The release of bound water from sludges may also be a source of water in the disposal
4 room environment. However, water transfer between sludge sorbents and their
5 surroundings is a complex tradeoff between the sorbents' chemical affinity for water and
6 the ability of the chemical processes to extract water from the sorbents. As a coupled
7 diffusion/vapor transport process, extraction of water from sludge would be slow and
8 insignificant in comparison to the likely brine inflow.

9 Over the long-term, therefore, the quantity of leachate is directly proportional to the
10 volume of brine inflow and the degree to which the brine comes into contact with the
I1I waste. Estimates of the total potential brine inflow depend upon the mechanisms
12 assumed to dominate the fluid flow processes in the Salado and are accounted for in no-
13 migration demonstration calculations (see Sections 2.1.4 and 8.2.3.2 of the NMVP).

14 The quality of the leachate resulting from brine inflow and contact with waste is
15 considered in the no-migration demonstration; the simulation assumes brine mixed with
16 waste in the waste region is contaminated. The assumption is the basis for two alternative
17 bounding approaches: one that uses BRAGFLO to demonstrate that potentially
18 contaminated brine does not leave the repository, or another that tracks migration of a
19 surrogate hypothetical tracer to the disposal unit boundary.

20 SCR.2.2.3 Waste and Waste Container Persistence

21 The persistence of waste is accounted for in the no-migration demonstration calculations
22 by the use of constant gas and liquid phase source term concentrations. Container and
23 waste form persistence are not included in the no-migration demonstration calculations
24 on the basis of beneficial consequence to the demonstration.

25 Persistence can be interpreted as a measure of how long a parent organic chemical will
26 be present (Ney 1995). Conservatively, bounding approaches described in Chapter 8 of
27 the NMVP assume persistence (i.e., constant concentration). No credit is taken for
28 organic degradation. The initial mass of hazardous-constituent metals in the waste will
29 not change, i.e., the metals will persist, although the prevalent chemical species may be
30 altered with time due to changes in brine chemistry.

31 Steel waste containers and the majority of waste forms are not expected to persist under
32 long-term repository conditions, but the assumption of instantaneous release used in the
33 no-migration demonstration calculations does not take credit for any persistence. This is
34 a conservative assumption and container and waste persistence have, therefore, not been
35 included no-migration demonstration calculations on the basis of beneficial consequence
36 to the demonstration.
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.1 SCR.2.2.4 Assessment of Oxidation/Reduction Potential

2 The prevailing oxidation/reduction potential within the disposal room brines will affect
3 the speciation and solubility of hazardous-constituent metals. The redox environment can
4 also influence the rate of biodegradation of hazardous organic constituents, and will
5 control abiotic chemical oxidation of hazardous organic constituents as a degradation
6 mechanism. Anoxic (reducing) conditions are likely to predominate in the post-closure
7 disposal room environment.

8 The development of redox fronts in the waste region may also affect the chemistry and
9 mobility of hazardous constituents. The following subsections discuss the influences of

10 oxidation/reduction potentials within the waste region on hazardous organic and metal
I1I constituents.

12 SCR.2.2.4.1 Organics

13 The degradation of hazardous organic constituents is not included in no-migration
14 demonstration calculations based on beneficial consequence to the peformance of the
15 disposal unit.

. 16 Given sufficient concentrations of oxygen, oxidative degradation of hazardous organic
17 constituents may occur (e.g., the conversion of aromatics to C0 2). However, the long-
18 term post-closure environment is expected to be reducing and such oxidative degradation
19 reactions may be limited in the WJPP. Although there may be hazardous organic
20 constituents that are rapidly reduced under such reducing conditions, e.g., nitroaromatics
21 (Howard et al. 199 1), trichloroethene, in particular, is expected to be stable (Mackay et al.
22 1992a,b). As a conservative approach, therefore, the degradation of hazardous organic
23 constituents is not included in no-migration demonstration calculations.

24 SCR.2.2.4.2 Metals

25 The influences of the prevailing oxidation/reduction potential within the disposal room
26 brines on chemical speciation and hazardous-constituent metal solubilities and the effects
27 of redox kinetics are not included in the no-migration demonstration calculations on the
28 basis of low consequence. The influences of large-scale redox fronts on hazardous-
29 constituent metal migration are not included in the no-migration demonstration on the
30 basis of low probability. The formation of localized reducing zones in the disposal rooms
31 is not included in no-migration demonstration calculations on the basis of low
32 consequence.

33 The following subsections discuss chemical speciation in the disposal rooms and the
34 potential influence of redox fronts on hazardous-constituent metal migration.
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1 Disposal Room

2 Chemical speciation refers to the form in which elements and/or compounds occur under
3 a particular set of chemical or environmental conditions. For the purposes of this section,
4 chemical speciation refers to groundwaters and brines and encompasses all truly
5 dissolved chemical species, formed, for example, by complexation. Conditions affecting
6 chemical speciation include the temperature, pressure, pH, redox potential, and salinity
7 (ionic strength) of the solution. The importance of chemical speciation lies in its control
8 of the geochemical reactions likely to occur and its influence on the composition of the
9 water.

10 The concentrations of hazardous-constituent metals that dissolve in any brines present in
11 the disposal rooms after repository closure will depend on the stability of the chemical
12 species that form under the prevailing conditions (e.g., temperature, pressure, and ionic
13 strength). Chemical reactions, such as the production of gas, have the potential to affect
14 the prevailing chemical conditions in the room. Therefore, the solubilities of the
15 hazardous-constituent metals and the potential for their mobilization are also dependent
16 on gas generation and other reactions. For example, microbial gas generation may lead to
17 acidic pH values due to the development of high partial pressures of CO 2 (and/or possibly
18 H2S). Chemical reactions with cementitious materials in sludge wastes may, however,
19 result in alkaline conditions. Chemical speciation and changes in chemical speciation
20 resulting from chemical reactions are, however, not included in no-mrigration
21 demonstration calculations because the bounding methods selected by the DOE to
22 demonstrate no-migration do not require detailed chemical models.

23 Redox Kinetics

24 In general, investigation of the redox couples present in natural, aqueous geochemical
25 systems suggests that redox reactions are not in thermnodynamic equilibrium due to
26 sluggish redox kinetics (e.g., Wolery 1992, 27). However, unlike natural environments
27 where there will be a number of significant competing redox-controlling reactions, in the
28 engineered chemical environment of the repository, Fe(ll)/Fe(lIH) is expected to be the
29 predominant redox couple and can be assumed to be close to equilibrium. The effects of
30 redox kinetics are not included in the no-migration demonstration calculations on the
31 basis of low consequence. The rationale for this decision is that the bounding approach
32 used in this demonstration to simulate the migration of contaminated brine does not
33 require characterization of redox processes.

34 Redox Fronts

35 The development of redox fronts in the waste region and in potential pathways in the
36 disposal unit may affect the chemistry and migration of hazardous-constituent metals.
37 Redox fronts separate regions that may be characterized, in broad terms, as having
38 different oxidation potentials. On either side of a redox front, the behavior of redox-
39 sensitive elements may be controlled by different geochemnical reactions. Elements that
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.I exhibit the greatest range of oxidation states (e.g., Cr) will potentially be the most
2 affected by redox front development and migration. The migration of redox fronts may
3 occur as a result of diffusion processes, or in response to groundwater flow, but will be
4 restricted by the occurrence of heterogeneous buffering reactions (e.g., certain mineral
5 dissolution and precipitation reactions). Indeed, it is these buffering reactions that cause
6 the typically sharp, distinct nature of redox fronts.

7 It is possible that fluids with different oxidation potentials from those established within
8 the repository might lead to the development and migration of a large-scale redox front.
9 Redox fronts have been observed in natural systems to be the loci for both the

10 mobilization and concentration of metals. However, the available geochemnical evidence
I1I from radionuclide analogue sites suggests that large-scale redox fronts at these sites
12 migrate only slowly, at most on the order of a few tens of mn per million years (Waber
13 199 1; Snelling 1992). These rates of migration are controlled by a range of factors
14 including the rates of erosion, infiltration of oxidizing waters, geochemical reactions, and
15 diffusion processes. The migration of large-scale redox fronts through the repository is
16 considered unlikely over the regulatory period on the basis of a comparison with these
17 slow rates of migration in natural system, and because the relatively impermeable nature
18 of the Salado suggests that migration rates at the WIPP are likely to be even slower than
19 those observed in the more permeable lithologies of the natural systems. Large-scale. 20 redox fronts are, therefore, not included in no-migration demonstration calculations on
21 the basis of low probability.

22 Within the repository, localized reducing zones, bounded by redox fronts, may develop
23 centered on metals undergoing corrosion. However, the formation of such zones is
24 considered to be of low consequence owing to the small scale over which these zones and
25 associated redox fronts could exert an influence on hazardous constituent migration. The
26 formation of localized reducing zones is, therefore, not included in no-migration
27 demonstration calculations on the basis of low consequence.

28 SCR.2.2.5 Assessment of Adsorptivity

29 The following subsections describe the potential influences of sorption processes on the
30 release and migration of hazardous constituents.

31 SCR.2.2.5.1 Organics

32 In the waste drums, VOCs exist in vapor phase equilibrium with an adsorbed phase
33 bound to the sur face of the solid waste materials. Organic constituents also occur sorbed
34 within sludges or to materials intentionally added to the waste to immobilize excess
35 liquid in the void spaces (e.g., dry portland cement, vermiculite).
36. 37 Several long-term desorption processes could affect VOC concentrations and the
38 quantities available for gas transport from the waste region. These processes have been
39 referred to as post-closure release mechanisms and are discussed in the following
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I subsections. Based on consideration of the likely effects of these processes, and the
2 uncertainties that exist, a conservative source term model for VOCs has been developed
3 using measured VOC concentrations from the headspaces of existing waste drums (see
4 Section 8.3.2 of the NMVP). The DOE believes that the conservative nature of these
5 assumptions outweighs any uncertainty introduced by post-closure release mechanisms.

6 Compressional Desorption of VOCs

7 Compressional desorption of VOCs from the waste is not included in no-migration
8 demonstration calculations on the basis of low consequence.

9 The mass of VOCs adsorbed to the waste forms in the drum exist in vapor phase
10 equilibrium with gas-phase VOCs. Physical compression of the waste matrix will lead to
11 reduced pore space. In an open system, where gas can escape, this could potentially lead
12 to a shift in the equilibrium and, thus, higher headspace consequence.

13 In the repository, there are two ways in which pressure could be exerted on the waste to
14 cause compression:

15 9 gas generation causes pressurization of the disposal rooms

16 0 rock creep, in the absence of significant gas generation, exerts pressure on the waste
17 forms

18 However, in the closed-system of the disposal room, both of these mechanisms will lead
19 to increased total gas pressures, which will act against further generation of gas through
20 desorption. Consequently, compressional desorption of VOCs from the waste is expected
21 to be negligible.

22 Chemical Desorption of VOCs

23 Chemical desorption of VOCs from the waste is not included in no-migration
24 demonstration calculations on the basis of low consequence.

25 Chemical dissolution and desorption reaction processes acting on the waste have the
26 potential to mobilize sorbed VOCs from the waste.

27 Uncertainty is associated with the possible occurrence of chemical processes that could
28 lead to the release of VOCs from the waste. For example, anoxic corrosion of Fe and Al-
29 alloy metals will result in corrosion products, which themselves will act as substrates for

30 sorption of VOCs. Similarly, degradation products of cement and gypsum-based
31 materials and cellulosics will also provide new substrates for sorption of VOCs.
32 Consequently, DOE believes that there is no viable chemical desorption mechanism that
33 could lead to a significant further release of gaseous VOCs. Chemical desorption of
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.I VOCs is, therefore, not included in no-migration demonstration calculations on the basis
2 of low consequence to the performance of the disposal system.

3 Thermal Desorption of VOCs

4 Thermal desorption of VOCs from the waste is not included in no-migration
5 demonstration calculations on the basis of low consequence.

6 Theoretically, an increase in repository temperature could result in an increased rate of
7 desorption of VOCs sorbed to the surface of the solid waste materials. Those organics
8 that are adsorbed onto solid materials will require a significant temperature increase to
9 undergo desorption.

10 Calculations and experimental studies of induced temperature distributions within the
I1I repository have been undertaken and are described in Section SCR.2.3. 1. In summary,
12 numerical analysis has shown that the average temperature increase in the WIPP
13 repository, due to radioactive decay of the emplaced contact-handled (CH) and remnote-
14 handled (RH) TRU waste, is likely to be less than 3 degrees in Farenheit (2 degrees in
15 Celsius). Experimental studies have shown that the temperature increase close to the
16 containers will be as much as 5 degrees in Farenheit (3 degrees in Celsius) where RH-. 17 TRU waste containers are located (See Section SCR.2.3. 1. 1). This will be a short-lived
18 thermal pulse of a few hundred years or less, because the heat-generating decay process in
19 RH-TRU waste is short.

20 In order for thermal desorption of VOCs from solid waste to become significant,
21 temperatures would have to rise far more than the maximum temperatures estimated for
22 the WIPP disposal rooms. Consequently, thermal desorption of VOCs from the waste is
23 expected to be an inconsequential process.

24 SCR.2.2.5.2 Metals

25 Sorption to fixed substrates is not included in the no-migration demonstration
26 calculations on the basis of beneficial consequence to the performance of the disposal
27 unit. Sorption kinetics and changes in sorption surfaces are not included in no-migration
28 demonstration calculations on the basis of low consequence.

29 Sorption may be defined as the accumulation of matter at the interface between a solid
30 and an aqueous solution. Several sorption mechanisms relevant to hazardous metal
31 constituents may occur in the repository environment. Adsorption mechanisms serve to
32 either immobilize or mobilize metals and include surface complexation, cation-exchange,
33 and chelation. Each of these processes may be time-dependent due to changes in
34 sorptive surfaces.

. 35 Sorption of hazardous-constituent metals to static surfaces, such as shaft seals, backfill,
36 panel closures, and host rocks, acts to retard chemical transport. Sorption of hazardous-
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I constituent metals to potentially mobile surfaces, such as colloids and microbes, however,
2 may act to enhance chemical transport, particularly if the kinetics of desorption are slow
3 or the process is irreversible (disequilibrium). The effects of colloids and microbes on
4 waste mobility are discussed in Section SCR.2.4.4.

5 Disposal Room

6 The concentrations of hazardous metal constituents that dissolve in brines entering the
7 disposal room will be controlled by a combination of sorption and dissolution reactions.
8 Sorption on waste, containers, and backfill within the disposal rooms would serve to
9 reduce hazardous-constituent metal concentrations.

10 Shaft Seals and Panel Closures

11 Chapter 3 of the NMVP describes the seals that are to be placed at various positions in
12 the access shafts. The materials to be used include crushed salt, bentonite clay, and
13 concrete. Of these, the latter two, in particular, possess significant sorption capacities.
14 Similarly, concrete to be used in panel closures in the waste-disposal region will also
15 possess sorptive capacity.

16 The no-mnigration demonstration calculations do not take account of sorption to fixed
17 substrates within the repository or along migration pathways. This is a conservative
18 assumption, since sorption would decrease the concentration and mobility of hazardous-
19 constituent metals.

20 The mechanisms that control the rates of sorption processes are, in general, poorly
21 understood. Often, sorption of inorganic ions on mineral surfaces is a two-step process
22 consisting of a short period (typically minutes) of diffusion-controlled, rapid uptake,
23 followed by slower processes (typically weeks to months) that include surface
24 rearrangement, aggregation and precipitation, and solid solution formation (Davis and
25 Kent 1990, 202). Available data concerning rates of sorption reactions involving the
26 important metals indicate that, in general, a range of kinetic behavior is to be expected.
27 Due to the selected bounding approach for demonstrating no-migration for hazardous-
28 constituent metals in the liquid phase, uncertainties associated with sorption kinetics and
29 time-dependent changes in sorptive surfaces do not require consideration in the NMVP.

30 SCR.2.2. 6 Assessment of Hydrolysis

31 Hydrolysis is a potential abiotic degradation mechanism for organic constituents and an
32 important process that may affect chemical speciation of brine in the repository.

33 SCR.2.2.6. 1 Hydrolytic Degradation of Organic Constituents

34 Hydrolytic degradation of hazardous organic constituents is not included in no-migration
35 demonstration calculations on the basis of beneficial consequence to the demonstration.
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2 The rate of hydrolysis of a chemical may be characterized in terms of half-life: the time
3 4t112) it takes to reach one-half of its original amount. Hydrolytic degradation applies to
4 a limited number of organic compounds in the WIPP inventory, and for those
5 constituents, degradation rates vary. Longer-lived organic constituents include
6 bromoform (686 years), carbon tertrachloride (7,000 years), chloroform (3,500 years),
7 methylene chloride (704 years), chlorobenzene and dichlorobenzene (879 years) and 1,2-
8 Dichloroethane (five to 50,000 years) (Mackay et al. 1992a, b; Mackay et al. 1993;
9 Howard et al. 1991). Examples of shorter-lived constituents include methyl ethyl ketone

10 (50 years), toluene (37 years), l,1,2-trichloroethane (37 years), ethyl acetate (two years),
I1I trichloroethylene (0.90 years), 1, 1, 1-trichloroethane (0.73 years), and 1, 1,2,2-
12 tetrachloroethane (0.12 years).

13 The DOE believes that hydrolysis will be an active process in the post-closure
14 environment. Ney (1995) reports that hydrolysis occurs in soil environments, which in
15 terms of humidity and/or degree of saturation, are comparable to conditions expected in
16 the post-closure repository. Alkaline earth and hazardous-constituent metal ions can also
17 catalyze hydrolysis reactions (Mackay et al. 1992a, b). Although unquantified for site-
18 specific conditions through experimental data, hydrolytic degradation will reduce the
19 source term for several constituents over the 10,000-year regulatory period. Nevertheless,

* 20 owing to uncertainty regarding the actual hydrolytic half-lives in the WIPP disposal unit,
21 hydrolytic degradation of hazardous organic constituents is not accounted for in no-
22 migration demonstration calculations. This is a conservative assumption, since
23 hydrolysis would decrease the source term.

24 SCR.2.2.6.2 Hydrolysis of Metals

25 Hydrolysis reactions of metals and the effects of reaction kinetics in hydrolysis reactions
26 are not included in the no-migration demonstration calculations on the basis of low

27 consequence.

28 Chemical speciation refers to the form in which elements and/or compounds occur under
29 a particular set of chemical or environmental conditions. In this appendix, chemical
30 speciation refers to groundwaters and brines and encompasses all truly dissolved
31 chemical species, formed, for example, by hydrolysis or complexation. Conditions
32 affecting chemical speciation include the temperature, pressure, pH, redox potential, and
33 salinity (ionic strength) of the solution. The importance of chemical speciation lies in its
34 control of the geochemnical reactions likely to occur and its influence on the composition
35 of the solution.

36 The concentrations of hazardous metals that dissolve in any brines present in the disposal
37 rooms after repository closure will depend on the stability of the chemical species that

* 38 form under the prevailing conditions. Chemical reactions, such as the production of gas,
39 have the potential to affect the prevailing chemical conditions in the room. Therefore, the
40 solubilities of the hazardous-constituent metals and the potential for their mobilization
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1 are also dependent on gas generation and other reactions. For example, microbial gas
2 generation may lead to acidic pH values due to the development of high partial pressures
3 of CO2 (and/or possibly H2 S). Chemical reactions with cementitious materials in sludge
4 wastes may, however, result in alkaline conditions. Under more alkaline conditions,
5 hydrolysis reactions occur to a greater degree. Because a bounding simulation is used to
6 model migration of contaminated brine, hydrolysis reactions are not included on the basis
7 that chemical speciation and other factors influencing metal solubility do not have to be
8 characterized.

9 The effects of reaction kinetics in aqueous systems are discussed by Lasaga et al. (1994),
10 who suggest that aqueous geochemnical speciation reactions involving relatively small
I1I inorganic species occur rapidly and are accurately described by thermodynamic
12 equilibrium models that neglect explicit consideration of reaction kinetics (e.g., Lasaga et
13 al. 1994, 2361). Consequently, the effects of reaction kinetics in chemical speciation
14 and hydrolysis reactions are not included in the no-migration demonstration calculations
15 on the basis of low consequence.

16 SCR.2.2.7 Assessment of Hazardous Constituent Degradation

17 This section discusses the degradation of hazardous constituents.

18 SCR.2.2.7.1 Organics

19 Degradation of hazardous organic constituents is not included in no-migration
20 demonstration calculations on the basis of beneficial consequence to the performance of
21 the disposal unit. Formation of hazardous constituents through degradation is not
22 included in no-migration demonstration calculations on the basis of low consequence.

23 Biotic and abiotic degradation of organic chemicals may occur through several processes
24 expected in the post-closure environment: biodegradation, radiolysis, and hydrolysis. The
25 disintegration of organic chemical bonds through degradation can result in two
26 consequences:

27 0 transformation into another hazardous constituent or nonhazardous organic compound
28 (e.g., 1,1,2 trichloroethene to vinyl chloride) (EPA 1987)
29
30 0 degradation of the compound into smaller organic molecules, and ultimately into
31 simple molecules such as water, carbon dioxide, nitrogen, and methane

32 Degradation mechanisms may be classified as either biotic or abiotic depending on
33 whether or not the transformations are biologically mediated (Howard et al. 1991; Vogel
34 et al. 1987). Biodegradation can also be classified as aerobic and anaerobic (Mackay et
35 al. 1992a, b; Mackay et al. 1993). Rates of chemical transformation are controlled by
36 intrinsic properties of the specific organic compound, the degradation process, and the
37 conditions of exposure, including variables such as environmental media, moisture
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I content, temperature, pH, and the type, density, and long-term viability of microbial
2 populations (Mackay et al. 1992a, b; Mackay et al. 1993). Consequently, half-lives
3 reported in the literature commonly reference a range of values depending on the media
4 and exposure conditions.

5 Table SCR-3 presents a compilation of organic degradation rates for VOCs and SVOCs
6 subject to this petition. Where available in the literature, soil is selected as the reference
7 media for biotic degradation half-life data. Hydrolysis/substitution is the only abiotic
8 degradation/transformation mechanism reported.

9 Biotic degradation is typically much faster than abiotic degradation, ranging on the order
10 of days to years. With few exceptions, noted in Table SCR-3, anaerobic biodegradation
I1I is much slower than aerobic biodegradation (Vogel et al. 1987). Abiotic degradation by
12 hydrolysis is slower still. Compounds listed as having no significant hydrolyzable groups
13 are not significantly affected by abiotic hydrolysis.

14 There are uncertainties in site-specific organic degradation rates and also in the long-term
15 viability of microbial populations that can be affected by the presence of hazardous
16 constituents and alpha-emitting radioactive species present in the TRU waste. It is,
17 however, reasonable to expect that significant degradation will occur over the 10,000-

* 18 year time frame, especially when considered relative to literature-based anaerobic
19 degradation rates on the order of 10-1 ,000s of days. The DOE, therefore, believes that
20 biotic and abiotic degradation will occur in the post-closure environment. Because the
21 uncertainties cannot be quantified, however, degradation of hazardous organic
22 constituents is not accounted for in no-migration demonstration calculations on the basis
23 of beneficial consequence to the demonstration. This assumption is conservative,
24 considering that the BRAGFLO simulation assumes that microbial degradation of
25 cellulosics, plastics, and rubbers will occur and generate gas.

26 Degradation of high molecular weight compounds generally results in the formation of
27 lower molecular weight, less toxic compounds. Biodegradation reactions can give rise to
28 higher molecular weight compounds (Ney 1995). Under repository conditions, these
29 reactions will be slow or result in only trace amounts of the high molecular weight
30 compounds, and the products will generally have lower solubilities and greater sorptive
31 capacities than the reactants. Other types of reactions can result in the formation of
32 hazardous constituents, but, again, these reactions will be slow or result in only trace
33 amounts of the high molecular weight compounds. An example is the radiolysis of
34 polyethylene in the presence of oxygen and carbon tetrachloride generating a trace VOC
35 reaction product--chloroform (DOE 1992). The consequences of the formation of
36 hazardous constituents through degradation or other reactions are, therefore, expected to
37 be insignificant and are not included in the no-migration demonstration.
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I Table SCR-3. Organic Degradation Half-Life Data From Literature

Biodegradation MDays)'
Hydrolysis,

2 VOCS Aerobic Anaerobic (Years)

3 Benzene (16) (5) (720) (112) NS
4 Bromoformn (180) (28) (720) (112) 686
5 Carbon Disulfide -

6 Carbon tetrachloride (360) (180) (28) (7) 7000
7 Chlorobenzene (150) (68) (600) (272) 879
8 Chloroform (180) (28) (28) (7) 1.25

18002 35002
9 1,2-Dichloroethane (180) (100) (720) (400) 5-50,000

10 1, 1-Dichloroethylene (-ene) (180) (28) (173) (81) 2
NS'

11 cis 1,2-dichioroethylene (-ene) (180) (28) (720) (112) NS'

12 Isobutanol (7) (1)2 (5) (1)2 -

13 Methylene chloride (28) (7) (112) (28) 704
14 1,1,2,2-Tetrachloroethane (<10) (28) (7) .12'
15 Methyl Ethyl Ketone (2-Butanone) (7) (1)2 (28) (4)2 502

16 Tetrachloroethylene (-ene) (360) (180) (1653) (98) .73
NS'

17 Toluene (methyl benzene) (28) (7) (210) (56) 37
NS'

18 1,1,2-Trichioroethane (365) (136) (1460) (720) 372

19 1, 1, 1-Trichloroethane (273) (140) (1092) (560) .5
.732

20 Trichloroethylene (-ene) (360) (180) (1642) (98) .90
21 Trichlorofluoromethane (360) (180) (1482) (720) -

22 Vinyl chloride (180) (28) (720) (112) 10
28512 NS'

Biodegrdatin (Day%)'
Hydolysis'

23 SVOCS Aerobic Anatrobic (Years

24 Cresols
25 0 (7) (1)2 (28) (4)2

26 mn (29) (2)2 (49) (15)2 -

27 p (.66) (.04)2 (28) (10)2 -

28 ortho-Dichlorobenzene (180) (28) (720) (120) 879
29 1,4-Dichlorobenzene (180) (28) (720) (120) 879
30 2,4-Dinitrotoluene (180) (78) (10) (2) NS'
31 2,4-Dinitrophenol (263) (13) (7) (3) -

32 Hexachioroethane - NS 2

33 Hlexachlorobenzene (2089) (969) (1520) (42) NS
34 Nitrobenzene (197) (13) (13) (2) NS'
35 Pentachlorophenol (178) (23) (8356) (3876) NS
36 Pyridine 1(7) (2) (28) (5) 1NS'

37 'Unless otherwise indicated, reference source is Mackay et al. (1992a,b); Mackay et al. (1993); Mackay et al. (1995)
38 2Reference is Howard et al. (1991) for biotic degradation; however, media and conditions are not specified.

39 NS: No significant hydrolyzable groups
40 - :Not Available
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.1 SCR.2.2.7.2 Metals

2 Degradation of hazardous metal constituents is not included in no-migration
3 demonstration calculations on the basis of low probability.

4 The initial mass of hazardous-constituent metals in the waste will not change, i.e., the
5 metals will not degrade, although the prevalent chemical species may be altered with
6 time due to changes in brine chemistry.

7 SCR.2.3 Thermal Effects

8 Temperature rises in and around the repository could potentially affect mechanical
9 properties of the waste and host-rock and change the source term and mobility of

10 hazardous constituents. The following sections discuss heat generation and the effects of
I1I temperature rises on the stress field and on flow and transport.

12 S CR .2.3.1 Heat Generation

13 SCR.2.3. 1.1 Heat from Radioactive Decgay

. 14 The effects of temperature increases as a result of radioactive decay are not included in
15 the no-migration demonstration calculations on the basis of low consequence.

16 Radioactive decay of the CH- and RH-TRU waste emplaced in the repository will
17 generate heat. The importance of heat generation depends on the effects that the induced
18 temperature changes would have on rock and waste mechanics, fluid flow, and
19 geochemnical processes. For example, temperature increases could result in thermally
20 induced fracturing or thermally driven flow of gas and brine in the vicinity of the
21 repository.

22 According to the WAG (see Chapter 4 of the NMVP), the design basis for the WJPP
23 requires that the thermal loading does not exceed 10 kilowatts per acre. R-H-TRU waste
24 canisters, CH-TRU waste drums, and CH-TRU standard waste boxes (SWBs) have
25 estimated average thermal power of 60 watts, 0.5 watts, and 0.8 watts, respectively. The
26 WAC requires that the thermal power generated by waste in an RH-TRU canister shall
27 not exceed 300 watts.

28 A numerical study to calculate induced temperature distributions was undertaken by
29 Thorne and Rudeen (1980). The background to this numerical study is presented in DOE
30 (1980). The Thorne and Rudeen (1980) analysis assumed:

31 *all CH-TRU waste drums and boxes contain the maximum permissible quantity of. 32 plutonium. According to the WAG, the fissionable hazardous constituent content for
33 CH-TRU waste containers shall be no greater than 200 g per 0.21 M2 drum and 350 g
34 per 1. 8 M2 SWBs (in Pu-239 fissile gram equivalents).
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1 0 the plutonium in CH-TRU waste containers is weapons-grade material producing heat
2 at 0.0024 watts per g. Thus, the thermal power of a drum is approximately 0.5 watts
3 and that of a box is approximately 0.8 watts.

4 0 approximately 3.7 x 10' m' of CH-TRU waste are distributed within a repository
5 enclosing an area of 7.3 x 105 in2 . This is a conservative assumption in terms of
6 quantity and density of waste within the repository, because the maximum capacity of
7 the WIPP is 6.2 x 106 ft3 (1.756 x 101 in 3 ) for all waste (as specified by the Land
8 Withdrawal Act [LWA]) to be placed in an enclosed area of approximately 5.1 x 10'

2
9 m .

10 *half of the CH-TRU waste volume is placed in drums and half in boxes so that the
11 repository will contain approximately 9 x 105 drums and 105 boxes. Thus, a
12 calculated thermal power of 2.8 kilowatts per acre (0.7 watts per in2) of heat is
13 generated by the CH-TRU waste.

14 Under these assumptions, Thome and Rudeen (1980) estimated the long-term
15 temperature response of the disposal system to waste emplacement. Calculations
16 assumed a uniform initial power density of 0.7 watts per M2 that decreases over time.
17 Thorne and Rudeen (1980) estimated the maximum rise in temperature at the center of a
18 repository to be 3 degrees in Farenheit (1.6 degrees in Celsius) at 80 years after waste
19 emplacement. Although the calculations did not include the effects of RH-TRU waste,
20 they reasoned that the thermnal effects of RH-TRU waste would approximately double the
21 estimated average temperature increase in the repository.

22 More recently, Sanchez and Trellue (1996) evaluated the thermal effect of an RH-TRU
23 container corresponding to the maximum permissible surface dose; according to the
24 WAC, the maximum allowable surface dose equivalent for RH-TRU containers is 1,000
25 rem per hour. Calculating the absorbed dose rate for gamma-ray radiation corresponding
26 to the maximum surface dose equivalent rate of 1,000 rem per hour, they back-calculated
27 the total curie load of an RH-TRU container (including alpha and beta radiation) from the
28 gamma load, and derived the thermal load of an RH-TRU container from the total curie
29 load. For a gamma source of 2 x 10' curies per in3 , the maximum permissible thermal
30 load of an RH-TRU container is found to be 70 watts per in 3 . Thus, the maximum
31 thermal load of an RH-TRU container is about 60 watts, suggesting that the WAC upper
32 limit of 300 watts should not be used to calculate elevation in temperature from RH-TRU
33 waste.

34 Sanchez and Trellue (1996) estimated the temperature increase at the surface of a 60 watt
35 RH-TRU waste container to be about 5 degrees in Farenheit (3 degrees in Celsius). Their
36 analysis involved solution of a steady-state thermal conduction problem with a constant
37 heat source term of 70 watts per in3 . Assumption of a constant heat source is
38 conservative; the RH-TRU thermal load will actually decrease relatively rapidly because
39 heat-generating decay processes in RH-TRU waste are short-lived. Heat-producing
40 nuclides in RH-TRU waste, such as 137Cs, 'Sr, 21Pu, and 147 Pm have half-lives that are
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@1 approximately 30, 29, 14, and three years, respectively. In addition, based on the
2 information in the WIPP Baseline Inventory Report (BIR) (DOE 1995), Sanchez and
3 Trellue (1996) suggested that the actual average thermal load for an RH-TRU container
4 will actually be less than 1 watt, and reasoned that the total RH-TRU heat load will be
5 less than 10 percent of the total heat load in the WIPP. Thus, the total thermal load of the
6 RH-TRU waste will not significantly affect the average rise in temperature in the
7 repository.

8 In summary, analysis has shown that the average temperature increase in the WTPP
9 repository, due to radioactive decay of the emplaced CH- and RH-TRU waste, will be less

10 than 3 degrees in Farenheit (2 degrees in Celsius). Temperature increases of about 5
11 degrees in Farenheit (3 degrees in Celsius) may occur in the vicinity of RH-TRU
12 containers with the limiting thermal load of about 60 watts (based on the maximum
13 allowable surface dose equivalent for RH-TRU containers), but the temperature increase
14 will be short-lived, on the order of a few hundred years or less.

15 SCR.2.3. 1.2 Nuclear Criticality

16 Nuclear criticality is not included in no-migration demonstration calculations on the
17 basis of low probability.

@ 18 Nuclear criticality refers to a sustained fission reaction that may occur if fissionable
19 materials reach critical mass at sufficiently high concentration. This type of reaction
20 produces heat, or, under a specific set of conditions, causes an explosion.

21 The WAC limits the fissionable content of CH- and RII-TRU waste canisters, so a post-
22 closure concentration process would be required to create a critical mass. Precipitation
23 and sorption are potential mechanisms. However, for credible geometries of material, a
24 neutron moderator (such as hydrogen in water) would be required for criticality to occur.
25 In the event of criticality occurring, the heat generated would result in self-shutdown of
26 the reaction via a combination of thermally induced flow, voiding, and a rise in the
27 temperature of the fissile material. Nuclear criticality is, therefore, not included in no-
28 migration demonstration on the basis of low probability.

29 SCR.2.3. 1.3 Exothermic Reactions

30 The effects of exothermic reactions are not included in the no-migration demonstration
31 calculations on the basis of low consequence.

32 Exothermic reactions could alter the temperature of the disposal system, and affect the
33 properties of the repository and surrounding materials. In particular, the hydration
34 reactions that will occur in the cementitious materials that form parts of the WIPP seal@ 35 system will generate heat and may lead to elevated temperatures (Van Sambeek 1987).
36 This will influence rates of salt creep in the surrounding rock and may lead to cracking of
37 the seals. However, the duration of any temperature increases due to concrete hydration
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I is likely to be short and, therefore, the effects of exothermic reactions are not included in
2 the no-migration demonstration calculations on the basis of low consequence. Other
3 exothermic chemical reactions will also occur and evolve small quantities of heat (for
4 example, gas generation, container corrosion, waste dissolution, hydration of chemical
5 conditioners, etc.), but the thermal effects of these reactions will be insignificant.

6 S CR .2.3.2 Thermally-Induced Stress

7 The effects of thermally induced stress in the repository are not included in the no-
8 migration demonstration calculations on the basis of low consequence.

9 Thermally induced stress could result in pathways for groundwater flow in the DRZ, in
10 the anhydrite layers and marker beds, and through seals, or it could enhance existing
11 pathways. Conversely, elevated temperatures will accelerate the rate of salt creep and
12 mitigate fracture development.

13 Radioactive decay (Section SCR.2.3. 1. 1), nuclear criticality (Section SCR.2.3.1.2), and
14 exothermic reactions (Section SCR.2.3. 1.3) are three possible sources of heat in the WIPP
15 repository. The average thermal load is expected to be less than 3 degrees in Farenheit (2
16 degrees in Celsius). Temperature increases near RH-TRU canisters are also expected to
17 be insignificant. Consequently, rheological response to the thermal contrasts in the
18 repository is not included in no-migration demonstration calculations on the basis of low
19 consequence.

20 5 CR .2.3 .3 Thermal Convection

21 Thermal convection is not included in no-migration demonstration calculations on the
22 basis of low consequence.

23 Temperature differentials in the repository could initiate thermal convection and
24 influence hazardous constituent transport.

25 Radioactive decay (Section SCR.2.3. 1. 1), nuclear criticality (Section SCR.2.3. 1.2), and
26 exothermic reactions (Section SCR.2.3. 1.3) are three possible sources of heat in the WIPP
27 repository. The average thermal load is expected to be less than 3 degrees in Farenheit (2
28 degrees in Celsius), and significant thermal contrasts are not expected to develop in the
29 vicinity of RH-TRU waste canisters. Thus, thermal convection is not included in no-
30 migration demonstration calculations.

31 5 CR .2.3 .4 Thermally-Induced Chemical Changes

32 The effects of thermally- induced chemical changes are not included in the no-migration
33 demonstration calculations based on the low consequence of expected temperature
34 changes in the repository.
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.1 Calculations and experimental studies of induced temperature distributions within the
2 repository have been undertaken and are described in Section SCR.2.3. 1. In summary,
3 numerical analysis has shown that the average temperature increase in the WIPP
4 repository, due to radioactive decay of the emplaced CH- and RH-TRU waste, will be less
5 than 3 degrees in Farenheit (2 degrees in Celsius). As a consequence of these results, the
6 effects of thermally-induced chemical changes are not included in the no-migration
7 demonstration calculations.

8 SCR.2.4 Waste Mobility and Transport

9 Hazardous constituents in the WIPP may occur in the vapor and liquid phases, as well as
10 in solids, such as metals and sludges. For solid hazardous metal constituents in the waste
11I to be mobilized and become available for transport from the waste region, containers
12 must be breached and dissolution reactions must occur. Similarly, gaseous hazardous
13 organic constituents will not be fully available for transport until drums are crushed and
14 internal layers of the drum are breached.

15 Controlling factors on hazardous constituent mobility and transport include

16 0 the initial source term (e.g., the volatilization potential of organic hazardous. 17 constituents and subsequent partitioning of the gaseous phase into the brine phase,
18 and the solubility of metal hazardous constituents in brine)

19 0 the potential for retardation of hazardous constituent mobility (e.g., by sorption or
20 precipitation)

21 0 the mode of transport (i.e., whether in gaseous, dissolved, colloidal, or particulate
22 form)

23 0 the mechanism of transport (e.g., by advection, diffusion, or other)

24 The following sections discuss hazardous metal and organic constituent mobility and
25 transport in light of these controlling factors.

26 SCR.2.4.1 Liquid Phase Hazardous Constituent Source Term

27 SCR.2.4. 1.1 Organics

28 Organic Solubility/Partitioning

29 The partitioning of hazardous organic constituents between the liquid and gas phases is
30 not explicitly included in no-migration demonstration calculations on the basis of. 31 beneficial consequence to the demonstration.
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I Concentrations of hazardous-constituent VOCs in brine are governed by the laws of
2 thermodynamic equilibrium between the gas and liquid phases. Based on Henry's Law
3 relation, the concentration of an organic constituent in the liquid phase (i.e., liquid phase
4 source term) is related to the chemical's concentration in the gas phase. Phase
5 equilibrium thermodynamics dictates that if a gaseous phase and liquid phase are in
6 thermodynamic equilibrium, the fugacities in both phases must be equal, and the
7 concentrations can be estimated using the Henry's Law constant. As concluded in
8 Section SCR.2.2.2, the only significant source of liquid is brine. Consequently, the DOE
9 assumes that the liquid phase results from partitioning of gaseous phase VOCs and

10 SVOCs into brine that flows into the waste region.

I1I Based on such considerations, the solubility of hazardous-constituent VOCs in the high
12 ionic strength WIPP brines is concluded to be sufficiently low that their transport in the
13 liquid phase would be negligible. Any dissolution of VOCs or SVOCs into the liquid
14 phase would act to reduce the gaseous organic hazardous-constituent source term. As a
15 conservative modeling simplification, therefore, it is assumed that hazardous organic
16 constituents remaln in the gas phase.

17 Organic Phase Liquids

18 The presence of an immiscible liquid organic phase is not included in no-migration
19 demonstration calculations on the basis of low probability.

20 If organic constituents are present in concentrations in excess of their water solubility
21 limits, a non-aqueous phase liquid (NAPL) may form. The presence of nonaqueous
22 phase liquids in the post-closure environment is unlikely for the following reasons:

23 0 measured headspace concentrations have been observed to be a fraction to two orders
24 of magnitude lower than their water solubility limits

25 0 the absence of free liquids is assured through the screening process used to certify the
26 WAC criteria. Experience at Idaho National Engineering Laboratory (INEL) indicates
27 an overall miscertification rate of two percent for the measurable WAC, including
28 operational safety and transportation related limits, as well as the lack of free liquids
29 in drums and containers

30 Therefore, the presence of an immiscible liquid organic phase is not included in no-
31 migration demonstration calculations on the basis of low probability.

32 SCR.2.4.1.2 Metals

33 Solubility

34 Hazardous-constituent metal dissolution and speciation in the disposal rooms, and the
35 effects of organic and colloid complexation reactions on metal source term
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.1 concentrations are not included in the no-migration demonstration calculations on the
2 basis of low consequence. The effect of reaction kinetics in controlling the rate of waste
3 dissolution is not included on the basis of beneficial consequence to the demonstration.

4 Dissolution of waste is relevant, because of its influence on the solubility of hazardous-
5 constituent metals in brine and the rate of hazardous constituent transport.

6 The assumption of equilibrium waste dissolution represents a conservative approach to
7 predicting hazardous metal solubilities in the disposal room brines, because it yields
8 maximum concentration estimates. Accounting for the effects of reaction kinetics in
9 controlling the rate of waste dissolution within the disposal rooms would serve to reduce

10 these concentrations.

I11 Organic complexation and the formation of colloids may influence the hazardous metal
12 source term. These effects are discussed below.

13 Organic Complexation

14 The formation of aqueous complexes between hazardous-constituent metals and organic
15 materials has the potential to increase the total dissolved hazardous-constituent metal load. 16 in the source term, because further dissolution will take place to maintain the free metal
17 activity.

18 Both naturally occurring and anthropogenic organic materials may be important, and
19 include

20 0 anthropogenic organics associated with the waste

21 * degradation products from cellulose that may be present in the waste itself

22 *naturally occurring low molecular weight organics, such as carboxylic acids, phenols,
23 and alcohols

24 *naturally occurring high molecular weight organics, including humin, humic acids,
25 and fulvic acids derived from soil waste

26 The stability of hazardous-constituent metal-organic complexes is affected by
27 concentration and environmental factors. In general, complexing is favored by increased
28 concentration of organic complexants, increased pH, and decreased ionic strength.
29 Humic acid levels within the Salado are likely to be lower than those in the disposal
30 room, because of the presence of soil waste in the latter.
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I Colloid Complexation

2 The formation of complexes between hazardous-constituent metals and colloids
3 (including microbes) has the potential to enhance the total dissolved hazardous-
4 constituent metal load in the source term, and thus the potential for hazardous-constituent
5 metal migration.

6 However, the salinities of the Salado brines are well above those observed to cause
7 agglomeration and destabilization of inorganic colloids, including mineral fragments and
8 aged or crystalline intrinsic metal colloids. These salinities also suggest that there is a
9 low probability that significant dispersions of organic colloids, including humic

10 substances and microbes, will be stable. Therefore, colloid concentrations are expected
I1I to be low.

12 Because a bounding approach is used to demonstrate no-migration for liquid-phase
13 hazardous constituents, metal dissolution and speciation in the disposal rooms, and the
14 effects of organic and colloid complexation reactions on metal source term concentrations
15 are not included in no-migration demonstration conceptual model. The effect of reaction
16 kinetics is not included on the basis of beneficial consequence to the demonstration.

17 S CR .2.4.2 Gas-Phase Hazardous-Constituent Source Term

18 SCR.2.4.2. 1 Volatile Organic Compounds

19 Volatilization of VO Cs from the waste is accounted for in the no-migration
20 demonstration as the VOC source term. Relative to conservative assumptions
21 incorporated into the VOC source term model, corre ction factors to account for
22 increased concentrations within internal layers of confinement (e.g., internal packages)
23 are considered low consequence and are not included in the NMVP calculations.

24 In the waste drums, VOCs exist in vapor phase equilibrium with an adsorbed phase
25 bound to the surface of the solid waste materials. Organic constituents also occur sorbed
26 within sludges or to materials intentionally added to the waste to immobilize excess
27 liquid in the void spaces (e.g., dry portland cement, vermiculite).

28 As discussed in Section SCR.2.2.5. 1, the release of additional VOCs adsorbed to
29 materials in the waste due to processes in the post-closure environment is low. However,
30 VOC concentrations are known to vary between samples taken in the headspace of drums
31 and those extracted from within inner layers of confinement (e.g., polymer bags).
32 Because the representativeness of headspace sampling depends on achieving steady state
33 conditions in a waste container, methods have been developed to approximate the
34 maximum drum concentration of VOCs based on the vented or nonvented history of a
35 waste contalner prior to sampling (Connolly 1995). Correction factors for unvented
36 drums range from 1. 13 to 9.53 for sludge waste to 1.73 to 39.12 for solid waste. The
37 DOE believes that the VOC source term model defined in NMVP Section 8.3.2.1
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1 adequately accounts for using uncorrected concentrations in this demonstration. The
2 method for determining the headspace-measured VOC source term is sumnmarized as

3 follows:

4 0 each VOC headspace concentration is assumed to represent the concentration of the
5 entire initial waste-disposal region,

6 0 for each VOC, an initial mass is derived based on the initial waste region volume -

7 in, = Pi x vi, where pi is the assumed VOC concentration (mass/volume) for the initial
8 waste-disposal region and vi is the initial waste region volume, and

9 0 to derive the VOC source term concentration held constant over the 10,000-year
10 compliance period, the initial mass (mi) is assumed to occupy the final void volume of
I1I the repository (vf).

12 For VOCs not characterized by headspace data, saturated vapor concentrations are used to
13 conservatively bound the VOC source term by maintalning this concentration constant
14 over the 1 0,000-year compliance period.

15 SCR.2.4.2.2 Semi-Volatile Organic Compounds

* 16 Volatilization of SVO Cs from the waste is accounted for in the no-migration
17 demonstration as the SVOC source term.

18 By definition, SVOCs generally have lower vapor pressures than VOCs. Saturated vapor
19 concentrations are used to conservatively bound the SVOC source term by malntaining
20 the resulting concentration constant over the 10,000-year compliance period.

21 S CR .2.4.3 Retardation of Hazardous Constituent Transport

22 SCR.2.4.3.1 Organics

23 The retardation of organic constituents is not included in no-migration demonstration
24 calculations on the basis of beneficial consequence to the demonstration.

25 All VOCs are conservatively assumed to be in the gas phase and available for transport.
26 Retardation of VOCs is not considered in the no-migration demonstration calculations.

27 SCR.2.4.3.2 Metals

28 Sorption

* 29 Sorption to fixed substrates, serving to reduce hazardous constituent concentrations, is
30 not included in no-migration demonstration calculations on the basis of beneficial
31 consequence to the demonstration. Sorption kinetics are not included in no-migration
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I demonstration calculations on the basis of low consequence. Sorption of metals to
2 colloids is also not included on the basis of low consequence.

3 Sorption to fixed substrates and sorption kinetics are discussed in Section SCR.2.2.5.2.
4 Sorption to colloids is discussed in Section SCR.2.4. 1.2.

5 Precipitation

6 The formation of hazardous-constituent metal-bearing precipitates from WIPP brines,
7 and their subsequent retardation following release from the waste fonn, is not included
8 in no-migration demonstration calculations on the basis of beneficial consequence to the
9 demonstration.

10 During migration, precipitation processes that occur will lead to reduced hazardous-
11 constituent metal transport. Excluding these processes from the no-migration
12 demonstration calculations is, therefore, a conservative assumption, and the formation of
13 hazardous-constituent metal-bearing precipitates from brines is not included in no-
14 migration demonstration calculations.

15 S CR .2.4.4 Transport Modes

16 Following closure of the repository, brine may contact the waste, and hazardous-
17 constituent metals will dissolve. Chemical and microbial decomposition of organics in
18 -the waste may result in the transport of such hazardous-constituent metals as organic
19 complexes, colloids, and particulate material. Hazardous-constituent metals bound to or
20 within microbes might also be transported. Dissolved metals will migrate with the brine
21 by advection and diffusion through the repository, seals, DRZ, and pores and fractures in
22 the rock matrix. Organic gas-phase hazardous constituents released from the waste will
23 migrate in association with other gases as dictated by two-phase flow of gas and brine.

24 The following subsections discuss briefly the transport of hazardous-constituent metals in
25 a number of different forms: fully dissolved, colloidal, particulate, and bound to
26 microbes. The transport of hazardous-constituent VOCs and SVOCs in the gas phase is
27 also addressed.

28 SCR.2.4.4. 1 Solute Transport

29 Transport of dissolved, heavy hazardous-constituent metals is accounted for in the no-
30 migration demonstration.

31 Transport of dissolved, heavy metals may occur by advection, dispersion, and diffusion
32 down chemical potential gradients. The transport of dissolved hazardous-constituent
33 metals by advection and dispersion is accounted for in the no migration demonstrations
34 by the ability to track the movement of brine potentially contalning hazardous
35 constituents.
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.I SCR.2.4.4.2 Colloid Transport

2 Transport of colloidal hazardous-constituent metals is not included in no-migration
3 demonstration calculations on the basis of low consequence. Colloid agglomeration,
4 destabilization, and sorption are not included in the no-migration demonstration
5 calculations on the basis of beneficial consequence to the demonstration.

6 Colloids typically have sizes of between 1 nanometer and 1 micrometer and may form
7 stable dispersions in groundwaters depending on their composition and the prevailing
8 chemical conditions (e.g., salinity). Depending on their size, colloid transport can occur
9 at different rates than fully dissolved species. Colloids may be physically excluded from

10 fine porous media, and their migration may be accelerated through fractured media in
I1I channels where velocities are greatest. However, they can also interact with the host
12 rocks during transport and become retarded. These interactions may be of a chemical or
13 physical nature and include electrostatic effects, leading to agglomeration, kinetic
14 destabilization and colloid sorption, and filtration, leading to pore blocking.

15 The salinities of the Salado brines are well above those observed to cause agglomeration
16 and destabilization of inorganic colloids, including mineral fragments and aged or
17 crystalline intrinsic metal colloids, and suggest also that there is a low probability thatO 18 dispersions of organic colloids, including humic substances and microbes, will be stable
19 and could influence hazardous-constituent metal transport.

20 Uncertainty surrounding the potential role of colloids in hazardous-constituent metal
21 transport has not been quantified. However, quantification is not necessary, since the
22 approach for assessing transport of hazardous constituents in the liquid phase is bounding
23 (see Section 8.3.3 of the NMVP). Conservatively, processes leading to the retardation of
24 colloids, such as agglomeration, destabilization, and sorption, are not included in the no-
25 .migration demonstration calculations.

26 SCR.2.4.4.3 Particulate Transpor

27 The transport of hazardous-constituent metals as particulates larger than colloids in
28 groundwater and brine is not included in no-migration demonstration calculations on the
29 basis of low consequence.

30 Suspensions of particles having sizes above the colloidal range are, by definition,
31 unstable, because they are subject to gravitational settling. Within the WIPP disposal
32 rooms, it is unlikely that brine flow will be rapid enough to generate particulate
33 suspensions (through rinse) or transport them. Mobilization of any suspensions that may
34 form would have the effect of a local and minor redistribution of hazardous-constituent
35 metals within the room and is unlikely, therefore, to result in significantly increased. 36 hazardous-constituent metal transport from the repository.
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I SCR.2.4.4.4 Microbial Transpor

2 Transport of hazardous-constituent metals sorbed to microbes is not included in no-
3 migration demonstration calculations on the basis of low consequence. The potential
4 retarding influence of biofilms on microbial transport is not included in performance
5 assessment calculations on the basis of beneficial consequence to the demonstration.

6 Microbes will be introduced into the disposal rooms during the operational phase of the
7 repository, and may occur naturally in the Salado Formation. Because of their colloidal
8 size, microbial transport of hazardous-constituent metals can be accounted for in the same
9 manner as colloidal transport.

10 Biofilms (see Section SCR.2. 1.2. 1) may influence microbial and hazardous-constituent
I I metals rates through their capacity to retain, and therefore, retard, both the microbes
12 themselves and hazardous-constituent metals. This effect is not included in performance
13 assessment calculations on the basis of beneficial consequence to the demonstration.

14 SCR.2.4.4.5 Gas Transpor

15 The transport of hazardous-constituent organic gases is accounted for in the no-
16 migration demonstration calculations.

17 The transport of hazardous-constituent organic gases generated in the disposal room is
18 simulated by BRAGFLO and is discussed in Section 8.2 of the NMVP.

19 S CR .2.4.5 Hazardous Constituent Transport Mechanisms

20 SCR.2.4.5.1 Advection

21 Advection of brine and gas is accounted for in the no-migration demonstration
22 calculations. The effects of unsaturated conditions in the repository and the Salado are
23 accounted for in no-migration demonstration calculations by the explicit treatment Of
24 two-phase flow.

25 Potentially, advection of hazardous constituents may occur through interconnected
26 porosity in the waste, the DRZ, and the shaft seals and panel closures. Advection in the
27 Salado could occur via interconnected porosity in the impure halite and anhydrite
28 interbeds that comprise its stratigraphy.

29 Under hydrologically unsaturated conditions arising from the presence of gas within the
30 repository, transport may be influenced by the degree of saturation, as well as by a
31 number of small-scale processes, such as those relating to wetting and capillarity. The
32 effects of unsaturated conditions in the repository and the Salado are accounted for in no-
33 migration demonstration calculations by the explicit treatment of two-phase flow.
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.I Advection is discussed further in Section 8.2 of the NMVP.

2 SCR.2.4.5.2 Diffusion

3 Diffusion of hazardous constituents is not included in no-migration demonstration
4 calculations on the basis of low consequence. Matrix diffusion is not included in no-
5 migration demonstration calculations on the basis of beneficial consequence to the
6 demonstration.

7 Diffusion of hazardous constituents may occur via porosity in the waste, DRZ, shaft
8 seals, and panel closures. Diffusion in the Salado may occur via porosity in the impure
9 halite and anhydrite interbeds that comprise its stratigraphy. Diffusion along

10 concentration gradients is assumed to be negligible, with respect to the uncertainties
I1I associated with the modeling of advective flow. Consequently, diffusion is not included
12 in no-migration demonstration calculations.

13 Matrix diffusion reduces hazardous-constituent concentrations in brine moving by
14 advective flow by allowing solutes to diffuse into pore spaces adjacent to fractures or into
15 dead-end pores away from the advective flow. The exclusion of matrix diffusion from
16 the no-migration demonstration calculations is, therefore, a conservative assumption, and

* 17 it is not included in no-migration demonstration calculations.

18 SCR.2.4.5.3 Thermochemical Transport Phenomena

19 The effects of thermochemical transport phenomena are not included in the no-migration
20 demonstration calculations on the basis of low consequence.

21 Calculations and experimental studies of induced temperature distributions within the
22 repository have been undertaken and are described in Section SCR.2.3. 1. In summary,
23 numerical analysis has shown that the average temperature increase in the WIPP
24 repository, due to radioactive decay of the emplaced CH- and RH-TRU waste, will be less
25 than 3 degrees in Farenheit (2 degrees in Celsius). Under certain circumstances,
26 temperature gradients can cause changes in concentration gradients without fluid flow
27 (the Soret effect). The limited spatial scale of this effect, the high temperature gradients
28 required, and the likely temperature distributions within the repository all suggest that the
29 Soret effect cannot affect system performance. Thus, the effects of thermochemical
30 transport phenomena are not included in the no-migration demonstration calculations.

31 SCR.2.4.5.4 Electrochemical Transport Phenomena

32 The effects of electrochemical reactions are not included in the no-migration
33 demonstration calculations on the basis of low consequence. The effects of galvanic.34 coupling and electrophoresis are not included in the no-migration demonstration
35 calculations on the basis of low probability.
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I This section discusses electrochemical transport phenomena, including galvanic coupling,
2 electrochemical reactions, and electrophoretic effects.

3 Potential gradients may exist in the subsurface as a result of groundwater flow and
4 electrochemical reactions. The development of such potentials may be associated with
5 the weathering of sulfide ore bodies, variations in rock properties at geological contacts,
6 bioelectric activity associated with organic matter, natural corrosion reactions, and
7 temperature and pressure gradients in groundwaters. With the exception of
8 mineralization potentials associated with metallic sulfide ores (see following paragraph),
9 the magnitude of such potentials is usually less than about 100 mV, and the potentials

10 tend to average to zero over distances on the order of several thousand feet (Telford et al.
11 1976). Temporary currents may be induced over larger distances by activity in the
12 ionosphere, thunderstorms, and nuclear blasts. The short duration and spasmodic nature
13 of these effects is such that they are not included in no-migration demonstration
14 calculations.

15 With regard to the WIPP, galvanic coupling refers to the establishment of electrical
16 potential gradients between metals in the waste form, canisters, and other metals external
17 to the waste form. Such electrochemical effects have the potential to influence corrosion
18 processes, gas generation rates, and chemical migration. Metals other than those in the
19 waste form and canisters can potentially include natural metallic ore bodies in the host
20 rock and metallic elements emplaced in other parts of the repository. The absence of
21 metallic sulfide ores in the region (Powers et al. 1978) allows galvanic coupling between
22 the waste and metals external to the repository to be eliminated from no-migration
23 demonstration calculations on the basis of low probability.

24 A range of metals will be present within the repository (e.g., waste metals and metal
25 packaging), and cells can be established over short distances. The precise interactions
26 that may occur are complex and depend on the metals involved, their physical I

27 characteristics, and the prevalling conditions. Good physical and electrical contact
28 between the metals involved is critical to the establishment of galvanic cells.
29 Experimental investigations suggest that good electrical contact is not likely to be
30 established under repository conditions (Telander and Westerman 1993). Consequently,
31 given the preponderance of iron over other metals within the repository and the likely
32 passivation of many nonferrous materials, the influence of these interactions on corrosion
33 reactions and gas generation is, therefore, not included in no-migration demonstration
34 calculations on the basis of low probability. Similarly, the effect of such cells on the

35 migration of hazardous constituents (e.g., by electrophoresis) is also not included in no-
36 migration demonstration calculations on the basis of low probability.

37 SCR.2.4.5.5 Physicochemical Transport Phenomena

38 Dilution is accounted for in the no-migration demonstration calculations via the
39 incorporation of hazardous-constituent transport processes. The effects of alpha-recoil
40 processes on hazardous constituent transport are not included in the no-migration
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@1 demonstration calculations on the basis of low consequence. The effects of enhanced
2 diffusion, geochemical mixing, and colloid generation at chemical gradients between
3 material boundaries are not included in the no-migration demonstration calculations on
4 the basis of low consequence. The effects of osmotic processes are not included in the
5 no-migration demonstration calculations on the basis of beneficial consequence to the
6 demonstration.

7 Physicochemnical transport phenomena discussed in this section are associated with
8 dilution, alpha-recoil, and chemical gradients. Such FEPs have the potential to influence
9 the transport of hazardous constituents.

10 Dilution

I1I Dilution of hazardous constituents in the disposal unit is a result of transport and is,
12 therefore, accounted for in no-migration demonstration calculations via the incorporation
13 of advection of hazardous constituents in aqueous form.

14 Alpha Recoil

15 During decay of certain radioactive constituents, alpha particles may be emitted with@ 16 sufficiently high energies that the daughter nuclide recoils appreciably to conserve system
17 momentum. The potential relevance of these alpha-recoil processes to the
18 demonstration lies in the energy imparted to the daughter nuclide, which can be great
19 enough to cause the nuclide to move a short distance through a crystal lattice. If it is
20 close enough to the surface of the crystal, it will be ejected into the surrounding
21 groundwater or transferred to an adjoining solid phase, potentially affecting the
22 dissolution and mobility of hazardous constituents.

23 The DOE considers the effects of the alpha-recoil processes on hazardous constituent
24 transport to be minor, and they are not included in the no-migration demonstration
25 calculations.

26 Chemical Gradients

27 The existence of chemical gradients within the disposal unit, induced naturally or
28 resulting from repository and waste emplacement, may influence the transport of
29 hazardous constituents in a number of ways. Such gradients may exist at the interfaces
30 between different repository materials and between repository and geological materials.
31 For example, distinct chemical regimes are likely to be established within the concrete
32 seals and the adjoining host rocks. Similarly, chemical gradients will exist between the
33 waste and the surrounding rocks of the Salado. Other chemical gradients may exist as a
34 result of the juxtaposition of relatively dilute groundwaters and brines or between@ 35 groundwaters with different chemistries.
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I A possible consequence of chemical gradients that occur at material boundaries is the
2 enhanced diffusion of materials. However, it is likely that the distance scales over
3 which such enhanced diffusion might occur will be small in comparison to the scale of
4 the disposal unit. Furthermore, a significant amount of diffusion across such interfaces
5 will tend to reduce the driving force for migration. Therefore, the effects of enhanced
6 diffusion across chemical gradients at material boundaries are not included in the no-
7 migration demonstration.

8 Other processes may be induced by the existence of chemical gradients at material
9 boundaries, including the formation or destabilization of colloids. The existence of

10 distinct interfaces between waters of different salinities (and therefore different
11 densities) may limit the mixing of the water bodies and affect flow and hazardous
12 constituent transport. Such effects are not included in no-migration demonstration
13 calculations on the basis of low consequence.

14 Under appropriate circumstances, osmotic processes may occur at interfaces between
15 waters of different salinities. Osmosis is the process by which water (or any other
16 solvent) diffuses through a semipermeable (or differentially permeable) membrane in
17 response to a concentration gradient. In geologic settings, osmotic processes can occur if
18 waters of different salinities and/or chemistries exist on either side of a particular
19 lithology (e.g., clay) or a lithological boundary that behaves as a semipermeable
20 membrane. At the WI1PP, clay layers within the Salado may act as semipermeable
21 membranes across which osmotic processes could occur.

22 In the absence of hydrological gradients across a semipermeable membrane, water will
23 move by osmosis from the more dilute water into the more saline water. However,
24 because of the nature of the membrane, the migration of dissolved-contamiinants across/
25 the interface may be restricted. The existence of a hydrological gradient across a
26 semipermeable membrane may enhance or oppose water movement by osmosis,
27 depending on its direction and magnitude. When advection dominates over osmosis and
28 reverse osmosis occurs, dissolved contaminants that cannot pass through the
29 semipermeable membrane may be advected towards the membrane and concentrated
30 along the interface. Thus, both osmosis and reverse osmosis can restrict the migration of
31 dissolved hazardous constituents and possibly lead to their concentration along interfaces
32 between different water bodies. These effects of osmotic processes are, therefore, not
33 included in no-migration demonstration calculations on the basis of beneficial
34 consequence to the demonstration.

35 SCR.3 HUMAN-INITIATED EVENTS AND PROCESSES

36 The discussion of human-initiated events and processes (EPs) in this section is divided
37 between (1) human-initiated events and processes that are currently taking place or that
38 have recently taken place within or outside the disposal unit, and (2) human-initiated EPs
39 that might take place in the future within or outside the disposal unit.
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@ 1I Recent and ongoing human-initiated EPs taking place within the disposal unit area are
2 essentially those associated with development of the WJPP repository. Recent and
3 ongoing human-initiated EPs taking place outside the disposal unit area include
4 potash mining and hydrocarbon exploration and extraction. Recent and ongoing
5 human-initiated EPs are of potential significance insofar as they could affect the
6 geological, hydrological, or geochemnical characteristics of the disposal unit and
7 disposal system.

8 *Future human-initiated EPs could result in direct intrusion into the disposal unit or
9 alteration of the geological, hydrological, or geochemnical characteristics of the

10 disposal system. Such EPs could potentially influence the transport of hazardous
I1I constituents within and outside the disposal unit.

12 The observational data obtained as part of the WIPP site characterization reflect any
13 effects that human-initiated EPs may have had up to the time of submission of this
14 NMVP. The DOE has determined that recent and ongoing human-initiated EPs outside
15 the disposal unit will not significantly affect the long-term simulation. The DOE has
16 documented the basis for this determination in this section for the events and processes of
17 potential concern.

@ 18 Human-initiated EPs that take place at or near the surface may potentially affect sub-
19 surface conditions by influencing the amount of infiltration and recharge in the region.
20 Such changes in recharge will not, however, affect conditions within the Salado. Surface
21 EPs are not included in no-migration demonstration calculations on the basis of low
22 consequence.

23 Human-initiated EPs that take place in the subsurface could potentially affect the Salado.
24 Outside the disposal unit, such subsurface EPs include recent and ongoing hydrocarbon
25 exploration and extraction, and potash mining. Inside the disposal unit there are no recent
26 or ongoing subsurface EPs other than those associated with the development of the WIPP.
27 Potential future subsurface EPs both outside and inside the disposal unit include those
28 types of EPs that have recently taken place in the vicinity of the WIPP (defined by the
29 DOE in this context as the Delaware Basin).

30 The following subsections are organized to be consistent with Table SCR-4.

31 SCR.3.1 Drilling

32 This section includes a discussion of the direct effects of drilling activities (SCR.3. 1. 1),
33 and of the effects of drilling-induced flow (SCR.3.l.2), fluid extraction (SCR.3.1.3), fluid
34 injection (SCR.3. 1.4), and borehole-induced solution and subsidence (SCR.3.l.5). The
35 section on drilling activities includes a discussion of potential reasons for future drilling. 36 both inside and outside the disposal unit. The remaining sections discuss only the
37 potential effects of drilling-related EPs taking place outside the disposal unit.
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1 S CR.3.1 .1 Drilling activities

2 The direct effects of drilling associated with water, potash, oil, and gas exploration and
3 production outside the disposal unit boundaries are not included in no-migration
4 demonstration calculations on the basis of low consequence. Drilling associated with
5 other resources and future drilling for water, potash, oil, and gas within the disposal unit
6 are not included in the demonstration on the basis of a low probability of occurrence.

7 This section discusses drilling activities that may result in direct releases of hazardous
8 constituents to the disposal unit boundary.

9 SCR.3.l.1.l Reasons for Drilling

10 Resource exploration and exploitation are the most common reasons for deep drilling in
I I the Delaware Basin and are the most likely incentives for drilling in the future. Potash
12 and oil and gas reserves are currently exploited in the vicinity of the disposal unit and
13 represent possible targets for future exploratory drilling. The McNutt Potash Zone, which
14 forms part of the Salado above the repository horizon, contains the only exploitable
15 potash resource. Potash is currently mined in the vicinity of the WIPP. Gas is extracted
16 from reservoirs in the Morrow Formation, some 14,000 ft (4,300 m) below the surface.
17 Oil is extracted from shallower units within the Delaware Mountain Group some
18 4,000-8,000 ft (1,220-2,440 m) below the surface. Other natural resources, such as
19 caliche and lithium, are not present in economically viable quantities in the vicinity of the
20 WIPP (Powers et al. 1978) and are unlikely to be exploited in the future.

21 Water is currently extracted from formations above the Salado as discussed in Section
22 2.2 of the NMVP. However, no potable groundwater is known to exist directly over the
23 waste panels, and drilling for groundwater will not affect the disposal unit.

24 Geothermal energy is not considered to be a potentially exploitable resource, because
25 economically attractive geothermal conditions do not exist in the northern Delaware
26 Basin.

27 Other activities that could require drilling include enhanced oil and gas production,
28 fluid disposal, oil and gas storage, and archeological investigations. Secondary and
29 tertiary oil and gas production techniques can involve the drilling of additional wells for
30 the injection of fluid to enhance recovery. As indicated by the New Mexico Bureau of
31 Mines and Mineral Resources (NMBMMR) in their 1995 report, secondary production
32 (waterflooding) is employed in the Delaware Basin, the nearest location to the WJPP site
33 being approximately 2 mi (3 kmn) from the disposal unit boundary.

34 The DOE has taken a number of steps to reduce the likelihood of human intrusion after
35 closure of the facility. The federal government owns the entire surface and subsurface
36 estate at the WJPP site, with the exception of a portion below 6,000 ft (1,830 m) that is
37 leased for oil and gas production. The DOE will notify all state and county planning,
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O1 Table SCR-4. Human-Initiated Events and Processes and Their Screening
2 Classifications

Screeuing Referenc
3 FEI' Classification AppendiSC

Section
R(-aet Future
& ngin Outside Inside

4 DRILLING 3.1
Drillin nrso 3.1.1

Oil & gas exploration SO-C SO-C SO-P
Potash exploration SO-C SO-C SO-P

Water resources exploration SO-C SO-C SO-P
Oil & gas exploitation SO-C SO-C SO-P
Groundwater exploitation SO-C SO-C SO-P
Enhanced oil & gas recovery SO-C SO-C SO-P
Oil & gas storage SO-C SO-C SO-P
Fluid disposal SO-C SO-C SO-P
Archeology NA SO-P SO-P
Geothermal NA SO-P SO-P
Other resources NA SO-P SO-P
Deliberate intrusion NA NA SO-P

Drilling-Induced Flow 3.1.2
Drilling fluid loss (e.g. thief zones) SO-C SO-C SO-P
Blowouts SO-C SO-C SO-P

Fluid Extraction 3.1.3
Oil & gas extraction SO-C SO-C SO-P
Water extraction SO-C SO-C SO-P

Fluid Injection 3.1.4
Enhanced oil and gas production SO-C SO-C SO-P
Hydraulic fracturing SO-C SO-C SO-P
Watefflooding SO-C SO-C SO-P
Liquid waste disposal SO-C SO-C SO-P
Hydrocarbon storage SO-C SO-C SO-P

Borehole-Induced Solution and Subsidence 3.1.5
Borehole-induced solution and subsidence SO-C SO-C SO-P

5 EXCAVATION ACTIVITIES 3.2
Moining 3.2.1

Potash mining SO-C SO-C SO-P
Excavation-Related Flow 3.2.2

Hydrological effects of potash mining SO-C SO-C SO-P
Geochemnical Effects of Excavations

Solution mining SO-C SO-C SO-P
Improper Design and Operation SO-P SO-P SO-P 3.3
Biosphere Alterations SO-C SO-C SO-C 3.4

6 Legend:

7 SO-C FEPs eliminated from the no-migration demonstration calculations on the basis of consequence.
8 SO-P FEPs eliminated from the no-migration demonstration calculations on the basis of low probability
9 NA Not applicable.

10 deed and record offices, oil and gas commissions, and other agencies to prevent access by
I1I unknowing parties. The DOE will also place permanent warning markers (see Appendix
12 PMR) at the site that will be implemented with a "defense in depth" approach ensuring

* 13 durability of the marker system and the ability to interpret messages. The DOE believes that
14 these measures will be effective in reducing the likelihood of drilling taking place within the
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I disposal unit so that future drilling for resources can be eliminated from consideration on the0
2 basis of a low probability of occurrence.

3 Drilling related to deliberate intrusions into the repository could take place in an attempt
4 to recover material at a future date. However, the DOE assumes that deliberate intrusion and
5 exploratory drilling for resources need not be considered in no-miigration demonstration
6 calculations.

7 SCR.3.1.l.2 Summary

8 Drilling associated with water, potash, oil, and gas exploration and production is currently
9 taking place outside the disposal unit in the Delaware Basin. The direct effects of these

10 activities and of future drilling outside the disposal unit are considered of low consequence.
I1I Future drilling inside the disposal unit is considered unlikely, because of the steps that the
12 DOE will take to mark the site and ensure that access is restricted.

13 Future drilling relating to deliberate intrusion into the disposal unit is not included in no-
14 migration demonstration calculations

15 SCR.3. 1.2 Drilling-Induced Flow

16 Hydrological disturbances resulting from drilling outside the disposal unit are not included /

17 in no-migration demonstration calculations on the basis of low consequence to the
18 demonstration and the peformance of the disposal unit.

19 Drilling associated with water, potash, oil, and gas exploration and production is currently
20 taking place outside the controlled area in the Delaware Basin. Hydrological disturbances
21 resulting from these activities (loss to "thief zones" or fluid flow from pressurized zones

22 encountered during drilling - "blow out") have not affected the disposal unit, and these
23 drilling-related EPs are not included in no-migration demonstration calculations on the basis
24 of low consequence.

25 S CR .3.1 .3 Fluid Extraction

26 The effects offluid extraction through boreholes outside the disposal unit are not included
27 in no-migration demonstration calculations on the basis of low consequence.

28 Water, oil, and gas production represent the only activities involving fluid extraction through
29 boreholes that currently take place in the vicinity of the WIPP.

30 Extraction of water from formations above the Salado outside the disposal unit could affect
31 groundwater flow. Water in the vicinity of the WIPP is currently routinely extracted outside
32 the disposal unit. This extraction does not affect the disposal unit and is not included in no-

33 migration demonstration calculations on the basis of low consequence.
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.1 The horizons that act as hydrocarbon reservoirs are sufficiently below the repository for
2 changes in fluid-flow patterns to be of low consequence. Also, hydrocarbon production
3 horizons in the Delaware Basin are well-lithified rigid strata, so hydrocarbon extraction is
4 not likely to result in compaction and subsidence (Brausch et al. 1982). Furthermore, the
5 plasticity of the salt formations in the Delaware Basin will limit the extent of any fracturing
6 caused by compaction of underlying units. Thus, neither the extraction of gas from
7 reservoirs in the Morrow Formation (some 14,000 ft [4,300 m] below the surface), nor
8 extraction of oil from the shallower units within the Delaware Mountain Group (some
9 4,000-8,000 ft [1,220-2,440 m] below the surface) will lead to compaction and subsidence.

10 Activities involving fluid extraction in the Delaware Basin are unlikely to affect the
11 characteristics of the disposal unit.

12 In summary, the effects of recent and ongoing fluid extraction through boreholes are not
13 included in no-migration demonstration calculations on the basis of low consequence to the
14 demonstration.

15 SCR.3.1.4 Fluid Injection

16 The effects offluid injection through boreholes outside the disposal unit are not included in
17 no-migration demonstration calculations on the basis of low consequence to theO 18 demonstration.

19 The injection of fluids could alter fluid-flow patterns in the target horizons or, if there is
20 accidental leakage through a borehole casing, in any other intersected hydraulically
21 conductive zone.

22 The only recent and ongoing activities involving fluid injection through boreholes in the
23 Delaware Basin are enhanced oil and gas production, reinjection of hydrocarbons for
24 storage purposes, and the disposal of liquid by-products from oil and gas production.

25 Hydraulic fracturing of oil- or gas-bearing units is currently used to improve the
26 performance of hydrocarbon reservoirs in the Delaware Basin. Fracturing is induced during
27 a short period of high-pressure fluid injection, resulting in increased hydraulic conductivity
28 near the borehole. Normally, this controlled fracturing is confined to the pay zone and is
29 unlikely to affect overlying strata.

30 Secondary production techniques, such as waterflooding, that are used to maintain reservoir
31 pressure and displace oil are currently employed in hydrocarbon reservoirs in the Delaware
32 Basin (see, for example, NMBMMR 1995). Reinjection of gas for storage currently takes
33 place in a depleted gas field in the Morrow Formation of the Delaware Basin (Burton et al.
34 1993). Such fluid injection results in repressurization of the depleted target reservoir and
35 mitigates any effects of fluid withdrawal.. 36 Activities involving fluid injection in the Delaware Basin are unlikely to affect the

37 characteristics of the disposal unit. Consequently, the effects of fluid injection through
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I boreholes outside the disposal unit are not included in no-migration demonstration0
2 calculations.

3 SCR.3.1.5 Borehole-Induced Solution and Subsidence

4 The effects of solution and subsidence around boreholes outside the disposal unit are not
5 included in no-migration demonstration calculations on the basis of low consequence to the
6 demonstration.

7 Boreholes represent potential pathways for the percolation of surface-derived water or
8 groundwater through low-permeability strata and into formations containing soluble
9 minerals. Large-scale dissolution through this mechanism could lead to subsidence and to

10 disruption of the disposal unit.

11 An example of dissolution and subsidence occurred about 100 mil (160 kin) southeast of the
12 WIPP site (outside the Delaware Basin) at the Wink Sink (Johnson 1987); percolation of
13 shallow groundwater through abandoned boreholes, dissolution of the Salado, and
14 subsidence of overlying units led to a surface collapse feature 360 ft (110 mn) in width and
15 110 ft (34 m) deep.

16 Three features are required for significant dissolution to occur through percolation of
17 freshwater through boreholes: a borehole, an energy gradient to drive freshwater downward
18 through underlying brines to the Salado, and a sink or conduit to allow migration of brine
19 away from the site of dissolution. Without these features, minor dissolution in the immediate
20 vicinity of a borehole could occur, but percolating water would become saturated and prevent
21 further dissolution.

22 At Wink Sink, the Salado is underlain by the Tansill, Yates, and Capitan Formations, which
23 contain vugs and solution cavities through which brine could migrate. Also, the hydraulic
24 head of the Santa Rosa (the uppermost aquifer) is greater than those of the deep aquifers
25 (Tansill, Yates, and Capitan Formations), suggesting downward flow if a connection were
26 established.

27 The size of the dissolution cavity that caused Wink Sink is not known, but the size of the
28 surface hollow suggests that, of existing boreholes that penetrate below repository depth near
29 the WIPP, only ERDA-9 is close enough to the repository to be of concern. Sealing of WIPP
30 investigation boreholes is discussed in Chapter 3 of the NMVP. Boreholes outside the
31 disposal unit are sealed in compliance with State of New Mexico rules (New Mexico Oil
32 Conservation Division 1988). However, corrosion of the well casing over the long term
33 could allow percolation of surface-derived and shallow-formnation waters into the borehole.
34 Even if extensive seals are emplaced, casing corrosion could still allow a flow path to
35 develop in strata where salt creep is not active.

36 In the vicinity of the WIPP, the Salado is underlain by the Castile and the Bell Canyon
37 formations. Beauheim (1986) examined hydraulic heads measured using drill stem tests in
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@1 the Bell Canyon and the Culebra at well DOE-2 (location shown in Figure 2-27 of Chapter 2
2 of the NMVP) and concluded that the direction of flow in a cased borehole open only to the
3 Bell Canyon and the Culebra would be upward. However, dissolution of halite in the Castile
4 and the Salado would increase the relative density of the fluid in an open borehole, causing
5 a reduction in the rate of upward flow. Potentially, the direction of borehole fluid flow could
6 reverse, but such a flow could be sustained only if sufficient driving pressure, porosity, and
7 permeability exist for fluid to flow laterally within the Bell Canyon. A further potential sink
8 for Salado-derived brine is the Capitan Limestone. However, the subsurface extent of the
9 Capitan Reef is approximately 10 mi (16 kmn) from the WIPP at its closest point, and this unit

10 will not provide a sink for brine derived from boreholes in the vicinity of the disposal unit.
11 A similar screening argument is made for natural deep dissolution in the vicinity of the WTPP
12 (see Section SCR.l.l.5.l.).

13 SCR.3.2 Excavation Activities

14 This section includes a discussion of the direct effects of mining activities (SCR.3.2. 1), of
15 the effects of mining-induced flow (SCR.3.2.2), and the geochemnical effects of mining
16 (SCR.3.2.3). The section on mining activities includes a discussion of potential reasons for
17 future mining both inside and outside the disposal unit and determnines that future mining
18 within the disposal unit is unlikely. The remaining sections, therefore, discuss only the@ 19 potential effects of EPs taking place outside the disposal unit.

20 SCR.3.2.1 Mining

21 The direct effects of potash mining outside the disposal unit are not included on the basis of
22 low consequence. Mining for other resources and future potash mining within the disposal
23 unit are not included in the demonstration on the basis of a low probability of occurrence.

24 Potash is the only known economically viable resource at the WIIPP site that is recovered by
25 mining. Potash is mined extensively in the region east of Carlsbad and up to 3.1 mi (5 kin)
26 from the boundaries of the disposal unit. Future potash mining inside the disposal unit is
27 considered unlikely, because of the steps that the DOE will take to mark the site and ensure
28 that access is restricted.

29 Additionally, any mining for potash that does take place either outside or within the disposal
30 unit will be within the McNutt Potash Zone that is at least 490 ft (150 m) above the
31 repository horizon. Hydraulic studies suggest that migration will be constrained to anhydrite
32 marker beds close to the repository horizon and much lower than the McNutt Potash Zone.

33 SCR.3.2.2 Excavation-Related Flow

34 The hydrological effects of excavation activities outside the disposal unit are not included. 35 in no-migration demonstration calculations on the basis of low consequence to the
Is 36 demonstration.
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I Excavation activities may result in hydrological disturbances of the disposal system. In
2 particular, subsidence associated with excavations may affect groundwater flow patterns by
3 providing pathways for increased recharge or discharge (through increased conductivity
4 within or between units).

5 Potash is the only known economically viable resource at the WIEPP site that is recovered by
6 mining, and it is extracted from horizons stratigraphically above the repository horizon.
7 Subsidence above potash mines may, therefore, have hydrological effects on the overlying
8 Rustler, but will not affect the disposal unit. Thus, the hydrological effects of mining are not
9 included in no-migration demonstration calculations.

10 SCR.3.2.3 Geochemical Effects of Excavations

11 The geochemical effects of excavation activities outside the disposal unit are not included
12 in no-migration demonstration calculations on the basis of low consequence to the
13 demonstration.

14 Fluid flow associated with excavation activities may result in geochemnical disturbances of
15 the disposal system.

16 Potash is the only known economically viable resource at the WIPP site that is recovered by
17 mining. Solution mining, which involves the injection of fresh water to dissolve the ore
18 body, may be used for extracting sylvite. The lack of fresh water has resulted in limited use
19 of this mining technique in the vicinity of the WIPP site. However, some waters from the
20 Culebra reflect the influence of potash mining activities, having elevated potassium to
21 sodium ratios, although this has had no significant effect on the geochemnical characteristics
22 of the disposal unit. Thus, the geochemnical effects of mining are not included in no-
23 migration demonstration calculations.

24 SCR.3.3 Improper Design and Operation

25 The effects of improper design and operation are not included in the no-migration
26 demonstration calculations on the basis of low probability.

27 All portions of the facility design, construction, and operation have been and will be carried
28 out under a strict QA Program (Chapter 7 of the NMVP). The WIPP QA Program meets the
29 federally-mandated requirement of a nuclear facility QA Program. In view of the
30 documented enforcement of the QA Program, it is considered unlikely that any aspect of the
31 design or operation could impact the integrity of the disposal unit.

32 SCR.3.4 Biosphere Alterations

33 The effects of biosphere alterations are not included in the no-migration demonstration
34 calculations on the basis of low consequence.
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@1 Upon final closure, the WIPP facility will be completely sealed from the biosphere. No
2 alterations in the biosphere are expected to occur from the WIPP facililty.
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* Preface

This is the eleventh Annual Site Environmental Report (ASER), documenting the progress of

environmental programs at the U.S. Department of Energy (DOE) Waste Isolation Pilot Plant

(WIPP).

Although the cancellation of the Test Phase, during 1993, was a significant change in work scope

for the WIPP, there are still numerous environmental monitoring and reporting activities that must

be performed as a routine part of daily operations. These activities, and the WIPP's ability to

demonstrate compliance with both state and federal environmental compliance requirements, are

documented in this report.

This report is a compilation and summarization of environmental data collected at the WIPP site

during the calendar year 1994. Should a reader of this report desire to obtain copies of the raw data

used to generate this document, please write the U.S. Department of Energy, Manager of the

Environment, Safety and Health Department, at P.O. Box 3090, Carlsbad, NM 88221.
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Chapter 1

*Executive Summary

The U.S. Department of Energy (DOE) Order 5400.1 General Environmental Protection Program,

requires each DOE facility that conducts significant environmental protection programs to prepare an

Annual Site Environmental Report (ASER). The purpose of the ASER is to summarize

environmental data in order to characterize site environmental management performance, to confirm

compliance with environmental standards and requirements, and to highlight significant programs

and efforts. This ASER not only documents the required data, it also documents new and continued

monitoring and compliance activities during the 1994 calendar year.

Data contained in this report are derived from those monitoring programs directed by the Waste

Isolation Pilot Plant (WIPP) Environmental Monitoring Plan (ENTl) (DOEIWIEPP 94-024). The

EMP defines a comprehensive set of parameters that must be monitored to detect potential impacts

to the environment and to establish baseline measurements for future environmental evaluations.

Surface water, groundwater, air, soil, and biotics are monitored for radiological and nonradiological

activity levels. The baseline radiological surveillance program covers the broader geographic area

that encompasses nearby ranches, villages, and cities. Nonradiological studies focus on the area

* immediately surrounding the WIPP site.

To date, the WIEPP is still in a preoperational phase. As a result, certain operational requirements

specified in DOE Order 5400. 1 and in the Environmental Regulatory Guide for Radiological Effluent

Monitoring and Environmental Surveillance (DOEIEH-0173T) are not yet applicable. This report

does not address programs and activities that will be developed to meet future (operational)

requirements such as radionuclide emissions and effluents and respective impacts upon the public

and the environment.

1.1 Compliance Sulmmary

A summary of significant compliance-related activities at the WIPP during Calendar Year (CY)

1994 is presented in this chapter. Chapter 3 will address environamental statutes and executive

orders. These important statutes and orders will be comprehensively discussed in terms of

compliance status, significant issues, actions, and accomplishments specific to WIPP.

On January 13, 1994, the DOE recommended that the New Mexico Environmental Department

(NMED) allow the DOE to modify the Resource Conservation and Recovery Act (RCRA) permit
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1.1 Compliance SUMMary (continued)

application to reflect disposal rather than test-phase operations. On September 2, 1994, the NMED
rescinded the draft permit issued in August 1993 and ordered the submittal
of a revised permit application due May 31, 1995. As of January 1995, the DOE has submitted
nine chapters to NMED for review.

The No-Migration Determination Annual Report for the Period of September 1993 through

August 1994 (DOE/WIPP 94-2029) was submitted to the Environmental Protection Agency (EPA)

Region VI, and to EPA Headquarters on November 14, 1994. This report was prepared to satisfy

the annual reporting requirements contained in the Conditional No-Migration Determination for the

U.S. Department of Energy Waste Isolation Pilot Plant (NMD), published in the Federal Register on

November 14, 1990. Although the NMD was written specifically for the WIPP test phase,

compliance conditions mandated by the first WIPP NMD will continue until issuance of a Disposal

Phase NMD. A Disposal Phase No-Migration Variance Petition is being developed, based on waste

characterization data and applicable modeling results. It is expected to be submitted to the EPA in

CY 96.

The Land Withdrawal Act (LWA), Section 8, requires the DOE to submit to EPA an application for

certification of compliance with EPA's final disposal regulations. The EPA finalized disposal

regulations (40 CFR 191) in December of 1993. Currently, the EPA is developing criteria for

certifying compliance with these regulations. After EPA has finalized the compliance criteria, a

compliance certification application, in accordance with the mandates of the WIPP LWA, will be

developed.

1.1.1 The No-Migration Variance Petition

In 1984, Congress enacted the Hazardous and Solid Waste Amendments (HSWA) to the RCRA

which established, in Sections 3004(d) through (n), a stringent regulatory program to prohibit the

land disposal of hazardous waste unless: (1) the waste is treated to meet treatment standards or

other requirements established by the EPA under Section 3004 (n), or (2) the EPA determines that

the Land Disposal Restrictions (LDR) are not applicable in order to protect human health and the

environment. With respect to the second condition, if it can be demonstrated, ". . . to a reasonable

degree of certainty that there will be no migration of hazardous constituents from the disposal unit

*... for as long as the wastes remain hazardous," a No-Migration Variance Petition (NMVP) is

1-2
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*1. 1.1 The No-Migration Variance Petition (continued)

submitted to the EPA, and upon approval by the EPA, a no-migration variance may be granted

according to the requirements of 40 CFR Section 268.6.

The WJPP facility qualifies as a land disposal unit under the following definition in 40 CFR Section

268.2:

.Land disposal" means placement in or on the land and includes . .. placement

in a landfill, surface impoundment, waste pile, injection well, land treatment

facility, salt dome formation, salt bed formation, underground mine or cave, or

concrete vault or bunker intended for disposal purposes [emphasis added].-

Pursuant to the provisions of 40 CFR Section 268.6, the DOE submitted an NMVP for the WIPP

facility in March 1989 and a revision in 1990. A final No-Migration Determination (NMD) was

granted by the EPA in November 1990. The NMD allows the DOE to emplace a limited quantity

of untreated transuranic (TRU)-mixed waste in the WIPP facility for the purpose of testing. In

order to proceed with the disposal phase, the DOE must seek another variance from the EPA for

W permanent disposal of TRU-inixed waste.

The disposal-phase NMVP is currently being developed and will be submitted to the EPA in phases.

The Draft NMVP will address a no-migration demonstration for disposal operations and is scheduled

for submittal to the EPA in May 1995. The Final NMVP is the long-term (post closure) portion

and is scheduled for submittal to EPA in June 1996.

1.1.2 NEPA Annual Mlitigation Report

The 1994 Annual Mitigation Report for the Waste Isolation Pilot Plant (NE7PA ID# WIP:94:0001)

was issued July 1994 in accordance with the requirement of DOE Order 5440. 1E National

Environmental Policy Act Compliance Program. This Order fuirther requires DOE facilities to

"track and report annually to Eli-1 the progress made in implementing and the effectiveness of any

mitigation action plan ... until mitigation is completed."

1-3
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1.1.3 SARA Title III Emergency and Hazardous Chemical Inventory

On February 9, 1994, the WIPP submitted the Emergency and Hazardous Chemical Inventory

Report for CY 1993 to the New Mexico State Emergency Response Commission, the Eddy County

Local Emergency Planning Committee, and the local fire department with jurisdiction

over the WIPP site, as required by Section 312 of the Superfwzd Amendments and Reauthorization

Act (SARA) Title III. In March 1994, the WIPP submitted the Emergency and Hazardous Chemical

Inventory Report for CY 1993 to appropriate organizations.

1.1.4 New Mexico Air Quality Permit 310-M-2

On February 26, 1994, the WIPP completed the emission monitoring requirements established in the

New Mexico Air Quality Permit 310-M-2. With the submittal of the Final Compliance Sampling

Report on March 28, 1994, the DOE has fulfilled all monitoring and reporting requirements

identified in the permit.

1.1.5 Environmental Leadership Program

On September 21, 1994, the WIPP submitted a proposal application to the EPA's Environmental

Leadership Program. The purpose of the program is to recognize and reward facilities that have

developed innovative environmental management systems. From the pool of proposal applications,

three to five pilot projects are selected.

1.1.6 Biennial Environmental Compliance Report

In October 1994, the DOE submitted the Biennial Environmental Compliance Report (BECR) to the

EPA Region VI Office, and to the NMED. The submittal of this report was mandated in section

9(a)(2) of the WIPP LWA. The BECR documents WIPP's compliance with applicable federal and

state laws, regulations, and permit conditions pertaining to public health and safety or the

environment.

1.1.7 NEPA Tranig

A new computer-based National Environmental Policy Act (NEPA) training module was released in

December 1994. This program provides to trainees, current NEPA guidelines in the plIng

coordination, and performance of work.0

1-4
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. 1.1.8 Environmental Compliance Assessments

During 1994, 21 environmental compliance assessments were conducted. Many improvements were

identified and implemented as a result of these assessments. Some of the assessed areas included:

RCRA Training; Satellite Accumulation Areas; Equipment Inspections, New Mexico Special Waste;

Occupational, Safety, and Health Administration (OSHA) Bloodborne Pathogens; Diesel Generator

Permit; HAZMAT Inventories; Waste Characterization; Construction and Demolition Landfill;

Hazardous Waste Generator Requirements; and New Mexico Discharge Plan and Water Supply

Regulations.

1.2 Environmental Monitoring Program Information

In 1975, efforts to establish site characterization and environmental baseline measurements at the

WIPP were initiated. These baseline measurements continue to be maintained on radiological and

nonradiological databases. When the WIPP becomes operational, these baseline measurements will

be transitioned to the "operational phase" and will be constantly monitored throughout the life of the

project.-

. 1.2.1 Environmental Monitoring Plan

The WIPP's EMP provides schedules and guidelines for-monitoring a comprehensive set of

parameters to detect and quantify present or potential environmental impacts, both nonradiologically

and radiologically, Nonradiological surveillance covers the immediate area surrounding the WIPP

site. Radiological surveillance covers a broader geographic area that includes nearby ranches,

villages, and cities. Both nonradiological and radiological parameters involve sampling activities.

Sampling activities conducted during CY 1994 were performed at the monitoring locations

established by the EMND. Monitoring parameters may need to be modified from time-to-time to

ensure a technically sound program. Environmental Monitoring will continue at the WILPP site

during project operations and throughout decommissioning activities.

1.3 Environmental Radiological Program Information

The following presents monitoring topics for the subprograms of the EMP. These subprograms are

consistent with policies established in the Environmental Regulatory Guide for Radiological Effluent. Monitoring and Environmental Surveillance, (DOEIEH-0173T).

1-5
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1.3 Environmental Radiological Program information (continued)

DOE Order 5400.1 requires that a radiological baseline be established during the preoperational

phase. Once a radiological baseline has been established, applicable radiological sampling programs

can be maintained or can be modified to improve sampling efficiency. As radiological sampling

protocol evolves to reflect program requirements (e.g., DOE Orders, EPA directives), the

continuation of baseline sampling is necessary to provide adequate and timely measurements prior to

waste receipt. As specifically outlined in the EMP, five subprograms are being conducted to

document the background levels of potential radionuclide pathways leading from the WIPP to the

environment and the public. These five subprograms are presented in the Statistical Summary of the

Radiological Baseline Program (RBP) for the Waste Isolation Pilot Plan (DOE/WIPP 92-037).

1.3.1 Airborne Particulate and Effluent Monitoring

The WIPP began sampling airborne aerosol particulates in 1985 and this sampling activity continues

to be an important subprogram of the EMP. The Final Saety Analysis Report (FSAR) (DOE, 1990)

identifies the atmosphere pathway as the most credible exposure pathway for the public to radiation.

To monitor this pathway, particulate aerosol samplers continuously operated at eight locations during

1994; three, within 1000 meters of the facility boundary; four, at local ranches and communities;

and one, at a sample control site. On November 2, 1994, the sample location situated in Eunice,

New Mexico, was evaluated and determined to be of no added value because its location on the roof

of the Eunice City Hall exceeded the height recommendations for sampler configuration, and

additionally, presented a personnel safety hazard. Accordingly, it was decommissioned.

The continuous aerosol samplers presently being used to collect particulates maintain a regulated

flow rate of .057 cubic meters per minute (approximately two cubic feet per minute) of air through

a 47-millimeter (1.9 inch) fiber filter. Particulate filters are collected weekly at all locations and

counted at the WLPP Site Low-Level Counting Laboratory (LLCL). Samples are fur-ther analyzed at

an off site contract analytical laboratory (see Table 5-1 for contract lab preliminary results). The

weekly filters are counted for gross alpha and beta activity. The data are then grouped into 13-week

segments or calendar quarters and are presented as a calculated quarterly average. Table 5-1 lists

the quarterly alpha and beta concentrations for each sampling location.

1-6
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* 1.3.2 Soil Sampling

Soil Samples were collected and analyzed in accordance with applicable guidance (e.g. DOE

EH/0173T) and sampling procedures. Results from the radiological analysis of subject samples are

provided in Chapter 5, Environmental Radioactivity Monitoring. Chapter 6, Environmental

Nonradiological Program Information, contains results from nonradiological analysis.

1.3.3 Groundwater

Groundwater surveillance activities during CY94 consisted of two separate programs: Groundwater

Quality Sampling and Groundwater Level Surveillance Measurements. Groundwater quality samples

were gathered from nine well locations completed in the Culebra dolomite. Groundwater level

surveillance measurements were recorded at 58 well bores. During CY 1994, seven new monitoring

wells were drilled; six, in the Culebra dolomite; and one, into the Dewey Lake. Results pertaining

to groundwater sampling activities are provided in Chapter 7, Groundwater Surveillance.

1.3.4 Surface Water and Sediment Sampling

Surface water was collected at 12 locations with concurrent sediment samples taken at 10. Analysis

revealed no unusual levels of background radioactivity. Discussions pertaining to surface water and

sedimnent sampling are provided in Chapter 5, Environmental Radiological Program Information.

1.3.5 Game Animals and Fish Samples

Because of profound drought conditions during CY 1994, quail and rabbit populations were

drastically low. Quail sampling was postponed until the population increases to the capacity that

sampling will not adversely affect population status. Sampling of rabbits was restricted to only two

individual road kills. Mule Deer, killed by automobile strikes, were also sampled.

Discussions pertaining to the radiological analysis of game animals and fish are presented in Chapter

5, Environmental Radiological Program Information. Results from the laboratory analysis of tissue

is contained in Appendix A Radiological Sample Analysis for Calendar Year 1994.

1-7
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1.4 Nonradiological Environmental Monitoring Information

Nonradiological environmental surveillance was also conducted in accordance with the EMVP. This
program was preceded by the WILPP Biology Program (1975-1982). An extensive baseline of
information describing the major components of the Los Medaftos ecosystem, prior to the initiation
of the WIPP site construction activities, was developed. Six universities participated in the initiation

of the characterization and baseline surveillance programs.

A significant portion of the nonradiological surveillance documented the effect fugitive salt dust
generated by the surface stockpiling activities has on the surrounding ecosystem see (Reith, et al.,

1985). This study is described in the Summar'y of the Salt Impact Studies at the Waste Isolation
Pilot Plant 1984 to 1990 (DOE/WIPP 92-038).

1.4.1 Land Management

On July 19, 1994, in response to the LWA, a new Memorandum of Understanding (MOU) between

the U.S. Department of the Interior Bureau of Land Management (BLM) and the DOE was

finalized. This MOU outlines the responsibilities of each agency with regard to land use
management for the withdrawal area. The MOU also provides an additional mechanism to protectV

the withdrawal area from unallowable or inadvertent uses.

In August 1994, the DOE issued the Waste Isolation Pilot Plant Land Management Implementation

Plan (LMJIP) (DOE/WIPP 94-026). The need for a comprehensive, "living" land management
document for the WIPP was identified in the 1993 Waste Isolation Pilot Plant Land Management A'

Plan. The Land Management Plan (LMP) was submitted to Congress in accordance with

requirements contained in the LWA, on October 30, 1993. The LMIP encourages direct
communication among stakeholders, including federal and state agencies involved in managing the

resources within, or activities impacting the areas adjacent to, the WIPP land withdrawal area. The
LMIP focuses on management protocol related to the following issues: execution of the plan;

environmental compliance; emergency management; industrial safety; maintenance and work

control; minerals/oil and gas; reclamation; cultural resources; access/rights-of-way; recreation;

security; wildlife; and grazing.
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* 1.4.2 Meteorology

The WI-PP Nonradiological Environmental Surveillance (NES) includes a primary meteorological

(MET) station that provides support for various programs at the WIPP. The primary function of

the MET is to generate data to model atmospheric conditions for Radiological Environmental

Surveillance (RES). The station records standard meteorological measurements for wind speed,

wind direction, and temperatures at a radius of 3, 10, and 40 meters (10, 30, and 130-feet

respectively) with dew point and precipitation monitored at ground level. These parameters are

measured continuously, and the data are logged, at fifteen minute intervals, in the Central

Monitoring System (CMS).

In 1994, the annual rate of precipitation at the WIPP site was 16.58 cmn (6.53 inches), which is 7.29

cmn (2.87 inches) below last year's rate. The annual precipitation for 1994 was 31 percent less

moisture than that recorded for 1993 and 74 percent less moisture than recorded for 1992, indicating

drought conditions.

The wind direction at the WIPP site is predominately from the southeast. In CY 1994, the data

* collected on wind direction in the WIPP area were consistent with data previously collected on wind

direction in the same area. Discussions pertaining to meteorological monitoring are contained in

Chapter 6, Environmental Nonradiological Program Information, pages 6-2 and 6-3.

1.4.3 Air Quality Monitoring

Seven pollutant gases were monitored at the WIPP site on a continuous basis. These gases are

sulfur dioxide (SO2), carbon monoxide (CO), ozone (03), hydrogen sulfide (H2S),

nitrous oxide (NO), nitrogen dioxide (NO2), and oxides of nitrogen (NO). In addition, weekly

measurements of Total Suspended Particulates (TSP) were collected by the low-volume continuous

air sampler at the far-field air sampling location.

On October 30, 1994, per DOE notification and subsequent approval, the monitoring of ambient

levels of noxious gas emissions at the WIPP Ambient Air Monitoring Station (AMS) was

discontinued because no compliance related driver exists.

1.4.4 Wildlife Population Monitoring

Population density measurements of various species of wildlife are performed annually to assess

the effects of the WIPP's activities on transient and resident wildlife populations.

1-9
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1.4.4.1 Bird Densities

Prior to 1994, distribution patterns of species living between the WIPP transects and the control

transects remained constant, with the most significant changes occurring near the facility. It was

speculated that more abundant food (i.e., insects drawn to the lights of the facility) and greater

habitat diversity accounted for the increase in the number of species near the WIPP transects,

compared to those of the control transects. Insect-dependant species such as barn swallows, ash-

throated flycatchers, and king birds were the prominent species on the increase in the immediate

vicinity of the facility. Rock doves, the common city pigeon, have been observed around the WIPP

site. During 1994, investigations into population densities of transient species were postponed

pending reassessment of the value added to baseline appraisals. Resident species (i.e. quail) are

currently being considered for more specialized evaluations as they are considered non-migratory

and are sampled annually as radiological sentinels.

1.4.4.2 Snmai Nocturnal Mammal Population Densities

Reports of the presence of the Hantavirus in West Texas and other neighboring states prompted the

suspension of small nocturnal mammal population studies, pending the collection of evidence to

ascertain the status (presence or absence) of the Hantavirus in local populations of small mammals.

Midway through the census period of CY 1993, reported outbreaks of the virus in New Mexico and

every state bordering New Mexico occurred. The primary pathogen for the disease is a virus

endemic in particular populations of mice common to the genus Peromyscus (e.g. Brush Mice,

Cactus Mice, Deer Mice). To assess the small mammals near the WIPP for the presence of the

pathogen, staff from the Environmental Monitoring section of the WIPP attended training seminars

conducted by the Centers for Disease Control (CDC). The training provided instruction regarding

the appropriate protocol for Hantavirus sampling. Subsequently, an appraisal was conducted.

Trapping and blood collection was performed in accordance with CDC recommended protocol.

Results from the CDC indicate the Hantavirus was not detected in the WIPP samples.

1.4.5 Vegetation Monitoring

The CY 1994 ecological -vegetation monitoring was postponed because the data indicated negligible

effects of salt tailings on the peripheral environment. A pattern was observed from the 1989-1992

data which was repeated in the 1993 data. The pattern confirm an increased progression in shrub

cover near salt tailings. This increase is a result of the colonization of more saline-tolerant species
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*1.4.5 Vegetation Monitoring (continued)

(e.g. 4-winged saitbush) in close proximity to the salt piles. Cursory observations of peripheral

effects resulting from salt-induced physiological stress near the salt tailings was not observed during

1993 or 1994. Responses of these piots to seasonal precipitation rates should reveal whether this

pattern is reflecting the beginning of significant changes in the structure of the plant community or

whether it is only a short-term effect caused by seasonal conditions. Abnormally dry conditions

during CY 1994 (Figure 6-1) prohibited any validation of assumptions regarding repercussions of

salt migration from the tailings piles into the adjacent environment.

1.4.6 Raptor Research and Management Program

The 1994 field season culminated a three year program reorganization regarding investigations into

the life history, ecology and impact of human-related activities on transient and resident raptor

populations occupying the Los Medaflos. Nest locations of the hawks were identified and

approximated with Loran navigators. Nestlings, if present, were banded with U.S. Fish and

Wildlife Service (USFWS) bands. Additionally, Harris' Hawks were banded with anodized

aluminum bands inscribed with unique alphanumeric codes. These bands afforded biologists the

ability to identify entities within groups, while conducting inquiries into the territorial demeanor of

the species. In accordance with commitments in existing MOUs and Interagency Agreements,

research results have been transmitted to the local BLM for consideration in land use decisions.

1.4.7 Reclamation of Disturbed Lands

Reclamation activities during CY 1994 consisted of the decommissioning of numerous fenced areas

that had been constructed for site characterization studies in the late 1970s. In addition to the

exclosures, re-bar that had been emplaced within these study areas to delineate sampling points was

removed to alleviate safety hazards to personnel and livestock. Problem areas (e.g. drainages,

eroded slopes, etc.) in existing reclamation sites received additional stabilization that included

seeding and straw mulching.

1.5 Quality Assurance

Programs described in this document adhere to policies set forth by federal Quality Assurance (QA)

__regulations including: American Society of Mechanical Engineers (ASME) NQA-1, Quality

Assurance Program (QAP) Requirements for Nuclear Facilities (ASME, 1989) and EPA,
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1.5 Quality Assurance (continued)

QAMS-005/80, Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans I

(EPA, 1980), and fulfills the requirements of the QA plans specified in DOE Orders 5400.1 (DOE,

1988d), 5400.3 (DOE, 1988e), 5700.6C (DOE, 1991) and the Environmental Regulatory Guide for

Radiological Effluent Monitoring and Environmental Surveillance (DOEIEH-0173T).
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Chapter 2
Introduction

This 1994 Annual Site Environmental Report (ASER) is prepared in accordance with the guidance

contained in the 1990 DOE Order 5400. 1, General Environmental Protection Program; DOE/WIPP

9 1-054, Environmental Protection Implementation Plan, and DOE/EH-0173T, Environmental

Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance. The above

orders and guidance documents require that, DOE facilities submit an ASER to DOE Headquarters,

Office of the Assistant Secretary for Environment, Safety and Health.

The ASER provides a comprehensive description of operational environmental monitoring activities

at the WIPP during CY 1994. This report also discusses the Quality Assurance (QA) and Quality

Control (QC) programs, which ensure that samples collected and the analytical data obtained are

representative of actual conditions at the WIPP site. The requirements and goals driving these

activities are more fully described in the Environmental Monitoring Plan for the Waste Isolation

Pilot Plant (DOEIWIPP 94-024).

The Environmental Monitoring Plan (EMP) was drafted in accordance with the guidelines contained

in the General Environmental Protection Program (DOE Order 5400. 1). The EMP defines the

* scope and extent of the WIPP Environmental Monitoring Programs and ensures that all appropriate

W sampling efforts are in place to generate the following: (1) The amount and type of naturally

occurring radioactivity in the WIPP area prior to operational status. This quantitative data will

support comparisons between preoperational and operational environmental conditions, once the

WIPP site is operating as a waste repository for TRU waste. (2) A comparison between

preoperational and operational radiological emissions, once the WIPP site is operating as a waste

repository for TRU waste. Since waste has not yet been received, certain elements of DOE Order

5400.1 are not relevant to the WIPP Environmental Monitoring Program (i.e., no discussion is

included in this report of radionuclide emissions with subsequent calculation of doses to the public).

The EMIP is reviewed annually and updated every three years, as required by DOE Order 5400. 1.

The revisions/updates address general changes, improvements, and enhancements to be implemented

based upon the data generated from the monitoring Programs.

2.1 Description of the WIEPP Project

The WIPP project is authorized by the DOE, National Security, and Military Applications of

Nuclear Energy Authorization Act of 1980 (i.e., Public Law 96-164). The legislative mandate is to

demonstrate the safe disposal of transuranic wastes resulting from national defense activities and

W programs. To fulfill this mandate, the WIPP has been designed to scientifically investigate:
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2.1 Description of the WIPP Project (continued)

(1) the behavior of bedded salt and the interactions between the salt and radioactive wastes and (2)
to demonstrate safe and efficient handling, transport, and emplacement of transuranic (TRU) waste
in a fully operational disposal site.

The first radioactive wastes will be emplaced once permitting activities are completed. Subsequent
to successful permit completion, the WIPP site will be designated as an operational facility. TRU
wastes will then be transported from generator/storage sites throughout the United States to the
WIPP site.

The TRU waste received from the generator sites will be transported to the WIPP site via
tractor-trailer trucks. Each truck can carry up to three TRU Package Transporters (TRUPACT Uls),
and each transporter may contain fourteen 55-gallon drums or two standard waste boxes. The
TRUPACT 11 is a durable, reusable container that has been certified by the Nuclear Regulatory
Commission (NRC) to transport contact-handled (waste containers that can be handled without
shielding) transuranic waste to the WIPP.

Once TRU wastes have arrived at the WIPP, they are transported into the Waste Handling Building.

The waste containers will be removed from the TRUPACT [Hs, placed on the waste hoist, and

lowered to the repository level of 655 m (2150 feet) below the surface. During the disposal phase,W

waste drums will be removed from the hoist and emplaced in excavated storage rooms in the Salado

formation, a thick sequence of salt beds deposited approximately 250 million years ago in the
Permian Age. After the disposal areas have been filled, specially designed closures will be placed

in the excavated disposal rooms and seals will be placed in the shafts. The self-healing nature of the

salt formation will aid in gradual closure causing encapsulation and isolation of the waste within the

Salado formation.

During site operations, the underground area will be ventilated with ambient air that enters the Air

Intake Shaft, the Salt Handling Shaft, the Waste Handling Shaft, and exits through the Exhaust

Shaft. in the event of an underground accident involving radioactivity, exhaust air can be circulated

at a reduced flow rate through the Exhaust Filter Building. This building contains banks of High

Efficiency particulate Air (HEPA) filters that remove contaminated particulates.
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2.2 Description of the Environment and Lands

The WIPP site is located in Eddy County in southeastern New Mexico (Figure 2-1, page 2-5). The

WIPP site is 40 kilometers (26 miles) east of Carlsbad, New Mexico, in an area known as the Los

Medafios (the dunes). The unique diversity of plant and animal communities is representative of the

convergence between the northern region of the Chihuahuan Desert and the Llano Estacado (staked

plains). The majority of the lands outside the WIPP site boundary, are managed under the

jurisdiction of the U.S. Department of the Interior's (DOI) Bureau of Land Management (BLM)

Carlsbad Resource Area (CRA) local office. Land uses in the surrounding areas include livestock

grazing, potash mining, oil and natural gas production, and recreational uses. Recreational uses

include hunting, trapping, birdwatching and other uses as permitted by the BLM.

The WIPP site boundary extends at least 1.6 kilometers or one mile beyond any of the WIPP

underground developments and is defined on the surface by the 16-section (4,146 ha) Land

Withdrawal Area. On October 30, 1992, the WIPP Land Withdrawal Act, Public Law 102-579,

was signed by President Bush transferring the land from the Department of Interior (DOI) to the

DOE. A WIPP Land Management Plan, DOEIWIPP 93-004, was then prepared and submitted to

Congress in October 1993.

Consisting of 16 sections (4,146 ha) of federal land, the WIPP site is located in Eddy County, New

Mexico in Township 22 South, Range 31 East. With the exception of properties located within the

boundaries of the posted 1454 acre (589 ha) area, the surface land uses remain largely unchanged

and are managed in accordance with accepted practices for multiple land use. Mining and drilling

for purposes other than those which support the WIPP project are prohibited within the 16-section

(4,146 ha) area.

The WIPP site is divided into sectors as represented in Figure 2-2. The sector identified as the

"Property Protection Area" is surrounded by a chain-link fence that encompasses all major surface

facilities. The sector identified as the "Off Limits Area" is the area surrounded by a four-strand

barbed wire fence. This fence encircles the Property Protection Area in addition to outlying

properties and structures used in the operation of the WIPP (e.g. salt tailings piles, meteorological

station) that are necessary to secure from public access. The Exclusive Use Area represents an

expanded secure area, posted against trespass, but unfenced. Although livestock grazing will

continue inside the 1454 acre sector, other activities associated with the concept of multiple land use

(e.g., hunting, camping, etc.) are prohibited. The aforementioned sectors are posted against trespass
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2.2 Description of the Environment and Lands (continued)

under the authority of Section 229 of the Atomic Energy Act, 42 U.S.C. 2278a, and pursuant to the

regulations set forth in 10 CFR 860 and DOE Order 5632.6, Physical Protection of DOE Properry

and UncLassified Facilities. These sectors are patrolled by the WIPP security and regulations are

enforced commensurate with laws pertaining to property protection. The sector identified as "Zone

11" is not a surface sector. This designation illustrates the surface image of the original conception

of the maximum extent of the proposed underground repository. The WIPP site boundary (4 miles x
4 miles) provides a functional barrier of intact salt between the underground region defined by the

Exclusive Use Area and the accessible environment.

There are 26 permanent residents within ten miles of the WTPP site. Most of the population within

50 miles of the site is concentrated in and around the communities of Carlsbad, Hobbs, Eunice,
Loving, Jal, and Artesia, New Mexico. The two nearby ranch residences (Smith Ranch and Mills
Ranch) are continuously monitored as part of the Environmental Monitoring Program. Detailed

demographic summaries and projections are listed in the WIPP Final Environmental Impact

Statement (FEIS) (DOE, 1980), the Final Supplement Environmental Impact Statement (SEIS) (DOE,

1990), the WIPP Land Management Plan (LMP) (DOE/WI1PP 93-004) and the WI7PP Final Safety

Analysis Report (DOE, 1990).
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Chapter 3

Compliance Summary

The WIPP is required to comply with all applicable DOE Orders and federal and state laws and

regulations. Documentation of required federal and state permits, notifications, and approvals is

maintained by the Environment, Safety, Health and Regulatory Compliance (ES H&RC) Department

of the Management and Operating Contractor (MOC). Regulatory requirements are incorporated in

facility plans and implementing procedures.

Table 3-1, pages 3-29 through 3-30, provides a summary of the major federal and state statutes

applicable to the WIPP Project. Table 3-2, pages 3-33 through 3-37, presents DOE Orders and

agreements affecting the WIPP environmental program. Table 3-3, pages 3-33 through 3-34, is a

summary of agreements between the DOE and the State of New Mexico that affect the

environmental programs of the WIPP. Table 3-4, pages 3-35 through 3-37, details active/pending

environmental permits for the WIPP in CY 1994.

3.1 Compliance Assessment for Calendar Year 1994

* In 1994 the WIPP maintained compliance with applicable federal and state environmental

regulations. Section 3.2 lists the compliance status of each major environmental statute and

executive order applicable to the WIPP, including significant issues generated by, and actions and

accomplishments driven by these statutes and orders. Section 3.3 describes other significant

compliance accomplishments at the WIPP facility in CY 1994.

3.2 Compli~ance Status

This section documents compliance with the following regulatory requirements at the WIPP:

* Atomic Energy Act of 1954 (AEA)

* Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

(includes the Superfund Amendments and Reauthorization Act of 1986)

* Resource Conservation and Recovery Act (RCRA)

* National Environmental Policy Act (NEPA)

* Clean Air Act (CAA)
* Clean Water Act (CWA)

* Safe Drinking Water Act (SDWA)
* * Toxic Substances Control Act (TSCA)
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3.2 Compliance Status (continued)

* Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
* Endangered Species Act (ESA)
* National Historic Preservation Act (NHPA)
* Floodplain Management Executive Order
* Protection of Wetlands Executive Order

* Environmental Radiation Protection Standards for Management and Disposal of Spent
Nuclear Fuel, High-Level and Transuranic Radioactive Wastes

* Hazardous Materials Transportation Act (HMTA)
* Packaging and Transportation of Radioactive Materials
* Department of Energy National Security and Military Applications of Nuclear Energy

Authorization Act of 1980
* Waste Isolation Pilot Plant Land Withdrawal Act (LWA)
* Taylor Grazing Act
* Federal Land Policy and Management Act (FLPMA)
* Public Rangelands Improvement Act
* Grazing Fees Executive Order
* Materials Act of 1947
* Federal Mine Safety and Health Act of 1977 (MSHA) i
* Occupational Safety and Health Administration Regulations (OS HA)
* Noise Control Act of 1972
* Bald and Golden Eagle Protection Act
*Migratory Bird Treaty Act (MBTA)

* National Defense Authorization Act - Fiscal Year 1989
* Protection and Enhancement of Environmental Quality Executive Orders
* Federal Compliance with Pollution Control Standards Executive Order

3.2.1 Atomic Energy Act of 1954 (A]EA)
(42 U.S.C. § 2011 et seq.)

The AEA established a national program for research, development, and atomic energy for both

national defense and domestic civilian purposes. Section 161 (i) (3) of the AEA provides that the

Atomic Energy Commission (succeeded by the DOE for national defense purposes) is authorized to
prescribe regulations and orders to:

3-2



1994 WIPP Site Environmental Report

3.2.1 Atomic Energy Act of 1954 (AEA) (continued)

. . . govern any activity authorized pursuant to this Act [the AEA],

including standards and restrictions governing the design, location,

and operation of facilities used in the conduct of such activity, in

order to protect health and to minimize danger to life or property..

The authority of the DOE to develop policies, issue orders, and promulgate regulations addressing

environment, safety and health protection standards regarding radioactive waste and nuclear

materials is derived directly from the AEA. The EPA has also derived its authority to establish

standards for the protection of the public and the environment from ionizing radiation from the

AEA. The DOE, under the authority of the AEA and in accordance with various Executive Orders

(EOs), uses a system of Orders, Notices, and Directives to carry out the mandate to implement

effective and consistent programs to protect the public, the environment, and employees from

adverse consequences resulting from the DOE operations. Implementation of those Orders, Notices,

and Directives dealing with environmental monitoring and surveillance is addressed in the Waste

Isolation Pilot Plant Environmental Monitoring Plan (DOEIWPP 94-024).

Much of the waste to be emplaced at the WIPP is mixed (i.e., radioactive waste with hazardous

Sconstituents). This waste is subject to dual regulation: the radioactive constituents of the waste are

regulated under the AEA, whereas the hazardous constituents are regulated under RCRA. Standards

contained in 40 CFR 19 1, Environmental Radiation Protection Standards for Management and

Disposal of Spent Nuclear Fuel, High-Level, and Transuranic Waste, will become applicable when

waste receipt begins.

The EPA's authority to establish standards for, the protection of the public and the environment from

radiation is derived from the AEA, as amended; Reorganization Plan No. 3 of 1970; and the

Nuclear Waste Policy Act (NWPA) (PL 97-425). The protection standards found at 40 CFR 191

apply to spent nuclear fuel and high-level radioactive waste, as defined by the NWPA, and to TRU

waste that contains more than 100 nanocuries, per gram of waste of alpha-emitting TRU isotopes

with half-lives greater than 20 years. These standards consist of three subparts A, B, and C. Each

subpart will be discussed in the following paragraphs.

Subpart A, Standards for Management and Storage, sets the operational term requirements limiting

annual doses to members of the public. These annual dose requirements are established from the

management and storage operations at disposal facilities that are operated by the DOE, not regulated
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3.2.1 Atomic Energy Act of 1954 (AEA) (continued)

by either the National Regulatory Commission (NRC) or by agreement states. The annual dose

equivalent to any member of the public in the general environment may not exceed 25 millirem

(mrem) to the whole body and 75 mrem to any critical organ.

Subpart B, Environmental Protection Standards For Management And Disposal of Spent Nuclear

Fuel, High-Level and Transuranic Radioactive Wastes, sets the long term repository performance

standards applicable to the WIPP. As the result of a legal challenge, Subpart B had been remanded

by "the court" in 1987. The Land Withdrawal Act (LWA) reinstated the standard with the

exception of 40 CFR 191.15, Individual Protection Requirements and 191.16, The Ground- Water

Protection Requirements, which were subject to the remand order. The LWA also directed the EPA

to expedite issuance of final disposal standards. On December 20, 1993 (FR Vol. 58, No 242,

66398) the EPA issued the final disposal standards in the form of amendments to Subparts B

(including 40 CFR 191.15 and 191.16) and the addition of Subpart C. The primary changes to

Subpart B are as follows: The individual protection requirements in 191.15 were replaced with a

new set of requirements. Part 191.15 now requires that the disposal system be designed to provide

reasonable expectation that for 10,000 years (not 1,000 years) after disposal, undisturbed

performance of the disposal system shall not cause the annual committed effective dose (C ED) to

any member of the public to exceed 15 millirems. The changes are in the time frame for individual

protection requirements (1,000 years to 10,000 years) and in the dose calculation methodology

(previously "whole body/specific organ," now CED). Although Subpart B had been remanded, the

WIPP previously committed to compi, with Subpart B until the EPA issues the final standards. The

WIPP's compliance issues and long-term disposal standards are addressed through the use of

performance assessments. Sandia National Laboratory (SNL) periodically issues the performance

assessment report, which models results. The report analyzes the performance of the WIPP

repository using available operational parameters.

Subpart C, Environmental Standards for Ground- Water Protection, was added and 40 CER 191.16

was deleted. This standard essentially requires that the disposal system be designed to provide

reasonable expectation that for 10,000 years of undisturbed performance disposal will not cause the

levels of radioactivity in any underground source of drinking water, in the accessible environment,

to exceed the limits specified in 40 CFR 141, National Primary Drinking Water Regulations, as they

existed on January 19, 1994.

The Land Withdrawal Act directed the EPA to issue final criteria for certifying the DOE's

compliance with the final repository disposal standards (40 CFR 191) and to issue
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3.2.1 Atomic Energy Act (AEA) (continued)

the criteria in a rulemaldng procedure conducted under 5 U.s.c. 553. The LWA directed the EPA

to issue draft criteria within one year of enactment (i.e., by November 1993) and final criteria,

within two years of enactment (i.e., by November 1994). In response to these directives, the EPA

issued draft criteria for comments on March 8, 1995, Criteria for the Certification and

Determination of the Waste Isolation Pilot Plant's Compliance with Environmental Standards for the

Management and Disposal of Spent Nuclear Fuel, 40 CER 194. The DOE provided comments on

the draft criteria to the EPA on March 8, 1995. The EPA then hosted public hearings to consider

public comments on the draft criteria. After finalization of the criteria, the WIPP will submit an

application for certification of compliance with the final disposal standards per the LWA.

3.2.2 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

(42 U.s.c. § 9601 et seq.), (including the Superfund Amendments and Reauthorization Act

of 1986 )

The CERCLA, or "Superfund," and the Superfund Amendments and Reauthorization Act (SARA)

establish a comprehensive federal strategy for responding to, and establishing liability for, releases

of hazardous substances from a facility to the environment. Hazardous substance cleanup

V procedures are specified in the National Contingency Plan (NCP), 40 CFR 300. No release sites

have been identified at the WIPP that would require cleanup under the provisions of the CERCLA.

Any spill of hazardous substances that exceeds a reportable quantity, must be reported to the

National Response Center (NRC) under the provisions of Section 103 of CERCLA and 40 CFR 302.

3.2.2.1 Accidental Releases of Reportable Quantities of Hazardous Substances

During 1994, there were two spills of ethylene glycol that exceeded reportable quantity limits. The

reportable quantity for ethylene glycol is one pound. Both spills were less than one gallon and were

reported to the NRC, the State Emergency Response Commission (SERC), and the Local

Emergency Planning Committee (LEPC). A follow-up report was sent to the SERC and the LEPC.

All spills were immediately contained and remediated in accordance with the WIPP

Spill Response Procedures. All contaminated soils and spill containment pads were drummed,

manifested, and transported to an offsite disposal facility.
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3.2.2.1 Accidental Releases of Reportable Quantities of Hazardous Substances
(continued)

The WIPP facility is required to report such events under Sections 311 and 312 of SARA Tidle [II,
also known as the Emergency Planning and Community Right-to-Know Act (EPCRA). Reports
required by these two sections are submitted to the SERC, the LEPC, and the local fire department.
The WIPP also submits Section 311 data and Section 312 annual reports to the Carlsbad Fire
Department, the Hobbs Fire Department, and the Otis Fire Department. For emergency response
purposes, the DOE maintains Memoranda of Understanding (MOU) with each of these agencies.

The WIPP facility is currently exempt from the reporting requirements in Section 313 of the
EPCRA. Section 313 lists the following toxic chemicals, currently in use at WIPP, that exceed the
10,000 pound threshold level: ethylene glycol, sulfuric acid, toluene, and xylene. Ethylene glycol
and sulfuric acid meet the 10,000 pound reporting threshold, however, these chemicals are used as a
structural component of the facility and are subject to the use exemption. Toluene and xylene are
contained in unleaded gasoline and are subject to the vehicle maintenance exemption.
Documentation of this exempt status is reviewed annually.

3.2.2.2 Waste M1inimization and Pollution Prevention Programs

In May 1994, the first revision to the WIPP Waste Minimization and Pollution Prevention Awareness

Program Plan was issued. This plan is reviewed annually and updated at least once every three
years.

On December 1, 1993, the WIPP began recycling white bond paper, corrugated cardboard, and

aluminum cans. All project participants, including the DOE, Westinghouse, Sandia National
Laboratories, and minor subcontractors are involved in this recycling effort. In 1994, the WIPP site
recycled 44.2 tons of paper and cardboard and approximately 800 pounds of aluminum cans.

In March 1994, the WIPP initiated a printer toner cartridge recharging program. The WTPP now
recharges toner cartridges for a cost of $40 per recharge, instead of discarding them and purchasing

new cartridges for $70-$ 130. After the cartridges have been recharged three times, they are sent for
recycling. In 1994, the WTPP recharged 246 cartridges for a savings of over $13,000.
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3.2.2.3 Waste Minimization and Pollution Prevention Programs (continued)

In December 1994, the aerosol can puncturing program began with surface operations. This

program allows cans to be punctured and emptied thereby reducing the amount of hazardous waste

and saving on disposal costs.

3.2.3 Resource Conservation and Recovery Act (RCRA)
(42 U.S.C. § 3251 et seq.)

The RCRA was enacted in 1976 and implementing regulations were promulgated in May 1980.

This body of regulations ensures that hazardous wastes are managed and disposed in an

environmentally safe manner. Facilities that store, treat, or dispose of hazardous waste also must

protect human health and the environment. The Hazardous and Solid Waste Amendments (HSWA)

of 1984 prohibit land disposal of hazardous wastes unless certain treatment standards are satisfied or

unless the EPA approves a petition to receive a variance from Land Disposal Restriction (LDR)

standards. The HSWA also places increased emphasis on waste minimization activities and serves

as a mechanism to enforce the RCRA cleanup requirements.

The WIPP facility is subject to the permitting requirements under the RCRA and the New Mexico

WHazardous Waste Act. Title 40 CFR 264 outlines the technical standards for Treatment, Storage,

and Disposal facilities that must be addressed in a permit application (as applicable). Tidle 40 CFR

270 outlines the requirements of the RCRA permitting program with respect to general format and

content for applications, and the administrative aspects of the permitting and modification processes.

The WIPP RCRA permit application will address TRU mixed waste management activities for

surface facilities and in the repository as required for disposal operations. This application is being

prepared for submittal to the NMED in May 1995. In general, programmatic changes reflected in

this application center on the DOE decision to forego test phase activities at the WIPP. The RCRA

permit is expected to be issued by the NMED in December 1997.

In order to permanently dispose of TRU mixed waste, the DOE has petitioned the EPA for a

variance from the LDR of the RCRA, codified in 40 CFR 268. As defined in the provisions of 40

CFR 268.6, the DOE must demonstrate "to a reasonable degree of certainty" that hazardous

constituents will not migrate from the disposal unit in concentrations exceeding health-based levels.

The WIPP is currently developing a new No Migration Variance Petition (NMVP). The NMVP

will be submitted to the EPA in two phases. The first phase will address a no-migration

demonstration within the WIPP operational time fi-re (waste emplacement). This phase of the
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3.2.3 Resource Conservation and Recovery Act (continued)

petition is near completion and will be submitted to the EPA in fiscal year 1995. The second phase

consists of a complete NMVP, all-inclusive of the first submittal, and will demonstrate no migration

after closure of the facility.

3.2.3.1 Mixed-Waste Management

In August 1993, the New Mexico Environment Department (NMED) issued, for public comment, a

draft permit for the WIPP facility. In October 1993, the DOE made the decision not to conduct

tests with radioactive wastes at the WIPP. At that time the DOE also requested an extension to the

public comment period. On January 13, 1994, the DOE submitted a request to modify the RCRA

permit application to reflect disposal, rather than test-phase operations. The NMED granted an

extension to the public comment period until January 15, 1994. On September 2, 1994, NMED

requested that a revised permit application be submitted by May 31, 1995, to accurately reflect

future WIPP activities. As of January 19, 1995, the DOE has submitted nine chapters to the

NMED for their review.

3.2.3.2 Hazardous Waste Generator Compliance

Nonradioactive hazardous waste is currently generated through normal facility operations. These

wastes are managed in Satellite Accumulation Areas (SAA) and "less than 90-day" storage areas. In

addition, hazardous waste generated at the WIPP is characterized, packaged, labeled, and manifested

prior to shipment to an offsite Treatment Storage Disposal Facility (TSDF) in accordance with those

requirements as codified in 40 CFR 262. Various waste minimization activities have been

implemented at the site. One such activity is the Aerosol Can Puncturing Program. Once a can is

punctured and drained of the contents, it is then classified as RCRA "empty" and managed as

nonhazardous. The remaining residual liquids are the only portion of the waste managed as

hazardous, which substantially reduces the volume of this particular waste stream.

3.2.4 National Environmental Policy Act (NEPA)
(42 U.S.C. § 4321 et seq.)

The National Environmental Policy Act (NEPA) requires the federal government to use all

practicable means to consider potential environmental impacts of proposed projects as part of the

decision-making process. The NEPA dictates that the public shall be allowed to review and

comment on proposed projects that have the potential to significantly affect the environment. The
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3.2.4 National Environmental Policy Act (continued)

NEPA also directs the federal government to use all practicable means to improve and coordinate

federal plans, functions, programs, and resources relating to human health and the environment.

NEPA procedural objectives and public involvement requirements are detailed in the Council on

Environmental Quality (CEQ) regulations implementing the NEPA in 40 CFR 1500-1508. DOE

codified its requirements for implementing CEQ's regulations in 10 CFR 1021. Further procedural

NEPA compliance guidance is provided in DOE Order 5440. 1E, National Environmental Policy Act

Compliance Program.

Title 10 CFR 1021.331 requires that . .following the completion of each environmental impact

statement and its associated Record of Decision (ROD), the DOE shall prepare a Mitigation Action

Plan (MAP) that addresses mitigation commitments expressed in the ROD." DOE Order 5440. 1E

further requires DOE facilities to "track and report annually to EH-1 the progress made in

implementing and the effectiveness of any mitigation action plan until mitigation is completed." The

1994 Annual Mitigation Report for the Waste Isolation Pilot Plant (NEPA ID# WIP:94:0001) was

issued July 1994.

In December 1994, a new computer-based NEPA training module was released for use at the WIPP.

WThe training module provides specific instructions to workers for completing environmental

checklists, which assess the impacts of their proposed actions.

Two WIPP NEPA procedures are currently being revised. These procedures provide directions to

personnel responsible for the planning, coordination, and performance of work. At the WIPP site

purchase requisitions and engineering work packages, which initiate modifications to the facility, are

reviewed in accordance with these procedures to assess their potential environmental impacts and

their compliance with the DOE's NEPA regulation and Order. The procedure revisions will

simplify day-to-day WIPP NEPA compliance and facilitate a more thorough, expedient

review/approval process.

Planning for the preparation of the second Supplemental Environmental Impact Statement (SEIS-IL)

is underway. The SEIS-il document originated from a commitment made in the Final Supplemental

Environmental Impact Statement (FSEIS) to prepare another environmental impact statement prior to

the decision to proceed with waste disposal activities at the WIPP site.
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3.2.5 Clean Air Act (CAA)
(42 U.S. C. § 7401 et seq.)

The CAA provides for the preservation, protection, and enhancement of air quality, particularly at

locations of special interest such as areas of natural, recreational, scenic, or historic value. Under

Section 109 of the Clean Air Act, the EPA established the National Ambient Air Quality Standards

(NAAQS) for six "criteria" pollutants: sulfur dioxide, total suspended particulates, carbon

monoxide, ozone, nitrogen oxide, and lead. These standards establish primary and secondary

standards for ambient air quality that the EPA considers necessary to protect public health and
welfare.

In 1993, Westinghouse Electric Corporation, Waste Isolation Division (WTD), completed the W)PP

Hazardous Air Pollutant (HAP) Emission Inventory (WP 02-15). The HAP's inventory was

developed as a baseline document to calculate maximum potential hourly and annual emissions of

both hazardous and criteria air pollutants. Emission estimates were used to determine if the WIPP

is required to obtain an air permit as specified in the following regulations:

* Clean Air Act § 112 National Emission Standards for Hazardous Air Pollutants

* Clean Air Act Part C (Prevention of Significant Deterioration - Criteria Pollutants)
* New Mexico Air Quality Control Regulation 752
* New Mexico Air Quality Control Regulation 702.

The CAA, Section 112 establishes emission standards for Hazardous Air Pollutants. The 1990

Clean Air Act Amendments (CAAA) increased to 189 the number of hazardous air pollutants

regulated under the CAA. Hazardous air pollutant emissions are regulated under 40 CFR 61, the

National Emission Standards for Hazardous Air Pollutants (NESHAP). The NESHAP establishes

permitting and reporting requirements for facilities that have the potential to emit hazardous air

pollutants. At the WIPP, the majority of hazardous air pollutants are regulated in Subpart A of the

NESHAP. Radionuclide emissions other than radon are regulated in Subpart H of the NESHAP.

Based on an MOU with the EPA, the DOE committed to compliance with the requirements of

40 CFR 61, Subpart H, through the disposal phase of operations at the WIPP. A revised

standard for radionuclide emissions was promulgated by the EPA in a final ruling published in the

Federal Register, effective December 15, 1989 (54 FR 51654). In the 1990 Final Saety Analysis

Report (FSAR) for the WIPP facility, the anticipated dose from future WIPP facility emissions was

calculated to be less than one percent of the allowable effective dose equivalent of 10 millirem per
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3.2.5 Clean Air Act (CAA) (continued)

year to any one member of the public. The DOE documented the expected emission levels in 1990

data submitted to the EPA.

A revised data package will be submitted to the EPA prior to waste receipt. An emissions

monitoring system was installed to comply with the periodic confirmatory monitoring compliance

requirements established in NESHAP. On November 21, 1994, the EPA approved the use of a

single-point source shrouded probe for compliance sampling. The shrouded probe will be used to

conduct periodic confirmatory monitoring at the WIPP.

Based on the HAP's inventory, WIPP operations do not exceed the 10 ton per year (TPY) emission

limit for any individual HAP or the 25-tpy limit for any combination of HAPs emissions established

in Subpart A. The WIPP does not have any NESHAP Subpart A permitting or reporting

requirement at this time. However, 40 CFR 61, Subpart A, Section 61 .09(a)( 1), requires that the

WIPP facility notify the EPA of its anticipated date of initial startup (i.e., receipt of wastes) not

more than 60 days and not less than 30 days before actual startup date. In addition, the EPA

required that notification of the actual date of initial startp must be made within 15 days after

O startup.

Based on emission estimates generated in the HAPs inventory, the WIPP site is not required to

obtain any federal CAA permits. The WIPP, in consultation with the NMED Air Quality Bureau,

working in concert with data provided in the HAP's inventory, was required to obtain a

New Mexico Air Quality Control Regulation (AQCR) 702 Operating Permit for two primary

backup, diesel generators at the site. The only emission points where the WIPP site exceeds state

threshold criteria is with the WIPP backup diesel generators. On June 18, 1993, the DOE submitted

an AQCR 702 permit application for the WIPP backup diesel generators. On December 7, 1993,

the New Mexico Air Quality Bureau issued Air Quality Permit 310-M-2. On February 26, 1994,

the WIPP completed the emission monitoring requirements established in the permit. With the

submittal of the Final Compliance Sampling Report on March 28, 1994, the DOE has fulfilled all

monitoring and reporting requirements identified in the permit.

3.2.6 Clean Wateir Act (CWA)

Section 402 of the CWA, establishes provisions for the issuance of permits for discharges into

waters of the United States. Regulations promulgated to define this permitting process are contained

V in 40 CFR 122. Subpart A, Section (b)(1), and state that . .National Pollutant Discharge
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3.2.6 Clean Water Act (CWA) (continued)

Elimination System (NPDES) program requires permits for the discharge of "pollutants" from any
.point source" into "waters of the United States." The WIPP has no pollutant discharges from point

sources and is currently exempted from obtaining a standard NPDES permit.

On September 9, 1992, the EPA issued the final requirements for NPDES General Pennits for

Storm Water Discharges Associated with Industrial Activity. The storm water regulations establish

requirements for managing industrial storm water runoff that has the potential to discharge into

waters of the United States. The WIPP submitted a Notice of Intent (NOI) to the EPA to obtain a

NPDES Storm Water General Permit on December 31, 1992. The NOI describes how the WIPP

site mitigates the discharge of contaminated storm water through the use of Best Management

Practices (BMPs). These BMPs include engineering controls such as storm water retention basins,

the covering of materials storage areas, and the reclamation of disturbed areas. The EPA issued a

New Mexico NPDES Storm Water General Permit (NMROOAO21) on January 31, 1992. As part of

the Nationwide General Permit Program, the WIPP is included in the New Mexico General Permit.

No sampling is required to demonstrate compliance with the WIPP Storm Water Permit unless a

release occurs from one of the BMPs. Operational permit compliance activities are limited to

quarterly inspections of retention basins, spill containment devices, reclamation sites, and site

housekeeping practices.

The NPDES sewage sludge regulations promulgated in 40 CFR 122.21 require all facilities that

generate or dispose of sewage sludges to submit an information package describing sewage sludge

management and disposal practices. This information is reviewed by the EPA to determine if a

NPDES'permit will be required for the disposal of sewage sludges at a facility.

On February 14, 1994, the DOE submitted an information package to the EPA Water Management

Division and requested a written determination whether a NPDES permit would be required for

sewage sludges generated at the WIPP. On March 31, 1994, the EPA Region VI Permits Issuance

Section notified the DOE that they had received the information package. The agency determined

that the information package was complete and stated they would notify the DOE if a full and

complete sewage sludge permit application would be required at a future date.

On January 16, 1992, the NMED issued the Discharge Plan (DP-831) for the WTPP sewage facility.

The approved Discharge Plan superseded an Emergency Discharge Permit issued on September 18,

1991. In addition to sewage effluent, the Discharge Plan allows for the disposal of a maximum of
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3.2.6 Clean Water Act (CWA) (continued)

1500 gallons a day of nonhazardous brines generated by seepage into shaft sumps and from pumping

of observation wells at the site. Brine waters are collected in portable tanks and transported to the

north sewage system evaporation basin. Characterization samples were collected throughout 1994 to

demonstrate that site-generated brines are nonhazardous and can be disposed in the sewage

evaporation pond. The DOE submits quarterly Discharge Monitoring Reports (DMR) to the NMED

to demonstrate compliance with the inspection, monitoring, and reporting requirements identified in

the plan.

3.2.7 Safe Drinking Water Act (SDWA)
(42,U.S.C. § 300f et seq.)

The SDWA of 1974 provides the regulatory strategy for protecting public water supply systems and

underground sources of drinking water. The NMED notified the WIPP in a September 9, 1992,

letter that the WIPP Public Water Supply was categorized as a nontransient, noncommunity system

for reporting and testing requirements. At that time, the NMED determined that the WIPP was

required to sample drinking water for total coliform bacteria, lead, copper, nitrate and nitrite. In a

* March 11, 1994, letter the NMED again modified compliance sampling requirements, stating that

only lead, copper, and bacteriological samples are required. The modification was based upon

New Mexico Water Supply Regulations which mandate that when a public water supply system

supplements other systems, that water system is treated as a single system for compliance sampling

purposes.

On June 2, 1994, lead and copper samples were collected from 20 locations to demonstrate

compliance with the newly identified SDWA sampling requirements. Five of the 20 samples

exceeded the SDWA lead action levels. At the direction of the NMED, these five locations were

resampled on June 30, 1994. Based on the results of these five samples, three locations

(site drinking fountains) were permanently taken out of service and the faucets at the two remanig

locations were replaced. Follow-up sampling was conducted at each of these locations and all were

below the SDWA action levels. Bacterial samples were collected monthly throughout 1994. All

bacteriological/analytical results were below the SWDA regulatory limits.

The Carlsbad Municipal Public Water Supply System is contracted to provide drinking water to the

WIPP from city-owned wells located 31 miles north of the site. Because of this contractual

agreement, the city of Carlsbad completes the source or point-of-entry samples for the various

* chemical constituents at each wellfield source.
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3.2.8 Toic Substances Control Act (TSCA)
(15 U.S.C. § 2601 et seq.)

The TSCA applies primarily to manufacturers, importers, and processors of toxic chemicals for
commercial purposes. The WIPP is not considered a manufacturer or processor of chemical
products, therefore, most of the provisions of TSCA do not apply. The TSCA regulates the use of
Poly-chlorinated Biphenyls (PCBs), asbestos, and materials containing PCBs and asbestos. Current
DOE policy prohibits the use of PCB-containing materials in DOE-installed equipment at facilities
like the WIPP; therefore, the TSCA does not apply to DOE-installed equipment at the WIPP. In the
future, relative to received waste, the TSCA will not apply to future WIPP repository activities
because disposal of PCB-contaminated wastes is excluded by the WIPP Waste Acceptance Criteria
(WAG). The WIPP site will comply with the TSCA regulations contained in 40 CFR 761.60 and
761.65 with respect to any possible future storage or disposal of PCB-contaminated materials.
Future procurement of asbestos containing materials is also prohibited at the WTPP site.

3.2.9 Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA)
(7 U.S.C. § 136 et seci).

The FIFRA authorizes the EPA to regulate the registration, certification, use, storage, disposal,

transportation, and recall of pesticides. Recommended procedures for storage and disposal of

pesticides and pesticide containers are contained in 40 CFR 165. The EPA at its discretion may

exempt federal agencies from any FIFRA provisions if emergency conditions exist (40 CFR 166).
FIFRA standards are considered mandatory for regular conditions at DOE facilities. The DOE will

continue to comply with the standards of the FIFRA at the WIPP site.

3.2.10 Endangered Species Act (ESA)
(16 U.S.C. § 1531 et seq.)

The Endangered Species Act (ESA) provides protection for threatened or endangered species of flora

and fauna. Under Section 7 of the Act and its implementing regulations in 50 CFR 402, the EPA is

prohibited from authorizing aciities"... . likely to jeopardize the continued existence of any

endangered species or threatened species or result in destruction or adverse modification of habitat

of such species. . .. " The Section 7 process may involve a biological assessment and "formal

consultation" followed by the issuance of a "nonbiological opinion" by the U.S. Fish and Wildlife

Sevice.. for any species that is determined to be in potential jeopardy."
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3.2.10 Endangered Species Act (ESA) (continued)

In compliance with Section 7, Consultation Requirement, the DOE requested a list of endangered

species from the U.S. Department of the Interior, Fish and Wildlife Service (USF&WS) to

determine if such species are known to have a critical habitat on or in the vicinity of the WIPP site.

As required by Section 7(c) of the Endangered Species Act Amendments of 1978, Mr. J. L.

Stegman, USF&WS Region 2, acting regional director, provided correspondence on November 15,

1979, that:

1. Identified those species, both proposed and listed, that could occur in the WIPP's

proposed project area.

2. Determined that no critical habitat for endangered species had been identified at the

WIPP site.

3. Requested a biological assessment that included the listed species.

This correspondence also established that if the biological assessment revealed the proposed project

had no affect on the listed species, there was no need for further consultation. As requested by this

Wcorrespondence, the DOE prepared a Biological Assessment for the purpose of identifying listed

species that were likely to be affected by the Site Preliminary Design and Validation (SPDV)

program and other potential site usage. The Biological Assessment, conducted during CY 1978,

documented that the listed species would not be affected by the project. The assessment was

forwarded to the USF&WS for their review, completing the requirement for the consultation process

mandated by the Endangered Species Act.

3.2.11 National Historic Preservation Act (NHPA)

(16 U.S. C. § 470 et seq.)

The NHPA was enacted to protect the nation's cultural resources and to establish the National

Register of Historic Places. Other related legislation affecting the WIPP facility lands include the

Archeological Recovery Act (ARA), which was amended by the Archeological and Historic

Preservation Act (AHPA) (16 U.S.C. § 469a et seq.).

Throughout June and July 1994, a comprehensive WIPP site archaeological database was created.

Research revealed that 60 archaeological sites and 91 isolated occurrences had been discovered
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3.2.11 National Historic Preservation Act (NHPA) (continued)

within the WIPP land withdrawal area. During the creation of the database some inconsistencies

were discovered with regard to the number of archaeological sites (eligible and ineligible for

inclusion in the National Register) reported to exist within the WIPP land withdrawal area. Some

sites previously included as "WIPP archaeological sites" are located within the outer perimeters of

the WIPP's Control Zone TV. The boundary of Control Zone IV was later annulled, consequently,

when the WIPP site was configured to the present sixteen section square, much of Control Zone IV

reverted to the management of the Department of Interior. Therefore, the archaeological sites

located in those areas are no longer the responsibility of the DOE.

Of the 60 WIPP archeological sites, 33 sites recorded within the central 4-square mile area of the

WIPP land withdrawal area were subjectively determined, by the archaeologists conducting the

surveys, to be potentially eligible for inclusion in the National Register.

Prior to the issuance of the WIPP Land Withdrawal Act, the Bureau of Land Management (BLM)

was responsible for archaeological resource management on the WIPP site. The BLM served as the

DOE's liaison with the State Historic Preservation Officer (SHPO). Following the issuance of the

WIPP Land Withdrawal Act, the BLM continued to serve in this capacity until July 19, 1994, when

the Memorandum of Understanding Between the U.S. Department of Energy and the U.S.

Department of Interior was finalized. At that time, the WIPP began communiicating directly withW

the SHPO regarding archaeological concerns.

On July 15, 1994, the BLM, using provisions contained in their Memorandum of Agreement with the

State Historic Preservation Officer, processed and approved WIPP surface disturbing activities

associated with the construction of six new well-pads. On September 7, 1994, the State Historic

Preservation Officer granted the DOE approval to construct a short access road, and on

September 27, 1994, the SHPO granted the DOE approval to construct another well pad. During

1994 WIPP archaeological surveys, no new archaeological sites were discovered, and stipulations

for avoidance of previously known sites were observed during construction activities.
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3.2.12 Floodplain Management
(Executive Order 11988)

Floodplain Management, Executive Order (EO) 11988 directs federal agencies to avoid making

modifications that adversely impact floodplains, to consider alternatives to a proposed action, to

provide early public review of proposed actions, and to propose mitigation measures for proposed

actions within floodplains. Because the WIPP site is not located within a floodplain zone, EG 11988

does not apply to the WIPP facility.

3.2.13 Protection of Wetlands

(Executive Order 11990)

Protection of Wetlands, Executive Order (EO) 11990 requires that federal agencies consider the

effects of pr6posed actions in wetlands, determine whether wetlands are present, assess the impacts,

consider alternatives to a proposed action, provide for early public review, and propose mitigation

measures for proposed actions that could affect wetlands. The WIPP facility is neither located

within nor will it impact a wetlands area; therefore, EO 11990 does not apply to the WIPP facility.

3.2.14 Environmental Radiation Protection Standards for Management and Disposal of Spent

W Nudlear Fuel, High-Level, and Transuranic Radioactive Wastes

(40 CFR 191)

The authority of the EPA to establish radiation protection standards for nuclear wastes is derived

from the Atomic Energy Act, as amended; the Reorganization Plan No. 3 of 1970; and the Nuclear

Waste Policy Act (NWPA) (PL 97-425).

Since the mid-1970s, the EPA has been developing guidance and standards for the management and

disposal of radioactive wastes. The EPA's final rule, 40 CFR 191, was published on September 19,

1985 (50 FR 38066). In a challenge by a coalition of environmental organizations and states, the

U.S. Court of Appeals for the First Circuit vacated and remanded Subpart B of the 1985 standard

for further consideration by the EPA. The Court found, among other things, that the EPA did not

protect groundwater as stringently as provided under the SDWA underground injection provisions

[NRDC v EPA 824 F.2d 1258 (1st cir. 1987)].

The Second Modification to the Agreement for Consultation and Cooperation between the DOE and

the State of New Mexico dated August 4, 1987, specified that, although the standards were on
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3.2.14 Environmental Radiation Protection Standards for Management and Disposal of Spent

Nuclear Fuel, High-Level, and Transuranic Radioactive Wastes (continued)

remand status, the DOE would continue to guide its performance assessment planning efforts as

though the vacated regulations were still in effect. In the WIPP Land Withdrawal Act of 1992

(PL 102-579), Congress reinstated all of the 40 CFR 191, Subpart B regulations with the exception

of those that were specifically questioned by the court (i.e., Sections 191.15, Individual Protection

Requirements and 191.16, Ground Water Protection Requirements). Congress also required the EPA

to issue final disposal regulations by April 30, 1993. On February 10, 1993, the EPA proposed

revised disposal regulations under 40 CFR 191, Subpart B (58 FR 7924). On December 20, 1993,

the EPA promulgated amendments to the final standard pertaining to individual and groundwater

protection requirements (58 FR 66398). The three subparts have been thoroughly discussed under

3.2.1 Atomic Energy Act of 1954, pages 3-3 through 3-5.

3.2.15 Hazardous Materials Transportation Act (HMTA)

(49 App. U.S.C. § 1801 et seq.; 49 CFR 106-179)

The HMTA provides for safe intra and inter-state transportation of hazardous/nuclear materials.

The HMTA allows states to regulate the transport of hazardous/nuclear materials if regulations are

consistent with the HMTA or U.S. Department of Transportation (DOI) regulations. The DOT

regulations for hazardous/radioactive materials are contained in 49 CFR 171-177. Specifications for

the kinds and designs of packages to be used for the transport of various types of radionuclides are

contained in 49 CFR 173, Subpart I (and parallel NRC regulations in 10 CFR 71). The DOT

regulations in 49 CFR 177 provide a routing and quantity rule for highway shipments of radioactive

material; 49 CFR 174 contains segregation rules for shipment by rail. In the Second Modification

to the

C and C Agreement dated August 4, 1987, the DOE agreed to comply with all applicable DOT

regulations and the corresponding NRC regulations by way of the Trupact Safety Analysis Report

(SAR), the Trupact Consultation and Cooperation (C and C), and Waste Acceptance Criteria (WAC)

requirements.

3.2.16 Packaging and Transportation of Radioactive Materials

(10 CFR 71)

Regulations for shipping containers and safe packaging and transportation of radioactive materials

are under the authority of the NRC and the DOT. Packaging requirements for radioactive materials,

including the Type B packages to be used to transport waste to the WIPP facility, are detailed in

3-18



1994 WIPP Site Environental Report

3.2.16 Packaging and Transportation of Radioactive Material (continued)

the DOT regulations (49 CFR 173, Subpart 1). This references the NRC regulations. The NRC

regulations in 10 CFR 71 reference the DOT regulations in 49 CFR 173.

The NRC requirements for shipping containers apply to the certification of the TRUPACT-II

shipping container, the container that will be used to transport radioactive waste to the WIPP

facility. The NRC certified the TRUPACT-II container August 30, 1989, after compliance with the

10 CFR 71 requirement for Type B packaging was demonstrated.

A container supplier inspection audit was conducted by the NRC from January 12-14, 1993. The

scope of the inspection audit was to determine whether procedures have been established,

documented, and executed at the DOE's WIPP facility to meet the quality assurance requirements of

10 CFR 71. The audit also determined whether containers were fabricated and maintained in

accordance with the design approved by the Commission. The NRC had no findings and stated that

all quality assurance requirements of 10 CFR 71 were being followed.

3.2.17 Department of Energy National Security and Military Applications of Nuclear Energy

Authorization Act of 1980
(PL 96-164)

This Act, which authorized the WIPP Project, follows:

Not withstanding any other provision of law, the Waste Isolation Pilot Plant is

authorized as a defense activity of the Department of Enery... for the

express purpose of providing a research and development facility to demonstrate

the safe disposal of radioactive wastes resulting from the defense activities and

programs of the United Saes...

The statute provides for the DOE consultation and cooperation with appropriate officials of the State

of New Mexico with respect to public health and safety concerns. It also provides for a written

agreement between the DOE and the appropriate officials of the State of New Mexico, setting forth

consultation and cooperation. In compliance, the DOE has entered into two agreements with the

State of New Mexico: the C and C Agreement and the Working Agreement for the C and C. Both

agreements have been modified several times (see Table 3-3). The most recent modification of the

C and C Agreement is the Second Modification to the Consultation and Cooperation Agreement

dated August 4, 1987. The Working Agreement for the C and C Agreement was last modified in
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3.2.17 Departmnent of Energy National Security and Military Applications of Nuclear Energy

Authorization Act of 1980
(PL 96-164) (continued)

March 1988. These agreements are implemented through the DOE and the New Mexico

Radioactive Waste Consultation Task Force. In addition, the DOE interfaces regularly with the

NMED and the New Mexico Legislature's Radioactive and Hazardous Waste Committee.

3.2.18 Waste Isolation Pilot Plant Land Withdrawal Act (LWA)
(PL 102-579)

On October 30, 1992, the Waste Isolation Pilot Plant Land Withdrawal Act withdrew land from the

public domain for use by the Department of Energy (DOE) for the construction, experimentation,

operation, maintenance, disposal, shutdown, monitoring, and decommissioning activities at the

WIPP.

As a result of the LWA, the Secretary of Energy is required to develop a management plan to

provide for grazing, hunting and trapping; wildlife habitat; the disposal of salt tailings; and mining.

The WIPP Land Management Plan (LMP) was submitted to Congress in October 1993 establishing

management guidelines to be used throughout the life of the facility, including decommissioning

activities. In accordance with the LMP, the DOE identified the need for the development of a

concurrent Land Management Implementation Plan (LMIP). 'The design of this plan was developed

with consultation from the U.S. Department of the Interior's Bureau of Land Management (BLM)

and the State of New Mexico. Guidelines prescribed in the LMIP provide for the maniagement and

oversight of the WTPP lands under the jurisdiction of the DOE. In addition, these guidelines provide

for the management and oversight of lands outside the WTPP boundary that are used in the operation

of the WIPP (e.g., groundwater surveillance well pads outside the withdrawn area). The LMIP

provides for multiagency involvement in the administration of the DOE land management actions.

On July 19, 1994, the Memorandum of Understanding (MOU) between the U.S. Department of

Energy and the (U.S. Department of Interior) BLM was finalized. This new MOU outlines the

responsibilities of each agency with regard to land use management for the withdrawal area and

provides an additional mechanism to protect the area from unallowable or inadvertent uses. The

LMIP and the MOU serve to provide equitable and consistent administration of archaeological

resources within the WIPP withdrawal area.
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3.2.18 Waste isolation Pilot Plant Land Withdrawal Act (LWA) (continued)

Compliance with the following statutes or regulations is also required under the Land Withdrawal

Act:

* Taylor Grazing Act

* Subchapter WV of the Federal Land Policy and Management Act

* Public Rangelands Improvement Act

* Materials Act of 1947

* Federal Mine Safety and Health Act of 1977

* Solid Waste Disposal Act
* 40 CFR 191
* 29 CFR 1910.120
* Clean Air Act
* Safe Drinking Water Act
* Toxic Substance Control Act

* Comprehensive Environmental Response, Compensation, and Liability Act

* All other applicable federal laws pertaining to public health and safety of the

environment.

A summary of the provisions of the LWA are as follows:

0 The EPA must publish final radioactive waste disposal standards (40 CFR 191).

* The EPA must certify the WIPP's compliance with 40 CFR 191, Subparts B and C.

* The EPA must determine that the DOE has complied with the terms and conditions of

the NMD issued on November 14, 1990 (55 FR 47700).

* The federal Occupational Safety and Health Administration (OSHA) must certify that

it has reviewed the DOE emergency response training programs and has concurred

that such programs are in compliance with 29 CFR 1910. 120.

In October 1994, the DOE submitted the Biennial Environmental Compliance Report (BECR) to the

Environmental Protection Agency Region VI Office and to the New Mexico Environment

Department. The submittal of this report was mandated in Section 9(a)(2) of the WIPP Land
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3.2.18 Waste Isolation Pilot Plant Land Withdrawal Act (LWA) (continued)

Withdrawal Act of 1992. Thie BECR documents the WIPP's compliance with applicable federal and

state laws, regulations, and permit conditions pertaining to public health and safety and/or the
environment.

3.2.19 Taylor Grazing Act
(43 U.S. C. § 3 15 et seq.)

The Taylor Grazing Act is intended to prohibit injury to public grazing lands by preventing
overgrazing and soil deterioration. The Act promotes the orderly use and/or improvement to public
grazing lands by establishing grazing districts and a grazing permit system. As definied in the
LWA, the DOE may allow grazing to continue on the WIPP facility land where grazing districts had

been established prior to the date of enactment of the Land Withdrawal Act. The Department of
Interior, in consultation with the DOE, will issue any future grazing permits on WIPP lands.

3.2.20 Federal Land Policy and Management Act (FLPMA)
(43 U.S.C. §1701-1782)

The Federal Land Policy and Management Act was enacted to ensure, among other things, that

... public lands be managed in a manner that will protect the quality of

scientific, scenic, historical, ecological, environmental, air and atmospheric,

water resource, and archeological values; that, where appropriate, will

preserve and protect certain public lands in their natural condition; that will

provide food and habitat for fish and wildlife and domestic animals; and that

will provide for outdoor recreation and human occupancy and use ..

The Secretary of Energy is required to comply with Subchapter IV of the Federal Land Policy and

Management Act. Subchapter IV establishes the authority for grazing fees, range betterment funds,

grazing permits, and grazing advisory boards. Under the LWA, the Secretary of Energy is

empowered to administer these programs.
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3.2.21 Public Rangelands Improvement Act

(43 U.S. C. § 1901 et seq.)

The Public Rangelands Improvement Act establishes a national policy and commitment to

* Inventory and identify current public rangeland conditions and trends.

* Manage, maintain, and improve the condition of public rangelands in a manner that

the land becomes as productive as is feasible.

* Continue the policy of protecting wild free-roaming horses and burros and of

removing and disposing of those excess animals that pose a threat to themselves, their

habitat, and other rangeland values.

The DOE administers the WIPP facility lands as public rangelands in accordance with the guidelines

prescribed in the LMP.

3.2.22 Executive Order (EO) 12548 - Grazing Fees

* Executive Order (EO) 12548 orders the establishment of fees for grazing of domestic livestock on

public rangelands. The Department of Interior, in consultation with the DOE, will establish grazing

fees for the WIPP facility lands.

3.2.23 Materials Act of 1947
(30 U.S.C. § 601 et seq.)

The Materials Act of 1947 addresses the disposal of mineral materials (e.g., sand, stone, gravel,

pumice, cinders, and clay etc.) on public lands. The disposal of vegetative materials (e.g., yucca,

manzamita, mesquite, cactus, and timber or forest products) is also addressed. Under the LWA, the

WIPP facility must dispose of those salt tailings not used for backfill, in accordance with the

bidding, advertising, contract negotiation, and disposition of monies provisions (Sections 602-603)

of the Materials Act.
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3.2.24 Federal ine Safety and Health Act of 1977 (MSHA)
(30 U.S. C. § 801 et seq.)

Under the Federal Mine Safety and Health Act of 1977, the U.S. Department of Labor (DOL) is
responsible for developing and enforcing regulations and standards to protect mine workers. In an

MOU between the DOE and the DOL, effective July 9, 1987, the Mine Safety and Health
Administration (MSHA) conducts periodic health and safety compliance inspections of WIPP facility

underground operations. When the WIPP Land Withdrawal Act was signed into law on July 10,
1993, MSHA became the agency responsible for conducting at least four surface and underground

safety inspections per year at the WIPP.

MSHA conducted four quarterly inspections in 1994. During three of these quarterly inspections,

no Compliance Assistance Visit Notices were issued. During one inspection, two Compliance

Assistance Visit Notices were issued. Neither of these two notices were marked as "Significant and

Substantial" indicating that the violations would not significantly or substantially contribute to an
accident. The conditions responsible for the notices were abated before the inspection was

completed

3.2.25 Occupational Safety and Health Administration (OSHA) Regulations
(29 CER 1900-1999)

The 1970 Williams-Steiger Occupational Safety and Health Act Section 6 (a) provides that the

Department of Labor (DOL) establish employee safety and health standards compatible with those

that are commonly practiced in industry and that have been found to meet national consensus

standards or established federal standards. The DOE complies with OSHA standards and the OSHA

safety and health management guidelines for all WIPP facility activities. In addition, the WIPP

facility has established safety procedures in accordance with DOE policy.

Secretary of Energy Hazel R. O'Leary inducted the WID as the first Star Site in the Department of

Energy's Voluntary Protection Program (DOE-VPP). Modeled after the OSHA VPP, the DOE-VPP

was initiated in January 1994 to recognize exemplary contractor safety and health programs. An

eleven member onsite review team representing a cross-section of environment, safety and health

disciplines unanimously voted to recommend the WID as operating a Star Site after an August 29 -

September 2, 1994, evaluation of the WID's safety and health program. The team's evaluation

included review of records and over 160 interviews with managers and staff.
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3.2.26 Noise Control Act of 1972

(42 U.S. C. § 4901 et seq.)

According to the policy clause in Section 2(a)(3) of the Noise Control Act of 1972, the primary

responsibility for noise control is vested in state and local governments. Federal regulation is

deemed essential only for commercial noise sources requiring national uniformity of treatment

(e.g., aircraft noise). However, federal agencies are required to comply with federal, state,
interstate, and local requirements respecting control and abatement of environmental noise "...to

the fullest extent consistent with their authority . . . " (Section 4[a] and [b][11, [21).

DOE facilities are required to comply with OSHA standards in 29 CFR 1910, which include the

Occupational Noise Exposure standards in 29 CFR 1910.95. Any WIPP facility noise sources that

exceed these standards have been mitigated (e.g., noise dampers have been installed in the WIPP

facility underground air exhaust fans). There are no noise sources at the WIPP facility that could

affect the general public.

3.2.27 Bald and Golden Eagle Protection Act
(16 U.S.C. § 668-668d)

* The Bald and Golden Eagle Protection Act makes it unlawful to capture, kill, molest, or disturb

these eagles, their nests, or their eggs anywhere in the United States. A permit must be obtained

from the U.S. Department of the Interior to relocate a nest that interferes with resource development

or recovery operations. The Act potentially applies to the WIPP facility because there is a

possibility that these birds could be present on facility lands.

Surveys to identify raptor nests on the WIPP facility lands since 1985 have thus far failed to locate

any bald or golden eagle nests near operational activities. Through the Cooperative Raptor Research

and Management Program (CRRMP) at the WIPP facility the DOE will continue to monitor for

raptor nests on WIPP lands and near operational buildings.

3.2.28 Migratory Bird Treaty Act (NIBTA)
(16 U.S.C. § 703 et seq.)

The Migratory Bird Treaty Act is intended to protect birds that have common migration patterns

between the United States and Canada, Mexico, Japan, and Russia. The Act stipulates that it is

unlawful to indiscriminately "...kill. ... any migratory bird." It regulates the harvest of
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3.2.28 Migratory Bird Treaty Act (MIBTA) (continued)

migratory birds by specifying the mode of harvest, hunting seasons, and bag limits. Although the
WIPP facility is not located within a major migration corridor, there are migratory birds present on

WIPP facility lands. As required by the MBTA, the DOE will consult annually with the U.S. Fish
and Wildlife Service with respect to impacts on migratory birds from the hunting activities permitted

on WIPP facility lands.

3.2.29 National Defense Authorization Act - Fiscal Year 1989

The DOE has contracted the New Mexico Institute of Mining and Technology (NMIMT) to conduct

independent reviews of the health and safety aspects of the design, construction, and operations of

the WIPP facility, as required by the National Defense Authorization Act of 1989. The

Environmental Evaluation Group (EEG) at the Institute performs the reviews. The DOE will
cooperate, as appropriate, with the EEG reviews of health and safety practices at the WIPP facility.

3.2.30 Protection and Enhancement of Environmental Quality
(Executive Order 11514, as amended by Executive Order 11991)

Executive Order 11514 directs federal agencies to perform the following:

" Monitor, evaluate, and control activities so as to protect and enhance the quality of

the environment.

" Review statutory authority, regulations, policies, and procedures in order to identify

any deficiencies or inconsistencies that limit compliance with the NEPA.

/ Develop procedures to ensure the public is informed of federal programs with

environmental impact.

" Ensure that information regarding existing or potential environmental problems

brought to light by research, development, demonstration, test, or evaluation
activities are made available to federal agencies, states, counties, municipalities,

institutions, and other appropriate entities.

* Comply with statutory authority, regulations, policies, and procedures in order to

identify any deficiencies or inconsistencies that limit compliance with the NEPA.

3-26



1994 WIPP Site Environental Report

3.2.30 Protection and Enhancement of Environmental Quality (continued)

The DOE complies with the CEQ regulations and public disclosure requirements by preparing

NEPA documentation on WIPP Project activities as necessary. The DOE also conducts continuing,

comprehensive environmental monitoring programs at the WIPP site.

3.2.31 Federal Compliance with Pollution Control Standards
(Executive Order 12088)

Executive Order (EO) 12088 advises the director of each federal agency to ensure that all necessary

actions are taken for the prevention, control, and abatement of environmental pollution. Each

agency is responsible for compliance with applicable pollution control standards established by such

statutes as the CWA, the CAA, the AEA of 1954, and others. Each agency must submit an annual

plan for the control of environmental pollution at its facilities. This EO mandates that the DOE

control pollution at the WIPP facility.

The Waste Minimization and Pollution Prevention Awareness Plan was updated on May 31, 1994.

This plan is reviewed annually and updated at least every three years. Pollution prevention

awareness guidance is contained in the Resource Conservation and Recovery Act Compliance Manual

W (WP 02-6, 02-7) and its implementing procedures, as well as in the Environmental Compliance

Manual (WP 02-5). These environmental compliance manuals are currently being revised to

incorporate elements of the Waste Minimization and Pollution Prevention Awareness Program.

The WIPP has developed a central inventory database to track the type and quantity of hazardous

materials on site. The software for the inventory database was installed in December 1993. In

1994, WIPP inventory data were entered in the database. Currently, inventory is performed on a

quarterly basis.

3.3 Other Significant Accomplishments and Ongoing Compliance Activities for

Calendar Year 1994

3.3.1 Environmental Leadership Program

A proposal for the WIPP's inclusion in the EPA's Environmental Leadership Program (ELP) was

submitted to EPA on September 21, 1994. The ELP is designed to recognize and reward facilities

that develop innovative environmental management systems and thereby commit to achieving notable

V compliance and pollution-prevention results. The ELP pilot project phase will help EPA design a
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3.3.1 Environmental Leadership Program (continued)

full-scale leadership program. The ELP will also serve as a vehicle for analyzing the EPA's audit

policies and voluntary disclosure approaches. The program has the potential to not only build and

strengthen liaisons among the EPA, the states, and the regulated community, but to implement new

environmental performance measures that foster employee and community involvement.

3.3.2 Environmental Compliance Assessment Program (ECAP)

The ECAP plays a major role in the overall program for environmental protection activities at the

WIPP. The ECAP was developed to determine if impactive or potentially impactive facility

activities protect human health and the environment and if these activities are in compliance with

applicable federal, state, and local requirements; with permit condition/requirements; and with best

management practices. This program provides a comprehensive system, not only to assess

compliance with applicable environmental statutes and requirements at the WIPP, but also to identify

operationally feasible and environmentally sound corrective action measures for nonconformances or

observations identified. The ECAP is designed to address five compliance assessment processes:

(1) environmental compliance appraisals; (2) environmental audits; (3) independent review group

evaluations; (4) environmental event evaluations; and (5) environmental compliance status tracking

and reporting process.

During 1994, 21 assessments were conducted. Some of the assessed areas included: RCRA

Training, Satellite Accumulation Areas, Equipment Inspections, New Mexico Special Waste, OSHA

Bloodborne Pathogens, Diesel Generator Permit, HAZMAT Inventories, Waste Characterization,

Construction Landfill, Hazardous Waste Generator Requirements, and New Mexico Discharge Plan

and Water Supply Regulations.
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Table 3-1
Compliance Status with Major Environmental Regulations

Applicable to the WTPP Project

StatutelRegulation Status

Atomic Energy Act No radioactive waste was received during CY 1994.

Clean Air Act NESHAP data package and letter of notification submitted. No

monitoring/reporting required until after receipt of waste.

Clean Water Act Quarterly inspections of best management practices to comply with (stormwater

retention basins) NPDB storm water general permit (NMROOAO21).

Comprehensive Environmental Response. No Land Disposal Units (LDUs) exist at the site. No CERCLA site cleanup

Compensation. and Liability required. Reports filed as required under SARA for hazardous substances are

Act/Superfund Amendments and maintaind onsite.

Reauthorization Act

Endangered Species Act Permits to collect biological samples and to band nonendangered species of

raptors are maintained.

Federal Land Policy and Management Act An MOU between the DOE and the BLM was issued in July 1994. This MOU

outlines the responsibilities the BLM and the DOE have with regard to land use

management for the withdrawal area. The WIPP Land Management

Implementation Plan was issued August 1994.

Federal Insecticide, Fungicide, and All use of pesticides is approved by Industrial Safety and is performed by

Rodenticide Act subcontractors.

Hazardous Materials Transportation Act Hazardous wastes to be sent offsite are reviewed to ensure compliance with

HMTA.

National Environmental Policy Act (as The 1994 Annual Mitigation Report for the Waste Isolation Pilot Plant (NEPA

supplemented by DOE Order 5440.lE, and [D# WIP:94:0001) was issued July 1994. This provides a status of the

10 CPR 1021) commitments made in the WIPP's Records of Decision. A new computer-based

NEPA training module was released for use in December 1994. Purchase

requisitions and engineering work packages which inita= changes and

modi&iations to the WIPP facoiiy continue to be reviewed for potential

environmental impacts.

National Historic Preservation Act Activities requiring excavation in previously undisturbed areas are surveyed by
licensed, permitted archaeologists. Required reports are submitted to the New

L Mexico State Historic Preservation Officer.
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Table 3-1
Compliance Status with Major Environmental Regulations

Applicable to the WIPP Project

Statute/Regulation Status

New Mexico Air Quality Control Act The New Mexico Air Quality Bureau issued Air Quality Permit 310-M-2 on
December 7, 1993. On February 26, 1994. the WIPP completed the emnission
monitoring requirements established in the permit. With the submittal of thie
Final Compliance Sampling Report on March 28, 1994. the DOE has fulfilled all
monitoring and reporting requirements identified in the Permit. New Mexico
does not yet have primacy for NESHAP for radionuclide emissions from DOE
facilities. New Mexico Hazardous Waste Management Regulations See

"Resource Conservation and Recovery Act." NMED does not yet have primacy
for all areas by the RCRA.

New Mexico Radioactive Materials Act No radioactive wastes had been received at the WIPP in CY 1994.

New Mexico Water Quality Act The DOE submits quarterly discharge monitoring reports to the NMED
Groundwater Quality Bureau to comply with the requirements of the WIPP
Discharge Plan. DP-831.

New Mexico Wildlife Conservation Act See "Endangered Species Act."

Resource Conservation and Recovery Act Hazardous-w.nsre generator compliance: All site-generated hazardous wastes
were transported off-site within the 90-day accurmulation period.

No-Migration Determination compliance: The fourth annual report was
submitted to EPA on November 14, 1994.
Mixd-wte management: on January 13, 1994, the DOE formally requested

that the NMi~ED allow the DOE to modify the RCRA permit application to reflect
disposal operations. In September 1994, the NM[ED ordered the submittal of a

complete revised permit application by May 31, 1995. DOE has Submitted
Chapters B, D, E, F, G, H. 1, 1 & K to the NMED for their review.
Undergrowid Storage Tanks: Annua registration fee paid. Maintenance of
inventory control records continues.

Toxic Substances Control Act Procurement of asbestos-/PCB-comtinng materials not allowed. Other portions
of TSCA not applicable.
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Table 3-2

DOE Orders Affecting the WIPP Environmental Program

ORDER NO. DATE TITLE ANNOTATION

DOE 5400.1 11/09/88 General Environmental Establishes environmental pro=ectin program
Cag1- Protection Program requirements, authorities. and responsibilties

0)6/2979 for DOE operations for ensuring compliance
with federal and state environmental protection
laws and regulations. federal executive orders.
and internal department policies.

DOE 5400.2A 01/31/89 Environmenta Establishes DOE requirements for coordination
Compliance Issue Coordination of significant environmental compliance issues.

DOE 5400.4 10/06/89 Comprehensive Environmental Establishes basic requirements for
Response, Compensation. and implementation of the Superfund at DOE
Liability Act Requirements facilities.

DOE 5400.5 02/08/90 Radiation Protection of Establishes standards and
Chage2- the Public and the Environment requirements for operations of the

01/07793DOE and DOE contractors with
respect to protection. of the public. and
the environment against undue nsk
from radiation.

DOE 5440.1lE 11/10/92 National Environmental Policy Establishes DOE policy for imlementation of
Act the National Environmental Policy Act of 1969

(PL 91-190).

DOE 5480.1lB 03/27/90 Environment. Safety, and Health Establishes overall framework of program
Chne - Program for DOE Operations requirements for safety, environmental, and

05/10793health protection.

DOE 5480.3 07/09/85 Safety Requirements for the Establishes. requirements for packaging and
Packaging of Fissile and Other transportation of radioactive material for DOE
Radioactive Materials faciliies.

DOE 5484.1 02/24/84 Environmental Protection, Establishes requirements and procedures for
Cag7- Safety, Health Protection reporting information having environmental
10170Information Reporting protection, safety, or health significance to

Requirements DOE operations.

AL 5484.1 08/23/82 Environmental Protection. Safety Albuquerque Operations Office implementation
Change I- and Health Protection of 5484. 1.
10/24/86 Information Reporting

Requirements
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Table 3-2

DOE Orders Affecting the WIPP Environmental Program

ORDER NO. DATE TITLE (otne)ANNOTATION

DOE 5480.23 04/30/92 Nuclear Safety Analysis Reports To establish uniform requirements for the
Chang-1 peparaion nd review of safety. analyses of

3/10/4 DO opertion which include the following:
identific-ation of hazards. their eliminaion or
control, assessment of the risk, and documented
management authorization of their operation.

DOE 5482.113 9t23/86 Environmental. Safety To establish the Environmental Protection.
Cbange-5 and Health Appraisal Program Safety, and Health (ES&H) appraisal program
05/10/93 for the DOE.

DOE 5500.3A 04/30/91 Planning, and Preparedness, for To establish requirements for the development
CagI- Operational Emergencies of DOE site-specific emergency plans and

02127792procedures for radiological emergencies
occurring in existing or planned DOE reactors
and non-reactor nuclear Vacilities. It also
requires that comprehensive emergency actions
are planned, coordinated, and b#)p mented to
respond effectively to the onsite and offsite
consequences of a radiological emergency a
these facilities * and it provides for appo~lt
coordination between DOE and offsleo ciawls
to ensure the protection of onsite personnel.
public health and safety, and the environment.

DOE 5700.6C 08/21/91 Quality Assurance To provide DOE policy, set forth principles.
and assign. responsibilitfies for esta lishing.
impljementing, and maintakining prgrams of
plains and actions to ensure quaility achievement
in DOE programs.

DOE 5820.2A 09/26/88 Radioactive Waste Management Establishes policies and guidelines by which
DOE manages radioactivie waste, waste
byproducts, and radioactively contaminated
surplus facilities.0

DOE 6430.l1A 04/06/89 General Design Criteria To provide eneral des= criteria for use in the
acquisition oN DOE faciltes and to establish
responsibilities and authorities for the
development and maintenance of these criteria.
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Table 3-3

Summary of Agreements Between the DOE and the State of New Mexico That Affect thie WIPP Environmental Program

Stipulated Agreement on Civil Action No. 81-0363 JB3 - This agreement, approved by the U.S. District Court proceedings, held in

abeyance in the lawsuit against the DOE by the State of New Mexico, was executed on July 1. 1981. The eight-page agreement
assures that a binding, enforceable "consultation and cooperation" agreement will be entered into by the DOE and the state, and that

the DOE will make a "good faith effort" to resolve certain state offsite concerns (which are covered in the Supplemental Stipulated

Agreement). The Stipulated Agreement also addresses a number of additional studies and experiments to be conducted by the DOE
for the Site Preliminary and Design Validation Phase of the WIPP facility. This agreement was signed by Jeff Bingaman (Attorney
General State of New Mexico) and Myles Flint (Attorney. U.S. Department of Justice), and was issued July 1. 1981, by Juan G.
Burciaga (U.S. District Judge. District of New Mexico).

Agreement for Consultation and Cooperation - Usually referred to as the "C&C Agreement." this agreement is contained in

Appendix A to the Stipulated Agreement. It affrm the intent of the Secretary of Energy to consult and cooperate with

New Mexico with respect to state public health and safety concerns. It was signed in July 1981 by Bruce King (Governor, State of

New Mexico) and James B. Edwards (Secretary, U.S. Department of Energy).

Working Agreement for Consultation and CooveratioL- Appendix B. Article IV. Revision I - This agreement. Appendix B to the

Stipulated Agreement, identifies in Article IV over 60 "key events" and "milestones" in the construction and operation of thie WIPP

facility that must be reviewed by the state before they are commenced. Many environmental items are included. It was signed in

March 1983 by Robert McNeill (Chairman. Radioactive Waste Task Force), and R. G. Romotowski, (Manager, Albuquerque

Operations Office, U.S. Department of Energy). (Article IV of the Working Agreement was revised on April 8, 1983).

Supplemental Stipulated Agreement Resolving Certain State Off-Site Concerns Over WIPP - This agreement dated December 27,

1982, addresses five state concerns including the need for state "verification" of the WIPP Environmental Monitoring Program. The

concerns addressed are: state liability for a nuclear incident, emergency response preparedness, transportation monitoring of the

WIPP facility waste, the WIPP facility environmental monitoring by the state, and upgrading of state highways. It was signed in. December 1982 by Bruce King (Governor, State of New Mexico) et al., and R. G. Romotowski (Manager, Albuquerque Operations
Office, U.S. Department of Energy).

First Modification to the July 1. 1981. Agreement for Consultation and Cooperation on WIPP by the State of New Mexico and the

U.S. Department of Energy - This modification was signed November 30, 1984, wherein the DOE and the state agree to address

certain concerns of the state regarding: (1) the specific mission of the WIPP Project, (2) a demonstration of retrievability prior to

waste emplacement. (3) post-closure control and responsibility, (4) completion of certain additional scientific testing and reports.

(5) compliance with applicable federal regulatory standards for waste repositories, and (6) a programn for encouraging and reporting

on the hiring of New Mexico residents at the WIPP Project. It was signed in November 1984 by Joseph Goldberg (Secretary, Health

and Environment Department, State of New Mexico), and R. G. Romotowski (Manager. Albuquerque Operations Office, U.S.

Department. of Energy).

Second Modification to the July 1. 1981. Aareement for Consultation and Cooperation on the WIPP by the State of New Mexico and

the U.S. Department of Energy - Signed August 4, 1987, wherein the DOE and the state agree to address certain concerns of the

state regarding: (1) surface and subsurface mining and drilling after closure of the WIPP site, (2) the disposal of salt tailings at the

WIPP site, and (3) compliance with U.S. Environmental Protection Agency. U.S. Department of Transportation, and U.S. Nuclear

Regulatory Commission regulations. It was signed in August 1987 by Garry Carruthers (Governor, State of New Mexico) et al.,

and R. G. Romotowski, (Manager, Albuquerque Operations Office, U.S. Department of Energy).
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Table 3-3
Summary of Agreements Between the DOE and the State of New Mexico That Affect the WIPP Environmental Program

(continued)

1988 Modification to the Working Agreement of the Consultation and Cooperation Agreement Between the U.S. Department of
Enerzy and the State of New Mexico on the Waste Isolation Pilot Plant - This modification deleted the sorbing tracer test from the
list of required reports and substituted additional tests. In addition. the state is allowed to operate a fixed-air sampler in the mine
ventilation effluent air streamt. It was signed in March 1988 by Kirkland Jones (Deputy Director.
New Mexico Environmental Improvement Division. State of New Mexico) et al.. and R. G. Romotowski (Manager. Albuquerque
Operations Office, U.S. Department of Energy).

Environmental Oversight and Monitoring Agreement - This agreement states that the DOE will provide additional technical and
financial support for state activities in environmental oversight, monitoring, access. and emergency response to ensure compliance
with applicable federal, state, and local laws at several DOE facilities including the WIPP facility. It was signed in October 1990 by
Garrey Carruthers (Governor. State of New Mexico; Dennis Boyd (Secretary, Health and Environment Department). and Bruce G.
Twining (Manager, Albuquerque Operations Office, U.S. Department of Energy).

Site-Specific Protocol for loulementation of the Environmental Oversight and Monitorim Agreement - Signed October 23. 1992, this
protocol describes the site-specific protocol for day-to-day activities involving the NMED and the DOE contract personnel stationed at
the WIPP. This protocol is a result of the "Environmental Oversight and Monitoring Agreement of 1990" between the State of New
Mexico and the DOE. It is designed within the context of the unique nature and purpose of the WIPP.
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Table 3-4
Active/Pending Permits for the Waste Isolation Pilot Plant During 1994

Granting Agency Type of Permit Permit Granted/ Expiration 1994 Permit
Number Submitted Status

Department of the Right-of-Way for NM53809 8/17/83 None Active
Interior. Bureau of Land Water Pipeline
Management

Department of the Right-of-Way for the NM55676 8/24/83 None Active
Interior, Bureau of Land North Access Road
Management

Department of the Right-of-Way for NM55699 9/27/83 None Active
Interior. Bureau of Land Railroad
Management

Department of the Right-of-Way for NM63 136 7/31/86 None Active
Interior. Bureau of Land Dosimetry and Aerosol
Management Sampling Sites

Department of the Right-of-Way for NM65801 11/7/86 None Active
Interior, Bureau of Land Seven Subsidence
Management Monm~ents

.Department of the Right-of-Way for NM77921 8/18/89 8/18/2019 Active
Interior, Bureau of Land Aerosol Sampling Site
Management

Department of the Right-of-Way for Ten NM82212 9/12/89 12/13/2019 Active
Interior, Bureau of Land Raptor Nesting
Management Platforms

Department of the Right-of-Way for NM82'245 12/13/89 12/13/2019 Active
Interior, Bureau of Land Survey Monument
Management Installation

Department of the Approval to Drill 2 None 9/18/86 None Active
Interior, Bureau of Land new test wells on
Management existing pads at

Department of the Free Use Permit for NM-FU3- 7/27/94 7/27/95 Active
Interior, Bureau of Land Caliche 91183
Management

New Mexico Open Burning Permit to None 3/1/94 3/1/95 Active
Environment Department train fire control Crews

New Mexico Operating Permit for 310-M-2 12/7/93 None Active
Environment Department two backup generators
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Table 3-4

Active/Pending Permits for the Waste Isolation Pilot Plant During 1994
(continued)

Granting Agency Type of Permit Permit Granted/ Expiration 1994
Number Submitted Permit

Status

New Mexico Submittal of Part B Submitted to NMED
Environment Department RCRA Permit the NMIED declared

Application and EPA permit
Region VI on administrat-
2/26/92 and ively
on 2/27/92. cmlete
Revisions 7/22I9"2.
were Draft permit
delivered to issued
the NMED 8/24/93.
on 3/4/92 Public
and 1/27/93. comment

7/14/94. t

New Mexico Acknowledgement of NM4890139 1/88 None - Active
Environment Department Notification of 088 Latest rprt Contingent

Hazardous Waste deliverd on upon delier
Activity 2/28/92 of biena

report

New Mexico Individual Banding 1,961.00 Active
Depatent of Game and 4/1/94 3/31/95

New Mexico Master Collecting 1,894.00 Active
Department of Game and 4/5/94 3/31/95

New Mexico Concurrenice that WIPP None 5/26/89 None Active
Department of Game and construction activities
Fish will have no significant

impact on State-listed
threatened or
endangered species

U.S. Department of the Master Personal 22,478.00 5/19/93 6/30/95 Active
Interior, Fish and Baniding
Willie service

USDeatetOf the Concurrence that WIPP None 5/29/80 None Active
Inero,7ih n construction activities
Wildlife Service will have nosgnfct

imac on Federally-
Listed threatened or
endangered Species
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Table 3-4

Active/Pending Permits for the Waste Isolation Pilot Plant During 1994
(continued)

Granting Agency Type of Permit Permit Granted/ Expiration 1994
Number Submitted Permit

Status

New Mexico Department Concurrence that the None 7/25/83 None Active
of Finance and DOE Archaeological
Administrative Planning Resources Protection
Division. Historic Plan is adequate to
Preservation Bureau mitigate any adverse

impacts upon cultural
resources resulting
from construction of
the WIPP facility

U.S. Environmental Notification of the None 4/15/86 None Active
Protection Agency prene of 2

Unerground Storage
Tanks

U.S. Environmental New Mexico NPDES NMROO 12/31/92 12/31/97 Active
Protection Agency Storm Water General A021

Permit

New Mexico Right-of-Way for High RW-22789 10/3/85 10/3/2020 Active
Commissioner of Public Volume Air Sampler. Lands
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Chapter 4

Environmental Program Information

The WIPP's policy is to conduct its operations in a manner that complies with all applicable

environmental laws and regulations.

4.1 Environmental Monitoring Plan (]EMIP)

The WIPP's Environmental Monitoring Plan outlines a program that monitors a comprehensive set

of parameters to detect and quantify present and future environmental impacts. Nonradiological

portions of the plan focus on the immediate area surrounding the site.

The goal of the EMP is to identify what impacts may exist from the WIPP on the local ecosystem.

Evaluation of the severity, geographic extent, and environmental significance of these impacts is

important to the mission of the facility and future research. Although the WIPP has performed a

detailed study of these impacts, additional samples will be collected and-analyzed to investigate and

explain trends or anomalies that may have a bearing on environmental impacts. The EMP sampling

schedule is provided in Table 4-1, page 4-6.

As recommended in DOEIEP-0023 (i.e., Corley et al. 1981) and DOE/EI--0173T, the EMP

monitors levels of naturally occurring radionuclides. This surveillance includes the monitoring of

world-wide fallout and fallout expected from the WIPP waste. The geographic scope of radiological-

sampling is based on projections of potential release pathways (see Figure 5-1, Primary Pathway

Exposure model, page 5-8) and those in WIPP waste. The surrounding population centers are also

monitored as sampling devices., Table 4-2, pages 4-7 through 4-8, represents the EMTL analytical

array.

As required by DOE Order 5400. 1, the EMIL' is to be reviewed annually and updated every three

years. The most recent EMvP was updated in March 1994 (DOE/WIPP 94-024).

4.2 Baseline Data

Within the WIPP Environmental Monitoring section there are five programs currently in place: the

Nonradiological Environmental Surveillance (NES), the Radiological Environmental Surveillance

(RES), the Cooperative Raptor Research and Management Program, Land Management, and the

WIPP Groundwater Surveillance Programs (WQSP). The purpose of these programs is to collect
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4.2 Baseline Data (continued)

the data needed to detect and quantify possible impacts that construction and operational activities at

the WIPP may have on the surrounding ecosystem and, when necessary, provide technical support

for issues that require expertise in the disciplines of environmental science or land management.

The data are used to assess impacts of WIPP operations on the environment and to demonstrate

compliance with applicable standards for radiological and nonradiological programs.

Preliminary studies must be considered when evaluating environmnental monitoring efforts. These

preliminary studies have contributed to baseline data gathered during the construction phase, as well

as the long-term monitoring programs. These studies include the following:

* WLPP Site Characterization Program - instituted in 1976 by Sandia National

Laboratories (SNL) to monitor air quality, background radiation levels, and

groundwater quality (PocaluJka et al., 1979; 1980a, b, c; 1981a, b;

Powers et al., 1978; Lappin, 1989).

* WIPP Biology Program - began in 1975 with site characterization studies of climate,

soils, vegetation, arthropods, and vertebrates (Best, 1980).

* Investigations of the Site Geohydrology - conducted by the U.S. Geological Survey

(USGS) at the request of the DOE. In addition, the NRC issued a contract to

Columbia University to perform a study of radionuclide mobility in the highly saline

groundwaters of the Delaware Basin (USGS, 1983).

* Radiological Monitoring of Air, Water, and Biological media - conducted by the

Atomic Energy Commission (ACE) before and after the Project Gnome nuclear

detonation (U.S. AEC, 1962a, b, c, d).

4.3 Environental Monitoring and Planning Activities

This section addresses significant environmental activities that occurred during CY94.
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O4.3.1 Waste Minimization Commnittee

The Waste Minimization Committee was formed in 1993 with representatives from groups

generating or working with hazardous and/or large volumes of waste. The Committee prepared a

Waste Minimization Charter, which outlines the Committee's responsibilities.

The Waste Minimization Committee is split into separate subcommittees to concentrate on different

areas of pollution prevention. These subcommittees are the Employee Awareness, Community

Outreach, Waste Assessments, and Hazardous Solvent Substitution.

In 1994, the Employee Awareness Subcommittee participated in the Six Weeks of Safety and

National Quality Month. Articles were printed in the TRU-News periodically to educate employees

on the importance of waste minimization. Another project conducted in 1994 was in conjunction

with the Quality Improvement Program. Plastic reusable cups were distributed to all employees at

WIPP for use in the cafeteria thereby reducing the amount of waste generated.

The Community Outreach subcommittee worked with the NMED to conduct source reduction

surveys of local businesses. These source reduction surveys assisted businesses in identifying large

Wvolume waste and subsequently integrate waste minimization practices.

A Pollution Prevention Opportunity Assessment (PPOA) was conducted by the Waste Assessments

Subcommittee. The PPOA Subcommittee investigated the disposal of fluorescent tubes onsite and

alternatives to their disposal as hazardous waste. The PPOA was completed at the end of 1994 and

awaits implementation. In addition, an informal survey was conducted on the existing recycling

programs onsite to ensure that all employees had the opportunity to participate.

The Hazardous Solvent Substitution Subcommittee concentrated on products that contained extremely

hazardous substances. This Subcommittee worked with the Chemical Management Committee to

develop a purchase requisition sign-off system to ensure that environmentally sound products were

being purchased and that excess products were used promptly.

Other waste minimization activities for 1994 include:

* Recycling of white bond paper, corrugated cardboard, and aluminum cans

* Recharging of toner cartridges

* Puncturing of aerosol cans to reduce hazardous waste volumes
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4.3.1 Waste Minimization Committee (continued)

* Recycling of waste oil offsite0
* Reusing cold-degreasing solvents at six solvent stations used for cleaning parts

* Reclaiming cold-degreasing solvents offsite
* Using recycled janitorial paper products exclusively

0 Recycling of lead-acid batteries offsite

4.3.2 Environmental Training

Environmental training was provided to personnel associated with environmental operations at the

WIPP. Training courses ranged from technical topics (e.g. RCRA sampling), to basic ES&H

training. These courses were conducted both onsite by WIPP personnel and offsite by various

contractors.

4.3.3 WIPP Land Management Plan

On October 30, 1992, the WIPP Land Withdrawal Act (i.e., Public Law 102-579) was signed into

law by former President George Bush. The WIPP Land Withdrawal Area is comprised of 10,240

acres (4145 ha) that have been transferred from the Department of Interior to the Department ofV

Energy.

A requirement of the Act was the preparation of a land management plan. The WIPP's Land

Management Plan (LAD) completed in October 1993, fulfills this requirement. This plan was

drafted by the DOE and the BLM in consultation with the State of New Mexico. The LMP assures

that future management of the withdrawal area will be consistent with the Federal Land Policy

Management Act (FLPMA), the WIPP Land Withdrawal Act, and other applicable laws. The Land

Management Plan is in effect through the decommissioning phase of the WIPP facility. A separate

plan for the post-decommissioning phase is required by the Act with submittal to Congress within

five years from the date of enactment of the Act.

4.3.3.1 Management Goal I

The goal of the LMAP is to manage the withdrawal area as it has been traditionally managed and to

avoid, whenever possible, placing restriction on land use. It is not the intent of the DOE to make
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*4.3.3 WIIPP Land Management Plan (continued)

4.3.3.1 Management Goal (continued)

the withdrawal area an exclusive-use area. However, some restrictions are needed to protect the

long-term integrity of the WIEPP repository. During operations, the safety and security of

the facility must be maintained. The Act gives the DOE the authority to restrict activities in the

land withdrawal area to whatever extent the DOE deems necessary to ensure the protection of the

facility, the staff, and the public.

As a complement to this land use plan, a concurrent Land Management Implementation Plan (LMIP)

and a MOU, executed between the DOE and the BLM as required by the Act, were developed. The

LMIP was issued August of 1994, the MOU was signed into effect July 19, 1994. The MOU

outlines responsibilities of each agency with regard to requests for the use of the withdrawal area.

The MOU also defines the consultation role of other land management agencies adjacent to and in

the vicinity of the withdrawal, (including the State of New Mexico and other federal agencies).

Guidelines prescribed in the LMIP provide for the management and oversight of WIPP lands under

Wthe jurisdiction of the DOE, in addition to lands outside the WIPP boundary that are used in the

operation of the WLPP (e.g. groundwater surveillance well pads outside the withdrawn area). The

plan also provides for multiagency involvement in the administration of DOE land management

actions. Accordingly, commitments contained in existing permits or agreements (e.g. MOUs) are

adhered to when contemplating proposed land use actions. The LMvIP provides guidelines for the

comprehensive administration and execution of land use decisions to include:

* Environmental Compliance

* Safety
* Maintenance and Work Control

* Energy and Mineral Resources

* Reclamation/Environmental Restoration

0 Cultural Resources
* Access/Rights of Way

* Recreation
0 Security. Wildlife
0 Grazing
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Table 4-1
EMP Sampling Schedule

Type of Sample Sampling Locations Sampling Frequency

Liquid Influent 1 Semiannual

Liquid Effluent 1 Semiannual

Airborne Effluent 8 Continuous

Meteorology 2 Continuous

Exposure Rate Meter 1 Continuous

Atmospheric Particulate 7 Weekly

Air Quality 1 Continuous (Discontinued)

Vegetation-Radioanalysis 4 Annual

Beef/Deer 2* Annual

Game Birds 2 Annual

Rabbits 2 Annual

Soil-Radioanalysis 7 Biennial

Surface Water /8 Annual

Groundwater 14 Annual

Fish 2 Annual

Sediment 6 Biennial

Aerial Photography Site Wide Annual

Salt Impact Studies

Surface Photography 7 Biannual

Soil Chemistry 7 Quarterly

Wildlife Survey 4 Continuous

*Or as available
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Table 4-2

0 EMP Analytical Array

Type of Sample Analysis

Liquid Influent Specific Radionuclides

Liquid Effluent Specific Radionuclides, Chemical Constituents

Airborne Effluent Gross a, Gross 03, Specific Radionuclides

Meteorology Temperature, Wind Speed, Wind Direction, Precipitation, Dew Point, Barometric
Pressure

Exposure Rate Meter Penetrating Radiation

Atmospheric Particulates Gross a, Gross 03, TSP, Specific Radionuclide

Air Quality 03, CO, 112S, S02, NO,

Vegetation Radloanalysis; Specific Radionuclides

. Beef Specific Radionuclides

Game Birds Specific Radionuclides

Rabbits Specific Radionuclides

Soil Radioanalysis Specific Radionuclides

Surface Water Specific Radionuclides

Groundwater Specific Radionuclides, Chemical Constituents

Fish Specific Radionuclides

Sediment Specific Radionuclides
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Table 4-2
(continued)

EMP Analytical Array

Type of Sample Analysis

Aerial Photography Area of Land Disturbed

Salt Impact Study
Soil Chemistry pH, Na, Cl, Mg, Ca, K

Ecology Investigations
Wildlife Survey Cooperative Raptor Research and Management Program

TSS = Total Suspended Solids
TSP = Total Suspended Particulates
EC = Electrical Conductivity
pH = Hydrogen - Ion Activity

Specific Radionuclides = 238pU, 239MlOpU, 241 NU mnU, =3 U, 24'Am, =11, IMRa, 2 'Ra, 210Po, "OPb' 13'Cs, 9TSr, 40K, "Be,
60Co, Una Th.

Chemical Constituents = Chloride, iron, magnesium, phenols, sodium, sulfate, pH, specific conductance, total organic
carbon, total organic halogen, arsenic, barium, cadmium, chromium fluoride, lead, mercury, nitrate, selenium, silver,
alkalinity, bromide, iodide, orthophosphate, beryllium, calcium, boron, lithium, potassium, silica, carbon tetrachiloride,
methalene cl'oride, trichloroethylene, 1, 1, 1 trichlorethane, freon- 13, TSS, TDS
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Chapter 5
Environmental Radiological Program

*p Information

The following subsections provide a description of the various radiological programs constituting the

Environmental Monitoring Program at the WIPP. The media that are analyzed radiologically are

airborne particulates, soil, surface water, groundwater, and biotics.

5.1 Radioactive Effluent Monitoring

The Radioactive Effluent Monitoring Program (REMP) is described in the WIPP Environmental

Monitoring Plan (EMP). This plan defines the scope of the WIPP's effluent and environmental

monitoring programs during the operational life of the facility. Figure 5-1, page 5-8 illustrates the

primary pathways to the public for radioactive releases from the WIPP site.

The Environmental Regulatory Guide for Effluent Monitoring and Environmental Surveillance

(DOE/EH-0173T), (DOE, 1991), requires that monitoring of liquid waste effluent streams be

adequate to demonstrate compliance with dose limits in DOE Order 5400.5, Radiation Protection of

the Public and the Environment (DOE, 1990). This order also requires that potential sources of. contaminated airborne emissions be monitored. In CY 1994 no radioactive waste was received at

the WIPP site, and as a result, no effluent sampling or release data are reported in this document.

5.2 Environmental Radioactivity Monitoring

The following subsections present the monitoring results of the EMP for CY94. These results

include monitored subprograms such as aerosols, ambient radiation, terrestrial radioactivity,

hydrologic radioactivity, and biotic radioactivity. Table 5-1, pages 5-6 through 5-7, and figures

5-2 through 5-9 illustrate gross alpha and beta analysis of WIPP air filters conducted at the WIPP

Low Level Counting Lab (LLCL). The attached appendices (A1-A6) provide analytical results from

an offsite laboratory. For certain elements, there is a minor deviation from previous data reported

in the Statistical Summary of the Radiological Baseline Program for the WIPP (DOE/WIPP 92-037).

These outliers (> + 2 standard deviations from the mean) are denoted in Appendix Al, with an

asterisk. Data inconsistencies (< 5 percent) are most likely due to laboratory variables pertaining

t~o analytical techniques. These variables are being evaluated to assist in outlier determination.

Subsequent analytical data (e.g., CY 1995-1998) will provide supplementary radiological data to

support and update established radiological baselines.
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5.2.1 Atmospheric Radiation Baseline

During CY 1994, continuous particulate aerosol samplers operated at eight locations, three, within
1000 meters of the facility; four, at local ranches and communities; and one, as a sample control
site (Figure 5-10).

The continuous aerosol samplers presently in use maintain a regulated flow rate of approximately
950 milliliters per second (two cubic feet per minute) of air through a 47-millimeter (1.9-inch) glass
fiber filter. Table 5-1 depicts the 1994 quarterly average concentrations of the alpha and beta
activity on the low-volume aerosol filters from each location and illustrates the mean gross alpha
concentrations for all eight sampling locations. Mean gross alpha concentration shows limited
fluctuation throughout the year, as illustrated in Table 5-1. These fluctuations appeared to be
consistent among all sampling locations.

Gross alpha and beta measurements provide an indication of naturally occurring radionuclide
concentrations or changes in a specific radionuclide concentration. These measurements are
screened to ensure that important radionuclides are not overlooked when measurements are
performed.

Airborne particulate sampling was initiated in July 1985. Weekly filter collections and subsequent
radiochemnical analyses began in early 1986, except in the Far Field location where data collection
began in October 1986. Particulate filters were collected weekly at all locations in CY 1994. These
filters were analyzed at WIPP's LLCL where a weekly gross alpha and beta count of each filter was
completed.

Appendix Al provides results from the radiological analysis of CY 1994 air filters.

5.2.2 Ambient Radiation Baseline

A Reuter-Stokes High Pressure Ionization Chamber (HPIC) designed to monitor low levels of
gamma radiation in the environment was put into operation in May 1986. In 1988, the unit was
moved to the current location at the WIPP Far Field location, which is 1000 meters northwest of the
Waste Handling Building. The detector used to measure low levels of gamma radiation, a
pressurized ion chamber, measures levels of radiation from 1 to 100 microroentgen per hour
(jiRlhr). Using the average rate of 7.4 APR/hr, the estimated annual dose is approximately 65
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5.2.2 Ambient Radiation Baseline (continued)

millirem. The fluctuations noted are primarily due to calibration of the system and meteorological

events (e.g., the high intensity thunderstorms that frequent this area in late summer).

A seasonal drop in ambient radiation has been observed in the first and fourth quarters of each year.
As stated in previous reports, this fluctuation may be due to variations in the emission and
dispersion of Radon-222 from the soil around the WIPP site. These variations can be caused by
meteorological conditions, (i.e., inversions), which would slow the rate of dispersion of radon and

its progeny.

5.2.3 Radiological Soil Monitoring

Radiological soil samples were collected, during CY 94, at six separate locations. A template insert

allows for the collection of samples at three depths per location that includes:

1 . 0 - 2centimeters
2. 2 - 5 centimeters

3. 5 - 10 centimeters.

Each complete sample was a composite of 10 randomly selected subsamples. As illustrated in

Appendix A2, data results do not indicate any unusual levels of environmental radioactivity.

5.2.4 Hydrologic Radioactivity

The hydrologic radioactivity subprogram is designed to establish characteristic radioactivity levels in

surface water bodies, bottom sediments, and groundwater. The following discussion of the

hydrologic program includes sampling locations, data collected, and time these data were collected

during 1993. It also details refinements made to the program since the publication of the

Radiological Baseline Program Sampling Plan (Reith and Daer, 1985).

5.2.4.1 Radiological Surface Water and Sediment Monitoring

Surface water samples were collected at 12 locations during CY 94. Of these subject locations,

sediment samples were collected at 10. The data from the analysis of these samples does not

indicate any unusual levels of environmental radioactivity. Analytical results from surface water. and sediment samples are illustrated in Appendix A3 and A4 respectively.
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5.2.4 Hydrologic Radioactivity (continued)

5.2.4.2 Radiological Groundwater Characterization

Groundwater samples were collected in accordance with the Water Quality Sampling Program

(WQSP). The primary objective of the WQSP is to obtain, using rigorous field and laboratory

procedures and protocols, representative groundwater data from selected wells. At each weilsite,

the well is purged and the groundwater serially analyzed for specific field parameters. Once the

field parameters have stabilized denoting a chemical steady state with respect to those parameters

analyzed, a final groundwater sample is collected and analyzed for radionuclides. The controlling

document for the WQSP is the W!PP Water Quality Sampling Plan and Procedures Manual

(WP 02-1, Rev 2).

The primary water-bearing units being evaluated by the WQSP are the Culebra and Magenta

Dolomite members of the Rustler Formation. In 1994, groundwater data were gathered at nine well

locations completed in the Culebra dolomite. Water quality data were also collected from two

privately owned wells in the area near the WIPP site. These two private wells provide water for

area livestock. An in-depth discussion of groundwater hydrology and a figure showing well

locations is presented in Chapter 7, Groundwater Surveillance. Results from the radiological

analysis of groundwater are provided in Appendix A5.

5.2.5 Biotic Radioactivity ./

Biotic media used for radiologic analysis consisted of veget~tion, fish, rabbit, and deer. Unusually

low numbers of resident quail prompted the suspension of sampling quail after only two specimens

had been collected, until mnbers increase to the degree that attrition by sampling will not adversely

affect the status of the resident population.

Fish samples were collected at two locations; Brantley Lake and the Pecos River. Low Population

numbers of rabbits resulted in the collection of only two specimens (road kills) for analysis. Several

deer, however, were killed on roads adjacent to the WIPP, thus providing adequate availability for

tisse collection and subsequent analysis. Vegetation was collected at six locations that are

analogous to soil sample. -locations.

Appendix A6 provides preliminary data regarding the radiological analysis of biotic vegetation,

quail, fish, rabbits, and deer samples.
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*5.3 Assessment of Potential Dose to the Public

In 1994, no waste was received at the WIPP; therefore, the public could not be exposed to radiation

due to WIPP operations. Documentation of naturally occurring background radiation is discussed in

Chapter 5, Environmental Radiological Program Information and Chapter 7, Ground Water

Surveillance, of this report.
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ENVIRONMENTAL RADIOLOGICAL PROGRAM INFORMATION
TABLE S-1

ACTIVITY CONCENTRATIONS IN QUARTERLY AVERAGES
OF THE LOW VOLUMIE AEROSOL FILTERS

(Bq/mzI)

FIRST QUARTER 1994

LOCATION ALPH BETA
Carlsbad 2.13 E-10 1.068E-09

Smith Ranch 1.90 E-10 1.07 E-09

Mills Ranch 2.72 E-10 1.03 E-09

WIPP Far Field 2.26 E-10 1.05 E-09

WIPP South 2.84 E-10 1.09 E-09

WIPP East (1) 2.39 E-10 1.01 E-09

Eunice 3.02 E-10 9.70 E-10

South East Control 2.11 E-10 1.00 E-09

SECOND QUARTER 1994

LOCATION ALPHA BETA
Carlsbad 8.80 E- 11 8.99 E-10

Smith Ranch 4.77 E- 11 9. 10 E-10

Mills Ranch 9.31 E- 11 9.73 E-10

WIPP Far Field 8.06 E- 11 9.16 E-10

WIPP South 9.17 E- 11 9.54 E-10

WI1PP East (1) 9.06 E- 11 9.14 E-10

Eunice 8.30 E-1 1 8.13 E-10

South East Control 7.57 E-11 8.45 E-10

THIRD QUARTER 1994

LOCATIONI ALMli am
Carlsbad 1.52 E-10 1.07 E-09

Smith Ranch 1.20 E-10 1.04 E-09

Mills Ranch 1.69 E-10 1.1E-09

WIPP Far Field 1.84 E-10 1,09 E-09

WI1PP South 1.75 E-10 1.05 E-09

WIPP East (1) 1.56 E-10 1.05 E-09

Eunice 1.76 E-10 1. 16 E-09

South East Control' 1.23 E-10 9.98 E-10
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TABLE 5-1
(CONTINUED)

FOURTH QUARTER 1994

LOCATION ALPHA BETA

Carlsbad 1.71 E-10 1.27 E-09

Smith Ranch 1.40 E-10 1.25 E-09

Mills Ranch 1.74 E-10 1. 13 E-09

WIPP Far Field 1.53 E-10 1.07 E-09

WIPP South 1.72 E-10 1. 16 E-09

WIPP East (1) 1.51 E-10 1. 18 E-09

Eunice 3.13 E-10 5.45 E-10

South East Control 1.40 E-10 1. 15 E-09
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Chapter 6
Environmental Nonradiological Pro gram

*information

This chapter of the ASER presents and discusses Nonradiological Environmental Sampling (NES)

data collected between January 1, 1994, and December 31, 1994. Ecological monitoring at the

WIPP include the following six subprograms: meteorological monitoring, air quality monitoring,

wildlife population monitoring, surface disturbance and sail monitoring, vegetation monitoring, and

water quality monitoring. In addition to the NES programs, Volatile Organic Compounds (VOCs)

are monitored to comply with provisions of the WIPP's current No Migration Determination (NMD)

and liquid effluent monitoring is conducted in accordance with Sewage Systems Discharge

Monitoring and Compliance (DP-831) criteria. The results of the environmental monitoring

activities and discussions of significant findings are presented in this report.

6.1 Principal Functions of Nonradiological Sampling

The principal functions of the NES are to:

* Detect and quantify the impacts of construction and operational activities from the

WIPP on the surrounding ecosystem.

* Continue to administer and update an ecological database for the Los Medafios Area.

* Investigate unusual or unexpected elements in the ecological databases.

* Provide environmental data that are important to the mission of the WIPP project, but

which have not or will not be acquired by other programs.

6.2 Meteorology

A principle component of the NES is a primary meteorological (MET) station located 600 meters

northeast of the Waste Handling Building. The main function of the MET is to generate data for

modeling atmospheric conditions. The station documents standard meteorological measurements of

wind speed, wind direction, and temperatures, with dew point and precipitation monitored at ground

level. These parameters are measured continuously and the data are stored in the Central

*Monitoring System (CMS).
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6.2 Meteorology (continued)

In addition to the primary meteorological station, the Atmospheric Monitoring Station (AMS) is

located 1000 meters northwest of the Waste Handling Building. At the AMS a secondary

meteorological station measures and records temperature and barometric pressure at ground level

and wind speed and wind direction at 10 meters (30 feet).

6.2.1 Climatic Data

The mean annual temperature for the WlPP area in 1994 was 180C (640F). The mean monthly

temperatures for the WIPP area ranged from 6*C (43 OF) during January to 31 0C (88 OF) in June.

Generally, maximum temperatures occur in June through September, while minimum temperatures

occur in December through February as illustrated in Figure 6-3, page 6-15.

The first freezing day of the 1994-95 winter season occurred October 21, with 00 C (32 0F). The

last freezing day of the 1994-95 winter season was April 23, with a temperature of -30C (27F).

The maximum temperature recorded was 500C (122 0F) on June 26.

The annuial rate of precipitation at the WIPP site for 1994 was 16.58 cm. (6.53 in), which is 7.29 cm

(2.87 in) below last year's rate. The annual precipitation for 1994 was 31 percent less than that

recorded for 1993 and 74 percent less than CY 1992, resulting in profound drought conditions.W

Figure 6- 1, page 6-13, displays the monthly precipitation at. the WIPP.

6.2.2 Wind Direction and Wind Speed

The predominate wind direction in the WIPP area was from the southeast sector (1350). However,

winds occurring in late spring were primarily from the west. Various weather systems move

through this area briefly altering the predominate southeasterly winds and sometimes resulting in

violent convectional storms. Wind speed noted as calm (less than 0.5 meters per second [mps])

occurred 7 percent of the time. Winds of 1.4 through 2.7 mips were the most prevalent over

1994, accounting for 25.5 percent of the time. Figure 6-2, page 6-14, displays the annual wind data

at the W[PP for CY 1994.

6.3 Environmental Photography

Surface photography was conducted at seven ecological study plots from 1984 through 1993.

Photographs are used to document year-to-year surface impacts at the study plots and are archived
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6.3 Environmental Photography (continued)

for future reference. The use of environmental photographs, with the exception of aerial

photography, was postponed during 1994 pending reassessment Because archival photographs

showed no obvious negative impacts to the surface environment from WIPP activities, this endeavor

was deferred for at least one calendar year.

6.4 Air Quality Monitoring

During CY 1994, five classes of pollutant gases are monitored continuously 1000 meters (0.6 mile)

northwest of the exhaust shaft at the WIPP site. These gases are sulfur dioxide (SO 2), carbon

monoxide (GO), ozone (03), hydrogen sulfide (H2S), and oxides of nitrogen (NO, NO2, NO,,). The

data generated indicates these gases to be at the lower limit of detection--that is, below the baseline

concentrations set by the State of New Mexico.

The permissible New Mexico State Standard for the gases monitored at the WIPP are listed below:

Gases PPM Intervals

Sulphur Dioxide (SO2) 0.02 ppm Annual Average

0.10 ppm 24-hour Average

Carbon Monoxide (CO) 8.70 ppm Per Eight Hour
Average

Ozone (03) 0.06 ppm Per One Hour

Average

Hydrogen Sulfide (H2S) 0.10 ppm Per One-Half Hour
Average

Nitrogen Dioxide (NO2) 0.10 ppm .24-Hour Average

Results from Cy 1994 demonstrated SO2, 112S, and NO, data values at or below the lower level of

detection limits.-

During CY 1994, monitoring for ambient levels of noxious gas emissions at the AMS was

discontinued per DOE authorization. The AMS was not used to gather regulatory or compliance

data, nor was it capable of monitoring point source emissions for demonstrating compliance with

mandated air permits.
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6.4 Air Quality Monitoring (continued)

The WIPP has completed all regulatory sampling identified in the air permit and does not plan to

conduct any additional sampling. Based on permit modeling and current requirements on the backup

diesel generators, the WIPP does not anticipate the need for any regulatory air monitoring involving

the AMS.

Weekly measurements of Total Suspended Particulates (TSPs) (micrograms per cubic meter) are

made from the Particulates collected onto glass fiber filters, by the low-volume continuous air

sampler at the Far-Field air sampling location. These filters can load with dust particles due to the

arid climate of this area; however, this poses no health concern.

6.5 Wildlife Population Monitoring

Since 1985, population density measurements of birds and small nocturnal mammals were performed

to annually assess the effects of WIPP activities on wildlife populations. Typically, comparative

data analysis was conducted between two outlying or "control" plots and two experimental plots

situated in proximity to WIPP operations. A Hantavirus investiation during CY 1994, prompted the

temporary postponement of small nocturnal maimmal surveys. Re-implementation of these surveys is

contingent on the results from the Hantavirus study.

6.5.1 Cooperative Raptor Research and Mianagement Program

The ASER normally encompasses one calendar year's events, however, this section provides a

comparison of three consecutive years' data. This three-year investigation is based upon

commitments contained in the BLMIDOE Raptor Research Interagency Agreement and by request

from external regulatory agencies such as the New Mexico Department of Game and Fish.

CY 1994 culminated a thre-year evaluation and reorganization of the Raptor Research and

Management Program (CRRMP). With the advent of an Interagency Agreement between the

Carlsbad Area Office of the BLM and the WIPP in 1992, the research emphasis of the Raptor

Program was modified from questions of a purely scientific nature to questions having direct

applications to conservation and resource management. The following provides a summary of

results and data comparisons from observations conducted during CY 1992, 1993, and 1994.
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6.5.1 Cooperative Raptor Research and Management Program (continued)

During CY .1992, concerns were posed to WIPP researchers by the BLM regarding the status of

resident populations of Harris' Hawks. Information disseminated prior to this time contended that a

"precipitous decline" had been incurred by the regional population. This suggested decline,

however, contradicted reports of the increasing range of the Harris' Hawk, in particular, the

expanding northward progression of the species. The diametric opinions related primarily to

assertions that the reported declines were attributable to human interference in the areas where the

research was being conducted. By way of an Interagency Agreement, the BLM requested an

assessment be conducted. The assessment would examine the extent and diversity of the local raptor

population, the extent of human impacts on the raptor population, and provide recommendations to

incorporate into future management strategies such as BLM Resource Management Plans (RMP) and

BLM Habitat Management Plans (IP).

In an effort to evaluate the dimensionality of the regional population of Harris' Hawks WIEPP

researchers, in cooperation with BLM biologists, conducted assays encompassing over 25,000 acres

(50,600 ha). The survey results indicated that the regional population of Harris' Hawks was more

widespread and extensive than previously assumed. During the initial investigation, 74 distinct

Sgroups of Harris' Hawks were identified with active nests confirmed in 53. Nest site locations were

Wapproximated with hand-held Loran Navigators and Global Positioning System (GPS) instruments.

Locations were expressed in latitude/longitude coordinates and logged into an AutoCad program for

plotting on maps. Maps with nest locations were remanded to the BLM for incorporation in their

resource planning objectives. Accordingly, nest locations became the first priority in the research

design.

Twenty delegate groups were subjectively chosen for monitoring in CY 1992. These, delegate

groups were indicative of the diverse preference of Harris' Hawks to nest substrates and territories.

During the firs year of the investigation, good-to-average precipitation rates (16.21 in.) and

corresponding high prey densities influenced the success of delegate nests that fledged a mean of 2.3

offspring (n=20), an unusually high recruitment rate. Availability of preferable nest substrates,

prey densities, habitat alteration/loss, and persecution were the principal limiting factors during this

year's investigations.

During 1993, a year of below normal precipitation (9.4 in.), 13 of the 20 delegate groups reinitiated

nesting activities and fledged an average of one nestling per nest. WIPP biologists focused

primarily on evaluating the impacts of human-related activities on four distinct groups of Harrs'

6-5



1994 WIP Site Environmental Report

6.5.1 Cooperative Raptor Research and Management Program (continued)

Hawks residing in close proximity to either the WIPP site or areas where activities associated with

WIPP were being conducted. The most successful nests during this season were those located in

the proximity of agricultural or analogous-type habitat that sustained a vegetative density conducive

to higher prey densities. In addition to Harris' Hawk nest sites, nest site locations of divergent

species (e.g., Swainson's Hawks, Chihuahuan Raven) were also identified. As with 1992 data, nest

locations were approximated with Loran Navigators and provided to the BLM for incorporation into

its land use determinations (e.g., oil and gas activities).

CY 1994 was a record-setting year for low precipitation rates (6.53 inches) and high temperatures.

The WIPP recorded a high temperature of 122 degrees Fahrenheit on June 26. Of the original 20

delegate groups identified for investigation during 1992, only seven made spring nest attempts and

all but two had eggs addle in the nest. This resulted in an average of 0.28 nestlings fledged per nest

attempt. A mean of 0. 1 offspring fledged per subject group graphically illustrates the disparity

between the 1992 and 1994 data. Two nestlings fledged from separate spring nests, however, they

have not been observed since two days post-fledging.

Large groups, consisting of as many as 13 mature adult Harris' Hawks are becoming increasingly

more common. Mader (1972), was one of the first to document the Harris' Hawks inclination to

hunt cooperatively. Subject groups usually consist of breeding adults and related immatures

(Dawson and Manaan 1989, 1991b). WIPP biologists surmised that the organization of multiple

collectives, consisting of adults, is an inherent response to drought conditions and concurrent low

prey availability. Combining the efforts of multiple, experienced hunters greatly increases the

likelihood of successful kills. This response to adverse environmental conditions has also been

observed in geographically divergent populations of Harris' Hawks (e.g. Arizona)./

The New Mexico falconry community participated in the 1994 evaluations by providing assistance in

the development of a non-intrusive skeletal measurement technique for sex dtriaonof the

Harris' Hawks. The falconers provided an array of measurements from known egg layers and

semen donors to WIPP biologists, who then validated the measurement protocol. This cooperative

arrangement provided a more accurate, extensive, and less intrusive means for the field collection of

data regarding sex detrmnaio, in addition to providing an alternative to more aggressive protocol

(e.g. laparotomy and/or necropsy). Subsequently the discipline of raptor research has a reliable,

safe field procedure for sex dtriaon of Harris' Hawks. The applicability of this protocol to

other species of raptors is being investigated.
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6.5.1 Cooperative Raptor Research and Mianagemnent Program (Continued)

*During 1995, WIPP biologists will examine the relatedness of entities within groups of Harris'

Hawks by way of DNA electrophoretic analysis. In addition, investigations into the widely debated

territorial demeanor of the species will be conducted to ascertain the historical status of Harris'

Hawk territories (e.g. how long have subject territories been established) and the dimensionality

(e.g. size and configuration) of subject territories. This data should provide greater insight into the

ecology and life history of the species thus affording for the development and progression of more

accurate and reliable methods for the conservation and management of the species.

6.5.2 Breeding Bird Densities

During CY 1994, censusing of birds (e.g. emlen transects and 25 mile breeding bird surveys) was

discontinued. Nearly 10 years of data revealed no discernable impacts from WIPP activities on

densities and distributions of breeding birds. The majority of bird species encountered during these

surveys were transients (migrants), consisting primarily of smaller songbirds that pass through the

area seasonally. Although migratory birds represent a significant order of birds from the standpoint

of population numbers and diversity, the information they provide is not evaluated using them as

radiological sentinels. Assessments of environmental conditions using migrating birds as

*biomndicators are of much merit; however, a re-evaluation of the program resulted in the theory that

species that permanently reside in the immediate vicinity of the WIPP would provide more accurate

evaluations regarding the impacts of activities associated with the WIPP on the peripheral

environment. As resident quail are accessed for radiological biotic analysis, they were chosen as the

logical species for an intensive ecological inquiry.

From 1984 through 1993, WIPP avian surveys have identified 98 species that inhabit or migrate

through the areas. Extensive avian studies in southeastern New Mexico suggest that there could be

up to 300 species onsite. Insect-dependant species continue to predominate onsite nesting species.

The most common are Barn Swallows (Hirundo rustica) and Western King Birds (Tyrannus

verticalis).

The useful~ness of birds as monitors of radionuclides or any other form of environmental

contaminant is proportional to the degree of knowledge regarding their basic ecology, biology,

natural history, and particularly, movement and behavior in the area being studied. Failure to take

into consideration the behavior, for instance, of a biomionitor such as birds, can result in a possible

misinterpretation of data obtained from well-designed, well-intended studies of contaminant body
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6.5.2 Breeding Bird Densities (continued)

burdens (Furness and Greenwood 1993). As considerable data has been accrued at the WIPP,

pertaining to the radiological analysis of skeletal-muscular tissue in quail, WIPP biologists plan

to augment the data by investigating the facets of life history and behavior of resident populations.

Resident quail populations are more tolerant and tend to be more adaptable in response to

environmental disturbances, thus providing a more accurate indicator of regional ecological

conditions. As the WIPP traps resident quail for radiological tissue analysis, a program is being

developed to enhance data collection by investigating the ecology and life history of the quail species

of the area. Relationships between quail production and climate, predation, and the effects of

hunting in the immediate area will be considered in the final analysis. This information will assist

investigators in the following ways: (1) by eliminating seasonal responses of migratory species; and

(2) by allowing the opportunity to monitor the influences of WIPP activities on the year-round

ecology of resident populations that are concurrently accessed for radiological appraisals.

6.5.3 Small Nocturnal Mammal Populton Densities

The reportable presence of the Hantavirus in West Texas and other neighboring states prompted the

suspension of small nocturnal mammal appraisals. The appraisals are to be resumed after evidence,

to ascertain the status (presence or absence) of the Hantavirus in local populations of smallV

mammals, had been collected and evaluated. Midway through the CY 1993 census period,

outbreaks of the virus, not only in New Mexico, but every state bordering New Mexico, was

reported.

The primary pathogen for the disease is a virus, endemic in particular populations of mice common

to the genus Peronrjsczss (e.g. Brush Mice, Cactus Mice, Deer Mice). In order to legitimately

sample small nocturnal mammals , near the WIPP, for the presence of the virus, two personnel from

the Environmental Monitoring section of the WIPP attended training seminars. Conducted by the

Centers for Disease Control (CDC), in conjunction with the University of New Mexico and the

Museum of Southwestern Biology, the training provided instruction in the appropriate protocol for

blood extraction techniques and specimen handling. Safety procedures and Precautions were

implemented using CDC etiquette for blood serum extraction and appropriate preservation

techniques for perishable samples.

Hantavirus sampling required five months of preparation and two weeks Of subsequent trapIng

sessions. Approximately 200 traps were set and baited with small grains (e.g., milo, millet) nightly
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6.5.3 Small Nocturnal Mammal Population Densities (continued)

for eight nights, resulting in a total of 1600 individual trap attempts. Trapping protocols were

modified from the standard practices of alternating trapping grids to focusing on the control grid

nearest the WIPP site. Additionally, traps were positioned along proximal roads and near outlying

buildings (e.g., meteorological tower building) to increase the likelihood of captures by

concentrating efforts in areas conducive to rodent activity. Twenty eight animals were captured and

sampled for a success rate of .018 captures per trap night. WIEPP personnel extracted blood samples

only, no tissue samples were acquired. Specimens were preserved in liquid nitrogen and shipped in

dry ice to maintain sample integrity. Diversity of nocturnal species encountered included Ord

Kangaroo Rat (Dipodomys ordi), Southern Plains Woodrat (Neotoma micropus), Silky Pocket Mouse

(Perognathus flavus), and Cactus Mouse (Peromysciss eremiciss).

The capture of diurnal species was infrequent as traps were typically baited late in the day,

however, several Spotted Ground Squirrels (Spermophilus spilosoma) were captured, sampled, and

released. The abnormally low numbers of captures, in comparison to previous years trapping

events, correlates to the extreme drought conditions during CY 1994. Moreover, in contrast to the

previous years' events, no Grasshopper Mice (Onychomys leucogaster) were captured.

IAnalysis of blood samples extracted by WIPP personnel, tested negative for the presence of

Hantavirus.

6.6 Surface and Subsurface Soil Monitoring

Surface and subsurface soil monitoring was conducted during CY 1994. A detailed discussion of the

nonradiological soil monitoring program is available in the report titled Summary of the Salt Impact

studies at the WPP, 1984 to 1990 (DOE/WIPP 92-038). Analytical results from the

nonradiological soil sampling program are presented in Appendix B.

6.7 Vegetation Monitoring

Because of drought conditions during Cy 1994, the plant community of the Los Medafios area

globally exhibited distinctive signs of physiological stress (e.g. stem and leaf necrosis, chlorosis).

As no discernable variations in stress could be identified, delineating subtle variations in Plants

growing near salt tailings piles in comparison to plnt growing varying distances from the tailings,

evaluations of the effects of salt on proximal plant communities was postponed for at least one
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6.7 Vegetation Monitoring (continued)

calendar year. Data collected to date indicate "marginal" to "no negative" impacts on the

surrounding plant communities in the form of eolian salt deposition from the mine tailings. The

nature of the salt is to become compacted and solidified by the heavy machinery and moisture.

Runoff is collected in the catchment basin, where it is evaporates into the atmosphere and is

absorbed into the soil. Any resulting salt crust is then weathered and partially dispersed to the

surrounding area. This represents only a minimal deposit. Interestingly, wildlife has been observed

using the salt tailings as a source of salt, simila to cattle using salt licks.

6.8 Volatile Organic Compounds (VOC) Monitoring

As stated in Section 3.2.3, Resource Conservation and Recover Act,(RCRA) page 3-7, the WIPP

has developed and implemented a VOC monitoring program to satisfy the air monitoring

requirements of the NMD for the WIPI' (55 FR 47700). The data resulting from this program are

reported in the NMD annual reports submitted to the EPA.

The WIPP VOC Monitoring Program is referenced in the EMP for the WIPP (DOE/WIEPP 94-024).

Implementing documents specific to the VOC monitoring program include the VOC Monitoring Plan

(WP 12-6) and Volatile Organic Compounds Monitoring Quality Assurance Program Plan

(WIP 12-7). The VOC Monitoring Plan (WP 12-6) is currently under revision. These revisions will

reflect present VOC Monitoring activities to support the No-Migration Variance Petition for the

Disposal Phas.

6.9 Reclamation of Disturbed Lands

Reclamation activities during CY94 consisted of the decommissioning of numerous existing fenced

areas that had been constructed during much of the initial site characterization studies in. the late

1970s. In addition to the exclosures, re-bar that had been emplaced within these study areas, to

delineate sampling points, was removed to alleviate safety hazards to personnel and livestock.

Problem areas (e.g. drainages, eroded slopes, etc.) in existing reclamation sites received additional

stabilization measures which include seeding and the spreading of straw. Existing fences left in.

place, were repaired as necessary.
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6.10 Seismic Activity

Geologic structures and tectonism of the Permian Basin are associated with large-scale basin, inter-

basin, and basin-margin subsidence or emergence that occurred during the Paleozoic era. The

WIPP facility is about 60 miles from the western margin of the Permian Basin. The basin is a

broad structural feature made up of a series of Paleozoic sedimentary basins whose last episodes of

major subsidence occurred during late Permian time. The area today is characterized by the basin

filled with thick evaporite layers and bordered by the Amarillo uplift to the north, the Marathon

thrust belt to the south, and the Diablo Platform, Sacramento and Guadalupe Mountain orogemies to

the west.

All major tectonic elements of the Permian Basin were completely formed before deposition of the

Permian salt-bearing rocks, and the region has been relatively stable since that time. Deep-seated

faults are rare, except along the west margin of the basin and no indications of younger deep-seated

faults are noted. On June 16, 1978, an earthquake near Snyder, Texas lead researchers to conclude

that the earthquake may have been induced from secondary oil recovery operations and hydrocarbon

production. The depth of the earthquake closely approximated the bottom of drillholes located in

the gas-producing area.

Historically, the seismic information for the WIPP facility region before 1962 was based on

chronicles of the effects of those tremors on people, structures, and land forms. Seismicity, prior to

1962, reported in New Mexico, occurred in the Rio Grande area between Albuquerque and Socorro

and was associated with a structure known as the Rio Grande Rift. These earthquakes had

intensities of Modified Mercalli V or greater, based upon the perceptions of people experiencing

these quakes.

Since 1962, virtually all seismic information is based on instrumental data recorded at various

seismograph stations. Currently, seismicity is being monitored at the New Mexico Institute of

Mining and Technology (NMIMT), Socorro, using data from a seven-station network located at thee

WIPP (Figure 6-4). The stations are telemetered to the NMIMT Seismological Observatory in

Socorro. Readings from the WIPP network stations are combined with readings from an additional

New Mexico Tech network which is located in Socorro in the central Rio Grande rift. The annual

mean for the operational efficiency of seismic monitoring stations is 94.5 percent.

There were a total of 24 earthquakes located within 300 kilometers of WIPP in 1994. The

maximum intensity for an earthquake during CY 1994 registered at a magnitude of 2.7 and was

located 34 km, south of Snyder,Texas. The nearest earthquakes to the WIPP site were at distances
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6.10 Seismic Activity (continued)

greater than 100 kilometers. Earthuake activity within 300 kmn of the WIPP site remained below

normal during 1994. Seismicity near the site has been registered as high as 5.0 in magnitude.

6.11 Liquid Effluent Monitoring

On January 16, 1992, the NMBD issued the Discharge Plan (DP-831) for the WLPP sewage facility.

The approved Discharge Plan superseded an Emergency Discharge Permit issued in January, 1992.

In addition to sewage effluent, the Discharge Plan allows for the disposal of 1500 gallons a day of

nonhazardous brines generated by seepage into shaft sumips and from the pumping of observation

wells at the site. Characterization samples were collected throughout 1994 to demonstrate that site-

generated brines are nonhazardous and can be disposed in the sewage evaporation pond. The DOE

submits quarterly Discharge Monitoring Reports (DMRs) to the NMED to demonstrate compliance

with the inspection, monitoring, and reporting reurmnsidentified in the plan. No effluent

limits were established in DP-83 1. The NMED Groundwater Protection and Remediation Bureau

established a list of analytes to be sampled on a quarterly basis to be used as indicators of sewage

system performance. Figures 6-5 through 6-8 depict analytical results from DP-831 sampling

activities.
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Chapter 7

Groundwater Surveillance

Current groundwater surveillance activities at the WIPP are outlined in the WIPP Groundwater

Monitoring Program Plan and Procedure Manual (WIP 02-1 Rev 2). This monitoring plan is a

Quality Assurance (QA) document that contains program plans for each of the activities performed

by groundwater surveillance personnel. In addition, WP 02-1, Rev 2 provides detailed procedures

for performing specific activities such as pumping system installations, field parameter analysis and

document, and QA records management. Groundwater surveillance activities are also defined in the

EMPT.

The objective of the Groundwater Surveillance Program (GSP) is to determine the physical and

chemical characteristics of groundwater, maintain surveillance of groundwater levels surrounding the

WIPP facility, both before and throughout the operational lifetime of the facility, and fulfill the

requirements set forth in DOE order 5400. 1, General Environmental Protection Program.

Background water quality data were -collected from 1985 through the 1990 sampling period as

reported in DOE/W1PP 92-013, Background Water Quality Characterization Report for the Waste

Isolation Pilot Plant. This background data will be compared to water quality data collected

Vthroughout the operational life of the facility. Pre-operational data gathered in the interim period

will be used to strengthen the background data, to evaluate the need to make adjustments to

comparison criteria, and to determine future regulatory needs and land-use decisions.

The data obtained by the Water Quality Sampling Program (WQSP) in 1994 supported two major

programs at the WIPP: Site Characterization and Performance Assessment in compliance with

40 CER 191. Each of these programs requires a unique set of analyses and data. Particular sample

needs are defined by each program. In addition to the characterization of groundwater, the WQSP

supported radionuclide monitoring for the Environmental Analysis and Compliance Section of

WIPP. Results of radionuclide sampling are discussed in Chapter 5, Envrionmental Radiological

Program Information, pages 5-3 through 5-4. The NMED and the EEG were on hand at each

sampling event to collect samples for independent evaluation.

The WIEPP is located within the Pecos Valley section of the Southern Great Plains physiographic

province (Powers et al., 1978). Geologic and lithologic descriptions of the area surrounding the

WIPP site can be found in documents such as the EMT, DOEIWTPP 90-008 Groundwater Protection

Management Program Plan, and USGS 83-4016 (Mercer, 1983). Industries in the vicinity which
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Groundwater Surveillance (continued)

could potentially contribute to the pollution of the groundwater are potash mining, oil and gas

exploration/production, and cattle ranching.

The Culebra is the most significant water-bearing unit within the vicinity of the WIPP. No known

hydrologic connection exists between the repository horizon and the Culebra. Surveillance of

hydrological characteristics in the Culebra provides data which can be used to detect changes in

water characterization. It also provides additional data for use in hydrologic models designed to

predict long term performance of the repository. Data is gathered from 58 well bores; 6 of which

are equipped with production-inflated packers to allow groundwater level surveillance of more than

one producing zone through the same well bore.

Groundwater Quality data were gathered from nine wells completed in the Culebra. The water I

quality sampling process has been developed using logistics from groundwater wells originally

constructed for characterization, not intended for groundwater monitoring activities. The WIPP site

has been given a conditional No-igration determination and is not required to have a groundwater

monitoring program. The original wells are, therefore, being used for surveillance. Most of the

wells are constructed with J-55 or K-55 iron casing. In order to decrease the sampling bias created

by well construction deficiencies, combined with the low transmissibilities of the formations*

involved, a labor intensive sampling process has been initiated. Because of the time involved inW

collection of representative samples, the predetermined wells are sampled only once per year.

Sampling episodes are referred to as a "sampling round." !Each yearly sampling round consists of

the collection of two types of samples: (1) serial samples and (2) final samples. Serial samples are

taken periodically while the well is being purged. Key physical and chemical parameters (known as

field parameters) are analyzed and compared with past serial sampling data until a chemical steady

state has been reached. A chemical steady state is usually defined as +\- 5 percent of the average

of the three to five preceding parameter measurements made on the final day of serial sampling

from preceeding sampling rounds. Stabilization of these field parameters is a fuinction-of purging

and is used as an indicator to determine if the groundwater is representative of the zone being

sampled. A final sample is collected, once it has been determined that the pumped groundwater has

achieved a representative state, and is sent off site to a contract laboratory for analysis.

Groundwater surveillance activities during CY 1994 consisted of two separate programs:

Groundwater Quality Sampling and Groundwater Level Measurements. These two programs will be

discussed below:
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7.1 Groundwater Quality

0Sampling for groundwater quality was performed at nine well sites during CY 1994 (Figure 7-1,

page 7-7). 'Each well was purged a minimum of 24 hours prior to the commencement of the serial

sampling phase. Field analysis for Eh, pH, Specif ic Gravity, Specific Conductance, Alkalinity,

Chloride, Divalent Cations, and Total Iron were performed on a periodic basis during the serial

sampling. These field parameters were used as indicators, during the purging process to better

determine when the formation water being pumped had reached a representative state. Normally this

process required seven to ten days to complete. Following the field analysis of the final serial

sample, samples were collected and shipped to an independent, contracted, laboratory for analysis.

Parameters of analysis by the contracted laboratory are listed in Table 7-1, page 7-7.

The total gallons of water removed from the Culebra as a result of groundwater surveillance activity

was approximately 28,547 gallons throughout the year. The results of final sample analysis show

relative consistency when compared to background data. Tables 7-1.1 through 7-1.9, pages 7-9

through 7-17, contain average results of data collected from the Culebra dolomite during 1994 as

compared to background data for major constituents of the background matrix. None of the waste

stream Volatile Organic Compounds for which analysis were run showed any detectable

Oconcentrations.
Water quality of the Culebra in the vicinity of the WIEPP is naturally poor and is not suitable for

human consumption or for agricultural purposes. The water contains naturally high concentrations of

total dissolved solids (TDS) and mineral constituents primarily of chloride, calcium, magnesium,

sodium and potassium (Mercer, 1983). The high concentration of TDS results in water of

generally poor quality. This has historically posed problems for laboratories performing analysis

because the water interferes with the normal operation of standard laboratory equipment such as

Atomic Absorption (AA) or Iductively Coupled Argon Plasma (ICAP), causing detection limits to be

inconsistent.

7.2 Groundwater Level Surveillance

In October 1988, WIEPP was tasked with conducting a Groundwater Level Surveillance Program.

Fifty eight well bores were utilized to perform surveillance of six water bearing zones in the WIPP

area. The two zones of primary interest are the Culebra and Magenta. Forty six measurements are

taken in the Culebra; 10, in the Magenta. Two measurements are taken in the Rustler/Salado contact

and Dewey Lake formation; one measurement each is taken in Bell Canyon, Forty-niner, and
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7.2 Groundwater Level Surveillance (continued)

unnamed lower member. Locations of groundwater: level surveillance sites are pictured in Figure 7-

2, page 7-18.

Groundwater elevation measurements in the Culebra indicate that the generalized directional flow Of

groundwater is north to south in the vicinity Of WIPP (Figure 7-3, page 7-19). However, caution

should be used when making assumptions based on groundwater level data alone, studies in the

Culebra have shown that fluid density variations in the Culebra can affect flow direction (Crawley,

1988 and Davies, 1989). One should also be aware that the frturled media Of the Culebra, coupled

with variable fluid densities, can cause localized flow patterns to have little or no relationship to

general flow patterns (Mercer 1983, Crawley 1988).

Regional groundwater levels taken in the Culebra showed no significant increase or decrease in the

water level elevation over the period of January 1994 through December 1994. Localized

groundwater elevations near the site showed higher than normal increases mn water levels, probably

due to shaft grouting activities completed in the latter part of 1993. The groundwater levels in the

following wells were effected by shaft grouting activities:

* ERDA -9
H 1-01

* H-02a
* H-02b2
* H-02c
* H-03b2
* H-03b3
* H-14

H 1-15
* WEPP-12
* WIPP-18
* WIFPP-19

* WIPP-21
0 WIEPP-22

Groundwater levels in the above listed wells ranged from 1 / to 14 feet increases during the

calendar year 1994.
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7.2 Groundwater Level Surveillance (continued)

Moderate decreases in three wells, H-04b, j-09b, and H-11b3 may have been influenced by
pumpng vens t obainwatr qaliy dta urin th laterpar oftheyea. To oherwells,

DOE-i and Cabin Baby Federal Number 1, were influenced by an obstruction in the well casing in

DOE-i and a leaky bridge plug below the Culebra in Cabin Baby. Both problems were corrected in

September and October of 1994. Groundwater flow directions in the Magenta appear to be

generally from an east to west direction across the WIPP site (Figure 7-4, page 7-20). No studies

have been performed in the Magenta to determine spacial variations in the fluid densities of the

magnitude studied in the Culebra. It is probable that density variations do occur in the Magenta;

therefore, the potential may exist that flow patterns in the Magenta may be affected by variations in

fluid density. Also, flow through the fractured media of the Magenta may dictate the behavior of

localized flow patterns.

Regional groundwater level measurements taken in the Magenta dolomite indicate that water levels

are increasing. All of the wells monitored for groundwater levels in the Magenta dolomite showed a

trend for increasing water-level elevations. Two wells, H-01 and H-02b1, showed higher than

norm-) increases; however, these wells are close to the site and were probably influenced by the

*shaft grouting activities in 1993.

7.3 Program Changes

In September and October 1994 the Department of Energy installed six new wells in the Culebra

dolomite for the purpose of water quality sampling (Figure 7-5, page 7-2 1). The new wells are

constructed to EPA standards and have the potential to meet detection monitoring standards.

Recommended EPA drilling methods were used to minimize the introduction of foreign materials

into the well bore and prevent contamination of the aquifer. The addition of the new wells to the

program is expected to improve the quality of the data collected and reduce the time and cost of

sampling. The results of the first samples taken from the new wells are expected to be reported in

the 1995 Site Environmental Report.

A significant program change developed when Cabin Baby was turned over to private enterprise for

the purpose of re-entry for oil and gas development. The request for re-entry was denied by the

Bureau of Land Mangement, and the status of Cabin Baby as a monitoring well is pending.
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TABLE 7-1
PARAMETERS ANALYZED

DURING
CALENDAR YEAR 1994

SPECIFIC CONDUCTANCE BORON

SULFATE CADMIUM

TOTAL DISSOLVED SOLIDS CALCIUM

TOTAL SUSPENDED SOLIDS CHROMIUM

DENSITY IRON

pH LEAD

ALKALIIdTY LITHIUM

BROMIDE MAGNESIUM

CHLORIDE MERCURY

FLUORIDE POTASSIUM

IODIDE SELENIUM

NITROGEN, N03 (AS N) SIUCA

TOTAL ORGANIC CARBON SILVER

TOTAL ORGANIC HALOGENS SODIUM

PHENOL, TOTAL CARBON TETRACHLORIDE

ORTHOPHOSPHATE, (AS P) METHYLENE CHLORIDE

ARSENICTRCLREHEN

BARIUM 1,1, 1-TRICHLOROETHANE

BERYLLIUM FREON-i113
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WIPP LAND WITHDRAWAL
AREA EOUNDARY\

H -6;E cjH-5B

PROPERTY PROTECTION AREA

cWIPP- 19

H-2C

SH-3B3
H- 140

H- 11 B3

OH-4B

EH9B

ET-IURE 7-1 \W'ATER QUALITY SAMPLING PROGRAM

SAMPLE WAELLS 1094
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TABLE 7-1.1
H-02r. CULEBRA

ROUND 6 COMPARISON TO BACKGROUND CHARACTERIZATION

PARAMETER 1994 BACKGROUND
AVERAGE CONCENTRATION

CONCENTRATION Digi INTERVAL mg/I

BORON 12.20 9-12

CALCIUM 751 599941i

IRON 1.32 0-1.9

LITHIUM 0.246 0.26-0.72

MAGNESIUM 239 152-181

POTASSIUM 112 86-119

SODIUM 2.190 tU-S.270

ALKALINITY 47.0 52-60

BROMIDE 11.2 0-5

CHLORIDE 3.210 2,396-'.7 37

FLUORIDE <3.0 . i-2.2

PH 7.63 7.38-8.04

SULFATE 3.035 2.061-3.306

TOTAL DISSOLVED SOLIDS 11.000 7.612-15.689

ARSENIC <0.006 :50.014

BARIUM 0.011 <0.05

BERYLLIUM 0.0055 < 0.05

CADMIUM <0.0013 :90.08

CHROMIUM <0.005 :0.4

LEAD <0.013r0.

MERCURY <0.002 <000

SELENIUM <0.006 <00

SILICA 9.77 611

SILVER <0.013 :02

IODIDE 4.44 1.9

NITRATE AS (N) <0.10 :90.30

PHENOLICS <0.1 :r0.097

PHOSPHATE AS (P) <0.02 !r0.03

TOTAL ORGANIC CARBON 2.70 5.7

TOTAL ORGANIC HALOGEN 0.0323 !0. 14

7-8



1994 WIPP Site Environmental Report

TABLE 7-1.2

N43h3. CULEBRAA

ROUND I COMPARISON TO BACKGROUND CHARACTERIZATION

PARAMIETE 19114 BACKGROUND
AVEAGE COUNCENRATION

CONCENTRATION M~il INTERVAL mflI

BONDS 24.4 19-32

CALCIUM 1.485 1.193-.5327

IRON < 2.811 0.14.0.47

LITHIUM 0.48 0.1540.82

MAGNESIUM 788 710426

POTASSIUM 408 372-S34

SODIUM 115561 15.148-17.900

ALKALINITY 39. 45644

BROMIDE 27.8 741

CHILORIDE 31.166 25,742-30.33

FLUORIDE <3.1611-I

PH1 7.74 M76.85

SUF ) 521 4,537-4.823

TOA ISLE OHS54366 53.13M-5170

ASNC<0O66 <l.Is

BAIM<3.64 -Sl6s

BRLIM<05A2 :58.15

CDIM<6.1613 :SU.7

CHROMIU~M <6.81 0.08714.4

LEAD <0313 :s a.

MERCURY <61.12 <031.1

SELENIUM <0366 < 0.6

SILICA, an 438-13

SILVER <11.213 e.0.18

IODIDE <2.18 < 2.

NITRATE AS IN) <1.18 < 0211

PHIENOLICS <0.I8 &633

PHOSPHATE AS (P) <62.22: 0.16

TOTAL ORGANIC CARBON 2.85 :s23

TOTAL ORGANIC HALOGEN 0.833 0.144.42
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TAKE 7-1.3
N446 ONLBM

NUI3 COPAISO TO MACKWOUU CNAACIUIZATMI

PARAETE IM3 BAKIU D

______________________________ JAVAfEDUTATO
COCTATOU SO IIIUAL SOI

uom IV. %14

CALCIU 723 634741

MON <2.3 3A3.I.

UITNU Ls1 0.254M3

MAGUMH 4431 331436

PGTASSNM 1is 173-M1

SMu 3.73 5.321255

ALIALUITY 413 51-72

EU... W. 31-13

caiNs 2.71lAsL

FLUNUG <3.3 1.7-L2

P11 7.33 M3-I?

SUILFATE LSO 0477U13

TOTAL DISSOLVED SOLIS 11336 17.33.2.UI

ARSUIC <am <LII

IAflI <$A <LII

BEUIUM <LIZ <@A

CAIMUM <3.317 <l

-- M <Ut s LM

LEAO <U13<$

MCIUV <1.362O1

-EEM<M<L

ILICA IZASA

SILVER MU13<

lulM <LII :92

IITRAIIAS 0 <3.13 <3.1

PIIOUCS <II <32

PNOSPIATT AS MI <3.32 e

TOTAL OSAU CAM= 2L77 3.3".

TOTAL OAIC NALDGU B.31 336S
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TABLE 7-1.4

H11L CILEBRA

ROUND I COMPARISON TO BACKGROUND CIIARCTUZAT1OU

PARMEER4s BACKGROUND

AVERAGE CONCENTRATION

CONCENTRATION "0j INTERVAL MOf

MAGNESIUM 1.111 15.SU234

POTASSIUM 1085 1.0141.312

son=U 4636 404.5.15%

ALKALINITY 31.1 3941

BROMIDE 511.2 249

CHLORIDE 36.116 94,.11.1m3

FLUORIDE <3.0 0.7-11

PH 73 6L118-7.111

SULFATE Sim3 L9147146.TOTAL DISSOLVED SOLIDS 157J36 142500-154,493

ARSENIC <11.1 <ILI

BARIUM <11.42 <LI5

BRYLLIUM <1102 <11.05

CADMIUM <11.11013 L1

CHROMIUM <0115 .

LEAD <0.9131.

MERURYE <5.362 5A

SELENIUM <0.85 rI

SILICA 5.43 2

SILVER 024

IODIDE 1.82 <2.3

NITRATE AS M 0.27T.&

PHIENOLICS <11.1 :515

PHOSPHATE AS (P) <11.12 <0.13

TOTAL OMGANIC CARBON <U.S :r4j

TOTAL ORGANIC HALOGEN us5 :013
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TAKEs 7-1.

m Im ucWAuraa TO uaACKu CuARACTURATIOu

c A Vcii r us U B ~ . ua 0

BUM 3.11 7.7.137

CALCM 2.33 1.732-2.13

-<2.3 ILiiiL

1.17313m iii3.4

inAGuM3 1.119 731-AiU

POTAIUIU 463 3354K

sOM 11.13 14.217.710

MALAUV 75. 91-101

-no 24.424

*LIWK X40AN6141

FLOU <In.333

pN Lo 1-73

SUIFATE 3.432U2

TOTAL DISUI.VE 211.13 82.23 SM144MS

AiSui <gLm <L5

BUM1 3.34 - 1.1

go==JU <3.3 OA

CAOII <l.31 <Um

cHM.. <3.1 3.22.14A

LEAD <1213 sL$3

UNCUw <3.33 SL12

SSIUM <3135 £1.3

SILICA 113 U.323

hIIN<Ut. S3.1

IUIK <2.3 <2.3

IUAT AS <an3 &.LU

PNINUC <3.13 U143.31

PNPUATE AS I <On3 s3.32

TOTAL MUM33 CARIN 373 s7.3

MOAL EMUIC NALOM in3.6..
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TABLE 7-11
R41L amULE

BOOED 5 COMPARISON TO BASERQIUUO CRAIACTERIATION

PRMTR12134 BACKGROUND

* 1-AVEAGE CONCENTRATION

CONCENTRATION OW INTERVAL muil

BORON <0.13 0.54.9

CALCIUM U34 554672

IRON <Us :56.1

LITHIUM L.15 0.15.8.2

MARSM144 123-15

SOIM131 N1I3

32.3LNT 120I

BOIE<236 05-1.2

CILWKIS 172.5 151.21

FLUORDE <2.18 2.52.

ON 7.17 .337311

SOL 'E Lm237 1=.231311.TOTAL DISSOLVED SOLIDS 2.54 33121-2.33

ARSENIC <UAN <31.81

RARIUM u.31 <0.2

BERYLLUM <1.006 <US

CADMIUM <0.1361211

CHROMIUM <3.3 <0.1

LEAD <U13 <Iii

MERCUY <Lou2 st.141

SEEIM<UK <UA

23LCAZI 12-23

SIVR<31.21 &IL

IOIE<2.19 <UA

NIRT0A N .13 L11-6.5

PIIENOLCS <11.18 <11.s

PHOSPRATE AS (M I <3312 l8

TOTAL ORGANIC CARBON <93-. ~2A

TOTAL ORGANIC HALOGEN cisst
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TauL 7-.3
Wllb&. CU13A

m aN Ianau COIATD 3ACKAuD CRRCTMczAna

PAAEM 1154 II

ocumnu .WWUUAL u.N

man L" < 1.

UAUiSI 1.0 1.334.272

POTASIU U7 1544

- 31.3Km 3LI04LM2

numm <2.13 U.1.2

01 7.23 6.151.

SULFATE 7.111 SAW=.721

MOAL IISSOL.ED SOLMD 113.3 I13MMI12.8

ASUNIC <UK SL1E

-NU U14 <LII

CADMIM <LI21 U....

- -OMU <UI L12,4

LEAD U13 son

MRPHnl <SAN

-EDU <Am <LU

SILIC L31 4.145

SILVE <U13 LW14

110131 <2.1 <2.3

ITATE AS M <LI <L31

fillsom <LII S&C

PNOSMUTE AS CP1 <ML :SU4

TOTAL OumI cmAR $A S2.I

TOTAL ORGANIC NAU UI SI.5
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TABLE 7-li8
W-14. CUL3A

ROUND 7 COMPARISON TO BACKWOND CHIARACTIZATION

PARAMEER1 11134 BACKIUDUNO
AVERAGE ICONCENTRAION

CONENWTRAION so INWTEVAL .gjI

CALCUM 1.177 1.554-.123

Mo0n 1.21 0.141.

LITHIUM 0.47 .0334.56

MAGNESIM 411 451413

POTASSIUM 224 233-257

SODIUM 33685 Z.7564194

ALKAINITY 32.3 354

BOIIDE 31"2 9-18_________________

FLUORIDE<.1

PH 754 S9L

SULFATE 2.825 w

OTOTAL DISSOLVED SCUD$ 18.9a121IS

ARSENI <11.06<$

BARIUM 0.041

BERYLLIUM <1.1402

CADMUM <91622 el.9

CHROMIUM <131 8.241.4

LEAD <133!

MRCUR <8.211 :50.89

SELENIU <0.01 <11

SILICA 11.1836-1

SILER <0.13:5.

IODIDE <2.152

NATE ANO <.Is:9.4

PHENOLICS <11.16 0.361414

PHOSPHSATE AS (PI <11.82 :91.8

TOTAL ORSAIC CARBON 1.27 2

TOTAL ORGANIC HALOGE 0.11 1.09.1.1
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TAMtE 7-IJ
on 1 2. CULUIA

ROUN ICOMPRISuuN TIO SACKmU CNARACTIATIOU

PARAMETE ION6 uaACum u
AVERAGE CUCNTRATIO11

cauCumTAnuu1 No ITEVAL t

Ban 35. 27-34

CAIUMI till 1,441-.913

um L.48 s2.

UTNIUM MLr OZ3.

MAGNEIUNI 136 90-2,23

POTAUU 67 565413

SODIU 32516 22=142.501

AUCAUSITY 44A 51.13

- 45. 22.121

cmum 41A 33MI144521

FUU <2.08 0.8-1.1

P11 7.23 135.1.3

SULATE 631 U114313

MUAL DISSOLVED SOIDS 71411 u 5I.3111

-REI <Un <u0

RAuMONun<61

BEUVIWUM<63<.1

-AMU <Lull1 <1.1

CHOMIM <I= 52

LEAR <8.13 <5.

MERURYE <6.3 <.012

SEU= <UK <IN

SwuIC 725 :94A6

SILVER <W51 <Uj

ITAE*S <L.1 56.1

NITRATE S 0<2.19 SUIZ

PUDUFUATE AS I <1.12 :II

TMAL OMANIC CARBON 1.13 2-7

TOTA GDANIC NAtON 031.7
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*wIIPP-28

FF1 WIPP-27

WIPP-30 .AEC-7

WIPP LAND WITHDRAWAL
AREA BOUNDARY

AEC-8H-

H-6 WI PP -12
W 13_WIPP-18

WIPP-25 WP1-WIPP-19
H-18. *1 I W I PP -2 2

H-16 ERDA-9
WIPP-26 H-2 'H-1 H-15
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WIPP LAND WITHDRAWL

30,60AREA BOUNDARY

03 1

30"i000----

MILES

FIGURE 7-3 POTENTIOMETRIC SURFACE OF THE
CULEBRA DOLOMITE MEMBER OF THE

RUSTLER FORMATION NEAR THE 'NIPP
SITE AS OF 12-94
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WIPP LAND wiTHDRAWAL
'pAREA BOUNDARY-

M WQSP-2

Wasp- 1 WOSP-3

DOE PROPERTY PROTECION AREA
Exclusive

Use
Area

WOSP/6and 6A WOLES

FIGURE 7-5 NEW MONITORING WELL LOCATIONS

EB WELL PAD LOCATIONS

-(WELL PAD -- 100'X100)
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Chapter 8

Quafity Assurance

The purpose of the quality assurnce (QA) program is to ensure that processes, activities, and

products that potentially impact health, safety, and the environment are appropriately planned,

implemented, and assessed. The goal of the QA program is twofold: (1) to provide confidence

that the data used in demonstrating regulatory compliance are adequate and (2) to promote

continuous improvement in WIPP's operations. The QA program is successful when risks and

environmental impacts are identified and minized, and. when safety, reliability, and performance

are maximized.

This chapter outlines the QA processes applicable to the radiological and nonradiological

environmental monitoring programs. The QA Program is used to monitor the reliability, accuracy,

and precision of environmental data, and to detect and correct problems in the sample collection,

preparation, analysis, and the data evaluation phases.

A comprehensive QA program has been implemented to ensure that the data collected reflect

selected parameters of the environment. The data have been obtained prior to commencement of

operations, providing a sound baseline for comparison with operational-phase data. The data will be

evaluated to determine future impacts of the WIPP on the environment.

The focus of this program includes the following areas:

* Sample collection at specified locations in accordance with approved procedures.

These procedures are based on established and accepted practices.

* Procedure review and revision to minimize uncertainties introduced through sampling

and analysis, while maintaining comparability and continuity between past and future

data.

* Verification of data through a continuing program of analytical laboratory quality

control, including the performance of interlaboratory cross-checks, duplicate and

split sample radiological analysis, and sample splits provided to the EEG, and to the
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Qualfity Assurance (continued)

Requirements and guidance sources for QA Program content include the following: Titde 10

CFR 830.120, Nuclear Safety Management, Quality Assurance; (CAO-94-1012), DOE Carlsbad

Area Office Quality Assurance Program Description; (ASME NQA-1), Quality Assurance Program

Requi rements for Nuclear Facilities; (DOE Order 5700.6C), Quality Assurance, (DOEIEH-0 173T),

Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental

Surveillance, and SW-846, Test Methods for Evaluating Solid Waste.

8.1 Sample Collection Methodologies

The WID follows approved sampling plans and procedures in the collection and handling of samples

used in environmental monitoring. The sampling plans and procedures specify proper sampling

techniques for the particular sample medium.

Elements of sample QA include specifying the following:

* Method used to select sampling sites

* Specific sampling methods to be used

* Containers, preservatives, transportation, and storage requirements

* Labeling requirements
* Preparatory measures for sampling equipment and containers

* Preservation methods and allowable hold times, including transportation

* Sample chain-of-custody
* Docmenttionused to record sample history, sampling conditions, and analyses

sampling procedures are contained in the following documents:

* *Wpp Groundwater Monitoring program Plan and Procedure Manual (WP 02-1)

* wIPP Environmental Procedures Manual (WP 02-3)

* Nonradoactive Hazardous Materials Environmental Compliance Manual (WP 02-5)

* Quality Assurance Project Plan for WI PP Site Effluent and Hazardous Materials

Sampling (WP 02-EMI)

* WIPP Sute Effluent and Hazardous Materials Sampling Plan (WP 02-EM2)

*p WIPVOC Operating Procedures Manual (WP 12-VC)

* Quality Assurance Project Plan for Sampling Emissions of Radionuclides to the

Ambient Air at the WIPP (DOE-WIPP 93-042)
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8.1 Sample Collection Methodologies (continued)

Chapter 11 of the EMIP defines the polici es and practices that are followed to ensure the data are

accurate, complete, representative, and comparable. The data collected in the Nonradiological

Environmental Surveillance monitoring Programs are analyzed as stated in DOE/EH-0023 (Corley et

al., 1981). Section 8.0 of the EMP discusses, at length, the statistical procedures used to analyze

the data.

8.2 Revision of Procedures

Written procedures are essential in providing instruction to field personnel for sample collection.

As data are collected, and records are generated, these procedures form the basis for an auditable

program. The Q&RA Department and the Environmental Compliance Assessment Program (ECAP)

periodically conduct assessments of environmental monitoring activities to determine the degree of

compliance and effectiveness in implementation of the procedures.

In addition to independent assessment, one of the responsibilities of data collection personnel is to

assess collection and analysis methodologies on a routine and ongoing basis. Field procedures,

analytical procedures, and laboratory methodologies are periodically assessed for adequacy and

effectiveness. Processes that require improvement are modified according to established document

control procedures. The EEG and the NMIED act as the performance based check-point to ensure

that radiological sampling procedures are adequately implemented and that data are comparable

among the WIPP, EEG, and the NMED samples.

8.3 Interlaboratory Comparisons

The WIPP is in the process of upgrading its analytical capabilities. As part of the process, each

LLCL staff member received over 184 hours of training in detector theory, gamma spectroscopy,

and gamma spectroscopy software. To support the LLCL, the WIPP is developing a radiochemistry

laboratory. Environmental sample preparation and radiochemical separation will be performed in the

laboratory. In 1994, WIpp personnel had the opportunity to obtain valuable experience with

radiochemnical procedures and methods through collaborative work conducted, with the EEG

Radiochemistry Laboratory in Carlsbad, New Mexico.
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8.3 Interlaboratory Comparisons (continued)

The collaborative efforts resulted in the completion of three tasks:

1. Testing of radiochemnical. separation procedures for americium, plutonium, thorium,
and strontum

2. Comparison of radionuclide mounting methods.

3. Study of liquid scintillation quenching effect of salt loading.

Sample preparation was conducted at the EEG laboratory and sample counting was done at the
WIPP LLCL.

Results from the testing of separation procedures and comparison of mounting methods were used

by the WIPP LLCL personnel for the selection of radiochemnistry methods and procedures. The

study of the quenching effect of salt loading on liquid scintillation (LS) counting efficiency provided

valuable information on the types of corrections which need to be made when performing LS

counting on samples containing salt content. The results of the salt loading study were presented at

the 40th Conference on Bioassay, Analytical, and Environmental Radiochemnistry in October 1994.*

Staff from the WIPP LLCL participated in both the DOE Environmental Measurements Laboratory

Quality Assessment Program (DOE-EML QAP) and the Environmental Protection Agency's

Performance Evaluation Study Program (EPA PESP). Participation in these programs provides a

means for LLCL staff to upgrade analytical methodology, as well as provide hands-on experience in

analysis of environmental samples for radionuclides. These programs provide the simulated

environmental samples which contain known amounts of one or more radionuclides. The samples

are prepared and distributed to laboratories. Using standard analytical methods specific to that

laboratory, the samples are then statistically analyzed and compared with known values. Results are

reported electronically.

Because the LLCL lacks sample preparation facilities, performing analysis on a wide variety of

sample matrices is limited. In 1994, these sample matrices included air filters and water samples.

The analysis performed on the air filters were gross alpha/beta and gamma spectroscopy. The

analysis performed on the water matrix were tritium and gamma spectroscopy. It is expected that in

1995, a 550 square-foot laboratory space will be made available for radiological sample preparation
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8.3 Interlaboratory Comparisons (continued)

.and chemical separation. The LLCL will be renamed the Radiochemistry Laboratory (RI) due to

the commencement of radiochemical analytical capabilities.

Neither the DOE EML-QAP nor the EPA-PESP set criteria for judging the "pass/fail" status of a

laboratory. The following standard, from the draft ANSI N 13-30, Performance Criteria for

Radiobioassay, is used by the staff of WIIPP LLCL.

-0. 25 :5 Br ::5 0.5

Relative bias is calculated using the following equation:

Br = (reported results - known value) - (known value)

8.4 Analytical Laboratory Quality Assurance and Quality Control

During CY 1994 the WIPP extended contracts to the following analytical laboratories:

Ross Analytical Services Inc. in Strongsville, Ohio; Accu-Labs in Golden, Colorado; and Datachem

WLaboratories in Salt Lake City, Utah. The contract laboratories are required to follow established

Quality Assurance/Quality Control (QA/QC) procedures as specified in the contract statement of

work. Successful bidders performing environmental analyses are required to be on the Qualified

Suppliers List (QSL) and must undergo program reviews and assessments.

Laboratory QA/QC includes the following:

* Reviewing and approving of the laboratory QA plan

* Qualifying and training staff

0 Specifying acceptable tolerances in data quality

* Performing internal laboratory QC

* Analyzing blind samples

* Calibrating and maintaining analytical equipment

0 Reporting on the performance of measurement systems and data quality

* Reporting the performance of demionstration programs
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8.5 Data Handling

Field data are collected and recorded in data books, organized by sample location and sampling
round. Separate data books are prepared for sampling, field notes, and contract laboratory data. If
samples are sent to more than one laboratory for analysis, then each lab has its own data book.
Samples are collected and sent to the laboratory for analysis, accompanied by QC samples.
Analytical results are verified through specifying method blanks, duplicates, spikes, and trip blanks.
The Principle Investigator (P1) reviews the QC data against specified limits to determine whether the
data set is suitable for inclusion in the report. The data are reported in the ASER.

8.6 Records Management

Documents and records generated under the CAO QA program are specified, prepared, reviewed,
approved, controlled, and maintained in accordance with the Carlsbad Area Office Quality Assurance
Program Description (QAPD). The QAPD provides a single reference for all WIPP project
participants in meeting records management reuiemnts as specified in DOE orders and
regulations. Further records management requirements and procedures are provided in the Carlsbad

Area Office Information Management Plan (CAO-94-lO0l).

All original records are maintained in fire resistant file cabinets until they are transmitted to the
GAO Central Records Facility (CRF) for permanent fiing. All records, including raw data,
calculations, computer programs, or other data manipulation media are subject to review and
verification under the WIIPP QAP and the ECAP. The Environmental Monitoring Section is

responsible for validating these records before transmitting them to the GAO Central Records

Facility in accordance with an approved Records Inventory Disposition Schedule (RIDS).

Records (i.e., reports of analyses and sample receipt forms transmitted by contract analytical
laboratories) are dated upon receipt and a copy made for QC review. Specific record and data
management procedures including those referencing data anpltosare implemented according

to the approved quality assurance project plan or work plan.

The wIpp complies with the National Emission Standards for Hazardous Air PolUtants

(NESHAP) record-keeping reqireets issued under 40) CFR 61, Subpart H, which addresses
atmospheric radionuclide emissions. unless regulations are amended in the future, records
developed pursuant to these criteria (i.e., Medical, Health and Safety Records) will be maintained at

least 30 years as specified in DOE Order 1324.2A, Records Disposition (DOE, 1992), Chapter V,

Attachment 1, Schedule 2.5.



1994 Wrp Site Environmenta Report

8.6 Records Management (continued)

Consistent record keeping for all aspects of the Environmental Monitoring Programs is a part of QA
requirements. The ENT lists the required records, reports, and laws, regulations, or DOE Orders
that contain the requirements.
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SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/rn 3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-SMR Beryllium-7 7.1E-03 7 .9E-03
Air Sampling

I1st Quarter Potassiurn-40 3.2E-04 3.4E-04

Smith Ranch
Cobalt-60 1 .7E-05 1 .7E-05

Cesiurn-137 -7.6E-06 1,6E-05

Lead-2 10 2.OE-03 * 4.L1E-04

Radium-226 3.7E-04 2.4E-04

Radium-228 7.3E-05 6.5E-05

Americium-241 8.8 E-07 L .E-08

Thoriur-228 2.6E-05 * 2.2E-05

Thorium-230 2.2E-05 2.3E-05

Thorium-232 1. 1E-05 * 1.3E-06

Uranium-233/234 5. 1E-06 1.2E-06

Uranium-235 3. 1E-07 S.3E-07

Uranium-238 4.5E-06 L1E-06

Plutonium-238 1.3E-07 4.5E-09

Plutonium-239/240 -4E-04 3.6E-09

Plutonium-241 -4. 1IE-04 9.OE-05

Strontium-90 -6.4E-06 1 .3E-05

Polomium-210 3.2E-04 * 1.E-05

AC-SMR Beryllium-7 6.OE-03 5 .2E-03

Air Sampling
2nd Quarter Potassiuni-40 3.3E-04 3.OE-04

Smith Ranch
Cobalt-60 -1.5E-05 2.5E-05

Cesium-137 -4.3E-06 2.4E-05

Lead-210 6.4E-04 3.8E-04

Radium-226 8. 1E-04 *4.OE-04

Radiurn-228 7.8E-05 7.6E-05

Americium-241 I.OE-05 2.I1E-08

Thorium-228 3.8E-06 2.8E-06

*Denotes analytical data outside two standard deviations from the mewan.

Al-



IF - 1994 WEPP Site Environmental Report

SAMTLE PARAMETER RESULTUNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-SMR Thorium-230 4.6E-05 *8.8F-06

Air Sampling
2nd Quarter Thorium-232 2.1E-06 2.8E-06
Smith Ranch
(continued) Uranium-233/234 6.4E-06 1 .7E-06

Uranium-235 5.2E-07 6.3E-07

Uranium-238 4.OE-06 I .E-06

Plutonium-238 4.7E-07 5.3E-09

Plutonium-239/240 4.7E-07 5.3E-09

Plutonium-241 -9.9E-05 8.2E-05

Strontium-90 -3 .513-06 1 .4E-05

Polonium-210 2.7E-04 3.7E-05

AC-SMR Beryllium-7 4.5E-03 1 .8E-03
Air Sampling
3rd Quarter Potassium-40 2.9E-04 4.4E-04

Smith Ranch
Cobalt-60 6.OE-05 1 .6E-05

Cesium-137 -1.4E-05 2.l1E-05

Lead-210 2.013-03 * .E-04

Radium-226 3.3E-04 2.6E-04

Radium-228 L.OE-04 7.2E-05

Americium-241 5.7E-06 3.7E-08

Thorium-228 1. 1E-06 2.4E-06

Thorium-230 7.4E-06 3.8E-06

Thorium-232 2.6E-06 2.2E-06

Uranium-233/234 9.OE-06 1 .6E-06

Uranium-235 4.5E-07 6.6E-07

Uranium-238 9.4E-06 1 .6E-06

Plutonium-238 -lE-07 4.5E-09

Plutonium-239/240 5.2E-07 5.3E-09

Plutonium-241 -3.7E-04 7.3E-05

Strontium-90 -1.1E-05 1.5E-05

Polonium-210 3.3E-04 2.213-05

*Denoes analytical data outside two atandard deviations from the mean.
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SAMIPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq /M 3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-SMR Beryllium-7 4.9E-03 1.IE-03
Air Sampling
4th Quarter Potassium-40 4.7E-05 2.9E-04

Smith Ranch
Cobalt-60 -1.3E-05 1 .9E-05

Cesium-137 5.3E-06 1 .9E-05

Lead-210 1. 1E-03 3.6E-04

Radium-226 1.3E-04 3.8E-04

Radium-228 9.5E-05 7.3E-05

Americium-241 3.9E-06 1 .2E-08

Thorium-228 2.4E-06 2.OE-06

Thorium-230 7. 1E-06 2.7E-06

Thorium-232 4.3E-06 2.OE-06

Uranium-233/234 3.9E-06 1.IE-06

Uranium-235 1.6E-07 3.2E-07

Uranium-238 3. 1E-06 9.9E-07

Plutonium-238 O.OE+OO O.OE+0O

Plutonium-239/240 3.4E-07 4.OE-09

Plutonium-241 1 .3E-04 4.9E-05

Strontium-90 1 .9E-06 1 .5E-05

Polonium-210 2.l1E-04 2.8E-05

AC-WEE Beryllium-7 7.6E-03 7.8E-03

Air Sampling
I1st Quarter Potassium-40 6.3E-04 3.7E-04

WIPP East
Cobalt-60 -8.4E-06 1 .6E-05

Cesium-137 7.7E-07 1.7E-05

Lead-210 1.6E-03 3.8E-04

Radium-226 1.7E-04 4.OE-04

Radium-228 8.8E-05 5.5E-05

Americium-241 2.7E-07 8.4E-09

Thorium-228 1A.E-06 2.3E-06

Thorium-230 7.9E-06 3.3E-06
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SAMEPLE PARAMETER RESULTIUNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m3  LEVEL AT TWO

LOCATION SADR
DEVIATIONS

AC-WEE Thorium-232 4.OE-06 2.2E-06

Air Sampling
I1st Quarter Uranium-233/234 4.2E-06 1 .E-06

WIPP East
(continued) Uramni-23S 7.OE-07 6.5E-07

Uranium-238 2.5E-06 1. 1 E-06

Plutoniurn-238 -8E-08 2.6E-09

Plutonium-239/240 5.4E-07 4.OE-09

Plutonium-241 -2.6E-04 5.4E-05

Strontium-90 8.4E-07 1 .4E-05

Polonium-210 3.5E-04 *2.3E-05

AC-WEE Beryllium-7 4.3E-03 3.5E-03

Air Sampling

2nd Quarter Potassium-40 9. 1E-05 3.3E-04

WIPP East
Cobalt-60 1.OE-05 1.8E-05

Cesium-137 1.4E-05 2.OE-05

Lead-2 10 1. 1E-03 3.5E-04

Radium-226 5.6E-05 3.2E-04

Radium-228 5.9E-05 6.2E-05

/Americium-241 1 .6E-06 9.3E-09

Thorium-228 4.5E-06 2.6E-06

Thorium-230 1.5E-05 4.3E-06

Thoriutn-232 3.6E-06 2.4E-06

Uranium-233/234 9. 1E-06 1.6E-06

Uranium-235 9. 1E-07 7.7E-07

Uranium-238 6.9E-06 1A.E-06

Plutonium-238 -3E-07 3. 1 E-09

Plutonium-239/240 1 .3E-06 6.6E-09

Plutonium-241 -2. 1E-04 5.7E-05

Strontium-90 L3.3E-05 1.8E-05

-Denotes analytical data outside two standard deviations from the Mean.
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SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/xn' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WEE Polonium-210 2.7E-04 1 .8E-05

Air Sampling
2nd Quarter
WIPP East
(continued) _______________ 

______________

Beryllium-7 4.7E-03 1.8E-03

AC-WEE
Air Sampling Potassium-40 1 .9E-04 3.7E-04

3rd Quarter
WIPP East Cobalt-60 -1.4E-06 1.7E-05

Cesium-137 1.OE-06 1.9E-05

Lead-210 1.6E-03 4.OE-04

Radium-226 2.9E-04 4.2E-04

Radium-228 8.9E-05 6.6E-05

Americium-241 I .5E-06 1 .2E-08

Thorium-228 1.9E-06 1.9E-06

Thorium-230 1.2E-05 3.2E-06

Thorium-232 2.8E-06 1.5E-06

Uranium-233/234 6.3E-06 1.7E-06

Uranium-235 -4E-07 1 .4E-06

Uranium-238 2.8E-06 1.2E-06

Plutonium-238 O.OE+00 3.8E-09

Plutonium-239/240 1. 6E-07 3.8E-09

Plutonium-241 -1 .3E-04 5.8E-05

Strontium-90 -2.6E-07 1 .3E-05

Polonium-210 7.OE-05 1.8E-05

AC-WEE Beryllium-7 4.6E-03 1 .OE-03

Air Sampling
4th Quarter Potassium-40 1 .6E-04 2.8 E-04

WPEatCobalt-60 -1. 1E-05 2.OE-05

Cesium-137 2. 1E-05 2.2E-05

Lead-210 1. 1E-03 3.6E-04

Radium-226 7.6E-04 3.8E-04

Radium-228 7.3E-05 7. 1E-05
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1994 WLPP Site Environmental Report

SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WEE Americium-241 1.6E-06 7.6E-09

Air Sampling

4th Quarter Thoriurn-228 1 .3E-06 1 .6E-06

WTPP East

(continued) Thorium-230 6.4E-06 2. 1E-06

Thoriurn-232 2.8E-06 1 .3E-06

Uranium-233/234 4.813-06 IA.E-06

Uraniurn-235 8.6E-08 3.8E-07

Uranium-238 2.2E-06 8. 1E-07

Plutonium-238 1 .3E-07 5.7E-09

Plutonium-239/240 -lE-07 2.5E-09

Plutonium-241 2.7E-04 7.6E-05

Strontium-90 -4. 1E-06 1.3E-05

Polonium-210 2.OE-04 2.6E-05

AC-WFF Beryllium-7 4.3E-03 7.7E-03

Air Sampling

I1st Quarter Potassium-40 2.7E-04 3.7E-04

WIPP Far Field
Cobalt-60 4.7E-06 1 .7E-05

Cesium-137 -6.3E-06 1.7E-05

Lead-210 1. 1E-03 3.3E-04

Radium-226 1 .8E-04 3.4E-04

Radium-228 7.2E-05 6.OE-05

Americium-241 -3E-07 5.013-09

Thorium-228 2.513-06 1.7E-06

Thorium-230 1. 1E-05 3.4E-06

Thonium-232 2.7E-06 1 .6E-06

Uranium-233/234 4.4E-06 1 .3E-06

Uranium-235 2.5E-07 5.413-07

Uranium-238 1.5E-06 80OE-07

Plutonium-238 1A.E-07 3 .3E-09

Plutoniuin-239/240 -I13-04 2.7E-09

Plutonium-241 -1.4E-04 5. 1 E-05
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1994 WIEPP Site Environmental Report

SAM[PLE PARAMETER RESULTIUNIT 95 % CONFIDENCE

ANALYSIS BY Bq/rn 3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WFF Strontnum-90 9.6E-06 1 .5E-05

Air Sampling
I1st Quarter

WIPP Far Field Poloniuin-210 2.9E-04 * 2.2E-05

(continued) _____________

AC-WFF Beryllium-7 5.7E-03 4.7E-03
Air Sampling
2nd Quarter Potassiurn-40 1. 1IE-03 * 3 .8E-04

WIPP Far Field
Cobalt-60 -2.7E-06 1 .8E-05

Cesium-137 1. 1E-05 1.8E-05

Lead-2 10 9.8E-04 3.4E-04

Radium-226 2.6E-04 3 .8E-04

Radium-228 8.2E-05 6.5E-05

Americium-241 1.6E-04 *7.7E-08

Thorium-228 1.7E-06 1.8E-06

Thorium-230 1.2E-05 3.5E-06

Thorium-232 2.8E-06 1 .7E-06

Uranium-233/234 2.5E-04 * 9.8E-06

Uranium-235 1.8E-05 * 3.OE-06

Uranium-238 2.4E-04 * 9.7E-06

Plutoniuni-238 1 .8E-07 2.5E-09

Plutonurn-239/240 9.2E-05 * 5.6E-08

Plutonium-241 6.5E-04 * 8. 1E-05

Strontium-90 6.7E-06 1.6E-05

Polonium-210 3.2E-04 * 2. 1E-05

AC-WFF Beryllium-7 6.2E-03 1.9E-03

Air Sampling
3rd Quarter Potassium-40 2.5E-04 3.5E-04

WIPP Far Field
Cobalt-60 1 .7E-05 1 .5E-05

Cesium-137 5.1E-06 1.8E-05

Lead-2 10 1.4E-03 3.9E-04

Radium-226 1.3E-04 3.7E-04

Radium-228 5.2E-05 6.2E-05

*Denotes analytical data outside two standard deviations from the mean.
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1994 W[PWP Site Environmental Report

SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WFF Americium-241 1 .2E-06 1. E-08
Air Sampling
3rd Quarter Thorium-228 2.7E-06 2. 1E-06

WIPP Far Field
(continued) Thorium-23O 1 .3E-05 4.5E-06

Tliorium-232 1 .5E-06 2.3E-06

Uranium-233/234 -6E-07 8.2E-07

Uranium-235 -3E-07 1. 1E-06-

Uraniurn-238 -4E-07 7.7E-07

Plutonium-238 IA.E-07 1 .9E-09

Plutonium-239/240 6.3E-07 4.5E-09

Plutonium-241 -2. 1 E-04 5.OE-05

Strontium-90 3.5E-06 1.8E-05

Polonium-210 2.9E-04 2.2E-05

AC-WFF Beryllium-7 4.3E-03 L OE-03

Air Sampling
4th Quarter Potassium-40 3.2E-04 2.2E-04

WIPP Far Field
Cobalt-60 5.2E-06 1.6E-05

Cesium-137 -6.5E-07 2.2E-05

Lead-210 9.6E-04 3.OE-04

Radium-226 3. 1lE-04 3.OE-04

Radium-228 3.9E-05 7.6E-05

Americium-241 2.6E-06 8.8E-09

Thorium-228 3.4E-06 1.7E-06

Thorium-230 7 6E-06 2.2E-06

Thorium-232 2.4E-06 1.3E-06

Uranium-233/234 5.2E-06 1.3E-06

Uranium-235 -8E-08 4.9E-07

Uranium-238 3.OE-06 9.2E-07

Plutonium-238 -7E-08 3E-09

Plutonium-239/240 -IE-07 2.OE-090

Plutonium-241 1.5E-04 4.3E-05
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0 1994 WIPP Site Environental Report

SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WF Strontium-90 -3.3E-06 1.5E-05

Air Sampling _______________________________________

4th Quarter
WIPP Far Field Polonium-210 1.60E-04 2.IE-05

(continued)_

AC-SEC Beryllium-7 5.OE-03 7.9E-03

Air Sampling
1st Quarter Potassium-44) 1 .2E-04 3 .5E-04

South East Control
Cobalt-60 1 .5E-05 1 .6E-05

Cesium-137 1.5E-05 1.9E-05

Lead-210 1.OE-03 3.2E-04

Radiurn-226 1.9E-04 3.8E-04

Radium-228 7.OE-05 5.6E-05

Aniericium-241 1.6E-06 IE-08

Thorium-228 3. 1E-06 2.6E-06

Thorium-230 1A.E-05 5.2E-06

Thorium-232 8.7E-07 2.1E-06

Uranium-233/234 5.OE-06 1 .2E-06

Uranium-235 -7E-08 4.4E-07

Uranium-238 2.9E-06 9. 1E-06

Plutonium-238 2.5E-07 3 .OE-09

Plutonium-239/240 1.9E-07 2.1E-09

Plutonium-241 -2.3E-04 4.3E-05

Strontium-90 -5.OE-07 1. 1 E-05

Polonium-210 1.8E-04 1.5E-05

AC-SEC Beryllium-7 3.7E-03 4.5E-03

Air Sampling
2nd Quarter Potassiiim-40 8.5E-04 *3.6E-04

South East Control
Cobalt-60 7.1 E-06 3.5E-05

Cesium-137 1.7E-05 3.5E-05

Lead-210 5.7E-04 4.7E-04

Radium-226 1. 1E-03 *5.5E-04

Radium-228 3.2E-05 1 .3E-04

*Denotes analytical data outside two standard deviations from the mean.
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1994 WIPP Site Environmental Report

SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE
ANALYSIS BY Bq/M3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-SEC Americium-241 3.5E-06 1 .5E-08
Air Sampling
2nd Quarter Thorium-228 4.6E-06 2.3E-06

South East Control
(continued) T7horium-230 2.013-05 5.3E-06

Thoriurn-232 4.OE-06 2.3E-06

Uranium-233/234 7.OE-06 2.5E-06

Uraniuni-235 3.813-07 5.2E-07

Uramium-238 4.6E-06 1 .8E-06

Plutonium-238 O.OE+OO 1.3E-09

Plutonium-239/240 -2E-07 3 .4E-09

Plutonium-241 -5.6E-05 9.3E-05

Strontium-90 1 .2E-05 2. 1 E-05

Polonium-210 1 .5E-04 2.6E-05

AC-SEC Beryllium-7 6.OE-03 2. 1E-03
Air Sampling
3rd Quarter Potassiurn-40 4.6E-04 2.9E-04

South East Control
Cobalt-60 -1.5E-05 2.4E-05

Cesium-137 -9. 1E-06 2.7E-05

/Lead-210 9.8E-04 3.9E-04

Radium-226 1 .9E-04 4.8E-04

Radium-228 3.9E-05 9.5E-05

Americium-241 3.4E-06 1 .313-08

Thorium-228 3.5E-06 2.6E-06

Thorium-230 4.8E-06 3.6E-06

T'honium-232 4.4E-06 2.6E-06

Uranium-233/234 4.7E-06 1 .5E-06

Uranium-235 -213-07 5.313-07

Uranium-238 3.5E-06 1.2E-06

Plutonium-238 -5E-07 4.7E-09

Plutonium-239/240 6.013-07 6.2E-09

Plutonium-241 5.413-05 6.8E-05
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IF - 1994 WEPP Site Environmental Report

SAMPLE PARAMETER RESULTIUNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-SEC Strontium-90 2.9E-05 2.OE-05
Air Sampling ___________________________ ____________

3rd Quarter
South East Control Polonuum-2 10 2.9E-04 *3.3E-0)5

(continued) ______________ _____________

AC-SEC Beryllium-7 6.2E-03 1.8E-03
Air Sampling
3rd Quarter Potassium-4O 8.9E-05 3.LE-04

South East Control
2 of 2 Cobalt-60 5.OE-07 2.2E-05

Cesium-137 6.6E-06 2. 1E-05

Lead-210 6.4E-04 3.3E-04

Radium-226 1 .7E-04 4.OE-04

Radium-228 4.7E-05 8.3E-05

Americium-241 8.7E-06 1 .6E-08

Thorium-228 4.1E-06 2.8E-06

Thorium-230 8.6E-06 4.OE-06

Thorium-232 3. 1IE-06 2.4E-06

Uranium-233/234 3.6E-06 1.3E-06

Uranium-235 2.8E-07 6. 1E-07

Uranium-238 3. 1E-06 1.IE-06

Plutonium-238 3.4E-07 5.3E-09

Plutonium-239/240 8.6E-08 2.9E-09

Plutonium-241 9.2E-05 4.9E-05

Strontnum-90 1 OE-05 1 .6E-05

Polonium-210 2.OE-04 2.3E-05

AC-SEC Beryllium-7 4.3E-03 9.8E-04
Air Sampling
4th Quarter Potassium-40 4.6E-04 3.2E-04

Sot atCnrlCobalt-60 8.9E-06 1.8E-05

Cesium-137 -7.2E-06 2.OE-05

Lead-210 1.3E-03 3.4E-04

Radium-226 6.6E-04 3.4E-04

Radium-228 5.7E-05 7.3E-05

*Denotes analytical data outside two standard deviations from the mean.

Al-11



1994 WIPP Site Environmental Report

SAMEPLE PARAMETER RESULT[UNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m3  LEVEL AT TWO

LOCATION SADR

DEVIATIONS

AC-SEC Americium-241 4.OE-06 1 .3E-08
Air Sampling

4th Quarter Thorium-228 1 .4E-06 1 .9E-06
South East Control

(continued) Thorium-230 6.6E-06 2.8E-06

Thorium-232 2. 1E-06 1.9E-06

Uranium-233/234 7.5E-06 1 .7E-06

Uranium-235 9.5E-07 6.6E-07

Uranium-238 3.2E-06 1.2E-06

Plutonium-238 -lIE-07 6. 1 E-09

Plutoniuni-239/240 1 .OE-07 2.013-09

Plutonium-241 2.613-04 6.5E-05

Strontium-90 -1 .3E-05 1 .2E-05

Polonium-210 1 .7E-04 2.3E-05

AC-MLR Beryllium-7 -1 .9E-03 *8.4E-03

Air Sampling
I1st Quarter Potassium-40 2.6E-04 3.6E-04

Mills Ranch
Cobalt-60 -3.8E-06 1 .8E-05

Cesium-137 -2.6E-05 *1.9E-05

Lead-210 1.6E-03 4.OE-04

Radium-226 1 .3E-04 3. IE-04

Radium-228 5.7E-05 6.2E-05

Americiuni-241 7.7E-07 9. 1lE-09

Thorium-228 2.8E-06 2.2E-06

Thorium-230 9.7E-06 3. 1E-06

Thonium-232 3.5E-06 2.OE-06

Uranium-233/234 2.7E-06 1.2E-06

Uraniuni-235 O.OE+OO 5.OE-07

Uranium-238 1.9E-06 7.4E-06

Plutoniuni-238 1 .3E-07 4.5E-09

Plutonium-239/240 5.3E-07 6.4E-09

Plutonium-241 -6.OE-04 *8.4E-05

*Denotes analytical data outside two standard deviations from the mean.
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1994 WIPP Site Envirotnental Report

SAMFPLE PARAMETER RESULT/UNI 95 % CONFIDENCE
ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION SADR
DEVIATIONS

AC-MLR Strontium-90 4. 1lE-07 1 .6E-05
Air Sampling _______________________________________

1st Quarter
Mills Ranch Poloniurn-210 9.3E-05 *1.3E-05

(continued)

AC-MLR Beryllium-7 7.2E-03 4.4E-03
Air Sampling

2nd Quarter Potassium-40 2.OE-04 4.2E-04
Mills Ranch

Cobalt-60 5. 1E-06 1.9E-05

Cesiurn-137 1. 3E-05 2.OE-05

Lead-210 1.3E-03 4.l1E-04

Radium-226 5.8E-04 3.2E-04

Radium-228 1.3E-04 *7.3E-05

Americium-241 1 .6E-07 4.8E-09

Thoriurn-228 2.l1E-06 2.8E-06

Thorium-230 1.4E-05 4.3E-06

Thiorium-232 3.OE-06 2.OE-06

Uranium-233/234 5.2E-06 1.3E-06

Uranium-235 1.2E-06 6.4E-07

Uranium-238 3.5E-06 L.OE-06

Plutonium-238 -9E-08 * 3 .OE-09

Plutonium-239/240 5.3E-07 4.2E-09

Plutonium-241 -3.9E-04 6.2E-05

Strontium-90 1.8E-05 1.6E-05

Polonium-210 2.lE-04 1.9E-05

AC-MLR Beryllhum-7 3.6E-03 4. lOE-03
Air Sampling
2nd Quarter Potassium-40 3.OE-04 4.20E-04

Mills Ranch
2 of 2 Cobalt-60 -1.5E-05 1.80E-05

Cesium-137 -1.4E-05 1.90E-50

Lead-210 8.5E-04 3.50E-04

Radium-226 1A.E-04 4.OE-04

Radium-228 1. 1 E-05 6.7E-05

*Denotes analytical data outside two standard deviations from the mean.
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1994 WTPP Site Environmental Report

SAMPLE PARAM~ETER RtESULTJUMIT 95 % CONFIDENCE

ANALYSIS BY Bq/m3  LEVEL AT TWO

LOCATION SADR
DEVIATIONS

AC-MLR Americium-241 6.4E-06 1 .3E-08

Air Sampling
2nd Quarter Thorium-228 1 .7E-06 2.OE-06
Mills Ranch

2 of 2 Thorium-230 9.3E-06 3.OE-06

(continued) Thorium-232 4.2E-06 1 .9E-06

Uranium-233/234 4.2E-06 1. 1E-06

Uranium-235 5.OE-07 5.1E-07

Uranium-238 2.5E-06 8.4E-07

Plutonium-238 -9E-07 5.7E-09

Plutonium-239/240 5.30E-07 5.4E-09

Plutonium-241 -3.7E-05 4.9E-05

Strontium-90 3.4E-05 1 .8E-05

Polonium-210 2. 1E-04 2.lE-05

AC-MLR Beryllium-7 4.5E-03 1 .7E-03

Air Sampling
3rd Quarter Potassium-40 2. 1 E-04 3.2E-04

Mills Ranch
Cobalt-60 9.2E-06 1 .7E-05

Cesium-137 -1.1E-05 2.OE-05

Lead-210 8.2E-04 3. 1E-04

Radium-226 6.7E-05 3.9E-04

Radium-228 4.2E-05 7.4E-05

Amenicium-241 3.3E-06 1 .2E-08

Thorium-228 2.4E-06 1.5E-06

Thorium-230 5.5E-06 2.OE-06

Thonium-232 2.2E-06 1.3E-06

Uranium-233/234 4.OE-06 1.3E-06

Uranium-235 8.9E-07 6.OE-07

Uranium-238 3.6E-06 1. 1E-06

Plutonium-238 3.5E-07 3.5E-09

Plutonium-239/240 8.8E-08 3 .9E-09

Plutonium-241 3.4E-05 4.9E-05
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1994 WLEPP Site Environmental Report

SAMIPLE PARAMETER RESULTIUNIT 95 % CONFIDENCE

ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-MLR Strontium-90 1.2E-05 1.5E-05

Air Sampling _____________ ____________

3rd Quarter
Mills Ranch Poloniurn-2 10 3.OE-04 *2. 1IE-05

(continued) ______________

AC-MLR Beryllium-7 4.7E-03 1 OE-03
Air Sampling

4th Quarter Potassium-40 94E-05 2.5E-04

Mills Ranch
Cobalt-60 -6.7E-06 1.8E-05

Cesium-137 -6.7E-06 2.OE-05

Lead-2 10 1.OE-03 3.2E-04

Radium-226 1.613-04 3.8E-04

Radium-228 8.OE-05 6.8E-05

Americium-241 4.5E-06 1 .3E-08

Thorium-228 2.2E-06 1 .4E-06

Thorium-230 7. 1E-06 2.6E-06

Thorium-232 2.2E-06 1.3E-06

Uranium-233/234 4.8E-06 1.4E-06

Uranium-235 O.OE+OO 5.3E-07

Uranium-238 3.2E-06 1.2E-06

Plutoniurn-238 O.OE+00 4.7E-09

Plutonium-239/240 2.OE-07 4.7E-09

Plutonium-241 3.4E-04 6.5E-05

Strontium-90 3.4E-06 1 .4E-05

Polonium-210 1.5E-04 2.5E-05

AC-WSS Beryllium-7 2. 1E-03 8.OE-03
Air Sampling

1st Quarter Potassium-40 2.7E-04 2.9E-04

WIPP South
Cobalt-60 2.013-05 1.6E-05

Cesium-137 -3.OE-06 1.6E-05

Lead-210 1. 1E-03 3.4E-04

F - Radiurn-226 2.4E-04 3 .6E-04

*Denotes analytical data outside two standard deviations from the mean.
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1994 WIPP Site Environmental Report

SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WSS Radium-228 4.6E-05 5.8E-05
Air Sampling
I st Quarter Americium-241 -1E-07 7.5E-09

WTPP South
(continued) Thorium-228 1 .OE-06 1 .3E-06

Thorium-230 1 .2E-05 3.4E-06

Thorium-232 1.8E-06 1.3E-06

Uranium-233/234 4.OE-06 1 .2E-06

Uranium-235 2.8E-07 4. 1E-07

Uranium-238 3.2E-06 1.OE-06

Plutonium-238 3.8E-07 4.5E-09

Plutoniurn-239/24 0  3.8E-07 3.3E-09

Plutonium-241 -2.7E-04 5.4E-05

Strontium-90 3.3E-05 1 .50E-05

Polonium-210 2.7E-04 1 .6E-05

AC-WSS Beryllium-7 7. 1E-03 3.8E-03

Air Sampling
2nd Quarter Potassium-40 2.8E-04 3.5E-04

WIPP South
Cobalt-60 1 .4E-05 1 .8E-05

Cesium-137 2. 1E-05 2.OE-05

Lead-210 1.3E-03 4.2E-04

Radium-226 4. 1E-04 4.7E-04

Radium-228 5.5E-05 6.2E-05

Americium-24 1 1 .4E-06 8.OE-09

Thorium-228 2.2E-06 1.4E-06

Thonium-230 1 .5E-05 3.9E-06

Thorium-232 2.2E-06 1 .5E-06

Urariiurn-233/234 6.7E-06 1 .7E-06

Uranium-235 -2E-07 1 .3E-06

Uranium-238 3 .9E-06 1 .2E-06

Plutonium-238 -lE-07 .OE-09

Plutonrnm-239/240 L.OE-06 6.4E-09
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SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/rn3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-WSS Plutonium-241 -3.5E-04 7.2E-05

Air Sampling
2nd Quarter Strontium-90 -1.7E-05 1. 3E-05
WIPP South
(continued) Polonium-210 1.8E-04 2.2E-05

AC-WSS Beryllium-7 5.7E-03 1 .7E-03

Air Sampling
3rd Quarter Potassium-40 2.3E-04 3.7E-04

WIPP South
Cobalt-60 -8. 1E-07 1.5E-05

Cesium-137 -8.2E-06 1 .8E-05

Lead-210 1.6E-03 3.7E-04

Radium-226 2.3E-04 4.OE-04

Radiurn-228 9.2E-05 6.lE-05

Americium-241 6.6E-07 1 .4E-08

Thorium-228 2. 1E-06 1.7E-06

Thorium-230 1. 1E-05 3.E-06

Thorium-232 l.lE-06 1.3E-06

Uranium-233/234 7,2E-06 1 .4E-06

Uranium-235 4.7E-07 7.4E-07

Uranium-238 3.6E-06 9.9E-07

Plutomium-238 2.2E-07 5.7E-09

Plutonium-239/240 3.OE-07 4. 1 E-09

Plutoniuxn-241 -1.2E-04 5.9E-05

Strontium-90 I .OE-06 1 .4E-05

Polonium-210 1.2E-04 1.7E-05

AC-WSS Beryllhum-7 4.6E-03 9.9E-04

Air Sampling
4th Quarter Potassiumr-40 2.OE-04 3.6E-04

WIPP South
Cobalt-60 -5.9E-06 1.8E-05

Cesiurn-137 3.2E-06 1.8E-05

Lead-210 1. 1E-03 3. 1E-04

Radium-226 1.6E-04 3.5E-04

Radium-228 4.5E-05 7.2E-05
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1994 WIPP Site Environmental Report

SAMPLE PARAMETER RESULT/UNIT 95 %k CONFIDENCE
ANALYSIS BY Bq/m3  LEVEL AT TWO

LOCATION SADR
DEVIATIONS

AC-WSS Axnericium-241 2.3E-06 9.4E-09
Air Sampling
4th Quarter Thorium-228 2.6E-06 1 .6E-06
WIPP South
(continued) Thorium-23O 7. 1 E-06 2. 1 E-06

Thorium-232 2.2E-06 1 .3E-06

Uranim-233/234 4. 1E-06 1. 1E-06

Uraium-235 3.2E-07 4.4E-07

Uraniurn-238 2.2E-06 7.6E-07

Plutonium-238 6.9E-07 5.4E-09

Plutonium-239/240 1 .5E-07 3.7E-09

Plutonium-241 2.8E-04 4.8E-05

Strontium-90 2.7E-05 1 .5E-05

Polonium-210 1A.E-04 2.OE-05

AC-CBD Beryllium-7 1.2E-02 *7.6E-03

Air Sampling
1st Quarter Potassium-40 2.2E-04 3. 1 E-04
Carlsbad

Cobalt-60 2.6E-05 1.6E-05

Cesium-137 1.3E-05 1.6E-05

Lead-210 1. 1E-03 3.2E-04

Radium-226 4.3E-04 4.OE-04

Radium-228 9.3E-05 6. lE-05

Americium-241 4.6E-07 6.7E-09

Thorium-228 1 .7E-06 2.6E-06

Thorium-230 1A.E-05 4.6E-06

Thoriur-232 3. 1E-06 2.4E-06

Uranium-233/234 3.4E-06 1. 1E-06

Uranium-235 3. 1E-07 3.7E-07

Uraniurn-238 2.6E-06 9.2E-07

Plutonunx-238 0.OE-00 1 .7E-09

Plutonium-239/240 -2E-04 * I3.2E-09

Plutomum-241 -1 .6E-04 4.4E-05

*Denotes analytical data outside two standard deviations fr-om the mean.

Al-18



1994 WIPP Site Environmental Report

SAMPLE PARAMETER RESULTIUNIT 95 % CONFIDENCE

ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION S[ANDARD
DEVIATIONS

AC-CBD Strontium-90 2.6E-06 1.2E-05

Air Sampling
I1st Quarter
Carlsbad Polonium-210 3.6E-04 *1 .8E-05

(continued)

AC-CBD Beryllium-7 4.5E-03 4.5E-03

Air Sampling
2nd Quarter Potassium-40 1 .5E-04 3 .9E-04

Carlsbad
Cobalt-60 9. 1E-06 1.7E-05

Cesium-137 -6. 1E-06 2.OE-05

Lead-2 10 1. 1E-03 3.6E-04

Radium-226 3.6E-04 2.7E-04

Radium-228 1. 1 E-04 7.OE-05

Americium-241 1.I1E-06 1.2E-08

Thorium-228 2.3E-06 2.8E-06

Thorium-230 1. 1E-05 4. 1E-06

Thorium-232 3.3E-06 2.4E-06

Uranium-233/234 4.3E-06 1 .2E-06

Uranium-235 O.OE-0O 0.OE0O

Uranium-238 2.9E-06 1 OE-06

Plutonium-238 1 OE-07 2.OE-09

Plutonium-239 /2 4O 2.OE-07 3.9E-09

Plutoniutn-241 -3.2E-04 6.8E-05

Strontium-90 -6.6E-06 1 .313-05

Polonium-210 2.4E-04 2. 1E-05

AC-CBD Beryllium-7 4.6E-03 1.7E-03

Air Sampling
3rd Quarter Potassium-40 4.6E-04 3.5E-04

CalbdCobalt-60 -7.2. E-07 1.5E-05

Cesium-137 -1.2E-05 1.8E-05

Lead-210 1.7E-03 3.6E-04

Radium-226 4.5E-05 3.5E-04

Radium-228 4.6E-05 5.7E-05

*Denotes analytical data outside two standard deviations from the mean.
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1994WIP Sit Eniromentl Rpor

SAMPLE PARAMETER RESULTXUNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-CBD Americium-241 2.4E-06 1 .2E-08
Air Sampling
3rd Quarter Thoriutn-228 2.6E-06 2.4E-06

Carlsbad
(continued) Tharium-230 1.2E-05 3.7E-06

Thorium-232 4.413-06 2.2E-06

Uranium-233/23 4  3.8E-06 1.3E-06

Uranium-235 2.OE-07 7.5E-07

Uranium-238 2.3E-06 9.4E-07

Plutonium-238 4. 1 E-07 4.E-09

Plutomium-239/240 -1E-07 3.4E-09

Plutonium-241 -3.4E-04 7.3E-05

Strontium-90 -4.8E-06 1 .2E-05

Polonium-210 2.5E-04 2.5E-05

AC-CBD Beiyllium-7 4.8E-03 1. 1E-03
Air Sampling
4th Quarter Potassiuni-44) 3.OE-04 3.5E-04

Carlsbad
Cobalt-60 -1.212-06 2.OE-05

Cesiuni-137 -2.OE-05 2.3E-05

Lead-210 1.2E-03 3.8E-04

Radium-226 7.OE-05 3.8E-04

Radium-228 4.3E-05 7.6E-05

Americium-241 2.9E-06 1. 1 E-08

Thorium-228 3.OE-06 1 .9E-06

Thorium-230 9.3E-06 2.5E-06

Tharium-232 3.9E-06 1 .9E-06

Uranium-233/234 5.OE-06 1 .3E-06

Uraniutn-235 O.OE+00 2.4E-07

Uranium-238 2.9E-06 9.4E-07

Plutonium-238 8.4E-08 3.7E-09

Plutonium-239/240 -8E-08 2.9E-09

Plutonium-241 1 .2E-04 4.7E-05
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SAMPLE PARAMTER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/m3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-CBD Strontium-90 6.7E-06 1.4E-05

Air Sampling ______________ ___________________________

4th Quarter
Carlsbad Poloniurn-2 10 2.7E-04 2.3 E-05

(continued) ______________ ___________________________

AC-EUN Beryllium-7 3.8E-03 1 .2E-02

Air Sampling
1 st Quarter Potassium-40 2.8E-04 2.4E-04

Eunice
Cobalt-60 6.6E-06 2-1E-05

Cesium-l37 -l .8E-05 2.OE-05

Lead-210 L.E-03 3.3E-04

Radium-226 1. 1E-04 3.l1E-04

Radium-228 -9.8E-06 *6.5E-05

Americium-241 5.OE-06 1.3E-08

Thorium-228 3.E-06 2.4E-06

Thoriurn-230 4.3E-06 2.6E-06

Thorium-232 1 .9E-06 1 .8E-06

Uranium-233/234 5.4E-06 1.3E-06

Uranium-235 4.2E-07 4.3E-07

Uraniuni-238 3.OE-06 1.OE-06

Plutonium-238 -7E-08 3.7E-09

Plutonium-239/240 1 .E-07 2.8E-09

Plutonium-241 3A.E-05 4.OE-05

Strontium-90 7.5E-07 1.2E-05

Polonium-210 1.6E-04 1.4E-05

AC-EUN Beryllium-7 3.3E-03 3. 1E-03

Air Sampling
2nd Quarter Potassium-40 3.3E-04 2.2E-04

EuieCobalt-60 5.3E-07 2. 1E-05

Cesium-137 5.4E-06 2.3E-05

Lead-210 6.4E-04 4.OE-04

Radium-226 8.3E-05 4.OE-04

Radium-228 3.3E-05 7.5E-05

*Denotes analytical data outside two standard deviations from the mean.
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SAMPLE PARAMETER RESUTIUNIT 95 % CONFIDENCE
ANALYSIS BY Bq/m-3  LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-EUN Arnericium-241 2.7E-06 1.IE-08
Air Sampling
2nd Quarter Thorium-228 1.3E-06 1.2E-06

Eunice
(continued) Thoriurn-230 1A.E-05 3.2E-06

Thorium-232 3.OE-06 1.6E-06

Uranium-233/234 5.6E-06 1A.E-06

Uranium-235 -3E-07 4.4E-07

Uramum-238 3.5E-06 1. 1E-06

Plutonium-238 1 .3E-06 *8.4E-09

Plutonium-239/240 1 .3E-06 7.OE-09

Plutonium-241 -4.4E-05 4.6E-05

Strontium-90 -1.4E-06 1.3E-05

Polonium-210 2.3E-04 2.8E-05

AC-EUN Beryllium-7 4.8E-03 1 .7E-03
Air Sampling
3rd Quarter Potassium-40 1 .3E-04 2 .9E-04

Eunice
Cobalt-60 9. 1E-06 1.7E-05

Cesium-137 7.3E-06 1.8E-05

Lead-210 2. 1E-03 *4.OE-04

/Radium-226 5.8E-04 3. 1E-04

Radium-228 -3.OE-O5 *6.6E-05

Americium-241 5.2E-06 1 .3E-08

Thorium-228 2.5E-06 2.8E-06

Thorium-230 8.5E-06 3.7E-06

Thorium-232 3.2E-06 2. 1 E-06

Uranium-233/234 5.5E-06 1.2E-06

Uranium-235 2.6E-07 2.9E-07

Uranium-238 2.8E-06 9.5E-07

Plutonium-238 -4E-07 5. 1 E-09

Plutonium-239/240 8.6E-08 2.913-09

Plutonium-241 -5.4E-05 4.5E-05

-Denotes analytical data outside two standard deviations from the mean.
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1994 WIPP Site Environmental Report

SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/m' LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

AC-EUN Strontium-90 1 .7E-05 1 .6E-05

Air Sampling ____________

3rd Quarter

Eunice Polonium-210 2.3E-04 3.2E-05

(continued) _____________________________

AC-EUN Beryllium-7 7.3E-03 2.5E-03

Air Sampling

4th Quarter Porassium-40 9.4E-04 5.3E-04

Eunice
Cobalt-60 -2.OE-05 3.9E-05

Cesium-137 2.OE-06 5.2E-05

Lead-210 8.4E-04 6.9E-04

Radium-226 2.2E-04 6.9E-04

Radium-228 1A.E-05 1 .9E-04

Americium-241 2.5E-06 1.5E-08

Thorium-228 -2E-07 1 .8E-06

Thorium-230 1.7E-05 4.3E-06

Thorium-232 1 .2E-06 1 .2E-06

Uranium-233/234 8.5E-06 2.6E-06

Uranium-235 -2E-07 9.4E-07

Uranium-238 3.3E-06 1.6E-06

Plutonium-238 1 .2E-07 1. 1 E-09

Pltitonium-239/240 1 .3E-06 9.9E-09

Plutonium-241 2.OE-04 1 .2E-04

Strontium-90 -3.4E-05 *2.6E-05

Polonnium-210 3.1E-04 9.3E-05

*Denotes analytical data outside two standard deviations from the mean.
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SAMPLE ANALYSIS BY PARAMETER RESULTIUNrT 95 % CONFIDENCE

LOCATION Bq/g LEVEL AT TWO
STANDARD DEVIATIONS

TS-MLR Potassim40 3.0E-01 5.6E-02
Terrestrial Surfac

Mills Ranch Cobalt-60 -7.OE-04 8. 1E-04

Cesim-137 1.7E-02 4.3E-03

Lead-210 4.OE-02 1.4E-02

Radium-226 2.4E-02 1 .9E-02

Radium-228 1 .9E-02 4.5E-03

Americium-241 8.OE-03 2.6E-03

Thorium-228 1.8E-02 2.7E-03

Thorim-230 4.8E-02 4.4E-03

Thorium-232 1.6E-02 2.5E-03

Uranim-233/234 2.3E-02 2.9E-03

Uranmm-235 1.4E-03 8.6E-04

Uranium-238 1 .9E-02 2.7E-03

Plutomium-238 7.4E-04 6.2E-04

Plutonium-239/240 4. 1E-03 1 .4E-03

PlUtwnim-241 -1.8E-01 8.7E-02

Strondim-90 -4.8E-04 1.3E-03

Polonium-210 3.1E-02 1.1E-02

Tl-MLR Potassium-40 3.1E-01 5.7E-02

Terrestrial Intermediate
Mills Ranch Cobalt-60 1.9E-04 7.5E-04

Cesium-137 1.2E-02 3.5E-03

Lead-210 2.5E-02 1.3E-02

Radium-226 3.2E-02 2.OE-02

Radium-228 2.OE.02 6.3E-03

Americim-241 6.IE-03 1.8E-03

Tborium-228 1 .7E-02 2.8E-03
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1994 WIEPP Site Environmental Report

SAMOTE ANALYSIS BY PARANME RESULT/UNIT 95 % CONFIDENCE
LOCATION Bq/g LEVEL AT TWO

STANDABD DEV[ATIONS

TI-MLR Tborkim-230 1.1E-01 7.OE-03
Terresria Intermediate

Mills Ranch Thoriur-232 1.8E-02 2.9E-03
(contied)

Uriaum-233/234 3.2E-01 1.1E-02

Uranmum-235 1.9E-02 3.E-03

Uramun-238 3.2E-01 L.E-02

Phltonmm-238 3.7E-04 5.4E-04

Pluronmm-239/240 6.OE-03 1 .7E-03

Plutnhmm-241 -2.9E-01 1.1E-O1

Suronzim-90 -7.7E-04 1.3E-03

Polonium-210 1.6E-02 1.15-02

TD-MLR Potassiun-40 3.3E-01 5.9E-02
Terrestral Deep

Mills Ranch Cobalt-60 1.5E-04 7.5E-04

Cesium-137 1 .2E-02 3.5E-03

Lead-210 2.7E-02 1.3E-02

Radiurn-226 2.3E-02 1.8E-02

Radium-228 2.2E-02 6.8E-03

Americhun-241 8.OE-03 2.1E-03

/ Thrium-228 1.8E-02 3.2E-03

Tborium-230 3.3E-02 4.3E-03

Thborium-232 1.8E-02 M.E-03

Uranium-233t234 2.4E-02 3. 1E-03

Uramhun-235 7.4E-04 7.6E-04

Uranium-238 2.4E-02 3.05-03

Plutonium-238 -1.8E-04 6.05-04

Plutanium-239/240 1.8E-04 3.5E-04

Plutonium-241 -2.8E-01 1.5E-01
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SAMPLE ANALYSIS BY PARANME RESUMTUNIT 95 % CONFIDENCE
LOCATION Bq/g LEVEL AT TWO

STANDARD DEVIATIONS

TD-MLR Strontim-90 3.2E-03 1 .9E-03
Terrestrial Deep

Mills Ranch Polomium-210 2.OE-02 9.9E-03
(contnued)__ _ _ _ _ ___ _ _ _ _ _ _

TS-SEC Potassium-40 1.7E-01 3.4E-02
Terresmral Surface
South East Control Cobalt-60 -1. IE-04 6.9E-04

Ceshun-137 3.l1E-03 1.8E-03

Lead-210 2.2E-02 1.2E-02

Radium-226 7.6E-03 1.3E-02

Radium-228 1.6E-02 5.OE-03

Aznericium-241 8.313-03 1 .9E-03

Thonum-228 8.4E-03 2.2E-03

Iborium-230 2.4E-02 3.6E-03

Thormu-232 8.3E-03 2.112-03

Uranium-233/234 1 .5E-02 2.5E-03

Uranium-235 1.3E-03 9. 1E-04

Uranium-238 1.4E-02 2.3E-03

Plutonhum-238 -2.913-04 5.7E-04

Plutonium-2391240 3.4E-03 1.2E-03

Plutxomum-241 -1.7E-01 8.2E-02

Strontnzm-90 -9.8E-05 1 .813-03

Polourum-210 1.615-02 1. 1E-02

fl-SEC Potassium-40 1.6E-01 3.2E-02
Terrestrial Intermediate

Soudh East Control Cobalt-60 -1.15-04 7E0

Cesium-137 2.8E-03 .E0

Lead-210 2.2E-02 lE0

Radium-226 1 .3E-02 1E0

Radium-228 9.5E-03 5.4E-03

Americium-241 6.013-03 1.9E-03
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SAMPLE ANALYSIS BY PARAMETER RESULT/UNrT 95 % CONFIENCE
LO)CATION Bq/g LEVEL AT TWO

STANDARD DEVIA1TIONS

fl-SEC T1ohonu-228 7.7E-03 1.8E-03
Terrestrial Intermediate

South East Control Thorbum-230 7.3E-02 5.2E-03
(continued)

Thorkum-232 9.OE-03 1 .9E-03

Uramium-233/234 l.4E-02 2.313-03

Uranum-235 3.4E-04 3.9E-04

Uranium-238 1.3E-02 2.3E-03

PlUtonium-238 O.OE+OO 4.7E-04

Pluomahnc-239/240 1.1E-03 6.3E-04

Phitonum-241 -1.6E-01 8.5E-02

Strontium-90 1 .3E-03 1 .5E-03

Polonium-210 1.1E-02 I .OE-02

TD-SEC Potassium-40 1.4E-01 3.OE-02
Terrestrial Deep

South East Control Cobakt-6 -1.4E-04 7.2E-04

Ceshum-137 4.9E-03 1.7E-03

Lead-210 6.111-03 1. 1E-02

Radium-226 1.gE-02 1.5E-02

Radium-228 L.E-02 4.2E-03

Amenicium-41 6.1E-03 1 .8E-03

Thorhum-228 1.1E-02 2.1E-03

Thorium-230 6.9E-02 5.OE-03

Thorium-232 7.7E-03 1.7E-03

Urnmum-233/234 1.6E-02 2.6E-03

Uranium-235 7.7E-04 6.2E-04

Uramium-238 8.6E-03 1.9E-03

Plutonium-238 -9.3E-05 3. E-04

Plutonium-239/240 1.5E-03 7.7E-04

Phutonum-241 -2.OE-0l 8.OE-02

Strontium-90 -7.9E-04 1 .5E-03
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SAMPLE ANALYSIS BY PARAMETER RESULT/UNIT 95 % CONFIDENCE
LOCATION Bq/g LEVEL AT TWO

STANDARD DEVIATIONS

TD-SEC Polonum-210 8.8E-03 9.7E-03
Terrestrial Deep

South East Control
(contined)___________ ___________

TS-SMR Potssrum-40 2.8E-01 5. 1E-02
Terrestrial Surface

Smith Ranch Cobalt-60 -4.OE-05 6.7E-04

Cesium-137 3.8E-03 1.6E-03

Lead-210 1.3E-02 1.IE-02

Radium-226 1 .4E-02 1 .5E-02

Radium-228 1.3E-02 5.2E-03

Arnerchim-241 6. lE-03 1.8E-03

Tborium-228 9.6E-03 4.5E-03

Thborium-230 2.6E-02 6.8E-03

Thorium-232 1 .3E-02 4.7E-03

Uranium-233/234 1.15-02 2. lE-03

Uramium-235 9.3E-04 7.9E-04

Uranium-238 1.2E-02 2. 1E-03

Plutonmum-238 -1 .OE-04 3.5E-04

Plutonium-2391240 3.15-04 4.6E-04

Plutontim-241 -8.9E-02 9.15E-02

Strontaum-90 -4.IE-04 1.5E-03

Polonmum-210 1.45-02 1.05-02

TI-SMR Potassium-40 3.OE-O1 5.4E-02

Terretrial Intermediate
Smith Ranch Cobalt-60 9.9E-05 7.6E-04

Cesium-137 6.1E-03 2.OE-03

L&ad-2 10 1.7E-02 1.2E-02

Radium-226 I1.8E-02 1 .6E-02

Radium-228 1.7E-02 3.8E-03

Americium-241 6.8E-03 1.9E-03
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IL1994 WIPP Site Environmenta Report

SAMFLE ANALYSI BY PARAMETE RESULTIUNiTf % % CONFIENCE
LOCATION Bq/g LEVE AT TWO

STMA" DEVIATIONS

71-SMR Thorium-228 1.4E-02 2.5E-03
TerrestrWa Intermediate

Smith Ranch Thorium-230 2.7E-02 3.3E-03
(continued)

lborium-232 1 .6E-02 2.6E-03

Uramum-233/234 1.4E-02 2.4E-03

Uranim-235 9.2E-04 7.2E-04

Uramum-238 1.3E-02 2.2E-03

Pluto~nium-238 -1.9E-04 5.3E-04

PlUtnhm-239/240 O.OE+OO 4.6E-04

PlUtonium-241 -7.2E-02 8.2E-02

Strontium-90 -1.4E-03 2.7E-03

Polonhtm-210 i.4E-02 1.2E-02

TD-SMR Potassium-40 3.OE-O1 5.5E-02
Terrestral Deep

Smith Ranch Cobalt-60 i.4E-04 7.2E-04

Cesii-137 4.6E-03 1 .7E-03

Lead-210 1.5E-02 1.3E-02

Radium-226 1.9E-02 1.8E-02

Raditun-228 1.6E-02 3.9E-03

Americium-241 7.2E-03 2.4E-03

Thorium-228 2.1E-02 3.E-03

Thorhum-230 2.4E-02 3.4E-03

lborium-232 1 .6E-02 2.7E-03

Urmum-233I234 i.7E-02 6.3E-03

Uranhu-233 3.5E-03 3. 1E-03

Urmitm-238 2.IE-02 7.3E-03

Plutonmm-238 2.7E-04 5.4E-04

PlUtomium-239/240 -4.1E-04 4.6E-04

Plutonitim-241 -9.5E-02 1.2E-01

Stromium-90 -2.3E-03 2.3E-03
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SAMPLE ANALYSIS BY PARAMETER RESULT[UNIT 95 % CONFIDENCE

LOCATION Bq/g LEVEL AT TWO
STANDARD DEVIATIONS

TD-SMR. Polonmum-21O 1 .5E-02 1 OE-02
Terrestrial Deep

Smith Ranch
(continued)___________

TS-WEE Potassium-40 1 .9E-01 3.6E-02
Terrestria Surface

WTPP East Cobalt-60 -3.5E-04 6.4E-04

Cesium-137 4.2E-03 1 .7E-03

Lead-210 1.2E-02 1.OE-02

Radium-226 8.5E-03 1 .4E-02

Radium-228 1.OE-02 5.2E-03

Americium-241 7.1E-03 1.7E-03

Thoruma-228 6.9E-03 1 .7E-03

Thoriur-230 2.4E-02 3.OE-03

0Thornium-232 8.OE-03 1 .8E-03

Uraniuin-233/23 4  3 .5E-02 3 .4E-03

Uramhum-235 1.8E-03 9.5E-04

Uranmm-238 3.7E-02 3.5E-03

Plutomium-238 -4.9E-04 6.9E-04

Plutomum-239/240 7.8E-04 5.4E-04

PlUtomum-241 -1.1E-02 8.5E-02

Strontium-90 -1.9E-03 1.3E-03

Polomumt-210 1.SE-02 1.OE-02

TI-WAEE Pomusmm-40 1.8E-01 3.5E-02

Terrestrial Intermediate
WIPP East Cobalt-60 3.5E-04 6.8E-04

Cesium-137 5.6E-03 1.8E-03

Lead-210 1.6E-02 1.I1E-02

Radiuin-226 1.7E-02 1.5E-02

Radium-228 9.5E-03 4.3E-03

Amenicim-241 6.OE-03 1 .6E-03
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1994 WIPP Site Environenta Report

SAMPLEZ ANALYSI BY PARAMETE RESULTIUNI 95 % CONFIENCE
LOCATION Bqtg LEVEL AT TWO

STANDARD DEVIATIONS

T1-WEE Thorkun-228 7.6E-03 1 .8E-03
Terrestrial Intermediate

WIPP East Thorftnm-230 4.IE.02 4. 1E-03
(coninued)

Thorium-232 7.5E-03 1 .8E-03

Uramium-233/234 8.1E-03 1.9E-03

UrAnim-235 8.1E-04 8.2E-04

Urmum-238 7.6E-02 1.7E-03

Plutomum-238 -2.2E-04 5.2E-04

Plutonium-239/240 2.2E-03 9.9E-04

Plutonhun-241 O.OE+OO O.OE+OO

Strontanm-90 -5.9E-04 1.5E-03

Polonium-210 1.2E-02 L.E-02

TD-WEE Pomssium-40 1.5E-01 3.E-02
Terestral Deep

WIPP East Cobalt-60 -7.OE-05 5.5E-04

Cesuma-137 3.9E-03 1.7E-03

Lead-210 6.3E-03 8.5E-03

Radium-226 8.OE-03 1.2E-02

Radium-228 7.5E-03 3.3E-03

Americhum-241 6.2E-03 1 .6E-03

Thorium-228 9. 1E-03 2.OE-03

Thoium-230 1.8E-02 2.5E-03

lborium-232 8.1E-03 1.7E-03

Uranium-233/234 8.9E-03 2.IE-03

Uramum-23S 6.4E-04 5.1E-04

Uranium-238 7.4E-02 1 .6E-03

Plutonmm-238 1.2E-04 4.IE-04

PlUtonium-2391240 6.OE-04 6.3E-04

Plutonmum-241 6.5E-03 1.lE-01

Strolatum-90 5.1E-03 1.8E-03
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SAMLEX ANALYSIS BY PARAMEfTER RESULTaUNIT 95 % CONFIDENCE

LOCATION Bqig LEVEL AT TWO
STANDARD DEVIATIONS

TD-WEE Polonium-210 7.2E-01 1.1E-02

Terrestrial Deep
WIPP East
(continued)__ _ _ _ _ __ _ _ _ _ _ _

TS-WFF Potassium-401.E026E2
Terrestria Surface

WIPP Far Field Cobalt-60 -. E0 .E0

Cesium- 1373.E015E3

Raim262.OE-03 1.113-02

Raim286. lE-03 3.3E-03

Amnim211.6E-02 2.4E-03

Thbonum-228 6.0E-03 1 .7E-03

Thorium-230 2.3E-02 3.E-03

Thorium-232 4.9E-03 1 .E-03

Uranium-233/234  1.6E-02 2.5E-03

Uranium-235 1.7E-03 1.OE-03

Umum-238 1.9E-02 2.8E-03

PlUtnmm-238 5.5E-04 7.813-04

Plutonium-239/240 3 .OE-03 1 .2E-03

Plutomum-241 -1.7E-01 9.8E-02

Strontium-90 1 .3E-03 1 .8E-03

Polomium-210 1.3E-02 1.OE-02

TI-WFF Potassmm-40 1 .3E-01 2.6E-02

Terrestrial Intermediate
WIPP Far Field Cobalt-60 9.2E-05 5.4E-04

Cesium-137 2.7E-03 1.3E-03

Lead-210 8.2E-03 9.1E-03

Radium-226 9.1E-03 1. 1E-02

Radium-228 6.OE-03 3.5E-03

Americmm-241 8.OE-03 1.8E-03
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1994 WIEPP Site Environmental Report

SAMPLE ANALYSIS BY PARAMETER RESULTIUNIT 95 % CONFIENCE
LOCATION Bq/g LEVEL AT TWO

STANDARD DEVIATIONS]

T1-WFF Thorixum-228 6.3E-03 1 .8E-03
Terretrial Iniernediate

WIPP Far Field Thorzuitm-230 3.3E-02 3.BE-03
(canmined)

Thortium-232 6.OE-03 1 .6E-03

UrAkmum-2331234 i.6E-02 2.5E-03

Urznhum-235 3.7E-04 4.2E-04

Urankim-238 7.8E-03 1 .7E-03

Plutoniumo-23S 2.OE-04 4.9E-04

Ptutonium-239/240 4.5E-03 1.3E-03

Plummum-241 -2.OE-01 8.5E-02

Stronuium-90 1.7E-03 1.7E-03

Polonium-210 1.2E-02 1.OE-02

TD-WFF Potassium-40 1.5E-01 3.OE-02
Terrestra Deep
WIPP Far Field Cobalt-60 4.9E-05 5.3E-04

Cesium-137 2.6E-03 1.2E-03

Lead-210 1.2E-02 8.6E-03

Radium-226 1.1E.02 1.2E-02

Radium-228 6.2E-03 3.7E-03

Americmm-241 1.2E-022.E0

Thorium-228 7.SE-031.E0

Thorium-230 2.7E-023.E0

Thorium-232 6.6E-031.E0

Ummutm-233/234 1.4E-022.E0

Uranitm-235 9.OE-046.E0

Uranmum-238 7.1E-031.E0

PlUtomum-238 LI.E-M .2-0

Ptuwnhun-239/240 1.05-02 2E0

PlUtomium-241 -1.4E-01 8.8E-02

Strondum-90 5.7E-04 1.3E-03
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SAMPLE ANALYSIS BY PARAMETE RESULTIUNIT 95 % CONFIENCE

LOCATION Bq/g LEVEL AT TWO
STANDARD DEVIATIONS

TD-WFF Polonmm-210 7.5E-03 1 .2E-02
Terrestrial Deep
WIPP Far Field

(contanued) _ _ _ _ _ _

TS-WSS Porassium-40 1.6E-01 3.2E-02
Terrestrial Surface

WIPP'Saudi Cobalt-60 -1.7E-04 6.5E-04

Cesim-137 3.4E-03 1.5E-03

Lead-210 1.8E-02 1.1E-02

Radium-226 2.1E-02 1.5E-02

Radium-228 8.4E-03 4.7E-03

Americium-241 5.OE-03 1 .5E-03

Thorzum-228 7.7E-03 1 .7E-03

Thorium-230 1.9E-02 2.7E-03

Thorim-232 6.6E-03 1 .7E-03

Uranium-233123 4  1. IE-02 2.05-03

Uranim-235 4.5E-04 6.2E-04

Uranium-238 8.05-03 1.7E-03

Plutonium-238 1 .9E-04 2.6E-04

Plutonmm-239/240 6.5E-04 6. 1E-04

Pluxonium-241 -1.5E-01 8.1-02

Stxvnium-90 4.5E-06 1 .5E-03

Polonium-210 2.1E-02 1.1 E-02

TI-WSS Pomssium-40 2.1E-01 3 .9E-02

Terrestrial Imtemediate
WIPP Saudi Cobalt-60 2.05-04 6.7E-04

Cesium-137 4.3E-03 1.8E-03

Lead-210 1.3E-02 1.15E-02

Radium-226 2.05-03 1 .2E-02

Radhum-228 1.3E-02 3.05-03

Americim-241 5.15-03 1.5E-03
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1994 WIPP Site Environmental Report

SAMPLE ANALYSIS BY PARANME RESULT/UTNT 95 % CONFIDENCE
LO0CATION Bq/g LEVEL AT TWO

STANDARD DEVIATIONS

TI-WSS Thborkm-228 8.2E-03 1.8E-03
Terzesua1 Imennedimx

WtPP South Thorium-230 1.5E-02 2.4E-03
(continued)

Thorhum-232 8.3E-03 1 .gE-03

Uramium-fl3/234 1.2E-02 2.2E-03

UrAnium-235 1.3E-03 7.8E-04

Unmmm-238 8.IE-03 1.8E-03

Plutonium-238 *1.1E-04 2.1E-04

Plutomum-2391240 3.2E-04 3.6E-04

Ptutomum-241 -2.OE-O1 8.8E-02

Stronrzum-90 2.IE-03 1.5E-03

Polonium-210 1 .3E-02 9.5E-03

TD-WSS Potassmm-40 1 .7E-01 3.3E-02
Terrest=W Deep

WIPP South Cobult-60 2.6E-04 6.4E-04

Cesium-137 4.6E-03 1.8E-03

Lead-210 5.6E-03 1.3E-02

Radium-226 8.7E-03 1 .4E-02

Radium-228 1 .2E-02 5. 1IE-03

Americhum-241 6.5E-03 1 .8E-03

Thorium-228 8.2E-03 2. 1E-03

Tborium-230 2.IE-02 3.3E-03

Thorium-232 7.5E-03 2.OE-03

Uramum-233/234 1.OE-02 2. 1E-03

Uramium-235 8.9E-04 7.5E-04

Uramum-238 8.OE-03 1.8E-03

Plutonhum-238 1.OE-04 2.OE-04

Plutonium-239/240 2. IE-04 4.OE-04

Plutonium-241 -1.8E-01 8.4E-02

Stronuum-90 -2.8E-04 1 .6E-03
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1994 WIPP Site Environmental Report

SAMPLE ANALYSIS BY PARAMETER RESULT/UNIT 95 % CONFIDENCE
LOCATION Bq/g LEVEL AT TWO

STANDARD DEVIATIONS

TWSS Polonium-210 7.6E-03 1. E-02
Termsmia Deep

WIPP South
(continued) ____________ ____________ ______________
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1994 WIPP Site Environmental Report

SAMPLE ANALYSIS BY PARAMETER RESULT/UNIT 95% CONFIENCE
LOCATION Bq/L LEVEL AT TWO

STANDARD
DEVIATIONS

HS-NOY Potassium-40 9.2E+00 2.3E+00
Surface Water

Noya Tank Cobalt-60 3.4E-02 1 .2E-01

Cesium-137 9.2E-02 1.3E-01

Lead-210 7.1E+O0 2.4E+00

Radium-226 2.4E-02 3 .5E-03

Radium-228 1.1E-01 4.6E-02

Actnmum-228 2.6E-01 4.9E-01

Americhum-241 2.4E-02 7. 1E-03

Thormum-228 6.6E-03 4.4E-03

Thorium-230 4.6E-02 9.3E-03

Thonium-232 1 .4E-03 2. 1E-03

Urmum-233/234 2.2E-02 6.7E-03

Uranmim-235 2.3E-03 2.3E-03

Umium-238 1.4E-02 5.2E-03

Plutonium-238 O.OE+OO 1 .3E-03

Plutonium-239/240 9.4E-04 2.3E-03

Plutonmm-241 -1.1E+00 2.4E-01

Stontimm90 2.8E-02 1.8E-02

Poioun-210 2.8E-03 3.4E-02

HS-UPR Potassium-40 8.9E+00 2.3E+00
Surface Water

Upper Pecos River Cobalt-60 1 .6E-02 1 .5E-01

Cesium-137 2.OE-02 1.1E-01

Lead-210 1.3E+00 3.5E+00

Radium-226 2.6E-03 1.5E-03

Radiuin-228 4.3E-02 3.6E-02

Actnmum-228 7.1E-01 6.2E-01

Americium-241 3.5E-02 9.5E-03

Tborium-228 5.9E-03 4.6E-03

Thorium-230 6.8E-02 1. E-02
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1994 -WIPP Site Envirornental Report

SAMCPLE ANALYSIS BY PARAMETER RESULTIUNIT 95% CONFIIENCE
LOCATION Dq/L LEVEL AT TWO

STANDARD
DEVIATIONS

HS-UPR Thorium-232 4.5E-04 2.7E-03
Surface Water

Upper Pecos River Uranim.233/234 2.1E-O1 2.OE-02

(otne)Uranmm-235 8.3E-03 4.3E-03

Uramum-238 8.6E-02 1 .3E-02

PhUurnmm-238 4.9E-04 1 .7E-03

Pluzonmum-239rM4 9.9E-04 2.4E-03

Plutonun-241 -1.3E+00 2.6E-01

Strontium-90 3.7E-03 1 .3E-02

Polomum-210 O.OE+OO 3.7E-02

HS-ION Potassium-40 1.5E+00 2.6E+00
Surface Water

Indian Tank Cobalt-60 7.6E-03 1.4E-01
Blind Duplicate sample of

Indin Tank Ceshim-137 2.8E-02 I.2E-O1

Lead-210 1.OE+0O 3.3E+00

Radium-226 4.OE-02 4.6E-03

Radium-228 7.6E-02 4.3E-02

Actmum-228 4.gE-01 5.1E-01

Americium-241 3.OE-02 8.4E-03

Thorium-228 O.OE+OO 3.2E-03

Thorium-230 7.6E-02 1.2E-02

Thorhun-232 2.15-03 2.9E-03

Uranium-233/234 2.7E-02 7.7E-03

Uranium-23S -1.2E-03 3.6E-03

Uranium-238 1.15-02 5.1E-03

Plutomium-238 9.7E-04 3.3E-03

PlUtonium-239/240 -4.9E-03 5.OE-03

Plutonium-241 -3.15+00 5.2E-01

surondum-90 3.8E-02 1.8E-02

Polonium-210 4.4E-03 3.2E-02
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1994 WIPP Site Environmental Report

SAMPfLE ANALYSIS BY PARAMETE RESULTIUNIT 95% CONFIENCE

LOCATION Bq/L LEVEL AT TWO
STANDARD

DEVIATIONS

HS-IDN Poumssiu-40 2.5E+00 2.9E+00
Surface Water

Indian Tank Cobalt-60 6.7E-03 1.45-01

Cesium-137 4.4E-02 1.3E-01

Lead-210 8.7E+00 2.3E+00

Radium-226 4.4E-02 4.8E-03

Radium-228 1 .8E-01 5.9E-02

Acuinnim-228 3.4E-01 5.OE-01

Arnericium-241 2.6E-02 8.OE-03

Thorium-228 2.2E-02 6.7E-03

Thboritim-230 6.4E-02 1. 1 E-02

Thorium-232 3.3E-03 2.8E-03

Uranium-233/234  3.3E-02 8.15E-03

Uranitm-235 1.2E-03 2.3E-03

Uranmxn-238 1.7E-02 6.lE-03

Plutonium-238 4.8E-04 2.5E-03

Plutomum-239/240 -4.8E-04 1.6E-03

Plutonum-241 -5.6E-01 2.7E-01

Strontium-90 1 .5E-02 1 .9E-02

Polonium-210 6.OE-03 4. 1 E-02

HS-CBD Potassium-40 1.8E+00 2.5E+00

Surface Water
Carlsbad Cobait-60 9.9E-02 1.3E-01

Cesium-137 -1.6E-02 1.2E-01

L~ead-210 5.5E-01 3.5E+00

Radium-226 6.7E-03 2. 1E-03

Radium-228 8.9E-03 4.45-02

Acunnnm-228 3.5E-01 5.15-01

Americium-241 3.3E-02 9.3E-03

Thonum-228 3.8E-03 2.6E-03

Tbomium-230 3.9E-02 8.7E-03
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1994 WIEPP Site Environental Report *

SAMPLE ANALYSIS BY PARANMli RESULT/UNIT 95% CONFI3DENCE
LOCATION BqIL LEVEL AT TWO

STANDARD
DEVIATIONS

HS-CBD Tona2 1.4E-03 2.8E-03
Surface Water

Carlsbad Uruium-233/234 8.6E-02 1.4E-02

(cnne)UrAnhum-235 2.8E-03 4.OE-03

Utanium-238 4.9E-02 9.5E-03

Plutonmm-238 -1.1E-03 2.1E-03

Pkuonzmi-239/240 i.6E-03 1.8E-03

Plumi-241 -1.5E+00 M.E-O1

Strontium-90 1.5E-02 1.4E-02

Polonium-210 2.OE-03 3.4E-02

HS-RED Poomsum-40 7.9E-01 2.4E+00
Water

REd Tank Cobalt-60 4.3E-02 1.4E-01

Cesium-137 -1.2E-01 1.2E-01

Lead-210 8.OE+OO 2..4E+OO

Radium-226 6.8E-03 2.OE-03

Radium-228 3.6E-02 3.9E-02

Actinum-228 4.3E-01 5.1E-01

Amencium-241 2.8E-02 7.8E-03

Mhum-228 2.4E-03 3.6E-03

Thorkum-230 6.2E-02 1.1E-4J2

Thnorium-232 4.7E-04 2.1E-03

Uranium-233/234 1.2E-02 5.6E-03

Uranium-235 -5.8E-04 2.OE-03

Uramhun-238 9.9E-03 4.5E-03

Phitoniumm-23S -2.8E-03 2.2E-03

Plutonium-2391240 9.2E-04 1 .8E-03

Plutonh=4-41 -1.3E+00 2.4E-01

sturnk-90 1.IE-02 1 .5E-02

Polonium-210 2.4E-03 3.8E-02
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1994 WIPP Site Environental Report

SANME ANALYSIS BY PARAMETER RESULTIUNIT 95% CONFIDENCE

LOCATION Bq/L LEVEL AT T1WO
STANDARD

DEVIATIONS

HS-FWT Poxassium-40 7.1E+OO 2.1E+OO
Surface Water

Fresh Water Tank Cobalt-60 1.7E-01 1.6E-01

Cesium-137 -3.6E-02 1.IE-01

Lead-210 7.9E+00 2.3E+00

Radium-226 3. 1E-03 1.7E-03

Radium-228 1.6E-02 3.5E-02

Acdnium-228 4.3E-01 5.7E-01

Amrnecium-241 3.7E-02 1 .OE-02

Thorium-228 7.5E-03 5.3E-03

Thorium-230 4.5E-02 9.6E-03

Thborium- 232 O.OE+OO 1.4E-03

Uranium-233/234 5.6E-02 1. 1E-02

Uranium-235 2.6E-03 2.5E-03

Uranium-238 1.6E-02 5.7E-03

Plutomum-238 -1 .9E-03 2.7E-03

Plutunium-239/240 -1 .9E-03 1 .9E-0:3

Plutonium-241 -1.4E+00 2.8E-01

Stronmn-90 5.4E-04 1 .4E-02

Polonium-210 -8.7E-04 2.7E-02

HS-LGS Potassium-40 1.1E+03 1.3E+02

Surface Water
Laguna Grande de la Sol Cobalt-60 2.5E-01 3.2E-01

Cesium-137 6.6E-02 2.1E-01

Lead-210 7.5E+00 4.OE+OO

Radium-226 3.E-01 1.3E-02

Radhun-228 2.OE-01 5.6E-02

Actimum-228 -3.3E-01 9.7E-01

Americium-241 6.8E-02 3.2E-02

Thoriurn-228 1.3E-02 5.8E-03

Thoium2307.4E-02 I .3E-02
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1994 WIPP Site Enviroimental Report

SAhVLE ANALYSIS BY PARAMETER RESULT/UNIT 9S% CONFIDENCE
LOCATION Dq/L LEVEL AT TWO

STANDARD
DEVIATIONS

HS-LGS Thorhun-232 -1.1E-03 2.1E-03
Surface Water

Laguna Grande de la Sol Uranum-233/234 2.IE+0O 6.3E-01

(cnm )Utmmum-235 2.IE+0O 6.31-01

Uranium-238 2.7E+00 6.8E-01

Pttnnmm-238 9.4E-04 1.813-03

Phunmuhm-239/240 3.8E-03 5.2E-03

PlUtonium-241 -2.3E4-00 5.3E-01

Strandum-90 -2.6E-01 4.7E-01

Polonium-210 1.413-01 1.2E-01

HS-LBL Powsshun-40 1.6E+00 2.813+00
Surface Water
Lake Brantley Cobalt-60 2.3E-02 1.3E-01

Ceskun-137 1.1E-02 1.2E-01

Lead-210 6.7E+00 2.213+00

Radhum-226 5.IE-03 1.8E-03

Radium-228 7.IE-02 3.9E-02

Actinium-225 1.1E+0O 8.1E-01

Americhum-241 2.9E-02 9.7E-03

Thorkiu-228 6.2E-03 3.7E-03

Thorh=4-30 6.6E-02 1.1E-02

lborkum-232 O.OE+OO 1.7E-03

Umum-233/234 1.15-01 1.5E-02

UrAnrum-235 1 .9E-03 4.2E-03

Urmuhm-238 5.5E-02 .1. IE-02

PlUtonbmm-238 -1.4E-03 2.8E-03

Phitonum-239/240 1.95-03 2.7E-03

PlUtxnium-241 -1.2E+00 2.6E-01

Strontzum-90 1A.E-02 1.3E-02

Polonmm-210 O.OE+00 3.53-02
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1994 WIPP Site Environmental Report

SAMP)LE ANALYSIS BY PARAMETER RESULTIUNIT 95% CONFIENCE

LOCATION Bq/L LEVEL AT TWO
STANDARD

DEVIATIONS

HS-SEW Potassium-40 2.2E+00 2.9E+00

Surface Water
Sewage Lagoon Cobalt-60 1.6E-02 1.3E-01

Cesium-137 -1.7E-02 1.1E-01

Lead-210 2.OE-01 3.2E+00

Rzdhun-226 4.6E-03 2.2E-03

Radium-228 1.8E-02 6.9E-02

Actinium-228 2.3E-01 4.8E-01

Americrum-241 M.E-02 8.6E-03

Thorxm-228 -1.6E-03 2.7E-03

Thorium-230 6.2E-02 1. 1 E-02

Thoriurn-232 2.1E-03 2.OE-03

Urmum-233/234  2.3E-02 7.2E-03

Uranium-235 5.6E-04 2.4E-03

Uranium-238 4.9E-03 4.2E-03

Plutonum-238 2.2E-03 5.9E-03

Plutonum-239/24O 1 .5E-03 4. lE-03

Pluwmm-241 -1.6E+00 4.OE-01

Strotum-90 2.3E-03 1 .6E-02

Polonium-21O 3.9E-04 3.3E-02

HS-TUT Potassium-40 9.1E+OO 2.4E+00

Surface Water
Tut Tank Cobalt-60 -1.1E-01 1.5E-01

Cesium-137 1.4E-02 1.2E-01

Lead-210 9.IE+0O 2.3E+00

Radium-226 9.3E-03 2.4E-03

Radhun-22S 1.OE-01 4.6E-02

Actinium-228 2.3E-01 5.OE-OI

Americium-24l 4.4E.02 1 .8E-02

Thborium-228 7.1E-03 5.3E-03

Thonum-230 5.OE-02 1 .2E-02
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1994 WIEPP Site Environznental Report

SA3IP!Z ANALYSIS BY PARAMETER RESULTIUNIT 95% CONMMENCE
LOCATION Bq/L LEVEL AT TWO

STANDARD
DEVIATIONS

HS-TUT Thorium-232 1.3E-03 M.E-03
Surface Water

Tut Tank UrAnhim-233/234 2.3E-02 7.IE-03
(Continued)

Uranium-235 2.4E-03 3 .3E-03

Uramium-238 1.!E-02 4.9E-03

PlrnOnium-238 7.2E-04 4.3E-03

Plutonim-239/240 1.5E-03 2.8E-03

Pltonimm-241 -1.7E+00 4.1E-01

Stwondum-90 1.S5E-02 i.7E-02

Polonuma-210 1.3E-03 2.9E-O2

HS-PCN Potasshuin-40 8.2E+00 2.4E+00
Surface Water
Pierce Canyon Cobalt-60 1.4E-01 1.3E-01

Ceshum-137 4.8E-02 1.3E-01

Lead-210 7.5E-01 3.7E+00

RAdhun-226 4.5E-03 1 .9E-03

Radim-228 8.OE-03 4.9E-02

Actniumm-228 2.6E-01 5.OE-01

Americium-241 3.E-02 1. 1E-02

7torhuin228 4.2E-03 2.8E-03

7hornzm-230 7.7E-02 1.2E-02

Thorium-232 -1.4E-03 2.1E-03

Uramium-233/234 1.2E-01 1.6E-02

Uraniuin-235 6.3E-03 4.9E-03

Urumumn-23S 5.6E-02 1.1E-02

Plutonium-238 4.4E-04 2.9E-03

Plutonium-239/240 8.9E-04 1 .7E-03

Pluwuinm-241 -8.3E-01 2.4E-01

Stronuu-90 -1.1E-02 2.8E-02

Poionmm-210 1.1E-03 4. 1E-02
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SAMPLE ANALYSIS BY PARAMETER RESULT/UNIT 95% CONFIODENCE

LOCATION BqlL LEVEL AT TWO
STANDARD

DEVIATIONS

AS-PCN Potassm[040 1.1E-O1 2.9E+00

Surface Water
Pierce Canyon Cobalt-60 1.OE-O1 1.3E-01

Ceshum-137 -4.4E-02 1.2E-01

Lead-210 8.1E+OO 2.3E+00

Radium-226 M.E-03 1.6E-03

Radium-228 2.8E-02 4.5E-02

Actimum-228 4.2E-01 5.2E-01

Americium-241 1 .6E-02 6.7E-03

Tborium-228 2.3E-03 5.5E-03

Thorium-230 5.6E-02 1 .6E-02

Thorium-232 0.05+00 3.2E-03

Uramum-233/234 1 .2E-01 1 .5E-02

Uraium-23S 7. 1E-03 4.6E-03

Uramum-238 5.OE-02 L .E-02

Plutonium-238 8.7E-04 2.4E-03

Plutonium-239/240 1.3E-03 1.9E-03

Plutonium-241 -7.4E-01 2.5E-01

Strontium-90 -4.2E-03 1.3E-02

Polonium-210 4.6E-04 3.7E-02

HS-COY Potassium-40 2.8E-01 2.8E+00

Surface Water
Coyote Tank BMind Duplicate Cobalt-60 -2.4E-02 1.45-01

sample of Upper Pecos River eim17-.E012-1

Lead-210 2.15-01 3.4E+00

Radium-226 3 .4E-03 1.7E-03

Radium-228 3 .9E-02 4.4E-02

Actiniun-228 2.4E-01 4.5E-01

Americium-241 2.2E-02 7.45-03

'Morhum-228 9.3E-04 2.6E-03

Thorium-230 2.4E-02 6.6E-03
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SAMPLE ANALYSIS BY PARAMETE RESULTIUNIT 95% CONFIDENCE

LOCATION Bq(L LEVEL AT TWO
STANDARD

DEVIATIONS

HS-COY Thorium-232 4.7E-04 9.IE-04
Surface Water

Coyote Tank Blind Duplicate Uranium-233/234 1.9E-01 1.8E-02
sample of Upper Pecos River

(otne)Uranium-235 7.OE-03 4. IE-03

Uransum-238 7.3E-02 1. E-02

Piumnium-238 O.OE+OO 2.IE-03

Plutomum-2391240 2.1E.03 2.lIE-03

Plutonhum-241 -9.2E-01 3.OE-01

Szrontsum-90 7.2E-03 1.2E-02

Polonmm-210 2.OE-03 4.7E-02

HS-COW Potassium-40 S.IE+OO 2.5E+00
Surface Water

Coyote Well blind blank Cobalt-60 4.gE-02 1 .6E-01

DeoCesium-137 1.OE-O1 1. IE-0

Lead-210 5.6E-01 3.3E+00

Radium-226 1.6E-03 1.3E-03

Radium-228 3.7E-02 3.6E-02

Actinmum-228 2.3E-01 S. IE-01

Americium-241 2.5E-02 8.4E-03

Thorium,-228 -4.4E-04 1.9E-03

Thorinm-230 4.8E-02 9. 1E03

Thonuin-232 4.4E-04 1 .5E-03

Urannam-2331234 9.5E-03 4.7E-03

Uraimum-235 6.2E-04 2.lE-03

Uramum-238 2.OE-03 2.4E-03

Plutomium-238 O.OE+OO 1 .4E-03

Plutonzui-239/240 1.OE-03 2.4E-03

Plutomium-241 -6.8E-01 2.9E-01

Strotmuui-90 -4.OE-03 1.5E-02

Polonium-210 - L.IE-03 M.E-02
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SAMPILE PARAMETER R1ESULT/UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/g LEVEL AT TWO

LOCATION STADAR
DEVIATIONS

HE-BRA Potassmmn-40 2.6E-01 4.7E-02

Bottom Sediment
Brantley Lak Cobalt-60 -5.OE-04 7.8E-04

Cesium-137 -4.OE.04 8.OE-04

Lead-210 3.2E-03 1.2E-02

Radimm-226 1 .5E-02 1 .7E-02

Radium-228 1.4E-02 3.7E-03

Americium-241 8.7E-03 2. 1E-03

17horium-228 1.6E-02 2.6E-03

Tborium-230 2.6E-02 3.3E-03

Thorium-232 1 .7E-02 2.7E-03

Uramium-233/234 1.9E-02 2.8E-03

Uramium-235 l.lE-03 8.9E-04

Uranmum-238 1.9E-02 2.8E-03

Plutnum-238 1 OE-04 4.4E-04

Plutonium-239/240 L OE-04 3 .4E-04

PlUtomum-241 -1 .9E-01 8.5E-02

Stronium-90 -1 .4E-04 1 .3E-03

Polonium-210 6.4E-03 8.9E-03

HB-CED Potassium-40 3.6E-01 6.8E-02

Bottom Sediment
Carlsbad Cobalt-60 6.8E-04 1 .3E-03

Cesmm~i-137 7.1E-03 3.4E-03

Lead-210 6.4E-02 2.4E-02

Radnim-226 4.9E-02 3 .4E-02
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SAMPLE PARAMETER RESULT/UNIT 95 % CONFIDENCE
ANALYSIS BY Dq/g LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

HB-CBD Radium-228 2.4E-02 6.1E-O'
Bottom Sediment

Carlsbad Americum-241 7.2E-03 2.1E-fOj
(conmmid)

Thorium-228 2.6E-02 4.8E-03

Thorhmm-230 3.2E-02 5.4E-03

Thorium-232 2.4E-02 4.6E-03

Uramium-233/234 4.9E-02 4.6E-03

Uranhum-235 2.7E-03 1.3E-03

Uramuma-238 3.3E-02 3.8E-03

Plutonium-238 1 .4E-04 2.8E-04

Plutonium-239/240 5.8E-04 5.6E-04

Pluronim-241 -3.8E-01 1 .2E-01

Stontum-90 -2.4E-04 1 .9E-03

Polonmum-210 4.9E-02 L OE-02

HE-HIL Potasstum-40 8.4E-01 1.4E-01
Bottom Sediment

Hill Tanlk Cobalt-60 -4.5E-04 1.IE-03

Ceshum-137 1.2E-02 3.7E-03

Lcad-210 5.9E-02 2.2E-02

Radium-226 4. 1E-02 M.E-02

Radium-228 4.OE-02 7.SE-03

Americhnm-241 1.OE-02 2.3E-03

Thorhnm-M2 3.4E-02 9.4E-03

Thorum-230 5.1E-02 1.1E-02

Thorhn-232 3.7E-02 9.4E-03
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SANME PARAMETER RESULTIUNIT 95 % CONFIDENCE

ANALYSIS BY /gLVLATW

LOCAATION

HB-HIL Uranmum-233/23 4  2.5E-02 3. 1IE-03

Bottom Sediment
Hill Tank Urmmm-235 1.7E-03 9.3E-04

(continued)

Uranium-238 2.4E-02 3.OE-03

Plumnium-238 4.2E-04 5.OE-04

Plutnnitn-239/240  6.3E-04 5.8E-04

Plutonmum-241 -2.1E-01 8.7E-02

strontium-90 2.5E-03 1 .9E-03

Polonium-21O 5.7E-02 1 .2E-02

HB-IDN Potissium-40 6.2E-01 1.1E-01

Bottom Sediment
Tndian Tank Cobalt-60 -3.2E-04 1 .2E-03

Cesium-137 1.5E-02 4.5E-03

Radium-226 3.3E-02 2.8E-02

Radium-228 3.8E-02 7. 1 E-03

Lead-210 5.8E-02 2.2E-02

Americrum-241 7.3E-03 2.1E-03

Thorium-228 4.6E-02 1 .4E-03

Thorium-230 5.2E-02 1 .5E-02

Thormm-232 2.7E-02 1 .2E-03

Uranim-233/23 4  2.7E-02 3. 1E-03

UrAnium-235 2.1E-03 9.9E-04

Uranim-238 2.8E-02 3. 1E-03

Plutoium-238 O.OE+OO 2.8E-04

Plutonim-239/240 4. 1E-04 4.OE-04
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SANWLE PARANMTE RESULTIUNiT 95 % CONFIDENCE
ANALYSIS BY Bq/g LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

HB-IDN Plutonium-241 -2.3E-01 8.5E-02
Bottom Sediment

Tedian Tank Stronzium-90 3.4E-03 1.9E-03
(confirmed)

Polonium-210 4.4E-02 1. 1E-02

HB-LGS Potassium-40 3.3E-01 6.2E-02
Bottom Sediment
Laguna Grande de CoIaIt-60 4.3E-.04 I .OE-.O3

la Sol

Cesium-137 2.9E-03 1.5E-03

Lead-210 1.3E-02 1.7E-02

Radium-226 3.9E-02 2.7E-02

Radiiim-228 1.3E-02 1.OE-02

Arnericium-241 1.2E-02 3.4E-030

Thoriumn-22S I .OE-02 2.7E-03

Thoriur-230 2.6E-02 4.4E-03

Thornum-232 3.OE-03 1 .9E-03

Uranium-233/234 7.5E-02 5.7E-03

Uranium-235 3.6E-03 1 .5E-03

Ulanium-238 3.9E-02 4.2E-03

Pluonium-23S -1.OE-04 2.OE-04

Plutonim-239/240 6.3E-04 5.OE-04

Pltom~num-241 -2.3E-01 8.8E-02

Strontaum-90 -1.IE-03 2.4E-03

Polonitim-210 1.4E-02 1.OE-02

HB-NOY Potasshum-40 6.2E-01 1.IE-01
Bottom Sediment

Noya Tank Cobalt-60 -3.2E-04 9. 1EO44
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SAN99LE PAPLAMETER RESULTINT 95 % CONFIENCE

ANALYSIS BY Bq/g LEVEL AT TWO
LOCATION STANDARD

DEVIATIONS

HB-NOY Cesium-137 4.2E-03 1 .9E-03
Bottom Sediment

Noya Tank Lead-210 1 .7E-02 1 .7E-02
(continued)

Radium-226 2.8E-02 2.3E-02

Radium-228 2.2E-02 5. 1E-03

Americium-241 1.IE-02 2.SE-03

Thorium-228 2.4E-02 4.9E-03

Thorium-230 3.5E-02 5.8E-03

Thorium-232 2.2E-02 4.5E-03

Uranium-233/234 1 .8E-02 2.5E-03

Uaim251.4E-03 7.6E-04

Uaim281 .9E-02 2.5E-03

Plutonium-2391240 -1 .3E-04 2.5E-04

Plutonium-238 2.5E-04 6.1E-04

Plutonium-241 -2.9E-01 1.1E-01

Stutu-0-2.4E-04 1.5E-03

Polonium-210 2.4E-02 1.1E-02

HB-PCN Potasium-40 1.5E-01 3.E-02

Bottom Sediment
Pierce Canyon Cobalt-60 6.5E-04 7.3E-04

Cesim-137 -5. 1E-04 8.2E-04

Lead-210 1.2E-02 1.1E-02

Radium-226 4.8E-02 2.4E-02

Radiuin-228 1 .2E-02 5.8E-03

Americium-241 1 .4E-02 2.7E-03
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SA~ffqZ PARAMETER RESULTIUNIT 95 % CONMIENCE
ANALYSIS BY wqg LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

HB-PCN Thorxum-228 9.OE-03 2.2E-03
Bottom Sediment

Pierce Canyon Thorium-230 3.9E-02 4.4E-03
(continued)

Thorium-232 7.3E-03 2.OE-03

Uranmm-233/234 1.2E-01 6.7E-03

Uramium-235 7.5E-03 1 .9E-03

Uraninm-238 1 .3E-01 6.9E-03

Plutonium-238 O.OE+OO 2.8E-04

Plutonium-239/24 1.1E-03 6.6E-04

Plutonium-241 -2.2E-01 8.2E-02

Strontium-90 -1.6E-03 1.2E-03

Polonium-210 1.4E-02 9.7E-03

HB-RED Potasuu-40 4.OE-O1 7.2E-02
Bottom Sediment

Red Tank Cobult-60 5.1E-04 9.2E-04

Cesium-137 7.3E-03 3.OE-03

Lead-210 3.OE-02 1 .6E-02

Padium-226 4.2E-02 2.6E-02

Radium-228 2.3E-02 5.7E-03

Americium-241 1.1E-02 2.4E-03

Thorium-228 2.2E-02 4.6E-03

Thoriuin-230 3.OE-02 5.3E-03

Thorium-232 1 .7E-02 4. 1 E-03

Uranim-2331234 3.E-02 8.3E-03

Uranium-235 5.9E-04 3. 1E-03
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SAMPLE PARAMETER RESULT!UNIT 95 % CONFIDENCE

ANALYSIS BY Bq/g LEVEL AT TWO

LOCATION STANDARD
DEVIATIONS

HE-RED Uranim-238 3.OE-02 7.5E-03

Bottom Sediment
Red Tank Plutonum-238 -9.7E-05 1.9E-04

(continued)

Plutonium-239/ 240  1 .9E-04 2.7E-04

Plutonium-241 -2.IE-01 7.8E-02

Strontium-90 -6.8E-04 1 .2E-03

Polonium-2lO 2.2E-02 9.5E-03

HB-TUT Potassim-40 7.OE-01 1 .2E-01

Bottom Sediment
Tut Tank Cobalt-60 -5.OE-04 9.8E-04

Cesium-137 9.4E-04 1 .6E-03

Ltad-2 10 2.5E-02 1.7E-02

Radium-226 3.OE-02 2.5E-02

Radium-228 3.OE-02 6.4E-03

Americium-241 1. 1 E-02 2.7E-03

Thorium-228 4.5E-02 1 .2E-03

Thorizm-230 4.3E-02 1. 1 E-03

Thorium-232 4.5E-02 1. 1 E-02

UrAnium-233/23 4  2.8E-02 3.2E-03

Urmum-235 2.2E-03 9.9E-04

Uramium-238 2.5E-02 3.OE-03

Plutonium-238 O.OE+OO O.OE+OO

Plutonmum-239/2 40  4.2E-04 4. IE-04

Plurmum-241 -1.3E-01 9.OE-02

Strontium-90 2.6E-03 1 .9E-03
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SAMPLE PARAMETER RESULTIUNIT 95 %. CONMIENCE
ANALYSIS BY Dq/g LEVEL AT TWO

LOCATION SrANDAR
DEVIATIONS

HB-TUT Polonium-210 3. E-02 1 .2E-02
Bottom Sediment

Tut Tank
(continued)

HB-UPR POOtsIum-40 1.7E-01 3.2E-02
Bottom Sediment

Upper Pecos River Cobalt-60 6.7E-05 6.8E-04

Cesium-137 3.3E-05 6.7E-04

Lead-210 1.6E-03 1.OE-02

Radhum-226 8.3E-03 1 .3E-02

Radium-228 4.4E-03 4.l1E-03

Amerncbrm-241 8.5E-03 2.1E-03

Tborium-228 8.4E-03 1.8E-03

Thorium-230 2.4E-02 3 .OE-03

Thorium-232 9. IE-03 1 .9E-03

Urmitm-233/234 9.9E-03 2.OE-03

Urnmmu-235 4.8E-04 7.5E-04

Urazmum-238 7.9E-03 1.7E-03

Plrnmm-238 -9.9E-05 1.9E-04

Pltonium-239/240 7.9E.04 5.5E-04

Plutomium-241 -2.2E-01 7.7E-02

Strontium-90 -2.1E-04 1.3E-03

Polonium-210 4.7E-03 1.05-02
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SAMPLE ANALYSIS BY PARAMETER RESULTIUNIT 95% CONFIDENCE

LOCATION Bq/L LEVEL AT TWO
STANDARD

DEVIATIONS

H05B Potassium-40 3.7E+01 7.7E+00
Groundwater

Round 9 Cobalt-60 5.3E-02 2.OE-Ol

Cesnim-137 -1.2E-01 1.7E-01

L-cad-21O 1.2E+00 4.5E+00

Radium-226 1.5E+01 9.5E+00

Radium-228 1.7E+00 1.7E+00

Americium-241 3.8E-03 3.5E-03

Thorium-228 3.8E-01 2.7E-02

Thorium-230 6.7E-02 1 .2E-02

Thorium-232 O.OE+OO 1.4E-03

Uranium-233/234 1.1E-01 1.4E-02

Uranim-235 3.8E-03 3.8E-03

Uranmm-238 7.OE-03 3.6E-03

Plutmnum-238 5.9E-03 3.6E-03

Plutomium-239/2 40  1.8E-03 3.OE-03

Plutwnnmi-241 -1.9E-01 4.3E-01

Stronnumm-90 -5.1E-02 2.4E-02

Polonium-210 6.1E-02 4.8E-02

H02C Potassium-40 3.3E+00 3.1E+00

Groundwater
Round 6 Cobalt-60 9.5E-02 1.7E-01

Cesium-137 8.1E-02 1.6E-01

Lcad-210 9.3E-01 3.9E+00

Radium-226 3.3E+00 5.1E+00

Radium-228 4.2E-01 6.8E-01

Americium-241 1.4E-02 7.OE-03

Thorium-228 2.3E-02 7.2E-03

Thormm-230 3.6E-02 8.4E-03
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SAMPLE ANALYSIS BY PARAMlETER RESULTIUNIT 95% CONFIENCE
LOCATION Bq/L LEVEL AT TWO

STANDARD
DEVIATIONS

H02C lborrmm-232 i.4E-03 2.5E-03
Groundiwater

Round 6 Urazun2331234 3.6E-01 5.2E-02

(otne)Uranium-235 6.3E-03 9. 1E-03

Uranhnn-238 4. 1E-02 2.OE-02

Phmunitsm-238 1 .E-03 4.5E-03

PlUtDomum-239/240 O.OE+OO 2.8E-03

Plutrtnm-241 -2.4E-01 5.6E-01

Strondum-90 6.6E-02 1 .3E-01

Polottim-210 9.6E-03 4.gE-02

H09B Potassitm-40 2.6E+00 2.SE+00
Groundwater

Round 5 Cobalt-60 -1.2E-01 1.7E-01

Cesium-137 8.2E-02 1.5E-01

Lead-210 5.5E-01 3.9E+00

Radium-226 3.8E+00 4.9E+00

Radium-228 8.3E-01 8.6E-01

Americium-241 2.3E-02 8.4E-03

7Thorium-228 9.6E-03 4.5E-03

Thorhm2-230 5.8E-02 1.IE-02

/Tboriumi-232 5.1E.04 9.9E-04

Uranbmm-233/234 7.5E-01 3.9E-02

Uramum-235 2.4E-02 7.9E-03

UrAnhMm-238 4.1E-01 2.9E-02

Phlmnmm-238 4.3E-03 .3.6E-03

Pltzouum-239/240 1.2E-03 1.7E-03

Plutnzm-241 1.7E+00 5.1E-O1

Strontium-90 -9.3E-03 2.2E-02

Polonhun-210 6.OE-03 7.3E-02

Gmu3wB3 PoMssiUm-dfl 1.2E+01 4.2E+00

Round 9 Cobalt-60 3.4E-02 1.9E-01
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SAMPLE ANALYSIS BY PARAWEhR RESULTIUNIT' 95% CONFIDENCE

LOCATION Bq/L LEVEL AT TWO
STANDARD

DEVIATIONS

H3B3 Cesmm-137 -2.9E-02 1.6E-01

Groundwater
Round 9 Lead-210 2.3E+00 4.OE+0O

(continued)
Padium-226 7.4E+00 6.1E+0O

Radium-228 1.3E+00 1.5E+00

Americium-241 3.6E-03 3.7E-03

Thorium-228 1 .3E-01 1 .6E-02

Thorium-230 4.4E-02 9.OE-03

Thorium-232 -9.6E-04 2.3E-03

Uranium-233/234 4.8E-01 3. 1E-02

Uranium-235 9.8E-03 5.4E-03

Uranium-238 6.3E-02 1. E-02

Plutonium-238 9.lE-03 5. 1E-03

Plutoium-2391240 -5.1E-04 1 OE-03

Plutium-241 9.6E-03 3.9E-01

Stronnum-90 -2.2E-02 3.OE-02

Polonium-210 1.4E-02 3.5E-02

HI B Potasmm-40 1.8E+01 5.5E+00

Groundwater
Round 8 Cobalt-60 -6.5E-02 1.7E-01

Cesium-137 -4.6E-02 1 .6E-01

Lead-2 10 1.7E+00 4.1E+OO

Radium-226 7.OE+OO 5.9E+00

Radium-228 9.9E-01 1.1E4-O

Americium-241 8.9E-03 4.8E-03

Thorium-228 7.1E-02 1 .3E-02

Thoriun-230 5.2E-02 I. 1E-02

Thorium-232 -5.4E-04 1.8E-03

UrAmum-2331234 2.5E-01 2.3E-02

Uiumum-235 7.7E-03 5.6E-03

r Urmum=-238 3.8E-02 9.5E-03
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sAhfLEU ANALYSIS BY PARAMTER RESULTIUNIT 95% CONFIDENCE
LOCATION DqIL LEVEL AT TWO

STANDARD
DEVIATIONS

HUB Pluinmum-238 2.OE-03 3.4E-03
Groundwater

Round 8 Plutonium-239/240 4.6E-03 3.4E-03
(continued)

Plinium-241 3.3E+00 6.1E-O1

Surondum-90 9.8E-03 1 .4E-02

Poloumu-210 3.5E-02 5.2E-02

H14C Poumssmm-40 1.1E+O1 4.OE+0O
Grotundwater

Round 7 Cobalt-60 1 .4E-01 2.OE-01

Cesium-137 -4.OE-03 2.OE-01

Lead-210 1.2E+01 3.3E+00O

Radium-226 9.5E+00 7.6E+00

Radhmm-228 6.9E-01 9.2E-01

Americmm-241 1.5E-02 5.8E-03

Thorium-228 5.6E-02 1.IE-02

Thoriam-230 2.9E-02 8.3E-03

Thorium-232 1.OE-03 2.OE-03

Uranmm-233/234 3.2E-01 M.E-02

Urmium-235 7.IE-03 6.OE-03

Uranium-238 4.9E-02 1 .2E-02

Plutonmm-238 4.6E-03 4.2E-03

Plutonbim-239/240 5.7E-04 1.9E-03

Plumoium-241 7.OE-01 4.7E-01

Suronniur-90 5.4E-03 9.5E-03

Polonium-210 7.9E-03 3.5E-02

H04B Potassium-40 7. IE+0O 3.5E+00
Groundwater

Round 9 Cobalt-60 8.2E-02 1.7E-01

Cesium-137 -1.3E-01 1.6E-01

Lead-210 8.9E-01 4.OE+OO

Radmum-226 3.3E+00 4.2E+00

Radium-228 5.4E-01 7.3E-01

AS-4
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SAMPLE ANALYSIS BY PARAMIETER RESULTIUNIT 95% CONFIDENCE

LOCATION Bq/L LEVEL AT TWO
STANDARD

DEVIATIONS

H04B Americium-241 1.3E-02 5.4E-03

Groundwater
Round 9 Thorium-228 6.7E-03 4.6E-03

(contumied)
Thorium-230 3.9E-02 9.7E-03

Thonum-232 -6. 1E-04 1 .2E-03

Uramum-233/234 5.7E-01 3.6E-02

Uramium-235 1.6E-02 7.2E-03

Uramhum-238 1.OE-01 1.5E-02

Plutonium-238 -3.3E-03 4.6E-03

Plutonium-239/240 -1.6E-03 5.6E-03

Plutomium-241 -1.3E-01 1.2E+00

Sbrorndm-9O 1.1E-01 5.9E-02

Polonium-210 7.8E-03 3.6E-02

H06B Potassnzm-40 1.1E+O1 4.1E+OO

Groundwater
Round 9 Cobalt-60 -7.8E-02 1.9E-01

Cesium-137 -2.OE-02 1.5E-01

Lead-210 3.IE+OO 3.7E+00

Radum2-226 7.3E+00 4.8E+00

Rdibmi-228 8.7E-01 8.8E-01

Americium-241 8.3E-03 4.9E-03

lborium-228 4.2E-02 1 .4E-02

Thoritim-230 2.5E-02 1 .4E-02

Thorium-232 2.2E-03 5.3E-03

Uranium-233/234 2.9E-01 2.5E-02

Uranium-235 1 .4E-02 7.OE-03

Urmnum-238 7.7E-02 1.3E-02

Plutonium-238 8.9E-03 6.6E-03

Plutonnzm-239/240  2.5E-03 5.OE-03

Plutonium-241 -1.4E+00 9.5E-01

Strontium-90 -2.7E-02 1 .6E-02

AS-5
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SAMPLE ANALYSIS BY PARANME RESUTIENT M CONFIENCE
LO)CATION Bq/L LEVEL AT TWO

STADARD
DEVIATIONS

H06B Polonimm-210 7.3E-03 3.6E-02
Grunzdwater

Round 9
(continued)__ _ _ _ _ __ _ _ _ _ _

WIPP 19 Pomsshum-40 1.4E+01 5.OE+OO
Groundwater

Round 9 Cobalt-60 4.5E-02 1.9E-01

Ceshum-137 9.OE-02 1.7E-01

Lead-210 3.8E+00 4.5E+00

Radhim-226 8.7E+00 6.9E+00

Radim-228 1.2E+00 1.3E+00

Americim-241 8.4E-03 5.5E-03

Thorium-228 2.8E-01 2.6E-02

Thoriuin-230 6.3E-02 1 .3E-02

Thorhum-232 -1.3E-03 1.8E-03

Urmum-fl33234 5.5E-01 5.4E-02

Umium-235 1 .3E-02 9.2E-03

Uranium-238 9.4E-02 2.3E-02

/Plzniuin-238 4.3E-03 4.9E-03

Ploinum-239/240 7.2E-04 3.2E-03

Plutnium-241 -6.6E-01 5.4E-01

Strontium-90 -5.8E-03 2.3E-02

Polonium-210 4. IE-02 7.OE-02

AS-6
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SAMPLE ANALYSIS BY PARAMETER RESULT/UNIT 95 % CONFIDENCE

LOCATION Bq/g LEVEL AT TWO
STANDARD

DEVIATIONS

BV-CT1 Potassmmn-40 2.5E-01 6.5E-02

Biotic Vegetation
Control 1 Cobalt-60 2.2E-03 2.4E-03

Cesium-137 -1.7E-03 2.OE-03

Lcead-210 1.lE-01 5.8E-02

Radium-226 5.3E-03 6.OE-02

Radium-228 5.7E-03 1.3E-02

Actinium-228 5.7E-03 1 .3E-02

Americium-241 4.8E-03 1A.E-03

Thorium-228 -8.9E-05 6.3E-04

Thorium-230 8.9E-05 3.9E-04

Thorium-232 2.7E-04 3.OE-04

Uranium-2331234 2.9E-04 6.9E-04

Uranmum-235 0.05+00 4.7E-04

Uranrum-238 2.9E-04 5. 1E-04

Plutonmum-238 -1 .9E-04 4.6E-04

Plutnium-239/240 -9.5E-05 4.2E-04

Plutomum-241 -7.9E-02 4.7E-02

Stronthm-90 4.7E-03 1. IE-03

Polonium-210 1.7E-02 3.3E-03

BV-CT Poumsmm-40 2.9E-01 5.3E-02

Biotic Vegetation
Control 2 Cobalt-60 7.4E-04 1.2E-03

Cesium-137 4.6e-04 1.15E-03

Lead-210 7.2E-02 3.3E-02

Radium-226 3.9E-02 2.-6E-02

Radium-228 7.8E-03 6.3E-03

Acnnium-228 7.8E-03 6.3E-03

Americium-241 6.7E-03 1 .9E-03

Thorium-228 8.6E-04 6.7E-04

Th 7orim-230 1.7E-03 7.9E-04

A6-1
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SAMPLE ANALYSIS BY PARANME RESULTIUNIT 95 % CONFIDENCE
LOCATION wqg LEVEL AT TWO

STANDARD
DEVIATIONS

BV-CM Thrium-232 O.OE+OO 2.6E-04
Biotic Vegetaton

Control 2 Uraniun-233/234 5.7E-04 6.5E-04

(otne)Uranium-23S 2.4E-04 3.3E-04

Uramum-238 8.6E-04 6.2E-04

Plutonum-238 2.9E-04 3.3E-04

Plutoniu -39/240 9.6E-05 5.OE-04

Plutunimm-241 -9.2E-02 4.8E-02

stronum-90 7.1E-03 1.2E-03

Polonmmn-210 1.2E-02 2.OE-03

BV-SEI Potassium-40 2.3E-01 5.7E-02
Biotic Vegetaton

South East 1 Cobalt-60 2.5E-03 1 .8E-03

Cesium-137 1.1E-04 1.7E-03

Lead-210 9.8E-02 5.2E-02

Radium-226 3.9E-02 3.5E-02

Radium-228 7.OE-03 1.OE-02

Actimum-228 7.OE-03 1 OE-02

Americium-241 6.1E.03 1.6E-03

/ Torium-228 1.lE-03 7.4E-04

Thorium-230 1.3E-03 6.9E-04

Thorhum-232 8.SE-04 6.7E-04

Uramhum-233/234 4.8E-04 5.OE-04

Uzmnium-235 3.6E-04 4.OE-04

Uranmm-238 6.7E-04 7.8E-04

Ptutonhwm-238 O.OE+OO 3.7E-04

Plutonmum-239/240 -9.4E-05 3.2E-04

Plutonium-241 -5.6E-02 4.8E-02

Strondum-90 5.3E-03 1 .2E-03

Polonium-210 2.lE-02 2.3E-03
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SAMPLE ANALYSIS BY PARANMTER RESULTMIU~T 95 % CONFIENCE

LOCATION Bq/g LEVEL AT TWO
STANDARD

DEVIATIONS

BV-MWI Pomssium-40 3.2E-01 5.8E-02

Biotic Vegetation
North West 1 Cobalt-60 2.0E-04 1.3E-03

Cesium-137 8.3E-04 1.1E-03

Lead-210 5.9E-02 3.7E-02

Radium-226 3.8E-02 4.5E-02

Radium-228 8.9E-03 1.1E-02

Acinium-228 8.9E-03 1. 1E-02

Americium-2 41 7.1E-03 1.8E-03

Thorium-228 9.4E-04 8.3E-04

Thonum-23O 3.4E-03 1 .2E-03

Thorium-232 5.7E-04 5.8E-04

0Uranium-233/234  1.8E-03 9.3E-04

Uranium-235 2.3E-04 6.5E-04

Uranium-238 9.5E-04 6.4E-04

Plutomium-238 3.9E-05 3.8E-04

Plutonmm-239/2 40 9.7E-05 3.3E-04

Plutonmum-241 -8.3E-02 4.7E-02

Stronnum-90 9.OE-03 1 .2E-03

Polonium-21O 1 .7E-02 2.2E-03

BV-NW2 Potmium-40 3.3e-01 6.OE-02

Biotic Coblt60 5.E-4 1.4-0

North West 2 _____________ 
-5.2E_04_1.4E_0

Cesium-137 1.1E-03 1.4E-03

Lead-210 9.OE-02 4.7E-02

Radium-226 1.6E-02 4.6E-02

Radium-228 5.OE-03 7.2E-03

Actinum-228 8.OE-03 7.2E-03

Americium-241 6.OE-03 1 .6E-03

0Thonum-228 6.4E-04 9.OE-04

Thonum-230 6.2E-03 1 .6E-03

A6-3
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SAMPLE ANALYSIS BY PARANMTE RESULTIUNrT 95 % CONMIENCE
LOCATION Dq/g LEVEL AT TWO

STANDARD
DEVIATIONS

BV-NW2 Thorxum-232 9.1E-04 6.2E-04
Biotic Vegetation

North West 2 Uramum-233/234 3.7E-04 5.2E-04

(oke)Urnhim-235 O.OE+OO 4.5E-04

Uranhm2-238 4.7E-04 4.1E-04

Phutomium-238 -9.5E-05 3.2E-04

Plutomm-239/240 O.OE+OO 2.6E-04

Phlurnitim-241 -6.5E-02 4.8E-02

Strontzum-90 8.6E-03 1.1E-03

Polonium-210 2.OE-02 2. 1 E-03

BV-WEI Potasshiu-40 2.SE-01 4.4E-02
Biotic Vegetation

WIPP East I Cobalt-60 -3.4E-05 1. E-03

Cesium-137 5.2E-04 9.1E-04

Lead-210 3.8E-02 2.8E-02

Radium-226 1.IE-02 2.9E-02

Radium-228 3.3E-03 5.5E-03

Actimitm-228 3.3E-03 5.5E-03

Americium-241 7.OE-03 1 .6E-03

Thorhum-228 9.3E-05 7.OE-04

lborium-230 I OE-02 1 .9E-03

Thorkmm-232 5.6E-04 5.8E-04

Uranmum-2331234 9.3E-05 6.6E-04

Uramuim-235 2.3E-04 6.4E-04

Urakmum-23S 3.7E-04 5.gE-04

Plutonum-238 -1.8E-04 2.5E-04

Plutonium-239/240 9.IE-05 M.E-04

Plutonium-241 -1.7E-02 4.6E-02

Strontrum-90 6.8E-03 1.l1E-03

Polonium-210 2.l1E-02 2.1E-03

A6-4
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SAAMLE ANALYSIS BY PARAMETER RESULTIUNIT 95 % CONFIDENCE

LOCATION Bqtg LEVEL AT TWO
STANDARD

DEVIATIONS

BV-SE2 Pomasium-40 3.2E-01 6.45-02

Biotic Vegetation
South East 2 Cobalt-60 -1. 1E-03 1.9E-03

Ceshum-137 1.4E-03 1.7E-03

Lzad-210 9.9E-02 5.OE-02

Radium-226 2.2E-02 4.6E-02

Radium-228 8.5E-03 1 .2E-02

Actinium-228 8.5E-03 1 .2E-02

Amencium-241 6.4E-03 1.6E-03

Thomn-228 9.9E-04 8.4E-04

Thorium-230 2.9E-03 1.15E-03

Thorium-232 6.3E-04 5.3E-04

Uranium-233/ 234  5.OE-04 6.5E-04

Uramum-235 6.2E-04 5.4E-04

Uramm-238 3.05-04 6.5E-04

Plutonmum-238 9.7E-05 3.3E-04

Plutonium-239/ 24 0 4.8E-04 4.2E-04

Plutonum-241 -8.7E-02 4.8E-02

Strontium-90 7.6E-03 1.3E-03

Polonium-21O 1.2E-02 2.8E-03

BQ-SAB Potassium-40 8.4E-02 3.05-02

Biotic Quail Secured Area
Boundary Cobalt-60 8.154)4 8.4E-04

Cesium-137 - 6.2E-04 9.2E-04

Lead-210 3.7E-02 1. 1E-02

Radium-226 8.9E-03 1.9E-02

Radium-228 2.5E-03 3.3E-03

Americrum-241 4.9E-04 3 .OE-04

Thorium-228 3.OE-05 1.6E-04

Thorim-230 2.9E-03 6.05-04
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SAMPILE ANALYSIS BY PARAMETER RESULTIUNIT 95 % CONFIENCE
LOCATION DqWg LEVEL AT TWO

STANDARD
DEVIATIONS

BQ-SAB Thorim-232 9.OE-OS 1 .3E-04
Biotic Quadl Secured Area

Boundary Urmmuin-233/234 1.5E-03 4.5E-04
(continued)

Uraumum-235 8.4E-05 I .2E-04

Urannum-238 2.4E-04 2.4E-04

Plutoxhun-238 3.6E-05 1.6E-04

Plutomm-239/240 -3.6E-05 1.6E-04

PlUtonium-241 1 .6E-02 3. 1 E-02

Strontiuz-90 i.7E-03 8.7E-04

Poloniuin-210 6.OE.04 1 .9E-03

BF-BRA Potassium-40 1.IE-01 3.6E-02
Biotic Fish

Brantley Lake Cobalt-60 4.6E-04 9.5E-04

Cesiuin-137 6.9E-04 9.5E-04

Lead-210 3.6E-03 1.7E-02

Radhum-226 1.9E-02 1.4E-02

Radium-228 1.3E-03 4.3E-03

Americium-241 2.3E-04 1.OE-03

horkma-228 6.OE..05 1.45-04

Thorium-230 4.2E-03 7.OE-04

ITorium-232 3.05-05 1.OE-04

Uranium-233t234 1.6E-03 4.8E-04

UrAidun-235 2.OE-04 2.3E-04

Uraniuin-238 6.4E-04 3.E-04

Pluitunw238 1.85-04 1.7E-04

Plutonium-239/240 -8.8E-05 1.2E-04

Plutnmum-241 2.4E-02 3.8E-02

Stronuium-90 3.6E-04 6.15-04

Polonhun-210 3.05-04 1.7E-03

BF-PEC Potassiuin-40 9.5E-02 3.1-02
Biotic Fish
Pecos Rtiver Cobalt-60 -7.7E-05 7.7E-04



SAMPLE ANALYSIS DY PARAMTER RESULT/UNIT 95 % CONFIDENCE
LOCATION Bqlg LEVEL AT TWO

STANDARD
DEVIATIONS

BF-PEC Cesium-137 -2.OE-04 8. 1IE-04

Biotic Fish
Pecos River Lead-210 1.3E-02 1.5E-02
(conimued)

Radium-226 1 .9E-02 1 .2E-02

Radium-228 2.1E-03 2.9E-03

Americium-241 -6.8E-03 3.OE-02

Thorium-228 -3.5E-05 2.4E-04

Thorium-230 2.2E-03 5.5E-04

Thorium-232 1 OE-04 1 .2E-04

UrAnnim-233/234 2.2E-03 8. 1E-04

Urnmm-235 2.5E-04 2.2E-04

Uranium-238 1.2E-03 4.7E-04

Plutonmum-238 -1 .2E-04 1 .3E-04

Plutonmum-239/240 7.8E-05 1 .5E-04

Plutomium-241 -1.4E-02 3. 1E-02

Strontium-90 1. E-04 6.4E-04

Polonium-210 1 .2E-04 1 .8E-03

BR-SAR Potmsium-40 1.3E-01 4.4E-02

Biotic Rabbit
South Access Road Cobalt-60 6.OE-04 1. 1E-03

Cesium-137 8.9E-04 1.IE-03

Lead-210 5.7E-04 1.8E-02

Radium-226 1.2E-02 2.4E-02

Radium-228 4.5E-03 4.2E-03

Americium-241 3.4E-04 2.7E-04

Thorium-228 -3.4E-05 6.7E-05

Thorium-230 2.4E-03 5.8E-04

lborium-232 1 OE-04 1 .5E-04

Uranmum-233/234 1 .4E-04 6.5E-05

Uramum-235 2.IE-05 3. 1E-05

Uranmum-238 4.5E-05 3.8E-05
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SAMPLE ANALYSIS BY PARANMTE RtESULTIUNIT 95 % CONMMENCE
LOCATION Bq/g LEVEL AT TWO

STANDARD
DEVIATIONS

BR-SAR PlUtonium-238 2.3E-0O4 2.OE-04
Biotic Rabbit

South Access Road Plutonium-239/240 O.OE+OO O.OE+OO
(contmued)

PlUzonhum-241 -1.2E-02 O.OE+OO

Strontium-90 -7.7E-06 6.2E-04

Polonitur-210 -4.9E-05 1 .8E-03

BD-SAR Potasshun-40 9.5E-02 3.2E-02
Biotic Deer

South Access Road Cobalt-60 7.3E-04 8.4E-04
muscle

Cesium-137 -5.8E-05 8.2E-04

Lead-210 1.4E-03 1.3E-02

RAdium-226 2.2E-02 1 .3E-02

Radium-228 4.OE-03 2.9E-03

Amenicim-241 O.OE+OO 5.1E-04

Thorium-228 1. 1E-04 5.OE-04

Thorium-230 1.1E-02 2.3E-03

Thorium-232 1.IE-04 3.8E-04

Uranhum-2331234 5.4E-03 1 .6E-03

Utmnium-235 3.7E-04 5.4E-04

Uramum-238 1.9E-03 8.9E-04

Plutomium-238 3.OE-04 4.3E-04

PtUtnnmm-239/240 2.OE-04 3.9E-04

Phutomumi-241 2.6E-02 8.3E-02

Strouuum-90 -6.6E-04 6.1E-04

Polovmum-210 1 .5E-04 1 .8E-03

BD-SAR Poumssium-40 7.1E-02 3.E-02
Biotic Deer

South Access Road Cobalt-60 2.6E-04 8.9E-04
Liver

Cesiumm-137 -9.7E-04 1. E-03

Lead-210 4.6E-02 1 .2E-02

Radium-226 4.7E-03 2.OE-02

F - Rmlium-228 3.9E-03 3.8E-03

A"-
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SAMPLE ANALYSIS BY PARAMETER RESULTIUNIT 95 % CONFIDENCE
LOCATION Bq/g LEVEL AT TWO

STANDARD
DEVIATIONS

BD-SAR Americium-241 1.5E-03 5.6E-04
Biotic Deer

South Access Road Thorium-228 4.OE-04 2.9E-04
Liver

(continued) Thorium-230 4.6E-03 8.9E-04

Thorium-232 4.4E-05 1 .5E-04

Uranmm-233/234 3.OE-03 7.3E-04

Urmum-235 -5.1E-05 3.8E-04

Urmum-238 1.3E-03 5.4E-04

Plutonium-238 8.5E-05 1 .2E-04

Plutonnm-239/240 8.5E-05 1 .7E-04

Plutonium-241 -1 .7E-02 3.6E-02

Strontum-90 1.2E-04 5.3E-04

Polonium-210 3.4E-04 1.8E-03

BD-SAR Pomnsium-40 8.5E-02 3.1E-02
Biotic Deer

South Access Road Cobait-60 1 .3E-03 1 .7E-03
Heart

Cesium-137 -1.IE-04 9.6E-04

Lead-210 8.8E-03 1.6E-02

Radium-226 6.OE-03 1.9E-02

Radium-228 3.OE-03 3.5E-03

Americiuu-241 1.2E-03 7.OE-04

Thorium-228 O.OE+OO 6. 1IE-04

Thorium-230 1.3E-02 2.3E-03

Thoim-232 O.OE+OO 2.8E-04

Uranium-2331234 2.8E-03 8.7E-04

Uranium-235 3.6E-04 4.2E-04

Uramhum-238 3.5E-04 3.9E-04

Plutimium-238 2.4E-04 2.4E-04

Plutonum-239/240 1 .2E-04 1 .7E-04

Plutonmim-241 2.OE-02 5.4E-02
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SAMPLE ANALYSIS BY PARANMEE RESULTAINUN 95 % CONMIENCE
LOCATION Bq/g LEVEL AT TIWO

WrANDARD
DEVIATIONS

BD-SAR Strondum-90 4.8E-04 7.4E-04
Biotic Deer

South Access Road
Heam Polonium-210 2. E-04 1 .8E-03

(contmined)______________ ____________ ______________

BD-SAR Potassium-40 8.5E-02 2.9E-02
Biotic Deer

South Access Road Cobalt-60 -2.5E-04 6.8E-04
muscle

Cesmmi-137 1.8E-04 7.9E-04

Lead-210 1.2E-03 1.2E-02

Radium-226 1 .2e-02 1 OE-02

Radburn-228 3.9E.-03 2.7E-03

Ainerickum-241 1.4E-03 6.3E-04

Thorimm-228 0.05+00 2.4E-04

Thorbun-230 4.5E-03 9.4E-04

Thorium-232 9.9E-05 1 .9E-04

Uranium-233/234 2.OE-03 6.9E-04

Uranim-235 6.OE-05 2.6E-04

Uranium-238 2.4E-04 3.2E-04

Plutonumi-238 8.7E-05 2.15-04

Plutonim-239/240 4.4E-05 8.6E-05

Plutonhum-241 -5.6E-04 3.7E-02

Strontium-90 -2.5E-04 5.05-04

Polonitim-210 1.2E-04 1.8E-03

ED-SAR Potussmm-40 4.05-02 M.1-02
Biotic Deer

South Access Road Cobalt-60 1.8E-03 1.4E-03

KwyCesiuin-37 -1.7E-04 1.3E-03

Lcad-210 4.8E-02 1.4E-02

Radium-226 1.9E-02 3.1-02

Radium-228 3.6E-03 4.8E-03

Americium-241 1.2E-03 7.3E-04

A&-1O
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SAMWLE ANALYSIS BY PARAMETER RESULT/UNIT 95 % CONFIDENCE

LOCATION BqIg LEVEL AT TWO
STANDARD

DEVIATIONS

BD-SAR Thorium-228 4.5E-04 2.9E-04

Biotic Deer
South Access Road Thorium-230 2.9E-03 6.9E-04

Kidney
(continued) Thorium-232 8.2E-05 2.5E-04

Uranium-233/234 1 .6E-03 6.9E-04

Uranium-235 2.IE-04 2.4E-04

Urannnm-238 6.2E-04 4.3E-04

Plutrmum-238 2.1E-04 2.5E-04

Plutonium-239/240 O.OE+OO 1 .4E-04

Plutonium-241 2.1E-02 4.5E-02

Szrontuum-90 -3.8E-04 4.6E-04

Polonium-210 2.OE-03 1 .9E-03

BD-SAR Potassim-40 8.4E-02 2.8E-02

Biotic Deer
South Access Road Cobalt-60 -4.6E-05 7.OE-04

Liver
Cesium-137 -5.2E-04 8.OE-04

Lead-210 2.9E-02 9.OE-03

Radiuin-226 3.5E-04 1.6E-02

Radium-228 4.6E-03 4.3E-03

Americrum-241 1.OE-03 5.5E-04

Thorium-228 1.2E-03 5.4E-04

Thonumn-230 4.7E-03 1 OE-03

Thorium-232 O.OE+OO 2.3E-04

Uranmm-233/234 1 .4E-03 7.OE-04

Uranim-235 7.1E-05 3. 1E-04

Uraiui-238 4.OE-04 3.7E-04

Plutomium-238 4.4E-04 3.7E-04

Plutonmum-239/240 6.3E-05 1 .2E-04

Plutonium-241 -2.3E-02 5.3E-02

Strontium-90 -3.3E-04 6. 1 E-04

Polonium-210 5.5E-04 1.9E-03
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1994 WIPP Site Environental Report

SAMPLE ANALYSIS BY MAWMTE RESULTIUNrr 95 % CONFIDENCE
LO)CATION wqg LEVEL AT TWO

STANDARD
DEVIATIONS

BD-NAR Pomssium-40 7.7E-02 2.5E-02
Biotic Deer

Nordh Access Road Cobalt-60 3.6E-04 5.9E-04
muscle

Cesium-137 3.9E-04 6.9E-04

Lead-210 2.5E-02 7.2E-03

Radium-226 8.4E-05 I .2E-02

Radium-228 2.1E-03 2.2E-03

Americium-241 7.9E-04 3.7E-04

Thorium-228 9.3E-05 1 .8E-04

Thorium-230 3.7E-03 8.3E-04

Thorkun-232 O.OE+OO 2.8E-04

Uramuim-233/234 i.7E-03 5.5E-04

Uuniam-235 1 .9E-04 1 .9E-04

Uramum-238 8.3E-04 3.6E-04

Phitonmum-238 7.7E-05 1 .9E-04

/Plutonhum-239/240 -7.7E-05 L.IE-04

Plutonium-241 -1.6E-02 3.2E-02

Strondum-90 8.4E-04 6.7E-04

Polonium-210 8.8E-05 1.9E-03
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1994 WIPP Site Environental Report

SAMPLE ANALYSIS BY PARAMETER RESUJLTS UNIT

LOCATION 
_____

TS-NW1 Saturation Percent 19 % mg/L

Terrestrial Surface
Non-Radiological Conductivity 0.10 mmjioslcm

Norh es 1Chloride 6 mg/kg

pH 7.5 pH

Calcium total 9.0 rnglL

Potassium total 13 mg/L

Magnesim,' total 2.2 mg/L

Sodium total 3.2 rngfL

Sodium Absorption Ratio 0.25 meqfL

Saturation Percent 19 % mgIL

Conductivity 0.10 mbos/cm

Chloride 7 mg/kg

pH 7.3 pH

Calcium, total 11 mg/L

Potassium, tooal 17 mg/L

Magnesium, tooal 2.4 mg/L

Sodium, tooal 3.4 mg/L

Sodium Absorption Ratio 0.24 meq/L

Saturation Percent 17 % mg/L

Conductivity 0.14 mmhos/cm

Chloride 7 mg/kg

pH 7.3 pH

Calcium tooal 58 mg/L

Potassium, tooal 20 mg/L

Magnesium tooal 7.6 mg /L

Sodium, tooal 9.0 mg/L

Sodim Absorption Ratio 0.30 meq/L

Satation Percent 18 % mg/L

Conductivity 0.070 mmhos/cm

Chloride 7 mg/kg

pH 7. pH

Calcium, total 613 mg/L



1994 WIPP Site Environental Report j

SAMPLE ANALYSIS BY PANAE=E RMUMTS UNIT
WACATION _________

TS-NW1 Potassium, total 8.9 mg/L
Terrestrial Surface
Non-Radiological Magnesim, total 1.3 mg/l.

North West 1 oh I1l27m/
(continud) Sduttl27m/

Sodim Absorption Ratio 0.26 meq/L

Saturation Pere 19 % mg/L

conductivity 0.10 mmnhos/cm

Chloride 6 mg/kg

PH 7.5 pH

Calcium, total 11 mg/L

Potaumk total 13 mg/L

Magnesiuim, total 2.4 mg/L

Sodium, total 1.8 mg/L

Sodium Absorption Ratio 0.13 meqlL

Satumation Percent 18 % mg/L

Conductivity 0.088 mmnhos/cmi

Chloride 6 mg/kg

pH 7.5 pH

Calcium total 8.1 mgIL

Potassium, total 12 mg/L

Magnesium, total 2.3 mgIL

Sodium, total 2.0 mg/L

Sodium Absorption Ratio 0.16 meq/L

TS-NW2 Saturation Percent 20 % mg/L
Terrestrial Surface
Non-Radiological Conductivity 0.043 mmhos/cm

North West 2 Chloride 7 mg/kg

PH 6.6 pH

Calcium, total 3.4 mg/L

Potassium, total 8.7 mg/L

Magnesium, total 1.3 rnglL

Sodium, total 1.4 mg/L

Sodium Absorption Ratio 0.16 meq/L

Santration Percent 19 % mg/L
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1994 WIFP Site Environmental Report

SAMIPLE ANALYSIS BY PARAMETER. RESULTS UNIT

LOCATION__________ ____ ___

TS-NW2 Conductivity 0.039 mmhos/cn

Terrestral Surface
Non-Radiological Chloride < 6 mg/kg

North West 2 H65H
(continued) 65p

calcum, otal2.7mg/L

Potassium, total 6.1 mg/L

Magneiumtota 1.7mg/L

Sodim, otal1.0mg/L

Sodium Absorption Ratio 0.12 meqfL

Saturation Percent 21 % mgfL

Conductivity 0.053 nmihos/cm

Chloride < 6 mg/kg

PH 6.5 pH

Calcium, total 4.4 mg/L

Potassium, total 10 mg/L

Magnesium, total 1.3 mg/L

Sodium, total 2.2 mg/L

Sodium Absorption Ratw 0.24 meq/L

Saturation Percent 20 % mg/L

Conductivity 0.047 minhos/cm

Chloride < 6 mg/kg

PH 6.5 PH

Calcium, total 4.6 mg/L

Potassium, total 13 mg/L

Magnesium, total_ 2.3 mg/l.

Sodium, total 1.4 mg/L

Sodium Absorption Ratio 0.13 meq/L

Saturation Percent 16 % mg/L

Conductivity 0.033 mmnhos/cm

Chloride 6 mg/kg

pH 6.4 pH

Calcium, total < 2.5 mg/l.

Potassium, total 6.5 mg/L
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1994 WIEPP Site Environental ReportI *

SAMPLE ANALYSIS BY PARAMETER RESULTS UNIT
LOCATION_______ 

___ ___

TS-NW2 Magnesium. total 1.1 mg/L
Terrestrial Surface
Non-Radiological Sodium. total 2.4 mg/L

North West 2
(otne)Sodium Absorption Ratio 0.49 mneq/L

Saturation Percent 21 % mg/L

Conductivity 0.047 mmhos/cm

Chloride 6mg/kg

PH 6.5 pH

Calcium, total 4.5 mg/L

Potassiu, total 8.2 mg/L

Magnesium, total 1.3 mg/L

Sodium. total 1.3 mg/L

Sodium Absorption Ratio 0.14 meq/L

TS-SE1 Saturation Percent 19 % mg/l.
Terrestrial Surface
Non-Radiological Conductivity 0.12 mmlios/cm

South East I Chloride < 6 mg/kg

pH 7.4 pH

Calcium, total 13 mg/L

Potassium. total 12 mg/L

Magnesium. total 4.2 mg/L

Sodium, total 1.3 mg/l.

Sodium Absorption Ratio < 0.01 meqlL

Satuatin Pecen 20% mg/L

Conductivity 0.071 mmhos/cm

Choie8 mg/kg

pH7 .7 pH

Calcium, total 5.8 mg/L

Potassium. total 12 mgIL

Magnesium, total 4.5 mgIl.

Sodium,. total 1.4 mg/L

Sodium Absorption Ratio 0.11 meq/L

Saturation Percent 19 % mg/L

Conductivity 0.067 mmhos/cm
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I 1994 WIPP Site Environmental Report

SAPL NAYSSBY PARAMETER REMSULTS UNIT

LOCATION____ ___

TS-SEI Chloride 7 mg/kg

Terrestrial Surface
Non-Radiological pH 6.5 pH

South East 1 Calcium, total 6.4 mg/L
(continued)_ 

_ _ _ _

Potassium, total 17 mg/L

Magnesium. total 2.9 mg/L

-Sodium, total 0.9 mg/L

Sodium Absorption Ratio 0.07 meq/L

Sanitation Percent 19 % mg/L

Conductivity 0.11 mmhoslcm

Chloride < 6 mg/kg

PH 7.6 pH

Calcium, total 10 mg/L

Potassium, total I11 mg/L

0Magnesium. total -2.7 mg/L

Sodium, total 0.8 mg/L

Sodium Absorption Ratio < 0.01 meq/L

Santuation Percent 19 % mg/L

Conductivity 0.10 mmnhos/cm

Chloride 9 mg/kg

PH 7.3 pH

Calcium, total 7.9 mg/L

Potassium, total 17 mg/L

Magnesium. total 2.4 mg/L

Sodium. total 1.6 mgIL

Sodium Absorption Ratio 0.13 meq/L

Saturation Percent 17 % mg/L

conductivity 0.12 mmhoslcm

Chloride 31 mg/kg

pH 7.5 pH

Calcium. total 9.9 mg/L

Potassium, total 15 mg/L

Magnesium. total 3.4 mg/L
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1994 WIPP Site Enirointal Report

SAMPLE ANALYSIS BY PARAMTER RESULTS UNIT
LOCATION_______ ___ ___

TS-SEI Sodium, total 1.1 mg/L
Terresmial Surface
Non-Radiological

South East 1 Sodium Absorption Ratio < 0.01 meq/L
(continued)

TS-ME Saturittion Percent 20 % mg/L
Terrestrial Surface
Non-Radiological Conductivity 0.055 minhas/cin

South East 2 Chloride 8 mg/kg

PH 6.9 PH

Calcium, total 4.8 mg/L

Potassium, total 10 mg[L

Magnesium, total 2.1 mg/l.

Sodium total 1.4 rng/L

Sodium Absorption Ratio 0.13 meq/L

Santation Percent 20 % mg/L

Conductivity 0.063 minhos/cni

Chloride 9 mg/kg

PH 6.1 PH

Calcium, total 11 mg[L

Potassium, total 15 mg/L

Magnesium, total 2.1 mg/L

Sodium, total 1.0 mg/L

Sodium Absorption Ratio 0.07 meq/L

Saturation Percent 18 % mg/L

Conductivity 0.039 minhoslcm

Chloride < 6 mg/kg

PH 6.8 PH

Calcium, total 2.8 mg/l.

Potassium, total 8.9 mg/L

Magnesium, total 1.4 rnglL

Sodium, total 2.0 mg/L

Sodium Absorption Ratio 0.25 meqlL

Saturation Percent 22 % mgIl.
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1994 WIPP Site Environmental Report

SAMPLE ANALYSIS BY PARAMETER RESULTS UNrT
LOCATION

TS-SE2 Conductivity 0.11 mmnhos/cm
Terrestrial Surface
Non-Radiological Chloride 12 mg/kg

South East 2
(continued) PH 6.6 pH

Calcium, total 14 mg/L

Potassium total 12 mg/L

Magnesium. total 2.7 mgIL

Sodium, total 1.0 mgIL

Sodium Absorption Ratio < 0.01 meqfL

Satration Percent 20 % mg/L

Conductivity 0.071 rnmhos/cm

Chloride 49 mg/kg

pH 7.1 pH

Calcium, total 5.9 ing/L

Potassium total 9.1 zng/L

Magnesium, total 1.1 rnglL

Sodium, total 1.6 mg/L

Sodium Absorption Ratio 0.16 meq/L

Saturation Percent 20 % mg/L

Conductivity 0.039 mmhoslcm

Chloride 6 mg/kg

PH 6.9 pH

Calcium, total 2.6 mg/L

Potassium, total 7.4 ong/L

Magnesium. total 1.4 mgIL

Sodium, total 0.9 mgIL

Sodiumn Absorption Ratio 0.11 ieq/L

TS-CT1 Saturation Percent 19 % mgfL

Terrestrial Surface
Non-Radiological Coniductivity 0.052 mnihos/cin

ControlI 1Chloride 17 mg/kg

PH 6.4 PH

Calcium. total 3.0 mgIL

Potassim, total 9.7 mg/L
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1994 WJEPP Site Environental Report J

SAAME ANALYSIS BY PARAMETE RESULTS UNIT
LOCATION

TS-CT1 Magnesium. total 2.6 mg/L
Terrestrial Surface
Non-Radiological Sodium, total 1.0 mg/L

(Contrnued) Sodium Absorption Ratio 0.10 rneqlL

Saturation Percent 19 % mg/L

Conductivity 0.030 mmhos/cm

Chloride < 6 mg/kg

pH 6.4 pH

Calcium, total 2.6 IngL

Potassium, total 8.3 mg/L

Magnesium, total 1.4 nig/L

Sodium, total 0.9 mg/L

Sodium Absorption Ratio 0.11 meq/L.

Santation Percent 19 % mg/L

Conductivity 0.046 mrnhos/cm

Chloride <6 mg/kg

pH 6.4 pH

Calcium, total 3.9 mgIl

Potassium, total 13 mg/L

Magnesium. total 1.8 mg/L

Sodium total 1.5 mgIL

Sodium Absorption Ratio 0.16 meq/L

StrtoPe19 %nigfl.

Cnutvy0.038 mbhos/cm

Choie<6 mg/kg

pH6.3 pH

Calcium, total 3.6 m/

Potassium, total 10 mg/L~

Magnesium, total 1.7 mg/l.

Sodium. total 1.2 rng/l.

Sodium Absorption Ratio 0.13 meq/L

Santation Percent 18 % mg/l.

Conductivity 0.041 mmhos/cm
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1994 WIPP Site Environmenta Report

SAMPLE ANALYSIS BY PARAMETER RESULTS U~ffT
LOCATIN

TS-CT1 Chloride < 6 mg/kg

Terrestrial Surface
Non-Radiological PH 6.5 PH

Control 1
(continued) Calcium, total < 2.5 mg/L

Potassium total 7.9 mg/L

Magnesium, total 1.0 mg/L

Sodium, total 1.2 mg/L

Sodium Absorption Ratio 0.26 meq/L

Satration Percent 20 % mg/L

Conductivity 0.052 mxnhos/cm

Chloride 7 mg/kg

pH 6.5 pH

Calcium, total 4.2 mg/L

Potassium, Uted 10 mg/L

Magnesium. total 1.5 mng/l.

Sodium, toedl 1.4 mg/L

Sodium Absorption Ratio 0.15 meq/L

TS-CT Sanitation Percent 17 % mgfL

Terrestrial Surface
Non-Radiological Conductivity 0.043 mmbos/cm

Control 2 Chloride 17 mg/kg

pH 7.1 pH

Calcium. total 3.0 mg/L

Potassium, toedl 8.8 mg/L

Magnesium. toedl 2.5 mg/L

Sodium. toedl 0.7 mg/L

Sodium Absorption Ratio < 0.01 meq/L

Saturation Percent 19 % mg/L

Conductivity 0.032 mmhos/cm

Chloride 11 mg/kg

pH 7.3 pH

Calcium, total 2.5 mg/L

Potassium, total 8.5 mgIL

Magnesium. toedl 1.9 mg/L
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IF- 1994 WJEPP Site Environmenetal Report

SANMPL ANALYSIS BY PARAMETER RJESULTS UNIT
LOCATION____ ___

TS-CT2 Sodium, total 0.8 mg/L
Terrestrial Surface
Non-Radiological Sodium Absorption Ratio < 0.01 meq/L

Control 2 Strto ecn 8%m/
(continued) Snito ecn 8%m/

Conductivity 0.041 mmhos/cm

Chloride 8 mg/kg

pH 7.2 pH

Calcium. total 3.8 mg/L

Potassium, total 8.0 mg/L

Magnesium. total 2.0 mg/L

Sodium. total 0.8 mg/L

Sodium Absorption Ratio < 0.01 uieq/L

Saturation Percent 22 % mg/L

conductivity 0.075 rnmhos/cm

Chloride 9 mg/kg

pH 7.1 pH

Calcium. total 9.5 mg/l.

Potassium. total 11 mg/L

Magneium total 2.2 rng/l.

Sodium, total 0.7 mg/L

Sodium Absorption Ratio < 0.01 mcqlL

Saturation Percent 18 % rng/L

Conductivity 0.045 mmhoslcm

Chloride 9 mg/kg

pH 6.8 pH

Calcium. total 2.7 rnglL

Potassium. total 8.5 mg/l.

Magnesium total 0.7 rng/L

Sodium. total 0.8 mg/L

Sodium Absorption Ratio 0.11 rneqlL

Saturation Percent 19 % mgIl.

Conductivity 0.056 mmhos/cm

Chloride 11 mg/kg
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1994 WIPP Site Environental Report

SAMPLE ANALYSIS BY PARAhME RESULTS UNrT

LO)CATION ____________

TS-C77 pH 7.2 pH

Terrestrial Surface
Non-Radiological Calcium, total 5.0 nig/L

Control 2
(otiue) Potassium, total 10 mg/L

Magniesiuim, total 2.3 mg/L

Sodium, total 0.8 mg/l

Sodium Absorption Ratio < 0.01 meq/L

TS-WEI Santation Percent 17 % mgIL

Terrestria Surface
Non-Radiological Conductivity 0.056 mnilos/cm

WiP as 1Chloride 8 mg/kg

PH 7.4 pH

Calcium, total 3.9 mg/L

Potassium total 7.9 mg/L

Magnesium, total 2.1 mgIL

Sodium. total 1.2 mg/L

Sodium Absorption Ratio 0.12 meqlL

Saturation Percent 19 % mg/L

Conductivity 0.060 mmhoslcm

Chloride 8 mg/kg

pH 7.2 pH

Calcium, total 3.4 rng/L

Potassium, total 6.1 ing[L

Magwim, otal1.2mg/1L

Sduttl1.6 mg/L

Sodium Absorption Ratio 0.19 meq/L

Santration Percent 19 % mg/L

Conductivity 0.061 mmhos/cm

Chloride < 6 mg/kg

pH 7.1 pH

Calcium, total 3.6 mg/L

Potassium, total 8.5 mg/L

Magnesium. total 1.6 mg/L

Sodium, total 1.3 mg/L
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SAM]PLE ANALYSIS BY PARAMETEER RESULTS UNIT
LOCATION__________ ____ ___

TS-WEl Sodium Absorption Ratio 0.14 meq/L
Terrestrial Surface
Non-Radiological Saturmtion Percent 18 % mg/L

WIPP East 1 odciiy0.4 ohsc
(continued)Couciiy009mhsm

Chloride < 6 mg/kg

pH 7.2 pH

Calcium, total 3.1 mg/L

Potassiumn, total 7.0 mgIL

Magnesium. total 2.0 mg/L

Sodium, total 1.0 mg/L

Sodium Absorption Ratio 0.11 meqlL

Satnuton Percent 21 % mg/L

Conductivity 0.087 mmhos/cm

Chloride 9 mg/kg

pH 6.8 pH

Calcium. total 9.3 mg/L

Potassium. total 14 mgIL

Magnesimm. total 2.5 mgIL

Sodium. total 1.2 mg/L

Sodium Absorption Ratio < 0.01 meq/L

Saturtion Percn 20 % mg/L

Conductivity 0.071 mmhos/cm

Chloride 7 mg/kg

pH 7.1 pH

Calcium. total 6.8 mg/L

Potassium, total 10 mg/L

Magnesium. total 2.5 mg/L

Sodium, total 0.8 mg/L

Sodium Absorption Ratio < 0.01 meqlL
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CONDUCTED FROM 1983 THROUGH 1987
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ABSTRACT

The Waste Isolation Pilot Plant (WIPP) is being constructed at a depth of650 m in bedded halites of the Salado Formation. The geologic setting ofthe IJIPP site has been active for at least 250 million years, and ispresently responding to the end of the last pluvial period, within the10,000-year time scale of regulatory interest. Both construction of theIJIPP facility and WIPP site -characterization activities impose additional
transient effects, some of which will last until the hydrologic and
structural closure of the facility.

The Bell Canyon Formation beneath the WIPP facility contains shales,
siltstones, and sandstones. Studies suggest that no channel sandstone ispresent in the Boll Canyon beneath the WIPP site. Fluid movement would bedownward if drilling interconnected the Bell Canyon with the Rustler
Formation, the first water-bearing zone above the IJIPP facility.

The Salado and Castile Formations contain abundant bedded halites andanhydrites, and deform in response to gravity. Fluids play a major role inthis deformation, although the regional permeabilities of both units areextremely low. Pressurized brines may be present within the Castile
Formation 200 m or more beneath the WIP? waste -emplacement panels. The
hydrologic and structural characteristics of the Salado change within an

Is altered zone extending a few meters from the WIPP underground workings.



The permeability within this altered zone is enhanced, and deformation

includes local opening of preexisting fractures in anhydrite and formation

of new fractures in halite. Within a few meters of the facility the Salado

characteristics become those of the far field, in which permeability is

extremely low and deformation is dominated by creep. Brine seepage into

the WIPP facility is extremely slow, and involves transient behavior

resulting from the combined effects of deformation, low permeability, and

ventilation.

At the WIF? site, the hydrology and geochemistry of the Rustler Formation

and younger units overlying the Salado are dominated by confined flow

within the Culebra dolomite. Rustler karst is.-not present at the WIPP

site, but is present in and near Nash Draw. The combination of modern

heads and transmis s ivities of units other than the Cul.ebra indicates the

potential for limited vertical flow within the Rustler, and from 
the Salado

into the Rustler, but is not consistent with infiltration of water 
from the

surface to the Rustler carbonates at the IJIPP site. Isotopic studies

indicate that surficial water was required for formation of secondary

gyp sum veins within the Dewey Lake Red Beds overlying the Rustler. The

distribution of hydrochemical facies in Culebra groundwaters and the

results of stable-isotope, radiocarbon, and uranium- disequilibrium studies

are all consistent with the interpretation that there is no modern 
recharge

to the Rustler at the WIPP site, and that a change of flow directions in

the Culebra dolomite has occurred over approximately the last 10,000 years.

The transmissivity of the Culebra dolomite varies by approximately 
6 orders

of magnitude at and near the WIPP site. The transmissivity in the central

portion of the site, including the locati'mns of all four WIPP shafts, is

low (less than 10-6 p2/s). Higher Culebra transmissivities are found

south, northwest, and west of the site, especially in Nash Draw.

Fracturing within the Culebra affects local hydrology and contaminant

transport, but is not significant in regional-scale behavior at and near

the site, at least so long as the present distribution of head potentials

is not significantly disturbed.



SUMMARY

The Waste Isolation Pilot Plant (tJIPP) , which is designed for receipt,
handling, storage, and permanent isolation of defense-generated transuranic
wastes, is being excavated at a depth of approximately 655 m in bedded
halites of the Permian Salado Formation of southeastern New Mexico. Site-
characterization activities at the present tJIPP site began in 1976. Full
construction of the facility began in 1983, after completion of "Site and
Preliminary Design Validation" (SPDV) activities and reporting. Site-
characterization activities since 1983 have had the objectives of updating
or refining the overall conceptual model of the geologic, hydrologic, and
structural behavior of the WIPP site and providing data adequate for use in
WIPP performance assessment.

This report has four main objectives:

1. Summarize the results of WIPP site-characterization studies carried
out since the spring of 1983 as a result of specific agreements between
the U.S. Department of Energy and the State of New Mexico.

2. Summarize the results and status of site -characterization and
f acility- characterization studies carried out since 1983, but not
specifically included in mandated agreements.

3. Compile the results of WIPP site -characterization studies into an
internally consistent conceptual model for the geologic, hydrologic,
geochemical, and structural behavior of the WIPP site. This model
includes some consideration of the effects of the IJIPP facility and
shafts on the local characteristics of the Salado and Rustler
Formations.

4. Discuss the present limitations and/or uncertainties in the
conceptual geologic model of the WIPP site and facility.

The objectives of this report are limited in scope, and do not include
determination of whether or not the WIPP Project will comply with
repository-performance criteria developed by the U.S. Environmental
Protection Agency (40CFR191D. When combined, the results of recent and
previous geologic studies of the WIPP site form a conceptual model,
summarized below. The model presented is limited to aspects relevant to
WIPP site characterization and, ultimately, performance assessment.

The overall geologic and hydrologic setting of the WIPP site area has been
transient (not steady-state) since before the beginning of deposition of
the 4Bell Canyon Formation, approximately 250 million years ago, and will
continue to be transient after effective closure of the WIPP facility.
Some events, such as crystallization of secondary minerals within the
Salado Formation approximately 200 million years ago and formation of the
Mescalero caliche 400,000 to 500,000 years ago, have taken place on a very
long time scale relative to WIPP performance assessment, which must
consider only a 10,000-year time frame. Two types of transient response



have occurred or are occurring at and near the IJIPP site within the 10,000-
year time frame of regulatory interest. These are: a) the continuing
natural response of the geologic and hydrologic systems to the end of the
last pluvial period (period of decreased temperatures and increased
precipitation) in southeast New Mexico; and b) the continuing responses to
hydrologic, geochemical, and structural transients resulting from WIFF site
characterization and facility construction. The transient responses
induced by the presence of the WIP? underground workings will continue
until reequilibration following effective structural and hydrologic closure
of the facility.

The Bell Canyon Formation, consisting largely of shales, siltstones, and
sandstones, contains the first relatively continuous water-bearing zone
beneath the WIP? facility. In some pa-:s of the northern Delaware Basin,
the unit contains permeable channe.. sandstones that are targets for
hydrocarbon exploration. Recent studies suggest that the upper Bell Canyon
at the WIPP site does not contain any major channel sandstone. This
decreases the probability of the Bell Canyon serving as a source of fluids
for dissolution of overlying evaporites at the WIPP. These same studies
indicate that the final direction of fluid flow following interconnection
of the Bell Canyon, Salado, and Rustler Formations within a drillhole would
be downward into the Bell Canyon, after accounting for density increases in
the fluids due to dissolution of halite within the Salado. It is assumed
here that the measured hydrologic characteristics of the Bell Canyon
Formation are more significant to WIPP performance assessment than those of
underlying units. The head distribution within the upper Bell Canyon near
the WIP site indicates flow towards the northeast.

Both regional studies and studies within the WIPP facility indicate that
the Castile and Salado Formations, both of which are made up predominantly
of layered anhydrites and halites, should be considered as low-permeability
units that deform regionally in response to gravity. In general,
permeabilities and fluid-flow rates in both units are very low and are
insensitive to stratigraphy. Formation permeabilities in the Castile and
Salado Formations remote from the WIPP excavations are generally less than
0.1 microdarcy, and the regional water content of Salado halites is up to 2
weight percent. Exceptions include local brine occurrences in Castile
anhydrites and gas occurrences in the Salado Formation, both of which are
fracture -controlled, can be large in volume, and can be under pressures
high enough to cause fluid flow to the surface. No major gas occurrence
within the Salado Formation has been encountered at the WIPP site. In
fact, where it has been possible to measure far-field brine pressures
within the Salado, the pressures, permeabilities, and available brine
volumes combine to indicate the potential for only very limited fluid flow
upwards into4 the overlying Rustler Formation. It is not certain that the
Castile and Salado Formations are hydrologically saturated regionally.

Pressurized Castile brines have been encountered in Castile anhydrite in
hole WIPP-12, approximately 1.5 km north of the cente-r of the WIPP site.
Geophysical studies indicate that Castile brines may be present beneath a
portion of the WI?? waste -emplacement panels, consistent with earlier
assumptions. These brines are stratigraphically 200 m or more below the
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WIPP facility horizon and are not of concern except in the case of human-
intrusion breach of the facility.

In the western part of the Delaware Basin, extensive halite dissolution has

apparently taken place in both the Castile and Salado Formations. However,
much of the variability in structure and internal stratigraphic thicknesses

within the Castile and Salado Formations results from deformation and
original depositional variability, rather than from evaporite dissolution.
Regional or far-field deformation of the Castile and Salado Formations
involves pressure solution as a major mechanism, due to the presence of
intergranular fluids, but occurs too slowly to be of future concern to the
WIPP Project. Structures within hole DOE-2 result from deformation rather
than dissolution.

The hydrologic and structural characteristics of the Salado Formation in
the disturbed zone generated by the presence of the WIPP facility are
different than those in the far field. Formation permeability within a
couple of meters of the underground workings at the facility horizon
increases significantly. Near-field deformation of the Salado Formation
involves both the opening of preexisting fractures in anhydrite beneath the
facility horizon (Marker Bed 139) and generation of new fractures in
halite. Fluid contents in the disturbed zone at the facility horizon
decrease in response to facility ventilation and/or deformation. Within a
few meters of the underground workings, both hydrologic and structural
behavior of the Salado Formation become essentially those of the far field.
Brine seepage into the IJIPP facility includes a significant transient
phase, which will probably last until effective facility closure. The
results of preliminary hydrologic testing in the Salado Formation adjacent
to the IJIPP air-intake shaft indicate extremely low permeabilities, with no
apparent stratigraphic variability. The results also indicate that
development of a disturbed zone around the WIPF shafts is less extensive
than at the facility horizon. The extent, characteristics, and importance
of the disturbed-rock zones around the WIPP shafts and at the facility
horizon remain to be determined in detail.

At and near the WIPP site, the Rustler Formation should be considered as a
layered unit of anhydrites, siltstones, and halites, containing a thin and
variably fractured carbonate unit, -the Culebra dolomite. The Culebra
dolomite is the first continuous water-bearing unit above the WIPP facility
and, at the WIP? site, is at least an order of magnitude more permeable
than other members of the Rustler Formation, including the Magenta
dolomite. The transmissivities of Rustler anhydrites at the WIPP site are
too low to measure. As a result, the Culebra dominates fluid flow within
the Rustler Formation at the WIPP site and is the most significant pathway
to th~e accessible environment from the IJIPP facility, except for direct
breach to the surface by human intrusion. The transmissivity of the
Culebra varies by approximately six orders of magnitude in the region
containing the WIP? site. The Culebra transaissivity in the central
portion of the site, including the locations of all four tJIPP shafts, is
low. Higher Culebra transmissivities are found in areas southeast and
northwest of the central part of the site. Fluid flow rates within the
Culebra are very low at the site center and in regions to the east, but
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relatively high within Nash Draw. Modern flow in the Culebra is confined
and largely north-south in the area of the WIPP site.

Fluid flow and geochemistry within the Culebra dolomite and shallower units
are in continuing transient response to the marked decrease or cessation of
local recharge at approximately the end of the last pluvial period. Both
bulk chemistry and isotopic relations within Culebra fluids are
inconsistent with modern flow directions if steady-state confined flow is
assumed. Because of the relative head potentials within the Rustler
Formation at and near the WIPP site, there must be a small amount of
vertical fluid flow between its members, even though the permeabilities of
Rustler members other than 7he Culebra dolomite are quite low. Where
measured successfully, the modern head potentials within the Rustler
prevent fluid flow from the surface downward into the Rustler carbonates.
These results do not prohibit either the modern movement of fluids from the
underlying Salado Formation upwards into the Rustler Formation or the
downward movement of Dewey Lake waters into the Rustler Formation during or
even after the cessation of local recharge at the end of the last pluvial
period. They do, however, suggest that recharge from the surface to the
Rustler Formation is not now occurring at the WIPP site. The results of
stable-isotope, radiocarbon, and uranium- disequilibrium studies are also
consistent with the interpretation that there is no measurable modern
recharge to the Culebra dolomite from the surface at and near the WI??
site. The transient hydrologic response of the Rustler Formation to the
end of the last pluvial period has involved at least some change in flow
directions in the Culebra dolomite. Although the modern flow is largely
north-south, the results of uranium- disequil ibrium studies suggest that
flow was more easterly during previous recharge.

Within and near Nash Draw, evaporite karst is operative within the Rustler,
as evidenced by the continuing development of small caves and sinkholes in
near-surface anhydrites and gypsums of the Forty-niner and Tamarisk
Members. There is no evidence of karstic hydrology in the Rustler at and
near the WIFF site. However fracturing of some portions of the Culebra
dolomite is sufficient at the site to strongly affect both hydraulic and
transport behavior on the hydropad scale, i.e., over distances of approxi-
mately 30 m. Interpretation of inultipad interference tests conducted both
north and south of the center of the WIP? site indicates that this fractur-
ing need not be incorporated into numerical modeling of the regional-scale
hydraulic behavior of the Culebra east of Nash Draw. Similarly, detailed
transport calculations indicate that effects due to fracturing are not
significant in regional-scale transport within the Culebra dolomite at and
near the WI?? site, at least as long as the modern head distribution is not
significantly disturbed and the calculated flow directions and transport
properties.,are representative.

The Dewey Lake Red Beds overlying the Rustler Formation consist largely of
siltstones and claystones, with subordinate sandstones. In tested
locations, the Dewey Lake may be hydrologically unsaturated, but is too low
in permeability for successful hydrologic testing. South of the WIP? site,
near an area where the unit may be receiving modern recharge, sandstones
within the Dewey Lake locally produce potable water. In general, water
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levels within the Dewey Lake Red Beds, like those in the underlying Rustler
Formation, must be in transient response to the end of the last pluvial0period. isotopic relations suggest that surficial waters have been
involved in the formation of secondary gypsum veins- within the Dewey Lake,
but that the Dewey Lake and Rustler hydrologic systems are largely
separate.

The major near-surface units at the IJIPP site are the Gatuna Formation and
Mescalero caliche. The sandstones and stream-channel conglomerates within
the Gatuna indicate that major changes in local climate have occurred over
(at least) the last 600,000 years. The widespread preservation of the
Mescalero caliche indicates not only the relative structural stability of
the Livingston Ridge surface (on which the WIPP surface facilities are
sited) over the last 400,000 years, but also that infiltration over this
same time period has not been sufficient to dissolve a layer of carbonate I
to 2 m thick.
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SUMMARY OF SITE-CHARACTERIZATION STUDIES CONDUCTED
FROM 1983 THROUGH 1987 AT THE WASTE ISOLATION

PILOT PLANT (WIPP) SITE. SOUTHE.ASTERN NEW MEXICO

1.0 INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico (Figure
1.1) is designed for the receipt, handling, storage, and disposal of
defense -generated transuranic (TRU) wastes. The WIP? underground
facilities are currently being constructed at a depth of approximately 655
m in bedded halites in the lover portion of the Salado Formation (Table
1.1). First receipt of waste is scheduled for October 1988.

WIFF site -characterization activities began in 1976 with the drilling of
hole ERDA-9 near the center of the site (Sandia National Laboratories and
United States Geologic Survey, 1983) (Figure 1.2). As used here, the term
"WIPP site" specifically refers to the sixteen square miles of T22S, R31E
contained within WIFF Zone 3 and shown in Figure 1.2. This terminology is
used for internal consistency within the report. Construction of the WIPP
facility and monitoring of its underground structural and hydrologic
behavior began in 1981, with construction of two shafts and limited
underground workings.

WIPP site -characterization and f acility- characterization studies through
March 1983 are documented in several reports, including: 1) the WIPP
Geologic Characterization Report (Powers et al., 1978); 2) the WIPP Final
Environmental Impact Statement (FEIS) (U.S. Department of Energy, 1980);
and 3) both summary and topical reports completed as part of the WIPP Site
and Preliminary Design Validation (SPDV) effort (e.g., Beauheim et al.,
1983a; Borns et al. , 1983; Lambert, 1983; Popielak et al. , 1983;. Weart,
1983; Wood et al., 1982).

After the SPDV studies were completed and documented, the U.S. Department
of Energy and the State of New Mexico agreed to several additional site-
characterization activities, which, with one exception, were scheduled for
completion by January 1988. The specific studies are described in
Appendices I and II to the *Agreement for Consultation and Cooperation
Between [the U.S.] Department of Energy and the State of New Mexico on the
Waste Isolation Pilot Plant" (1981), and are referred to here as "C&C
studies. Some non-C&C studies, such as a major regional-scale
interference test of the Culebra dolomite, have also been carried out since
1983. A reactive-tracer experiment in the Culebra dolomite, originally a
C&C study, was deleted during 1987, by agreement between DOE and the State
of 4New Mexico. Studies agreed to in lieu of the reactive-tracer experiment
should, with a few exceptions, be completed and reported by approximately
December 1988.

Thus, formal WIFF site -characterization activities will end approximately
December 1988. However, understanding of the geologic, hydrologic, and
geochemical behavior of the WIPP facility (and site) will continue to
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Table 1.1: Generalized stratigraphic column of the Delaware Mountain Group
and younger sedimentary rocks at and near the WIPP site.
Figure 2-1 of Beauheim (1987c).
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develop after that time. Ceotechnical work in and near the WJIPP facility
will extend into the period of operational demonstration, especially to
complete characterization of the hydrologically and structurally disturbed
zones around the underground workings and access shafts, in direct support
of WIPP performance assessment. Data collected during these studies must

support a full evaluation of expected facility performance against criteria
developed by the U.S. Environmental Protection Agency (4OCFRl9l) in their
present or revised form. The structural, hydrologic, and nuclide-
containment behavior of the WIPP facility, including potential far-field
paths of nuclide release to the accessible environment, will be monitored
throughout the WIFF operational period.

1.1 Report Objectives

This report has four main objectives. These are to:

1. Summarize the results of C&C studies carried out since the Spring
of 1983.

2. Summarize the results and/or status of site -characterization and
f acility- characterization studies carried out since 1983 but not
mandated by the C&C Agreement.

3. Compile the results of WIPP site -characterization studies into an
internally consistent conceptual model for the geologic, hydrologic,
geochemical, and structural behavior of the WIFF site. This model
includes preliminary consideration of the local effects of the WIPP
facility and shafts on the Salado and Rustler Formations.

4. Discuss the present limitations and/or uncertainties in the
conceptual geologic model of the WIPP site and facility.

The objectives of the report are limited in scope an d do not include
determination of whether or not the WIPP Project will comply with
repository-performance criteria developed by the U.S. Environmental
Protection Agency (4CR9) Whether or not the WIPP will comply with
40CFR191 must be demonstrated by the WIPP performance -assessment activity
within five years following first emplacement of waste. The objective of
this report is to develop as complete a conceptual model as possible for
use in the required performance assessment.

1.2 Structure of Report

The remaining parts of this section (1.0) contain:

1. A general discussion of the stratigraphic setting and variability
of sedimentary rocks within the northern Delaware Basin that have been
of interest during WIPP site characterization (Section 1.3).
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2. A general discussion of the technical issues of interest in WIPP
site (and facility) characterization (Section 1.4). Emphasis in this
discussion is on technical areas of site characterization which have
been actively pursued since 1983.

The sections making up the body of the report (2.0 through 4.0) are
generally ordered in stratigraphically upward sequence. This structure is
a matter of convenience, and is not intended to imply relative priorities
of the different issues and units discussed.

Within each technical section, recent studies in the formation(s) of
interest are discussed in relation to the topics or issues outlined in
Section 1.4. The final section of the report, Section 5.0, attempts to
compile the results of the three preceding sections into an internally
consistent conceptual model for the geologic, hydrologic, structural, and
geochemical behavior of the WIPP site.

1.3 General Stratieraohic Settinz of the WIPP Site and Facility

As shown in Figure 1.1, the tJIPP site is located in southeastern New
Mexico, in the northern portion of the Delaware Basin. The generalized
stratigraphy in the vicinity of the WIPP is summarized in Table 1.1.
Regional stratigraphic relationships and characteristics are discussed in
detail in Powers et al. (1978).

The Delaware Basin became a distinct structure by the late Pennsylvanian
Period to early Permian Period, approximately 280 million years ago.
Approximately 250 million years ago, the reef now represented by the
Capitan limestone began to grow around the margins of the developing basin,
and the sandstones, shales, and carbonates nov making up the Delaware
Mountain Group (DMG) were deposited within the basin. Most of the Capitan
limestone is relatively massive. Some portions of the unit are hydrologi-
cally active and support local karst hydrology, including the formation of
large cavities such as Carlsbad Caverns. The Delaware Mountain Group,
which is limited to the basin, contains three major subdivisions, the
Brushy Canyon, Cherry Canyon, and Bell Canyon Formations (in ascending
stratigraphic order). Only the Bell Canyon Formation is considered here,
as it is the first regionally continuous water-bearing formation beneath
the WIPP facility. The hydraulic behavior of the Bell Canyon Formation is
assumed to be more significant than that of any underlying units in WJIPP
breach scenarios.

The Bell Canyon Formation is divided into five informal members, the Hays
sandstone,' OILds sandstone, Ford shale, Ramsey sandstone, and Lamar
limestone (in ascending stratigraphic order).. The individual members vary
in thickness and lithology. As shown in Figure 1.3, the upper Bell Canyon
sandstones tend to be elongated and laterally discontinuous, in the nature
of "channel sands.* Individual sands are separated laterally by strati-
graphically equivalent siltstones and/or shales. Near the WIPP site, the
Bell Canyon Formation consists of a layered sequence of sandstones, shales/
siltstones, and limestone 300 m or more in thickness (Powers et al., 1978).
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Figure 1.3: Lateral distribution and thicknesses of channel sands in the
informal Ramsey member of the Bell Canyon Formation in the
northern Delaware Basin, including holes DOE-2 and Cabin
Baby-I. Simplified from Figure 2-2 of Davies (1983).
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Wjithin the northern Delaware Basin, the sandstones and shales of the Bell
Canyon Formation are overlain by the thick-bedded sequence of anhydrites
and halites of the Castile Formation. also of Permian age. As shown in
Table 1.1, the Castile Formation near the WIPP site normally contains three
relatively thick anhydrite/carbonate units and two thick halites. Both
anhydrites and halites contain abundant anhydrite and/or carbonate laminae,
may be strongly deformed internally, and are variable in local thickness.
The thickness of the Castile Formation near the WIPP site is approximately
400 m.

The Salado Formation, of Late Permian (Ochoan) age, is 530 to 610 m thick
at and near the WIPP site, and is generally bedded on a scale of 0.1 m to
1 m. It contains 45 numbered "anhydrite"m marker beds of variable thickness
(MBl0l through MB145 with increasing depth). Between marker beds, the
Salado consists of layered halites of varying purity and accessory
mineralogy; anhydrite (CaSO4), clays, and polyhalite (K2 MgCa 2 (S0 4 ) 4 -2H2 0)
are dominant accessory minerals. The WIPP facility horizon is between
M3B138 and MB139.

The Salado Formation is overlain by the Rustler Formation, also of Ochoan
age. As shown in Table 1.2, the Rustler contains five members. Two, the
Magenta and Culebra dolomites, are somewhat variable gypsiferous dolomites.
The Culebra and Magenta dolomites vary mainly in the concentration of
fractures and the local occurrence of silty zones. The other three members
of the Rustler (unnamed lower member, Tamarisk Member, and Forty-niner
Member in upward succession) consist of varying proportions of anhydrite,
siltstone/claystone, and halite. The major mineralogical variability
within the Rustler Formation as a whole is in the degree of alteration of
anhydrite to gypsum and the presence or absence of halite, both generally
interpreted to result from evaporite dissolution. Some of this
variability, however, may reflect original depositional patterns. The
Rustler ranges from 83 m to 130 m in thickness at the WIPP site, depending
on the extent of evaporite dissolution arnd/or depositional variability.

The Culebra dolomite is the first laterally continuous unit above the WIPP
facility to display significant permeability. Barring direct breach to the
surface, the Culebra dolomite provides the most direct pathway between the
WIFF facility and the accessible environment. The hydrology and fluid
geochemistry of the Culebra dolomite are quite complex. The unit displays
wide ranges in hydraulic properties, local flow and transport mechanisms,
and geochemistry. As a result of these factors, the Culebra has received a
great deal of study in WIP? site characterization, both before and since
1983.

The Rustler Formation at the 111FF is overlain by the Dewey Lake Red Beds
(the uppermost unit of the Ochoan Series) consisting largely of siltstones
and claystones, with subordinate sandstones. The unit is approximately 30
m to 170 m thick at and near the WIP? site, varying at least in part due to
post -depositional erosion. Where relatively thick and hydraulically
unsaturated, the Dewey Lake Red Beds form a low-permeability buffer zone
between the surface and relatively soluble carbonates and/or sulfates in
the underlying Rustler Formation. In some areas, however, the unit is
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thinned by local erosion and/or is hydraulically saturated. Wh e re
sufficiently thin, the Dewey Lake may not present an effective barrier zo
vertical fluid movement from the surface into the Rustler, depending on the
local fluid pressures within and above the Rustler Formation. Vh e re
saturated, the Dewey Lake may, in some areas, serve as a source of f luids
to the underlying Rustler Formation. The depositional age of the Castile,
Salado, and Rustler Formations, as well as the Dewey Lake Red Beds, ranges
approximately from 245 million to 230 million years. Over approximately
the eastern half of the WIPF site, the Dewey Lake Red Beds are overlain by
the (undivided) Dockum, Group of sandstones and shales of Triassic age.

Table 1.2: Generalized stratigraphy of the Rustler Formation at and near
the IJIPP site. Adapted from Snyder (1985).

Approximate Generalized Character i.n
Age Member Thickness (mn) "U~naltered" Sections

Permian/ Forty-Niner 45+ Anhydrite
Ochoan Halite and Siltstone

Anhydrite

Magenta 6-9 Thinly Laminated Gypsiferous
Dolomite Dolomite; Local Anhydrite

Tamarisk 65± Anhydrite
Halite and Siltstone
Anhydrite

Culebra 6-10 Finely Crystalline, Vuggy,
Dolomite Gypsiferous Dolomite; Local

Siltstone

Unnamed 44 Alternating Halite, Siltstone,
Anhydri te
Laminated Siltstone

The shallowest and youngest stratigraphic units at the WIPP site proper,
except for recent surficial sands, are the Gatuna. Formation, the Mescalero,
caI~icho, and the Berino soil. The Gatuna Formation, the upper part of
which is approximately 600,000 years in age, consists of siltstones, sands,
and stream-laid conglomerates, deposited in a wetter climate than is now
present in southeast New Mexico. The Mescalero caliche, 410,000 to 510,000
years in age, is relatively continuous in the vicinity of the WIPP site and
supports the Livingston Ridge surface on which the site is located (Figure
1.1). The Berino soil, approximately 250,000 years old, is a thin horizon,
and is much less widespread than either the Gatuna or the Mescalero.
Together, the Gatuna Formation, Mescalero caliche, and Berino soil indicate
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some of the variability of the climate in southeastern New Mexico over the
last 600,000 years and the relative structural stability of the Livingston
Ridge surface over the last 400,000 to 500,000 years.

Localized gypsite-spring deposits, approximately 25,000 years in age, occur
along the eastern flank of Nash Draw, but are not currently active. Around
the northwest margin of the Delaware Basin, packrat middens indicate that
the climate approximately 10,500 years ago was significantly wetter than
that at present. The recent surficial windblown sands at and near the WIPP
site are almost all stabilized by vegetation. South of the site, however,
there is an area in which surficial dunes appear to be active. It is from
these dunes that the area has derived its name, "Los Medanos."

1.4 Technical Issues of Interest in WJ!PP Site and Facility
Characterization

This section contains brief discussions of several technical issues of
general interest in site characterization of the WIPP, including some
consideration of the IJIPP facility itself. The most general issues are
discussed first. After that, the approach is generally stratigraphic, in
parallel with the structure of the report as a whole. Detailed referencing
of individual technical studies is not included here, but is included in
Sections 2.0 through 4.0, where appropriate.

1.4.1 Transient Versus Steady-State Geologic. Hvdroloiric. -and Geochemical
Settinz of the IJIPP

In order for the expected behavior of the IJIPP facility to be evaluated
against the EPA's repository-performance guidelines (40CFR191), it must be
demonstrated that the structural, hydrologic, geochemical, and transport
behavior of the WIPP facility and environs are adequately understood to
provide satisfactory predictions over at least the 10,000-year time frame
of regulatory interest. 'Structural behavior," as the term is used here,
includes both far-field and near-field mechanical deformation of
stratigraphic units. Far-field structural behavior is behavior independent
of the presence of the IJIPP facility, especially the underground workings.
Near-field behavior is the behavior of the portions of the Salado and
Rustler Formations that have been disturbed by the presence of the WIPF
facility. "Hydrologic behavior" includes description of the distribution
of hydrologic properties, fluid pressures, and directions of fluid flow.
As the term is used here, however, it does not include investigation of
chemical equilibrium between fluid and rock. "Geochemical behavior"
includes both~ bulk chemistry and isotopic relations resulting from rock-
water interaction, but is largely limited to consideration of natural
chemical transport and reactions between rocks and fluids, independent of
waste. "Transport behavior" includes consideration of the mechanisms of
contaminant transport in Rustler groundvaters and the relative importance
of different transport mechanism; it does not include consideration of any
specific radionuclides that will or will not be a part of the WIPP
radionuclide inventory.

10



Two basic assumptions are possible concerning the overall geologic setting

of the WIP? site. The simplest assumption, implicitly made in the WIP?

FEIS (U.S. Department of Energy, 1980), is that the entire geologic system

at the WIPP is at steady state on the time scale of regulatory interest.

Under this assumption, the geology, hydrology, and geochemistry of the WIP?

site should be constant with (or independent of) rime for at least the

period of regulatory concern to waste isolation.

However, the overall geologic and hydrologic settings of the WI?? site have

been transient (not steady-state) since before the beginning of deposition

of the Bell Canyon Formation, approximately 250 million years ago, and will

continue to be transient long after effective closure of the WIPP facility.

Some events, such as crystallization of secondary minerals within the

Salado Formation approximately 200 million years ago and formation of the

Mescalero caliche 400,000 to 500,000 years ago, have taken place on a very

long time scale. Two types of transient response are occurring at and near

the WI?? site within the 10,000-year time frame of regulatory interest.
These are: a) the continuing natural response of the geologic and

hydrologic systems to the end of the last pluvial period (period of

decreased temperatures and increased precipitation) in southeast New

K4exico; and b) the responses to man-induced hydrologic, geochemical, and

structural transients resulting from site characterization and facility
construction.

Thus, there is abundant evidence that the overall setting and behavior of

the WI?? site are transient on at least three geologic and two human-

induced time scales. The time scales of transient behavior range from at

least tens of millions of years in the cases of secondary mineralization
and fracture formation within the Salado Formation (independent of the WIP?

facility) to tens of years in the case of pressure transients imposed on

the Rustler Formation by shaft construction and hydrologic testing. The

evidence for transient behavior of the WIPP site comes from a broad range

of geologic, hydrologic, geochemical, and structural studies. The WI??

performance- assessment activity will ultimately determine which transient

phenomena are significant to the long-term performance of the WI??

facility.

1.4.2 Dissolution of Evapritic Rocks at and near the WIPP Site

Evaporite dissolution, i.e.,. dissolution or alteration of halite,
anhydrite/gypsum, and/or the sulfatic carbonates of the Rustler, Salado, or

Castile Formations by groundwaters, has been an issue of major interest in

WIPP site characterization. The fundamental reason for this has been the

need 4to evaluate the possibility that, althoughi the Permian evaporites at

the WIPP site have been in existence for approximately 240 million years,

they might be regionally or locally dissolved on the 10,000-year time scale

of regulatory interest. If this occurred, then evaporite dissolution could

play a major role in breach of the WIP? facility, by short-circuiting the

transport of radionuclides from the facility to the accessible environment.

There are four settings in which evaporite dissolution is or has been of

interest in IJIPP site characterization. These include:

11



1. Regional-scale stratabound dissolution of evaporites, especially
halite, within the Castile and Salado Formations. In stratabound
dissolution, fluid movement is predominantly parallel to bedding.
Stratabound dissolution has probably taken place in the western part of

the Delaware Basin, as indicated by the absence of halite from both the

Castile and Salado Formations in Figure 1.4. If stratabound
dissolution within the Castile reached the WIPP site, mechanical
collapse of the overlying Salado Formation would occur, possibly
resulting in direct breach of the facility. If stratabound dissolution

within the Salado reached the WIPP, direct breach of the facility might

result.

The possibility of stratabound dissolution reaching the WIPP site
itself on the 10,000-year time scale of interest was evaluated as part
of site -characterization activities prior to 1983. There is general
agreement that stratabound dissolution of the Castile and/or Salado
Formations will not reach the WIPP facility in the 10,000-year time
frame of interest. In addition, recent interpretations indicate that
much of the variability in the thicknesses of the Castile and Salado
Formations is due to deformation and original depositional variability,
rather than to evaporite dissolution. This should result in slower
estimated dissolution rates.

2. Dissolution of Castile and/or Salado halites by localized upward
intrusion of halite -unsaturated fluids from the upper portion of the
Bell Canyon Formation into the overlying units. If such dissolution
occurred immediately beneath the IJIPP site, the resulting mechanical
subsidence might directly breach the WIPP facility. If this
dissolution mechanism is in fact feasible, the locations at which it
might occur in the future are not predictable with the present
understanding of hydrology in the northern Delaware Basin.

At the WIPP site, one baa inal structure within the Salado Formation was
proposed in 1983 as a possible result of subsidence resulting from
point-source dissolution of Castile and/or Salado halites. This
structure has since been investigated by the drilling, coring, and
hydrologic testing of hole DOE-2 (Figure 1.2). No evidence of
evaporite dissolution was found in hole DOE-2. The DOE-2 structure is
the result of syndepositional and postdepositional deformation of the
Castile and Salado Formations, rather than of evaporite dissolution.
This conclusion, together with earlier studies indicating that the only
proven *breccia pipes' in the northern Delaware Basin result from
dissolution within the Capitan limestone anid occur only directly above
this unit (Snyder and Gard. 1982), indicates that point-source
dissolution of Castile and/or Salado evaporites is not operative either
within tfie main part of the basin or at the WIPP site.

3. Dissolution of halite from within the Rustler Formation by strata-
bound flow. East of the WIPP site, the Rustler Formation contains
abundant halite (salt) in the Forty-niner, Tamarisk, and unnamed
members. West of the WIP? site, for example in Nash Draw, the Rustler
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Formation is totally devoid of halite (Figure 1.5). If Rustler varia-
bility is due to evaporite dissolution and if stratabound dissolution
reached the tJIPP site within 10,000 years, the overburden at the tJIPP
would be significantly reduced, perhaps leading to breach.

The variability within the Rustler Formation has conventionally been
thought to result from regional-scale stratabound evaporite dissolu-
tion, based on the assumption that the distribution of halite was
originally uniform. It has also traditionally been assumed that dis-
solution of Rustler evaporites was a recent phenomenon, linked to the
growth of Nash Draw over the last 600,000 years. These two assumptions
maximize both the total amount of halite dissolved-from the Rustler and
the rate at which this dissolution occurs. There is considerable dis-
agreement concerning the uniformity and ar,.-ant of stratabound evaporite
dissolution within the Rustler Formation. However, even with the two
"1conservative" assumptions outlined above, i.e., assumptions thought to
maximize the potential impact to the WIPP, it does not appear feasible
for the Nash Draw structure to extend to the WIJIF site on the time
scale of regulatory interest.

4. Evaporite dissolution within the Rustler Formation as a result of
vertical fluid flow. This second potential evaporite -dissolution
mechanism involving the Rustler Formation at and near the WIPP site
requires local recharge, from the surface to the Rustler Formation, of
waters 6unsaturated in halite and anhydrite/gypsum. If this vertical
movement of unsaturated fluids occurs to a significant degree, the
resulting local evaporite dissolution within the Rustler might result
in local high-permeability channels or pathways within the Rustler
Formation. The final result of such dissolution would be the
generation of a "karstic" hydrologic system. In such a system, the
hydrology and transport behavior would be dominated by relatively
narrow high-permeability pathways or channels, even though most of the
unit would consist of low- permeability "blocks." The hydrology of at
least part of the Rustler Formation within Nash Draw, where the Rustler
is exposed at the surface, is known to be karstic, and includes the
continuing formation of small caves and sinkholes in anhydrites of the
Forty-niner and Tamarisk Members. Such a hydrologic and transport
system within the Rustler Formation at the WIPP site itself might
provide a means for rapid transport of nuclides from the WIP? facility
to the accessible environment.

A comprehensive approach has been taken to the question of Rustler
karst at the IJIPP site. Field studies have evaluated the surface-
geological evidence for and against significant surface infiltration
and possible development of karstic cavities below. Hydrologic
measurements, including regional-scale pumping tests, have charac-
terized the present distribution of hydraulic properties and relative
head potentials within the Rustler at and near the WIPP. Isotopic
studies have estimated the isolation or residence times of Rustler
waters, estimated the relative importance of vertical and stratabound
fluid flow within the Rustler and Dewey Lake, and evaluated the extent
to which the entire Rustler hydrologic setting is transient.
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Figure 1.5: Generalized halite distribution within the Rustler Formation
at and near the WIFF site. Slighitly modified from Figure 9 of
Chaturvedi and Channell (1985). Zone 1: no halite present
within the Rustler Formation; Zone 2: halite present only
below the Culebra Member; Zone 3: halite present between
Culebra and Magenta Members; Zone 4: halite present above the
Magenta Member.
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The combined results of these studies indicate that vertical recharge

from the surface to the Rustler is not active at the WIPP site. Where

measured successfully, the calculated residence or isolation time of

Rustler groundwaters at the WIPP site is greater than 140, 000 years.
There must have been changes in flow directions within the Culebra

dolomite within the last (approximately) 10,000 years. The isotopic

results do indicate that some vertical fluid flow has taken place,

especially within the Dewey Lake Red Beds. In addition, local

development of karstic channels or porosity within Rustler anhydrites

does appear to have been a consequence of vertical infiltration of

fluids from the surface in the WIPP-33 structure, approximately 1 km

west of the western boundary of Zone 3. However, the WIPP-33 structure

is unique at and near the WIPP site and is not now significantly

active. Regional-scale pumping tests of the Culebra dolomite have not

identified any major or dramatic high-transmissivity structures similar

to those expected if Rustler karst involving the Culebra were present
at the WI?? site.

1.4.3 Directions of Fluid Flow to Be Expected if the Rustler and Bell

Canyon Formations Are Interconnected

In the effort to be "conser-vative," i.e., to not underestimate the impact

of breaches of the WI?? facility, it was assumed in the VIP? FEIS (U.S.

Department of Energy, 1980) that fluid flow in the event of interconnection

of the Rustler and Bell Canyon Formations would be upward into the Rustler.

This issue, as well as the distribution of hydrologic properties within the

Bell Canyon Formation, has since been investigated in testing of the holes

Cabin Baby-l and DOE-2, near the southern and northern boundaries of the

WIP? site, respectively (Figure 1.2).

The results of hydrologic testing in both Cabin Baby-l and DOE-2 suggest

that the WIP? site is not directly underlain by a high-permeability channel

sand in the upper part of the Bell Canyon (Figure 1.3). If such a sand is

present, it must be more narrow than those shown in Figure 1. 3. This

decreases the potential, already concluded by Wood et al. (1982) to be

negligible, for any significant upward migration of Bell Canyon fluids into

overlying evaporites in the absence of a drillhole. In addition, the fluid

pressures and brine densities measured in both Cabin Baby-l and DOE-2

indicate that, in the event of interconnection of the Bell Canyon, Sala :O,

and Rustler Formations within a drillhole, the final direction of fluid

flow would be downward into the Bell Canyon Formation. This conclusion

assumes that both Bell Canyon and Rustler fluids become saturated as a

result of local halite dissolution within the Salado Formation.

.4

1.4.4 Distribution and Oristin of Brine 0ccurenes within Castile

ADbXdrits

In the northern Delaware Basin, highly pressurized brines have been

encountered locally in fractured anhydrites of the Castile Formation during

drilling from the surface. The known distribution of these Castile brine

occurrences as of 1983 is shown in Figure 1.6. Castile brines have been
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Figure 1. 6: Generalized distribution of Castile brine occurrences and
approximate extent of the Castile "Distur~bed Zone" in the
northern Delaware Basin. Distribution of Castile brines is
simplified from Figure G-11 of Popielak et al. (1983).
Approximate boundaries of Castile "Disturbed Zone" are from
Figure 1-1 of Borns et al. (1983). Closed triangles represent
holes in which Castile brines have been encountered. ERDA-9
is included for reference, but does not penetrate Castile

Is Anhydrite III completely.
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encountered largely in hydrocarbon -exp lorat ion drillholes both north and
northeast of the WIP? site (i.e. , between the tJIPP site and the margin of
the basin) . However, brine was also encountered southwest of the tJIPP
site, at the Belco well. During WIPP site characterization, Castile brines
have been encountered in hole WIPP-12, approximately 1.6 km north of the
site center, and in ERDA-6, approximately 8 km northeast of the site
center.

Two basic hypotheses have been put forward to explain the origin of Castile
brines, namely that the occurrences are due to:

1. Migration of connate Castile fluids from halites into anhydrites
fractured as a result of local deformation.

2. Isolation of meteoric waters within the fractured Castile
anhydrites, following episodic lateral hydrologic connection of the
Castile Formation and the Capitan limestone.

Because of the localized but widely distributed occurrence of Castile
brines in the vicinity of the WIPP site, it has previously been assumed for
purposes of performance assessment that Castile brine is present beneath
the WIPP facility itself. Since the upper Castile anhydrite is
stratigraphically 200 m or more beneath the WIPP facility horizon, this
brine is of concern only in the event of a drilling intrusion which
connects the brine occurrence with the facility. A recent surface-
geophysical survey over an area including the WIPP waste-emplacement panels
is consistent with the presence of Castile brines beneath a portion of the
panels.

1.4.5 Deformation of the Castile and Salado Formations

Borns et al. (1983) define a structurally "Disturbed Zone" (DZ) (Figure /

1.6) within the Castile Formation, based largely on the systematic loss of
coherent seismic response. The deformation of the Castile Formation within
the DZ involves both anhydrites and halites, and is associated with the
known occurrences of Castile brines. Although the overall mineralogies of
the Salado and Castile Formations are similar, the two units are layered on
different scales. Regional deformation of the Salado Formation is largely
in response to regional deformation of the underlying Castile Formation.

Recent results indicate that fluids and pressure-solution mechanisms play a
major role in far-field deformation of both the Castile and Salado
Formations. This has been investigated both theoretically and by
examination of core collected in hole DOE-2. The time scale of regional
deformation of the Salado and Castile Formations is from thousands to
millions of years, too long to be of concern in evaluation of the future
performance of the VIP? facility.

Construction of the underground WIP? facility, resulting in generation of a
large void space at a depth of 650 m within a stratigraphic section that is
predominantly halite, results in a strong local mechanical response within
the Salado Formation. The near-field mechanical response of the Salado
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Formation around the WIPP facility involves both higher stresses and
deformation rates than expected in natural or far-field deformation. At
least during early closure, near-field creep deformation appears to involve
mechanisms such as dislocation climb. It is presently not known when, or
if, pressure solution will become a dominant mechanism in creep closure of
the WIPP facility.

Creep, however, is not the only near-field process involved in closure of
the WIPP facility. Marker Bed 139 (MB139), approximately 1 m below the
WIPP facility horizon, is fractured from pre-excavation processes, i.e.,
processes not related to excavation of the WIPP facility. The opening of
these fractures, in addition to formation of fractures within Salado
halites, plays a significant role in the near-field structural response to
excavation of the WIPP facility.

Monitoring of these structural n"excavation effects" is ongoing, and will
continue through the operational phase of the WIPP. The time scale of
near-field mechanical effects began with the beginning of construction of
the WIPP facility and will continue until structural reequilibration
following complete closure of the facility. Therefore, the time of
interest may be 100 years or more, depending on both the long-term behavior
of the facility and the types and amounts of both waste and backfill that
are emplaced.

1.4.6 Fluid Flow within the Salado Formation

Salado halites were assumed to be anhydrous at the time of the WIPP FEIS
and SPDV activities, with the exception of small amounts of fluid
inclusions and water bound up in hydrous minerals. Fluid f low into the
WIPP facility under this assumption would be very small in volume, directly
stress-related, and transient. Long-term steady-state fluid flow would be
zero.

Recent hydrologic measurements from the surface and within the WIPP
facility, combined with geochemical studies within the facility, indicate
that grain-boundary fluids are present within the Salado Formation, and
that the unit should be considered as a very low- permeability material in
which fluid residence times in the far field are on the order of millions
of years. There are, however, major increases in both permeability and
fluid-pressure gradients within the Salado Formation within a few meters of
the WIPP facility at and near the facility horizon. The recent results
suggest that, while there are major stress-related transient effects, long-
term fluid flow into the facility will reach some very low but non-zero
steady-;tate rate, and will continue until effective hydrologic closure of
the facility. On the basis of preliminary hydrologic testing results, the
development of an altered or disturbed zone around the WIPP shafts appears
to be much more limited than at the facility horizon.
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1.4.7 present-Day HydrologX. Transport Behavior- and Geochemistry of the

Rustler Formation

The Culebra Dolomite Member of the Rustler Formation is the first laterally

continuous water-bearing zone above the WIFF facility. Transport within

the Culebra dolomite constitutes the major transport mechanism from the

WIPP facility to the accessible environment, except for direct transport to

the surface. Therefore, there is great interest in determining the modern

distribution of hydraulic and nuclide- transport properties within the
Culebra.

The hydrologic characteristics of the Culebra dolomite are complex. The

transmissivity of the unit varies by approximately four orders of magnitude

at and near the WIFF site, with relatively high-transmissivity regions both

southeast and northwest of the site center. However, the center of the

WIPP site, including all four shaft locations, is in a region of low

Culebra transmissivity (permeability). The relatively transmissive parts

of the Culebra contain fractures that dominate both hydraulic and transport

behavior on the scale of individual three-hole hydropads (approximately

30 m between holes). If these fractures were to dominate flow and
transport behavior on the "regional" scale considered here, i.e., over the

3.2-kilometer distance between the center of the WIPP site and the boundary

of WIPP Zone 3 (Figure 1.2), nuclide- transport times to the accessible

environment would be greatly decreased relative to times estimated without
considering fractures.

Numerical modeling of Rustler hydrology through 1983 was based on testing

only at single holes and individual three-hole hydropads, and ignored

possible fracturing. Since 1983, two regional-scale interference tests

have been conducted in the Culebra, one centered at the H1-3 pad and one at

hole WIPP-13 (Figure 1.2). Hydraulic effects of fracturing have been

evaluated in detail at the H-3 and H1-11 hydropads. The interpretation of

the regional-scale multipad interference tests indicates that fracturing
need not be included in modeling simulation of Culebra hydrologic behavior

at this scale, since test calculations with and without fractures have
produced very similar results.

In addition, detailed calculations completed in 1987 indicate that although

fracturing plays a major role in local or pad-scale contaminant transport
within parts of the Culebra, radionuclide transport to the accessible
environment can realistically be modeled using the porous-medium
approximation, at least so long as the present pattern of head

distributions within the Culebra is not significantly perturbed and the

transport properties and flow paths assumed in the calculations are

representative. This conclusion may or may not be valid in the case of a

breach involving a Castile brine reservoir at high fluid pressures.

Through 1983, numerical modeling of Rustler hydrology also ignored both the

geochemical variability of Rustler fluids and possible effects of variable

fluid density on directions of fluid flow. Both numerical methods and data

bases for evaluation of groundwater flow in the region of the WIPP site

have developed significantly since that time. Recent groundwater- flow

calculations, which include effects of variable brine -density, indicate
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that modern fluid flow within the Culebra dolomite is generally north-south

in the vicinity of the tJIPP site. Flow rates vary greatly, being rapid
down the axis of Nash Draw, but extremely slow across the WIPP site proper.

'While the assumption of hydrologic steady state appears adequate for

modeling of head potentials within the Culebra dolomite, groundwater flow
across the WIPP site within the Culebra is sufficiently slow to make the
assumption of hydrologic steady-state inadequate for detailed modeling of
long-term flow directions and rates. However, the changes in flow rates
and directions as a function of time appear not to be dramatic at the WIP?
site itself. Groundwater flow is quite slow in this area.

As noted, Culebra fluids are quite variable. Recent work indicates that
they can be broken into four distinct geochemical facies. The general
distribution of fluid compositions is inconsistent with steady-state
confined fluid flow in the present flow directions. The mineralogy of the

Culebra dolomite is widely variable, but without sharp regional
distinctions, since dolomite, clays, and gypsum/anhydrite are all
widespread. Halite has not been reliably identified in Culebra core,
except for that which may have been introduced during drilling. The
analyzed Culebra fluid compositions form a variable but continuous
population, all of which reflect exposure to evaporitic rocks.
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2.0 BELL CANYON FORMATION t

The Delaware Mountain Group is divided into the Brushy Canyon, Cherry
Canyon, and Bell Canyon Formations, all of which are predominantly of
shales, siltstones, and sandstones. Only the Bell Canyon is considered
here, since it is the first regionally continuous water-bearing zone
beneath the WIPP facility. The hydraulic behavior of the Bell Canyon is
assumed here to be more significant than that of underlying units in WIPP
breach scenarios.

There have historically been two reasons for interest in the Bell Canyon
Formation in WIPF site characterization. First, the Bell Canyon has been
proposed by some as a source of fluids for local or point-source
dissolution of halite in the overlying Castile and Salado Formations. This
mechanism and general conclusions regarding its validity at the WIPP site
are summarized in general terms in Section 2.1, based on work completed
through 1983. Second, it must be assumed for purposes of performance
assessment that at least one drillhole from the surface will penetrate the
WIPP facility. It may then be important to estimate the distribution of
permeable zones within the Bell Canyon at the IJIPP site and to estimate
directions of fluid flow that might result from an open borehole
penetration that connected the Bell Canyon with fluid-bearing zones within
the Rustler Formation, especially the Culebra dolomite. The character of
the Bell Canyon and expected directions of fluid flow between the Culebra
and the Bell Canyon at the WIPP site are discussed in Section 2.2.

2.1 Potential for the Bell Canyon Formation to Serve as a Source of Fluids
for Dissolution of Evaoorites in the Castile and Salado Formations

Anderson (1978, 1981) and Davies (1983) have proposed a major role for the
Bell Canyon Formation in point-source dissolution of overlying evaporites.
The proposed mechanism involves: 1) recharge of halite -unsaturated fluids
to the Bell Canyon Formation from the Capitan limestone; 2) upward movement
of these fluids into (at least) the lower halite of the Castile Formation;
3) halite dissolution within the Castile Formation; 4) subsidence and
disruption of the Castile and overlying Salado Formations as a result of
halite dissolution; 5) downward flow of halite- saturated brines back into
the Bell Canyon Formation; and 6) removal of brines through the Bell Canyon
Formation. An important characteristic of this hypothesis proposal is that
it is not possible to predict localities of future point-source evaporite
dissolution.

Wood et al. (1982), as part of the WIPP SPDV studies, addressed the
potential, fo~r fluids within the upper Bell Canyon Formation to dissolve
evaporites within the Castile Formation. For this evaluation, it is
assumed that: 1) a permeable sandstone is present at the top of the Bell
Canyon Formation, i.e., a Ramsey channel sand (Figure 1.3); 2) the
effective thickness of the sandstone is 30 m; and 3) the transmissivity of
the sandstone ranges from 1.0 x 10-6 to 2.8 x 10-6 m2/s. Any decrease in

sandstone permeability or shifting of the sandstone to positions below the
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top of the Bell Canyon would reduce the potential for dissolution of
overlying evaporites.

For the range of hydraulic properties and gradients considered, and
assuming the Ramsey sand is at the top of the Bell Canyon, Wood et al.
(1982) conclude that:

1. Except at locations adjacent to the Capitan limestone, only
diffusional dissolution is possible directly above, the Bell Canyon.
Salt directly above the top of the Bell Canyon, assuming diffusional
processes, is calculated to dissolve at a vertical rate of
approximately 0.003 m per 10,000 years. This would have negligible
effect on the WIFP facility.

2. Allowing for an order -of -magnitude increase in flow velocities
within the Bell Canyon Formation, dissolution would still be too slow
to maintain open cavities within Castile halites at depth. Such
cavities are required to maintain the high -permeability pathways
necessary for dissolution due to the density-flow mechanism outlined
above.

3. Even allowing for the maximum potential dissolution rates at the
top of the Bell Canyon from both diffusive and convective mechanisms,
no significant evaporite dissolution as a result of fluid flow from
within the Bell Canyon should be observed at the WIPP facility for at
least 10,000 years.

In addition, Lambert (1983) concludes that the Bell Canyon Formation itself
shows no evidence of either modern hydraulic connection with a source of
halite -unsaturated fluids (such as the Capitan limestone) or any effective
path for brines to exit the Delaware Basin. Instead, Lambert interprets
the Bell Canyon fluids as having very long residence times and concludes
that their compositions reflect extensive rock-water interaction, evolving
isotopically and geochemically away from compositions representative of
meteoric recharge.

Thus, studies at the end of the WIPP SPDV phase indicated that the Bell
Canyon Formation was not dissolving evaporites near the WIPP site. As
discussed in Section 3.0, however, this question was later investigated
directly by the drilling, coring, and hydrologic testing of hole DOE-2,
near the northern boundary of WIPP Zone 3 (Figure 1.2).

2 .2 Expected Directions of Fluid Flow Between the Bell Canyon and
Rustler Formations

The information on freshwater -equivalent heads in the Rustler and Bell
Canyon Formations available through 1983 is summarized in Mercer (1983).
At that time, the freshwater head within the Bell Canyon Formation at the
center of the WIPP site, approximately 1040 m AMSL, was 120 m greater than
the expected freshwater head in the Culebra dolomite at the same location,
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approximately 920 m AMSL. (All elevations here are given relative to mean
sea level.) This is consistent with the assumption made in the WIPP FEIS
(U.S. Department of Energy, 1980) that fluid flow would be upwards into the

Rustler if the Bell Canyon and Rustler were interconnected in an open hole.
However, this "conservativen assumption, i.e., the assumption with most
apparent impact to IJIPP performance assessment, neglects: a) the original
density of fluids in the Bell Canyon and Culebra; b) possible increases in

both Bell Canyon and Culebra fluid densities due to dissolution of halite
within the Salado Formation; c) possible effects of fluid potentials
within the Salado Formation or elsewhere within the Rustler Formation; and
d) possible changes in fluid density as a result of entrainment of waste
from within the WIPP facility.

In the event of a drillhole breach interconnecting the Bell Canyon,
Castile, Salado, and Rustler Formations, it is reasonable to assume that
local dissolution of halite within the Salado Formation would take jPace,
resulting in an average fluid density of approximately 1.2 g/cm , the
approximate density of saturated NaCl brine. Under this assumption. Bell
Canyon brine at the center of the WIPP site would stand to an elevation of
approximately 835 m in an open hole, some 445 m above the WIPP facility,
but approximately 210 m below land surface, and more than 200 m lower than
the Bell Canyon freshwater -equivalent head of approximately 1040 m.
Assuming that local halite dissolution within the Rustler or upper portion
of the Salado Formations led to a final density of Culebra brine of
1.2 g/cm3 , the Culebra near the center of the IJIPP site would support a
column of brine to an elevation of approximately 900 m, 20 meters below the
f reshwater- equivalent head within the Culebra, but some 65 m higher than

supported by the underlying Bell Canyon Formation.

Therefore, if brine saturation by halite dissolution is considered, the
data available as of 1983 are consistent with the interpretation that
interconnection of the Bell Canyon Formation and the Culebra dolomite in an
open drillhole through the WIPP facility should result in downward movement
of contaminated brine into the Bell Canyon Formation. However, the
calculated direction of fluid flow depends on assumed fluid densities.
Fluid might move upward until the Bell Canyon and Culebra fluids were
saturated with halite, at which time downward flow would begin. In
addition, these results depend on the assumption that no significant fluid
or gas pressures are generated within the Salado Formation or WIPP
facility. As of 1983, however, predicted directions of fluid flow were
limited in. reliability, because heads and fluid densities in the Culebra
dolomite and Bell Canyon Formation had not been measured together in the
same hole. Two holes penetrating the Bell Canyon Formation very near the
WIPP site have since been drilled and/or hydrologically tested. The
results from hole Cabin Baby-i are discussed in Section 2.2.1, and those
from hole DOE-2 in Section 2.2.2.

2.2.1 Results from Hole Cabin Baby-1

Cabin Baby-l, a hydrocarbon exploration hole, was originally drilled
through the Castile Formation and the upper 35 m of the Bell Canyon
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Formation in 1974 and 1975. At that time, all of the Ramsey and part of

the Olds members of the Bell Canyon were penetrated. The hole depth at

that time was 1265 m below land surface. As described in Beauheim et al.

(1983b), the hole was deepened to a total depth of 1308 m in 1983 to allow

hydrologic testing, fluid sampling, and monitoring of Bell Canyon fluid

levels. The deepening allowed testing of most of the Hays sandstone 
member

underlying the Olds, in addition to all of the Olds and Ramsey members.

The results of hydrologic testing of the Bell Canyon in Cabin Baby-I and

DOE-2 are summarized in Table 2.1. Only the lowermost "sand" member of the

Bell Canyon, the Hays, is significantly permeable in Cabin Babv-l, with an

interpreted transmissivity of between 1.7 x 10-7 and 5.1 x 10- m2 /s. The

description of the Hays member by Beauheim et al. (1983b) indicates that it

is siltstone. The estimated transmissivities of the overlyi.ng Olds and

Ramsey members are less than 10-8 M
2/s. Core from the Ramsey member is not

available from Cabin Baby-I.

Table 2.1: Summary of hydrologic test results from the Bell Canyon

Formation in Cabin Baby-l and DOE-2. Data from Table 6 of

Beauheim et al. (1983b) and Table 7-2 of Beauheim (1986).

Effective
Test Interval

(m blg) Unit K(md) T(m2/s)

1230-1246 Lamar 6 x 10-4 5.7 x 10-Il

1247-1257 Ramsey 2.3 x 10-2 - 8.7 x 10-2 1.7 x 10-9 - 6.3 x 1-

1259-1269 Olds 2.2 x 10-2 - 8.2 x 10-2 2.1 x 10-9 - 7.9 x 10-9

1271-1308 Hays 0.57 - 1.7 1.7 x 10-7 - 5.1 x 10-7

DOE-2

1263-1272 Ramsey 8.4 x 10-2 - 9.4 x 10-2 5.8 x 10-9 - 6.5 x 10-9

1276-1285 Olds 9.8 x 10.2 - 0.11 7.1 x 10-9 - 8.2 x 10-9

1297-1318 Hays 2.3 - 2.4 5.7 x 10-7 - 6.0 x 10-7

Fluid samples were successfully collected from the Hays and Olds members 
of

the Bell Canyon in Cabin Baby-1, as was a mixed sample from the entire

exposed Bell Canyon. The presence of the tracer added to the drilling
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fluid indicates that all of the water samples are slightly contaminated
with drilling fluid. Therefore, the reported specific gravity of fluid
from the Hays sandstone (1.120 - 1.134) may be slightly too high (Beauheim
et al., 1983b).

At the end of operations in 1983, the penetrated portion of the Bell Canyon
in Cabin Baby-l was isolated by a packer emplaced in the lower anhydrite of
the Castile Formation, and a monitoring tube was installed to the surface
to allow long-term monitoring of a composite Bell Canyon fluid. level. As
of October 1986, the composite Bell Canyon fluid level in Cabin Baby-l was
stabilized at an elevation of approximately 920 m (Saulnier et al., 1987).
Assuming that a specific gravity of 1.12 represents Bell Canyon fluids in
the hole, and that the fluid column is supported by the effective pressure
at the top of the Hays member at an elevation of -255 m, the calculated
pressure at this elevation is 12.81 MPa. This pressure in the Bell Canyon
in Cabin Baby-l would support a column of brine having a density of 1.20
g/cm 3 to an elevation of 842 m.

Culebra fluid pressures and properties in Cabin Baby-l are contained in
LaVenue ec al. (1988). These results indicate a Culebra freshwater-
equivalent head of approximately 913 m. At the elevation of the base of
the Culebra in this hole, approximately 856 m, this requires a fluid
pressure of approximately 0.55 MPa. Assuming a final brine density of
1.2 g/cm3 after halite dissolution, this is equivalent to a brine column
supported to an elevation of 903 m.

The expected saturated-brine head in the Culebra in Cabin Baby-l, 903 m, is
61 m higher than the composite saturated-brine head in the Bell Canyon in
the same hole, 842 m. Thus, under the assumptions used here and consistent
with extrapolations from regional data available as of 1983, the final
direction of fluid flow in the event of an open drillhole interconnecting
the Bell Canyon and Salado Formations with the Culebra dolomite at Cabin
Baby-l would be downward.

2.2.2 Results from Hole DOE-2

Hole D0E-2, located near the center of the northern boundary of WIFF Zone 3
(Figure 1.2), was drilled in two stages to a total depth of 1318 m, between
August 1984 and June 1985 (Mercer et al., 1987). In addition to the
shallower units in the hole, the Ramsey, Olds, and Hays "sandstone" members
of the Bell Canyon Formation were hydrologically tested (Table 2.1), as
described by Beauheim (1986).

The resul~ts pf testing in DOE-2 are similar to those in Cabin Baby-l, in
which the lover "sand," the Hays, is the only unit with appreciable
permeability or transaissivitT. Estimated transaissivities for the Hays in
DOE-2 range from 5.7 x 10-' to 6.0 x 10-7 a2/s, similar to the upper
estimate of transaissivity for the same zone in Cabin Baby-i. Estimated
transais sivi ties of the Ramsey and Olds members in DOE-2 range only from
5.8 x 10- to 8.2 x 10-9 *2/s, similar to the upper range of estimated
transmissivities for the same members in Cabin Baby-i. The lithologic log
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contained in Mercer et al. (1987) indicates that all three members are
fine-grained sandstones, rather than siltstone.

After hydrologic testing, the Bell Canyon in DOE-2 was isolated for
monitoring of a composite fluid level (Beauheim, 1986). As of March 1986,

the composite fluid level had "stabilized" at an elevation of approximately
925 m. Assuming that the measured specific gravity of 1.10 (Mercer et al.,
1987) is representative for the Bell Canyon fluids, and that the composite
Bell Canyon head is controlled by fluid pressures at the top of the Hays
member at an elevation of -243 m, this requires a fluid pressure of
12.5 MPa at this elevation. This pressure would support a column of brine
having a density of 1.2 g/cm3 to an elevation of approximately 827 m.

The Culebra freshwater -equivalent head in DOE-2 is approximately 934 m
(LaVenue et al., 1988). Using the measured fluid density of 1.04 g/cm3

(Uhland et al., 1987) for the Culebra in DOE-2, a freshwater -equivalent
head of 934 m requires a pressure of 1.47 MPa at the base of the Culebra,
at an elevation of 784 M. Assuming a final Culebra brine density of
1.2 g/cm3 following halite dissolution, the Culebra fluid pressure at DOE.2
would *support a brine column of density 1.2 g/cm3 to an elevation of
approximately 909 m, 82 m higher than supported by the composite Bell
Canyon head in the same hole. Under the assumptions used here, the final
direction of fluid flow in the event of an open hole interconnecting the
Bell Canyon, Salado, and Culebra at DOE-2 would be downward.

Wood et al. (1982) estimate that the transmissivities of sandstones within
the Bell Canyon Formation normally range from 1.0 x 10-6 to 2.8 x
10-6 m2 /s, although they report a maximum value of 1.7 x 10-5 m2 /s. This
range is approximately one order of magnitude greater than the transais-
sivity of the Hays member in Cabin Baby-i and DOE-2, and more than two
orders of magnitude greater than the transmissivities measured in the Olds

and Ramsey members in the same holes. Therefore, the Ramsey member in
Cabin Baby-i and DOE-2 does not appear to be part of one of the channel
sands shown in Figure 1.3. Given that Cabin Baby-l and DOE-2 are the only
two holes very near to WIP? Zone 3 that penetrate the Bell Canyon, this
result does not guarantee that no channel sandstone is present in the Bell
Canyon beneath the WIP? site. Given the general trend of the channel sands
shown in Figure 1.3, it does suggest that any channel sand present would
have to be at least as narrow as the sand shown at the eastern edge of the
WIPP site. Cabin Baby-i lies along the trend of this sand, however,
indicating that this channel is not continuous towards the southwest.

The recent results in both DOE-2 and Cabin Baby-i are consistent with the
conclusion that the final direction of fluid flow resulting from
intetconnection of the Bell Canyon Formation and the Culebra dolomite at or
near the WI?? site would be downwards into the Bell Canyon, contrary to
assumptions maintained in the WI?? FEIS. There are some. limitations to
this conclusion. There might be upward fluid movement until the Bell
Canyon and Culebra fluids became essentially saturated with halite, at
which time downward flow would begin. In addition, these results depend on

the assumption that flow rates within the Bell Canyon and Culebra dominate
any fluid pressures generated within the Salado Formation. This assumption
appears generally valid, however, given the low fluid-flow rates normally
encountered within the Salado Formation (Section 3.0).
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3.0 CASTILE AND SALADO FORMATIONS

The major halite-bearing units at and near the WIPP site are the Castile
and Salado Formations. Both units contain halites of varying purity and
thickness. The two halites within the Castile Formation are normally
thick, contain abundant sulfate/carbonate laminae, and are separated by two
relatively thick anhydrites. The bedded halites within the Salado
Formation contain accessory minerals such as polyhalite, clay, and
anhydrite, and are separated by numerous anhydritic marker beds and related
clay seams. Locally the middle portion of the Salado Formation contains
commercial potash mineralization, at a level some 300 m stratigraphically
above the WIPP facility horizon. The underground workings in the IJIPP
facility are being developed at a depth of approximately 655 m within
bedded halites and anhydrites in the lover Salado. The halitic interval
containing the WIPP facility horizon is approximately 8 m thick, and is
situated between anhydrite marker beds 1(B138 and MB139. The Castile and
Salado Formations are discussed together here, since halite is a major
component of both, and many of the processes of interest involve both
units.

The Castile Formation overlies the Bell Canyon Formation (Delaware Mountain
Group). Near the VIPP site, the Castile normally contains a sequence of
three thick anhydrites (Anhydrite I at the bottom and Anhydrite III at the
top), separated by two thick halites (Halites I and II). The thickness of
the Castile Formation at and near the WIPP site is approximately 400 m.
Anderson et al. (1972) provide a general stratigraphic description of the
Castile, including the more than 200,000 sulfate/carbonate laminae that
occur throughout both halites and anhydrites within the unit. Bedding
within Castile anhydrites ranges from massive (approximately 30 m) to
laminar (see, for example, Mercer at al., 1987).- Individual beds in the
Salado are often 1 a thick or less. The unit nominally contains 45
anhydrite marker beds, numbered from Marker Bed 101 (1(3101) to 1(B145 with
increasing depth. The Salado Formation is about 600 m thick at the WIPP
site.

In some areas, both total thickness and the thickness of stratigraphic
intervals within the Castile and Salado Formations are variable. The
origin and timing of this variability are discussed in Section 3.1. This
variability has played a significant role in WIPP site characterization,
since variable halite (and anhydrite) thicknesses could have at least three
origins:

1. Initial depositional variability (e.g., Lambert, 1983; Barns and
Shaffer, 1985).

2. Gravity-driven deformation, in which dense anhydrites sink into
less dense halites, with compensating formation of salt-cored domes or
anticlines (Barns et al., 1983; Barns and Shaffer, 1985).

3. Evaporite dissolution, by which halites are preferentially
dissolved by contact with unsaturated groundvaters (Anderson, 1978;
Davies, 1983).
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Significant volumes of fluid are not normally encountered in drilling
either the Castile or Salado. There are exceptions, however. Highly
pressurized brines have been encountered in the uppermost Castile anhydrite
in some hydrocarbon-exploration and stratigraphic rest holes near the WJIPP
sire (Figure 1.6). These fluids are under sufficient pressure to flow to
the land surface. The origin and distribution of Castile brines at and
near rhe t.1PP site is discussed in Section 3.2.

As mentioned previously, the WIPP facility is presently being developed
within the bedded halites and anhydrites of the lower Salado Formation. In
order to place the WJIPP facility within a proper regional perspective, it
is necessary to characterize the behavior of the Salado Formation on both
the regional scale and adjacent to the WIPP facility itself. The charac-
teristics of the Salado are locally different as a result of "excavation
effects" from construction of the WIFF facility. These transient effects
demonstrably occur on time scales of interest in performance assessment.
Recent studies examining the structural, hydrologic, and geochemical
characteristics of the Salado Formation in and near the WIPP facility are
discussed in Section 3.3. These studies are progressing, and will play a
critical part in monitoring the behavior of the tJIPP facility during the
operational phase. The discussion of these activities is preliminary.

3.1 Regional and Local Variability. Deformation. and Dissolution

of the Castile and Salado Formations

3.1.1 Rezional Relationships and Behavior

As mentioned above, both aggregate and internal thicknesses within the
Castile and Salado Formations vary locally. The variability near the WIPP
site is shown in Figure 3.1. Holes WIPP-12, DOE-2, and WIPP-11 lie, within
the southern part of the Castile "Disturbed Zone" (DZ) shown in Figure 1.6,
while hole Cabin Baby-l lies outside this zone. Since ERDA-9 penetrates
only the upper portion of the Castile Formation, the possible extension of
the DZ beneath the WIPP facility has not been determined by drilling. The
Castile and Salado Formations in hole Cabin Baby-.l are assumed here to
represent the "undisturbed" character of these units near the WIPP site.

In the cross section shown in Figure 3.1, the total thickness of the
Castile is known only in holes Cabin Baby-l and DOE-2. The Castile is 409
mn thick in Cabin Baby-l and 302 in thick in DOE-.2. The apparent thickness
of Anhydrite I is 72 m in Cabin Baby-l and 80 mn in DQE-2. Therefore, we
assume here that the thickness of Anhydrite I is not significantly variable
on the scale of the WIPP site, and that, south of DOE-2, Anhydrite I is not
str~ngly involved in structures within the Castile and overlying Salado.
Apparent stratigraphic thicknesses from the top of the Castile to the top
of Anhydrite I range from 222 a at DOE-2 to 372 m at WIPP-ll. The assumed
undisturbed thickness, that at Cabin Baby-l, is 337 mn.

Much of the variability within the Castile Formation in Figure 3.1 is in
halite thickness. For example, the anomalously thick Castile at WIPP-11
includes a thickness of 311 m for Halites I and II, compared with a
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thickness of 167 m for the same units in Cabin Baby-i. At the other
extreme, a total of only 2 m of Castile halite is present in DOE-2; Halite
II is completely missing.

However, Anhydrites II and III also vary in thickness. Their total
apparent thickness (drilled thickness, ignoring dip) in WIPP-11 is. 61 m,
compared to 219 m in DOE-2. Both values differ significantly from the
total thickness of the two units in Cabin Baby-i, 170 m. These
relationships indicate that, at least locally, anomalously thick halites
within the Castile Formation are combined with anomalously thin anhydrites.
Conversely, anomalously thin Castile halite, as in DOE-2, is combined with
anomalously thick anhydrite. These results are inconsistent with halite
dissolution being the only cause of variability in the thickness of the
Castile Formation at the WIPP site.

Locally, the antithetic relations between anhydrite and halite thicknesses
within the Castile are consistent with a similar relationship between
overall thicknesses of the Salado and Castile Formations. The Salado is
625 m thick at Cabin Baby-i and 602 m thick in ERDA-9. However, at WIPP-11
and WIPP-12, where the underlying Castile is anomalously thick, the Salado
is unusually thin, 420 and 540 a, respectively. On the other hand, the
Castile is relatively thin at DOE-2, and the apparent thickness of the
Salado at DOE-2 is 647 m, greater than at either Cabin Baby-i or ERDA-9.

Thus, the variable thicknesses of the combined Salado and Castile Forma-
tions at and near the WIPP site appear due to internally compensating
variations in thicknesses of both anhydrites and halites. The origin of
compensating anhydrite and halite thicknesses may be either depositional,
as suggested by LImbert (1963) and Borns and Shaffer (1985), *or a conse-
quence of later gravity-driven deformation, as discussed in Borns et al.
(1983). The Castile and Salado variability considered here at the WJIPP
site proper is very similar to that considered by Barns and Shaffer (1985)
at the Poker Lake structures well south of the WIPP.

There is considerable evidence for both syndepositional and postdepo-
sitional deformation within the Castile Formation, as summarized by Boins
et al. (1983) and Barns (1983). Those authors distinguish three stages of
deformation, listed in the sequence of development:

1. Formation of discontinuous isoclinal folds interpreted to be
approximately syndepositional in age, i.e., to have occurred in soft
sediments. These structures include displacive crystal grovth in both
anhydrites and carbonate laminae. Characteristically, the syndeposi-
tional structures are confined to a single layer, and may include
disruption of the affected layer.

2. Asymmetric folding, including formation of crenulation cleavage,
boudinage (separation) of carbonates, and convolute folding of
anhydrite stringers within halites. Borns (1983) attributes a
widespread subhorizontal fabric within Castile halites to folding at
this stage. The axial planes of convolute folds in anhydrite stringers
within Halites I and II are also subhorizontal. Borns (1983)
interprets these relations to indicate that major deformation within
the Castile often involves lateral movement of halite.
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3. Late-stage near-vertical fractures and veins, which cross-cut
earlier structures. These fractures may be either open, or filled with
halite, anhydrite, and/or gypsum.

Syndepositional deformation was probably driven by gravity acting on
original depositional slopes, or by responses to density contrasts within
still-soft sediments. Borns et al. (1983) attribute later deformation to
some combination of direct gravity-driven deformation resulting from
deposition of dense anhydrites over less-dense halites and regional tilting
of the Delaware Basin. On the large scale, the gravitic driving force for
internal deformation of the Castile and overlying Salado Formations is
clear. Above Anhydrite I, the Castile includes two thick anhydrites, with
densities of approximately 2.95 g/cm3. Each unit was deposited above thick
halite with a density of 2.2 to 2.25 g/cm3 . Modeling discussed in Borns et
al. (1983) indicates that, for the relatively thick-bedded Castile, these
density contrasts should be sufficient to drive deformation in which the
anhydrites effectively sink into underlying halites. Layering within the
Salado is too thin to support such deformation; the Salado structures
appear essentially to follow those in the underlying Castile as a rela-
tively passive marker.

However, a driving force for deformation can be effective only if there are
appropriate deformation mechanisms operating in the rocks involved. There
have been three major studies into possible deformation mechanisms within
the halites of the Castile and Salado. Munson (1979) assumed that deforma-
tion within the units is anhydrous. Munson concludes (Figure 3.3) that
deformation under generic conditions for either a high-level -waste or TRU
facility in halite would occur by an undefined mechanism, except at rela-
tively high stress levels. At high stress levels, deformation would be
dominated by creep mechanisms involving dislocation climb.

In contrast, Borns et al. (1983) associate structures within deformed
portions of the Castile and Salado with the presence of fluids, and
conclude that pressure solution plays a major role in controlling the
regional deformation of both units. During pressure solution, deformation
proceeds as a result of the migration of mineral constituents from regions
of high stress to regions of low stress by means of diffusion through
grain-boundary fluids. In the interpretation of Borns et al. (1983), the
participation of fluids during deformation of the Castile and Salado
Formations is indicated by veins containing both halite and anhydrite, as
well as by anhydrite recrystallization in stress shadows. Recent studies
of fluid contents within Salado halites indicate contents of as high as 2
weight percent (see Section 3.3), more than required for pressure solution
to be operative (Borns, 1987b).

Borns (1987b) estimates deformation fields for halite, including pressure
solution as a deformation mechanism (Figure 3.4). Field "C" in this figure
includes the temperature and stress regimes estimated for regional
deformation at and near the IJIPP site by Borns et al. (1983), while field
"B" is an analogous field for natural deformation of halites estimated by
Carter and Hansen (1983) and Heard (1972). Pressure solution plays a major
role in halite deformation within the conditions of both fields and assumed
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material properties, so lont as the volumetric strain rate is not greater
than approximately 10*-13 s- ~ As discussed by Borns (1987b). the maximum

strain rates at which pressure solution is a dominant deformation mechanism

depend on the character and thickness of the grain-boundary fluids.

The estimated strain rates for far-field deformation at the WIPP site, not

including near-field deformation around the IJIPP facility itself, are
consistent with pressure solution. Based on a range of estimated strain
rates of between 3 x 10-14 and 10-16 s-1, the range of times calculated for

formation of the WIPP-12 anticlinal structure, estimated to have undergone

1% volumetric strain, is 1.1 x 104 to 106 years (Barns et al., 1983). Near

an underground facility such as the WIP? facility, however, early-time
strain rates are probably too rapid for pressure solution to be a major
deformation mechanism. Reported volumetric strain rates. in such a setting

are as high as 10-11 5-1 (Borns, 1987b), and may be even higher during
initial transient closure.

In summary, the understanding of far-field deformation within the Castile
and Salado Formations is consistent with the interpretations that:

1. Pressure solution, in which deformation results from mineral
constituents being transported from high-stress to low-stress domains
by means of an intergranular fluid or film, plays a major role in
regional deformation of evaporites at and near the WIP? site. Since
only approximately 0.2 volume percent (0.1 weight percent) fluid is
required for pressure solution to be operative in halite, more than
enough fluid is present within the Salado and Castile Formations at and
near the WIP? site.

2. Much of the deformation within the DZ may have been effectively
syndepositional (i.e., Permian) in age, although this is not the last
period of deformation that has taken place.

3. The driving force behind regional-scale evaporite deformation at
and near the WIPP is gravitational, due to the depositional emplacement
of dense anhydrites over less dense halites. There is, however, a
regional overprinting due to Pleistocene tilting of the entire northern
Delaware Basin.

4. Deformation such as that known to occur within the DZ, even if it
does progress toward the WIPP, is unlikely to reach the WIPP site
within 104years, the minimum estimated time required for formation of
the WIPP-12 structure.

5. 'It is not known whether or when pressure solution will become an
important mechanism in closure of the WI?? facility itself. At early
times close to the facility, i.e., at relatively high stresses and
deformation rates, mechanisms involving dislocation climb (and
fracturing) should dominate. At later times and/or at greater
distances from the underground workings, i.e., at lower stresses and
deformation rates, pressure solution may dominate.
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3.1.2 The DOE-2 Structure

The recognition of gravity as a driving force for regional-scale
deformation of the Castile and Salado Formations and the probable role of
pressure solution in such deformation does not rule out the possibility of
halite removal by dissolution. The absence of halite within the Castile in
r-he western part of the Delaware Basin (Figure 1.4) is interpreted as
partly due to halite dissolution in response to regional tilting and uplift
of the basin. However, as summarized by Neill et al. (1983), there is
generally agreement that blanket or stratabound dissolution within the
Castile and Salado Formations is not a feasible mechanism for breach of the
WIPP facility on the regulatory time frame. Regional-scale evaporite
dissolution within the Castile and Salado Formations is not discussed
further here.

Both Anderson (1978, 1981) and Davies (1983) proposed that evaporites in
the Castile and/or Salado Formations may be locally dissolved by halite-
unsaturated fluids moving upwards from the Bell Canyon Formation (see
Section 2.0). Subsidence of the overlying evaporites, especially the
Salado Formation, would result. Hole DOE-2 was drilled specifically to
investigate a depression in MB124 in the middle portion of the Salado
Formation (Figure 3.1; see also Figure 2-2 of Mercer et al., 1987).
However, the DOE-2 structure is interpreted as being due to lateral and
vertical deformation of the Castile and Salado Formations, rather than
evaporite dissolution.

The expected position of the top of the Castile Formation (Anhydrite III)
in DOE-2 was at an elevation of between 230 and 260 m. However, the top of
the Castile in DOE-2 was actually at an elevation of 102 m, more than 120 m
lower. The base of the Castile in DOE-2, at an elevation of -199 m, is
consistent with regional trends, indicating that the structure does not
extend below the top of Anhydrite I.

Laminae within the upper Castile anhydrite in DOE-2 are strongly deformed,
with vertical bedding and discontinuous folds at various depths (Mercer et
al., 1987; Borns, 1987a). These structures are consistent with syndepo-
sitional deformation. Other structures seen in the Salado and Castile
Formations in DOE-2, such as pull-apart structures and fibrous vein infil-
lings, are interpreted by Borns as postdapositional. As noted by Borns
(1987a), removal of Castile halite from DOE-2 by dissolution should have
left in place many of the arahydrite ulaminaeu originally present in Halites
I and II. No such dissolution residues were identified in core collected
in hole DOE-2. The very thin Castile halite in DOE-2 (approximately 2 m)
is compensated by unusually thick halites within the overlying Salado
Formation. As shown in Figure 3.1 and noted in Table 3-3 of Mercer et al.
(1987), halites within the informal lover member of the Salado Formation
(from HB126 to the top of the Castile) in hole DOE-2 are 96 m thicker than
in the same stratigraphic interval in hole WIPP-12, and 204 a thicker than
in WIPP-ll.

The DOE-2 structure is interpreted as being due to both lateral and
vertical deformation of the Castile and Salado Formations, rather than to
evaporite dissolution. The structural understanding of the Salado and
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Castile does not allow prediction of where such a structure might develop

in the future. Drilling and testing of hole DOE-2 indicates that no such

structure remains unexamined at and near the WIPP site. Estimated times

required for 1% strain in the structure at WIPP-12 indicates, however, that

the time required for generation of a significant structure as a result of

gravitationally driven deformation probably exceeds the 10,000-year time

frame of regulatory interest.

3.2 Occurrence and Origin of Pressurized Brines within Anhydritesl
of the Castile Formation

Uncertainties about the original thicknesses, rates of gravity-driven

deformation, and regional and local dissolution rates of Castile halites

relate to natural phenomena affecting the reliability of long-term

extrapolations of WIPP performance. One issue, the possible presence of

pressurized Castile brines beneath the WI?? facility itself, plays a direct

role 'in evaluation of the possible consequences of human intrusion into the

WIPP facility. This is because, when encountered in driliholes, such

brines can rise to the land surface; they would be capable of directly
transmitting entrained waste to both the Rustler and the land surface. A
geophysical survey conducted in 1987 indicates that Castile brines may be

present beneath a portion of the WIPP waste-emplacement panels, consistent

with previous assumptions made in WI?? performance assessment.
6

The known occurrences of Castile brines in the northern Delaware Basin as
of 1983 (Figure 1.6) are taken from Popielak et al. (1983). Brines have

been encountered in fractured Castile anhydrites in several hydrocarbon-
exploration drillholes both north and northeast of the VIP? site, between
the WI?? site and the margin of the Delaware Basin. In addition, Castile

brines were encountered southwest of VIP? in the Belco well, approximately
6.5 km from the center of the site. During WIPP site characterization,
pressurized Castile brines have been encountered in holes WIPP-12, approxi-

mately 1.6 km north of the site center, and ERDA-6, approximately 8 km
northeast of the site center.

Brine volumes in the two occurrences have been estimated on the basis of

flow tests and drillstem testing, but remain somewhat uncertain because of
limited early flow data and the assumptions necessary concerning both

fracture porosity and rock-mass compressibility in the absence of

observation holes. Estimated brine volumes in the two occurrences range

between 9.5 x 103 anid 105 barrels for ERDA-6 and between 5 x 106 and 17 x
106 barrels for the WIPP-12 occurrence (Popielak et al., 1983; Neill et
al., 1983).

Because of the apparent large volume of the WIPP-12 reservoir, it is
reasonable to postulate that this reservoir extends beneath all or part of
the WI?? facility. However, geophysical 'studies prior to 1983 were
unsuccessful in determining whether or not Castile brines were present
beneath the WIP? facility (Borns et al., 1983). Nonetheless, as a result

of the occurrence of Castile brine in UIPP-12, it was assumed through 1983
that these brines were present beneath the WI?? facility (Channell, 1982;
Bard, 1982; Case et al., 1982). A geophysical survey using transient
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electromagnetic methods was made directly over the WIPP waste -emplacement
panels in 1987 (Earth Technology, 1987), to determine the presence or
absence of Castile brines beneath the facility. The results contained in
Earth Technology (1987) are summarized in Figures 3.5 and 3.6.

As discussed in Section 2.0, the WIPP is underlaid by the Bell Canyon
Formation. While the permeability of the upper portion of the Bell Canyon
Formation is variable, the entire unit appears to be a good electrical
conductor. Therefore, the dominant conductive layer beneath the WIPPfacility appears to be the Bell Canyon. However, the apparent variations
in depth to the first major conductor appear to exceed the estimated depth
uncertainty for the geophysical method used, 75 m (Figure 3.6). At some of
the locations, the interpreted depth to the first major conductor lies
significantly above the depth of the top of the Bell Canyon Formation,
i..e., wi.thin the Castile Formation. On the basis of this interpretation,
brine may be present within the Castile Formation under part of the areaoutlined by the WIPP waste-emplacement panels (Earth Technology, 1987).

However, the combination of the depths to the first major conductor
indicated in Figure 3.5 and stratigraphic depths indicated in Figure 3.1suggests that the brine occurrence is limited. The depth to the top of theBell Canyon is 1230 m in Cabin Baby-1 and approximately 1250 m in ERDA-9(assuming linear variation between Cabin Baby-l and DOE-2). Therefore,
conductor depths greater than 1300 m in Figure 3.5 almost certainly reflect
the Bell Canyon Formation. At the other limit, the depth to the bottom ofthe Salado is 861 in in ERDA-9 and 821 m in Cabin Baby-1. Since the minimum
interpreted depth to the conductor is 988 m, the conductor does not appearto be within the Salado Formation anywhere in the surveyed area. The depth
to the bottom of Anhydrite III is 959 m in Cabin Baby-1, and is assumed tobe approximately 950 m in ERDA-9. Assuming 75 m vertical uncertainty inthe geophysical soundings, this implies that apparent conductor depths ofless than approximately 1025 m are consistent with brine occurrence withinAnhydrite III. This interpretation suggests that brine is present within
Anhydrite III under only the furthest northern and northeastern parts ofthe waste -emplacement panels. To date, pressurized Castile brines havebeen found only within fractured portions of the uppermost anhydrite
present, Anhydrite II in ERDA-6 and Anhydrite III in IJIPP-12.

The results shown in Figure 3.5 are based on one-dimensional modeling.Preliminary attempts at three-dimensional interpretation of the results
indicate that the lateral resolution of the interpretation cannot be
improved by more complex modeling approaches. Therefore, the "conserva-
tive" interpretation is that Castile brines are present beneath at least
the northern portion of the WIFF waste-emplacement panels, consistent with
both the most recent work and earlier assumptions.

Two basic hypotheses have been put forward to account for the occurrences
of Castile brines:

1. Migration of connate Castile fluids into fractured anhydrites as a.result of local deformation (Borns et al., 1983; Popielak et al.,
1983).
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mechanism(s) giving rise to Castile brine occurrences are not completely
known. However, both mechanisms proposed, fluid migration in response to
episodic deformation and isolation of fluids resulting from episodic
interconnection of the Capitan limestone and Bell Canyon Formation, are
unlikely to generate significant additional brine beneath the WIPP facility
in the 10,000-year time scale of regulatory interest.

3.3 Recent Hydrologic. Geochemical. and Structural Studies
of the Salado Formation

As mentioned above, the WIPP facility is presently being developed within
bedded halites and anhydrites of the Salado Formation, at an average depth
of approximately 655 m. This section attempts to place the WIPP facility
within a proper perspective relative to both local and regional-scale
hydrologic and structural behavior of the Salado Formation. Differences in
Salado behavior as a result of the presence of the WIPP facility are
considered as "excavation effects."

Section 3.3.1 discusses the hydrologic behavior of the Salado Formation as
interpreted from testing conducted from the surface and within the WIP?
facility. Section 3.3.2 describes the present understanding of the fluid
geochemistry and mineralogy of the Salado Formation, based on recent and

Songoing studies within the WIPP facility. Section 3.3.3 discusses the
interim results of ongoing investigations into the structural behavior of
the Salado Formation adjacent to the WIP? facility, with emphasis on Marker
Bed 139 (KB139), a relatively thick anhydritic marker bed approximately 1 m
below the WIPP facility horizon.

3.3.1 Regional-Scale and Near-Facility Hvdrologv of the Salado Formation

3.3.1.1 Hydrologic Testing from the Surface and at the Facility Horizon--
Unlike the case in the Castile Formation, significant brine flows have not
been encountered in hydrologic testing of the Salado Formation from the
surface. However, two anomalous phenomena have been encountered in the
Salado. First, pressurized gas has been encountered in some holes drilled
from the surface and near the mining face in WIP? excavations. In the most
dramatic case, nitrogen gas was encountered in the upper portion of the
Salado in hole AEC-8, at a depth between 335 m and 391 m, during reworking
of the hole approximately one year after original drilling (Table 3.1;
Mercer, 1987). The gas pressure was sufficient to partially remove the
drillstem from the borehole. A large volume of gas, approximately 6 x 105

mwas allowed to flow to the surface without apparent depletion of the
reseryvoir (Mercer, 1987). Gas has also been locally encountered during
construction of the WIP? facility, as described in Deal and Case (1987).
To date, all gas occurrences within the WIPP facility have been small,
although the largest such occurrence did result in a 0.4-a diameter disk
being blown out of the face being mined. Second, as shown in Table 3.1,
long-term monitoring at some holes penetrating the Salado Formation
indicates a slow buildup of fluid pressure. The maximum pressure measured
to date is 3.3 MPa (472 psig) at WIPP-12. This pressure is generated
within the Salado, since it was measured before the hole was deepened into
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Table 3. 1: Summary of known Salado gas occurrences and measured wellhead
pressures from surface drilling. Gas-occurrence data are
modified from Table 2 of Mercer (1987). Fluid-pressure data
are from the text of Mercer (1987).

A. Gas Occurrences

Hole Comments

ERLDA-9 At 430 a; trace of H2S

ERDA-6 At 561 m; blew for 30 min.

AEC-7 At 491 m; blew for 1 hour

AEC-8 At 335-391 m; blew for several months

P-7 Many kicks

P-12 Hole unloaded fluid over weekend

P-20 Slight blow at TD of 608 a

B. Pressures Measured at Surface

Hole Comments

Cabin Baby 1.4 MPa

WIPP-12 2.94 MPa, beor deepening

WIPP-13 2.93 MPa, hole open to Castile and Salado

tJIPP-11 0.12 MPa

DOE-2 0

AEC-7 0
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the Castile Formation and intersected Castile brines (Section 3.2) . The

rate at which Salado brine pressures build up is very slow and, as noted by

Mercer (1987), the pressures appear to be supported by only very small
volumes of fluid. Complete reduction of the 1.6 Mpa (228 psig) pressure at

the T;IPP-l2 wellhead in 1985 was achieved by release of approximately 5
gallons of brine. In some holes, for example DOE-2 and AEC-7, no long-term

pressure buildup has been observed.

The published results of "successful" hydrologic tests of the Salado from

the surface (Table 3.2) indicate permeabilities from approximately 0.01
microdarcy to a high of 25 microdarcies. Ongoing evaluation indicates
that, as a result of instrumentation limitations, testing-time limitations
or problems with pressure or flow stabilization, data from the Salado in

DOE-2 are the most reliable, indicating a maximum permeability of 0.3

microdarcies. It has not been possible in testing from the surface to
identify any discrete sources for this fluid or to determine any strati-
graphic effects.

Table 3.2: Summary of Salado hydrologic properties interpreted in hydro-
logic testing from surface. Modified from Tables 3 through 9
of Mercer (1987). Ongoing interpretation indicates that only
results from hole DOE-2 are reliable.

Hole Comments

AEC-7 550.8-581-3 m; MB 126; Zu perm. 3 x 10-6 D

AEC-7 672.7-703.2 a; MB 139; Z"j perm. 12-21 x 10-6 D

ERDA-9 436.8-452.9 a; MB 118, 119; perm. 0.1-0.7 x 10-6 D

EP.DA-9 613.9-638.3 a; KB 136, 137; perm. 0.6-3.2 x 10-6 D

ERDA-9 765.7-798 a; Cowden, lower Salado; peru. 1.6-2.2 x 10-6 D

ERDA-9 799.5-876 m;.lower Salado; peru 0.4-6.5 x 10-6 D

ERDA-9 799.5-826.9 a; lower Salado; peru. 0.7-25 x 10-6 D

Cabin Baby 230.7-828.2 a; entire Salado; peru. 0.01-0.1 x 10-6 D

DOE-2 669-703.8 a; MB 138, 139; peru. :50.3 x 10-6 D

However, there has been only limited "successo in field testing of the
Salado from the surface. There appear to be two causes for this. First,
the formation permeability appears in many cases to be below the testable
minimum for the equipment used, approximately 0.01 to 0.1 microdarcy. For
example, testing of all intervals in holes AEC-8, ERDA-lO, and WIPP-12 was
unsuccessful due to the low permeability and limitations to the test
equipment. The most recent results included in Table 3.2, based on testing
in Cabin Baby-l in 1983 and DOE-2 in 1985, suggest an upper permeability

45



limit of approximately 0.3 microdarcies. As noted by Mercer (1987), it is
not clear that any of the successful tests indicate the permeability of
undisturbed halite, since the test intervals almost always include one or
more interbeds. Second, in the case of hole WIPP-12, hole "ageing" during

the seven years between hole completion and attempted testing of the Salado

made it extremely difficult to find locations in the borehole that allowed
successful setting of packers to isolate intervals for drillstem testing.
The tentative interpretation is that this ageing involves loosening of
grain boundaries in halites, with a concomitant increase in local
permeability around the borehole.

Flow testing of the Salado Formation within the WIPP facility is still in
its early stages. Preliminary results indicate that the presence of the
WIPP facility has a strong impact on the hydrologic behavior of nearby
portions of the Salado Formation. The results of initial gas-flow testing

in the WIPP facility are described by Stormont et al. (1987). Inter-

pretation of this testing indicated that apparent gas permeabilities are
very low at distances of greater than approximately 2 a from the under-
ground workings, with no distinguishable stratigraphic variability.
Stormont et al. (1987) calculate a nfar-field* permeability of less than 1
microdarcy for the Salado.

Stormont et al. (1987) identify a zone of markedly increased permeability
within approximately 2 in of the underground workings, on the basis of

marked increases in gas flow rates at constant injection pressure. The

apparent increases in permeability are especially dramatic near room center

lines, in both room roofs and floors. In addition, the magnitude of the
local increases in permeability appear to be a function of both time and
room width. Stormont at al. (1987) note that their measurements are
consistent with time-dependent development of a dilatant or "damaged" zone
around the underground workings, and that this zone may well be only
partially saturated. Finally, Stormont et al. (1987) indicate that the
interpretation of their tests was complicated by uncertainties in the
degree of saturation of the Salado, pressure- threshold effects inherent in

gas-f low testing in either a partially or fully saturated medium, and local

f low inhomogeneities due to fracturing in the disturbed or altered zone
near the facility.

Recent brine-flow testing within the WIP? facility described by Peterson et

al. (1987) has eliminated some of the problems inherent in gas-flow
testing. Peterson at al. (1987) describe the results of long-term (240-
day) shut-in brine-flow tests in two holes. One hole penetrated "intact"
halite and the other *intactm anhydrite in MB139, both at a distance of 8
to 9 m from the underground workings. Assuming complete saturation within
the tested zones, the results indicate far-field permeabilities of
approximately 0.001 microdarcy for intact halite, and 0.01 microdarcy for
MB139. In addition, apparent steady-state sporem pressures of 8.3 MPa and
10.3 MPa were measured in the two holes. Peterson et al. (1987) note that
there is some uncertainty in both estimated permeabilities and fluid
pressures, due to the long test times required.

Gas-flow testing of the same two holes prior to brine-flow testing, at a
gas-injection injection pressure of 2.1 ?IPa, indicated halite and marker-
bed permeabilities approximately one order of magnitude greater than
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indicated in the later brine-flow testing. These higher permeabilities are
similar to those reported by Stormont et al. (1987). Gas-flow testing
after brine-flow testing indicated effectively zero permeability. The
reasons for this complexity are not clear. It may well be that initial
gas-flow testing utilized unsaturated flow paths resulting from near-hole
dilatancy, and that these flow paths were later saturated during brine-flow
testing.

However, it is not clear that the Salado Formation is completely saturated,
even in the far-field. For example, the gas "blows" locally encountered in
drilling the Salado from the surface (see Table 3.1) indicate that high-
pressure gases occur locally within the unit. Unfortunately, it cannot be
determined whether the initial pressures in these occurrences represent
regional partial saturation or are a result of exsolution of dissolved
gases as a result of stress release around drilled holes. The large gas
flow in the Salado in hole AEC-8 occurred approximately one year after
initial hole completion. Experience during the development of the WIPP
facility also indicates the local occurrence of gas within the Salado at
high pressure, perhaps approaching the local lithostatic pressure of 16
MPa. Release of gas concentrated along a fracture nearly parallel to the
facility working face resulted in a small blowout during mining operations,
as described by Deal and Case (1987). Later drilling in front of the same
working face encountered gas at a depth of approximately 3 m. However,
because gas occurrences within the WIP? facility have all been near faces
being actively mined, it cannot be demonstrated that they were at
lithostatic pressure before release. They may result from exsolution of
dissolved gases during stress release near the excavation. Other
observations by Deal and Case, such as the widespread exsolution of gas
from brines collected -within the WIPP facility arnd local bubbling of brine
seeps on ribs within the facility, further suggest that gas may play a
major role in at least the near-field hydrologic behavior of the Salado
Formation.

Thus, the results of recent permeability testing within the Salado
Formation, both within the WIPP facility and from the surface, are
generally consistent with a far-field permeability of approximately 0.001
to 0.1 microdarcy. It is not certain whether the Salado is saturated or
partially saturated regionally; in the altered zone near the WIPP facility,
it appears to be partially saturated. Theres are marked near-field
increases in Salado permeability near the WIP? facility, resulting from
fracturing and possibly matrix dilatancy. The development of a
hydrologically altered zone around workings at the WIP? facility horizon
appears to depend on both time and geometry. The ultimate extent of this
zone and the rate or extent of its elimination or reduction during the
final. stages of facility closure remain unknown at present, but will be
examined carefully during the early operational phase.

3.3.1.2 Hvdrologic Testing Adjacent to the WIPP Air-Intake Shaft--Barring
a direct breach of the WI?? as a result of human intrusion, the successful
long-term performance of the facility largely depends on the success with
which the facility shafts are plugged or sealed. Present planning calls
for emplacement of shaft seals in both the Salado Formation and the unnamed
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lower member of the Rustler Formation. Therefore, it is important to know

the distribution of hydrologic properties within both units adjacent to the

WIPP shafts. A preliminary series of hydrologic tests was conducted at

several levels in the WIFF waste-handling shaft during 1987. Additional

testing and monitoring of the hydrologic characteristics of both the

Rustler and Salado Formations adjacent to the WIPP air-intake shaft is

planned.

The objectives of the preliminary hydrologic testing adjacent to the IJIPP

waste-handling shaft, results of which are described in Saulnier and Avis

(1988), were to:

1. Determine if a significant fractured or altered zone had developed

around the concrete shaft liner in the shaft since its completion.

2. Estimate the radial extent of the hydrologic cone of depression
resulting from construction of the waste-handling shaft.

3. Determine "far-field" hydrologic properties for previously untested
zones in the lover unnamed member of the Rustler Formation and levels
in the Salado Formation at which it is anticipated that plugs might be
placed at the end of the WIP? operational phase.

Testing in the waste-handling shaft was carried out in subhorizontal
drillholes, using three distinct test zones. The detailed experimental
instrumentation is described in Stensrud et al. (1988). Zone 1 extended
from the hole Obottomo approximately 7.9 m outside the shaft to a depth of
some 5.7 m. Zone 2 from approximately 4.8 a to 3.7 a. and Zone 3 from
approximately 2.9 to 1.6 a. There was, however, some variability in both
test-zone depths and the relationship between Zone 3 and the shaft liner.
No shaft liner was present below the 850-foot level. The shaft liner was
thin enough in the lower Rustler for Zone 3 to test entirely within the
rock mass. At the 850 level, however, the thickened shaft liner in the /

keyway dictated that Zone 3 in one hole included the interface between rock
and shaft liner. (English depth units are used here for consistency with
depth records within the shaft).

The results of the preliminary testing irk the waste-handling shaft are
summarized in Table 3.3 and Figures 3.7 and 3.8. Tested lithologies
include mudstons and claystone in the unnamed lower member of the Rustler
(at the 782 and 805-foot depths, respectively) and halites, an anhydrite,
and a polyhalite within the Salado Formation (850 and 1320-foot depths).
All of the tested intervals are extremesly low in permeability. Hydraulic
conductivities listed in Table 3.3 range only from 10-14 to 10-13 m/s.

This corresponds to an approximate range in permeability of one order of
magnitude ,,' from 0.001 to 0.01 microdarcy. There is no consistent increase
in conductivity towards the shaft (from 'Zone 1 to Zone 3) in any of the
rock types tested, except at the 850-ft level. In the 850W hole,
pressurized fluids flowed into the borehole at the liner/rock interface.
The precise origin of these fluids remasins to be determined.
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Table 3.3: Summary of results of 1987 hydrologic testing in the WIPP

waste-handling shaft. From Saulnier and Avis (1988).

Test Zone
Borehole Lithology Depth Int. Test Period Pressure Hydraulic Formation

(Feet from Pulse Conductivity Pressure
Shaft Wall) (psi) (m/s) (psi)

W782W Silty 1) 18.6-26.0 07/18-22/87 113.3 1.0 [-13 90
Mudstone 2) 12.3-15.9 07/20-22/87 108.3 1.0 [-14 140

3) 5.4- 9.5 07/21-22/87 99.4 1.0 E-14 140

W805W Silty 1) 18.6-26.0 07/11-15/87 94.5 5.0 [-14 225
Claystone 2) 12.3-15.9 07/13-15/87 105.1 1.0 [-14 140

3) 5.4- 9.5 07/14-15/87 97.8 1.0 E-14 1.10

W805SW Silty 1) 18.6-26.5 08/28-31/87 102.9 6.0 [-15 275
Claystane 2) 12.3-15.9 Not Tested 1.0 [.14* 90*

3) 5.4- 9.5 08/29-31/87 92.6 2.0 [-14 70

W85OW Halite 1) 18.6-26.0 07-30/08-03/87 97.6 1.0 [-13 40
2) 12.3-15.9 08/2-3/87 116.5 1.0 [-13 40
3) 5.4-9.5 07-31/08-3/87 90.39 Not Analyzable*

UW850SE Halite 1) 23.2-36.0 08/19-24/87 103.5 3.0 [-14 50
2) 16.8-20.5 08/21-24/87 103.1 3.0 E-14 30
3) 10.0-14.1 08/22-24/87 100.7 2.0 E-14 90

W1320E Halite/ 1) 18.6-41.8 08/11-17/87 173.3 2.0 [-14 550
Anhydrite 2) 12.3-15.9 08/14-17/87 52.6 3.0 [-14 450
Polyhalite 3) 5.4- 9.5 08/15-17/87 53.0 3.0 [-14 100

*Zone 2 analysis from pressure buildup after shut-in, August 28 to 31. 1987.

Physical limitations to the testing system dictated that Zone 3 not extend

any closer than approximately 1.6 m from the inside of the shaft.

Therefore, even if the one or two holes tested at each level are represen-
tative and adequately characterize the permeability at the tested levels,
it can only be argued that the results indicate that no damaged zone
presently extends more than 2 m into the rock mass. This includes any
damage zone resulting from blasting during construction of the shaft. In
addition, because of scheduling constraints, all of the testing was

relatively short-term. Longer-term testing might identify changes in
hydraulic properties near the shaft.

A

The permeabilities listed in Table 3.3 indicate no significant strati-
graphic variability. All of the tests indicate extremely low permeability,

roughly one order of magnitude less than estimated from measurements from
the surface. One reason for this may be that the holes tested here were
nearly horizontal; as a result, at least part of the fluid flow was

vertical, perpendicular to layering. The results may imply that vertical
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permeability in both the lower part of the Rustler Formation and the Salado
Formation is less than horizontal permeability, consistent with experience
in other layered rock types.

Testing adjacent to the waste-handling shaft did indicate a distinct zone
of decreased fluid pressures around the shaft at the 805-foot and 1320-foot
levels, in claystone and halite/anhydrite/polyhalite, respectively (Figure
3.8). The cone of fluid-pressure depression apparently extends outward to
greater than one shaft diameter at these levels. The fluid-pressure
profiles at the 782-foot and 850-foot levels may be indeterminate because
of effects of equipment compliance (Saulnier and Avis, 1988). The
generation of a hydraulic cone of depression around the shaft was expected,
consistent with responses noted earlier in the Culebra dolomite to
construction of the WIFF exploratory shafts (see Haug et al., 1987). The
behavior of this zone outside the Culebra as a function of time remains
unknown.

Interpretation or prediction of long-term flow behavior into the shaft
would require an observation hole, so that fluid storativities within
affected units could be estimated. A nearby observation hole does not
exist for the waste-handling shaft. However, hole H-16 was drilled and
instrumented in 1987, approximately 17 m from the centerline of the WIPP
air-intake shaft, specifically to investigate the near-field hydraulic
response of all members of the Rustler Formation to construction of the
shaft, and to provide monitoring data adequate for long-term predictions.

The hydrologic testing completed to date adjacent to the waste-handling
shaft is preliminary, as is the interpretation of test results. The
results to date allow limited fracturing, since only one or two holes was
tested at each level. To better determine the- presence or absence of
fracturing by direct hydrologic measurement, arrays of three or more holes
would be needed at each level. The fact that fluids were encountered at
the liner/rock interface in one hole at the 850-foot level demonstrates
that fluid movement at the shaft- liner/rock interface is possible locally,
and that a single drillhole is not sufficient to characterize the source or
behavior of these fluids. Non-intrusive geophysical methods similar to
those described in Section 3.3.1.3 may aid in characterization of any
altered zone around the WIP? shafts.

3.3.1.3 BrIns Contents and Brine Seenare into the WIPP FacilitX--
Geophysical studies within the WIPP facility aimed at characterization of
the near-field distu.wbed rock zone are interim, and will continue during
the early part of the VIP? operational phase. The presently available
results, sumarized in borns and Stormont (1987) and Pfeifer (1987).
indicate both that there is near-field variability in the water content and
hydrologic properties of the Salado Formnation and that water contents of
Salado halites in the far-field are approximately twice that estimated at
the time of the WIP? SPDV studies.

The results of a series of electrical conductivity measurements within the
WI?? underground workings (Pfeifer, 1987) are shown in Figure 3.9. Two
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different instrumentation systems were used in these measurements. The
F-1131 system investigates the effective electrical conductivity to a depth
of approximately 2 m, the EM34 system to a depth of up to 20 a into the
adjacent rock mass. The apparent conductivity near the underground
workings, measured with the EM31 system, is lower (resistivity is higher)
than that measured at greater depth with the EM34 system. In Figure 3.9
this variation in resistivity is compared with a published correlation
between water contents and resistivities of halites. The results are
consistent with a water content of approximately 1% (by weight) near the
mine opening and 2% or greater in the far field. Recent geophysical
moisture and density measurements within the WIPP facility (Hudson, 1987)
also are consistent with water contents of approximately 2 weight percent
in Salado halite in the far field.

The recent results indicate that far-field water contents within the Salado
Formation, estimated to average approximately 2 weight percent, are greater
than previously expected. For example, estimated water contents of samples
analyzed during SPDV activities ranged from a mean of 0.6 weight percent to
a maximum of 1.8 weight percent, compared to mean and maximum values of
0.22 and 1.06 'weight percent estimated from measurements on core from hole
ERDA-9 (Beauheim et al., 1983a). The earlier estimates were made either on
core material or on hand specimens collected during mining.

The combination of significant interconnected fluid contents and non-zero
permeabilities within the Salado. Formation in both the far-field and near
the WIPP facility dictates that there be some fluid flow into the facility
until effective hydrologic closure of the facility takes place. Two
studies, both in their early stages, investigate the amounts and character-
istics of fluid flow into the facility. One study, su ma rized in Deal and
Case (1987), is a long-term study to characterize flow into the WIPP
facility (exclusive of shafts) at ambient temperature. The second study,
summarized in Nowak and NcTigue (1987), is part of an experimental program
using electrical heaters to simulate emplacement of defense-generated high-
level waste (DHLV). A knowledge of ambient- temperature behavior is
required in this study as a baseline for interpretation of later super-
imposed thermal effets.

Two lines of evidence svmarized by Deal and Case (1987) indicate the
.complexity of ambient- temperature fluid flow into the WI?? facility from
the Salado Formation. First, brine "seepsm often form within a few days on
mined faces, and are indicated by the development of localized salt crusts
or efflorescences on the walls. The seeps often appear to stop flowing
after approximately one mouth. However, investigation of the salt deposits
indicates that fluid flow may only decrease rather than ceasing entirely,
and that the rate at which mine ventilation removes water locally exceeds
the inflow rate at long times. Second, highly variable amounts of both
brine and dissolved gas are intersected in driliholes within the WIP?
facility. Minim=m flow rates are apparently zero. The maximum flow rate
was approximately 0.5 liter per day. One hole has produced approximately
235 liters of brine, and produced at a roughly steady-steady rate of 0.2
liters per day (Deal and Case, 1987). However, this hole apparently
intersects numerous near-field fractures in 118139 related to the
construction of the VIP? facility, and is unusuial. Most of the measured
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flow rates range from a few hundredths to a few tenths of a liter per day.
Deformation near the facility strongly influences fluid flow. Deal and
Case (1987) note that fluid flow into most holes within the WIP? facility

is initially zero or nearly zero. This phase is normally followed by a
relatively rapid rise to some maximum flow rate, after which flow slowly
reduces to some relatively steady-state but decreasing value.

Work suimmarized in Nowak and McTigue (1987) investigates flow into one
0.9-mn (36-inch) and three 0.76-m (30-inch) diameter holes emplaced as part
of experiments simulating and overtesting emplacement of DHLW. Water was
continuously removed from the holes by use of dry nitrogen. A baseline
ambient- temperature flow of 5 to 15 grams/day was collected in each hole
after an initial transient phase. The average flow of 10 grams per day
extrapolates to a steady-state flux of approximately 1.6 cm3/day/m2 of
excavation wall. After the heaters were turned on, there was a rapid
increase in flow rate to some peak value, followed by a reduction to near
steady-state flow. Apparent steady-state flow rates were 50 to 80 g/day in
the two holes containing 1.5 kW heaters, and 8 to 10 g/d~ay in the two holes
containing 470 W heaters. The integrated fluid flow into the most strongly
heated holes was 36 to 38 kg of fluid after 600 days. This mass is
significantly greater than the 0.1 kg collected after two years in similar
experiments conducted in domal salts at the Asse Mine, Germany (Nowak and
McTigue, 1987). The difference suggests a significant difference between
fluid flow in domal salts and in bedded salts, such as those at the WIPP.

4Parametric numerical modeling described by Nowak and HcTigue (1987)
indicates that:

1. Pore-pressure measurements in both the near-field and far-field
domains of the Salado Formation are needed to determine far-field and
near-field flow behavior, since the observed transient effects
resulting from seepage appear at present to be limited to the very
near-field domain.

2. The transient stage of flow into the WIP? waste -emplacement rooms
will last until connected pore space in both the rooms and any altered
zone around the facility is either effectively eliminated or comes to
pore-pressure equilibrium with the surrounding Salado. The
calculations indicate that transient flow, ignoring closure, might last
for more than 5000 years.

3. The rock volume effectively involved in flow within the Salad. may
be limited, rather than a significant portion of the formation.
However. the affected volume must increase with time.

In suma ry, recent hydrologic results in the Salado Formation indicate that
the unit has a far-field permeability of less than 0.1 microdarcy. It has
not been possible to determine either-stratigraphic effects or the presence
of effective fracturing in the far-field environment. The brine content of
Salado halites appears to be up to 2 weight percent in the far-field,
roughly twice that previously expected. Where it has been possible to
measure Salad. brine pressures, the calculated heads indicate very limited
fluid flow upwards into the overlying Rustler Formation. The permeability
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of the Salado locally increases markedly within two meters of excavations
at the WIFF facility horizon. The increase in permeability appears to be
both time-dependent and geometry- dependent, and to involve significant
fracturing. The Salado Formation may be only partially saturated in both
the near-field and far-field environments. The low permeability of the
Salado Formation, mine ventilation, and rapid mechanical deformation near
the tJIPP facility result in markedly transient fluid flow into the
underground workings. At present, the time-scale of transient flow, volume
of the Salado involved in flow, and final fluid volumes to be expected
within the WIPP facility remain to be precisely determined.

3.3.2 Geochemical and Kineralomi cal Studies of the Salado Formation Near
the Facility Horizon

The mineralogy and stratigraphy of the Salado Formation are somewhat
complex. The general mineralogy of the units is summarized by Bodine
(1978). and mineralogy near the WIP? facility horizon by Stein (1985).
Bodine (1978) noted that Salado clays were unusually depleted in aluminum
and enriched in magnesium. The recent work by Stein (1985) does not
include detailed clay mineralogy, but does indicate the nearly ubiquitous
occurrence of authigenic quartz and magnesite near the WIP facility
horizon, in addition to widespread occurrence of anhydrite, gypsum, and
polyhalite as accessory minerals within halites.

As mentioned in Section 3.3.1, it has not been possible to sample Salado
fluids during drilling or testing from the surface. However, Salado fluids
have been sampled within the VIPP facility, and are continuing to be
collected, as described in Deal and Case (1987). The compositional results
available to date for Salado fluids collected within the IPI? facility are
described in Stain and Kruuhansl (1986), and directly address both the
character of fluids within the Salado Formation and the validity of,
assumptions held through 1983 concerning the types of fluids within the ~
unit.

It was assumed through 1983 that Salado halites were an~hydrous, with the
exception of fluid inclusions end the water of hydration of hydrated
minerals such as clays and polyhalites. Both tho compositions and ages of
fluid inclusions within Salado halites were poorly constrained. The
compositional results for Salado fluid inclusions and macroscopic brine
occurrences within the VIP? facility, sumarized by Stein and Krumhansl
(1986), are shown in Figure 3.10. The open and half-open squares in Figure
3.10 represent the compositions of individual fluid inclusions extracted
from crystals of halite. The circles and crosses represent the composi-
tions of !pacroscopic fluids collected from the WI?? facility, respectively
from brine mseepsO on the walls and holes in the floor.

The fluid-inclusion compositions and compositions of fluids from seeps and
holes form two distinct populations in terms of their respective Na/Cl and
K/Mg weight ratios. Therefore, fluids encountered within the WI?? facility
cannot primarily arise from the migration of fluid inclusions. Stein and__
Krumhansl (1986) relate the compositions of fluid-inclusion Groups I (half-
open squares in Figure 3.10) and 11 (open squares) to alteration of brines
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originally resulting from evaporation of seawater. They interpret the
controlling mechanisms to be crystallization of polyhalite and magnesite.
Polyhalite formation drives fluid compositions to the left of the seawater-
evaporation line in K/Mg space (Group I), while formation of magnesite
drives fluid compositions to the right (Group II). The compositional
effects of these reactions are summarized in the reactions included as part
of Figure 3.10.

Both polyhalite and magnesite are widespread accessory minerals within
Salado halites (Stein, 1985). Radiometric age dating of polyhalites from
the WJIPP (Brookins and Lambert, 1987) indicates crystallization ages of
from 195 to 216 million years, i.e., from approximately 25 to 45 million
years after deposition. The age of magnesite formation is unknown, but is
assumed to be similar to that of polyhalite. On this basis, Stein and
Krumhansl (1986) conclude that brines contained in fluid inclusions from
samples near the WIP? facility horizon are roughly 200 million years old.

The fluids from weeps and seeps in the VIPP facility are enriched in
potassium relative to both fluid inclusions and fluids expected from
seawater evaporation (Figure 3.10). As discussed by Stein and Krumhansl
and noted by Bodine (1978), the Salado clay-mineral assemblage is unusually
Mg-rich. Stein and Kruinhansl (1986) conclude that the relatively K-rich
composition of fluids from weeps and seeps reflects the effects of the
growth of these Mg-enriched silicates on grain-boundary fluids. While it
is not possible to place a specific age on the grain-boundary fluids, it is
known that the kinetics of such reactions are very slow. Therefore, Stein
and Kruuhansl (1986) conclude that the residence time of grain-boundary
fluids within the Salado Formation must be at least several million years.
The marked variability of fluids as a function of stratigraphy near the
WIPP facility horizon, noted by Stein and Krumhansl, is consistent with
there being little or no vertical fluid movement.

There is additional geochemical evidence for both the presence and timing
of rock-water interactions involving fluids from the Rustler/Salado contact
and deeper evaporite horizons at and near the VIPP. As summarized by i
Lambert and Harvey (1987), there is a body of consistent radiochronological
evidence indicating the absence of any pervasive recrystallization of the
evaporite section iin approximately the last 200 million years. The
internally consistent evidence consists of: a) K-Ar dating of polyhalites
(K2MgCa 2 (504 )4 .2H2 o); b) Rb/Sr isochrons on sylvites (KCl); and c) both Rb-
Sr and K-Ar ages on langbeinite (K2Hg2(SO4) 3 ). Apparent ages on leonite
(K2Mg(S04 )2 -4H20) are younger than ages on other minerals. Both Rb-Sr and
K-Ar ages of clay minerals are significantly greater than the depositional
age of the enclosing evaporites, suggesting that secondary reactions
involving the clays; have not completely altered their compositions. Thus,
while the accqssory magnesite near the WI?? facility horizon has not been
dated, there is abundant radiometric evidence that the last maj or
rec rys tall ization of the Salado Formation occurred approximately 200
million years ago.

Available isotopic evidence for strong rock-water interactions in
evaporitic rocks at and below the Rustler/Salado contact is summarized in
Figure 3.11. These data and their implications for fluid flow are
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discussed by Lambert and Harvey (1987) relative to interpretations made by

both O'Neil et al. (1986) and Knauth and Beeunas (1986).

O'Neil et al. (1986) consider the linear relationship between the isotopic

composition of Castile brines (represented by brines from ERDA-6), fluid

inclusions from the lover Salado in hole ERDA-9, and "modern meteoric

water" (represented by fluids from Nash Draw and the western part of the

WIPP site). They conclude that the trend reflects varying amounts of (ver-

tical) mixing of Castile brines and modern near-surface waters. Lambert

and Harvey (1987) conclude that large-scale mixing of fluids should involve

major recrystallization of the evaporite section. They conclude, based on

the radiometric-dating results discussed above, that such recrystallization

has not taken place in the last 200 million years. Since they also con-

cluded that large-scale mixing of fluids within an evaporite section would

require recrystallization, the lack of significant recrystallization within

the Salado is taken to indicate that there is no significant modern

vertical mixing of Castile and surface fluids (Lambert and Harvey, 1987).

Instead, Lambert and Harvey (1987) consider the Castile fluids from ERDA-6,

ERDA-9 fluid inclusions, and numerous fluids sampled from the Rustler/

Salado contact as a single group (Figure 3. 11). They conclude that these

fluids form a variable population reflecting a mechanism by which

increasing deviation of fluids from the meteoric compositional field

results from increasing rock/water ratios, with resulting increasing
interaction of fluids with hydrous minerals, especially clays, gypsum, and

polyhalite. However, the isotopic character of rock-water reactions
involving both gypsum and polyhalite are partially undefined at present.

one group of data shown in Figure 3.11 is not consistent with any single
mechanism or trend of rock-water interaction within the Salado Formation.

As noted, the trend including data from ERDA-6 brines, ERDA-9 fluid

inclusions, and Rustler/Salado fluids appears to be continuous. However,

fluids sampled directly in holes penetrating MB3139 (samples 11B139-850 and

MB139-4) and in weeps within the nearby Duval Potash Mine (samples BT26 and
3T48) are quite distinct. The isotopic composition of Salado fluid

inclusions at the WIP? facility horizon reported by Knauth and Beeaunas
(1986) are distinct and different from the character of inclusions from the
Salado in ERDA-9. The reasons for the -distinctions in fluid-inclusion
analyses are not known, but my-, as noted by Lambert and Harvey (1987),
involve the different fluid- extraction techniques used by the different
authors. The reason for the apprently distinct isotopic character of

fluids from 115139 is not known at present. The available data indicate
only a small isotopic distinction between fluid inclusions and macroscopic

fluids collected at the WI?? horizon, in spite of the significant
composItiopal differences between the two types of fluids noted by Stein
and Krumhansl (1986).

In summary, the recent geochemical and hydrologic studies of the Salado
Formation are generally internally consistent, but are incomplete at the

present time. Hydrologic measurements indicate a far-field Salado

permeability of less than 0.1 microdarcy. This indicates that, independent
of local complications caused by the presence of the WI?? facility itself,

fluid flow within the Salado is non-zero but extremely slow. The work by
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Stein and Krumhansl indicates that the brine in fluid inclusions within

Salado halites is on the order of 200 million years old, and is not the

major source of fluid in the WIPP facility. Rather, the variable fluids in

the WIPP underground workings appear to be grain-boundary fluids which have

residence times within the Salado Formation of at least several million

years. The variability in fluid compositions near the WIPP facility

horizon is consistent with there being little or no vertical fluid

movement. The isotope systematics and radiometric age dating of the Salado

brines and minerals, considered together, are not consistent with

derivation of Salado brines by modern large-scale vertical mixing of

Castile and surficial waters.

3.3.3 Marker Bed 139 and the S truc tural -Behavior of the Salado Formation
near the WIPP Facility

Marker Bed 139, an anhydritic marker bed about 1 m in average thickness,

occurs approximately 1 m or less below the WIPP facility horizon. Detailed

study of MB139 began in 1983, because of concern that undulations on the

top of the unit might be the result of deformation at some time af ter

deposition or diagenesis (Jarolimek et al., 1983). If this were true, it

is conceivable that such deformation might impact the WIPP facility during

either the operational or regulatory time frames. The results of both

Jarolimek et al. (1983) and Borns (1985) indicate, however, that the

undulations on the upper surface of 143139 are depositional in origin.

Recent interest has focused on the mechanical and hydrologic fluid-flow
behavior of 143139 near the WIPP underground workings. Observed behavior in

room closure to date, especially in the oldest or "SPDVI rooms, indicates
time-dependent opening of fractures in both 143139 and the halitic interval

between 143139 and the room floors. It may be necessary to excavate 143139

in some areas before the end of operations, to provide an unaltered

locality for emplacement of seals at the facility level. The mineralogy

and structure of 143139 also provide information concerning long-term

mechanical and fluid behavior within azhydritic portions of the Salado

Formation, independent of the VIPP facility.. Work examining 143139 and its

role in excavation effets near the WIP? facility horizon is progressing;

therefore, the discussion here is preliminary.

Borns (1985) investigated the stratigraphy and structure of 143139 in some

detail, using core from a five-hole array drilled specifically for this

purpose. The general level of internal complexity within 143139 is shown in

Figure 3.12. The unit is bounded above and below by irregular contact

zones. The lover contact zone (Zone V), often referred to informally as a

aclay sesm,0 is clay-rich and locally indicates some erosion and embayment

of the top of the underlying polyhalitic halite. The upper contact zone

(Zone 1) is quite irregular in thickness, and contains structures
indicative of shallow water deposition, such as mounds of halite hopper
crystals. Borne (1985) concludes that the irregularities on the upper

surface of 143139 are primary or depositional in origin, resulting from

shallow-water depositional processes such as wave .traction. This

conclusion is in agreement with conclusions originally reached by Jarolimek
et al. (1983).
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The detailed investigations by Borns also revealed significant internal

zonation and variability within the body of KB139. An upper zone within

the unit (Zone II) is characterized by extensive replacement of original

anhydrite by polyhalite (Figure 3.12), and by the presence of convoluted

stylolites. Both features are interpreted to result from fluid movement

after deposition. Based on the available radiometric ages on Salado

polyhalites (Section 3.3.2), it may be that the formation of polyhalite

MB139 occurred as much as 45 million years after deposition. However,

polyhalites from within MB139 have not yet been dated. Zone IV, the

internal zone directly above the basal contact, contains interlayered

halite and anhydrite, with some replacement of anhydrite by later halite,

again indicating fluid movement at some time. Anhydritic laminae in this
zone show pull-apart structures with horizontal extension.

Within Zone III, the central portion of MB139, replacement of anhydrite by

polyhalite is less complete than in Zone II. This zone also contains

numerous sub-horizontal fractures, which are partially filled with halite

and polyhalite. In some cases, inclined fractures extend from Zone III

into or across the overlying Zones I and II. The cores investigated by

Borns (1985) were drilled with air; halite was probably not removed from
the fractures in Zone III during drilling. On this basis. Borns (1985)
concludes that the partially healed subhorizontal fractures in the central
part of MB139 predate the construction of the WIFF facility.

The time of formation of the fractures in MB3139 is not known in detail.
Borns (1985) suggests that they may have formed in response to long-term
variations in the overburden pressure at the stratigraphic. level of the

WIPP facility. Alternatively, as noted by Born~s (1985), the fractures may

be a response to previous and/or ongoing gravity-driven deformation of the
underlying Castile Formation. The horizontal orientation of most of the
partially healed fractures favors an origin related to unloading.

An estimate of the variations in overburden pressure at the WIPP facility
horizon, extrapolated from estimated variations in overburden at the

contact between the Rustler and the Dewey Lake, is shown in Figure 3.13.

The overburden pressure at the WIP? facility horizon is estimated to have

varied between approximately 16 and 42 MPa since the end of deposition of

the Dewey Lake Red Beds. The estimated overburden pressure at the end of

the Cretaceous period, 42 M~a, is 2.6 times that at present. Based on

strarigraphic interpretations, the reductions in overburden near the ends

of the Cretaceous and Tertiary Periods appear to have been relatively

sudden. If the interpretations of Borns (1985) are correct, and the sub-

horizontal fractures within Zone III of 113139 formed by unloading in

response to rapid erosion and removal of overburden, it follows that the

formation of the fractures and at least initial movement of the halite-

saturated fluids which resulted in their partial healing are probably
either early Tertiary or early Pleistocene in age, i.e., that both fracture

formation and fluid movement occurred either approximately 60 million or

approximately 2 million years ago.

The mineralogical variability of MB3139 and the occurrence of partially'
healed fractures within the central part of the unit have implications for

both fluid flow and structural behavior of the unit. The widespread
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replacement of anhydrite by polyhalite indicates significa.: i'

movement, possibl.y some 45 million years after deposition. The replacement

of anhydrite and partial healing of fractures by halite may inidicate a

second period of fluid movement at least 2 million years ago. The

available hydrologic information for the Salado Formation at the W;IP? site

indicates that the far-field permeability within MB139 (and other anhydrite

marker beds) is not significantly greater than that of the Salado halites

themselves.

Pre-existing fractures within MB139 provide pre-existing planes of weakness

that control or influence the near-field mechanical response around the

WIPP excavation. Ongoing studies indicate that these fractures open

locally in response to excavation. In the near-field altered zone, the

resulting permeability is quite high. In the far-field, the permeability

of MB139 appears no greater than that of surrounding halites. Fo-r

confidence in plugging or sealing at the level of the WIPP facility

horizon, it must ultimately be demonstrated either that fractures in MB139

will eventually reheal as a result of facility closure, or that damaged
portions of the unit have been removed or grouted before seal emplacement.
Characterization and delineation of the hydrologically and/or structurally
altered zones around the IJIPP facility horizon and shafts are ongoing, and

will continue into the early operational phase of the facility.
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4.0 RUSTLER FORMATION AND YOUNGER UNITS

As noted previously, much effort in WIPP site characterization has been
focused on the Culebra Dolomite Member of the Rustler Formation, because
this unit is the first laterally continuous water-bearing zone above the
WIPP facility. The Culebra has continued to receive attention since 1983.
However, work since 1983 has included other members of the Rustler
Formation as well as shallower units. Section 4.0 discusses all units
above the Salado as a group. Section 4.1 discusses hydrologic testing of
the Rustler Formation and Dewey Lake Red Beds, and Section 4.2 discusses
both field and numerical studies of the transport properties of the Culebra
dolomite. Together, Sections 4.1 and 4.2 constitute a conceptual model of
the modern flow and transport behavior within the shallow part of the WIPP
stratigraphy, with emphasis on the-Culebra dolomite. Section 4.3 discusses
geochemical studies addressing both bulk-compositional and isotopic varia-
bility within the Rustler Formation and Dewey Lake Rod Beds. Section 4.4
discusses studies into the overall geologic behavior of the Rustler and
shallower formations at and near the WIPP site. Together, Sections 4.3 and
4.4 summarize available evidence concerning the transient geologic behavior
in the region of the WIPP site for units above the Salado Formation.

4.1 Hydrologic Testing of the Rustler Formation and Dewey Lake Red Beds

The Rustler Formation at and near the WIFP site has been hydrologically
tested and interpreted at three geometric scales, which are discussed
sequentially from the smallest to the largest scale in this section. The
smallest-scale of testing is conducted in single holes. Recent single-hole
hydrologic testing has provided: 1) local or point transmissivity values
for all members of the Rustler Formation except the Tamarisk Member, but
with emphasis on the Culebra dolomite; 2) indications of the presence or
absence of local hydraulically effective fracturing and vellbore damage
within the Culebra; 3) information on relative head potentials within the
Rustler; and 4) some indication of the distribution of properties and
degree of hydraulic saturation within the Dewey Lake Red Beds. As
discussed by Beauhein (1987b), single-hole testing is carried out by means
of pumping, drillsteu, slug-injection, slug-withdrawal, or pressure-pulse
tests, depending on the local permeability or transuissivity. Single-hole
testing is interpreted here in term of transmissivities (in units of
m2/s). Use of this term asmes that the unit being tested is homogeneous
across the tested interval. This assumption has been examined directly at
hole H-14, in which two separate but overlapping intervals were tested in
the Culebra dolomite. The results at H-l14 indicate a factor of about 2 in
vertical variability in transmissivity within the Culebra within a given
hole. Recent single-hole testing of the Rustler Formation and Dewey Lake
Red Beds is discussed in Section 4.1.1.

Single-hole tests do not indicate the extent to which either point
transmissivity values or fracturing effects can be extrapolated laterally.
Hydraulic behavior within the Culebra dolomite is, therefore, also examined
at the "hydropad" scale. WIPP hydropads nominally contain three holes,
located at the corners of an equilateral triangle 30 m on a side.
Hydrologic information at the pad scale is collected by t interforence"
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testing. During this type of testing, at least two of the three holes on

the pad are pumped sequentially in separate tests; the two unpumped holes

in each test are used for observation. The objectives of interference
hydrologic testing at the pad scale are to collect average or effective
hydrologic -property data over distances of some 30 m, and to determine if
fracturing effects are significant at this scale.

In the region of the IJIPP site, single-pad hydraulic interference tests
have been completed at the H-2, H-3, H-4, H-5, H-6, H-7, H-9, and H-11
hydropads. Detailed interpretation including evaluation of the effects of
fracturing has been completed only for tests at the H-3 and H-11 hydropads,
discussed in Section 4.1.2. Interference testing at the H-3 and H-11 pads
has been interpreted using a "dual-porosity" approach, in which the Culebra
is assumed to consist of an array of matrix blocks (primary porosity),
separated by regularly spaced fractures (secondary porosity).

At some "large" scale, assuming that fracture spacing and properties are
not too irregular, the effects of fracturing should become insignificant,
i..e., it should become possible to model the flow and/or contaminant-
transport behavior of a fractured rock unit such as the Culebra adequately
using the porous-medium assumption. The scale at which this simplification
is valid, however, may vary significantly with different rock types in dif-
ferent geologic or hydrologic settings. During WIPP site characterization,

.possible regional hydraulic effects of fracturing have been investigated by
"multipad interference testing" of the Culebra dolomite. In this type of
testing, one hole is pumped for a relatively long period of time, generally
a month or more, while surrounding holes are used to observe hydraulic
responses over an area of several square miles. Depending on the distances
and extent of fracturing involved, effects due to fracturing may or may not
be evident between the pumped hole and some of the observation holes.

Interpretation of multipad interference testing allows estimation of
transmissivities and storativities within the tested area, provides
information concerning the regional relationship between fluid densities
and flow directions, and has allowed investigation of the interaction
between WIP? shafts and the Culebra. Two major multipad interference
tests, centered at the H-3 hydropad and at hole WIPP-13, have been carried
out to date at the VIP?. Additionally, regional hydraulic information has
been collected by observing hydrologic responses to WIP? shaft-sinking and
shaft-sealing operations. Regional-scale hydrologic interpretation of the
Rustler Formation, with emphasis on the Culebra dolomite, is discussed in
Section 4.1.3. Interpretation on the regional scale indicates that frac-
turimg need not be incorporated into regional-scale simulation of fluid
pressures (be"d potentials) within the Culebra at and near the WIP? site,
becax~se pressure responses are relatively rapid, even on this scale. The.
assumption of steady state is adequate in modeling the modern Culebra head
potentials. However, groundwater flow times are slow enough in the
vicinity of the WIP? site to make the assumption of steady-state confined
flow within the Culebra inadequate for simulation of long-term flow paths
and flow times.
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4.1.1 Sinele-Hole Hydraulic Testinff and Intermretatio

4.1.1.1 Transmissivitv Distribution within Individual Units--Prior to

1985, hydrologic testing at and near the WIPP site was either interpreted

using the porous-medium assumption or did not identify significant effects

due to fracturing (e.g., Barr et al., 1983). More recently, Beauheim

(1986, 1987b) has identified significant fracture effects in hydraulic

testing of several holes, using the code INTERPRET. As described in detail

by Beauheim (1986, 1987b), INTERPRET utilizes a "pressure -derivative"

technique to determine whether or not significant pressure responses due to

fracturing are present. In this approach, hydraulically effective frac-

turing is indicated by a flexure in the plot of dimensionless pressure

derivative or drawdown versus dimensionlless time (Figure 4.1.1). This

flexure reflects a transition from "early* times, in which fluids are

effectively produced only from within the fractures, to alateu times, in

which fluid is produced from both fractures and matrix, but in which fluid

release from the matrix to the fractures is generally the rate-limiting
process. The transmissivity interpreted from behavior after this transi-
tion is referred to as *system* transmissivity.

At the time of the WIP? FEIS (U.S. Department of Energy, 1980) the suita-

bility of the WIP? site was evaluated largely on the basis of possible
releases from the site to Malaga Bend, on the Pecos River approximately
26 km from the WIP? site (Figure 1.1). Requirements for repository
performance developed by the Environmental Protection Agency (40CFR11)
were released in 1985. Although they may not be in their final form, these

requirements place increased emphasis on evaluation of possible releases of
radionuclides to the Oaccessible environments near the facility. The
definition of the accessible environment is not yet final. The WI??
Project has greatly increased the size and reliability of the hydrologic
data base for the Rustler Formation since 1985, especially for the Culebra
dolomite at and near the WI?? site. Table 4.1 contains the best local
estimates of transuissivity used in modeling the hydrology of the Culebra f
dolomite from 1983 through 1987 and demionstrates the growth in this data
base. Table 4.2 summarizes the results of recent single-hole testing in
the Culebra dolomite.

Estimated Culebra transuissivities at the WI?? site area and within Nash
Draw range over approximatelj six orders of magnitude, from 2.15 x
10-9 22/s at P-18 to 1.34 x 10- m2/s at 111PP-26 (Tables 4.1 and 4.2). In

addition to the growth in the Culebra data base evident in Table 4.1, many
of the holes have been retested over the last five years. In some cases
recent testing and interpretation have significantly changed earlier
estimated transuissivities. Hiowever. the more recently estimated Culebra
transmissivities are not consistently higher or lover than older values.
At H- 1 and DOE- 2, recent data and interpretation indicate a significantly
higher Culebra transuissivity. At H-3 and DOE-l, recent work indicates a
lower local transmissivity than estimated earlier. In cases such as P-15,

P-17, H-4, and WIPP-30, retesting and/or reinterpretation of earlier
results has not resulted in any significant change in estimated Culebra
transmissivity. In all cases, however, the more recent data and
interpretations are better documented than older work, as a result of the
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Table 4. 1: Transmissivity data bases used in numerical modeling of the
Culebra dolomite in Barr et al. (1983), Haug et a1. (1987), and
LaVenue et al. (1988).

Barr et al. (1983) Haug et al. (1987) LaVenue at al. (1988)
Transmissivity Transulssivity Transaissivity Transmissivity

Well (ft2/dscy) (ft2/day) (ft2/dsy) (22/sec)

H-1. 0.07 0.07 0.8 8.60 x 1-
H4-2 0.4 0.56 0.*52 5.59 x 10-7
H-3 19 3.7 2.3 2.47 x 10-6
H4-4 0.9 1.1 0.95 1.02 x 10-6
H4-5 0.2 0.16 0.14 1.51 x 1-
H4-6 73 74 74 7.96 x 1-
M4-7 >1000 1120 1030 1.11 x 10-3
M4-8 16 6.7 8.2 8.82 x 10-6
H4-9 230 170 160 1.72 x 10-4
H4-10 0.07 0.07 0.07 7.53 x 10-8
H-1l1- 10 26 2.80 x 1-
14-12 -. 0.04 0.18 1.94 x 10-7
H4-14 - 0.31 3.33 x 10-7
H4-15 - .0.12 1.29 x 1-
H4-16 - - f0.7 7.53 x 10-7
14-17 - 0.2 2.15 x 10-7
H-18-.-
WIPP-12 - 0.03 3.23 x 10-8
WIPP-13 - 69 7.42 x 10-5
WIPP-18--- 0.3 3.23 x 1-
WIPP-19 - 0.6 6.45 x 10-7
WIPP-21 - 0.25 2.69 x 10-7
UTIPP-22 - 0.37 3.96 x 10-7
WIPP-25 270 270 270 2.90 x 10-4
WIPP-26 1250 1250 1250 1.34 x 10-3
WIPP-27 650 650 650 6.99 x 10-4
WIPP-28 18 16 1s 1.94 x 1-
WIPP-29 1000 1000 1000 1.08 x 10-3
WIPP-30 0.3 0.3 0.3 3.22 x 10-7
P-14 140 233 214 2.30 x 10-4
-P-15 0 .07 0.08 0.09 9.68 x 10-8
P-17 1 1.7 1.3 1.40 x 10-6
P-1S 0.001 0.002 0.002 2.15 x 1-
DOE-i - 33 11 1.18 1 10-6
DOE-2 36 89 9.57 x 10P6
ERDA-9 .. 0.47 5.06 x 10-7
CABIN BABY 0.28 3.01 x 10-7
ENGLE - .43 4.62 3t i0-5
USGS-i '515 515 515 5.54 x 10-4

21 Talmon 25 Values 36 Values 38 Values
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Table 4. 2: Detailed summary of recent single-well test results in the
Culebra dolomite. Slightly modified from Table 5-3 of Beauheim
(1.987b).

Culebra Interval
Interval Tested Test Transmissivity Skin

Well m (ft) m (ft)* Type (ft Z/day) (m2/s) Factor

H-1 206-213.1 205.7-214.3
(676-699) 675-703) slug *1. 1.0 1.1 x 10-6 -

slug #2 0.83 8.9 x 10-7 -

slug #3 0.83 8.9 x 10-7 -

slug #4 0.83 8.9 x 1-

H-4c 149.4-157.3 150.6-158.5
(490-516) (494-520) slug 0.65 7.0 x 10-7 -

H-8b 179.2-187.1 175.0-190.2
(588-614) (574-624) pumping 8.2 8.8 x 10-6 -7.2

H-12 250.9-259.1 249.9-271.3
(823-850) (820-890) slug *1 0.18 1.9 x 10-7 -

slug #2 0.18 1.9 x 10-7 -

H-14 166.1-174.3 162.5-167.9
(545-572) (533-550.7) DST/FBU 0.096 1.0 x 10- -0.8

DST/SFL 0.10 1.1 x 10-7 -

DST/SBU 0.10 1.1 x 10-7 --1.3

H-14 166.1-174.3 162.5-175.0
(545-572) (533-574) DST/FBU 0.30 3.2 x 10- -1.1

DST/SBU 0.31 3.3 x 10-7 -1.8
slug 0.30 3.2 x 10-

H-15 262-4-262.1. 260.0-271.3
(861-883) (853-890) DST/FBU 0.15 1.6 x 10- 2.6

DST/SBU 0.15 1.6 x 10-7 2.9
slug 0.10 1.1 x 10-7 -

H-16 213.4-221.0 212.4-223.7
(700-725) (697-734) DST/FBU 0.85 9.1 x 10- 0.0

DST/SBU 0.85 9.1 x 10-7 -0.3
slug 0.69 7.4 x 10-7 -

H-17 215.2-222.8 214.3-224.0
(706-731) (703-735) DST/FBU 0.21 2.3 x 10-7 -1.5

DST/SNU 0.22 2.4 x 10-7 -1.2
slug 0.22 2.4 x 10-7 -
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Table 4.2: Detailed suaMMry of recent single-well test results in the

Culebra dolomite. Slightly modified from Table 5-3 of Beauheim

(1987b). (Continued)

Culebra Interval
Interval Tested Test TransmissivitX Skin

Well * (ft) m (ft)* Type (ft2/day) (mZ/s) Factor

H-18 210.3-217.3 208.8-217.6
(690-713) (685-714) DST/FBU 2.2 2.4 x 10-6 -.2

DST/SBU 2.2 2.4 x 10-6 -1.0
slug 1.7 1.8 x 10-6 -

WIPP-12 246.9-254.5 248.4-256.0 11x1-
(810-835) (815-840) slug 01 0.10 11xi7 -

slug 02 0.097 1.0 x 10-7

wipp-18 239.9-246-3 239.0-245-7
(787-808) (784-806) slug 0.30 3.2 x 10-7 -

WIPP-19 230.4-237.4 229.8-237.7
(756-779) (754-780) slug 0.60 6.5 x 10-7 -

WIPP-21 222.2-229.5 221.6-228.9
(729-753) (727-751' slug 0.25 2.7 x 10-

WIPP-22 226.2-232.9 228.0-234.7
(742-764) (748-770) slug 0.37 4.0 x 10-7 -

WIPP-30 192.3-199.0 191.7-199.6
(631-653) 1(629-655) slug 01 0.18 1.9 x 10'-7 -

slug 02 0.17 1.8 x 10-7

P-15 125.9-132.6 125.0-133.5
(413-435) (410-438) slug 01 0.090 9.7 x 10-8 -

slug 02' 0.092 9.9 x 10-8 -

P-17 170.1-177.7 170.1-178.6
(558-583) (558-586) slug #1 1.0 1.1 x 10-6 -

slug *2 1.0 1.1 x 10-6 -

P-18 277.1-285.9 277.1-286.5
(909-938) (909-940) slug 4 x 10-3/7 x 10-5 -

ER.DA-9 214.6-221.6 214.9-221.9
(704-727) (705-728) slug 01 0.45 4.8 x 10-7

slug #2 0.47 5.1 x 10-7 -
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Table 4.2: Detailed summary of recent single-well test results in the
Culebra dolomite. Slightly modified from Table 5-3 of Beauheim
(1987b). (Concluded)

Culebra Interval
Interval Tested Test TrpnsmissivitX Skin

Well m (ft) m (ft)* Type (ft2/day) (m2/s) Factor

Cabin 153.3-161.2 153.3-161.2
baby..l (503-529) (503-529) slug #1 0.28 3.0 x 10-7 -

slug #2 0.28 3.0 x 10-7

DOE-1 250.2-256.9 249.9-256.9
(821-843) (820-843) pumping/

dravndown 28 3.0 x 10-5 -5.1
recovery 11 1.2 x 10-5 -6.0

Engle 200.9-207.6 197.5-208.2
(659-681) (648-683) pumping 43 4.6 x 10-5 4.2

*Actual intervals open to the veils.

increase in documentation requirements over the ten-year span of WIPP site
characterization. The interpreted test data from recent single-hole
testing at and near the VIfl site are included in Beauheim (1987b). Raw
data, test histories, and test instrumentation for all hydrologic testing
at the WIPP for approximately the last five years are contained in a series
of six hydrologic data reports: Hydro Goo Ches (1985); INTERA and Hydra Goo
Chaem (1985); INTERA (1986); Saulnier at al. (1987); Stensrud at al. (1987);
and Stensrud at al. (1988).

Transinissivities listed In Tables 4.1 and 4.2 are not identical in all
cases. Transmissivity estimates included in Table 4.1 from three-hole
hydropads, such as the H-4I pad, are effective transmissivities. In single-
hao tests, this is the sam as the measured value. In the case of three-
hole hydropads, however, the effective transmissivity is the square root of
the product of the estimated maximm and minimum transiiss ivi ties on the
pad. The calculated effective transmissivity, which is used in regional-
scale modeling (Section 4.1.3), generally does not correspond directly to
any of the measured single-hole values on the same pad.

As4 mentioned above, Culebra transmissivities at and near the WIPP site and
within Nash Draw range over approximately six orders of magnitude, from
more than 10- 22 /s to less than 10-8 m2/s. However, this variability is
not random. A large area of low transinissivities (less than approximately
10-6 m2 /s) is present near the center of the VIP? site, extending to the
east, southeast, and southwest (Figure 4.1.2). This zone includes holes
WIPP-12, 18, 19, 21, and 22; H-1. 2. 4, 5, 10, 12, 14, 15, 16, and 17;
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P-15, 17, and 18: ER.DA-9, and Cabin Baby-i (see also Figure 1.2). Within
this low-transmissivity region, relatively high Culebra transmiss ivi ties
(greater than approximately 10-5 M2/s) have been measured southeast of the
site center, in holes DOE-i and H-li. The transmissivity measured on the
H-3 pad (2.0 x 10-6 m2/s) is transitional between transmissivities at H-1l
and DOE-i and those in the low-transmissivity domain north and southwest of
H-3.

A continuous zone of variable but high Culebra transmissivity appears to be
present northwest, west, and south of the site center. This zone includes
holes H-6, 7, and 9; WIPP-13, 25, 26, 27, '28, and 29; DOE-2 and P-14; and
the Engle veil (see Figures 1.1 and 1.2). The Culebra transmissivity in
hole H-l8 (1.8 x 10-6 to 2.4 x 10-6 M2/s) is transitional between those in
adjacent higher-transmissivity and lower-transaissivity domains.

There are some limitations in the Culebra data base, in spite of the fact
that Culebra transmissivities have now been estimated at 39 separate
localities at and near the WIPP site and within Nash Draw. For example,
although the lov-transmissivity zone near the site center is interpreted
here to be continuous to the southwest, there is no direct measurement of
Culebra transmissivity in the interval between holes H-14 and H-2. At
present there is also no direct field evidence of connection between the
region containing holes DOE-i and H-li and the region to the south con-
taining hole H-9. Quantitative integration of point data into a regional
transmissivity pattern for the Culebra and evaluation of some of the
uncertainties mentioned here are discussed in Section 4.1.3.

citl-hole Culebra tests in, which the system transuissivity is less than

1-m 2/s generally do not show signs of fracturing, while holes with
higher transuissivity do. To a first approximation, fracturing within the
Culebra (and the Rustler as a whole) appears to be related to the removal
of halite. As discussed by Mercer (1983), Snyder (1985), and Beauheim
(198Th), there is a general correlation between the distribution of halite
within the Rustler Formation (Figures 1.5 and 4.1.2) and transmissivity of
Rustier members, especially the Culebra dolomite. The distribution of
halite within the Rustler Formation is briefly discussed in Section 4.4.2.

However, the correlation between halite distribution and Culebra
transmissivity is neither unique nor completely reliable. With the
exception of WIPP-3.O and possibly H-10, the Culebra in holes in which there
is no halite in the, unnamed lover member of the Rustler are highly
transaissive. In WIPP-30, there is no halite within the Rustler, and the
Culebra& transmissivity is quite low. Without exception, the Culebra
transmissivity is low if Rustler halite is present above the Culebra.
Where there is Rustler halite present only beneath the Culebra, the
correlation is not completely reliable, perhaps because of complications
involving the response of the Culebra to evaporite, dissolution in the upper
part of the Salado Formation. For example, holes DOE-2 and WIPP-13, in the
western part of the region in which halite is present beneath the Culebra
(Figure 4.1.2), are highly transmissive, but hole H-18 is not. In the
southeastern part. of the WIPP site, holes P-17 and H-3 are relatively low
in transmissivity, but the transuissivity at H-l1 and DOE-l is greater than
10-5 M2/s. As discussed by Beauheim, (1987b), examination of the detailed
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Rustler isopachs summarized in Snyder (1985) does not indicate any
consistent reason for the high transmissivities at H-li and DOE-i.

The significance of the distinction between dual-porosity (fractured) and
porous-medium behavior in single-hole hydraulic testing is not completely
straightforward. The apparent absence of fracturing in a test does not
indicate a total absence of fractures, nor does fracturing in single-hole
hydraulic testing indicate that far-field or long-term hydraulic or
transport behavior near a given hole is or would be dominated by fracture
effects. At one extreme, very local fracturing in a very low-
transmissivity test interval may play a role in the very early pressure
responses, but may not be evident because of weilbore- storage and fluid-
flow surge effects at the beginning of a test. Any low-transmissivity hole
listed in Tables 4.1 and 4.2 may contain fractures which are not apparent
because of the testing techniques and instrumentation used. However, the
effects of these fractures should be extremely localized. At the other
extreme, intense fracturing may lead to high transmissivity, but result in
such small block sizes that fluid flow from the matrix blocks is
"immediately* the rate-limiting step. Dual-porosity effects would not be
evident during testing at such a site, and the tested interval would behave
hydraulically as an equivalent porous medium. This type of behavior may be
applicable, for example, in the highly-transinissive portions of the Culebra
within Nash Draw; however, testing results in Nash Draw have not yet been
investigated using INTERPRET. The hydraulic behavior of the highly-
transmissive Culebra in the Engle wall (4.6 x 10-5 82 /s) does not show
dual-porosity effects. However, this behavior is tentatively attributed by
Beauheim (1987b) to weilbore and near-weilbore conditions, rather than to
extreme fracturing of the test interval.

In addition, the fact that testing at a given hole does not indicate local
fracturing does not guarantee that there is not fracturing nearby. Single-
hole testing at WIPP-21 indicates a Culebra transmissivity of 2.7 x
10-7 m2/5, with no dual-porosity effects. This hole responded strongly and
rapidly to. both the H1-3 multipad interference test and activities in both
the waste-handling and exhaust shafts. This behavior probably reflects the
presence of a "lov-storativitym structure, which could be a single fracture
or fracture zone connecting the region near WIPP-21 with the two WIPP
shafts, but not intersecting IUXPP-21 itself.

Single-hole testing my~ also be strongly affected by drilling-induced near-
well effects, which can make the test hole appear either more or less
transmissive than the surrounding rock mass. As discussed by Beauheim
(1986, 1987b). marked examiples of such Oskiun effects were found in testing
in holes DOE-2 and VIPP-13. In the extremes example of hole DOE-2, the
initial esti' mate of minimum trazasmissivity was 2.4 x 10-5 m2/s. The
calculated *skin factor" was +31 (Beauheim, 1986). For comparison, a hole
so badly damaged that it would not produce fluid at all would have a skin
factor of plus infinity. At the VIPP, positive skin factors have, in some
cases, been reduced by acid treatment. Treatment of hole DOE-2 with
hydrochloric acid removed the near-hole damage effects,0 and increased the
interpreted transmissivity by a factor of 4, from 2.4 x, 1-5 m2 /s, to 9.6 x
1O-5 . 2 /s (Table 4.1). The calculated skin factor at DOL-2 decreased from
+31 to -4.7. A skin factor of less than zero indicates good connection of
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the physical weilbore with fractures within the rock mass and results in an
apparent well radius greater than that of the physical diameter of the
hole. The Culebra in several holes listed in Table 4.2 exhibits negative
skin factors, indicating good connection of the test hole with the
surrounding rock mass.

As mentioned above, the presentation of data in terms of transmissivity
explicitly assumes that the tested interval is vertically homogeneous.
Data included in Table 4.2 indicate that Culebra transmissivity at H1-14
varies with vertical position within the unit. While drilling this hole,
it was possible to find a packer seat within the Culebra. Testing of the
upper Culebra was then followed by testing-of the entire unit. The calcu-
lated transmissivity of the upper 1.7 m of the Culebra is 1.1 x 10-7 m2/s,
while that of the entire 8.2 m thickness of the unit is 3.3 x 10-7 m2/s.
This indicates that the transmissivity of the lover 6.5 m of the Culebra in
hole H-14 is approximately 2.2 x 10- m2/s. The results at H-14 indicate
that the Culebra cannot be assumed to be vertically homogeneous, since the
transmissivity of individual zones within the unit vary by a factor of
about 2. The results at H-14 are in qualitative agreement with the varia-
bility indicated by results of tracer- injection tests at holes H-1, H-2c,
H-3, And P-14 (Mercer and Orr, 1979).

Because the Culebra dolomite is generally more permeable than the Magenta
dolomite at and near the WIP? site, less testing of the Magenta has been
completed at the VIP?. Older transmissivity data for the Magenta dolomite
are contained in Mercer (1983) and Gonzalez (l983a). The results of recent
testing of the Magenta dolomite in H-14, H-16, and DOE-2 are included in
Table 4.3. Overall, reported Magenta transmiss ivi ties range from approxi-
mately 5.9 x 1-9 =2/ in hole H-14 to 4.0 x 10-4 2/ in WIPP-25. Magenta
transmissivities greater than approximately 10-6 U2/s are known only in and
near Nash Draw and the small valley south of the WIP? site (Figure 1.2).

As mentioned in Section 1.0, modeling of Rustler hydrology through 1983
assumed that the Culebra and Magenta dolomites were completely confined.
This is equivalent to assuming that the uanamed, lower, Tamarisk, and Forty-
niner members of the Rustler have zero permeability. Indeed, standard
hydrologic testing techniques are inapplicable to these units at the WI??
site because of their low permabilities. Recent advances in testing,
data -collection, and interpretation techniques have allowed meaningful
examination of these units at three locations: DOE-2, H-14, and H-16
(Table 4.3). Even in the recent testing, however, it has only been
possible to test-the transmiss ivi ties of claystones and siltstones within
the non-carbonate members of the Rustler. The claystones and siltstones in
the Tamarisk and Forty-niner Members occur near the center of each unit,
and are, separated from the Magenta or Culebra by a zone of anhydrite/gypsum
(Table 1.2). The anhydrites within the Rustler still cannot be tested from
the surface, since their in situ transmissivities are less than
approximately 10-11 22/2 (Beauheim, 1986; 1987b). In addition, it still
has not been possible to measure the transmissivity of the Tamarisk
claystone, due to its low transmissivity.
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Table 4. 3: Summary of available transmissivity information for members of
the Rustler Formation in holes H-14, H-16, and DOE-2. Slightly
modified from data contained in Tables 5-2 and 5-3 of Beauheim
(1987b) and Table 7-2 of Beauheim (1986).

Zone depth Test interval Transmissivity
(mn) (mn) (in2/s)

H -14

Forty-niner 118.9 - 123.4 116.1 - 124.7 3.2 x 10-8 - 7.6 x 10-8

"clays tone"

Magenta 129.2 - 136.6 128.0 -136.6 5.7 x 10-9 - 6.0 x 0-

Culebra 166.1 - 174.3 162.5 - 175.0 3.2 x 107- 3.3 x 1-

Forty-niner 171.6 -175.0 170.7 - 177.1 2.4 x 10-10 -6.0 x 1-

"claystone"

Magenta 179.8 -187.6 179.5 -189.3 2.6 x 10-8 -3.0 x 10-8

Culebra 213.4 -221.0 212.4 - 223.7 7.4 x 10-7 9.1 x 10-7

Unnamed member 237.1 - 256.6 225.2 - 259.4 2.4 x 10-10 -2.9 x 10-10

siltstone

DOEI.

Forty-niner 204.2 - 207.5 202.4 - 209.1 2.7 x 1 - 1.2 x 10-8
"claystoneO

Magenta 213.1 - 220.1 213.4 - 220.1 1.1 x 1-

Culebra 251.2 - 257.9 251.2 - 257.9 9.6 x 10-5

The transuissivity of the Magenta at H1-14, H1-16, and DOK-2 is 1.1 x 10-9 to
3.0 x 10-8 m2/s (Table 4.3). The transmiusivity of the claystone in the
overlying Forty-niner in the same holes is comparable, 5.6 x 10-9 to 1.2 x
10-8 .2,s. The siltstone within the unnamed lover member of the Rustler
has been successfully tested only in hole H1-16, in which it has an
estimated transuissivity of between 2.4 x 1040 and 2.9 x 10-10 m2 /s. The
transmissivity of the Culebra in DOE-2, H1-14, and H1-16 ranges from 1.1 x

107to 9.6 x 10- m2/s, at least one order of magnitude greater than that
of any of the surrounding units.
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The results at H-14, H-16, and DOE-2 indicate that the Culebra is the most
significant water-bearing unit within the Rustler at and near the 1.71PP
site, consistent with earlier assumptions, although in some holes (H-l0,
tJIPP-12, P-15) the Culebra transmissivity is similar to the Magenta
transmiss ivi ties measured at H-14, H-16, and DOE-2. However, the recent
results are inconsistent with previous assumptions, in that they suggest
that stratabound fluid flow within the portion of the Rustler above the
Culebra dolomite may occur as much through the Forty-niner claystone as
through the Magenta, except where the Magenta is significantly fractured.
At and near the WIFF site, both the Magenta and the Forty-niner claystone
are more transmissive than the bounding anhydrites; no data are available
concerning the transmissivity of the Ta...risk claystone. There must be a
qualitative increase in the transmiss ivi ties of the Tamarisk and Forty-
niner anhydrites somewhere between the IJIPP site and Nash Draw, however,
since evaporite karst in and near Nash Draw involves formation of small
caverns and sinkholes within the Tamarisk and Forty-niner Members, as
briefly discussed in Section 4.4.

4.1.1.2 Head Distribution within the Rustler Formation and between the
Rustler. Dewey Lake. and Salado--As mentioned previously, numerical
modeling of Rustler hydrology through 1983 assumed the Culebra and Magenta
were completely confined, and that the transaissivities of other units
within the Rustler were negligible. The results discussed in the preceding
section indicate that the transuiss ivi ties of clayseones or siltstones
within the Rustler are locally measurable at the WIPP site, and are similar
in magnitude to that of the Magenta dolomite, except where the Magenta is
fractured. However, the transuissivity of the Culebra dolomite is normally
at least one order of magnitude greater than that of other units within the
Rustler at and near the WIPP site, and the transmissivities of Rustler
anhydrites at and near the WIP? site are too low to measure. These results
suggest that flow within the Culebra dolomite, parallel to layering, is the
dominant factor in the hydrology of the Rustler Formation at the WIPP site.
However, as discussed briefly in this section, fluid pressures and
densities have been measured locally in units both above and below the
Culebra.

Therefore, unless the Rustler anhydrites and/or Tamarisk claystone have
absolutely zero permeability, there mutt be some vertical fluid flow within
the Rustler. The, amount of this flow is not known quantitatively, and
cannot be measured directly-in-the field. At one extreme, vertical fluid
flov may be completely negligible relative to stratabound flow within the
Culebra dolomite. At the, other extreme, Okarstic* hydrology might occur
within the Rustler Formation at the VIPP site, involving surficial recharge
from the surface to the Rustler carbonates and/or anhydrites. In order for
fluid flow to take place from the surface to the carbonate members of the
Rustler Formation, the head potential within the Forty-niner must be
greater than that within the underlying Magenta dolomite, regardless of the
head potential or state of saturation within the Dewey Lake Red Beds. The
relationships among the effective hydraulic heads of the various members of
the Rustler Formation, the Salado, and the Dewey Lake in the central
portion of the VIP? site are shown in Figure 4.1.3. The flow directions
indicated include the expected effects due to variable brine densities.
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VERTICAL HYDRAULIC-HEAD RELATIONS AMONG THE
RUSTLER MEMBERS AT THE WIPP SITE
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Figure 4.1.3: Head relations amng units in the Rustler Formation and
between the Rustler, Dewey Lake Red Bads, and Salado at the
WIPP site. Figure 6-3 of Beauhein (1987b).
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Figure 4.1.3 is based, in part, on testi.ng of the Rustler and lower Dewey
Lake Red Beds at H-14, H-16,. and DOE-2. The transmissivity of the lower
Dewey Lake was too low for successful testing, i.e., less than approx-
imately 10-11 m2 /s. In fact, resting was unable to determine whether the
Dewey Lake is hydraulically saturated. The regional pattern of hydrologic
saturation within the Dewey Lake is not well known (Mercer, 1983); only
very limited evidence has been found for local saturation at the WIPP site.
South of the WIPP site, water is locally produced from the Dewey Lake,
perhaps from lenticular sands within the unit (Mercer, 1983). Wells
probably producing from within the Dewey Lake include the Pocket, Fairview,
and Ranch wells indicated in Figure 1.2. As noted by Mercer (1983) the
region east of the Ranch well includes thick active dune sands, and may
serve as a location for local recharge to the Dewey Lake (see also Section
4.3.2).

In holes H-14 and H-16, consistent with the relationships shown in Figure
4,1.3, the Magenta head is greater than the head in the Forty-niner
claysrone (Beauheim, 1987b). Therefore, modern fluid flow between these
two members is upward, rather than downward. Since water at these two
holes is not moving from the top of the Rustler downwards into the Magenta,
it cannot be moving from the surface down into the Magenta dolomite.

The Dewey Lake Red Reds at H-14 and H-16 may not be saturated. If not,
fluid flow from the surface to the Forty-niner claystone is not likely.
Given the uncertainty in regional saturation and head potentials within the
Dewey Lake Red Beds the results at H-14 and H-16 do not rule out fluid
movement from the surface downward into the Forty-niner claystone or the
upper anhydrite in the Forty-niner and/or into the Magenta dolomite in some
areas; i.e., where the Dewey Lake is saturated. Also, these results do not
eliminate the possibility of flow between the Dewey Lake Red Beds and the
Rustler carbonates in the past, if heads within the Dewey Lake Red Beds and
Forty-niner were higher at that time relative to heads within the Magenta.

Magenta heads near the center of the WIPP site are greater. than Culebra
heads (Figure 4.1.3), consistent with downward flow between these two
units. As indicated in Figures 17 and I8 of Mercer (1983), the difference
in heads between the two units tends to increase towards the east and
decrease towards the west, primarily due to a general east-to-west decrease
in Magenta heads. Within and near Nash Draw, the heads within the two
units are similar; in some places in and near Nash Draw, (H-7a, WIPP-26,
WIPP-28), the Magenta is unsaturated (Mercer, 1983).

Vertical flow from the Magenta to the Culebra has been considered in
regional-scale modeling of Culebra hydrology (Section 4.1.3.1). However,
as noted above and indicated in Figure 4.1.3, it has not been possible to
measlure either transmissivi ties or head potentials within either the
claystone or anhydrites in the Tamarisk at or near the WIPP site. Vertical
flow between the Magenta and Culebra is discussed further by Mercer (1983)
and Beauheim (1987b). The, possible consequences of such flow, as
considered in numerical modeling of Culebra hydrology (Haug et al., 1987),
are briefly considered in Section 4.1.3.1.
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As noted by Mercer (1983) and Beauheim (1987b), the head potentials in the
silty portion of the unnamed lover member of the Rustler are greater than
within the Culebra over much of the area of the IJIPP site. Thus, fluid
flow into the Culebra from the underlying unnamed member and possibly the
Salado Formation is possible at both of these locations. However, as
indicated in Figure 4.1.3, it has not been possible to measure either
transmiss ivi ties or head potentials within the claystone, halite, or
gypsum/anhydrite in the upper part of the unnamed lover member. The pos-
sible implications of vertical fluid flow from the unnamed member into the
Culebra in numerical modeling of Culebra hydrology are briefly discussed in
Section 4.1.3.1.

4.1.2 Single-Pad Interference Testing

Interference testing at the scale of a single hydropad is designed to
provide data concerning the hydrologic effects of both fracturing and
"anisotropyw at a geometric scale of some 30 m. If the test interval
behaves as a porous medium at the hydropad scale, interference testing
yields an "anisotropy tensor," which indicates local directions of maximum
and minimum transmissivities. If, however, the porous-medium assumption is
not valid at this scale, i.e. , if fracturing effects are significant,
testing at this scale normally provides average system transmissivities and
storativities along the independent pairs of flow paths. Section 4.1.2.1
describes the detailed results of single-pad interference testing at the
H-3 hydropad, and Section 4.1.2.2 the detailed results of testing at the
H-11 pad. Detailed interpretation of pad-scale interference testing has
only been completed to date for these two locations. Interpretation of
results obtained at the H-2, H-4, H-5, H1-6, H-7, and H1-9 pads is ongoing.

4.1.2.1 Interference Testing at the H-3 Hvdrocad--Beauheim (1987a)
interprets hydraulic data collected at the H1-3 hydropad (Figure 4.1.4)
during single-hydropad testing in 1964 and the H1-3 multipad interference
test conducted in 1985 and 1986. Hole H-3b3 was the pumped hole during the
1984 test, and H-3b2 the pumped hole-during the H1-3 multipad test.

The characteristic, drawdown response in both pumped and observation holes
at the H1-3 pad is shown in Figure 4.1.1. As noted in Section 4.1.1, the
inflection in dimensionless pressure at early dimensionless times indicates
fracturing at 11-3. In fact, the responses of observation holes on the H1-3
pad to the beginning of pumping during both single-pad and multi-pad
testing tests were practically instantaneous. Observation holes 11-3b1 and
H- 3b3 responded within five seconds to the beginning of pumping in 11-3b2
during the multipad test. The peek dravdowns in the observation holes were
90% or more of the drawdowm in the pupe hole, even in the relatively
short 1984 test. As a result, it was necessary to interpret thes responses
of observation holes on the H1-3 pad as if these holes were a part of the
pumped hole. This conclusion is supported by the fact that the calculated
effective hydraulic radius of the pumped well in the 1984 testing (H-3b3)
is approximately 146 m (Beauhein, 1987a). This interpretation, however,
makes it impossible to determine storativities along the flow paths at the
H-3 pad.
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H-3b2

H-3b

H--3bl

*SURFACE LOCATIONS

o DEVIATED LOCATIONS AT DEPTH
OF CULEBRA MIDPOINT

.4
BEARINGS RELATED TO TRUE NORTH

Figure 4.1.4: Physical layout of the H-3 hydropad. The figure is a plan
view, shoving positions and distances between veils both at
the surface and where penetrating the Culebra dolomite.
Figure 4.1 of Kelley and Pickens (1986).
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The results of interference testing on the H-3 pad are summarized in Table
4.4. There is no significant difference between the interpreted
transmiss ivi ties of the three holes on the H-3 pad, since the range in
values is only from 3.1 to 3.2 x 10-6 m2/s for the 1984 testing and 1.8 to
1.9 x 10-6 m /s for the multipad test. Therefore, there is no apparent
anisotropy in the hydraulic properties at H-3. There is, however, a
decrease of approximately 50% between the average transmissivity at H-3
interpreted from the 1984 testing, in which the pumping phase lasted 14
days at an average pumping rate of 4.0 gpm, and that interpreted from the
H-3 multipad interference test, in which the pumping phase lasted 62 days,
at an average rate of 4.8 gpm. Beauheim (1987a) attributes this difference
to either a real difference in transmissivity between holes H-3b3 and
H-3b2, the specific wells pumped in the two tests, and/or to the fact that
the average transmissivity of the relativdly large volume investigated
during the long-term H-3 multipad test is lover than the average trans-
missivity of the volume investigated in the shorter-term 1984 testing.
Consistent with this latter interpretation, the original H-3(bl) trans-
missivity of 2.0 x 10-5 m2/s reported by Mercer (1983) is based on a
combination of bailing/recovery and slug tests, both of short duration.

Table 4.4 includes estimates of both "skin factor" and the Ostorativity
ratio" for individual holes on the H-3 pad. Calculated skin factors range
from -7.3 to -8.1. As discussed by Beauheim (1987a). the strongly negative
skin factors indicate direct connection of all three veilbores with frac-
tures, consistent with the interpreted effective radius of 146 a for hole
H-3b3. Although the storativities of the observation holes on the H-3 pad
could not be calculated, Beauheim (1987a) does calculate estorativity
ratios" (omegas), the ratio of fluid storativity within the fractures
(secondary porosity) to that of the entire system of matrix plus fractures
(primary plus secondary porosity). The calculated values range from 0.03
to 0.25. As noted by Saulnier (1987), most fractured-rock systems have a
storativity ratio less than 0.1. The storativity ratios at the H-3 pad
indicate unusually high storage within fractures. perhaps due to the
vugginess of the Culebra.

4.1.2.2 Interference Testing at the H-11 Hydronpad and Cotmarison with
Results at the 11-3 Pad--Saulnier (1987) summarizes the interpretation of
pad-scale interference testing carried out at the H-1l hydropad (Figure
4.1.5) in 1984 and 1935. During 1984, holes 11-llbi, H-11b2, and H-11b3
were each pumped in individual tests lasting from 12 to 21 hours. The 1985
test, in which H-11b3 was the pumped hole, lasted for 32 days. However,
complications with instr ume ntation during the 1985 testing resulted in four
distinct pumping and recovery periods. The resulting superposition of
effects complicates interpretation of the 1985 results.

4

The results of interference testing at H-l1 are included in Table 4.4. The
interpreted transissivities for pumped holes and for flow paths between

pumped and observation holes on the H-l1 pad range from 1.2 x 10-5 to 3.0 x
l0 22/s. With the exception of the interpreted transmissivit oH-ll

during 1984 pumping the range is only 2.5 x 10-5 to 3.0 x 105 m/S.
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Table 4.4: Slummary of single-pad interference testing results for the
Culebra dolomite at the H-3 and H-11 hydropads. Slightly
modified from data contained in Tables 6-1 and 6-3 of Beauheim
(1987a) and Table 6.1 of Saulnier (1987).

Transmissivity Skin Storativity Flow
(m2/s) Factor Storativity Ratio (w) Ratio~l)

Ii-3 (1)

H-3b3 (1984) 3.1 x 10-6 -7.8 -0.07

PUMP
H-3b1 (obs.) 3.2 x 10-6 -7.3 -0.25

H-3b2 (obs.) 3.2 x 10-6 -7.6 -0.04

H-3b2 (1986) 1.8 x 10-6 -8.1 -0.03

PUMP
H-3bl (abs.) 1.9 x 10-6 -7.7 -0.25

H-3b3 (obs.) 1.9 x 10-6 -8.0 -0.10

H-11(2)

H-llbl (1984) 1.2 x 10-5 -3.3 -0.01 1.3 x 1-
PUMP

H-11b2 (abs.) 2.5 x 10-5 8 x 10-4 0.35 2.0 x 10-6
H-11b3 (abs.) 2.8 x 10-5- 5.5 x 10-4 0.35 1.3 x 10-6

H-11b2 (1984) ---

Pump
H-llbl (abs.) 2.7 x 10-5 6.1 x 10-4 0.43 2.0 x 10-6
H-11b3 (abs.) 2.6 x 10-5- 4.5 x 10-4 0.40 3.8 x 10-6

H-11b3 (1984) 2.8 x 10-5 -4.4 -0.01 2.3 x 10-6

PUMP
H-llbl (abs.) 2.7 x 10- 6.3 x 10-4 0.30 1.3 x 10-6
H-11b2 (abs.) 2.6 x 10-5- 7.2 x 10-4 0.30 1.3 x 10.6

H-1I1b3 (1985) 3.0 x 105 -4.6 -0.01 3.7 x 10-7

PUMP
H-llbl (obs.) 2.7 x 10-5 - 2.9 x 10-3 0.07 5.0 x 10-6
H-11b2 (obs.) 2.8xl10-5- 2.6 x 10-3 0.07 5.8Sx 10-6

(It) All holes H1-3 pad interpreted as part of pumped hale; therefore,
storativities not available, but skin factors and paint transmissivi-
ties available for all holes.

(2) Observation holes on H-li pad veil-behaved; therefore, transaissivi-
ties, except for pumped hole, are averages between observation and
pumped hole.
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The behavior of observation holes on the H-il pad is consistently different
than that observed on the H-3 pad. Although the observation holes on the
H-li pad displayed dual-porosity behavior, their response to the beginning
and ending of pumping was sufficiently -delayed to allow interpretation as
observation holes, rather than as part of the pumped well. The calculated
effective hydraulic radius of H-11b3, consistent with the behavior of the
observation holes, is 4.9 m (Saulnier, 1987), as compared to an effective
radius of 146 m at the H-3 pad (Beauheim, 1987a).

Comparison of the hydrologic behaviors at the H-3 and H-li pads indicates
that the hydraulic effectiveness of fracturing at a given site need not be
proportional to the transmissivity. The interpreted transmissivity of
H-11b3 during pumping of this hole in 1984 is 2.8 x 10- M2/s, as compared
to a transmissivity of 3.1.x 10-6 .2/s for hole H-3b3 in 1984 testing at
the H-3 pad. However, the effective radius of H-3b3 is 146 m, while that
of H-11b3 is 5 m. In addition, the observation holes at the H-3 pad had to
be treated as part of the pumped well, while observation holes at the H-11
pad behaved properly as observation wells. As shown in Table 4.3, the
calculated skin factors at the H-3 pad, which range from -7.3 to -8.1, are
consistently more negative than those at the H-l1 pad, which range from
-3.3 to -4.6.

Interpretation of behavior along the assumed radial flow paths between
observation and pumped wells on the H-il pads indicates average hydraulic
storativities between 4.5 x 10-4 and 2.9 x 10-3 , with the higher values
interpreted from testing in 1985. These storativities are higher than
regional storativities calculated by Beauheim (1987a) from multipad testing
at the H-3 pad (7.4 x 10-6 to 3.0 x 105 see Table 4.6). As at the H-3
pad, calculated storativity ratios at H-li range from 0.01 to 0.43, higher
than normal for fractured media.

Calculated interporosity-flow parameters (lambdas) at H-li range from 1.3 x
10- 9 to 5.8 x 10-6 (Table 4.4). As noted by Saulnier (1987), the
definition of the parameter lambda includes the ratio of the matrix
permeability (permeability of the primary- porosity system) to permeability
of the fractures (secondary- porosity system). Therefore, the calculated
results indicate that there is a strong contrast between matrix and
fracture permeabilities at the H-li pad. As also indicated by Saulnier
(1987). interpretation of the calculated lambda values at the H-li pad is
consistent with effective block or slab dimensions of 0.3 to 1.0 m. The
available information on the effective block size in fractured portions of
the Culebra dolomite is discussed further in Section 4.2, based on the
results of testing with conservative tracers at the H-3 hydropad.

Using4 the system transuissivities interpreted from 1984 testing and an
average storativity of 6.3 x 10-4, Saulnier (1987) estimates the extent and
orientation of hydraulic 'anisotropy* at H-1l. The calculated maximum
transmissivity vector of 3.3 x 10- m2/s is oriented 5.8 degrees north of
east, and the calculated minimnm transmissivity vector of 2.1 x 10-5 m2/3
5.8 degrees west of north (Table 4.5). The calculated ratio of 1.6:1
between maxim-m and minimum transuissivities at H-1l indicates only a small
degree of anisotropy. However, the presence of fractures at this site
indicates that these results are only qualitative; because of the
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fractures, directional variations in properties are almost certainly not
continuous. Also, since the indicated directions of maximum and minimum
transmissivity do not coincide with any direct flow paths on the H-11 pad,
there is no guarantee that either the maximum or minimum values are
reliable.

Table 4.5: Summary of apparent hydraulic anisotropy of the Culebra
dolomite. Compiled from results contained in Saulnier (1987)
and Gonzalez (1983b).

Orientation
TMA (m2/s) THIN (m2/s) TEAL/THIN of TMAX~

11.4(1) 2.9 x 10-6 1.1 x 10-6 2.6 N76W

H1-5 2.4 x 1079.7 x 10-8 2.5 N25W

H1-6 1.1 x 10-4 5.2 x 10-5 2.1 N29V

H-.11(2) 3. x 1o-5  2.1 Y.1- 1.6 N84E

(1) Data for H1-4, H1-5, and H1-6 from Gonzales (1983b).

(2) Data for H-l1 from Saulnier (1987).

The available interpretations-of anisotropy within the Culebra dolomite are
sumarized in Table 4.5. Earlier interpretations at the H1-4, H1-5, and H1-6
pads all explicitly make the porous-medium assumnption (Gonzalez, 198 3b).
The interpretation of Saulnier (1987) is based on the calculated system
transuissivities. The available interpretations indicate transaissivity
ratios between 1.6:1 and 2.6:1, with a direction of between N84E an' N76V
for the major transmissivity vector. For calculated major Culebra axis -
missivities between 2.4 x 10-7 2 2/s an 1.1 x 10-4 U2/2 and minor t, 4mis-
sivities between 9.7 x 10-8 and 5.2 x 10-5 m2/s there appears to .,- less
than a factor of three hydraulic anisotropy. The available results
indicate that there is no consistent orientation of maximum Culebra
traxismiss ivity.

4.1.3 Multinad Ierference TestIng

As noted in the introduction to Section 4.0, the best method of estimating
the regional distribution of properties within a variable hydrologic unit
is by regional-scale testing and interpretation. At the VIPP site, two
regional-scale inultipad interference tests of the Culebra dolomite have
been completed, centered at the H1-3 hydropad and at hole WIPP-13. The H1-3

88



multipad interference test and related analytical interpretation and

regional-scale modeling of *Culebra hydrology are discussed in Section

4.1.3.1. The WIPP-13 test and related interpretative and modeling studies

are discussed in Section 4.1.3.2.

4.1.3.1 The H4-3 Mult12ad Interference Test and the Rational Culebra Model

of HauL er al. (1987',--The pumping phase of the H-3 multipad interference
test (Figure 4.1.6) extended from October 15, 1985, to December 16, 1985.

Recovery monitoring continued until April 16, 1986, when the data-

acquisition system at the H-3 pad was turned off. Raw data from the test

are included in INTEBA (1986). Analytical Interpretations of both detailed

results at the H-3 pad and average or apparent transais sivi ties and

storativities between H-3b2 (the pumped hole) and the numerous observation

holes are reported by Beauheim (1987a). Analytical interpretation of

regional flow patterns generated in response to the test, with emphasis on

evaluation of a linear-flow regime at-holes H-3, H-1l, and DOE-l, is

reported by Tomasko and Jensen (1987). Numerical calculation or simulation

of Culebra transmissivities, heads, and fluid densities on the regional

scale are reported by Haug et al. (1987), as well as modeling of the

transient pressure responses to the H-3 multipad test.

Beauheim (1987a) describes the analytical (as opposed to numerical)
interpretation of hydraulic data collected during the H-3 multipad

interference test. Results on the H-3 pad itself are discussed in Section

4.1.2. The regional distribution of Culebra properties, based on

Beauheim's analytical interpretation, is summarized in Table 4.6. The
analytical, approach used to interpret responses at observation holes
necessarily assumes both radial flow into the pumped hole and homogeneous
or average properties between pumped hole and individual observation holes

(beauheim, 1987a). Therefore, transuissivity values listed in Table 4.6
are apparent average values for an assumed radial flow path between H-3b2
and the listed observation hole. Beauheim (1987a) found it necessary to

correct both pro-test and post-test heads for the relatively long-term
transient behavior of some water levels at and near the WIPP site (Table
4.6). This transient behavior is in response to some combination of

hydrologic testing, shaft sinking and sealing operations, and a possible
regional transient.

Observation-hole responses to the H-3 iuultipad test fall into three general

categories. First, on the H-3 pad itself, hydraulic fracturing was

sufficient to require that Observation holes H-3b1 and H-3b3 be considered
as part of the pumped hole (Section 4.1.2). Second, Observation holes

DOE-I end li-libi, respectively 1606 and 2423 m southeast of H-3b2 (Figure
4.L.6). responded rapidly to both the beginning and ending of pumping.

Drawdown in DOE-i began 48 hours into the test, and that in H-llbl only
three hours later (Table 4.6). The average transmiss ivi ties interpreted

along flow paths between H-3b2 and DOE-l and H-llbl are 5.9 x 10- m2/5

between DOE-l and H-3b2 and 7.3 x 10-6 m2 /s between li-libl and H-3b2.
Calculated apparent storativities along the same flow paths are 1.0 x 10-5

and 7.4 x 10-6, respectively. Beauheim (1987a) concludes that the rapid
responses at DOE-i and Hl-lbl and relatively high calculated transmis-
sivities along flow paths between these holes and H-3b2 indicate a
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* Well not open to Culebra during( H-3 multipad pumping test

0~~ ~ WP280well open to Culebra dolomite.
WIPP-7 4;Pno response to H-3 multipad

pumping test

*9 Well open to Culebra dolomite.
(Possible) response to H-3

WIPP-30 multipad pumping test
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Figure 4.1.7: Observed drawdovn versus the square root of time in hole
li.3b2 during the H-3 multipad interference test. Slightly
modified from Figure 15 of Tomasko and Jensen (1987).
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Figure 4.1.8: Comparison of measured and simulated responses at H-li and
DOE-i during the H-3 multipad interference test, assuming
perfectly linear flow. Figure 25 of Tomasko and Jensen
(1987).
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the H-3 pad and between H-3 and DOE-l and H-li, respectively. These
results are in qualitative agreement with the results of Beauheim (1987a)
discussed above (2.0 x 10-6, 5.9 x 10-6, 7.3 x 10-6 m2/s, respectively).

The analytical approaches discussed thus far involve specific assumptions,
some of which pose real limitations in interpretation of testing on this
geometric scale within a unit as complex as the Culebra dolomite. These
include:

1. Regional-scale flow is assumed to be either perfectly radial or
perfectly linear.

2. Transmissivities are either assumed uniform between pumped hole and
observation hole, or a simplified transuissivity distribution is
assumed.

3. Constant fluid density is assumed.

4. The Culebra dolomite is assumed to be completely confined.

In contrast, the approach taken by Haug et al. (1987), using the code SWIFT
II (Reeves et al., 1986a; Reeves et al., 1986b), is fully numerical, and
includes consideration of: a) a more complex pattern of regional flow,
based on calculation of transmissivities between measurement points; b)
variable fluid densities; and c0 vertical fluid flux into or out of the
Culebra. The modeling approach of Haug et al. (1987) assumes steady-state
boundary conditions.

The results of non-directional kriging of the April 1986 Culebra-
transmissivity data base (Figures 4.1.9 and 4.1.10) provide a quantitative
indication of the statistical reliability of the data base at that time,
independent of geologic and hydrologic judgement. The limited size of the
data base resulted in the kriged transmissivity pattern consisting largely
of "circles't around measured data points (Figure 4.1.9). The roughly
circular areas within which the uncertainty in transmissivity (defined here
as one standard deviation) was lees than one order of magnitude were cen-
tered on individual hydro holes and approximately one kilometer in diameter
(Figure 4. 1. 10). The only regions in which the areas of one-order-of-
magnitude uncertainty overlapped was in the regions H-1 - H-2 - H-3 and
H-11 - DOE-l. This finding provided strong impetus for testing of addi-
tional holes within VIPP Zon* 3, as indicated by the large number of holes
in Table 4.1 for which data have been collected or revised since April
1986.

One major emphasis of Haug at al. (1987) is consideration of the regional
hydrologic behavior of the Culebra, independent of transient effects
imposed by the WI?? facility. This required estimation of Culebra head
potentials as they existed prior to the sinking of the WI?? shafts (Figure
4.1.11). Figure 4.1.12 shows the simulated or calculated Culebra
transmissivity distribution resulting from calibration of downhole
pressures within the Culebra against the umeasuredO pro-shaft freshwater-
equivalent head potentials shown in Figure 4.1.11. The calibration effort
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Figure 4.1.9: Initial kriged Culebra transuissivities, based on data
available as of April 1986. Slightly modified from Figure
3.7 of Haug et al. (1987).
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Figure 4.1.12: Best calculated distribution of Culebra transuiissivi ties,
based on pressure calibration to head distribution shown in
Figure 4.1.11. Slightly modified from Figure 4.4 of Haug

et al. (1987).
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involved use of "pilot pointsm in some locati ons between measured data. At

the pilot points, transmiss ivi ties were assigned, consistent with the
uncertainty in initial kriged values. Evaluation of the statistical
properties of the expanded data base including the pilot-point
transmissivities indicated that the statistical properties of this data
base were consistent with those of the measured data.

The transmissivity distribution in Figure 4.1.12 is marked by four main
features:

1. A large and apparently continuous zone of relatively low transmis-
sivity (T<10- 6 M2/s) including the site center, the locations of the
WIPP shafts, and extending to the east and northeast.

2. An apparently isolated region of low transmissivity in and near the
southeastern portion of the site, in the region P-15 - H-4 - P-17. As
noted in Section 4.1.1, it is not clear from existing point data
whether or not this zone is connected to the low-transuissivity zone
closer to the site center.'

3. A narrov high- transmissivity zone (T>10 -5 m2/s) in the region
containing H-li and DOE-i, and extending to the south. This zone was
largely required in the model to account for the relatively low heads
observed at H-li and DOE-i (Figure 4.1.11).

The central portion of the high-transaissivity zone is defined in Haug
et al. (1987) only by several pilot points, since no data from within
the zone were available as of April 1966. The zone is consistent with
results of both beauheim (1987a) and Tomasko and Jensen (1987). Model
transmissiLvi ties in the central part of the zone, approximately 3.0 x
10-4 m2 /s, are similar to the transmissivities at H-9b (1.7 x 1-
m2/s) and P-l14 2.3 x 1~.0- .2/s), but lower than the transuissivity at
H-7b (1.1 x 10 . 2/s) (Table 4.1). The assigned value was chosen in
the effort to be reasonably "conservative," i.e., to have the zone
contain as high a transuissivity as was reasonable.

4. A relatively large and apparently continuous high- transmissivity
zone in the western part of the modeled area. As of April 1986, the
high-transmissivity zone included measured data only at holes H-6, DOE-
2, P-14, and H-7. The need to define the relationship of this high-
transmissivity zone to the low-transmissivity zone containing the
center of the VII? site was a major driving force behind imultipad
interference, testing at VI1P-13 (Section 4.1.3.2).

The calculated transuissivity distribution (Figure 4.1.12) served as a
basis for further model calibration (Haug et al., 1987). The distribution
of Culebra fluid densities measured as -of April 1986 is shown in Figure
4.1.13. Culebra fluids In the vicinity of the VIPP site range in density
from approximately 1.00 to greater than 1.10 g/cm3 (see Section 4.1.3.2).
Two main features of Figure 4.1.13 are of note:
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Figure 4.1.13: Best estimate of density distribution of Culebra fluids,
based on information available as of April 1986. Figure
3.10 of Haug et al. (1987).
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1. A linear zone of steep gradient in fluid density separates a large
area of high fluid density (1.08 g/cm3 or greater) east of the site
center from an analogous area of relatively low fluid density (1.04
g/cm3 or less) west of the site center.

2. Major curvature in the lines of fluid densities 1.01 through 1.04
g/cm3 in the northwest part of the modeled area. As of April 1986,
only measured density data from H-6, DOE-2, H-2, and P-14 provided
control for this curvature.

During calibration of Culebra transuissivities against fluid densities, the
interpolated brine densities near the boundaries of Figure 4.1.13 were
first used as initial boundary conditions in simulation of assumed
variable -density steady-state confined flow within the Culebra (Haug et
al., 1987). The results of this approach were not satisfactory (Figures
4.1.14 and 4.1.15). Calculated brine densities at steady state are too low
in the eastern portion of the model. The density contrasts in the eastern
portion of the model (with the exception of the region near P-17) were
adjusted successfully by slightly increasing the transmissivity in the
northeastern portion of the model, without significantly changing fluid
densities assigned at the boundaries. Over the western portion of the
model, the problem was more severe. At steady state, a large area,
including holes H1-1. H1-2, P-17, P-15, and P-14, was calculated to have
fluid densities between 1.04 and 1.05 g/cu3, compared to measured densities

of 106 gcm3 at P-17 and less than 1.03 g/cm~ at the other holes. The
high calculated brine densities over the western portion of the site
reflect the southward movement of the relatively dense brines at H1-6 and
DOE-2 required by steady-state confined flow (Haug at al., 1987).

These results are taken by Haug et al. (1967) to be consistent with at
least three possibilities:

1. The interpolated brine densities along the northern boundary of the
model are incorrect, except for the measured value at H1-6. This
possibility is considered in detail by Haug et al. (1987). Because of
the recent increase in brine-density data in the northwest portion of
the modeled area, the possibility is not considered further here (see
Section 4.1.3.2).

2. There is enough vertical fluid leakage into and/or out of the
Culebra to siguificantly affect fluid densities within the unit. This
possibility is considered further by Haug et al. (1987), and is
discussed below (see also Section 4.1.1).

-4
3. The Culebra hydrologic regime is not at steady state on the time
scale required for water flow across 'the modeled area. Transient
boundary conditions for the hydrology of the Rustler Formation are
consistent with recent geologic and isotopic results discussed in
Sections 4.3 and 4.4, but have not yet been modeled directly, and are
not considered further here.
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Figure 4.1.14: Calculated steady-state, brine-density distribution within
the Culebra dolomite, based on data available as of April
1986. Slightly modified from Figure 4.7 of Haug et al.
(1987).
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Haug et al. (1987) initially addressed the density contrast over -.he

western portion of the modeled area by assuming that brine densities along

the northern boundary of the model were incorrect; therefore, calibration

against fluid density did not change interpolated transmissivities in this

area. In the vicinity of hole P-17, however, better agreement between

calculated and measured fluid densities was obtained by shifting the

location of the southern high- transmissivity zone in Figure 4.1.12 closer
to P-17.

Haug et al. (1987) then considered the possibility of vertical fluid flow
into and/or out of the Culebra dolomite in two areas:

1. At and near P-17, where measured brine densities were 0.04 5/cm3

higher than those calculated. Upward flow of relatively dense brine

from the Rustler/Salado contact zone, through the unnamed lower member
of the Rustler, into the Culebra dolomite was considered at this
location, consistent with known head relationships (see Section 4.1.1).

2. Over the western and southwestern part of the modeled area, in
which measured fluid densities are significantly less than modeled
densities. Uniform downward flow of relatively fresh (low-density)

fluids from the Magenta into the Culebra was considered in this area.

Assuming a brine density of 1.19 g/cm
3 for the Rustler/Salado contact zone

and/or unnamed lover member of the Rustler in the region near P-17, Haug et

al. (1987) estimate that a vertical flux of 10-12 m3/m2 s would be suf-

ficient to result in a calculated brine density within the Culebra of

1.06 g/cm3, the measured value. Given the approximate vertical gradient of

0.18 in/in at this location, based on head relations shown in Mercer (1983),
this flux would require a vertical hydraulic conductivity of 5.7 x
10-12 m/s in the unnamed member. This is within the range thought reason-

able (Haug et al., 1987), but slightly higher than recently measured adja-

cent to the VIPP waste-handling shaft (Section 3.3.1.2). Thus, a very

small upward flux into the Culebra in the vicinity of P-17 appears to be

largely consistent with known data, and improves agreement between measured

and calculated brine densities in the area. However, it is not feasible to
measure the small flux in a reasonable time in the field.

In considering fluid flow from the Magenta dolomite downward into the

Culebra over the western portion of the modeled area, Haug et al. (1987)
assumed a brine density of 1.00 g/cu3 for the Magenta. Addition of a small

but constant vertical flux of 5 x 10-12 m3 /m2 s over the western portion of

the model led to two qualitatively different responses:

1. In areas of low Culebra tranaissivity, the resulting freshwater-
equivalent heads were increased significantly, causing unacceptable
disagreement between calculated and observed heads. In these areas,

however, the assumed flux did significantly decrease the calculated
brine densities within the Culebra.

2. In areas of high Culebra transmissivity, addition of the vertical
flux did not significantly harm the agreement between calculated and

105



measured freshwater heads, nor did it significantly improve the
agreement between measured and calculated brine densities within the
Culebra.

Vertical flux from the Magenta downward into the Culebra dolomite over the
western portion of the modeled area is consistent with known head and
fluid-density relationships in some areas (Section 4.1.1.2). However, the
flux, if real, must be laterally variable rather than constant, and the
vertical conductivity of the Tamarisk claystone and anhydrites between the
Magenta and Culebra may simply be too low at and near the site. The
modeling results of Haug et al. (1987) suggest that vertical flow rates
must be higher in regions in which the Culebra is more transmissive, and
lover in regions where it is less transmissive. This amount of coupling of
Culebra tranimissivity with that of the overlying Tamarisk and Magenta
members has not been identified in the regional variations in
transmiss ivi ties of the different members of the Rustler at and near the
WIPP site. For example, the transmissivity of the Tamarisk claystone,
between the Magenta and Culebra, is too low for measurement at and near the
site; the transmissivity of the Tamarisk anhydrites may be even lower.
Given enough modeling time and effort, it appears that excellent agreement
between measured and calculated brine densities within the Culebra dolomite
could be obtained by calibration against both transmissivity distribution
in the Magenta, Tamarisk, and Culebra and vertical flux, assuming steady-
state boundary conditions. However, this agreement would not in any way be
unique, and might not be consistent with the inability to measure proper-
ties within the Tauarisk. This is not to say that vertical flow is not
occurring within the Rustler Formation (see Sections 4.1.1 and 4.4), simply
that data are not adequate to model it precisely. The extremely low
transmissivity of the Tamarisk claystone and anhydrites, relatively high
transmissivity of the Culebra, and geochemical relationships within the
Rustler (Section 4.4) suggest that transient confined flow within the
Culebra dominates Rustler hydrology at and near the WIPP site.

In summary, model calibration to the Culebra pre-shaft head distribution by
Haug et al. (1987) largely met with success, but also indicated uncertain-
ties in the understanding of Culebra and Rustler hydrology. Calibration to
the freshwater head distribution was successful to within one meter of
measured values. Assuming steady-state confined flow, however, the result-
ing Culebra transuissivity distribution was not successful in simulating
the measured brine-density distribution. In the eastern portion of the
model, the required adjustment in transmissivity was minor. Over the
western portion of the model, the results of Haug at al. (1987) indicated
that: 1) the April 1986 understanding of brine densities may be quali-
tatively incorrect; 2) there may be regional-scale vertical flow within the
Rustler Formatlon; and/or 3) the hydrologic setting of the Rustler Forma-
tion may b6 transient on thet time scale required for groundwater flow
across the modeled area.

The next step in model calibration by Haug at al. (1987) was simulation of
transient stresses within the modeled area, assuming steady-state boundary
conditions. Several transient activities were simulated, including:
1) sinking and groitting of the three existing WIP? shafts; 2) three pumping
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tests and slug tests at H-2; 3) convergent-flow tracer testing at H-3; 4) a
step-drawdown hydraulic test at H-3; and 5) the multipad interference test
at H-3.

Responses to shaft sinking and grouting (both occurring before the H-3
multipad test) were well simulated using the density -calibrated trans-
missivity distribution estimated by calibration to the pre-shaft head
distribution. From this, Haug et al. (1987) concluded that the trans-
rissivity distribution in the region containing H-1, H-2, H-3, DOE-l, and
H-11 was approximately correct.

Responses in the WIPP shafts and in holes WIPP-19, 21, and 22 during and
after the H-3 multipad test could not be simulated closely unless
additional leakage in the shafts was assumed to have occurred during the
test. This conclusion, while coincidental, is supported by the fact that
the hydraulic responses to sinking and initial grouting of the shafts were
well simulated using the "steady-state" transmissivity distribution, while
the later H-3 test itself was not.

The final calculated Culebra transaissivity distribution and fluid-flow
velocities estimated on the basis of data available as of April 1986 and
including adjustment for fluid-density effects in the eastern half of the
model are shown in Figure 4.1.16. Four features are of note in this
figure:

1. Fluid flow (presented as Darcy velocities) is extremely slow in the
area H-12 - H-5 - WIPP-12. Calculated Darcy velocities in this area
are 10O9 a/s or less.

2. Fluid flow in the southeastern portion of the model is strongly
dominated by the high-transuissivity zone in the area H-1l - DOE-l - P
17. Flow in this area is largely north-south, with Darcy velocities of
approximately 10-8 in/s.

3. Flow in the northwest and western portions of the modeled area is
rapid and largely north-south. Darey velocities in this area range
approximately from 5 x 16-9 to 1 X 10'1 m/s.

4. The region near the center of the WIPP site (WIPP-12 - P-15 - P-17)
has relatively low Darcy velocities, approximately 1 x 10O9 to 3 x
109 in/s. The high- transinissivity zone to the southeast forces fluid
flow in the -region between H-4 and the center of the site to be
northwest- southeast, in effect connecting the two high- transmissivity
zones southeast and northwest of the site center. The control for this
flow at the time of the H-3 multipad test was limited, since hole H-14
did not exist at that time.

As discussed in Section 4.1.2, interference testing at the H-3 and H-11
hydropads indicates the strong local influence of fracturing on hydraulic
response. Haug at al. (1987) investigate whether or not a dual-porosity
formalism is required to mnodel regional-scale responses within the Culebra
dolomite by examining times required for pressure equilibration between
matrix blocks and fractures.
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The time required for pressures in the fracture and matrix in a frac:-_red

medium to equilibrate to within 1% is proportional to the square of rna:rix

block size and linearly proportional to the fluid diffusivity within the
matrix. For a range of Culebra matrix block sizes (fracture spacings)
between 1 and 8 m and a representative range of matrix compress ibLli ties,
matrix porosities, and matrix conductivities, Haug et al. (1987) calculate

a maximum pressure-response time of 26 days. For the base-case properties

interpreted from conservative- tracer testing at the H-3 pad (Section 4.2)
the calculated pressure response time is only six hours. Based on these
preliminary calculations, Haug et al. (1987) conclude that a dual-porosity
formalism is not needed in modeling the regional-scale hydraulic responses

within the Culebra dolomite at and near the IJIPP site. Haug et al. (1987)

modeled the transient hydraulic responses at the H-3 hydropad to both shaft

sinking and sealing and the H-3 multipad interference test using both dual-

porosity and porous-medium formalisms to examine this conclusion further.
Consistent with their conclusion that use of the dual-porosity formalism is

not needed at a regional scale, the maximum difference between the
transient freshwater heads calculated using the two approaches is 0.02 m.

However, the validity of this conclusion is somewhat limited by the range
of fracture spacings considered. The correlation between fracturing and
transuissivity within the Culebra discussed in Section 4.1.1 indicates that
fracturing is significant in areas of transmissivity greater than
approximately 10-6 m2/s. The approximate fracture spacing at the H-3 pad,
with a transmissivity of 2 x 10-6 m2/s, is 0.25 to 1 m (Section 4.2).
Zones of higher transmissivity presumably have smaller effective block
sizes. The preliminary calculations of Haug et al. (1987) indicate that it
is in zones of otherwise low transmissivity. in which fracturing is not
evident in single-hole testing, and in which fracture spacings may
significantly exceed the thickness of the Culebra, that hydraulic behavior
on something approaching the regional scale might be controlled by
fracturing. However, there is no evidence of any discrete fracture
structures within lov-transmissivity portions of the Culebra dolomite at or
near the WIPP site.

In summary, fielding and interpretation of the H4-3 multipad interference
greatly increased the understanding of the hydrology of the Culebra
Dolomite Member of the Rustler Formation. It emphasized the role of
fracturing and lack of hydraulic anisotropy within the H4-3 hydropad. The
analytical interpretation by Beauheim (1987a) indicated the presence of a
high- traxzsmissivity region in the vicinity of H4-11 and DOE-l, suggested
strong directional dependence of responses to the test, and suggested that
trazasmissivities between H4-3 and H4-4 were probably less than 10-6 m2/s, an
interpretation later confirmed by drilling and testing of hole H-14. The
interpretation of Tomasko and Jensen (1987) indicated that regional-scale
f~low in the southeastern portion of the IJIPP site was probably controlled
by a linear high-transmissivity zone. Numerical modeling of the site area
by Haug at al. (1987) yielded -a more complete estimate of the lateral
distribution of Culebra transmissivities, qualitatively consistent with the
interpretations of Beauheim (1987a) and Tomasko and Jensen (1987). A high-
transmissivity region in the vicinity of H4-11 and DOE-l was interpreted to
be present, in addition to a largely separate high-transmissivity zone west
and northwest of the site center. Large areas northeast, east, and
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southwest of the site center appeared to have low transmissivity. T he
interpretation of Haug et al. (1987) indicated both that fluid flow on the
WIPP site proper was largely controlled by the high- transmissivity zone
containing holes H-li and DOE-i, and that the effects of this zone included
northwest to southeast flow across the area including H-4 and the site
center itself. Consideration of discrete fractures or inclusion of dual-
porosity formalism appears not to be required to model the regional-scale
hydrologic behavior of the Culebra dolomite at and near the WIPF site.

Limitations to interpretation of the H-3 multipad test strongly influenced
hydrologic field activities in 1986 and 1987. On a regional scale, the
information gained through the H-3 test supported fielding and
interpretation of a test centered at WIPP-13, which is discussed in the
next section. In preparation for this test, updated and more-reliable data
on the Culebra were collected at DOE-2, and a series of WIFF holes (13, 18,
19, 21, and 22). The paucity of reliable data in the southern half of Zone
3 led to the drilling and testing of H-14 and H-15, as well as to reentry
and testing of the Culebra in P-17, H-4c, P-14, P-15, Cabin Baby-l, and
ERDA-9. The scarcity of head-potential and hydraulic -property data from
members of the Rustler other than the Culebra led to testing of all members
in holes H-14, and H-16. H-16 itself was sited primarily to address the
problem of linkage between all five members of the Rustler Formation and
the WIP? air-intake shaft.

4.1.3.2 The WIPP-13 Multipad Interference Test and the Regional Culebra
Model of LaVenuo et al. (1988)--Tho second regional-scale or multipad
interference test of the Culebra dolomite was centered at hole WIPP-13
(Figures 1.2 and 4.1.17). Th. pumping phase of the WIPP-13 test lasted
from January 12. 1987, to February 17, 1987. Water levels vere monitored
continuously in 17 surrounding wells, at distances ranging from 1280 to
6248 m. Analytical interpretation of the WIPP-13 multipad test is
discussed by Beauheim (1987c). Numerical simulation of Culebra transmis- '
sivities and pre-shaft heads in an area including that examined in the
WIPP-13 test is the primary focus of LaVenue et al-. (1988). This effort
includes evaluation of long-term transient hydrologic data at and near the
WIP? site. Detailed modeling of transient effects of the WIPP-13 multipad
test will be combined during 1988 with calibration of the transient effects
of a planned multipad interference test at the H-Il hydropad and emplace-
ment of the WI?? air-intake shaft.

The effects of dual-porosity behavior were quite strong in WIPP-13 during
the pumping phase of the WIPP-13 test (Figure 4.1.18). The Culebra in
WIPP-13 has an estimated transmissivity of 7.4 x 10-5 m2/s (Beauheim,
1987c). The Culebra in and near WIPP-13 is best thought of as a double-
porosity medieum; with unrestricted interporosity flow (Reauheim, 1987c).

The analytical interpretation by Beauheia (1987c) indicates that WIPP-13
lies within a relatively homogeneous fractured region, which includes WIPP-
13 and DOE-2, as well as the H-6 hydropad (both H-6& and H-6b were
monitored during the WIPP-13 test). DOE-2, at a distance of 1475 m from
WIPP-13, responded within one hour to the beginning of pumping, while H-6b,
at a distance of 2188 m, responded within 8 hours (Table 4.7). The
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apparent average transmissivities between WIP-13 and holes DOE-2 and H-6b
are 6.1 x 10-5 m2/s and 7.4 x 10-5 m2/s, respectively. The rapid responses
at DOE-2 and H-6b and the low apparent storativities between these holes
and WIPP-13, 5.1 x 10-6 and 7.9 x 10-6, respectively, suggest that the
hydraulic response in this region is strongly affected by fracturing
(Beauheim. 1987c).

The boundaries of the zone containing WIP-13, DOE-2. and H1-6 are complex.
To the north, the zone appears to extend nearly to hole WIPP-30 (Beauheim,
1987c). This interpretation is based largely on the fact that WIPP.30,
with a reported transmissivity of only 3.2 z 10-7 .2/s (Beauheim, 1987b;
Mercer, 1983) and at a distance of 5587 a from VIP?-13, responded within 61
hours to the beginning of pumping. In addition. the apparent average
storativity between WIPP-13 and V111-30, 5.6 x 10-6, is similar to that
calculated between WIPP-13 and both DOZ-2 and H-6b. Analytical interpreta-
tion of the response of DOE-2 to pumping of WIPP-13 requires addition of a
low-permeability boundary; i.e., the response at DOK-2 shows the effects of
a low-permeability region nearby. A change from high to low Culebra trans-
missivities must occur somewhere between DOE-2 and WIP-12, as well as
between DOE-2 and 11-5.

Results contained in Beauheim (1987b) Indicate a Culebra transuisslivity of
approximately 1.0 z 10- 2 / in VIIP-12 (Table 4.2). The apparent average
transmissivity between VIPP-13 and WIPP-12 is 8.5 z 10-6 mz/s (Beauheim,
1987c). WIP1-12, only 1283 a from 11?1-13. did not respond to pumping of
WIPP-13 until 74 hours into the test. Thus, by analogy with arguments
concerning the response of W111-30, the boundary between the high-
transmissivity zone containing WIPP-13 and the low-transuissivity zone
containing WIPP-12 must lie relatively close to 1111-13.

South of WIPP-12. the boundary between high transmissivity and low-
transmissivity domains probably lies further away from VIP1-13. Holes
ITIPP-18, 19, 21, 22; H-1. 2; and KRDA-9 all have estimated Culebra
transmissivities of 1.0 z: 10-6 a 2/s or less (Table 4.1). The apparent
effective average transuissivities between V1PP-13 and these holes range
from 1.7 z 10-5 to 2.6 z 10-5 n2 (Table 4.7), while that between WIPP-13
and the VI11 exhaust shaft is 3.0 x: 10-5 2 /s. Time required for the*first response to pumping of WIPP-13 range from 74 to 600 hours, Including
the exhaust shaft. The high- trausmiss ivity zone containing VIPP-13 is
consistently represented as a high-permeability boundary in interpretation
of the response of these observation holes (Beauhala, 1987c). The apparent
behavior between WIPP-13 and the VI11 exhaust shaft is consistent with that
between 1111-13-and nearby observation holes. Beauheim (1987c) notes that
the responses in both U.DA-9 and the exhaust shaft appear to be complicated
by activities within the shaft.

The relatively homogeneous zone containing 1111-13, DOI-2, and B-6 appears
to be bounded on the west by a zone of higher transaissivity extending into
the main portion of Bash Draw (leauheim, 1987c). Apparent transuissivities
between WIPP-13 and holes P-14 and 11PP-25 are 2.8 x: 10-4 and 7.0 x
10- 22 /s. respectively. Role 1111-25. at a distance of 6264 a from
VIPP143: was the most distant monitoring hole used In the test (Figure
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The presence of both higher-transmissivicy and lower-transmissivitY domains

0 outside the WIPP-13 - DOE-2 - H-6 region is consistent with the fact the

analytical interpretation of the hydrologic behavior at WIFF-13 required

the addition of both low-permeability and high- permeability boundaries

(Beauheim, 1987c). In addition, a linear-flow interpretation of the flow

near WIPP-13 analogous to that completed for the H-3 multipad test by

Tomasko and Jensen (1987) was not successful.

The numerical simulation of Culebra hydrology over a large area, including

the region stressed in the WIPP-13 test, is discussed and summarized in

LaVenue et al. (1988). The emphasis in LaVenue et al. (1988) is on

simulation of the Culebra hydrology as it existed before construction of

the WIPP shafts, i.e., prior to 1981. Detailed numerical interpretation of

the transient hydrologic stresses imposed by the WIPP-13 multipad test,

sinking of the WIPP air-intake shaft, and a combined multipad interference

test and conservative- tracer test at the H-11 pad will be conducted in

1988.

As noted in Section 4.1.1, there has been a significant increase in the

Culebra transmissivity, head, and fluid-density data base since April 1986.

In addition, as evident in Figure 4 '.1.19, the area included in modeling

described in LaVenue et al. (1988), 24 x 25 km, is significantly larger

than that included in Haug et al. (1987) (see Figure 4.1.6). As a result,

the total data base considered in LaVenue et al. (1988) is much larger than

that cons~idered only 1.5 years earlier. Culebra transmissivity data from

38 individual wells or hydropads are considered in the 1988 report, as

opposed to 24 locations in the 1987 report (Table 4.1). Compilation of the

data base used by LaVenue at al. (1988) was significantly more complex for

the data base used by Haug et al. (1987), both because of the increased

number of holes and because of the increased awareness and concern about

transient phenomena in Rustler hydrology. For example, development of the

baseline water-level data required consideration of long-term transients,

even in holes not directly affected by hydraulic testing at and near the

WIfPP site. In addition, some well locations were resurveyed (LaVenue et

al., 1988); most Culebra fluid densities were revised as a result of recent

sampling (Uhiand et al., 1987), and were evaluated by detailed pressure-

density surveys (Crawley, 1987).

The initial kriged Culebra transmissivities of LaVenue et al. (1988) are

shown in Figure 4.1.19, based on data available as of November 1987. The

general pattern is different from that indicated in Haug et al. (1987)

(Figure 4.1.9). The increase in the available data base results in the

initial kriged distribution in Figure 4.1.19 varying smoothly across much

of the site area. The kriged transmissivities tend to be higher towards

the, west and lover towards. the east, with an isolated zone of higher

transuissivities at H-1l and DOE-1. In Figure 4.1.9, with the exception of

the hole pairs H-1 - H-2 and H-li - DOE-1, each data point tends to define

a separate transmissivity zone.

The effects of the increased number of measurements on the Culebra trans-

miss ivity data base are demonstrated more clearly by comparison of Figure

4.1.10 with Figures 4.1.20 and 4.1.21. Kriging of the transmissivity data

base available as of April 1986 (Figure 4.1.10) indicated that regions of
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one order of magnitude uncertainty (defined at one standard deviation) did
not overlap, except in very limited areas. Because of the limited data
base available at that time, it was not possible for Haug et al. (1987) to
consider either an underlying regional trend in the data or uncertainty in
the measured data.

LaVenue et al. (1988) apply two kriging techniques to the Culebra
transmissivity data in order to consider both the regional west-to-east
decrease in transmiss ivi ties (Figure 4.1.19) and uncertainties in the
measured data. Kriging of the enlarged data base using the AKRIP code,
which fits a polynomial surface to the regional trend, but does not con-
sider uncertainty in the measured data (LaVenue et al., 1988), indicates
that the uncertainty in Culebra transaissivities over a large area, includ-
ing most of Zone 3, should be less than 0.5 log unit at one standard
deviation and less than one order of magnitude (1.0 log unit) at two stan-
dard deviations (Figure 4.1.20). Within the smaller area including both
the center of the WIPP site and the locations the WIPP shafts, the uncer-
tainty at two standard deviations is 0.5 log units or less; i.e., Culebra
transuzis sivi ties should be estimated to within a factor of approximately
three in this region, if it is assumed that field measurements are precise.

Results analogous to those in Figure 4.1.20, calculated by LaVenue et al.
(1988) using the K603 code, which applies a linear trend surface to
regional data, but allows consideration of uncertainty in measured data,
are shown in Figure 4.1.21. LaVenue et al. (1988) estimate the uncertainty
in measurements of Culebra transmissivities to be 0.25 log unit when
transmissivity is estimated from pumping tests and 0.5 log units when
estimated from other tests. Inclusion of these estimated uncertainties in
individual measurements, combined with a simplified regional trend surface,
suggests (Figure 4.1.21) an estimation error (one standard deviation) of
0.5 log unit or less within most of Zone 3. These results indicate that
the uncertainty in Culebra transmissivities at two standard deviations
within much of Zone 3, i.e., in a region extending from DOE-2 in the north
to beyond H-il in the south, is less than an order of magnitude, even
including the estimated uncertainties in field measurements.

Such statistical approaches must not be overinterpreted, because they
include no direct consideration of geologic processes. However, comparison
of Figures 4.1.20 and 4.1.21 with Figure 4.1.10 provides a direct
impression of the qualitative increase in both the size and reliability of
the Culebra data base since April 1986.

The present distribution of measured Culebra fluid densities (LaVenue et
al., 1988) is- shown in Figure 4.1.22. Although the overall pattern is
similar to that estimated on the basis of data available in April 1986
(Figure 4.1.13), with a general west-to-east increase in density, there are
two significant differences. The density distribution in the west half of
Zone 3 in Figure 4.1.13 is strongly non-linear, due to relatively high
densities at H-6 and/or DOE-2. The variation in fluid densities in the
region H-I - DOE-2 - H-6 - P-14, based on data available as of November
1987 (Figure 4.1.22), is less irregular, and the regional trend is more
consistent with the general west-to-east increase in density. Fluid
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densities in the region H1-14 - 11-2 - P-14 still appear to be anom~alously

low. The brine density distribution in the eastern part of Zone 3 (Figure

4.1.22) is also somewhat different than in Figure 4.1.13. In Figure

4.1.13, a general north-south trend of constant -density lines extends

largely across the VIPP site vest of holes DOE-1 and H-11. The

distribution is more complex east of these holes. In Figure 4.1.22, the

estimated brine density of approximately 1.14 g/cm3 at hole H1-15 causes

significant curvature in the density distribution in the eastern portion of

Zone 3. Nonetheless, the overall pattern of the distribution of Culebra

brine densities based on data available as of November 1987 is simpler than

previously estimated.

The present understanding of the distribution of pre-.shaft freshwater-

equivalent heads within the Culebra dolomite is shown in Figure 4.1.23.

The general pattern is similar to that estimated by Haug et al. (1987).

with a north-south head gradient of approximately 10-3 rn/r across the area

of the WIP? site. Gradients within the Culebra both south and north of the

site art lower, approximately 10-4 rn/u.

There is, however, one significant difference between the head distri-

butions shown in Figures 4.1.23 and 4.1.11. Read contours form a sharp.

embayment in the southeastern portion of Zone 3 in Figure 4.1.11, exten-

ding at least as far north as the east-center of the site. Interpretation

of water-level and fluid-density data available to November 1967 indicates

(Figure 4.1.23) that there is little evidence of an embayment- in Culebra

freshwater-equivalent heads within WIP? Zone 3, except for the 913-a

contour in the extreme southern part of the zone. Within the modeled area,

head contours up to 919 a elevation do define a broad embayment south and

east of the VIP? site. Expansion and improvement of the data base for

calculation of Culebra freshwater-equivalent heads during 1966 and 1987 has

resulted in significant smoothing of the estimated head distribution,

especially within Zone 3.

In calibration efforts by Haug et al. (1987). it was assumed that Culebra

fluid pressures and fluid densities were at steady state before construc-

tion of the WIPP afts. As discussed In Section 4.1.3.1, assumption of

steady state is adequate for simlation of pre-shaft Culebra heads or fluid

pressures. The results In Bang et al. (1987), however, indicated problems

with the assumption of steady-state confined flow in simulation of Culebra

brine densities. The calibration approach taken by LaVenue at al. (1988)

differed from that taken earlier. L&aenua et al. (1968) assumed that the

fluid-density distribution remains fixed on the time scale required for

pressure equilibration, and no calibration against the brine-density dis-

tribution was attempted. The calculations do take account of the variable

fluid density at each point within the Culebra; they assume that effects of

variable brine density on the modern flow directions can be estimated reli-

ably fixing the modern fluid-density distribution in place. The results of

calibration of Culebra transuisuivities against the freshwater -equiva lent

head distribution shown in Figure 4.1.23, assuming that the fluid-density

distribution shown In Figure 4.1.22 remains fixed (LaVenue at al., 1988),

are shown in Figure 4.1.24.
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The overall distribution of calibrated transrnissivities (Figure 4.1.24) is

not greatly different from the initial kriged distribution (Figure 4.1.19).
The general trend of decreasing transmiss ivi ties from west to east is
preserved. During calibration, transmissivities west of WIPP-30 and WIPP-
28 were increased. Transmissivities in the area containing H-6, P-14, and
WIPP-25 were generally decreased slightly, while those in the southern part
of Nash Draw were increased. The low-transmissivity domain in WIPP Zone 3
(T < 10-6 m2 /s) is expanded in the more recent interpretation (Figure
4.1.24). This region, including the center of the WIPP site, is now
expected to be continuous from H-5 in the northeast to P-15, H-4, and Cabin
Baby-l to the southwest.

Calibration in the region between holes H-17, H-11, P-17, and extending to
the south, required significant adjustment to the kriged distribution.
Transmissivi ties in this region were increased from kriged values, similar
to changes required during calibration by Haug et al. (1987). In order to
simulate the low heads at H-11 and DOE-l and the sharp head embayment in
the southern part of Zone 3 expected on the basis of April 1986 data
(Figure 4.1.11), Haug et al. (1987) included a narrow high- transmissivity
zone east of P-17 (Figure 4.1.16). During calibration by Haug et al., a
maximum transmissiviry of approximately 3 x 10-4 m2/s was assigned in this
zone. The calibrated transaissivity distribution of LAVenue et al. (1988)
in this region does not include as marked a high- transmissivity structure
(Figure 4.1.24). Relatively high transmiss ivi ties are still required in
the area, because of both the relatively low heads at H-11 and DOE-l and
the low gradients south of the WIPP site. However, the maximum
transmissivity assigned at the pilot points shown in Figure 4.1.24 is
approximately 5 x 1l-5 .2/s, only a factor of two greater than the
effective trausmissivity of 2.8 x 1l-5 . 2/s calculated at the H-11 pad
(Table 4.1).

LaVenue et al. (1988) investigate the need for the high-transmissivity zone
by making calibration runs in which the increase in transmiss ivi ties south
of H1-11 was not incorporated, as well as runs in which the assigned heads
along the southwestern part of the model were increased slightly. In all
cases, the fit between calculated and estimated heads was worse than when
increased transmissivities south of H-1l were included. Thus, a region of
relatively high transaissivi ties is still expected to be present south of
H-11. Transaissivities within this zone may be approximately twice as
great as those measured at H1-11. Both the lateral extent of the zone and
the contrast between the high- transmissivity zone and surrounding regions
are expected to be smaller than estimated in Haug et al. (1987). The zone
is still expected to connect with the high-transmissivity region further to
the south.

The changes in estimated transmissivities within and near the WIPP site are
a direct result of the increase in the Culebra data base since April 1986
(Table 4. 1). For example, hole H1-14 was drilled and tested in 1986,
specifically to examine transuis sivi ties southwest of the site center
(Section 4.1.1). Holes P-15, H1-4, H1-15, H1-16, P-17, Cabin Baby-l, ERDA-9,
and WIPP-12 have all been tested or retested since April 1986 (Table 4.2).
Hole Hi-l7 was drilled and tested specifically to evaluate the high-
transmissivity zone east of P-17. Transmissivities at both DOE-l and H-1l
have been interpreted in detail since 1986, as discussed in Section 4.1.1.
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The distribution of Culebra pre-shaft head potentials calculated using the

calibrated transmissivity distribution shown in Figure 4.1.24, is shown in

Figure 4.1.25. Differences between calculated heads and those estimated on

the basis of field data (Figure 4.1.23) are shown in Figure 4.1.26. The

agreement is excellent, generally to within I. m. This is less than the

estimated uncertainty in freshwater -equivalent heads at individual wells,
approximately 2 meters (LaVenue et al., 1988).

The modern flow directions and Darcy velocities within the Culebra dolomite

at and near the IJIPP site calculated by LaVenue et al. (1988) are shown in

Figure 4.1.27. Darcy velocities do not include consideration of effective
porosity; therefore, they do not represent actual groundwater particle
velocities. Flow within the Culebra at and near the W'IPP site is largely
north-south, except in relatively low-transmissivity areas directly
affected by either the high- transmissivity zone south of H-1l or by Nash
Draw. Calculated Darcy velocities vary by six orders of magnitude, from
10-12 rn/s (m3 /m2 s) east of the WIPP site to as high as 10-6 rn/s along the
axis of Nash Draw. In the region between WIPP-12 and the IJIPP shafts,
calculated Darcy velocities range from 2.5 to 7.5 x 10-10 m/s, and flow is
north-south. LaVenue et al. (1988) note that calculated flow directions in
the vicinity of DOE-2 appear unreliable due to local irregularities in the
structure of the Culebra. As a result of the high- transmissivity zone
south of H-l1, flow in the vicinity of H-14 is towards the southeast, with
a Darcy velocity of less than 10-9 rn/s. Flow within the zone south of H-11

is to the south, with a Darcy velocity of approximately 2.5 x 10-9 rn/s.

The Darcy velocities shown in Figure 4.1.27 assume completely confined flow
within the Culebra, and also assume steady-state heads and fixed brine-
density distribution (LaVenue et al., 1988). They provide a realistic
indication of modern flow directions.

Particle flowpaths and flowtimes calculated within the modelled area,
assuming that the effective porosity of the Culebra is uniform at 16% are

shown in Figure 4.1.28. As noted in Section 4.2, measured porosities
within the Culebra range from 0.07 to 0.30. The effective in situ porosity
is not known, but must be variable. It is not clear that assumption of
confined flow within Nash Draw is valid. In addition, as discussed in
Sections 4.3 and 4.4, Culebra hydrology is not at steady state, and there
has probably been at least some change in flow directions within the
Culebra within the last 10,000 years; the magnitude of the change remains
uncertain. The travel times shown in Figure 4.1.28 must be taken only as
an indication of the effects of relative variability in estimated particle
flow rates.

Calculated particle velocities within Nash Draw are quite high, and
caculated flow times across the entire modeled area are quite short in
this region. Calculated travel times along paths A, B, and C (Figure
4.1.28) increase from west to east, from a low of 450 years to a high of
2800 years. Changes in Rustler water levels within Nash Draw since the
beginning of potash mining approximately 50 years ago, described by Hunter

(1985), indicate that the steady-state assumption is not realistic in this
region, even on this relatively short time scale. At the other extreme,
flow of a groundwater particle from H-5 to the southern boundary of the
modeled area of LaVenue et al. (1988) is calculated to take more than one
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million years. Given that Culebra hydrology is in transient response to
the end of the last pluvial period, it is not realistic to expect steady-
state flow within the unit on a time scale of 106 years (LaVenue et al. ,
1988). The result indicates, however, that groundwater flow within the
Culebra on the eastern part of the WIPP site is extremely slow.

Figure 4. 1. 28 also demonstrates an important consequence of the recent
changes in the understanding of the distribution of Culebra transmis-
sivities. Path G represents assumed steady-state flow from a position
above the center of the WIP? waste -emplacement panels, analogous to the
flowpath used in the detailed generic transport calculations contained in
Reeves et al. (1987) (Section 4.2). Reeves et al. (1987) used the Culebra
transmissivity distribution calculated by Haug et al. (1987). which
included higher transmissivities south of H-11 than estimated by LaVenue
et al. (1988) (Figure 4.1.24). The groundwater travel time calculated by
LaVenue et al. (1988) for flow from directly above the center of the waste-
emplacement panels to the southern boundary of the model shown in Figure
4.1.24 is 36,000 years. The calculated flow time from the release point of
path G to the southern boundary of the WIP? site (Zone 3) is approximately
13,000 years, roughly 2.5 times that estimated by Reeves et al. (1987)
along an analogous flowpath, but assuming the transmissivity distribution
shown in Figure 4.1.16. The changes in interpreted Culebra transmis-
sivities and head potentials since April 1986 have significantly increased
expected groundwater flow times across the WIP? site within the Culebra
dolomite. However, given the uncertainties in effective porosities,
flowpaths, and transmissivities within the Culebra dolomite, the recent
results must be considered approximate.

4.2 Pad-Scale and Rerional-Scale Studies of Contaminant Transport within
the Culebra Dolomite

For purposes of WI?? performance assessment, contaminant (radionuclide)
transport within the Culebra dolomite is of concern in two general types of
breach scenario. Section 4.2 discusses contaminant- transport results at
both the hydropad and regional scale, under *low-pressure," relatively
undisturbed conditions. Low-pressure conditions correspond to a release of
fluids from the WIP? facility that does not disturb the pro-existing head
distribution in the Culebra. *High-pressure' conditions, for which studies
have not yet been completed, represent a breach involving effective
connection of the Culebra dolomite with a pressurized brine in the Castile
Formation beneath the WI?? facility (see Section 3.2) for a long enough
period of time to significantly change the head gradients within the
Culebra.

Detailed field testing of transport properties in the Culebra dolomite has
been carried out only at the hydropad scale and is discussed in Section
4.2.1. Recent interpretation of conservative- tracer testing at the H-3
hydropad indicates that fracturing plays a major role in pad-scale
contaminant transport in th& transmissive (fractured) portions of the
Culebra. In low-transuissivity areas, such as at the H-4 pad, pad-scale
transport within the Culebra is best modelled using the equivalent-porous-
medium assumption.
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For purposes of performance assessment, however, the critical scale for
transport within the Culebra dolomite is not the hydropad, but rather the
distance between the point of breach into the Culebra and the boundary to
the accessible environment. For purposes of consistency within this
report, the boundary of IJIPP Zone 3 is assumed to represent the boundary to
the accessible environment. Contaminant transport over the 3.2 km from the
center of the tWIPP site to the boundary of Zone 3 is not amenable to field
testing on a reasonable time scale. It is thus necessary to estimate the
"regional -scale"n transport behavior within the Culebra by numerical
modeling. Section 4.2.2 discusses the regional-scale transport behavior of
the Culebra dolomite at and near the WIPP site. The results in Section
4.2.2 indicate that, at least as long 'as the Culebra heads are not
significantly disturbed and the assumed flow paths and material properties
within the Culebra are reasonably representative, numerical simulation of
regional-scale transport within the Culebra at and near the tJIPP site need
not include effects due to fracturing.

4.2.1 Hvdrooad-Scale Transport of Conservative Tracers at the H-3 and H-4

Convergent-flow tracer tests operated at the H-3 hydropad in May and June
1984 and at the H-4 hydropad between October 1982 and October 1984 are
interpreted by Kelley and Pickens (1986). The interpretations are

summarized here, with the objectives of examining the relative importance
of dual-porosity or fracture-flow effects on the hydropad scale at two
separate locations and discussing the ranges of transport parameters at the
two locations.

The first stage of a convergent-flow tracer test is to establish
approximate steady-state gr~dients between the observation holes and the
pumped well. Tracers are then injected into the observation wells and
their transport to the pumped well monitored. The fluorinated organic
tracers .eta-trifluoraoethylbenzoate (m-TFlhl) and pentafluorobenzoate (PFB)
were used in testing at the H-3 pad. These same tracers were used at the
H-4 pad, in addition to' para-fluorobenzoate (p-Fl) and thiocyanate (SON).
It is generally assumed that the tracers are chemically stable throughout a
test, and that they do not interact with the surrounding rock mass except
by diffusion (Kelley and Pickens, 1986).

The interpretation of the H1-3 and H1-4 tracer tests was done using the code
SWIFT 11 (Reneves at al., 1986a; 1986b). SWIFT II handles the hydraulic and
transport behavior of fractured media by means of a "dual-porosity"
formalism. in which the composite medium is assumed to consist of an array
of porous matrix blocks (primary porosity) and regularly spaced fractures
(secondary porosity). The fractures and matrix are allowed to interact.
The matrix-block geometry is idealized as either uniform slabs (parallel
non- intersecting fractures) or cubes (three orthogonal fracture sets). In
interpretation, radial flow towards the pumped hole was assumed.

Interpretation assuming the presence of three orthogonal sets of fractures
and the assumption of radial flow are both equivalent to the assumption of
isotropy. As mentioned in Section 4.1.2, however, interpretation of

131



hydraulic interference testing at the H-4, H-5, H-6, and H-11 hydropads

indicates some directional dependence of Culebra hydraulic properties. In

contrast, interpretation of the hydraulic behavior on the H-3 pad

(Beauheim, 1987a) indicates effectively isotropic behavior. The results

contained in Kelley and Pickens (1986) must be considered approximate.

4.2.1.1 Conservative-Tracer Tests at the H-3 Hvdr02ad--The observed tracer

behavior during convergent -f low testing at H- 3 is -shown in Figure 4. 2.1,

and is summarized in Table 4.8. Hole H-3b3 was the pumped hole in this

test. Meta- trifluoromethylbenzoate (a-TFl4I) injected in hole H-3b1 was

first detected in hole H-3b3 (*breakthrough") approximately 0.92 days (22

hrs) after injection, and reached a well-defined peak concentration

approximately 2.6 days (62.4 hrs) after injection. After this time, tracer

concentration decreased rapidly towards a relatively steady-state value.

In contrast, the pent a fluo robenzoate (PFF) injected into hole H-3b2

travelled to the sampling hole much more slowly, was first detected

approximately 3.76 days (90.2 hrs) after injection, reaching a very broadly

defined peak concentration (if any) after approximately 23 days (552 hrs).

Thus, there is a marked difference between the apparent directional

dependence of hydraulic behavior and transport behavior at the H-3 pad.
Hydraulic anisotropy at the H-3 pad is negligible. However, m-TFM(3

breakthrough along the H- 3b1. - H- 3b3 path was four times more rapid than

FF1 breakthrough along the H-3b2 - H-3b3 path. The preliminary
interpretation of a convergent-flow conservative-tracer test at the H-6 pad

(Gonzalez, 1983b) also indicates a discrepancy between the directional

dependence of hydraulic and transport behavior within the Culebra. In

.testing at H-6, PFF injected into H-6b arrived at H-6c 16 times more

rapidly than did a-TFKI injected into H-6a (Gonzalez, 1983b). These

results suggest that the apparent difference between the behaviors of

a-TFHS and FF3 at the H-3 pad reflects differences in transport behavior

along the two flow paths, rather than inherent differences in the behavior
of the two tracers.-

Parameters resulting from calibration to the observed behavior of the H-3
test are shown in Table 4.9. In calibration, varying input parameters are

used to simulate the observed tracer behavior until satisfactory agreement
is reached. Because these same parameters mere used in regional-scale

transport calculations (Section 4.2.2). it is important to understand the

character of the parameters listed in Table 4.9.

Three parameters, solute free-water diffusion coefficient, matrix
tortuosity.o and longitudinal dispersivity, were taken by Kelley and Pickens

(1986) from ranges of published values, not based on WIPP-specific
information. Specifically, values of 0.15 and 0.45 for matrix tortuosity

were used as variable input to calculations. The matrix porosity value

shown in Table 4.9 (0.20) is the approximate average of a series of six

helium- pycnometer measurements made on Culebra core from holes H-3b2 and
H-3b.
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Figure 4.2.1: Observed tracer behavior during th..convergent-floV test at
the H1-3 hydropad. Figure 4.5 of Kelley and Pickens (1586).
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Table 4.8: Summary of observed tracer behavior during the convergent-flow
test at the H-3 hydropad. slightly modified from Table 4.2 of

Kelley and Pickens (1986).

Tracer
Parameter m-TFMB PFB

1. Flow path H-3bl to H-3b3 H3b2 to H-3b3

2. First detection (days) 0.92 3.76

3. First reported concentration 56 20

(mg/I)

4. Time of peak concentration 2.59 23.04

(days)

5. Peak concentration (mg/f) 3379 444

6. Rolative Peak Concentration 3.3 x 10-6 4.3 x 10-7
(rn/mo)

7. Total tracer mass recovered 0.53 0.15
(3/mo)

8. Apparent fracture porosity 0.0019 0.019

Fracture porosity and matrix block length are specific outputs of the
calculations, for the specific input values of other variables. Thus, in
extrapolation of H-3 transport properties to other locations, only matrix
block lengths and fracture porosities are based on the results of the H- 3
tracer test; other values were input to interpretation of the H-3 testing
based on either literature review or laboratory measurements.

The calculated fracture porosity of 0.190 along the H-3b1 - H-3b3 flow path
(Table 4.9) was estimated directly from the relationship among pumping
rate, H- 3bl H. 3b3 path length assuming direct radial flow, Culebra thick-
ness, and time required for m-TFlS to reach peak concentration (22 hrs).
Similar analysis along the H-3b2 - H-3b3 path yields an estimated fracture
porosity of 1.9%. A fracture porosity of .191 was used in sensitivity
studies, and was assumed to be applicable along both flovpaths on the H-3
pad (Kelley and Pickens, 1986).

Figures 4.2.2 and 4.2.3 show the best-fit simulations of transport behavior
along the H-3bl - H-3b3 flow path as a function of the specified input
parameters. There is excellent agreement between measured and simulated

results, with two different effective block sizes (1.2 and 2.1 a) being
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Table 4. 9: Input and best-fit calibration parameters from interpretation

of the conservative- tracer test at the H-3 hydropad. Slightly

modified from Table 4.3 of Kelley and Pickens (1986).

Tracer
m-TFMB PFB

Flow path H-3bl to-H-3b3 H-3b2 to H-3b3

Input Parameters

1. Diffusion coefficient for 7.4 x 10-10 7.4 x 10-10

solute-free water (m
2/s)

2. Matrix tortuosity 0.15, 0.45 0.15, 0.45

3. Longitudinal disporsivity (a) 3.0 1.5

4. Matrix porosity 0.20 0.20

5. Fracture porosity -1.9 x 10-3

Output Parameters

1. Fracture porosity 1.9 x 103(1.9 x 10-2)

2. Matrix-block length (a) 1.2, 2.1 0.25, 0.44

calculated as a function of tw different input matrix tortuosities (0.15
and 0.45, respectively). Figure 4.2.4 shovs the analogous best-fit
simulation for the H-3b2 - H-3b3 flovpath, assuming a matrix tortuosity of
0.15. The calculated effective block size along the H-3b2 - H-3b3
flovpath, 0.25 to 0.44 a, is smaller than along the path H-3b1 - H-3b3. As

mentioned earlier, the calculated block sizes are only qualitative
although, as noted by Kelley and Pickens (1986) they are consistent with
observation of both Culebra core and exposures within the WIPP shafts.
Thus, conservative-tracer testing at the H-3 pad indicates both the strong
roli of fracturing in transport at this scale (at least in some directions)
and the strong directional dependence of estimated transport parameters
such as effective block size.

The role of both matrix and fractures in pad-scale contaminant transport of
conservative .(non-sorbing) trace contaminants in the Culebra dolomite at
the H-3 pad is emphasized in Figures 4.2.5 and 4.2.6. If dual-porosity and
single-porosity simulations are both adjusted to match the time of peak
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Figure 4.2.3: Best-fit simulation of measured transport behavior along the
H-3bl - H-3b3 flow path, assuming matrix tortuosity of 0.45.
Figure 4.10b of Kelley and Pickens (1986).
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Figure 4.2.4: Bst-fit simulation of measured transport behavior along the
H-3b2 - H-3b3 flow path, assuming matrix tortuosity of 0.15.
Fracture porosity is assumed to be the same as calculated
for the flow path H-3b1 to H-3b. Figure 4.lla of Kelley
and Pickens (1986).
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tration. Figure 4.12 of Kelley and Pickens (1986).
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concent ration for m-TFMB transport along the path H-3b1 - H-3b3 (Figure
4.2.5). the post-peak behavior of the two simulations is qualitatively
different. In the single-porosity simulation, the effective rock-mass
porosity required to match the time of peak concentration is 0.0019,
equivalent to the estimated fracture porosity in the dual-porosity
simulation. The single-porosity simulation is thus equivalent to assuming
no interaction between fractures and matrix, i.e., it is a "discrete-
fracture" simulation, in which interaction between fractures and matrix is
negligible. The peak concentration in the single-porosity simulation,
which is overestimated by a factor of approximately eight, drops off very
quickly, approaching zero, eight days after tracer injection. In contrast,
the best-fit dual-porosity simulation matches both the time and magnitude
of the tracer peak concentration well. In addition, both the observed
tracer concentrations and those calculated with the best-fit dual-porosity
parameters are above the detection limit more than 30 days after injection.

The conclusion by Kelley and Pickens (1986) that both the short-term and
long-term transport behavior at the H-3 pad are affected by interaction of
fractures and matrix is also supported by Figure 4.1.26. This figure
indicates the total masses of m-TFl(B calculated to be present in the matrix
and fractures as a function of time since tracer injection. Initially, all
of the injected tracer is contained in the fractures, and the total tracer
mass in the matrix is zero. After approximately 0.5 days, however, tracer
storage within the matrix blocks dominates as a result of diffusion from
the fractures. At early times, storage within the matrix decreases both
the concentration and the total mass of tracer in the fractures, consistent
with the lower peak concentration calculated using the dual-porosity
formalism (Figure 4.2.5). At longer times, the concentration of material
within the matrix is greater than that within the fractures. Therefore,
material diffuses from the matrix into the fractures, effectively keeping
the concentration within the fractures from rapidly decreasing to zero as
it does in the single-porosity simulation.

Interpretation of the H-3 conservative-tracer experiment provided the first
estimates of Culebra transport parameters (fracture porosity and effective
matrix block, size) in fractured portions of the Culebra dolomite. There
are unavoidable, uncertainties- in these estimates, however, due to both the
need to assume radial flow in the interpretation and uncertainties in
parameters such as effective matrix porosity. Regardless of these
limitations, the conservative- tracer test at the H1-3 pad provides direct
evidence of the role of matrix diffusion in contaminant transport in
fractured portions of ther Culebra dolomite. This evidence is critical in
supporting assumptions made in calculation of regional-scale transport
within the Culebra (Section 4.2.2).

4.2.1.2 Conservative-Tracer Tests -at the H-4 llvdroi~a --Conservative-tracer
testing at H1-3 investigated pad-scale contaminant transport where the
Culebra is known to be effectively fractured (transmissivity approximately
2 x 10-6 m2/s). At the H1-4 pad, however, the transmissivity is lower
(10-6 m2/s or less; Tables 4.1 and 4.2), and there is no evidence of dual-
porosity behavior in hydraulic testing.
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The physical layout of the H-4 hydropad is shown in Figure 4.2.7. During
steady-state, convergent-flow tracer testing at the pad between October 27,

1982, and October 15, 1984, H-4c was the pumped hole (at nominal rates of
1.66 x 10-2 and 3.33 x 10-2 us), and tracers were injected into holes H-4a
and H-4b. Due to the very long test time at the H-4 pad, detailed
interpretation of tracer behavior is hampered by pumping-rate fluctuations
and pump breakdowns, as well as by questionable tracer stability (Kelley
and Pickens, 1986).

The observed tracer behavior during testing at H-4 is summarized in Table
4.10. The first tracer detected in H-4c was m-TFMB travelling along the
path H-4b to H-4c. However, the tracer was not detected until 262 days
after injection. Tracer recovery was very limited during the test, the
greatest being 37% of the total mass of m-TFl(B injected. Because of the

limited tracer recovery, the emphasis here is on m-TFMB behavior.

The calculated effective matrix or fracture porosities controlling first
arrival of m-TFHE and PFB (Table 4.9), analyzed in the same method as in
testing at the H-3 pad, are 0.033 and 0.053, respectively. Lab-measured
total porosity for samples from the H-2, H-3, H-4, and H-6 pads range from
0.07 to 0.30, with an average value of 0.16 (Reeves et al., 1987). The two

Culebra samples from hole H-4b have reported total porosities of 0.20 and
0.30. Therefore, the apparent porosities calculated from peak-
concentration behavior in the H-4 tracer test may indicate that the
hydraulically effective porosity of the Culebra at H1-4 is significantly
less than total porosity, that the tracers used did not remain stable and
non-reactive for the two-year duration of the test, and/or that the Culebra
core samples from H1-4 are not representative.

Kelley and Pickens (1986) applied three different interpretative models to
the behavior of m-TFM(B at the H1-4 pad: 1) a single-porosity model; 2) a
dual-porosity model; and 3) a layered porous-medium model. The first two
models are analogous to those used in interpretation of conservative-tracer
testing at the H-3 pad. The third model is different in that it assumes
that* the Culebra consists of a specified number of parallel high-
permeability and lby-permeability porous layers. In this approach, unlike
the dual-porosity approach. the total surface area available for diffusive
transport between high- permeability and lw-permeability zones is fixed by
the specified n=mber of high-permeability zones.

The simulation of m-TJ'KI behavior shown in Figure 4.2.8 assumes specified
numbers of high-permeability zones and stability of I kg of tracer for the
duration of the test. The time of peak concentration (388 days) is matched
with an effective porosity of 0.04. However, the peak concentration is
overestimated by a factor of approximately two if the Culebra is assumed to
be uniform (one high -permeability zoney. -Kelley and Pickens (1986) note
that improved agreement between observed and calculated behavior resulted
if it was assumed that only 0.5 kg of tracer was effectively injected,
rather than the nominal 1.0 kg.

A dual -permeability formalism was also used by Kelley and Pickens (1986),
assuming that both low-permeability and high- permeability zones had an
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Kelley and Pickens (1986).
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Table 4. 10: Summary of observed tracer behavior during the convergent-
flow, conservative-tracer test at the H-4 hydropad. Slightly
modified from Table 6.2 of Kelley and Reeves (1986).

Tracer
Parameter m-TFlMB PFB

1. Flow path H-4b to H-4c- l-4a to H-4c

2. First detection (days) 262.2 501.1

3. First reported concentration 78 48
(mg/f)

4. Time of peak concentration 388.2 507

(days)

5. Peak concentration (mg/f) 723 54

6. Relative peak concentration 7.1 x 10-7 5.3 x 10-8
(a/rn0)

7. Tracer Mass recovered (u/u.) 0.37 00.022

8. Apparent fracture porosity 0.033 0.053(l)
from peak concentration

(1) Apparent porosities for SCN - 0.024; p-Fl - 0.064.

effective porosity of 0.20. The number of high-permeability zones was
allowed to vary. It was assumed that 1.0 kg of rn-TIES remained stable
throughout the test. The presence of increasing numbers of interfaces
between high-permeability zones and "matrixO zones, in which only diffusive
transport is allowed, effectively decreases the simulated peak concen-
tration (Figure 4.2.3). The best fit was obtained for five or six high-
permeability zon6s, althugh nao of the fits were satisfactory (Kelley and
Pickens, 1986), in part because they overestimate tracer concentrations at
longer times. In order to improve the long-term fit, it would have to be
assumed that there was s m tracer degradation at longer times.

.4
In summary, interpretation of the conservative-tracer test at the H-4 pad,
while not successful in developing detailed estimates of transport
parameters in unfractured portions of the Culebra, does indicate important
considerations in both tracer testing at the pad scale and interpretation
of regional-scale modeling of transport behavior. Both tracer and
hydraulic behavior during the test are consistent with porous-medium
behavior, indicating that fracturing need not be considered in evaluation
of pad-scale or regional-scale transport in areas of relatively low Culebra
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Figure 4.2.8: Best-fit simulation of a-TFMB behavior during testing at-the
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transmissivity (T :5 approximately 10-6 rn2/s). If it is assumed that the
Culebra at H-4 is vertically homogeneous and that the tracers used were
stable and non-reactive for the duration of the test, then the
hydraulically effective matrix porosity of the Culebra may be significantly
less than the total porosity. Given the long duration of the H-4 test,
however, it is probable that the tracers degraded during the test.

4.2.2 Regional-Scale Contaminant Transport- in the Culebra Dolomite under
Low-Pressure Conditions

Regional-scale contaminant transport within the Culebra dolomite under the
low-pressure type of breach scenario, i.e., under conditions which do not
disturb the head distribution within the Culebra, has been examined by
Reeves et al. (1987). Significant transport under these conditions might
be expected in the event of failure of the WIPP shaft seals in the absence
of human intrusion, or in the event of an imperfectly plugged human-
intrusion breach involving a high-pressure brine source within the Castile
Formation. Calculations are ongoing to investigate behavior following a
second type of breach, in which fluids are assumed to be injected at high
pressures into the Culebra for long enough to dominate the local head
potentials and flow rates.

The calculations in Reeves et al. (1987) investigate: 1) the significance
of the interactions between matrix and fractures seen in tracer and
hydraulic testing at the H-3 pad in regional-scale transport within
fractured portions of the Culebra dolomite; and 2) the relative importance
of several transport and material parameters of the Culebra in regional
transport within fractured portions of the Culebra. The calculations in
Reeves et al. (1987). were made using the following approach and/or
assumptions:

1. Contaminants were assumed to be continuously inj ected into the
Culebra dolomite at points directly above the WIPP waste -emplacement
panels at a constant rate after time zero. The injection was slow
enough not to disturb the Onatural' (pre-WIPP-shaft) gradient or
transuissivity distribution.

2. The boundary of WIPP Zone 3 was assumed to represent the boundary
of the accessible envirs~went.

3. Effects of radioactive decay and lateral dispersion were assumed
negligible, and were not included. If lateral dispersion were included
in the calculations, it would effectively slow down transport. The
effects -of lateral dispersivity on total integrated release to the
accessible environment have not been quantified.

4. Material properties and flow velocity were assumed homogeneous
between the point of entry into the Culebra and the accessible
environment. The analysis was done in terms of an average Darcy
velocity yielding groundwater travel times equivalent to those
calculated from the flow model described in Haug et al. (1987). Fluid
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flow and contaminant transport were controlled by the transmissivity
and head distributions estimated by Haug et al. (1987), and were
calculated along the flow paths shown in Figure 4.2.9.

5. As a result of the strong interactions between fractures and matrix
observed in the conservative-tracer test conducted at the H-3 hydropad
(Section 4.2.1), the double-porosity formalism was initially assumed to
be appropriate for modeling of transport within fractured portions of
the Culebra. However, a major objective of the report was to examine
the consequences of both the "discrete- fracture" and "equivalent-
porous-medium" end-member behaviors in regional transport.

6. The base-case values and ranges of properties shown in Table 4.11
were assumed to be representative for fractured portions of the Culebra
dolomite. The Culebra transport properties estimated in conservative-
tracer testing at the H-3 pad were taken as the base-case properties.

7. "Breakthrough," defined by Reeves et al. (1987) as the time at
which the calculated contaminant concentration at the boundary to WIFF
Zone 3 equaled 10% of the injected concentration, was assumed to
provide a meaningful measure of transport behavior. Conclusions in the
report are specifically evaluated on the basis of this assumption.

8. It was assumed that retardation effects within the Culebra dolomite
can be realistically modeled as a linear process, i.e. , that chemical
reactions are "fast" relative to flow times within fractures, are
reversible, and reflect local equilibrium within the matrix. Thus, it
was assumed that chemical retardation within the matrix of the Culebra
dolomite can be represented realistically by using an appropriate
"matrix distribution coefficient," k..

9. The possible presence of mineralogical "skins" on matrix blocks was
ignored, as were advective transport within the matrix and sorption on
fracture surfaces. These assumptions appear to be generally "conser-
vative, " i.e. , they should bias the calculations towards greater
fracture flow, except for the case of mineralogical skins inhibiting
diffusion into the matrix.

Figure 4.2.10 compares the average calculated travel times for a
conservative contaminant from positions above the WIPP facility to the
southern boundary of WIPP Zone 3, along the flow paths shown in Figure
4.2.9, according to three different assumptions. Using the dual-porosity
formalism and assuming uniform distribution of the base-case material
properties estimated at the H-3 pad, the time predicted for "breakthrough"
of a conservative (non-sorbing) contaminant at the boundary of WIPP Zone 3
is 3490 years after the beginning of continuous injection. This is approx-
imately 90% of the 3730 years predicted by single-porosity calculations in
which the porosity is set equal to the sum of the base-case matrix and
fracture porosities, 16.2%. In the absence of chemical retardation of the
contaminant, the role of the matrix in transport is largely one of storage
due to diffusion from fractures into/out of matrix blocks (Section 4.2.1).
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ACCESSIBLE ENVIRONMENT ZONE 3 BOUNDARY
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12b A B

0 0009-1

v4..

Figure 4.2.9: Release points into the Culebra dolomite and flow paths to
the accessible environment considered by Reeves et al.
(1987). Points A-S are vertical projections of the corners
and center of the VIP? vaste-euplacement panels upwards onto
the Culebra dolomite. The small crosses extending from
points h-S to the southern boundary of Zone 3 are equal-time
marks along the flow paths. Slightly modified from Figure
1.7 of Reeves et al. (1987)..

148



-4 0 0 -4 4 0 0
*Wa e 0 cc -t 0% LM 1

0 U*0

to

0 0 a 00 0

41"

0 0

10-

0.0

oO -o 0 0 0 4

U 0

CU 0 0 -4 -4

A4 U 0 01140. W U, rn U4 W 0
14 -0 4 - 0 c . r

a"40

04 w fai "40 00 c

on xw Q -.
W4Uo A n.0

V V33 46 6 & j ua

Iw C4 f4 -4 cc *0 .

06 U U 149



1.0

0.9

0.8

C) 0.7
z
0

cc 0.6
z
'U

z

(A
w. DOUBLE POROSITY
-J 0.4
z 0 (MATRIX) 1c 0.16
0 * (FRACTURE) -0.002

re 'rT 3490 YEARS
MA0.3 SINGLE POROSITYSILEPRIT

:E SIGEPOOIY (MATRIX),

o = (FRACTURE) a 0.002 o (FRACTURE) = 0.162

0.2

0.1 

1 2 1@ il .I ,1 .
0.0

101 102 103 104 105

TIME (YEARS)

Figure 4.2.10: Comparison of base-case, regional-scale transport behavior
of a conservative contaminant in the Culebra dolomite under
discrete-fracture, dual-porosity, and porous-medium assump-
tions. Breakthrough is def ined here as the time at which
the concentration at the boundary of WI?!' Zone 3 equals 10%
of the injected concentration. Figure 5.1 of Reeves et al..
(1987).
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In effect, the single-porosity curve on the right-hand side of Figure
4.2.10 assumes instantaneous diffusion into and equilibration with zthe

matrix.

At the other extreme, diffusion time into the matrix is infinite in
fracture flow if it is assumed that fractures and matrix do not interact.

The breakthrough time calculated (Figure 4.2.10) assuming that transport

occurs only within fractures, assuming a fracture porosity of 0.2%, is 46

years (Reeves et al., 1987).

The experimental results at the H-3 hydropad (Section 4.2.1.1) and the

calculated variations in breakthrough time at the boundary of WIPP Zone 3
shown in Figure 4.2.11 indicate the importance of matrix diffusion in both
pad-scale and regional-scale transport in the Culebra dolomite. As
described by Reeves et al. (1987), a diffusion time means that 1000 years
is required for contaminant concentration in the center of matrix blocks to
reach approximately 68% of the concentration at fracture surfaces. The
base.-case diffusion time (Figure 4.2.11) is 152 years. Even for diffusion
times significantly greater than the base case value, a large benefit is
gained from diffusion of non-sorbing contaminants into matrix blocks
(Figure 4.2.11). Base-case transport properties were assumed in the
calculations summarized in Figure 4.2.11, except for diffusion into matrix
blocks.

Thus, the effective transport behavior within the Culebra dolomite for
transport between any breach point directly above the WIPP emplacement
panels and the boundary of Zone 3, assuming the breach does not disturb the
head distribution within the Culebra, appears to be nearly that of an
equivalent porous medium having a porosity equal to the sum of matrix plus
fracture porosities. Inclusion of the dual-porosity formalism at this
scale, given the assumed properties and flow paths, does not change
calculated travel times by more than approximately 10%.

The conclusions supported by results shown In Figures 4.2.10 and 4.2.11
only apply directly to calculations assuming the base-case transport and

material properties for the Culebra, which are based largely on
interpretation of the conservative- tracer test at the H-3 pad (Section
4.2.1.1). Therefore, Reeves et al. (1987) examined the sensitivity of the
results to variations in parameters. The relative importance of several
transport parameters in regional-scale transport in the Culebra estimated
by Reeves et al. (1987) is summarized in Table 4.12. Reeves et al. (1987)
define importance in terms of both the sensitivity of calculated behavior
to uncertainty in a given parameter and the estimated range of uncertainty
of that parameter in the Culebra dolomite at and near the IPPF site. Thus,
a highly sensitive parameter that was known with perfect precision would
have zero importance. In contrast, a relatively insensitive parameter
could be very important if its range of uncertainty was large.

Reeves at al. (1987) conclud, that five parameters are most important in
controlling "breakthrough" time to the southern boundary of WIFF Zone 3 in
the Culebra dolomite. These are: 1) the matrix retardation (K'), where K'
is proportional to (1 -+ ka) and ka is the matrix distribution
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Table 4.12: Estimated importance of different parameters in regional-scale

contaminant transport within the Culebra dolomite. Table 4.5
of Reeves et al. (1987).

Importance Importance

Parameter Symbol Sensitivity(a) Coefficient(a) Ranking

Free water diffusivity D' 0.064* 0.28 5

Matrix tortuosity 9' 0.064 0.19 6

Matrix-block length 2L' -0.13 0.36 4

Matrix porosity *'1.1 1.58 1

Fracture porosity 0 .013(b) 0.13 7

Fracture dispersivity a -0.17 0.43 3

Fracture flux u -1.1 0.86 2

(a) Results are valid for retardations K' - 1, 1.50 x 102, 1.49 x 103, and
1.49 x 105.

(b) Upper-bound estimate.

coefficient; 2) the effective matrix porosity; 3) the Darcy flux within the
fractures (defined as a specific flux m3/m~s); 4) the dispersivity in the
fractures; and 5) the effective matrix-block size. Reeves et al. (1987)
conclude that four parameters are relatively unimportant in controlling
regional transport within the Culebra. These include: 1) free-water
diffusivity; 2) matrix tortuosity; 3) fracture porosity; and 4) retardation
in the fractures (not shown in Table 4.12).

The linear dependence of calculated breakthrough time on matrix retardation
(K) is indicated in Figure 4.2.12. This behavior also indicates the
effective porous-medium behavior on the regional scale, since for an ideal
porous medium the dependence of breakthrough time on retardation is
strictly linear. Breakthrough to the southern boundary of Zone 3 should
not occur within 10,000 years after release for any matrix distribution
coefficient (k.a) greater than approximately 0.2 mL/g, for the assumed base-
case Culebra material properties.

Valid use or extrapolation of the results contained in Reeves at al. (1987)

depends on the assumptions listed at the beginning of this section,
especially the representative. character of the base-case transport
properties and range of properties used in the calculations. The validity
of the results is also dependent on the validity of the transmissivity and
head distribution within the Culebra dolomite between the calculated
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Figure 4.2.12: Variations in calculated breakthrough times to the boundary
of WIPP zone 3 as a function of assumed matrix retardation,
othervise assuming base-case material properties. Matrix
retardation (K') is proportional to 1. + ka. Therefore, for
a matrix distribution coefficient (kA) of 0, KI-1.O.
Slightly modified from Figure 4.1 of Reeves et a1. (1987).
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release points and the southern boundary of Zone 3. The results of LaVenue
et al. (1988) discussed in Section 4.1.3.2 indicate that groundwater and
contaminant travel times in the southern part of JIPP Zone 3 may be even
slower than calculated by Reeves et al. (1988), so long as flow directions
and rates within the Culebra are not affected too greatly by the continuing
transient response of the Culebra to the end of the last pluvial period.

Effective matrix diffusion within fractured portions of the Culebra may be
possible only because of the relatively slow flow velocities calculated
assuming an undisturbed Culebra head distribution. In the event of a
brine-reservoir breach of the WIPP facility, the volumes of brine injected
from the Castile Formation into the Culebra dolomite might be sufficient to
redefine the head distribution within the Culebra, greatly increase
hydraulic gradients, and decrease flow times to the accessible environment.
Calculations are underway to determine if the dual-porosity formalism is
required to evaluate transport within the Culebra under these conditions.

4.3 Geochemical Studies in the Rustler Formation and Shallower Units

The hydrologic studies discussed in Section 4.1 and transport studies
discussed in Section 4.2 largely ignore both geochemical behavior within
the Rustler Formation and the overall geologic behavior of the WIPP site,
except for interaction between the Culebra dolomite and trace contaminants.
The status and present conclusions of geochemical studies within the
Rustler Formation and shallower units are discussed in this section. The
results of these studies, summarized by Siegel et al. (1988a), help place
constraints on the relationship between the modern geochemistry and flow
directions within both the Culebra dolomite and the Rustler Formation as a
whole.

Section 4.3.1 describes the status of geochemical studies of major and
minor solutes, in which Culebra groundwaters have been divided into four
hydrochemical facies that may be diagnostic of natural interactions between
Culebra waters and the matrix of the Culebra dolomite. The results, when
compared with modern flow directions within the Culebra, indicate that the
geochemistry of Culebra fluids is inconsistent with steady-state confined
flow.

Section 4.3.2 discusses the expansion of the stable-isotope results and
interpretations contained in Lambart (1983) to interpretations contained in
Lambert (1987b) and ULabrt and Har-vey (1987). Stable-isotope studies
themselves do not provide any information concerning the absolute ages of
grou 'ndvaters. The studies can, in some cases, indicate whether different
bodies of water were recharged under similar or different climatic
conditions. The results of the recent stable-isotope studies indicate that
the isotopic composition of Rustler groundwaters at and near the WIPP site
is distinct from that of modern meteoric precipitation at similar
elevations in the northern Delaware Basin.

Section 4.3.3 summarizes studies examining the lengths of time groundwaters.
in the Rustler/Salado contact zone, Rustler Formation, and Dewey Lake Red
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Beds in the region of the WIPP site may have been isolated from contact:

with atmospherically derived components such as radiocarbon, tritium, and

chlorine-36 (Lambert, 1987a). At the WIPP site, the applicability of such

"environmental isotopes," vhich occur in ultratrace amounts, is unavoidably

limited by the variability of the rock types present, as well as by the

ages of both rocks and groundwaters. Specifically, no detectable 36 C1

above background has been detected in Rustler fluids, because of the large

chlorine background inherent in fluids which have been involved in

dissolution of halite from within the Rustler Formation. Nor have tritium

levels significantly above background been identified in Rustler fluids,

except in hole IJIPP-29, interpreted on other grounds to be contaminated by

potash mining. Radiocarbon studies met with only limited success, because

the normal techniques used in drilling. hydrocarbon- exploration and

hydrologic test holes at and near the WIPF have resulted, in 
many cases, i.n

some contamination with organic materials. The limited number of minimally

contaminated radiocarbon results, however, indicate that the Culebra

dolomite and part of the Dewey Lake Red Beds at the 111FF site have been

isolated from atmospheric carbon sources for at least 12,000 
years.

Section 4.3.4 discusses fluid-flow directions and rates within 
the Culebra

dolomite, as interpreted from uranium- disequilibrium studies (Lambert and

Carter, 1987). The results provide an effectively independent check of

conceptual models derived from other studies. Although the present

uranium- disequilibrium data base is limited, allowing considerable

uncertainty in flow directions, the results indicate that there must have

been a significant change in flow directions within the Culebra dolomite,

on a time scale generally consistent with the end of local recharge

indicated by radiocarbon studies.

4.3.1 So-lute Geochemistry and Delineation of Hdrochemical Facies within

the Culebra Dolomite

This section summarizes the currently available data and hypotheses 
(Siegel

et al., 1988a) concerning the origin and compositions of waters in the

Culebra dolomite. These authors delineate Culebra fluids into various

hydrochemical facies, consider the compatibility of these facies with

modern flow patterns derived from stratigraphic and hydrologic 
studies, and

examine the interactions of Culebra solutes and host-rock mineralogies.

Although Siegel et al. (1988a) emphasize the Culebra, relevant preliminary

results of work on fluids from the Magenta dolomite, Rustler/Salado contact

zone, and Dewey Lake Red Beds are included. One section of Siegel et al.

(1988a), Bodine et al. (1988), was prepared as a summary interpretation of

a separate study (Bodine and Jones, 1988), based on an independent data

base. Data used in estimation of oxidation potentials (Kh) (Myers et al.,

1988) were collected as part of the IPP? Water-Quality Sampling Program.

4.3.1.1 Hydrochemical Faies--The analytical ranges of compositions of

Culebra waters and compositions used in calculations contained in Siegel 
et

al. (1988a) are included in Table 4.13; major solutes are listed in Table

4.13a, minor and trace solutes in Table 4.13b. Individual data sets
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Footnotes for Tables 4.13a arnd 4.13b

*Solute values from various labs have been rounded as follows:

-Na, K, Ca, Mg. CL, S04 from UNC :3 significant figures
-all others from UNC :2 sig. figs
-all solutes from GS :2 sig. figs
-all "avg" values 2 sig. figs
-all minimum 'rmg' values :down to 2 sig. figs
-all maximum 'rng' values :up to 2 sig. figs
-all total dissolved solids (TDS): to nearest 100 mg/L or

to 3 sig. figs (for TDS<lO000)
-all bicarbonate values :to 2 sig. figs
-all pH values :to 0.1 pH unit
-all PCO2 values to 0.01 unit
-all ionic strength values :to 0.01 molal

(1) Collection date: a number in parentheses indicates that values in that
row are averages or ranges of data for up to that number of samples

(2) avg - average of one or more values from one or more laboratories;
used to calculate element ratios and generate contour plots
(Siegel and others, 1988)

rng - range of values from one or more laboratories; gives a crude
estimate of the uncertainties associated with the data. A
single value in the range row means that all values were
indentical. A *(1) " in the range row means that only one
reliable value was available

GS - USGS Central labs
UNC - UNC Geotech (before Oct. 1, 1986, Bendix Field Engineering

Corp.), Grand Junction, Co.

(3) zone - hydrochemical facies zone described by Siegel and others
(1988). Applies only to Culebra.

(4) Bicarbonate and pH values were measured in the field when the samples
were collected. (Exception: HCO3 in the DOE-2 Bell Canyon
sample was measured in the lab)

(5) PCO2 - calculated using PHRQPITZ (Siegel and others, 1988)

(6) Stratigraphic horizon: BC - Bell Canyon Formation
DL - Dewey Lake Red Beds

Hag - Magenta Dolomite

(7) Total dissolved solids - calculated by summing the major solutes

(85 Ionic strength - calculated using PHRQPITZ (Siegel and others, 1988)
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evaluated in compiling the table and methods for evaluating the data are
discussed in Robinson (1988), Lambert and Harvey (1987), and Siegel et al.
(1988b). The data in Tables 4.13a and 4.13b were used by Siegel et al.
(1988a) in facies assignments of Culebra fluids, saturation-index calcula-
tions, and factor analyses, as well as in plotting of element-ratio
contours.

On the basis of the available major-solute analyses (Table 4.13a), Culebra
waters can be combined into four hydrochemical facies (Figure 4.3.1).
These include:

1. Zone A (H-5, H-11, H-12; DOE-l, P-17, P-lB(?), containing saline
NaCi brines (about 2 to 3 molal) with a Ca/Mg weight ratio near unity.
These waters are found in the eastern third of the WIPP site and
further east, in a region roughly coincident with the region of lowest
Culebra transmissivity. In the western part of Zone A, halite is
present only in the unnamed lower member (Figure 1.5); in the eastern
part of the zone, halite is present throughout the Rustler.

2. Zone B (H-7, H-8, H-9, Engle), containing relatively fresh waters
(<0.1 molal). in which Ca++ and S04- are the dominant solutes. These
waters are found only south of the WIPP site. No Rustler halite is
present in this zone. Data from the South and Indian wells (Bodine and
Jones, 1988) suggest that these wells should also be classified as part
of Zone B.

3. Zone C, containing waters of variable compositions, low to moderate
ionic strength (about 0.3 to 1.1 molal), and Ca/Mg veight ratios
greater than 1.5:1. These waters extend from the ce-tral part of the
WIFF site to the eastern part of Nash Draw, in regions of low to high
Culebra transmissivity. In the eastern part of the zone, halite is
present in the unnamed lower member; on the western side of the zone,
Rustler halite is absent. In general, the most saline brines in Zone C
are found in the eastern part of the zone.

4. Zone D, containing waters of anomalously high salinities (about 3
to 7 molal) and K/Na mole ratios (about 0.2) relative to other sampled
fluids (3 molal or less; K/Na mole ratios of 0.01 to 0.09) This zone
is apparently confined to western Nash Draw, and contains only holes
WIPP-27 and WIPP-29. Fluid compositions at WIPP-29 have have changed
over the course of seven years of monitoring, probably in response to
nearby potash refining operations.

The chemical, characteristics of the defined Culebra fluid facies can be
summarized graphically in a Piper (trilinear) diagram (Figure 4.3.2). This
plot generalizes the relationships betveen'several major solutes, i.e.,
those in the Na-K-Mg-Ca-Cl-S04-C03 system. Relative proportions of cations
and anions are shown in the triangular plots in the bottom half of the
figure, relative ratios of divalent to monovalent cations and chloride to
(sulfate plus carbonate) in the parallelogram portion of the figure.

166



HYDROCHEMICAL FACIES OF CULEBRA
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Figure 4.3.1: Summary of hydrochemical facies and local flow directions in
the Culebra dolomite. Facies boundaries from Siegel et al.
(1988a); modern flow directions from Figure 4.5B of LaVenue
et al. (1988).
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The analyses from Zone A have nearly identical ionic proportions (Figure
4.3.2), and plot very near the Na-Cl corner in both parts of the figure.
In contrast, the analyses of the dilute fluids from Zone B all plot near
the Ca-Mg-SO4 corner in the upper part of the figure. Analyses from Zone C
are variable, and those groundwaters closer to the Na-Cl corner of the plot
are similar to waters from Zone A. Zones A and C are distinguished pri-
marily on the basis of Ca/Mg ratio and ionic strength. Waters from Zone D
have similar ionic ratios as fluids from Zone A except for K/Na; Zone D is
distinguished primarily on the basis of its high K/Na ratios.

The overall interpretation of the facies distribution (Siegel et al.,
1988a), assuming that the Culebra is relatively confined, is that flow
directions within the Culebra must be transient. The inconsistency of
Culebra fluid densities and steady-state confined flow was noted in Section
4.1, based on numerical modeling studies of Haug et al. (1987) and LaVenue
et al. (1988). Ramey (1985) noted that modern flow directions within the
Culebra do not appear consistent with the modern salinity distribution.
This inconsistency is also evident in Figure 4.3.1, which is based on a
larger and more reliable data base than considered by Ramey (1985). The
most striking evidence is that fluids in Zone B, a facies with low
salinity, lie down-gradient from more saline waters in Zone C. It is
difficult to explain the origin of fluids presently in Zone B by steady-
state confined flow through Zone C (Figure 4.3.1). One alternative to
steady-state flow, based on isotopic studies (Sections 4.3.2, 4.3.3, and
4.3.4), is that there has been a significant change in flow directions
within the Culebra dolomite in the last (approximately) 12,000 years. This
is consistent with geologic evidence indicating the transient geologic and
hydrologic setting of the WIPP site (Section 4.4).

4.3.1.2 Normative Salt Assemblates of Rustler Waters '--The chemical1 vari-
ability of Culebra fluids has also been evaluated on the basis of normative
salt assemblages, as summarized by Bodine et al. (1988). The normative
salt assemblage (salt norm) of a given water is the equilibrium assemblage
of salts that w ould precipitate from the water if it were evaporated to
dryness under standard conditions (25 degrees C, 1 atmosphere pressure).
In this interpretation, the SNORE code (Bodine and Jones, 1986) was applied
by Bodine at al. (1988), to a different data base than that shown in Table
4.13.

The interpretations of the derivation of Culebra fluids based on hydro-
chemical facies, isotopic data, and physical hydrology are not in all cases
consistent with those based on interpretation of salt norms. Siegel and
Lamabert (1988) conclude that the overall hydrologic setting of the Culebra
is transient. Bodine et al. (1988) conclude that the present distribution
of 4salt norms within the Rustler Formation is, when considered alone,
generally consistent with the modern Culebra flow field. These authors
relax the vertical confinement of the Rustler. On the basis of solutes
alone, their interpretation cannot exclude dilution of primitive-diagenetic
brines at P-14 and in the low- permeability, halite-rich zones of the
Culebra east of WIFF Zone 3 (for example at P-18) by water that has
infiltrated from the surface and dissolved both halite and anhydrite or
gypsum. With increasing distances from P-l8 and P-14, increasing amounts
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of solutes from recharge are interpreted to have mixed with primitive-
connate Culebra salutes.

Based on salt-norm calculations, Bodine et al. (1988) suggest four end-
member fluid compositions from evaporitic rocks at the WIPP site. These
are:

1. Brines containing alkaline earth (Ca, Mg, Ba, Sr, etc) chloride
salts in their normative assemblages, combined with relatively low
Cl/Br weight ratios (<300). These brines could arise as primitive-
diagenetic fluids, for example when connate' waters are involved in
dolomitization. The data base supporting this end member is limited.

2. Dilute alkali-bearing carbonate waters, produced during recharge by
carbonic-acid dissolution of detrital silicates in the zone of infil-
trat ion.

3. Dilute sulfate-rich waters, produced when meteoric waters dissolve
anhydrite and/or gypsum, but little else.

4. Variably saline halite-rich fluids or brines, produced when
meteoric waters dissolve both anhydr ite /gypsum and halite in the
Rustler and upper Salado Formations.

Bodine et al. (1988) conclude that the salutes in most waters in the
Rustler Formation can be produced by mixing of these four end members.
Water produced by dewatering of gypsum is not precluded by the solute
assemblages. However, the stable-isotope compositions of confined Culebra
and Magenta waters (Section 4.3.2) are characteristically meteoric,
indicating that gypsum devatering has not played an identifiable role in
their derivation. Bodine et al. (1988) conclude that, if analyzed solutes
from the Culebra at P-18 are representative, the Culebra water from P-18
has the highest proportion of apparent primitive -diagene tic brine. They
also suggest that some components of the water from P-14 may be primitive,
if it is assumed that there has been no mixing or contamination. Waters
from the Rustler-Salado contact zone at H-5 and H-6 contain the highest
proportion of the primitive -connate solutes. According to Bodine et al
(1988), the relative proportion of recharge-type salutes to primitive-
diagenetic solutes within the Culebra increases from the WIPP site towards
the north, west, and south.

The interpretative model of Bodine et al. (1988) relies heavily on the
compositionp of Culebra fluids at P-l8 and P-14. As noted by Siegel et al.
(1988b), the representative character of samples of Culebra fluids from
P-l8 is suspect, i.e., the analyses appear reliable, but may not represent
actual Culebra fluids at this location. Hydrologic considerations also
weigh against the reliability of these data. The Culebra transmissivity at
P-l8 (7.5 x 10-11 to 4.3 x 10-9 m2/s, Table 4.2) is th, lowest yet measured
at or near the WIPP site. Therefore, while the Culebra at P-l8 intuitively
seems likely to contain connate brine, consistent with the norm-based
interpretation of Bodine et al. (1988), the very fact that the Culebra is
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so low in transmissivity at P-18 permeability makes it extremely difficult
if not impossible to collect a meaningful fluid sample from the hole. In
P-14, the situation is reversed. The Culebra in P-14 is extremely
transmissive (2.3 x 10-4 m2/s, Table 4.1). The preservation of original
connate or diagenetic fluids in such a permeable region does not seem
possible or consistent with expected rates of fluid flow in the vicinity
(Figure 4. 1. 28).- In addition (Section 4.3.2), the stable-isotope
composition of Culebra waters from P-14 is meteoric, suggesting that P-14
fluids have not been involved in extensive diagenetic reactions. However,
the analyses of Culebra waters from P-14 do appear reliable. The cause of
the apparent primitive-diagenetic component'in these fluids is not known.

The salt-norm interpretation also relies heavily on vertical recharge from
the surface to provide fluids for dilution of the interpreted primitive-
diagenetic signature of Culebra fluids, especially south of the WIPP site.
However, the isotopic evidence, discussed in later parts of Section 4.3 and
in Section 4.4, as well as the measured head and transmissivity distribu-
tions within the Rustler, discussed in Section 4.1, suggest that vertical
recharge to the Culebra from the surface is not currently active at and
near the WIFF site. The Culebra dolomite is confined at and south of the
site, while the Dewey Lake Red Beds, where tested, are effectively
impermeable. Finally, as discussed in Section 4.4, the preservation of
large amounts of anhydrite in the Tamarisk Member overlying the Culebra,
suggests that vertical infiltration of dilute solutions through the
Tamarisk has been minimal. These relationships do not indicate that there
has been no vertical fluid movement within the Rustler Formation or between

the Dewey Lake and the Rustler, but that such movement is limited, and does
not currently extend from the surface down to the Culebra.

4.3.1.3 Saturation Indices and Factor Analysis of Culebra Waters--Satura-
tion indices of several evaporite minerals in analyzed Culebra waters have
been calculated using the code PHRQPITZ (Plummer et al., 1988), and are
summarized in Siegel et al. (1988a). The variation in halite saturation
index as a function of ionic strength is shown in Figure 4.3.3. All fluids
are urdersaturated with respect to halite and Na and Cl concentrations vary
widely. There is a consistent increase in halite saturation index with
increasing ionic strength.

The variations in calculated gypsum and anhydrite saturation indices with
ionic strength are shown in Figure 4.3.4. The data are internally
consistent and indicate both a general saturation with respect to gypsum
and an increase in anhydrite saturation with increasing ionic strength.
However, with the exception of WIPP-29 (Zone D) all samples are
undersaturated with respect to anhydrite. As a result, almost all Culebra
waters are capable of converting into gypsum any anhydrite with which they
might come into contact.

Most calculated dolomite saturation indices for Culebra fluids indicate
saturation or apparent supersaturation (Figure 4.3.5). The relationships
between saturation indices, pH, and calculated PCO2 suggest, as discussed

in Siegel et al. (1988b), that loss Of C02 during sample collection may be
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responsible for the apparent supersaturation; other potential sources of
error incl.ude use of an inappropriate free energy for dolomite and
analytical error. The wide scatter in dolomite saturation indices gives
some indication of the apparent effect of degassing on calculations
involving dolomite. The origins of the high original PCO2 in Culebra
waters is not known, but may include carbonate dissolution and/or microbial
action (see Section 4.3.3).

In addition to the major solutes used in defining hydrochemical facies and
in calculating saturation indices considered thus far, there are consistent
trends in both major-element (Ca, Mg, Na, K,"Cl, and SOO) and minor-element
(Br, I, Sr) ratios in Culebra fluids. These trends, which are discussed in
more detail in Siegel et al. (1988b) include the following:

1. The Na/Cl ratios of fluids south of the WIPP site are higher than
would be produced by simple dissolution of halite, suggesting the
importance of dissolution of Na-silicates at some time in the deriva-
tion of fluids in this area. This is consistent with the norm-based
end member of dilute meteoric alkali-bearing carbonate waters discussed
in Section 4.3.1.1.

2. At WIPP-27 and WIPP-29, the K/N& ratios and Na, K, Mg, Cl, and S04
concentrations are significantly higher than at other wells in Nash
Draw or west of the site, suggesting that potash refining operations
have significantly contaminated these locations. This is consistent
with the definition of hydrochemical facies wD in Section 4.3.1.1.

3. Both ratios and concentrations of several elements are anomalous in
samples collected from P-14, compared to surrounding wells. For
example, concentrations of Ca, Sr. and I are anomalously high at P-14,
and K and SO4 , low. The Na/Cl, K/Na. and Mg/Ca ratios are somewhat
low, and the Cl/Br ratio distinctly low at this well. The "primitive-
diageneticn salt norm at P-14 is anomalous (Section 4.3.1.1).

4. Regionally, the Cl/Br weight ratios are highest in Nash Draw,
intermediate through the center of the WIPP site and to the south, and
lowest at P414 and H-4._

Examination of the relations between element ratios discussed above
indicate that correlations between elements are not simply linear. For
this reason, the data in Table 4.13 were also examined using Principal
Component Analysis (PCA). The technique is described in detail in Siegel
et al . (1988b). The purposes of PCA are to determine if the fluids come
from a single or continuously variable population, and to delineate the
different independent ways (factors) by which major and minor elements are
correlated.

The preliminary results of factor analysis of Culebra fluids indicate that,
on a regional scale, the samples are all drawn from a single chemical
population; i.e., their chemistry is controlled by a consistent set of
components. The most important component shown by R-mode PCA is dominated
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by Na, K, Mg, Br, and Cl. All solutes except SiO2, alkalinity, and pH
exhibit positive correlation with this factor. The second major factor
also includes Na and Cl, but is dominated by Ca, HCO3 , and Sr. Overall,
the data are interpreted to suggest that the two f luid- compositional
factors describing the variability of Culebra waters represent addition of

solutes by dissolution of halite, gypsum/anhydrite, and carbonates (Siegel

et al., 1988b).

However, because the amount of solute added by halite dissolution is so

large relative to that added by other reactions, i.e., because halite

solubility is much greater than that of other minerals considered, other

chemical correlations may be masked. For this reason, a second set of PCA

was carried out by Siegel et al. (1988b), using a method designed to be

independent of total dissolved solids and hence halite dissolution. The

primary component determined in this analysis contains two groups of
elements that are inversely correlated. One group contains Mg, bicarbonate
alkalinity, and S102; the other group contains Na, pH, B, and Li. This

pattern of element association is tentatively interpreted by Siegel et al.

(1988b) to reflect clay diagenesis or silicate hydrolysis. The apparent

uniformity of the compositional factors describing the variability of

Culebra waters does not identify a discrete mechanistic or mineralogical
delineation between the hydrochemical facies defined in Section 4.3.1.1.

4.3.1.4 Estimated Oxidation-Reduction Potentials of Culebra Waters--Many
of the transuranic elements to be emplaced in the WIFF facility have
multiple valence states. Therefore, given the possible role of the Culebra

dolomite in transport to the accessible environment, it is important to

estimate oxidation potentials (redox potentials, Eh) vithin the unit.
Available measurements of redox potentials in Culebra waters are described
in detail by Myers et al. (1988), and are summarized in Figure 4.3.6.
Myers et al. (1988) conclude that the calculated potentials summarized in
Figure 4.3.6, based on the data from Pt electrodes and redox pairs involv-

ing N, I, As, and Se, are fairly insensitive to assumptions concerning
activity- concentration relationships, reasonable uncertainties in analyti-

cal data, and errors introduced by uncertainty in field pH. Absolute

I' potential measurements made with Pt electrodes are not generally considered
highly reliable; they are included here only for purposes of inter-well
comparison. Nonetheless, many of the data are internally inconsistent.

The internally consistent values, indicated in Figure 4.3.6 by the vertical
shaded bars, are interpreted by Myers et al. (1988) to bracket the redox,
potentials for the wells in Zone B (H-7, H-8, H-9, and Engle) between +330
and +630 my (or higher). A similar range is indicated for WIPP-26 (Zone C)
in the eastern part of Nash Draw. Data for the nitrogen couple in
hydrochemical facies A and C (Figure 4.3.1). except for WIPP-26, indicate
less oxidizing conditions, with an estimated Ehi of less than approximately
+330 my.

Quantitative data are not available from within most of Nash Draw. The

internally consistent data from WIPP-26 indicate a similar range of redox

potential to that at H-7, H-8. and H-9. The platinum- electrode
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measurements in H-7, H-8, H-9 and WIPP-26 (Figure 4.3.6) are higher than

those at most other locations. The apparent range of consistent potentials

in WIPP-25 is large. Lambert and Robinson (1984) note, however, that 1WIPP-

25 evolved H2S during fluid sampling, suggesting that these results are

suspect. Relative measurements with Pt electrodes (Lambert and Robinson,

1984), also indicate that redox potentials in the Culebra in Nash Draw are

higher than those in the underlying Rustler/Salado contact zone.

Thus, there appear to be consistent variations in redox potential within

the Culebra dolomite, with more reducing conditions to the northeast and

more oxidizing conditions toward the southwest. This regional variation in

the modern oxidation potential plays a significant role in interpretation

of uranium-disequilibrium studies discussed in Section 4.3.4.

4.3.1.5 Mineralogv of the Culebra Dolomite--It has already been noted that
both the composition and density of Culebra fluids vary considerably at and

near the WIPP site. One objective of studies summarized in Siegel et al.

(1988a) was to determine whether or not variations in Culebra mineralogy
correlate with variations in Culebra fluid compositions. Accordingly,
detailed mineralogical studies of Culebra samples from ten different

locations along three east-west traverses have been conducted, and are

described by Sewards at al. (1988).

Figure 4.3.7 shows a mineralogical cross section of the Culebra dolomite

from Nash Draw towards the east, south of the WIPP site proper, as

interpreted from sampled core (Sewards; et al., 1988). As -in any core

study, especially in a locally fractured unit such as the Culebra, it

cannot be demonstrated that the sampled core has been in contact with

f lowing groundwater. Mineralogical contents estimated by Lambert (1988)

during preparation of rubbled material selected for isotopic analysis of

Culebra matrix and veins (Section 4.4.2) differ somewhat from analyses
summarized in Figure 4.3.7. The mineralogy at H-7 and H-10 (Figure 4.3.7)
is probably representative of intact core samples at the WIPP. The

dominant mineral in the selected cores is fairly pure dolomite, comprising
about 85% of the bulk rock (by weight). Minor amounts of gypsum, calcite,
and clay are observed throughout the sampled cores, but their distribution
is heterogeneous both vertically and laterally. Fractures, which are

present in most cores, are most commonly lined with clay and gypsum.

Gypsum (CaSO4.21120) occurs as both fracture and vug fillings. Available

analyses indicate that it is nearly pure. Both the composition and

textural features suggest that it is secondary in origin. Calcite from the

upper portion of the Culebra in WIPP-29 is also interpreted to be

secondary. Minor amounts of pyrite, magnesite, quartz, and authigenic
feldspar havre been observed in some cores. Finally, a dark optically-

amorphous and X-ray-amorphous material is present in some abundance in

Culebra samples examined, and has been tentatively identified as organic

matter. It is generally associated with clays, and often occurs in algal

structures or haloes surrounding vugs, the origin of which is attributed to
biological activity.
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In the intact cores examined by Sewards et al. (1988), corrensite, an
ordered mixed-layer illite-smectite clay, is the second most abundant
mineral within the Culebra after dolomite. In addition to occurring along

fractures, clays are also present in the matrix of all Culebra samples, and

commonly make up 3 to 5 weight percent of the bulk sample. The dominant

clay minerals are corrensite, illire, chlorite, and a serpentine-like
mineral, tentatively identified as amesite.

The recent mineralogical studies in the Culebra indicate that the unit is
vertically and laterally heterogeneous. The dominant variation in Culebra

fluids, variation in Na and C1 (Section 4.3.1.1), is not reflected in the
presence or absence of halite in Culebra core. Dolomite, clays, and gypsum

are ubiquitous, and calcite local in occurrence. Table 4.14 summarizes
potential rock/water reactions that may influence the chemistry of Culebra
waters. With the exception of halite, all of the minerals involved in
reactions listed in Table 4.14 occur in the Culebra throughout the area at

and near the WIPP site. Halite that has definitely not been introduced
during drilling has not been reliably identified in any Culebra core. With

the exception of halite dissolution, any of the reactions indicated in
Table 4.14 can occur in any of the Culebra hydrochemical facies zones
defined. Examination of potential rock/water reactions affecting fluids
within the Culebra has not yet identified unique or discontinuous
relationships between matrix mineralogy and fluid composition that can be
used to place additional constraints on either present or past directions
of fluid flow.

in summary, the highly variable fluids within the Culebra dolomite can be
divided into four facies. The distribution of these facies is not

consistent with modern regional flow directions estimated from hydrologic
measurements, if steady-state confined flow is assumed. Zone B, containing
lower-salinity fluids lies down-gradient from Zone C, which contains more
saline waters. An internally consistent interpretation of the variability
of Rustler fluids is possible on the basis of salt norms if large-scale
vertical recharge is assumed in some areas. However, some of the analyses
used in this interpretation do not appear to be representative, and both
isotopic and hydrologic evidence suggest that such vertical fluid movement
is not now operative at and near the WIP? site. The mineralogy of core
samples from the Culebra dolomite is consistent only in its variability.
It cannot be demonstrated that sampled fluids at a given well have been in
contact with a given piece of core; therefore it cannot be directly
demonstrated that rock/water interactions identified on the basis of a
given core sample control or affect the local fluid composition. The

available data cannot identify any unique relations between Culebra matrix
mineralogT' and major-solute or minor-solute compositions of Culebra waters

that can'themselves be used to place constraints on either past or present
flow directions within either the Culebra or the Rustler Formation as a
whole. As discussed in Section 4.4.2, however, the isotopic compositions
of some minerals within the Rustler, especially gypsums, can be used to
place constraints on vertical fluid flow.
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Table 4.14: Summary of possible rock-water reactions affecting composi-
tions of Culebra fluids. From Siegel et al. (1988a).

Chemical Process Potential Effect on Culebra Water

Halite Dissolution increase Na, Cl, Br, Li; decrease Cl/Br;
increase solubility of carbonates and
sulfates up to 3 molal NaCl and then
decrease solubility causing changes in
C&, Mg, SO4, CO3

Precipitation/dissolution of decrease/increase Ca, SO4
gypsum

Precipitation/dissolution of decrease/increase Ca, Hg. C03
calcite and dolomite

Dolomitization: calcite + Hg decrease Hg/Ca
-> dolomite + Ca

Dedolomitization: dissolution decrease pH, alkalinity/S04;
of gypsum and dolomite with maintain Hg/Ca molar ration < 1
concurrent precipitation of
calcite.

Ion exchange involving Hg, loss of Na, gain of Hg, K by solution
K-rich clays in NaCl brines

Hixing of connate hypersaline increase Hg, Ca, K, Na, Cl; decrease
formation water with recharge SO4 , Cl/Br
water that has dissolved
gypsum,

Incongruent dissolution of increase Hg, K, S04; decrease Ca, Cl/Br
polyhalite

4.3.2 Recent Stable-Isotolne Studies of Groundwaters from the Rustler
Formation and Younrer Units

4.3.2.1 The Character of Modern Recharfe in the Northern Delaware Basin-
As mentioned above, stable-isotope studies do not provide direct infor-
mation concerning the age of groundwater. Rather, they may indicate
whether or not two or more bodies of water were recharged under similar
climatic conditions and whether or not one of the bodies of water is
modern. At the WIP? site, the approach requires both determination of the
isotopic character of modern recharge in the region and determination of
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whether or not the isotopic character of groundwaters in the Rustler
Formation and younger units is consistent with that of modern precipi-
tation. Recent stable-isotope studies of groundwaters in the northern
Delaware Basin conducted as part of WIPP site -characterization activities
are summarized by Lambert and Harvey (1987).

The present stable-isotope data base for waters from Carlsbad Caverns
(Lambert and Harvey, 1987), is summarized in Figure 4.3.8. Samples were
collected from active drips or pools in portions of the cavern system well
above the modern water table. Depending on assumptions concerning seasonal
averaging of fluid compositions during infiltration and possible evapora-
tion within the caverns, these waters may or may not be representative of
modern meteoric recharge in the no--thern Delaware Basin at elevations
similar to that of the surface of the W;IPP site.

Lambert and Harvey (1987) conclude that, with one possible exception
(sample "GS"), evaporation and rock-water interaction do not play a
significant role in derivation of the waters shown in Figure 4.3.8. This
is because the waters fall in or near the "meteoric field," defined by the
compositional space between the statistical world-wide precipitation trends
calculated by Craig (1961) and by Epstein et al. (1965, 1970). Therefore,
the isotopic character of the waters (Figure 4.3.8) is interpreted as con-
sistent with that of modern meteoric recharge in the northern Delaware
Basin.

The character of modern precipitation in the northern Delaware Basin also
rests on other analyses. In 1983, waters from Carlsbad Caverns were
essentially the only waters interpreted to represent this recharge. As
shown in Figure 4.3.9, most of the more recent measurements on surficial
waters and some on shallow groundvaters in the vicinity of the WIPP site
and at similar elevations are consistent with measurements on unconfined ,

waters from the Capitan limestone. Samples from a local storm (August 26, /'
1980) fall within the Carlsbad Caverns field, as do samples from the Dewey
Lake Red Beds at the James Ranch and Quaternary alluvium at WIPP-15. The
character of the water from the Dewey Lake Red Beds in the James Ranch well
is consistent with the interpretation that the Dewey Lake is experiencing
modern recharge at this location. The well at the James Ranch (identified
as "ranch well" in Figure 1.2) is close to a locally active dune field
south of the WIPP site; IJIPP-15 was drilled specifically to investigate San
Simon Sink (Figure 1.1), an active collapse feature over the Capitan
limestone. The measured deuterium/hydrogen ratios of nine water-,table
samples from the Ogallala Formation in southeastern New Mexico are con-
sistent with the lighter end of the Carlsbad Caverns field in Figure 4.3.9.
Heavier Ogallala samples also high in tritium, discussed by Lambert (1988),
are consistent with this field. Thus, LU r-t and Harvey (1987) base the
isotopic composition range of their -..id of "demonstrably modern
precipitationa used in discussions below and in later figures in this
section on measurements at several localities, and in several different
geologic units. Additional information, especially concerning both the
deuterium and tritium characteristics of groundwaters in the High Plains of
Texas and the northern Delaware Basin of New Mexico is contained in L7mbert
(1988).

182



6 1
40(SMOW)'I AO

-10 4 4 -4 12

CARLSBAD 0m1.0
CAVERNS =P CAVERNS TREND

01L e 60 7.34 46 -2L39)660
7 +0.42 SIs-1.M2

~~-40

0 R)

CA YON 
../S

60 U140. 40

(CRAINlIl )

(UPSIEN W eL 19M ISMS
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6 of Lambert and Harvey (1987).
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Stable-isotope data from both the travertine deposit in McKittrick Canyon

and a local storm (M{ay 5, 1977) are much lighter than the Carlsbad Caverns

field shown in Figure 4.3.9. The isotopic character of these samples is

interpreted by Lambert and Harvey (1987) to be due to local elevation

effects and point-data variability of individual storms. A similar

elevation- dependent argument is made concerning the deuterium data

available for Rio Hondo and at Carrizozo (see Lambert and Harvey, 1987 for

discussion and detailed sample locations).

Not all data from stratigraphic units above the Rustler fall in the

Carlsbad Caverns field in Figure 4.3.9. Water from the Dewey Lake Red Beds

at the Pocket well is relatively light. This water has a calculated

minimum radiocarbon age of 14,000 years (Section 4.3.3). The ages or

isolation times of the relatively light waters from the Smith and Fairview

wells are not known. The available stable-isotope results indicate

complexity within the Dewey Lake Red Beds. The James Ranch well appears to

contain "modern" water, and is located near an active dune field. The

Pocket and Fairview wells, which both contain water isotopically distinct

from the Carlsbad Caverns field in Figure 4.3.9, are both located near the

southwestern lobe of Nash Draw.

4.3.2.2 The HydrologX of the WIPP Site and Vicinity Relative to Modern

Rechag- -Figure 4.3.10 summarizes the available stable-isotope data for

groundwaters from the Magenta and Culebra dolomites at and near the WIFF

site. In this figure, the irotopic character of these waters is contrasted

with the Lambert and Harvey (1987) estimate of Rdemonstrably modern

Delaware Basin recharge at 3,000 - 4,500 feet elevation," discussed above.

The compositionally distinct waters from WIPP-29 and Surprise Spring, both

of which are distinct from the meteoric field (Figure 4.3.8) are discussed
separately below.

There is no overlap between the Culebra/Magenta data near the meteoric
field and the interpreted compositional field representing modern recharge

(Figure 4.3.10). On the basis of the consistent compositional distinctions
shown in Figure 4.3.10, Tambert and Harvey (1987) conclude that: 1) the
stable-isotope compositions of Culebra and Magenta groundwaters do not
reflect modern meteoric recharge of the Rustler Formation; 2) there is no
significant modern recharge to the Magenta and Culebra dolomites at and
near the WIP? site; and 3) the waters presently contained within the
Magenta and Culebra at and near the WIPP site were recharged under dif-
ferent climatic conditions than those at present. Therefore, at least some

aspects of the hydrology of the Rustler Formation must be transient on some
time scale.

The Rustler Formation is not the only unit in the northern Delaware Basin
that contains older water. There is also significant variability in the
isotopic character of fluids within the Capitan limestone (Figure 4.3.11).
The heavier samples defining the "Carlsbad Caverns" compositional field in

this figure, which is almost identical to the modern recharge field in
Figure 4.3.10, are from the unconfined and partially saturated hydrologic
system within Carlsbad Caverns. The lighter samples are from wells drilled
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Figure 4.3.10: Stable-isotope Compositions- of waters from the Culebra and
Magenta dolomites at and near the WIPP site. The "modern
recharge" field is defined by the Carlsbad Caverns field
and other consistent data contained in Figures 4.3.8 and
4.3.9. Note the anomalous character of samuples from WIPP-
29 and Surprise Spring. Slightly modified'from Figure 14
of Lambart and Harvey (1987).
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Slightly modified from Figure 10 of Lambert and Harvey
(1987).
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into confined regions of the Capitan. The s ignatures of samples from con-
fined portions of the Capitan limestone fall within the same compositional
field as most Rustler fluids. Based on uranium-disequilibrium studies,
Barr et al. (1983) estimate the isolation times for the Capitan waters from
the Middleton and Hackberry wells (Figure 1.1) as 5.8 x 105 and 1.05 x 106
years, respectively,

Thus, stable-isotope measurements in the Rustler Formation, Dewey Lake Red
Beds, and Capitan limestone are consistent with the conclusion that the
hydrology of the northern Delaware Basin is transient. The fundamental
conclusions of Lambert and Harvey (1987) and Lambert (1988) concerning the

hydrologic setting of the northern Delaware Basin are:

1. The isotopic compositions of waters from unconfined portions of the
Capitan limestone, the Ogallala Formation, and several other uniconfined
sampling locations at elevations similar to that of the WIPP site are
representative of modern meteoric recharge within the northern Delaware
Basin.

2. The general isotopic composition of samples from the Culebra and
Magenta dolomites of the Rustler Formation at and near the WIPP site,
as well as of samples from confined portions of the Capitan limestone,
is distinct from that of modern meteoric precipitation within the
northern Delaware Basin.

3. The Culebra and Magenta dolomites at and near the WIPP site, in
addition to part of the Dewey Lake Red Beds and confined portions of
the Capitan limestone, were recharged under climatic conditions
different from those effective at the present time.

4. Therefore, the hydrology of the northern Delaware Basin is
transient on some time scale. The stable-isotope technique itself
provides no information concerning the possible times or time gaps
between two interpreted recharge intervals or events, nor does it
necessarily provide information concerning where recharge might have
taken or be taking place. In the specific case of the Rustler
Formation, however, the stable-isotope technique does indicate that
significant modern meteoric recharge to the Culebra or Magenta is not
taking place at any of the sampled localities.

One site-specific focus of Lambert and Harvey (1987) is the determination
of whether or not southeastern Nash Draw, specifically the area including
hole WIPP-29 and Surprise Spring (Figure 1.1), is a major point of
discharge, for Rustler fluids flowing across the WJIPP site. Lambert and
Harvey (1987) evaluate the question by comparison of the solute and
isotopic characteristics of fluids from, hole WIPP-29 and Surprise Spring
with those of other Rustler fluids. As shown in Figure 4.3.10, the
isotopic signatures of fluids from both WIPP-29 and Surprise Spring are
quite distinct from the meteoric field. Lambert and Harvey (1987)
conclude that the solute characters of WIPP-29 and Surprise Spring waters
are also distinct.
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In general, the modern flow directions within the Culebra in Nash Draw are

roughly parallel to the axis of Nash Draw (Section 4.1). This suggests

that, if Surprise Spring is to be a major point of Culebra discharge,
fluids must first flow through the region of hole WIPP-29. Rustler ground-

waters have been sampled at both Surprise Spring and WJIPP-29. It is

essentially impossible to derive Surprise Spring waters from evaporation of
WIPP-29 Culebra waters, since the lower chloride content at Surprise Spring

(Figure 4.3.1) indicates major dilution relative to WIPP-29. The same
argument applies to derivation of Surprise Spring waters from Culebra
waters at both H-5 and H-6 at the WIPP site, and at many holes within Nash
Draw itself. Further, as noted by Lambert and Harvey (1987), Surprise
Spring appears to discharge from the Tamarisk Member of the Rustler, rather
than from either the Culebra or Magenta.

In addition, the Cl/K (weight) ratios for fluids from holes WJIFP-27 and
WIPP-29 are distinctly lower than those of other Rustler fluids both in and

outside Nash Draw, including Surprise Spring (Section 4.3.1.1). Culebra

groundwaters from WIPP-27 and WIPP-29 have Cl/K ratios of ten and nine,
respectively, compared to ratios generally from 38 to 73 in holes outside
Nash Draw, and a value of 52 at Surprise Spring. Hole WIPP-27 is downslope
from the tailings ponds of Mississippi Chemical Corporation's potash
refinery in Nash Draw, while WIPP-29 is dovnslope from the tailings ponds
of the International Minerals and Chemicals refinery (Lambert and Harvey,
1987).

Lambert and Harvey (1987) interpret these relationships and the fact that
the isotopic compositions of waters from WIPP-29 and Surprise Spring are
both distinct from the meteoric field to indicate that:

1. The hydrology of Surprise Spring is essentially isolated and
independent from that of the Culebra at WIPP-29, and is not dominated
by confined Rustler groundwaters from elsewhere. Surprise Spring
discharges from the Tamarisk Member of the Rustler. Nearby exposures
of the Tamarisk serve as a likely recharge area for Tamarisk discharge
at Surprise Spring, and may or may not be contaminated by local potash-
refining operations. The isotopic compositions of groundwaters at both
WIPP-29 and Surprise Spring appear to have been derived from surface-
type water by partial evaporation.

2. Surprise Spring is not at present a significant point of discharge
for Culebra and/or Magenta fluids flowing across the WIPP site.

3. As indicated by the relatively low Cl/K weight ratios in fluids
from WJIPP-27 and WIPP-29, local potash refining has a major impact on
Rustler geochemistry and hydrology within Nash Draw (Section 4.3.1.1).

Lambert and Harvey (1987) conclude that the isotopic character of fluids
collected from the Rustler/Salado contact zone (Figure 4.3.13) is strongly
affected by rock-water interaction (isotope shift). The extent of this
effect generally increases with increasing distance from Nash Draw, paral-
leling a general decrease in permeability (Section 4.1) and increase in
rock-water ratios.
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Figure 4.3.12: Relationship between oxygen fractionation and chloride con-
tent for analyzed fluids from the Culebra, Magenta, and
Rustler/Salado contact. Figure 21 of Lambert and Harvey
(1987).
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The interpretations of Lambert and Harvey (1987) and Lambert (1987b) are

not consistent with some conclusions contained in Chapman (1986), which is

based on review of much of the data contained in the two later reports.

The fundamental disagreement lies in interpretation of the distinctions

between waters from unconfined portions of the Capitan limestone, modern

precipitation, and Rustler waters from at and near the WIPP site. The

logic behind a portion of the disagreement is shown in Figure 4.3.14.

Chapman (1986) concludes that the isotopic character of modern meteoric

recharge in both the northern Delaware Basin and the Roswell Basin is

represented by the weighted mean precipitation for the town of Roswell,
calculated by Hoy and Gross (1982) (Figure 4'.3.14), and that meteoric
variability in both areas is closely represented by the trend line of Craig

(1961). If these assumptions are valid, then it is possible to derive most

of the isotopic compositions of unconfined waters collected within Carlsbad

Caverns by "high-humidity" evaporation (line B in Figure 4.3.14) of water

representing the calculated Roswell -weighted mean precipitation. Under

this interpretation, the unconfined waters from Carlsbad Caverns would be

secondary,' and would not represent modern meteoric precipitation. As

shown, the weighted mean precipitation used by Chapman to derive unconfined

Capitan waters is also distinct from the compositional field defined by
most Rustler, Dewey Lake, and confined Capitan waters. Chapman (1986)
attributes this difference to a "seasonal or amount effect.-

Chapman (1986) also notes that, if only stable-isotope relationships are

considered, the isotopic character of waters from Surprise Spring can be

derived by partial near-surface evaporation of Rustler groundwaters (Line A

in Figure 4.3.14); i.e., that Surprise Spring could be a major point of

discharge for Rustler waters at and near the IJIPP site. While this appears

to be theoretically possible on the basis of stable-isotope relationships
alone, the solute-composition relationships described in Lambert and Harvey

(1987) and summarized above preclude this possibility.

The disagreement between the interpretations contained in Lambert and

Harvey (1987) and Chapman (1986) concerning the overall nature of the

hydrology in southeastern New Mexico is fundamental, and cannot be resolved
by stable-isotope studios alone. However, these studies do clarify the

* differences in opinion. Chapman (1986), in effect assumes that the
hydrology of southeastern New Mexico is at steady state (or, alternatively,

that its response to changing climatic conditions is effectively instan-

taneous). She assumes that the weighted mean precipitation for Roswell and

the statistical correlation of Craig (1961) are significant by themselves,

and demonstrates that it is possible, based on these assumptions, to

generate unconfined waters from Carlsbad Caverns by evaporation. By

Chapman's interpretation, the unconfined Capitan waters do not represent
modern recharge. However, the field of demonstrably modern Delaware Basin

recharge defined by Lambert and Harvey (1987) includes or is consistent
with analyses from several other locations in addition to Carlsbad Caverns.

The weighted mean precipitation used by Chapman to derive unconfined

Capitan waters by evaporation is also distinct from the compositional field
defined by most Rustler, Dewey Lake, and confined Capitan waters. Chapman

(1986) attributes this difference to a Oseasonal or amount effect." The
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operation of this effect on Rustler, Dewey Lake, and confined Capitan
waters, as well as Ogallala water from the High Plains is not explained.

Lambert and Harvey (1987) do not assume that the hydrology of southeastern
New Mexico is at steady state. They do assume that significant departure
in isotopic signature from the meteoric field defined by the compositional
space between the statistical correlations of Craig (1961) and Epstein et
al. (1965, 1970) is required before any recourse to evaporation is
justified. Unconfined Capitan waters (and others, such as Ogallala fluids
and samples from alluvium at WIPP-15) are interpreted by Lambert and Harvey
(1987) to represent modern meteoric recharge in the northern Delaware
Basin. The demonstrably different isotopic character of most Rustler,
Dewey Lake, and confined Capitan waters from the field they interpret to
represent modern recharge in the northern Delaware Basin is taken to
reflect recharge under conditions distinctly different from those con-
trolling modern recharge. Since steady state is not assumed, no single
weighted mean precipitation is either defined or deemed relevant. The
conclusions of isotopic studies discussed in Sections 4.3.3, 4.3.4, and
4.4.2 are consistent with the interpretation of a transient hydrologic
setting of the Rustler Formation and shallower units at and near the WIPP
site.

4.3.3 Recent Isotopic Studies with Emophasis on Radiocarbon

Studies investigating the applicability of several environmental isotopes
(isotopes generated primarily within the atmosphere), especially radio-
carbon, to the shallow stratigraphic units at the WIPP are summarized by
Lambert (1987a, 1988). Although the emphasis in these studies was on
radiocarbon, tritium, and chlorine-36 were briefly evaluated. No 36 C1
above background could be identified, nor could tritium values signifi-
cantly above background be identified except in hole WIPP-27. The high
chlorine background is to be expected in fluids in a halite-bearing
evaporite section. The tritium at WIPP-27, consistent with the major-
solute composition of Culebra groundvaters from WIPP-27 (Section 4.3.1.1),
is interpreted to be due to contamination by potash-refining operations.
Radiocarbon studies indicate that many of the sampled wells have been
contaminated by organic materials during drilling, casing, and/or
hydrologic testing. The successful radiocarbon measurements indicate
isolation times of at least 12,000 to 16,000 years for three Culebra waters
and one Dewey Lake water. Two of the four measurement points lie on nearly
opposite sides of the VIPP site.

The relationship between calculated upercent modern carbon" (PMC) and the
bicarbonate content of most of the fluids analyzed to date, including three
samples from the Rustler/Salado contact zone, is summarized in Figure
4.3.15. PMC is carbon counts relative to 1950 wood. As shown in Figure
4.3.15, there is a strongly linear relationship between PKC and bicar-
bonate. The apparent end members are: a) a 0- PKC fluid with a bicarbonate
content of approximately 60 mg/l, i.e., groundwater in equilibrium with
carbonate, assuming bicarbonate is equal to total carbonate; and b) a
100-PMC fluid with a bicarbonate content of approximately 300 mg/i.
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If, as is commonly the case in radiocarbon studies, it is assumed that
recharge groundwaters initially containing small amounts of atmospherically
derived C02 (PMC near 100) equilibrate fairly quickly with carbonate
minerals underground, it is difficult to explain waters in Figure 4.3.15
having greater than approximately 60 mg/l bicarbonate. In other words, one
would expect the slope in Figure 4.3.15 to be negative rather than positive
if this slope reflected increasing equilibration with underground
carbonates with increasing time (decreasing PMC) (Lambert, 1987a). By this
logic, the high-PMC samples in Figure 4.3.15 do not represent modern
infiltration.

Regardless of the origin of high-PMC contents, a linear relationship should
result from evaluation of any two compositional variables for the same
fluids, if the data distribution in Figure 4.3.15 is a result of linear
mixing of two fluid components. This is not the case for the analyzed
fluids since the relationship between 13 C fractionation and bicarbonate
(Figure 4.3.16) is statistically random. This result suggests that at
least three fluid components may be involved in mixing to develop the
indicated 13C distribution. In such mixing, unique delineation of the
mixing relationships and the ages or isolation time. of the specific
groundwater components involved is most likely impossible (L7-bert, 1987a).

The relation between percent modern carbon (PMC) and 13C fractionation for
the samples on which adequate data are presently available is shown in
Figure 4.3.17. The sampled fluids fall into two relatively distinct
groups: a) a small group containing samples with less than approximately
10 PMC; and b) a larger group with from 10 to greater than 90 PHC. Data
from H-5c and Engle could be included with the low-PMC group shown in
Figure 4.53, though, as noted by Laimbert (1987a), the statistical correla-
tions within both data groupings are stronger if the four low-PMC samples
(H-4b, H-6c, H-9b, and Pocket) are considered as a separate group. Of the
four low-PMC samples, all but that from the Pocket well are for fluids from
the Culebra dolomite; the Pocket sample is from the Dewey Lake Red Beds.

The definition of two distinct data groupings (Figure 4.3.17) leads to
identification of three carbon-isotopic compositional components apparently
involved in mixing within Rustler, Dewey Lake, and Rustler/Salado fluids.
These are:

1. Dissolved carbon from Permian marine carbonates. Because the
Permian carbonates are more than 200 million years old, this carbon is
no longer measureably radioactive.

2. 'CO2 derived from modern organic materials injected in variable
amounts into the sampled holes 'during drilling and/or casing
activities. T--bert (1987a) found it pointless to attempt dating of
almost all of these contaminated samples, as discussed below.

3. C02 derived from Pleistocene and older organics during recharge.
The location of this recharge cannot be specified on the basis of these
studies. Because of the possible contamination of all these samples by
small amounts Of C02 from the modern reservoir, calculated PMC values
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in the four low-PMC samples shown in Figure 4.3.17 must be upper
limits, Conversely, calculated ages or residence times for the fluids
must be lower limits.

Lambert (1987a) applied several different numerical models to the analyzed
groundwaters. The results, summarized in Table 4.15, indicate calculated
isolation times of the sampled waters from any significant component of
atmospherically derived carbon. The ages do not indicate that the fluids
have been in their present location for the indicated time, simply that
they have been isolated from a near-surface environment for approximately
the time indicated. For the samples on which application of the models of
Tamers (1975), Pearson and Swarzenki (1974), Mook (1976), and Evans et al.
(1979) were generally successful, i.e. , the four low-PMC samples (H-4
Culebra, H-6 Culebra, H-9 Culebra, and Pocket Dewey Lake), the results
indicate isolation times of between 10,600 and 25,700 years, depending on
both sample and model used. The different models used vary in the
correction mechanisms assumed to effect fluid interaction with the rock.
Lambert (1988) notes that it is not possible to reliably separate the
effects of natural isotope evolution from effects of contamination for any
data lying off the two-component mixing lines in Figure 4.3.17, i.e. ,
within the three-component mixing triangle.

Because of the method it uses in correcting for equilibration between
groundwater and carbonates, and because it involves only a limited number
of empirically-derived inputs, Lambert (1987a) concludes that the model of
Evans et al. (1979) is the available model most applicable in the tJIPP
environment. One conclusiorn arising from the presence of Permian marine
carbonates in the Rustler and use of the model of Evans et al. (1979) is
that any groundwater sample with greater then 50 PMC must either be con-
taminated, or must be assumed to have had very limited exposure to the
carbonates present. Application of the model of Evans et al. (1979) to the
entire data set results in: a) calculated isolation times of 12,100 to
16,100 years for the four lov-PMC samples identified in Figure 4.3.17; and
b) physically impossible negative model ages for all samples on and near
the trend including modern organics in Figure 4.3.17, with the exception of
samples from H-Sc (Culebra) and Engle (Culebra). These two samples yield
model ages of 714 and 2,410 years, respectively, but lie within the three-
component mixing triangle shown in Figure 4.3.17.

Based on radiocarbon studies, Lambert (1987a) concludes that:

1. The four interpretable radiocarbon ages on Rustler and Dewey Lake
fluids, i.e., those calculated on minimally contaminated samples using
the model of Evans et al. (1979), indicate that some Culebra and Dewey
take fluids present in the vicinity of the WJIPP site were isolated from
atmospheric radiocarbon at least 12,000 to 16,000 years ago. The
relatively tight cluster of ages may suggest some type of recharge
episode, rather than a gradient resulting from continuous recharge.

2. Because of there- being no consistent directional age gradient in
calculated ages in such old groundwaters, the radiocarbon technique
provides no information concerning directions or rates of fluid flow
within either the Rustler Formation or the Dewey Lake Red Beds in
applications to date on IJIPP groundwaters.
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Table 4. 15: Results of application of different interpretative models to
available radiocarbon analyses, including corrections
involving dolomite. Part of Table 4 of Lamnbert (1987a).

Tamers Pearson and Kook Evans et al.
Locality PMC 613C (1975) Swarzenki (1974) (1976) (1979)

H-4 4.82 -6.7 19300 17300 12000 16100

H-6 9.7 -8.4 13600 12600 10600 12100

H-9 2.22 -2.4 25700 20200 indet. 14900

Pocket 3.67 -3.8 21600 17400 indet. 14000

3. To date, most radiocarbon measurements on Rustler fluids collected
in hydrologic driliholes are invalidated by unknown mounts and types
of organic contamination occurring during and after drilling. Most
fluids have a carbon-isotopic signature apparently reflecting nonre-
solvable three-component mixing among inorganic carbon, organic carbon
from a past period of surficial recharge, and modern organic contamina-
tion introduced during drilling. All samples collected may be contami-
nated at some level; therefore, most calculated groundwater ages are
lower limits.

4. Application of several models to calculate radiocarbon ages indi-
cates that the best useable model is that of Evans et al. (1979), which
accounts for both congruent dissolution of carbonates and possible con-
tinuing exhange of radiocarbon between the diluted groundwater solution
and the surrounding country rock.

While the radiocarbon studies described by Lambert (1987a; 1988) were
partially successful and indicate lower-limit isolation times for sampled
fluids at four specific locations, extrapolation of the results must be
done carefully. The results do not: a) mean that the sampled fluids have
been in residence at the sampling sites for the indicated lengths of time;
b) provide any information about where major recharge occurred when it did
take place; or c) rule out small but indeterminate amounts of modern
vertical rpcharge to the Rustler and Dewey Lake at the IJIPP site. The
available radiocarbon data can be interpreted consistently to mean that
"steady..stateO recharge of the Rustler and Dewey Lake is an actively
ongoing process only at locations removed from the WIPP site, and that flow
times from the point(s) of recharge to the sample localities are at least
12,000 to 16,000- years. However, the results mean that surficial recharge
at the WIPP site, if significant at some time in the past, effectively
stopped at the sampled localities at least 12,000 to 16,000 years ago. Two
of the sampling localities, H-4 and H-6 lie close to and on nearly opposite
sides of WIPP Zone 3.
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Lambert (1987a) also concludes that measured 3 6 C1 and tritium contents on
minimally contaminated Rustler fluids at and near the WIPP site cannot be
discriminated from background values. Because of the high chlorine

backroud i flidsthat have been in contact with halite present in the
Rustler and/or in surficial deposits in southeast New Mexico, no measurable36 C1 was detected. No tritium content greater than 0.2 tritium units (TU)
was found in any fluid that was demonstrably minimally contaminated, in
contrast to a reasonable "background"n level of 3 - 7 7U. The highest
measured tritium content in Culebra water is 6.9 TU from WIPP-27 (Lambert,
1987a). However (Section 4.3.1.1) the Culebra at WJIPP-27 is interpreted to
be contaminated by potash-refining operations, on the ground of major-
solute chemistry. Therefore, Lambert (1987a) concludes that there is no
advantage in pursuing either technique further in the Rustler Formation at
the WIPP site.

4.3.4 Uranium-Diseguilibrium Studies in the Culebra Dolomite

The radiocarbon studies summarized in Section 4.3.3 indicate that the
recharge age of groundwaters presently in the Culebra dolomite and part of
the Dewey Lake Red Beds at and near the WIPP site is at least 12,000 to
16,000 years. While these results indicate that, independent of flow path,
travel times from recharge to their present location are long, they
indicate nothing about the flow directions or distances involved. The
uranium- disequilibrium technique -discussed in this section addresses some
questions which cannot be addressed by radiocarbon or stable-isotope
techniques, such as apparent directions of fluid flow. The basic
principles of the uranium- disequilibrium method are discussed in both
Lambert and Carter (1984) and Lambert and Carter (1987).

Interpretations of uranium- disequilibrium data can only be as reliable as
the number and quality of the samples from which the data are derived, and
are also limited by the applicability of the principles involved in the
interpretations. There are two specific constraints to interpretation of
uranium-disequilibrium data at and near the WIP? site. First, data east of
Nash Draw are extremely limited in number, since values are known at only
four locations, H-4, H-5, H-6, and WIPP-30. As a result, there is
considerable uncertainty in both contouring of results and inferred flow
directions east of Nash Draw. Second, as noted by Lambert and Carter
(1987), there is no known trace component of Rustler fluids which reliably
indicates whether or not any sampled groundwater is representative with
respect to either total uranium content or uranium-disequilibrium "activity
ratio" (A.R.). The activity ratio considered here is in terms of relative
decay rates of the 2 3 4U and 2 3 8U isotopes, not the ratio of chemical
activities. Two measurement trends have been noted which help evaluate the
extent of approach to steady-state fluid composition during serial sampling
and/or indicate the direction from which the sampled fluid may approach or
bound a representative state for groundwater at the sampling locality.
Uranium is a trace contaminant, at concentrations greater than normal for
evaporitic rocks, in drilling and sampling apparatus, especially casing.
Therefore, total uranium in the sampled fluid generally decreases with
increasing pumping rate and/or total pumping time (Lambert and Carter,
1984), as the amount of contamination is reduced. Measured total uranium
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contents in Culebra waters should represent upper bounds. The measured
234U/238U activity ratio in sampled fluids *generally increases with total

pumping volume and rate; i.e. , with decreasing contamination from the

casing and/or sampling apparatus (Lambert and Carter, 1984). This is

presumably because the contamination present in sampling apparatus and

casing has an Activity Ratio (A.R.) very near 1.0. Any measured A.R. in a

sampled fluid should thus represent lover bounds.

As noted in Lambert and Carter (1987), interpretation of uranium-

disequilibrium studies involves additional assumptions. During recharge,
an initial A.R. equal to or not much greater than 1.0 (generally 1 - 3) is

assumed to be fixed at the edge of the oxidation zone. There are several

generalized sequences of behavior that can follow infiltration. The

conceptual and numerical model used is essentially that of Osmond and

Cowart (1976). The variability can be simplified by considering the

relationship between A.R. and total uranium in the analyzed fluid. Under
reducing conditions, the total uranium content of the fluids remains low,
and the A.R. normally increases along the direction of fluid flow. This
increase is a result of the preferential leachability of the' 234Th
resulting from the alpha decay of 238U within the country rock, relative to
the leachability of 238U (Lambert and Carter, 1984; 1987). Thus, the
combination of lowv total uranium content and elevated A.R. is interpreted
to reflect flow along a flow path under relatively reducing conditions or
locally "stagnant" flow conditions, both occurring on a time scale for
which the technique is applicable, approximately 2,000,000 years (Lambert
and Carter, 1984). In contrast, a measured groundwater A.R. near 1.0 is
taken to indicate one of three things: 1) approach to secular equilibrium
after a lengthy period of radioactive decay; 2) sampling of fluids soon
after recharge; and/or 3) possible "swamping" of a higher A.R. by
dissolution of rock uranium having an A.R. very near 1.0. A strong
correlation of increasing total uranium contentý of sampled fluids with
decreasing fluid A.R. along an inferred flow path favors the third
interpretation. This can only occur under relatively oxidizing conditions
under which the congruent solubility of uranium is enhanced.

The available data for the 234U/23StT A.R..s in Culebra fluids at and near
the IJIPP site are summarized in Figure 4.3.18. The figure shows a general
eastward or southeastward increase in A.R.s east of Nash Draw. Contour
lines shown in Figure 4.3.18 are based on the assumption that variations in
A.R. are approximately linear between data points. From the resulting
contours, it was inferred by Lambert and Carter (1987) that the most likely
region of recharge for Culebra groundwaters is in or near the upturned edge
of the Rustler units within Nash Draw. This interpretation reflects a
major easterly or southeasterly component of flow from a recharge region
within Nash IPraw, assuming that high A.R.s such as measured in the WIPP
site area at H-4, WIPP-30, and H-5 are generated by downgradient flow under
relatively reducing conditions.

The flow directions implied by the contouring in Figure 4.3.18 are not
unique, because of both the limited data east of Nash Draw and uncertain
relationships between flow directions and directions in which A.R.s
increase. All that is certain is that, unless no reaction is taking place,
fluid flow must be at some angle to the lines of constant A.R., but need

202



- WIP9WIPP ' 28

d 80 'w ,-

*H-5

323



not be perpendicular to these lines. By analogy, groundwater flow in a
fractured or anisotropic medium need not be perpendicular to potentiometric
contours. If fluid flow is assumed to be perpendicular to the A.R.
contours in Figure 4.3.18, flow is required to have taken place from
regions of (present) high permeability in Nash Draw towards regions of
(present) low permeability east of Nash Draw, such as the vicinity of H-S.

In addition, there is considerable freedom in the contouring of A.R. values
themselves. An indication of this is shown in Figure 4.3.19. In the
interpretation shown in Figure 4.3.19, the assumption of roughly linear
variation in A.R. between data points is relaxed, and contours are rotated
into a more north-south position. Under this interpretation, since the
flow direction must be inclined to A.R. contours, the present A.R.
distribution would be consistent with flow towards the south or southeast
following recharge, i.e., at a lower angle to both the axis of Nash Draw
and the very loose regional zonation of permeability within the Culebra
(Section 4.1) than implied in Figure 4.3.18. However, flow towards the
axis of Nash Draw is not consistent with the data.

While the uranium- disequilibrium method is not always capable of
identifying the recharge area, it is capable, unlike radiocarbon applied to
Rustler groundwaters, of estimating flow directions following recharge.
The higher -permeab il ity areas within the Rustler Formation in Nash Draw
seem a more likely paleorecharge area than either the surface of the WIPP
site area or the low-permeability areas east of WIPP-30. Therefore, flow
within the Culebra following recharge probably had at least some easterly
component.

Regardless of the estimated fluid-flow directions following recharge, the
f low times estimated for the buildup to measured A.R.s east of Nash Draw
depend on both the measured or assumed original uranium content of the host
rock and the measured or assumed total uranium content of the groundwater'
fluid immediately after recharge. This buildup is a result of a combina-
tion of differential leachability of 234Th and 238U under reducing condi-
tibns and radioactive decay. In general, estimated flow times towards a
measured high A.R. are inversely proportional to the initial uranium
content of the groundwater and proportional to the estimated uranium
content of the country rock. For example, Laubert and Carter (1987) found
it impossible to generate calculated A.R.s greater than 3.4 using the mean
present-day U concentration in Culebra core (0.9 x 10-6 g/j;) and the lowest
measured U concentration in Culebra fluid (0.134 x 10- 1 gig) as input.
They interpret this inability to indicate that: (a) the present uranium
concentration of th. available Culebra core samples is probably not
representative of the rock controlling A.R.. buildup; and (b) the lowest
measured 4uranium concentration in the fluid phase has been increased by at
least some congruent dissolution.

Lambert and Carter (1987) estimated flow times to H-5, assuming that the
original U content of Culebra fluids was the same as the lower value
measured in fluid from the Rustler/Salado contact in hole WIPP-30 (0.024 x
10 - gig) . Calculated travel times are approximately 550,000 and 30,000
years, for an assumed low-uranium and high-uranium Culebra matrix,
respectively. The low-uranium matrix was taken as the average value
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measured on core (0.9 x 10-6 g/g), and the high-uranium matrix (9.0 x
10-6 g/g) was assumed. The assumed value is similar to that measured in a
silty zone found within a Permian limestone in Carlsbad Caverns. In the
tJIPP site area, local high U contents within Culebra are supported by a
known (but uncored) occurrence of a silty zone in hole P-15, indicated by
geophysical logging to be rich in (uranium + thorium. + potassium). A final
A.R. -evolution path, assuming the initial uranium content in the fluid was
the same as that measured in Carlsbad rain, 0.01 x 10-9 g/g, yields
estimated flow times to H-5 of 140,000 and 12,000 years, respectively for
the low-uranium and high-uranium Culebra matrices.

Thus, the minimum estimated times required for ingrowth of 234U to give the
measured high A.R..s at H-5, assuming a uranium-rich Culebra matrix, are
qualitatively consistent with the estimated minimum recharge ages based on
radiocarbon studies reported in Lambert (1987a). Analyzed Culebra core has
a lower uranium content than assumed in these calculations. Therefore,
flow times from the position of recharge to H-S were almost certainly much
greater. The measured A.R. of greater than 11.0 at H-S is inconsistent
with any significant modern recharge in this area. A minimum flow time of
at least several thousand years is required under reducing conditions to
generate such an A.R., regardless of assumptions concerning initial fluid
and rock-matrix properties, location of recharge, and directions of fluid
flow.

The ingrowth of A.R.s cannot be considered independently of the total
dissolved uranium in the fluid phase. Figure 4.3.20 indicates a westerly
or northwesterly increase in the amount of uranium in Culebra waters, from
the IJIPP site towards Nash Dray. Although there is uncertainty in the
contouring of total uranium contents, the general direction of increase
correlates with a general decrease in A.R. in a similar direction (Figure
4.3.18 or 4.3.19).

It is difficult to explain how any easterly flow of oxidized fluids
involved in significant evaporite dissolution could maintain both high
A.R.s and low total uranium contents measured east of Nash Draw, as would
be required by any interpretation involving steady-state flow directions
consistent with A.R. contouring in either Figure 4.3.18 or 4.3.19. During
such flow, uranium would have to be precipitated within the Culebra
dolomite. No evidence for elevated uranium concentrations has been found
within the Culebra, except in hole P-15; the P-15 occurrence may in fact be
a detrital accumulation. Measured uranium contents of bulk Culebra core
are too low to account for the measured A.R.s.

A logical explanation of the combination of measured A.R.s and total
uranium contents of Culebra groundwaters at and near the W'IPP site involves
a change of'flow directions, after development or ingrowth of the elevated
A.R.s measured east of Nash Draw (L-Ambert and Carter, 1987). In this
interpretation, an early flow system with at least some component of
easterly flow under reducing conditions, would later be changed, resulting
in some component of westerly flow. The magnitude of the required change
in flow directions within the Culebra is not well defined at present.
Combination of the contours in Figure 4.3.19 and 4.3.20 requires something
like a 60-degree change, assuming recharge occurred in the northern part of
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Nash Draw. Combination of the contours in Figure 4.3.18 and Figure 4.3.20,

assuming recharge within the main part of Nash Dray, implies a more marked
"reversal" of flow directions.

Because of the general westward increase in total uranium in the Culebra
groundwaters, the process resulting in a change in flow directions within
the Culebra must include a general westward increase in oxi.dation
potential, with resulting increase in uranium solubility. The mechanism
for such an increase in oxidation potential, while not well defined at
present, would presumably be related to the continuing exhumation of the

Rustler Formation within Nash Draw (Lambert and Carter, 1987). Consistent

with this interpretation, the redox measurements discussed in Section

4.3.1.4 generally indicate more oxidizing conditions within the Culebra

south of the WIPF site and.within at-least part of Nash Draw than at the
WIPP site.

Regardless of the detailed interpretation of transient flow directions
within the Culebra, the uranium- disequilibrium studies of Lambert and

Carter (1987) place strong constraints on some aspects of Culebra hydrology

at and near the WIPP. These include the three constraints that:

1. Culebra fluid residence times at or flow times to sampling
localities east of Nash Draw (H-4, H-5, HI-6, and WIPP-30) are at least

several thousand years. The shortest calculated residence or flow
times are consistent with minimum groundwater isolation times estimated
in radiocarbon studies (Section 4.3.3).

2. Regardless of the high Culebra head potentials in the area (Figure
4.1.23), no signific ant recharge is occurring in the vicinity of H-5.
This conclusion is indicated by the high A.R. and low total fluid
uranium in this area.

3. A significant amount of evaporite dissolution, under relatively
oxidizing conditions appears to have taken place in and near Nash Draw,
as indicated by the relatively high dissolved uranium contents in this

area.

4.4 Recent Studies Addressingf Near-Surface Geolofy and Hvdrolouv at and
near the WIPP Site

Considerable emphasis since 1983 has been given to evaluation of near-

surface processes at the WIPP site. The primary objective of this effort

has been evaluation of the potential for evaporite dissolution within the

Rustler )Formation. Regardless of conclusions concerning evaporite

dissolution within the Rustler, studies of near-surface processes and

stratigraphy at the WI?? demonstrate the transient nature of the climate

and near-surface hydrologic setting in southeastern New Mexico. Section
4.4.1 summarizes recent studies of the near-surface stratigraphy and
general geologic and hydrologic setting of southeastern New Mexico.

Section 4.4.2 briefly sumarizes recent studies concerning the extent of

rock/water interactions and evaporite dissolution within the Rustler 0
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4.4.1 Recent Studies of Near-Surface Stratigraphy at and near the WIP

Recent studies of the near-surface stratigraphy at and near the WI?? site

summarized in Bachman (1985) were conducted as part of the evaluation of

possible near-surface evaporite dissolution. The present distribution of

the Gatuna Formation at and near the WI?? site is shown in Figure 4.4.1.

An ash bed relatively high in the Gatuna is between 500,000 and 600,000

years in age (Bachman, 1980). Since the Gatuna is overlain by the

Mescalero caliche, which began to form approximately 500,000 years ago

(Bachman, 1980), Bachman (1985) concludes that the Gatuna is ". . . at

least as old as Middle Pleistocene and may contain some much older

deposits.0 While preparing the isopachs shown in Figure 4.4.1, Bachman

determined that rhe Gatuna along Livingston Ridge, on the east side of Nash

Draw (Figure 1.1). contains cross-bedded channel deposits and conglomerates

deposited by westward- flowing streams. The Bachman (1985) interpretation

of the probable courses of streams at and near the WIFF site during Gatuna

time is shown in Figure 4.4.2. Areas near the WIJIF site presently overlain

by Gatuna gravels were occupied approximately 600,000 years ago by

moderate-energy stream channels. Based on comparison of the isopach maps

for the Gatuna (Figure 4.4.1), Triassic rocks (Figure 4.4.3), and the Dewey

Lake 'Red Beds (Figure 4.4.4), Bachman (1985) concludes that the Gatuna

streams flowed across and eroded both Triassic and Dewey Lake Red Beds

strata. In contrast, the present climate and surface-hydrologic setting at

the WIPP site does not support any moderate-energy streams.

The Mescalero caliche, which overlies the Gatun~a, is interpreted by Bachman

(1985) as reflecting a slow process of soil formation on a stable

geomorphic surface. The caliche is well-developed, and, in locations where

the a. . . laminar horizon and the dense plugged horizons within the

caliche are at the surface," contributes to 0 . . . rapid runoff and even to

flooding during periods of heavy rainfall" (Bachman, 1985). Radiometric

measurements indicate that the basal and upper portions of the Mescalero

caliche began to form approximately 510,000 and 410,000 years ago,

respectively (Bachman, 1980). The Mescalero surface on which the Mescalero

caliche formed, encompasses the Livingston Ridge surface at and near the

WIP? site (Figure 1.1). The widespread occurrence of the Mescalero caliche

indicates relative structural stability of the Livingston Ridge surface

over at least the last 400,000 years.

The Berino soil, a locally distributed paleosol up to approximately I m

thick, is interpreted by Bachman (1985) as a remnant soil sequence that

originally included the older Mescalero caliche. Local survival of the

Berino, which began to form approximately 350,000 years ago, is interpreted

torequire " a long period of tectonic and geomorphic stability within

a lmitd cimaicregime" (Bachman, 1985).

There is widespread evidence that'the hydrologic setting of the vicinity of

the WIPP site has changed at least once over the last 600,000 years. The

Gatuna Formation, including moderate-energy stream gravels and conglomer-

ates, was deposited at least 600,000 years ago in a setting which included

actively eroding streams. Since approximately 350,000 years ago, the

Livingston Ridge surface developed on the Mescalero caliche has remained
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relatively scable; i.e. , stable enough for local survival of the thin,

350,000-year-old Berino soil. The time scale of the climatic change

between the Catuna and Mescalero, however, is more than an order of magni-

tude greater than most groundwater residence, flow, and/or recharge times

discussed in Section 4.3.

There is, however, evidence of local surface-water activity near the WIPP
site, ending some 25,000 years ago (Bachman, 1980; 1985). This evidence

consists of gypsite (calcium sulfate) spring deposits along the east side
of Nash Draw. The fact that these springs are no longer active is

interpreted by Bachman (1985) to indicate that ". . . the groundwater
regime originally responsible for dissolving underground beds of gypsum and
depositing spring deposits is no longer active." Bachman (1985) interprets
the spring activity as ". . . part of a paleokarst system resulting from a
much different [wetter] climatic regime' than the present regime in
southeastern New Mexico.

There is limited evidence of regional climatic variability in southeastern
New Mexico on approximately the same time scale as the gypsite springs in
Nash Draw. As noted by Lambert (1987a), n. . . additional evidence for [a]
wetter local climate is given by VanDevender (1980). From studying packrat
middens in Rocky Arroyo, northwest of Carlsbad, New Mexico (about 35 miles
northwest of the [present] study area . . . he determined that a juniper-
oak community was present in the early Holocene (10,500 to 10,000
radiocarbon years ago), where now desert scrub communities exist." The
presence of these middens is taken by Laubert and Harvey (1987) to indicate
that ". .. in the immediate vicinity of the Delaware Basin, a wetter cli-
mate prevailed more than 10,300 years ago; the present desert scrub-plant
communities have been stable in the last 4,000 years." Unfortunately, the
data presented by VanDevender (1980) provide no information concerning
variations in the climate in the area between approximately 10,000 and
4,000 years ago.

There is strong evidence for both climatic and hydrologic changes having
occurred since at least 600,000 years ago in the vicinity of the WIPP site,
and limited evidence for a *wetter* climate than present approximately
10,000 years ago. Unfortunately, there are broad time gaps in the regional
information that is available. For example, no deposits are known at or
near the WIP? site that are intermediate in age between the Berino soil and
the gypsite springs in Nash Draw (Lambert, 1988).

The stratigraphic and paleoclimatic studies discussed in this section are
not alone in indicating a transient hydrologic setting for the WI?? site
and vicinity. Fluid-density and flow-time relations discussed in Sections
4.1.3.1 and 4.1.3.2, as well as hydrochemical facies discussed in Section
4.3.1 are all inconsistent with steady-state confined flow. The isotopic
studies discussed in Sections 4.3.2, 4.3.3, and 4.3.4 indicate a transient
hydrologic setting for the Rustler. The time scale of transience is
generally consistent to within less than an order of magnitude with the
time scale of the climatic change indicated by the gypsite springs in Nash
Draw (Bachman, 1980; 1985) and the packrat-midden studies of Van Devender

(1980).
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4.4.2 Recent Studies of Evaporite Dissolution and/or Vertical Flu~id

Movement within the Rustler and Younger Formations

4.4.2.1 General Geologic Studies--As mentioned above, the Mescalero

caliche is relatively continuous at and near the WIP? site. Where

continuous, it plays a major role in limiting modern infiltration of

precipitation. As noted by Bachman (1973), however, the unit is not

completely continuous, since it is locally pierced by conical structures,
roughly 1 m or less in diameter, resulting from localized caliche

dissolution by humic acid released by plant roots. The structures

generally do not completely penetrate the caliche (Bachman, 1973). Where

these structures do completely penetrate, -local infiltration through the
Mescalero caliche may occur, at least to the depth of plant roots. The

widespread presence of the Mescalero caliche on the Livingston Ridge
surface must be taken to indicate structural stability of the surface, not

to indicate the impossibility of localized infiltration. The widespread

preservation of the caliche does indicate that not enough infiltration on a

regional scale has taken place since its formation to result in its
wholesale dissolution.

As discussed in Section 4.1.1 and 4.1.3, the measured head relations and
relative transmis sivi ties of members of the Rustler indicate only limited
vertical fluid flog within the Rustler Formation. While there is limited

vertical movement, stratabound or confined flow within the Culebra dolomite
dominates the hydrology of the Rustler Formation at and near the WIPP site.

If, however, vertical flow were to extend from the surface to the Rustler,
through both the Mescalero caliche and the Dewey Lake Red Beds, the
hydrologic setting of the Rustler Formation at and near the WIPP site might

be "karstic. " In such a system, vertical fluid movement both from the
surface to the Rustler and within the Rustler might result in formation of
solution channels or cavities. If karstic hydrology dominated within the

Rustler at and near the WIPP site, transport rates to the accessible
environment would be significantly increased (e.g., Chaturvedi and
Channell, 1985). The presence of karstic cavities within the Rustler at
the WIPP site has been proposed by Barrows et al. (1983) to explain
apparent gravity patterns in the vicinity of holes WIPP-14 and WIPP-34
(Figure 4.4.1). Two additional structures have been interpreted by some to

indicate the extension of the evaporite-karst behavior within Nash Draw
over the WIPP site itself (see Neill et al., 1983). The first, a
depression and related breach of the Mescalero caliche at hole WIPP-33, is

interpreted (e.g., Bachman, 1985) as having originated by downward
infiltration from the surface to sulfatic portions of the Forty-niner and
Tamarisk Members of the Rustler immediately above and below the Magenta
dolomite. The second is a relatively large but shallow depression in the
SWl/4, SWl/4, Sec.29, T22S, R31E (see Figure 3.2 for general location),
examined directly by Bachman. Bachman (1985) concludes that this structure

is a result of wind erosion.

one approach used in arguing in favor of karstic hydrology in the Rustler
at and near the WIPP (e.g., Barrows, 1982) is based on the assumption of an

idealized water budget or water balance, independent of the presence or
absence of specific structures indicating infiltration of surface recharge
to the required depths. In such an approach, values of variables such as
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infiltration, precipitation, and evapotranspiration are assumed to be known
with high precision and accuracy. Any excess of estimated precipitation
over estimated evapotranspiration is then attributed to vertical recharge
from the surface to the Rustler, i.e., to karstic hydrology. As shown by
Hunter (1985), however, the uncertainties in precipitation, infiltration,
evapotranspiration and Rustler-discharge data at and near the WIPP site are
so large that water-budget techniques cannot be used either to determine
the amount of recharge or to determine that recharge is occurring. The
detailed water budget described by Hunter (1985) is, in fact, not
inconsistent with the conclusion (Sections 4.3.2, 4.3.3, 4.3.4) that no
recharge is nov occurring at and near the WrIPP site. The evaluation of the
potential for Icarst hydrology within the Rustler *at and near the WIPP site
must be by means of hydrologic and geochemical studies (see Sections 4.1,
4.3, and 4.4.2), rather than by an idealized water budget. The recent
hydrologic and isotopic studies discussed in Sections 4.1, 4.3, and 4.4.2
place serious constraints on the plausibility of karstic recharge presently
being active at the WIPP site.

If surface waters are to infiltrate to the level of the Rustler Formation,
they must penetrate the Dewey Lake, after having penetrated both surficial
sands and the Hescalero caliche. The presence of local structures
penetrating the Mescalero -indicates that localized infiltration is
possible, although these structures generally do not completely penetrate
the caliche and contain secondary laminar deposits resulting from
infilling. Extensive studies of local surface depressions at and near the
WIPP site led Bachman (1985) to conclude that:

1. Breaches of the Mescalero significantly larger than those
represented by the structures resulting from dissolution by humic acid
are required for more than extremely localized infiltration, i.e., for
development of karstic structures or hydrology in underlying units.
The Mescalero caliche continues underneath the depression in the SWl/4,
SWl/4, Sec.29, T22S, R31E examined at the specific request of the New
Mexico Environmental Evaluation Group (Neill et al., 1983). Therefore,
Bachman (1985) concludes that the depression is a surface structure
resulting from wind erosion.

2. The relatively large breach of the Mescalero beneath the surficial
depression examined by drilling of hole WIPP-33 (Figure 4.4.1) in 1979
(Snyder and McIntyre, 1981) is a result of infiltration, but is unique
at and near the WIP? site. The vicinity of WIPP-33 is the only region
near the VIP? site in which vertical infiltration from the surface to
the Rustler and resulting development of karstic hydrology and
structures in the Rustler is reasonable.

Bachman (4985) does suggest that the gypsite springs along the east side of
Nash Draw are the result of removal of anhydrite/gypsum from within the
Rustler and development of a local flow system connecting WIPP-33 with the
eastern side of Nash Draw. Either cavernous porosity or very soft clay-
rich debris was encountered in Forty-niner and Tamarisk anhydrites directly
above and below the Magenta dolomite in WIPP-33, but not in either the
Magenta or Culebra dolomites. The depth of burial of the Forty-niner
anhydrite in WIPP-33 is approximately 120 m.
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The apparent WIPP-33 structure within the Rustler is consistent With

interpretations that:

1. Rustler dolomites are nearly the last rock type to be significantly

affected by evaporite dissolution (Snyder, 1985).

2. Because of the relative mechanical weakness of gypsum, the

maintenance of open karstic structures within gypsum is possible only
at relatively shallow depths. Bachman (1987) examines the regional
distribution and impact of the dissolution of anhydrite and gypsum at

relatively shallow depths. Certainly, sulfate dissolution has taken

and is taking place within the Rustler Formation in Nash Draw, as

evidenced by the continuing formation of small caves and sinkholes in
the gypsums/anhydrites of the Tamarisk and Forty-niner Members.

3. The only Rustler carbonate from a water-bearing zone in the region

to have recrystallized in response to input of meteoric water is at
WJIPP-33 (Lambert, 1988).

There is no consensus concerning the amount of evaporite dissolution within

the Rustler east of Nash Draw. Two schools of thought exist. One

approach, most recently summarized by Snyder (1955) and Lowenstein (1987),

basically assumes an original laterally homogeneous halite distribution
within the Rustler. By this assumption, lateral variability within the
Rustler, especially the presence or absence of halite within the claystone
portions of the unnamed lower member, Tamarisk, and Forty-niner Members, is
due to halite dissolution. A simplified representation of halite
distribution within the Rustler is shown in Figure 1.5. A representative
cross section 'shoving the variations in thicknesses and lithologies of
individual members of the Rustler is shown in Figure 4.4.5.

As shown in Figure 4.4.5. the progressive east-to-west decrease in halite
in successively lover members of the Rustler is reflected largely in
decreasing thickness of the affected member. The thickness of the Culebra

and Magenta dolomites varies only slightly across the area of the WIFF

site. In fact, as shown by changes in Rustler thickness between holes
WIPP-25 and 3121-1 (Figure 4.4.6), advanced stages of evaporite dissolution
within the Rustler involve alteration/dissolution of anhydrite and gypsum
rather than dolomites. The interpretations contained in Snyder (1985) and

Lowenstein (1987) maximize both the total amount of halite originally
present within the Rustler Formation and the amount of later dissolution.
The conclusion in the WIPF FEIS (1980) that evaporite dissolution within

the Rustler Formation was not of concern to the WIPP Project was based
largely on extrapolation of vertical dissolution rates required to generate

the depth of Nash Draw in the approximately 600,000 years since deposition
of the Catuna Formation (Bachman, 1974).

In contrast, Holt and Powers (1984; 1987) conclude on the basis of
sedimento logical arguments and structures that many structures within the
Rustler Formation interpreted by authors such as Snyder (1985) and
Lowenstein (1987) as resulting from halite dissolution are a result of
primary depositional variability. By this inte-rpretation, the amount of
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halite later removed from the Rustler by evaporite dissolution is reduced.
Since extrapolation of the estimated rates of dissolution within Nash Draw

(Bachman, 1974) indicate that there is no need for concern at the WIPP site

over the next 10,000 years. the differing interpretations do not directly
affect the expected reliability of the WIPP facility. However, as
discussed in Beauheim (1987b), primary depositional variability within the
Rustler weakens the present understanding of the correlation between halite
distribution within the Rustler, fracturing, and the transmissivity of the
Culebra dolomite.

The conclusion that some of the gypsum observed within the Rustler is
primary, rather than being due to alteration of preexisting anhydrite, is
part of the interpretation by Holt and Powers (1984; 1987). Thus, little
movement of water outside the Culebra or Magenta members might be required
to account for gypsum observed in the Forty-niner or Tamarisk Members. At

the other extreme, the assumption that infiltration from the surface to the
Rustler is presently operative at the WIPP site, i.e., that karstic
hydrology is important in the Rustler Formation east of Nash Draw or WIPP-
33, requires that alteration within the Rustler and overlying formations
involves surficial waters. At least localized flow through the anhydritic
portions of the Forty-niner and Tamarisk Members is required by this
assumption. Recent isotopic studies summarized by Lambert (1988) place
constraints on the extent to which waters and hydrated minerals within the
Rustler and Dewey Lake Red Beds reflect connate fluids, fluids resulting
from stratabound movement, and fluids involved in vertical infiltration.

4.4.2.2 Isotolpic Studies--Figure 4.4.7 summarizes 8 7 Sr/ 8 6 Sr measurements
(Brookins and Lambert, 1988) on sulfates (anhydrites and gypsum) and car-
bonates from several evaporitic zones at the WIPP, as well as the Dewey
Lake Red Beds. The isotopic signatures of samples from both the Nash Draw
gypsite springs and the Mescalero caliche (see Section 4.4.1) are inter-
preted to represent surficial components; i.e., high 8 7 Sr/ 8 6 Sr ratios
resulting from surficial weathering. At the other extreme, the markedly
different and internally homogeneous isotopic signature of the anhydrites
from throughout the Castile and Salado Formations is interpreted to imply
that there has been no distinguishable input of surficial components to
these rocks. Anhydrites and gypsums from the unnamed lower member,
Tamarisk, and Forty-niner indicate only a very limited input of surficial
material, presumably by solute transport by either vertical or stratabound
flow.

The Magenta dolomite, which is significantly less permeable than the
Culebra in most areas (soe Section 4.1.1) is also more similar in 87Sr/86Sr
character to the surrounding anhydrites and gypsums than is the Culebra.
This implies, consistent with conclusions reached in Sections 4.1 and 4.3,
dominantly stratabound fluid flow within the Rustler, with the Culebra
dolomite being predominant. If the apparent surficial component of the
Culebra were a result of vertical infiltration, rather than stratabound
flow of originally surficial waters, the infiltration would be expected to
alter the overlyin portions of the Rustler. Instead, there is much less
overlap between 8 Sr/87Sr ratios measured in the Magenta, Tamarisk, and
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veins. Figure 17 of Lambert (1988).
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Forty-niner Members with those measured in the Dewey Lake Red Beds than
between the ratios measured in the Culebra and in the Dewey Lake.

Results contained in Figure 4.4.8 indicate further that the hydrologic
system in the Dewey Lake Red Beds is significantly distinct from that of
underlying units. With the exception of the Dewey Lake Red Beds, this
figure summarizes the 8 7Sr/86Sr relationships between coexisting mineral
pairs in evaporitic host rocks and in gypsum and/or calcite veins in the
same unit. The question is whether these veins are locally derived or
result from fluid movement over relatively long-distances. The matrix of
the Dewey Lake Red Beds, however, is made up of 'silicic siltstones and
sandstones. Therefore, carbonates and sulfates are rare in the matrix and
analyses of Dewey Lake matrix materials are not included in Figure 4.4.8.
The gypsum veins within the Dewey Lake probably cannot be locally derived.
The strontium- isotopic character of the Dewey Lake gypsum veins (Figure
4.4.8) spans the range from surficial values represented by caliche and
spring deposits in Figure 4.4.7 to isotopic values from underlying units.
Since effectively none of the Dewey Lake veins can be locally derived, the
range in their isotopic character indicates varying degrees of mixing of
surficial waters and waters driven upward from the underlying evaporitic
zones, consistent with modern head relationships discussed in Section
4.1.1.

Without exception, the strontium- isotope characters of coexisting mineral
pairs from veins and host rock in units beneath the Dewey Lake are
statistically identical to each other (Figure 4.4.8), indicating that the
isotopic character of the vein material is controlled by that of the
accompanying host rock, and not by a pervasive hydrologic system
interconnected with veins in the Dewey Lake. This is even true for the one
sample pair from the Culebra. These results indicate that there is little
or no input of surficial material transported by groundwater below the
Dewey Lake Red Beds, even into veins. All units below the Dewey Lake Red
Beds considered here are evaporitic, i.e., they contain significant
carbonates and/or sulfates in their matrix. Therefore, the local
derivation of vein carbonates or sulfates is internally consistent.

Figures 4.4.9 and 4.4.10 indicate some constraints in rock-water ratios
during gypsum crystallization or recrystallization in the Rustler and Dewey
Lake. The dashed lines in Figures 4.4.9 and 4.4.10 represent the ranges in
deuterium/hydrogen characteristics of Rustler water and modern surface-
meteoric waters identified by Lambert and Harvey (1987) and Lambert (1988).
At a sufficiently high rock/water ratio, i.e., when all of the available
water is consumed in gypsum formation, for example during alteration of
preexisting anhydrite, the deuterium characteristics of the resulting
gypsum water, of crystallization are constrained to be the same as that of
the water added to the system. Therefore, the dashed fields in Figures
4.4.9 and 4.4.10 also represent the expected isotopic character of
secondary gypsums formed under conditions involving very high rock/water
ratios (Lambert, 1988). At equilibrium with a large excess of water, the
deuterium/hydrogen ratio in gypsum is approximately 20 parts per thousand
less than that of the coexisting water (Lsmbert, 1988). Therefore, the
fields outlined by solid lines in Figures 4.4.9 and 4.4.10 are decreased
from the fields outlined by dashed lines by 20 per mil and represent the
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expected hydrogen- isotopic character of gypsums crystallized in the
presence of excess amounts of Rustler-type and modern surface -meteoric
waters, respectively.

The relationships shown in Figure 4.4.9 are consistent with crystallization
of all of the analyzed gypsums with varying amounts of Rustler-type water,
with the possible exception of vein material from the Dewey Lake in tJIPP-
19. Formation of the Dewey Lake gypsum veins in WIPP-19 apparently
required infiltration of waters with the same isotopic character as those
interpreted by Lambert and Harvey (1987) to represent modern meteoric
precipitation. The character of the gypsum from WJIPP-33 indicates
crystallization in the presence of a large excess-of Rustler-type water,
but is not consistent with crystallization in the presence of any amount of
modern-type water (Figure 4.4.10). (If it is assumed that the Magenta
dolomite is more porous (permeable) than surrounding zones within the
Rustler at this location, the isotopic variations in the vein gypsums from
hole WIPP-34 are consistent with gypsum crystallization under varying
ratios of rock to Rustler-type water.] The isotopic relationships (Figure
4.4.9) are consistent with crystallization of gypsums within the unnamed
lower and Forty-niner members in response to vertical fluid flow upwards
and downwards from the Magenta, assuming increasing effective rock/water
ratio with incr 'easing distance from the Magenta. This interpretation is
also consistent with modern Rustler head relationships shown in Figure
4.1.3.'

While results shown in Figure 4.4.9 are generally consistent with gypsum
crystallization in equilibrium with varying amounts of Rustler-type waters,
the results in Figure 4.4.10 indicate that this need not be the case for
all samples. In Figure 4.4.10, the dashed field represents expected gypsum
compositions for crystallization using modern surface-meteoric water, at a
very high rock/water ratio, the solid field crystallization in the presence
of greatly excess water. The hydrogen- isotopic relations indicate that it
is impossible to form the gypsum from the Forty-niner Member at WIPP-33
with modern surface-meteoric water. This conclusion is consistent with the
interpretations of Bachman (1980) that the gypsite springs in Nash Draw,
which he believes to be the discharge for the WJIPP-33 structure, are not
presently active. The relations shown in Figure 4.4.10 also indicate that
it is not possible to form the gypsum from the Magenta dolomite in WJIPP-34
with surface-meteoric waters. The internally consistent interpretation of
vertical variations in rock/water ratios within the Rustler Formation in
WIPP-34, evident in Figure 4.4.9, breaks down if surface -meteoric waters
are assumed to be involved.

The isotopic results sumarized by Lambert (1988) indicate that there has
been signifi *cant involvement of surficial waters in formation of gypsum
veins within the Dewey Lake Red Beds. These same results indicate that the
hydrologic behavior of the Dewey Lake is largely distinct from that of the
underlying units and that there has been some upward movement of fluids
into the Dewey Lake from the underlying Rustler Formation, consistent with
the modern head relationships discussed in Section 4.1. Isotopic relations
within secondary gypsums in the Rustler and Dewey Lake- are somewhat
ambiguous. In many cases, a given gypsum may have crystallized in
equilibrium with either Rustler-type or modern surf icial-meteoric waters,
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depending on the rock/water ratio that is assumed to have been effective at
the time of crystallization. The isotopic variability of gypsums from hole

'JIPP-34 is, however, best explained by local vertical movement of Rustler-
type waters out of the Magenta dolomite, without the vertical karst channel
system proposed for this locality by Barrows et al. (1983). It appears
impossible to have crystallized secondary gypsum veins from the Dewey Lake
at hole W~IPP-19 without input of modern surface-meteoric waters. At WIP?-
33, where the best physical evidence exists for vertical fluid movement
from the surface downwards to the Rustler at depth, the isotopic character
of analyzed vein gypsum from the Forty-niner indicates that this movement
and related gypsum crystallization does not involve modern surface-meteoric
water, i.e., that the WJIPP-33 structure is essentially no longer active.
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5.0 SUMMlARY OF WIPP SITE-CHARACTERIZATION ACTIVITIES, 1983 THROUGH 1987

This section summarizes the present understanding of major aspects of WIPP

site characterization, including some effort to place the WIPP facility in

a regional hydrologic, structural, and geochemical prespective. A general

conceptual model for the geologic behavior of the WIPP site and facility
vicinity is presented in Section 5.1. Later sections describe more
specific inclusions and briefly discuss remaining uncertainties or
limitations. It must not be assumed either that any uncertainty discussed
is significant to performance of the WI?? facility, or that any given
uncertainty could be significantly reduced by further work. It is
ultimately the role of the IJIP? perf ormance- assessment activity to
determine which uncertainties are expected to be significant in evaluation
of the short-term and long-term performance of the IJIPP facility. The

effort here is to provide as complete a conceptual model as possible for
these decisions.

5.1 General Conceotual Model for the Geologic Behavior of the tIPP Site
and Facility

The overall geologic and hydrologic setting of the WIP? site area has been
transient (not steady-state) since before the beginning of deposition of
the Bell Canyon Formation, approximately 250 million years ago, and will
continue to be transient long after effective closure of the WIPP facility.

Some events, such as crystallization of secondary minerals within the
Salado Formation approximately 200 million years ago and formation of the
Mescalero caliche 400,000 to 500,000 years ago, have taken place on a very
long time scale relative to WIPP performance assessment, which must
consider only a 10,000-year time frame. Two types of transient response
have occurred or are occurring at and near the WI?? site within the 10,000-

year time frame of regulatory interest. These are: a) the continuing
natural response of the geologic and hydrologic systems to the end of the
last pluvial period (period of decreased temperatures and increased
precipitation) in southeast New Mexico; and b) the continuing responses to
hydrologic, geochemical, and structural transients resulting from WIPP site
characterization and facility construction. The transient responses
induced by the presence of the WI?? underground workings will continue
until reequilibration following effective structural and hydrologic closure
of the facility.

The Bell Canyon Formation, consisting largely of shales, siltstones, and
sandstones, contains the first relatively continuous water-bearing zone
beneath the WI?? facility. In some parts of the northern Delaware Basin,
the unit, contains permeable channel sandstones that are targets for
hydrocarbon exploration. Recent studies suggest that the upper Bell Canyon

at the WI?? site does not contain any major channel sandstone. This

decreases the probability of the Bell Canyon serving as a source of fluids

for dissolution of overlying evaporites at the WI??. These same studies

indicate that the final direction of fluid flow following interconnection
of the Bell Canyon, Salado, and Rustler Formations within a drillhole would
be downward into the Bell Canyon, after accounting for density increases in

the fluids due to dissolution of halite within the Salado. It is assumed
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here that the measured hydrologic characteristics of the Bell C-anv*cr

Formation are more significant to VIPP performance assessment than those of

underlying units. The head distribution within the upper Bell Canyon near

the WIPP site indicates flow towards the northeast.

Both regional studies and studies within the WIPP facility indicate r ha::

the Castile and Salado Formations, both of which are made up predominant>-

of layered anhydrites and halites, should be considered as low-permeabilizty

units that deform regionally in response to gravity. In general,

permeabilities and fluid-flow rates in both units are very low and

insensitive to stratigraphy. Formation permeabilities in the Castile and

Salado Formations remote from the WIRP excavations are generally 0.1

microdarcy or less, and the regional water content of Salado halites is up

to 2 weight percent. Exceptions include local brine occurrences in Castile

anhydrites and gas occurrences in the Salado Formation, both of which are

fracture-controlled, can be large in volume, and can be under pressures

high enough to cause fluid flow to the surface. No major gas occurrence

within the Salado Formation has been encountered at the WIPP site. In

fact, where it has been possible to measure far-field brine pressures
within the Salado, the pressures, permeabilities, and available brine

volumes combine to indicate the potential for only very limited fluid flow

upwards into the overlying Rustler Formation. It is not certain that the

Castile and Salado Formations are hydrologically saturated regionally.

Pressurized Castile brines have been encountered in Castile anhydrite in

hole WIPP-12, approximately 1.5 km north of the center of the WIPP site.

Geophysical studies indicate that Castile brines probably are present

beneath a portion of the WIFF waste -emplacement panels, consistent with

earlier assumptions. These brines are stratigraphically 200 ms or more

below the WIPP facility horizon and are not of concern except in the case

of human-intrusion breach of the facility.

In the western part of the Delaware Basin, extensive halite dissolution has

apparently taken place in both the Castile and Salado Formations. However,

much of the variability in structure and internal stratigraphic thicknesses

within the Castile and Salado Formations results from deformation and

original depositional variability, rather than from evaporite dissolution.

Regional or far-field deformation of the Castile and Salado Formations

involves pressure solution as a major mechanism, due to the presence of

intergranular fluids, but occurs too slowly to be of future concern to the

WIPP Project. Structures within hole DOE-2 result from deformation rather

than dissolution.

The hydrologic and structural characteristics of the Salado Formation in

the disturbed zone generated by the presence of the WIPP facility are

different than those in the far field. Formation permeability within a

couple of meters of the underground workings at the facility horizon

increases signif icantly- Near-field deformation of the Salado Formation

involves both the opening of preexisting fractures in anhydrite beneat *h the

facility horizon (Marker Bed 139) and generation of new fractures in

halite. Fluid contents in the disturbed zone at the facility horizon

decrease in response to facility ventilation and/or deformation. Within a

few meters of the underground workings, both hydrologic and structural
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behavior of the Salado Formation become essentially those of the far field.
Brine seepage into the WIPP facility includes a significant transient
phase, which will probably last until effective facility closure. The
results of preliminary hydrologic testing in the Salado Formation adjacent
to the WIPP air-intake shaft indicate extremely low permeabilities, with no
apparent stracigraphic variability. The results also indicate that
development of a disturbed zone around the WIPP shafts is less extensive
than at the facility horizon. The extent, characteristics, and importance
of the disturbed-rock zones around the WIPP shafts and at the facility
horizon remain to be determined in detail.

Where not extensively altered, the Rustler Formation should be considered
as a layered unit of anhydrites, siltstones, and halites, containing an
important and variably fractured carbonate unit, the Culebra dolomite. The
Culebra dolomite is the first continuous water-bearing unit above the tJIPP
facility and, at the WIPP site, is at least an order of magnitude more
permeable than other members of the Rustler Formation, including the
Magenta dolomite. The transmiss ivi ties of Rustler anhydrites at the WIPP
site are too low to measure. As a result, the Culebra dominates fluid flow
within the Rustler Formation at the WJIPP site and is the most significant
pathway to the accessible environment from the WIPP facility, except for
direct breach to the surface by human intrusion. The transmissivity of the
Culebra varies by approximately six orders of magnitude in the region
containing the IJIPP site. The Culebra transmissivity in the central
portion of the site, including the locations of all four WIPP shafts, is
low. Higher Culebra transuis sivi ties are found in areas southeast and
northwest of the central part of the site. Fluid flow rates within the
Culebra are very low at the site center and in regions to the east, but
relatively high within Nash Draw. Modern flow in the Culebra is confined
and largely north-south in the area of the WIPP site.

Fluid flow and geochemistry within the Culebra dolomite and shallower units
are in continuing transient response to the marked decrease or cessation of
local recharge at approximately the end of the last pluvial period. Both
bulk chemistry and isotopic relations within Culebra fluids are
inconsistent with modern flow directions if steady-state confined flow is
assumed. Because of the relative head potentials within the Rustler
Formation at and near the IJIPP site, there must be a small amount of
vertical fluid flow between its members, even though the perneabilities of
Rustler members other than the Culebra dolomite are quite low. Where
measured successfully, the modern head potentials within the Rustler
prevent fluid flow from the surface downward into the Rustler carbonates.
These results do not prohibit either the modern movement of fluids from the
underlying Salado Formation upwards into the Rustler Formation or the
downward movement of Dewey Lake waters into the Rustler Formation during or
even after the cessation of local recharge at the end of the last pluvial
period. They do, however, suggest that recharge from the surface to the
Rustler Formation is not now occurring at the WIPP site. The results of
stable-isotope, radiocarbon, and uranium- disequilibrium studies are also
consistent with the interpretation that there is no measurable modern
recharge to the Culebra dolomite from the surface at and near the WIPP
site. The transient hydrologic response of the Rustler Formation to the
end of the last pluvial period has involved at least some change in flow
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directions in the Culebra dolomite. Although the modern flow is largely

north-south, the results of uranium- disequilibrium studies suggest that

flow was more easterly during previous recharge.

Within and near Nash Draw, evaporite karst is operative within the Rustler,

as evidenced by the continuing development of small caves and sinkholes in

near-surface anhydrites and gypsums of the Forty-niner and Tamarisk

Members. There is no evidence of karstic. hydrology in the Rustler at and

near the WIPP site. However fracturing of some portions of the Culebra

dolomite is sufficient at the site to strongly affect both hydraulic and

transport behavior on the hydropad scale, i.e. , over distances of

approximately 30 m. Interpretation of multipad interference tests

conducted both north and south of the center of the WIPP site indicates

that this fracturing need not be incorporated into numerical modeling of

the regional-scale hydraulic behavior of the Culebra east of Nash Draw.

Similarly, detailed transport calculations indicate that effects due to

fracturing are not significant in regional-scale transport within the

Culebra dolomite at and near the WIPP site, at least as long as the modern

head distribution is not significantly disturbed and the calculated flow

directions and transport properties are representative.

The Dewey Lake Red Beds overlying the Rustler Formation consist largely of

siltstones and claystones, with subordinate sandstones. In tested

locations, the Dewey Lake may be hydrologically unsaturated, but is too low

in permeability for successful hydrologic testing. South of the WIFF site,

near an area where the unit may be receiving modern recharge, sandstones

within the Dewey Lake locally produce potable water. In general, water

levels within the Dewey Lake Red Beds, like those in the underlying Rustler

Formation, must be in transient response to the end of the last pluvial

period. Isotopic relations suggest that surficial waters have been

involved in the formation of secondary gypsum veins within the Dewey Lake,

but that the Dewey Lake and Rustler hydrologic systems are largely
separate.

The major near-surface units at the WIPP site are the Catuna Formation and

Mescalero caliche. The sandstones and stream-channel conglomerates within

the Gatuna indicate that major changes in local climate have occurred over

(at least) the last 600,000 years. The widespread preservation of the

Mescalero caliche indicates not only the relative structural stability of

the Livingston Ridge surface (on which the WIP? surface facilities are

sited) over the last 400,000 years, but also that infiltration over this

same time period has not been sufficient to dissolve a layer of carbonate I

to 2 m thick.

5.2 Individual Conclusions and Discussions

This Section contains descriptions and discussions of more specific

conclusions concerning geologic chracterization of the WIPP site and

vicinity. In each case, the description of the conclusion is followed by a

brief discussion.
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5.2.1 Conclusions Concerning the Overall Geologic and Hydrologic Setting
of the WIPP Site and Vicinity i

1. Conclusion: The overall geologic behavior at the TJIPP site has been
transient since before the beginning of deposition of the Bell Canyon
Formation approximately 250 million years ago. Radiometric age dating
indicates that secondary polyhalites in the Salado Formation near the
WIFF facility horizon crystallized approximately 200 million years ago,
some 40 million years after deposition of the Salado. Fractures within
MB139, which are now partially healed, probably formed in response to
rapid unloading at the end of the Cretaceous or in the Tertiary, i.e.,
more than approximately 2 million years ago., The hydrologic setting of
the WIPP site appears to be in transient response to the end of the
last pluvial period.

Discussion: Not all of the secondary minerals in the Salado have been
dated. The age of magnesite, which appears to play a large role in
controlling the composition of fluid inclusions, has not been determined.
The age of fracturing in MB139 has not been determined directly. However,
given that estimated ages of secondary mineralization and fracturing within
MB139 appear large relative to the regulatory time frame of 10,000 years,
the present estimates are adequate. Understanding of the hydrology of the
WIPP site, especially the Rustler Formation, has been a major focus of
site-characterization activities (see below).

2. Conclusio: There is abundant evidence for climatic and hydrologic
transients at the WIP? site over the time interval of approximately
600,000 to 300,000 years before the present, as well as for long-term
structural stability of the Livingston Ridge surface, on which the WIPP
surface facilities are sited. The Gatuna Formation indicates a much
wetter climate approximately 600,000 years ago, resulting in the
presence of relatively high-energy streams on what is now the
Livingston Ridge surface. The formation of the Mescalero caliche and
Berino soil indicate a relatively drier climate approximately 500,000
and 300,000 years ago. The widespread preservation of the Nescalero
indicates structural stability of the Livingston Ridge surface for
approximately 300,000 years. In addition to structural stability, the
preservation of the Kescalero caliche indicates that the regional
infiltration over approximately the last 500,000 years has been
insufficient to dissolve th, existing caliche.

Discussion: The available geologic data do not provide a continuous time-
stratigraphic record over the last 600,000 years. For example, only the
upper portion of the Catuna Formation has been dated; the age of lower
portions of the unit is uunknown. No dated deposits younger than the Berino
soil are present at the VIPP site. Regional preservation of the Mescalero
caliche does not mean that there is no local infiltration of surficial
waters, since local dissolution of caliche due to the action of plant roots
is known; in some places, the resulting structures completely pierce the
Mescalero.
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3. Conclusion: There is localized evidence for climatic and hydrologic
changes near the W.IPP site on the time scale of 25,000 to 1.0,500 years

0 ago. Cypsite springs along the east side of Nash Draw appear to have
been inactive for approximately 25,000 years. Packrat middens
northwest of Carlsbad indicate a climate approximately 10,000 years ago
significantly cooler and wetter than that approximately 4,000 years
ago.

Discussion: Neither gypsite springs nor packrat middens have been found at
the WIPP site proper. The radiometric age-dating of the gypsite spring
deposits is not internally consistent, although the faunal assemblage in
the deposits is definitely Late Pleistocene in age. The gypsite springs
and packrat middens provide only a qualitative indication of change in
climate and precipitation. Therefore, they cannot be used as direct input
for transient boundary conditions in numerical modeling of hydrology at the
WIPP site. Little information is available concerning the climate and
hydrology of the northern Delaware Basin between approximately 10,000 and
4,000 years ago.

4. Conclusion: There is abundant evidence that the natural fluid flow and
geochemistry of the Rustler are dominated by confined flow within the
Culebra dolomite at and near the WIPP site, and that flow within the
Culebra is transient on a time scale of approximately 10,000 years or
longer.

The hydrology and geochemistry of the Rustler, and therefore those of
all other units as well, are recovering from the most recent pluvial
interval in southeastern New Mexico. Factors indicating the overall
transient setting of Rustler hydrology at and near the TWIPP site
include: a) the inconsistency between modern flow directions and
present brine-density distribution within the Culebra dolomite if
steady-state confined flow is assumed; b) the inconsistency between
present hydrochemical facies within Culebra fluids and modern flow
directions if steady-state confined flow is assumed; c) the incons is-
tency between the isotopic characteristics of Rustler fluids and both
modern flow directions and surficial recharge to the Rustler at and
near the WIPP site; and d) geologic, isotopic, and hydrologic studies
indicating that vertical fluid movement into and out of the Rustler
Formation is limited.

Because the transmissivities of non-carbonate units within the Rustler
are not zero and different hydraulic heads are known in different
Rustler members, there. must be limited vertical fluid flow within the
Rustler Formation. However, the transmissivities of Rustler anhydrites
and the Tamarisk claysrone at and near the WIPP sire are too low to
measure; therefore vertical fluid flow must be extremely limited.

Discussion: The present isotopic data bases are limited in size.
Therefore, the presence of small structures inconsistent with regional
interpretations is possible. In addition, because of the limited data
base, directions of flow interpreted from uranium- disequilibrium studies
include considerable uncertainty. The available results indicate that~,
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although stratabound flow within the Culebra dolomite dominates at and near
the IJIPP site, this is not necessarily true within Nash Draw. Because of
the existence of small caves and sinkholes within Tamarisk and Forty-niner
anhydrites in Nash Draw, there must be a qualitative increase in the
transmissivity of these members somewhere between the WIPP site and Nash
Draw. Avaliable evidence suggests that this change does not take place
east of WIPP-33.

5. Conclusion: At least three types of man-induced transients at the WIP?
site are known or can be expected. The transients include hydrologic,
geochemical, and structural effects, independent of the emplacement of
waste.

The hydrology of the Rustler Formation at and near the WIP? has been
and will continue to be affected by both hydrologic testing in the area
and the construction and sealing of the WIP? shafts. The hydrologic
behavior of the Salado Formation, both in the WI?? facility itself and
adjacent to the access shafts, has been altered by construction of the
WI?? facility and shafts. This alteration includes development of a
local altered or disturbed rock zone, within which permeability is
significantly increased and a zone of partial saturation has probably
developed. The altered zone, however, is probably less extensive
around lined shafts than at the facility horizon.

In the Rustler Formation, the use of lost- circulation materials during
the drilling of hydrocarbon-exploration holes and hydrologic test holes
not drilled with air has resulted in development of at least local
geochemical transients of unknown magnitude, lateral extent, and
duration. Any far-field radionuclide migration outside the WI??
facility in the Rustler may be superimposed on these transients.
Possible geochemical alteration within the Salado Formation due to the
presence of the WIPP facility remains to be examined in detail, with
the exception of effe' cts due to emplacement of TRU wastes. For
example, the long-term geochemical stability of grouting materials used
in both the Rustler and Salado is not yet known.

The construction of the WIPP facility imposes a transient near-field
structural effect on at least nearby portions of the Salado Formation.
At the facility horizon, this effect includes both local opening of
preexisting fractures in 11B139 and formation of fractures in halite.
Transient structural behavior around the WIPP shafts will include the
Rustler Formation and extend to the land surface. However, the limited
information availaole to date suggests that structural effects around
the WI?? shafts will be less than those at the facility horizon.

Discussion: The effective time scales of the man-induced transients in and
near the WIPP facility are not well known. Transients directly resulting
from the construction of the WIPP facility will last until reequilibration
following the effective hydrologic and structural closure of the facility.
The time scale of hydrologic transients within the Rustler induced by
hydrologic testing is short, maybe decades. The time scale of induced
geochemical transients within the Rustler is not known. Only those
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transients which might affect the performance of the WIPP facility need be
determined in any more detail than indicated here. Determination of which
transients need be considered is part of the 1WIPP Performance Assessment
activity.

5.2.2 Conclusions Concerninz the Bell Canyon Formation

1. Conclusion: Calculations completed as part of the WIPP SPDV effort
indicate that the Bell Canyon does not have sufficient brine-carrying
capacity to dissolve halite rapidly enough for halite dissolution
within the Castile and/or Salado Formations as a result of brine-
density flow. Therefore, in regions of the Castile and Salado
reasonably removed from concern regarding stratabound dissolution, such
as the WIPP site, only halite dissolution as a result of diffusional
processes need be considered. Such diffusion proceeds at a rate too
slow to be of concern to the WIP? Project.

Discussion: The conclusions are dependent upon the assu~med gradients
within the Bell Canyon and range of Bell Canyon hydraulic properties, both
of which are somewhat uncertain. The SPDV calculations did not result in
total agreement that point-source dissolution was not a feasible mechanism
at the IPIF site. However, the structure specifically proposed as a result
of point-source dissolution vas directly examined by drilling and testing
of hole DOE-2, and was found to result from deformation within the Castile
and Salado Formations, rather than from halite dissolution.

2. Conclusion: Investigations in holes Cabin Baby-l and DOE-2 suggest
indicate that the upper Bell Canyon Formation beneath the WIPP site is
not significantly permeable. Therefore, regardless of the relative
heads, the volumes of fluid flow between the Culebra dolomite and the
upper Bell Canyon would be minor if the two units were interconnected
as a result of drilling. These same studies indicate that the final
direction of fluid flow would be downward into the Bell Canyon.

Discussion: Although Cabin Baby-l and DOE-2 lie directly south and north
of the WIPP site center, they provide only two data points. Given the
regional trends of the Ramey channel sands in the upper Bell Canyon, it is
possible that a narrow sand crosses the center of the site from northeast
to southwest, without having been intersected by either drill hole. The
conclusion concerning directions of fluid flow pertains only to the final
direction of flow, assuming halite saturation of both Bell Canyon and
Culebra fluids as a result of dissolution of Salado halite. The conclusion
does not describ, either directions or rates of fluid flow prior to such
saturation. In addition, the conclusion assumes that the fluid-carrying
capacity of the Bell Canyon is sufficient to completely overwhelm any
potential heads within the Salado Formation. This assumption appears
reasonable, given the extremely small volumes of Salado flow intersected in
hydrologic test holes at the WIPP site.
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5.2.3 Conclusions Concerning the Castile and Salado Formations

1. Conclusion: Regional-scale deformation of the Castile and Salado
Formations may well be ongoing at and near the IJIPP site in response to
gravity. However, estimation of the time required for formation of the
WIPP-12 anticline indicates that such deformation probably occurs at a
rate too slow to be of concern to the behavior of the WIPP facility.
Fluids play a major role in regional-scale deformation of the Castile
and Salado Formations, especially in deformation of halites and
anhydrite stringers or laminae. Both estimated deformation rates and
mechanistic considerations are consistent with pressure solution being
a major deformation mechanism on the regional scale. This conclusion
is consistent with greater deformation rates at lower differential
stresses than would be the case for strictly anhydrous deformation.
Inclusion of pressure solution as a deformation' mechanism results in
predicted strain rates at the WIPP site which are consistent with
estimated rates elsewhere.

Discussion: Regional-scale deformation in response to gravity is not
constrained to occur at a constant rate. Therefore, deformation rates
averaged, over long periods of time may be exceeded during shorter
intervals. For pressure solution to be active, there must be a relatively
continuous fluid film along grain boundaries. While textural evidence of
pressure solution has been noted in core from the WIP? site, the presence
of the required grain-boundary film has not been demonstrated directly.
Although the role of pressure solution in regional-scale deformation is
probable, it is not clear if or when the same mechanism will become
dominant in near-field deformation around the WIPP facility. If it did
become active, it would help accelerate mechanical closure of the facility
by increasing deformation at relatively low differential stresses.

2. Cocuin Much of the variability in both total and interval
stratigraphic thicknesses of the Castile and Salado Formations at and
near the WIFP site is due to syndepositional and postdepositional
deformation, rather than to evaporite dissolution. Therefore, any
interpretation of the thicknesses of these units must be done on a
vertical scale involving as much of the Salado and Castile as possible,
rather than on the scale of a single stratigraphic interval.
Similarly, the interpretation must be done on as large a geographic
scale as possible, since horizontal movement, especially of halites, is
involved. Apparent one-hole anomalies are especially suspect.

Discussion: On the regional scale, especially in the western portion of
the Delaware Basin, regional dissolution has apparently removed the halite
from both the Castile and Salado Formations, and the original thickness of
halite is unknown. At the local scale, as demonstrated in hole DOE-2,
dissolution cannot be ruled out without interpretation on a broad
stratigraphic and geographic scale.

3. Coclsi: The basinal structure in hole DOE-2, near the northern
boundary of WIPP Zone 3, extends downwards from 11B124 in the Salado to
the top of Castile Anhydrite I. However, the DOE-2 structure resulted
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from syndepositional and postdepositional deformation, rather than from
halite dissolution. Deformation involved in formation of the DOE-2
structure resulted in displacement of all but 2 m of halite from the
Castile Formation. However, both the Castile anhydrites and the
entire Salado Formation (especially halites) are unusually thick in
this hole. No evidence of dissolution was identified in DOE-2 core.

Discussion: The present understanding of the hydrology and structural
behavior of the Castile and Salado Formations indicates that point-source
dissolution of evaporites requires connection with a major source of
unsaturated water, such as the Capitan limestone. This is not known to
have occurrd within the body of the Delaware Basin, with the possible
exception of the emplacement of Castile brines. While the present
hydrologic and structural understanding does not allow prediction of where
either point-source dissolution or a gravitational structure such as that
at DOE-2 might form in the future, the drilling, coring, and hydrologic
testing of DOE-2 demonstrates that no such structure presently exists
within WIPP Zone 3. Calculations indicate that rates of gravitationally
driven deformation are too slow to be of concern to the WIPP facility on
the regulatory time scale.

4. Conclusion: The average far-field permeability of the Salado Forma-
tion, based on testing both from the surface and near the WIPP facility
horizon, is 0.1 microdarcy or less, except where fractures locally
contain small or large volumes of gas at elevated pressures. The
stratigraphic variability of far-field permeability within the Salado
is presently unknown, but appears negligible.

Discussion: It is not known for sure that the Salado is hydraulically
saturated in the far-field. Known gas occurrences in drilling from the
surface and within the WIPP facility indicate that partial saturation may
be present in both the near-field and far-field, at relatively high
confining pressures. The distribution of fracture systems, range of
possible initial gas pressures, and effective fracture permeabilities in
the far-field Salado remain unknown.

5. Conlszion: Where it has been possible to measure Salado. fluid
pressures, calculated heads indicate the potential for limited fluid
flow upwards into the overlying Rustler Formation. Measurements to
date indicate, however, that the amount of fluid available from the
Salado is extremely limited. At least in the case of WIPP-12, the
Salado fluid pressures and calculated heads exceed those in the
underlying Castile brine reservoir. It has not been possible to
determine any discrete source of fluid flow within the Salado Formation
in testing from the surface.

Discussion: The measured Salado fluid pressures indicate only the possible
directions of modern fluid flow. The measured pressures may be relict,
developed under different geologic conditions than those at present, e.g.,
they may have been developed during the last pluvial period. The time
scale on which such pressures or heads might change as part of the
transient overall response of the WIPP hydrologic setting to the end of the
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last pluvial period is not known, but must be long, given the low regional
permeability of the Salado.

6. Conclusion Water contents of Salado halites in the far-field appear
to be as much as 2 weight percent, based on geophysical logging,
greater than previously estimated. This does not have any direct
impact on expected fluid flow into the WflPP facility, other than
indicating that fluid volumes available to support long-term fluid flow
may be greater than previously expected.

Discussion: To date, the interpretation of far-field water contents is
based only on geophysical studies. Measurements on core are ongoing.

7. Cocuin Consistent with assumptions maintained since brine was
encountered in Castile Anhydrite III in WIPP-12, recent geophysical
studies indicate that Castile brine may be present beneath a portion of
the WIPP waste -emplacement panels. Brine is most likely present
beneath the northern and northeastern portion of the waste -emplacement
panels, and probably comes close to the southwestern and southeastern
corners of the panels. However, the brines, if present, are 200 m or
more below the WIPP facility horizon, arnd are not of concern except in
the event of drilling-induced breach connecting a brine occurrence with
the WIPP facility.

Discussion: Because of the dominant effect of the underlying Bell Canyon
Formation, it is possible that the interpreted brine occurrences within the
Castile are not real. Three-dimensional modeling of the results does not
appear promising in defining the lateral distribution of Castile brines
more accurately. Because of the vertical uncertainty inherent in the
measurements, it is not possible to distinguish between brine occurrence
within Anhydrite III and within Anhydrite II. However, where Castile
brines have been encountered, it has always been present in the uppermost
anhydrite.

8. Conclusion: Both uranium-disequilibrium studies and structural calcu-
lations appear consistent with emplacement of brines into fractured
Castile anhydrites as a result of an episodic process. The process may
involve either local brine movement during deformation and fracturing
of anhydrite in low-pressure locations such as anticlinal crests, or
long-distancie fluid movement into preexisting fractures as a result of
episodic hydrologic connection of the Capitan limestone and Castile
Formation.

Discussion: It is not agreed that deformation or hydrologic connection of
the Capitan limestone and Castile is the relevant episodic process involved
in generation and/or emplacement of Castile brines. Structural studies
indicate that deformation of the Castile Formation is episodic, with
resultant episodic generation and emplacement of brines. Under these
assumptions, generation of fractures and migration of brines into
anhydrites may occur during the next 10,000 years, but probably at too low
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a rate to be of concern to the WIP? Project. Isotopic studies are
interpreted to indicate a residence time for Castile brines sampled at
ERflA-6 and WIPP-12 of more than 100,000 years. While this interpretation
indicates prior hydraulic connection of the Castile arihydrites and the
Capitan limestone, it also indicates that this connection has not been
operative for more than 100,000 years.

9. Conclusion: Both fluid-inclusion and grain-boundary fluids are present
within the Salado Formation, in addition to loosely-held waters of
hydration in hydrated minerals. The composition of Salado fluid inclu-
sions is apparently controlled by the crystallization of polyhalite and
magnesite. Radiometric. age dating of polyhalites indicates that they
are approximately 200 million years old. Therefore, the Salado fluid
inclusions appear to be approximately 200 million years old. Fluids
encountered within macroscopic flows into the WIPP facility appear to
be dominantly grain-boundary fluids rather than fluids from fluid
inclusions. The composition of grain boundary fluids within the Salado
is apparently controlled by diagenetic reactions involving crystal-
lization of Mg-rich layer silicates. Because the kinetics of these
reactions are slow, it is concluded that the residence time of grain-
boundary fluids within the Salado is at least several million years.
The marked vertical variability of fluids near the WIP? facility hori-
zon indicates very limited vertical fluid flow within the Salado.

Discussion: Crystallization of magnesite appears to have a major affect on
fluid-inclusion compositions. However, magnesite from samples at the WIPP
has not been dated. It has not been possible to estimate the residence
time of Salado grain-boundary fluids directly. Radiometric. measurements
indicating ages for clay minerals greater than the Permian indicate that
diagenetic or secondary reactions involving Mg have not involved complete
recrystallization.

10. Conclusio~n: In the Salado Formation near the WI?? facility, there is
strong coupling of deformation and hydraulic behavior. Within
approximately 2 a of the unmderground rooms and entryways, fracturing
and probable matrix dilation have led to a marked increase in
permeability, and quite possibly to development of a zone of partial
saturation. The increase in permeability appears to be both time-
dependent and geometry- dependent. Within a few meters of the
underground workings, however, the hydrologic properties of the Salado
essentially become the same as regional properties.

The time scale on which the WI?? facility will affect the local
hydrology of the Salado Formation, while undetermined at present, is
likely to be extensive, continuing until reequilibration after effec-
tive mechanical closure of the facility. Within the facility, there
is a three-stage generalized flow behavior. Holes are normally dry
when first drilled. Fluid flow then normally rises rapidly to a
maximm flow rate, after which it more slowly decreases to something
approximating steady-state flow, though probably still decreasing.
Porous-medium calculations based on the estimated far-field
permeability indicate that steady-state fluid flow might not be
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reached for more than 5000 years, because of the extremely low
permeabilities; these calculations do not yet include consideration of
facility closure. The observed "steady-state" flow is qualitatively
consistent with measured far-field permeabilities. Both measurement
and calculations to date indicate that effective pore pressures within
the Salado have been affected by the presence of the WIPP facility
only within a few meters of the facility.

Discussion: Within the altered zone around the WIPP facility, the porous-
medium approximation may not be adequate for either flow or transport
modeling. The distances from the underground workings at which this
simplifying assumption becomes valid remain to be determined. At present,
there is not an adequate characterization of the fracturing adjacent to the
WIPP facility to allow realistic modeling of flow and transport behavior
within the altered zone, nor do adequate models exist. The long-term
extent of the altered (fractured) zone around both underground workings and
shafts remains unknown. However, the zone should be larger around
underground workings than around lined shafts. Both the total long-term
brine seepage to be expected from the Salado and the total volume of the
Salado affected by fluid flow depend on the available porosity as a
function of time within the WIPP facility and any altered zone that may be
present. The effects of stress relief eround the W'IPP facility on both
near-field and far-field hydrology will be examined in detail during the
WIPP operational-demonstration period.

11. Conclusio~n: Preliminary hydrologic testing adjacent to the WIPP
waste-handling shaft indicates that all of the tested intervals, which
include claystone and siltstone in the unnmmed. lower member of the
Rustler and both halites and arihydrites within the Salado, are
extremely low in permeability. While there was evidence of a
hydraulic cone of depression around the shaft, there was no evidence
of fracturing or alteration, except at the 850-ft level. At this
level, pressurized fluids were encountered at the liner/rock interface
and flowed into the test hole. Testing extended from approximately 2
m outside the shaft liner to a depth of some 10 m. The results are
consistent with the interpretation that damage effects due to either
blasting of the shaft or deformation around the shaft do not presently
extend more than two meters into the surrounding rock mass.

Discussion: Due to scheduling constraints, only one or two holes was/were
tested at each level. Therefore, these results do not indicate a complete
absence of fracturing, merely that fractures were not intersected by the
one or two holes at each level, except the 850-foot level. To better
determine the presence or absence of fracturing by direct measurement,
arrays of three or more holes would be needed at each level. The results
do not indicate a potential altered zone within 2 m of the liner. Finally,
the waste-handling shaft has been at its present diameter for approximately
f our years. The operational phase of the VIPP is expected to extend
approximately 25 years, after which shaft seals must be emplaced success-
fully. The extrapolation of the present results to 25 years may not be
reliable.
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12. Conclusion: Anhydrite Marker Bed 139, approximately 1 to 2 m beneath
the VIPP facility horizon, contains partially healed and filled

fractures which predate construction of the WIPP facility and play a
significant role in both mechanical deformation near the WIPP facility
and the near-field enhancement in permeability. The estimated age of
the fractures is at least two million years. However, the far-field
permeability of MB139 is not significantly greater than that of the
surrounding halites.

Discussion: Development of any altered zone around the WIPP facility will
be time dependent. Therefore, the boundary between the hydrologic near-
field and far-field regimes will also -be time dependent. The rate and
extent to which the fracture porosity and permeability of MB139 in the
altered zone near the WIPP facility horizon will be reduced during closure
of the WIPP facility has not yet been demonstrated.

5.2.4 Conclusions Concerning the Rustler Formation and Younger Units

1. Conclusion: The available transuissivity data base at and near the
WIPP site suggests that: a) the Culebra dolomite is at least one order
of magnitude more transmissive than other members of the Rustler at
most locations; and b) except where it is fractured in or near Nash
Draw, the transmissivity of the Magenta dolomite is the same order of
magnitude as that of other members of the Rustler. Consequently,
confined flow within the Culebra dominates the hydrology of the Rustler
at and near the WIPP site, and Rustler karst is not present.

Discussion: The Magenta data base is significantly smaller than that of
the Culebra. Transmissivities of Rustler claystone/siltstones are very low
but measurable at the Site, except for the Tamarisk claystone, which has
not been successfully tested due to its low transmissivity. The transmis-
sivity of Rustler arhydrites at the Site are too low to measure success-
fully. Somewhere between the WIPP site and Nash Draw (including WIPP-33),
there must be a marked increase in the local permeability of Rustler
anhydrites/gypsums. Where they are exposed or relatively near the surface,
i.e., in Nash Draw and at WIPP-33, Rustler anhydrites are capable of
supporting open cavernous porosity. The character and location of this
transition in behavior of the Rustler anhydrites are not known in detail,
but apparently involve decreasing overburden pressure (allowing the gypsums
to maintain open porosity) and specific structures at the locations of both
recharge and discharge.

The WIPP-33 structure is unique at and near the WIPP site, since it
includes the three components necessary but not sufficient for karstic
geology within the Rustler: 1) a sufficiently large breach in the
Mescalero caliche and relatively thin Dewey Lake Red Beds; 2) shallow
enough depth to gypsums within. the Forty-niner and Tamarisk Members to
allow maintenance of open porosity in gypsums above and below the Magenta;
and 3) a probable local base level at the time the structure was mainly
active, namely the gypsite springs on the east side of Nash Draw. Both the
deuterium/hydrogen ratios of secondary gypsum from WIPP-33 and approximate
dating of the gypsite springs within Nash Draw -suggest that the WIPP-33
structure is largely inactive at present.
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2. Conclusio: Measurements of relative heads within the Rustler Forma-
tion at the WIPP site are not consistent with modern infiltration from
the surface to the Magenta, let alone from the surface to the Culebra.
Therefore, at least at the measured locations, there is no modern
infiltration of surficial waters to Rustler carbonates.

Discussion: The holes on which this conclusion is based provide only
limited geographic coverage, and do not include any locations at which the
Dewey Lake Red Beds are known to be hydraulically saturated. Where tested,
the Dewey Lake was too tight for hydraulic testing, and may be either
completely or partially saturated. No head or transmissivity information
is available from the Tamarisk Member of the Rustler, due to its
exceedingly low transmissivity. These results do not rule out vertical
movement of water from either the surface or the Dewey Lake into the
Rustler in areas in which the Dewey Lake is saturated directly above the
Rustler, or in any area in the past if heads in the Dewey Lake were higher
at that time.

3. Conclusion: Culebra transmissivity varies by approximately six orders
of magnitude in the region of the WIPP site and Nash Draw.
Transmissivities generally decrease from west to east across the site
area. For purposes of generalization, the distribution can be divided
into broad areas of relatively low Culebra transaissivity (:5 10-6
m2/s), in which the porous-medium assumption appears adequate to
describe local hydraulic and trans p rt behavior, and areas of rela-
tively high transuissivity (2: 10- ~m2/s), in which a dual-porosity
formalism appears adequate to describe local hydraulic and transport
behavior. Both of these zones are represented by several wells. Two
wells (H-3 and H-18) penetrate an apparently thin transition zone, in
which transmissivity varies between 10-6 and 1O-5 m2/s.

The central portion of the WIPP site, including all four WIPP shafts,
lies within an apparently continuous area of low transuissivity. This
are& extends well east of the site, and includes the holes H-1, 2, 4,
5, 10, 12, 14, 15, 16, anid 17; WIPP-12, 18, 19, 21, and 22; ERDA-9;
Cabin Baby-l; P-15, 17, and 18, in addition to the WIPP shafts. North
of the WIPP site, measurements at WIPP-30 indicate the presence of a
northern zone of low trarismissivity, which may or may not be continuous
with the zone near the site center.

There is a zone of relatively high Culebra transuissivity southeast of
the center of the Site, which is indicated both by point measurements
at H-11 and DOE-i and by the presence of very low hydraulic gradients
south of VIJIF Zone 3. Northwest of the site center, there is a
relatively uniform high- transmissivity zone containing holes WIPP-13,
DOE-2, and H-6. This zone is bounded by low-transuissivity domains to
the north, east, and southeast, and by an even higher- transmissivity
domain to the southwest and west. Within both Nash Draw and the valley
south of the WIPP site containing H-7 and H-9, Culebra transmissivity
is both high and variable.
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Discussion: There are some exceptions to the generalizations listed above.
tJIPP-21, which has a low transmissivity, responds quite rapidly to
activities in the WIPP shafts, indicating that the region containing WIFF-
21 is connected to the shafts by a low-storativity structure, which may
involve fractures. Tests at individual low-transmissivity wells examine
only a very small area. Neither analytical nor numerical modeling is
capable of identifying a small, discrete high- transmissivity structure
embedded in a low-transmissivity domain, unless it is close to measured
data points. No evidence for such a discrete structure is known at the
WIPP site. On the other hand, the hydraulic behavior of the Engle well,
which has a high transmissivity, shows no. dual-porosity effects. Test
results from the Culebra in Nash Draw have not been examined for dual-
porosity behavior; fracturing may be extensive enough in Nash Draw to make
a dual-porosity formalism unnecessary.

The boundaries of the low-transmissivity zone including IWIPP-30 remain
unknown. The interpretation based on the rapid and large response of this
hole to the WIPP-13 pumping test suggests that the high- transmissivity
domain including WIPP-13, DOE-2 and H-6 extends close to WIPP.30.

The boundaries of the high-transmissivity zone south of H-11 and DOE-I and
the connection of this zone with the larger high- transmissivity region
containing H-7, H-8, and H-9 have not been determined directly, nor has the
maximum transmissivity within the zone. The presence of the zone south of
H-Il and DOE-i is indicated by both analytical and numerical modeling of
the H-3 multipad interference test, as well as by more recent calibration
of Culebra transuissivities against calculated pre-shaft heads. This zone
will be investigated during 1988 by a multipad interference test to be con-
ducted at the H-li pad. The reason for the relatively high transmissivi-
ties at H-il and DOE-i remains unknown.

4. Conclusion: The estimation error for Culebra transmiss ivi ties over
most of the WIPP site (in terms of m2/s) is less than one log unit at
two standard deviations, including estimated uncertainties in field
measurements. The estimation error is generally larger outside Zone 3.

Discussion: The statistical treatment of Culebra transmissivities should
not be overinterpreted, since it does not include specific consideration of
geologic processes. In addition, this treatment assumes vertical homo-
geneity within the Culebra. Testing at H-14 indicates that transmissivity
may vary by a factor of about 2 across the Culebra at a given locality.

5.. conclJji Groundwater flow rates within the Culebra vary greatly.
Flow within Nash Draw is relatively rapid; flow in the central portion
of the IJIPP site and in regions further east is extremely slow. The
estimated flow time from a position above the center of the WIPP waste-
emplacement panels to the southern boundary of Zone 3, assuming steady-
state distribution of the present heads and transmissivities within the
Culebra, is approximately 13,000 years.
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Discussion: Calculated particle-flow rates and integrated travel times are

approximate. The head distribution and flow directions within the Culebra

are not at steady state. The similar Culebra and Magenta heads within Nash
Draw suggest that assumption of confined flow within the Culebra may not be

realistic in this region. In addition, the calculations assume a uniform
effective porosity of 16%. The effective Culebra porosity probably varies
laterally, suggesting that both flow rates times and flow paths are more
variable than calculated.

6. Conclusion: Single-pad interference testing at the H-3 and H-11 hydro-

pads indicates a complex role of fracturing within the Culebra. At

H-3, the system transmissivity is approximately 2 x 10-6 m2/s, and no
significant directional dependence of hydraulic response has been
measured. However, the data from observation holes on the H-3 pad had
to be interpreted as if the radius of the pumped well extended beyond
the observation holes; i.e., the response of the observation holes to
the beginning and end of pumping was practically instantaneous. At the
H-11 pad, the transmissivity is 1.2 to 3.0 x 10-5 m2 /s. However, the
observation holes on the H-11 pad responded more slowly during testing
than those on the H-3 pad. The extent or effectiveness of fracturing
is not a simple function of transmissivity.

Discussion: The available data are only sufficient for detailed interpre-
tation of interference testing using a dual-porosity formalism, i.e.,
assuming uniform fracture spacing. This limitation is irreduceable, how-

ever, given the limited core recovery within the Culebra. Detailed inter-

pretation of interference testing has been completed only for testing at
the H-3 and H-11 hydropads. Interpretation of interference testing at the

H-2, H-4, H-5, H-6, H-7, and H-9 hydropads will be completed in the next
year.

7. ConcJl.1g Regional-scale simulations indicate that it is not neces-
sary to incorporate a dual-porosity formalism into regional-scale
modeling of Culebra head distributions. This is because the time scale
for pressure equilibration between fracture and matrix for matrix-block
sizes up to the thickness of the Culebra is very short relative to the
time scale required for regional groundwater flow.

Discussion: The pressure effects of a discrete or narrow high-
transmissivity structure embedded within a low- transmissivity domain remain

to be determined in detail. It cannot be claimed that any reasonable
amount of drilling or hydrologic testing will completely eliminate the
possibility of a small high- transmissivity structure being present within
the Culebra dolomite. However, no such structure is known to exist at or
near the WIPP site.

8. Conclusioz1 Both fractures and matrix play a major role in pad-scale
transport of contaminants within fractured portions of the Culebra
dolomite. At the H-3 pad, the first detected arrival of conservative
(non-reacting) tracers in a convergent-flow test was strongly
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controlled by fracturing, while tracer behavior both at and after the
time of peak concentration showed evidence of strong interaction
between fractures and matrix. Storage within the matrix served to
decrease peak concentrations, but also resulted in greater concentra-
tions at longer times than expected for fracture transport alone. The
results indicate that matrix storage should play a major role in
regional-scale transport of even conservative contaminants, so long as
these contaminants have a reasonable diffusion coefficient into the
matrix.

In addition, the results of the conservative-tracer test at the H-3 pad
indicate that the relationship between hydraulic properties and trans-
port properties can be complex. At H-3, no directional dependence of
hydraulic behavior has been measured. In contrast, the time inter-Val
before first detected arrivals of tracers along the two flow paths
investigated differed by a factor of about four.

Discussion: Detailed interpretation of dual-porosity effects in contami-
nant transport within the Culebra is presently completed only for testing
at the H-3 pad. An additional conservative-tracer test will be conducted
during 1988 at the H-11 hydropad, along the apparent regional flow path
from the center of the WIPP site to the southern boundary of Zone 3. Any
significant role of the matrix in contaminant transport within fractured
portions of the Culebra requires that conservative contaminants be able to
diffuse into matrix blocks. Interpretation to date of the H-3 test in-
volves superposition of two radial-flow solutions; calculations are ongoing
to investigate the possible effects of matrix anisotropy on transport
behavior.

9. Cocuin Calculations indicate that regional-scale contaminant
transport within the Culebra Dolomite can be modeled realistically
using the porous-medium assumption, so long as the Culebra transport
properties and flowpaths used in these calculations are representative,
and at least so long as the existing distribution of head potentials
within the Culebra is not significantly disturbed. Calculated times
required for contaminants to break through to the southern boundary of
WIPP Zone 3 following release at any point directly above the 1WIPP
waste -emplacement panels are only approximately 10% lower if a dual-
porosity formalism is used than if the same release is modeled using
the porous-medium assumption. The completed regional-scale
calculations assume a transmissivity distribution which probably
assigns too high a transmissivity to the region including holes H-11
and DOE-l.

Discussion: Calculations are presently ongoing to investigate the utility
validity of the porous-medium approximation in modeling transport within
the Culebra in the event of a breach involving a Castile brine occurrence.
The assumption that there is effective diffusion from fractures into the
adjacent Culebra matrix is explicit in conclusions based on calculations
completed to date. Results of interference testing support the conclusion
that fluid flow is unrestricted between matrix blocks and fractures, i.e.,
that there are no significant or continuous low-permeability skins on
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matri.x blocks. This has been demonstrated in the conservative- tracer
experiment at the H1-3 pad. Effective matrix retardation within the Culebra
has not yet been demonstrated for some radionuclides making up the WIPP
inventory, but will be demonstrated experimentally in the laboratory during
the WIPP operational-demonstration phase.

10. Conclusion: The variability in compositions of Culebra groundwaters
allows their subdivision into four hydrochemical facies. Zone A, east
of the WIPP site, contains saline Na-Cl brines. Zone B, south of the
site, contains relatively fresh waters in which Ca and 504 are the
main solutes. Zone C, which includes the WiPP site and the eastern
part of Nash Draw, contains quite variable fluids. Zone D, within
Nash Draw, shows evidence of contamination from potash refining
operations. The modern distribution of hydrochemical facies within
the Culebra is not consistent with steady-state confined flow within
the Culebra. Therefore, the solute geochemistry of Culebra fluids is
not at steady-state, nor is the overall hydrology of the Culebra.

Discussion: This conclusion assumes the dominance of confined flow within
the Rustler in the vicinity of the IJIPP site, consistent with both isotopic
studies and measurements of the modern relative head potentials and
transmissivities of the several members of the Rustler.

Interpretation of normative salts within Rustler fluids is partially
consistent with steady-state flow, if extensive vertical mixing is allowed.
The measured head relationships within the Rustler are inconsistent with
infiltration from the surface. The composition of Culebra waters at P-l8
and P-14 play a major role in normative interpretation Culebra waters. The
representative character of groundwater samples from the Culebra from P-14
and P-18 is suspect.

11. Conclusion: Analyzed Culebra fluids are all undersaturated with
respect to halite, but approximately saturated with respect to gypsum
and carbonate (dolomite). All fluids except that from hole WJIPP-29
are undersaturated with respect to anhydrite. Therefore, almost all'
Culebra waters are capable of converting into gypsum any anhydrite
they may contact. Carbonates, sulfates, and clay minerals are
ubiquitous in Culebra core. Halite not introduced during coring has
not been identified reliably. With the exception of halite, all
analyzed Culebra fluids appear to be in approximate equilibrium with
the host rock. Studies to date have not identified any discrete
variations in Culebra mineralogy that can be used to bound
hydrochemical facies.

Discussion: The dominant reactions control ling the variability of Culebra
fluids appear to be the dissolution of halite and reactions between fluids
and a ubiquitous but variable clay-mineral phase. Both the compositions of
clays and the detailed reactions between clays and Culebra remain to be
determined in detail. It cannot be demonstrated that the mineralogy of
intact core specimens is representative of portions of the Culebra that
have been in significant contact with groundwater.
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12. Conclusion: There appear to be significant lateral variati~ons in ::h.e

oxidation state of Culebra waters. Fluids from hydrochemical facies

Zone B, south of the site, appear to be more oxidized than those
within Zones A and C, which include the W1 IPP site. The available

information from within Nash Draw indicates that the redox potential

at WIPP-26 is similar to that within Zone B. Results at WIPP-25
appear to be problematical, due to evolution of H2 S during sampling.
The results indicate generally more oxidizing conditions south and
southwest of the WIFF site than at the site itself.

Discussion: Oxidation states of Culebra fluids are not known in detail,
and are generally bracketed by the occurrence of one member of a redox
couple at too low a concentration for analysis. The possible effects of
contamination have been evaluated only in hole WIPP-25.

13. Conclusion: Recent stable-isotope studies indicate that. the bulk of
the Rustler Formation and part of the Dewey Lake Red Beds at and near
the WIPF site were last recharged under climatic conditions signifi-
cantly different than those of today. This is consistent with the
interpretations that the overall hydrology of the Rustler Formation is
in transient response to the end of the last pluvial period in south-
eastern New Mexico, and that there is no modern meteoric recharge to
the Rustler Formation at and near the WIPP.

Discussion: The data base on which the interpreted isotopic range of
modern meteoric recharge is based includes measurements from several
different rock types and locations, including the Capitan limestone in
Carlsbad Caverns, alluvium at WIPP-15, the Ogallala Formation in both
southeastern New Mexico and on the High Plains of Texas, and the Dewey Lake
Red Beds near an active dune field. The Devey Lake, however, appears to
include both modern and older waters. The stable-isotopic signature of all
analyzed waters from confined portions of the Culebra and Magenta dolomites
are distinct from the defined meteoric field.

The stable-isotope results do not provide any direct information about the
timing of recharge, only about different conditions of recharge. In
addition, the results do not rule out modern recharge to the Rustler at
some location removed from the WIPP site itself. However, the results do
indicate that measurable amounts of recharge are not nov occurring at the
WIPP site.

14. Concusion: Both stable-isotope and compositional characteristics of
Rustler waters at Surprise Spring, in the southwestern portion of Nash
DYraw, are dominated by near-surface recharge and discharge, including
partial evaporation. Major dilution would be required to derive the
solute chemistry at Surprise Spring from Culebra waters at WIPP-29,
which is nearby. In addition, Surprise Spring apparently discharges
from the Tamarisk Member of the Rustler, rather than the Culebra.
Therefore, Surprise Spring, does not appear to be a discharge point
for Culebra or Magenta waters crossing the IJIPP site.
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Discussion: It is possible that some Rustler waters from the area of the
WIPP site discharge in southern Nash Draw, including Surprise Spring. The
results summarized here, however, suggest that the hydrology and solute
chemistry at Surprise Spring are dominated by local processes and
groundwaters, and that any input of waters from the area of the WIPP site
would not be identifiable, even if present.

15. Conclusion: Use of lost -circulation materials in hydrocarbon-
exploration hole and hydrologic test holes (except those drilled with
air) and metabolism of these materials by introduced and/or natural
organisms within the Rustler makes meaningful radiocarbon measurements
on Rustler fluids difficult. All Rustler and Dewey Lake holes may be
contaminated to some degree. Therefore, estimated periods for which
Rustler or Dewey Lake waters have been isolated from atmospheric
carbon should represent lower bounds.

16. Conclusio: Available radiocarbon measurements indicate isolation
times of three Culebra and one Dewey Lake water from input of
atmospherically generated nuclides for at least 12,000 years. This is
consistent with paleoclimatic studies indicating a wetter climate in
the northern Delaware basin approximately 10,000 years ago. The
results are taken to imply that there has not been significant (i.e.,
detectable) vertical recharge to the Culebra and at least part of the
Dewey Lake near the WIPP site in at least 12,000 years. The results
also indicate, because of the relatively tight clustering of ages,
that recharge may have been a pulse event rather than continuous. At
any rate, the available radiocarbon results do not indicate any
consistent age gradient for waters within the Culebra, and cannot be
used to indicate paleoflow directions.

Discussion: The data base of successful radiocarbon measurements is
extremely limited in size. Extrapolation of these results to the confined
Culebra over the entire Site area may be tenuous, but is consistent with
both the fact that the Culebra is regionally confined and the results of
both stable-isotope uranium-disequilibrium studies. Additional radiocarbon
measurements will be made over the next (approximately) two years.

17. Conc.lusion: Available uranium- disequilibrium results for Culebra
rocks and groundwaters indicate that there must have been a signifi-
cant distinct change in flow directions within the Culebra on the time
scale of approximately 10,000 years. The paleoflow direction involved
at4 least some component of easterly flow, in contrast to the modern
flow directions within the Culebra, which are essentially north-south
in the Site area. The change in flow directions has apparently
occurred as a result of the end of Culebra recharge at or near the end
of the last pluvial period. The estimated flow time to the vicinity
of H-5 is at least several thousand years, and flow has occurred under
reducing conditions, regardless of where recharge is interpreted to
have taken place. Therefore, modern recharge is not occurring at H-5,
regardless of the relatively high Culebra heads in the region. The
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current distribution of total dissolved uranium in analyzed Culebra

groundwarers is qualitatively consistent with regional variations in

the oxidation potential within the unit, with more reducing conditions

In the area at the WIPP site than south of the site and in at least

part of Nash Draw. The interpretation based on uranium-disequilibrium

studies is consistent with the distribution of Culebra hydrochemical
facies, stable-isotope studies, and radiocarbon studies in indicating

that the overall hydrologic and geochemical setting of the Rustler is

transient on a time scale of approximately 10,000 years, and is
recovering from the last pluvial period in southeastern New Mexico.

Discussion: The present uranium- disequilibrium data base is extremely

limited in size, especially south of the WIPP site. Therefore, significant

uncertainty remains concerning the constraints imposed by these studies on

both paleo and modern flow directions. However, some change in flow

directions within the Culebra is required by the data.

18. Co uin 87Sr/8 6Sr studies on both matrix minerals and coexisting

mineral pairs from matrix and veins in the evaporitic units below the

Dewey Lake Red Beds, and on veins and/or matrix materials from the
Dewey Lake, Mescalero caliche, and gypsite sprin s in N ash Draw
indicate distinct variations in the amounts of high-8 1Sr/86 Sr material
derived from surficial weathering that are involved in the different
units. The measured strontium- isotopic character of the gypsite
springs and the Mescalero caliche indicate derivation from surficial
components. The character of both matrix minerals and coexisting
mineral pairs from matrix and veins in the Castile and Salado
Formations, as well as in Rustler anhydrites and the Magenta dolomite
indicate little or no input of surficial components. The isotopic
compositions of coexisting mineral pairs from veins and matrices are
statistically identical, indicating that the components of the veins
were locally derived in all units but the Dewey Lake.

There is a broad range of strontium- isotopic character of vein
minerals from the Dewey Lake, from surficial values to values similar
to those from underlying anhydrites and the Magenta dolomite. Since
sulfates and carbonates are very rare in the matrix of the Dewey Lake,

the broad range in strontium- isotopic character of Dewey Lake vein
gypsums is taken to indicate a mix of surface-type components and
components from the underlying Rustler. Upward flow from the Rustler
Formation is consistent with measured head relationship. The
strontium- isotopic character of analyzed carbonate minerals from the
Culebra shows more overlap with that of vein material from the Dewey
Lake than does the character of either the intervening Rustler
anhydrites or the Magenta dolomite. This is taken to imply that
surficial components in the Culebra probably result from confined flow
following recharge at some location removed from the WIPP site. if
the Culebra near the WIPP site were presently receiving surficial
components by vertical recharge, this recharge would be expected to
have altered the isotopic character of Rustler zones above the
Culebra.
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Discussion: The isotopic data base for veins and host-rock minerals in the
Rustler and Dewey Lake is limited in size. It has not yet been possible to
date any of the secondary minerals directly. Therefore the strontium-
isotopic results, while indicating the types of waters involved, do not
provide any direct information concerning the ages of these waters.

19. Conclusion: The study of deuterium/hydrogen ratios in vein gypsums in
the Dewey Lake and Rustler indicate that all of the gypsums, with the
possible exception of vein gypsum from the Dewey Lake in WIPF-19, may
have crystallized in the presence of varying amounts of Rustler-type
water, rather than in the presence of water representing modern
meteoric recharge in the region. The hydrogen- isotope character of
secondary Rustler gypsums in hole WIPP-34 is consistently explained by
Rustler-type fluids moving both upwards and downwards from the Magenta
dolomite into surrounding members, with increasing rock/water ratios
corresponding to increasing distance from the Magenta. This, internal
consistency is lost if crystallization of gypsums from IJIPP-34 is
assumed to have taken place in the presence of modern meteoric waters.

In fact, it does not appear possible to have crystallized vein gypsums
from either *the Magenta and Tamarisk in WIPP-34 or from the Forty-
ningr in WJIPP-33 in the presence of AM amount of water representing
modern meteoric recharge. Both WIPP-33 and WIPP-34 were drilled to
investigate either geophysical anomalies or structures that might be
the result of Rustler karst. There is no indication of anomalous
structure at WIPP-34. The WIPP-33 structure is interpreted to be the
result of karst hydrology, but is apparently unique at and near the
WIPP site. The isotopic results suggest, consistent with geologic
interpretations, that the WIPP-33 structure is no longer significantly
active.
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APPENDIX 013 1

VOC SCREENING METHODOLOGY 2

Screening the volatile organic compounds (VOCs) for inclusion in the exposure assessment was 3

a two-step process. The first step was determining that only those VOCs listed in both Appendix 4

VIII of Title 40 of the Code of Federal Regulations (CFR) Part 261 and in the Waste Isolation s
Pilot Plant (WIPP) Quality Assurance Program Plan (QAPP) were eligible for inclusion in the 6

demonstration. The second step was to score the VOCs based on the con centration-toxi City 7

screening technique presented by the U.S. Environmental Protection Agency (EPA) in the Risk 8

Assessment Guidance for Superfund (EPA 1989, p. 5-23). The scoring was performed using 9

the weighted average VOC concentrations reported in the Idaho National Engineering Laboratory io
(I NEL) and Rocky Flats Environmental Technology Site (RFETS) headspace sampling (Appendix 11
02, Table 02-1). The methodology used in calculating the average VOC headspace 12

concentrations is described in Appendix 02. 13

The listing in Appendix VIII and/or the QAPP was used as a rough screening. VOCs that were 14

to be analyzed on a site-specific basis (i.e., formaldehyde and hydrazine) were also screened 1s
out. VOCs listed in these sources are presented in Table 01 3-1; VOCs selected from this listing 16

are as follows: 17

" Benzene 18

" Bromoform 19

" Carbon disulfide 20

* Carbon tetrachloride 21

* Chlorobenzene 22

" Chloroform 23

" 1 ,2-Dichloroethane 24

" (cis)- 1,2- Dichloroethylene 25

" 1 ,1-Dichloroethylene 26

" Isobutanol 27

* Mvethyl ethyl ketone 28

" Methylene chloride 29

" 1, 1,2,2-Tetrachloroethane 30

" Tetrachloroethylene 31

" Toluene 32

" 1, 1, 1 -Trichloroethane 33

" 1, 1,2-Trichloroethane 34

" Trichloroethylene 3

* Trichlorofluoromethane 36

" Vinyl chloride 37

No headspace data available 38
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1 TABLE D13-1
2 Chemicals in 40 CFR Part 261 Appendix ViII and WIPP QAPP
3 Appendix
4 Vl

10 CompoundeyoysCSNmer Cnttet Q

12 Bromforne Tribromaomehne 6Z r
13 Antimutylachluanl -tno 714-36-0 +

14 CAdmeium 7440-38-2 + +

15 CaBondsiearrbnuislmd 744-15-0 + +

16 CaBonztetrcnie 56-23-5 + +

117 Chryloroenen 1408-90-7 + +

18 Chloroform 6rboomt e75-66-3 + +

19 Chromium 7440-47-3 + +

20 Carbsonliufd Caresy bic acid 7531 -77- + +

216 Cyrboh exrane ord 110-87-7 +

22 1 4-hlorobenenzeepDclrbnee 106-40-7 + +

23 ChorhofDhorm bnn 167Dchooenee9-50-1 + +

24 1 Dchlorethan eEhidnclode 75-34-37 +

25 1,2-Dichloroethane Ethylene dichlo ride 107-06-2 + +

26 (cis)- 1,2-Dichioroethy lene (cis)-1,2-Dichloroethene, 540-59-0 + +
sym-Dichloroethylene

27 1,1-Dichloroethylene 1,1-Dichloroethene, Vinylidene chloride 75-35-4 + +

28 2,4 Dinitrophenol 51 -28-5 + +

29 2,4-Dinitrotoluene 121 -1 4-2 ++

30 Ethyl benzene 100-41-4 +

31 Ethyl ether Diethyl ether, Ether 60-29-7 +

32 Formaldehyde 50-00-0 + SS
33 Hexachloro benzene 118-74-1 + +

34 Hexachloroethane 67-72-1 + +

35 Hydrazine 302-01-2 + SS

36 Isobutanol Isobutyl alcohol 78-83-1 + +

37 Lead 7439-92-1 + +

38 Mercury 7439-97-6 + +

39 Methanol Methyl alcohol 67-56-1 +

40 Methyl ethyl ketone 2-Butanone 78-93-3 + +

41 Methyl isobutyl ketone 4-Methyl-2-pentanone 108-10-1 +

42 Methylene chloride Dichioromethane -75-09-2 + +

43 Nickel 7440-02-0 + +

44 Nitrobenzene /98-95-3 + +

45 Pentachloro phenol 87-86-5 + +

46 Polychlorinated Biphenyls (PCBs) 1336-36-3 + +

47 Pyridine 110-86-1 + +

48 Selenium 7782-49-2 + +

49 Silver 7440-22-4 + +

50 1,1,2,2-Tetrachloroethane 79-34-5 + +

51 Tetrachloroethylene Tetrachloroethene, Perchloroethylene 127-18-4 + +

52 Thallium 7440-28-0 + +

53 Toluene 108-88-3 + +

54 1,1 1-Trichloroethane Methyl chloroform 71-55-6 + +

55 1,1,2-Trichloroethane 79-00-5 + +

56 Trichloroethylene Trichloroethene 79-01 -6 + +

57 Trichlorofluoromethane Freon-i 1 75-69-4 + +

58 1,1 ,2-Trichloro-1,2,2-trifluoroethane Freon-i 13 76-13-1 +

59 1 ,2,4-Trimethylbenzene Pseudocumene 95-63-6 +

60 1 ,3,5-Trimethylbenzene Mesitylene 108-67-8 +

61 Vanadium Pentoxide Vanadium Oxide 131 4-62-1 + +

62 Vinyl chloride Chloroethylene 75-01-4 + +

63 m-Xylene 1 ,3-Dimethylbenzene 108-38-3 +

64 o-Xylene 1 ,2-Dimethylbenzene 95-47-6 +

65 p-Xylene 1 ,4- DimethylIbenzene 106-42-3 +

66 Zinc 7440-66-0 +

67 SS=Site Specific
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The VOCs listed were further screened using the scoring technique outlined by EPA (EPA,
1989). First, the headspace concentration in parts per million by volume was converted to a 2
concentration in micrograms per cubic meter for carcinogens and milligrams per cubic meter for 3
noncarcinogens. Several VOCs did not have sample quantitation limits (SQLs) reported by the 4
laboratories providing the headspace sampling data; for these VOCs (carbon disulfide, 5
isobutanol, 1,1,2-trichloroethane, trichlorofluoromethane, and vinyl chloride), SQLs were 6
calculated (Appendix 02), and one-half the calculated SQL (rounded to two decimal places) was 7
used for the headspace concentration in the scoring process. 8

A risk factor was calculated for each VOC from the weighted average headspace concentration 9
and the toxicity value. The risk factors for all VOCs were summed to yield a total risk factor. lo
The contribution of each VOC to this risk factor was then calculated by dividing the individual risk 11
factor by the total risk factor. The chemicals cumulatively responsible for approximately 12
99 percent of the total risk factor were selected for use in the assessments. 13

The conversion of headspace VOC concentration in parts per million per volume to micrograms 14
per cubic meter (for carcinogens) was performed using the following equation: 15

HS, = (HS) (10-6 molfraction/ppmv)( PxMW )(106 pig/ g)(10 3 L/m 3) (D13-1)
RxT

where 16
H,= weighted average headspace concentration for carcinogens, pg/in3  17

P = pressure, 1am18
MWN = molecular weight, g/mol 19

R = ideal gas constant, 0.082057 L atm/mol K 20
T = temperature, 298 K 21

HS = weighted average headspace concentration, ppmv. 22

The conversion of headspace VOC concentration in parts per million per volume to milligrams 23
per cubic meter (for noncarcinogens) was performed using the following equation: 24

HS,, = (HS)(1 06 molfractionlppmv)( xM)(10O3mglg)(1 o Llmi3) (D1 3-2)
RxT

where 25
HSn = weighted average headspace concentration for noncarcinogens, mg/in 3. 26
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1 The equation used to calculate the individual risk factors for carcinogens was:
2

(013-3)

Rd HS, xUR

3
4 where

5 R = risk factor for carcinogenic VOC i
6 UR= unit risk factor for VOC i, (pg/rn3)-l.
7

8 The equation used to calculate the individual risk factors for noncarcinogens was:
9

R.,j HS,(D1 
3-4)

RfC

10 where
11 = risk factor for noncarcinogenic VOC i
12 Rfc = reference concentration for VOC i, mg/rn 3.
13
14 The total risk factor was calculated using the equation:
15

(D13-5)

Rt =R, + R2 +R 3 +. + Ri

16 where
17 =t total risk factor
18 RI + . + RI = risk factors for VOCs 1 through i.
19

20 Separate values of Rt were calculated for carcinogens and noncarcinogens. Finally, the ratio of
21 the individual risk to the total risk (R c'/R, or R /Rt) was calculated for each VOC. Based on this
22 ratio, the VOCs responsible for approximate[y 99 percent of the total risk factor were selected
23 for inclusion in the assessments.
24

25 Table D13-2 presents the VOC screening results using the headspace concentrations of the
26 VOCs. The following chemicals were selected to be included in the no-migration demonstration:
27
28 *Carcinogens

29 - Carbon tetrachloride
30 - Chloroform
31 - 1,1-Dichloroethylene
32 - Methylene chloride
33 - 1,1,2,2-Tetrachloroethane
34
35 *Noncarcinogens
36 - Carbon disulfide
37 - Chlorobenzene
38 - Methyl ethyl ketone
39 - Toluene.

013-4



- DNCJ0 ( O( t0 - C)r~- 0 _l C0)OC ) LOU~- N 0:

(1 L)CDC) n I t - -0U) ) N (D D-)CDO Cla2 0O C

(D00P -- 0 ~ 0- N -N 00 L N2) C

-l P- M 0M-I 0 IT'.J 00 C) N C~) 00

0 0 0OO~OLC) N 0) t - ()

C)C)r-M CD OCD r-C)0C~) N- N-N- C:) Lo C)
C)0-T )C 00N 0C) m C) -C~) (3) ) C C )

00 C ) )C CD ~C~)CO0) o-C'4 ) 00 CDit c6 c

OD) ~00 CY OL D D( DT(O0 '1) CON- Y D )- T0 Cl).'lx ;rT 
0

N-ON r--C Y LO C)NNM t-r- r" ~r- 00

00 CYOC D )C L D( ( - O(D 0M 0)C"JO) r-~ 0
(DC)L ~ ~ "C) 1 N -l-C) J 0 - -D -N- f) IT N ý

0) C4( oq c ~ 0 00 ~co (o0) 0 f)m( )0 03 NrOC C) 0 0- -I
C) O O( COY)OTCtT14 D N-(0 0) T 0 ) 0t" COC 6J

-0/ -tT Lýr-- N-oCq co 0)r: ) I-i co.0U)fl 00 ' 1z
(1 60 D( 0- C0) ) ,-CJ ' 0 CD <LO co C) NL

. co0 COCOcCN 0.-C C)
-Cd) '.j-0 N- CNIC 0i CN- C)-

'0 M 6 6 ~ 5 ~ o lq U' o- DMCc OC N Y ' -t- q

0 N OL t DM 0C D m,)C

14 00 0 0 00 0 14- 00 CI-0)C O()C NC -00 C uý (
(N0 - r 0( - )r )r DC) L

0000 000 000 000

a)o o -0 -0  ~ 0 0

a) C
DI 0.0 0(1 '-a)) )6 ý 6( )a) +ý

MJ C. U') M- r-C DMM D0- D DC

Cuue c CNC NC4 NC~ )
I- E 0CCC 00or

W I uu2- L) ~ 'C C'C L 0 Lu~
)

'

CD. 0 )C )00C C) CD CD0 C) 0 LC C )C

0 a 000 0 0i W=- L )a V )a

U 0= 00

a) C,

0- 0)
07- 0 0 ;>' 0
m ... 0 -0)c' mmL - -L -,TO~ C r- 0 0D mCu m0 CN - m m lT r- 0

o rLý ~E C' 9cy'L6m ?o - D ) a r CD (n .,- ( U

.4-~c Cu)C= = 2uju 0 6=E

4. CU L)M L
0) C)

a-.~c -- t-

r- 'IT C3) "TM 0(DL I 14'I O DLO - MCO) a HCo

~0 ) W LD M~E CO NCNJC-
cu r-0 ) )0 ocoa) 0 ) - a

- Cuj ) a

a) x x

a)0 0)0 - --

0 ~ ~ U~
a) >)0) 0

(D "0 a) 0 0 0
a) 0 ) a-a c a) -~0 -, >,"8 0- -0 Q) 8 @ Cuu) r 000 0 0 a aC

0 0 0~a~) 00) 0 0
0 .. o0 W - (30

E~ ~ ~ L 22o22 3z 3
a-. 0 in 0 ý

Oa a) "H. 0 Cu C: o~) Cu CuUI
St ~O C- FTP5HHO0 Z U) 00E ) r

0 0

------------- --Lo-----------2CINCJ' z _.C U-C 0 O'



WPP RCRA Part B Permit Application
DOE/VW1PP 91-005
Revision 6

1 THIS PAGE INTENTIONALLY LEFT BLANK
2

D13-6



VV1PP RORA Part B Permit Application
DOEIWPP 91 -005

Revision 6

REFERENCE 1

EPA (U.S. Environmental Protection Agency). 1989. Risk Assessment Guidance for Superfund, 2
Volume 1, Human Health Evaluation Manual (Part A). EPA 540/1-89/002. Washington, D.C. 3

D13-7



WIPP RCRA Part B Permit Application
DOE/W1PP 91 -005
Revision 6

1 THIS PAGE INTENTIONALLY LEFT BLANK
2

D13-8



VV1PP RCRA Part B Permit Application
DOEAVVPP 91-005

Revision 6

BIBLIOGRAPHY 1

DOE (U.S. Department of Energy). 1995. Transuranic Waste Characterization Quality 2

Assurance Program Plan. Rev. 0. Carlsbad, New Mexico. 3

EPA (U.S. Environmental Protection Agency). 1989. Risk Assessment Guidance for Superfund, 4

Volume 1, Human Health Evaluation Manual (Part A). EPA 540/1-89/002. Washington, D.C. 5

EPA (U.S. Environmental Protection Agency). 1994a. Health Effects Assessment Summary 6

Tables, Annual Update. EPA 540-R-93-058. Office of Solid Waste and Emergency Response, 7

Washington, D.C. 8

EPA (U.S. Environmental Protection Agency). 1994b. Integrated Risk Information System 9
(IRIS). Retrievals made during September 1994. Washington, D.C. 10

D13-9





APPENDIX WAP

WASTE ANALYSIS PLAN





Table of Contents

Waste Analysis Plan

Chapter C of the RCRA Part B Permit Application, Rev. 6
Appendix ClI through C 13 of the RCRA Part B Permit Application, Rev. 6

Solid Sample Analysis Data





CHAPTER C

WASTE ANALYSIS PLAN

(From the WIPP RCRA Part B Permit Application, Rev. 6)





WIPP RCRA Part B Permit Application
DOE/VVPP 91 -005

Revision 6

CHAPTER C I

WASTE ANALYSIS PLAN 2

TABLE OF CONTENTS 3

List of Tables ........................................................ C-lui 4

List of Figures....................................................... C-iv 5

Introduction......................................................... C-i 6

C-1 Facility Description .............................................. 0-4 7

C-l a Description of Processes and Activities at the W1PP ......... *.. .. .... 0-4 8

C-lb Identification of TRU Mixed Waste Managed at the WIPP Facility ........ 0-7 9

C-1lc Waste-Generating Processes................................. C-16 10

C-I d Description of HWMUs...................................... C-18 11

C-2 Waste Parameters.............................................. C-19 12

C-2a Selecting Waste Analysis Parameters. .. .. .. .. .. .. .. .. .. .. .. .. .. C-19 13

C-2b5 Criteria and Rationale for Parameter Selection .................... 0C-19 14

C-3 Characterization Techniques and Frequency ........................... C-21 15

C-3a Newly Generated Waste .................................... 0C-22 16

C-3b Retrievably Stored Waste ................................... 0C-25 17

*C-4 Characterization Methods ........................................ C-26 18

C-4a Sampling and Analytical Methods...............................0C-27 19

C-4b Acceptable Knowledge ...................................... 0C-29 20

C-4c Radiography .............................................. C-29 21

C-4d Quality Assurance Sampling and Analysis Requirements .............. 0-30 22

C-5 Verification for TRU Mixed Waste...................................0C-37 23

0-5a Phase I Waste Stream Screening and Verification..................0C-37 24

C-Sb Phase 11 Waste Shipment Screening and Verification ................ 0-42 25

0-6 List of References .............................................. C-48 26

Appendix C1 Chemical Compatibility Analyses of Waste Forms and Container Material 27

Appendix 02 Data Accumulated from Headspace Gas Analyses 28

Appendix 03 Totals Analysis Versus Toxicity Characteristic Leaching Procedure 29

Appendix 04 Waste Characterization Sampling Methods 30

Appendix 05 Applicability of Real-Time Radiography 31

Appendix 06 Statistical Methods Used in Sampling and Analysis 32

Appendix 07 Submittal and Approval of Alternative TRU Waste Characterization 33

Analytical Methods 34

Appendix 08 Quality Assurance Objectives and Data Validation Techniques for 35

Waste Characterization Sampling and Analytical Methods 36

Appendix 09 TRU Waste Characterization Using Acceptable Knowledge 37

0-i



W1PP RCRA Part B Permit Application
DOEAMPP 91-005
Revision 6

TABLE OF CONTENTS (CONTINVUED)

1 Appendix 010 Waste Isolation Pilot Plant Quality Assurance Project Plan Requirements (from

2 the Transuranic Waste Characterization Quality Assurance Program Plan, U.S.
3 Department of Energy, April 30, 1995)
4 Appendix Cli1 Waste Isolation Pilot Plant Generator/Storage Site Waste Screening and
5 Acceptance Audit Program
6 Appendix 012 Comparison of Transuranic Waste Characterization Procedures with EPA-
7 Approved Waste Characterization Methods
8 Appendix 013 WIPP Waste Information System Data Dictionary

Clii



WIPP RCRA Part B Permit Application
D0EAPP 91-005

Revision 6

List of Tables 1

Table Title Page 2

C-1 Waste Identifiers Cross-Correlation Table ........................ C-50 3

C-2 TRU Mixed Waste Characterization Information.................... C-65 4

C-3 Rationale for Selection of Parameters of Interest.................. C-104 5

C-4 Rationale for Compliance with Prohibited Characteristic Wastes....... C-1 06 6

0-5 VOC Headspace Concentration Limits .......................... C-1 07 7

C-6 Summary of Parameters, Characterization Methods, and Rationale 8

for CH Transuranic Mixed Waste (Stored Waste) .................. ' 'C-108 9

C-7 Summary of Parameters, Characterization Methods, and Rationale 10
for RH Transuranic Mixed Waste (Stored Waste) .................. 0-1 13 11

0-8 Summary of Hazardous Waste Characterization Requirements for 12

Transuranic Mixed Waste...................................0-1 17 13

0-9 Headspace Target Analyte List and Methods ..................... 0-1 19 14

0-10 Required Total Organic Analyses and Test Methods Organized by 15

Organic Analytical Groups .................................. 0-120 16

C-il1 Summary of Sample Preparation and Analytical Methods for Total 17

Metals.................................................0-122 18

0-12 WIPP Waste Information System Data Fields ..................... 0-123 19

0-13 Required Program Records Maintained in Site Project Files..........0C-125 20

C-iii



WIPP RCRA Part B Permit Application
DOE/IPP 91-005
Revision 6

1 List of Figures
2

3 Figure Tkie Page
4

5 c-i Data Collection Design for Characterization of Newly Generated
6 Waste ................................................. 0-127
7 C-2 Data Collection Design for Characterization of Retrievably Stored

8 Waste.................................................C-128
9 C-3 U.S. Department of Energy Transuranic Mixed Waste Generator!

10 Storage Sites............................................ G-129

11 C-4 WMPP Waste Stream Profile Form............................. C-130

12 C-5 Levels of Data Verification .................................. 0C-132
13 0-6 TRU Waste Screening Flow Diagram ........................... 0-1 33
14

C-iv



WIPP RCRA Part B Permit Application
D0EANPP 91-005

Revision 6

CHAPTER C I

WASTE ANALYSIS PLAN 2

Introduction 3

This waste analysis plan (WAP) has been prepared for disposal activities to be conducted at the 4

Waste Isolation Pilot Plant (WIPP) facility to meet requirements set forth in Title 20 of the New 5

Mexico Administrative Code, Chapter 4, Part 1 (20 NMAC 4.1), Subpart V, §264.13. Guidance 6

in the most recent U.S. Environmental Protection Agency (EPA) manual on waste analysis has 7

been incorporated into the preparation of this WAP (EPA, 1994). Accordingly, this chapter 8

includes a facility description; information on the waste to be managed; a discussion of 9

parameters, rationale, and test methods; details of planned waste sampling and analysis; a 10

description of the waste shipment screening and verification process; and a description of the 11

quality assurance (QA)/quality control (QC) program. 12

When using this WAP, the term "WIPP," when used in the context of requiring a duty or 13

responsibility, means the U.S. Department of Energy (DOE) as the facility owner and operator 14

and the Westinghouse Waste Isolation Division (WiD) as the co-operator, as set forth in the 15
WIPP Resource Conservation and Recovery Act (RORA) Permit Application certification 16

(Chapter M of this permit application). This WAP establishes waste characterization 17

*requirements for DOE waste generators at other sites. Waste characterization requirements are 18

implemented in lower-tier documents, including the Transuranic Waste Characterization Quality 19

Assurance Program Plan (QAPP)l and quality assurance project plans (QAPjP) for individual 20

generator sites and analytical laboratories. 21

The mission of the WIPP Project, as established by the U.S. Congress in 1979 (Public 22

Law 96-164), is to provide a research and development facility to demonstrate the safe disposal 23

of transuranic (TRU) mixed waste generated as a result of United States defense activities. This 24

permit application and this WAP are for the management of TRU mixed waste to be disposed 25

of at the WIPP facility. 26

TRU mixed waste contains both TRU radioactive and hazardous components, as defined in 27

-' 20 NMAC 4.1, Subpart VIII, §268.35(d), and in the Federal Facility Compliance Act, Public Law 28

102- 386, Title 1, §3021 (d). It is designated and separately packaged as either contact-handled 29

(CH) or remote-handled (RH), based on the radiological dose rate at the surface of the waste 30

'The Transuranic Waste Characterization Quality Assurance Program Plan, DOE/CAO 94-1010 (April, 1995), utilizes 31
a performance-based approach to allow individual sites to have the flexibility to employ analytical and examination 32
methods that meet the quality assurance objectives specified in this WAP. The DOE will conduct waste 33
characterization activities at each generator site planning to ship waste to the WIPP facility to obtain the requisite data. 34.TRU mixed waste characterization described in the QAPP includes: 1) radiography, 2) headspace gas sampling and 35
analysis, 3) solidified waste sampling and analysis, and 4) visual examination. 36
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1 container. Both CH TRU and RH TRU mixed wastes will be received and disposed of at the

2 \NIPP facility.
3

4 The hazardous components of the TRU mixed waste to be managed at the WIPP facility are

5 designated in the W1APP facility's RCRA Part A permit application. This WAP describes the

6 measures that will be taken to assure that the wastes received at the WIPP facility are within the

7 scope of the RORA Part A permit application as established by 20 NMAC 4.1, Subpart V,

8 §264.13, and that they comply with unit-specific requirements of 20 NMAC 4.1, Subpart V,

9 Miscellaneous Units.
10

11 Both OH TRU and RH TRU mixed waste at the WIPP facility will be managed using containers

12 that meet or exceed the requirements of the U.S. Department of Transportation (DOT) for Type A

13 containers. The use of the term "container' when referring to waste characterization activities

14 refers to a drum, canister, or Standard Waste Box (SWB) unit. Section D-la(1) provides details

15 regarding the design and use of these waste containers.
16

17 The W1PP facility requires TRU waste characterization programs to adhere to the requirements

18 specified in this WAP, and enumerated in the WIPP Waste Acceptance Criteria (WAC), and the

19 Transuranic Waste Characterization QAPP (DOE, 1995a). All waste characterization activities

20 discussed in Section C-4 will be carried out at generator sites in accordance with this WAP.

21 W1PP management will audit site waste characterization programs and activities as described

22 in Section 0-5. This WAP describes the relationship of the waste characterization data and V
23 information to the regulatory requirements of 20 NMAC 4. 1. The waste characterization program

24 for wastes to be received at the WIPP facility for disposal has been designed to utilize sampling -

25 and analysis. In addition, acceptable knowledge of waste generation processes may be used /

26 for those wastes for which no practical characterization techniques exist (such as debris waste). j
27

28 Some TRU mixed waste is retrievably stored at the DOE generator sites. Additional waste will

29 be generated and packaged into containers at these sites in the future. TRU mixed waste will

30 be retrieved from storage areas at a DOE site. Retrievably stored waste is defined as waste

31 generated after 1970 and before implementation of the QAPP characterization requirements.

32 Newly generated waste is defined as waste generated after implementation of QAPP

33 characterization requirements. Stored TRU waste will be characterized on an ongoing basis, as

34 the waste is retrieved. Newly generated TRU waste will be characterized as it is generated.

35 Waste characterization requirements for stored and newly generated wastes differ due to the

36 QAPP requirements, as discussed in Sections C-3a and C-3b.
37

38 Characterization requirements for individual containers of waste are specified on a waste stream

39 basis. A waste stream is defined as waste material generated from a single process or from an

40 activity that is similar in material, physical form, isotopic make-up, and hazardous constituents.

41 Waste streams are grouped by Waste Matrix Code Groups related to the physical and chemical

42 properties of the waste. Generator/storage sites must use the characterization techniques

43 described in this WAP to assign appropriate Waste Matrix Code Groups for WI PP disposal. The
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@1 Waste Matrix Code Groups are solidified inorganics, solidified organics, salt waste, soils,
2 lead/cadmium metal, inorganic nonmetal waste, combustible waste, graphite, filters,
3 heterogeneous debris waste, and uncategorized metal.
4

5 Wastes are initially categorized into three broad Summary Category Groups that are related to

6 the final physical form of the wastes. Waste characterization requirements for these groups are

7 specified separately in Section C-2 of this WAP. These groups include Homogeneous Solids
8 (Summary Category S3000), Soil/Gravel (Summary Category S4000), and Debris Wastes
9 (Summary Category S5000).

10

11 The WVIPP waste characterization program carried out by generators will be controlled under this

12 WAP and implemented by the requirements of the QAPP and the WAC Certification Program

13 (DOE, 1991). Waste characterization activities at the generator sites include the following,
14 although not all these techniques will be used on each container, as discussed in Section C-2:
15

16 *Radiography, which is an x-ray technique to determine physical contents of

17 containers
18

19 *Visual examination of opened containers as an alternative way to determine their

20 physical contents or to verify Radiography results

22 Headspace-gas sampling to determine volatile organic compound (VOC) content
23 of gases in the void volume of the containers

24

25 *Sampling and analysis of waste forms that are homogeneous and can be

26 . ~ representatively sampled to determine concentrations of hazardous waste

27 constituents and toxicity characteristic contaminants of waste in containers
28

29 *Compilation of documented acceptable knowledge into an auditable record
30

31 The DOE's objective is to operate and maintain the W1PP facility free of both chemical and

32 radiological contamination. Therefore, as allowed by 20 NMAC 4.1, Subpart V, §264.13, and

33 consistent with joint EPA and U.S. Nuclear Regulatory Commission (NRC) guidance, all waste

34 sampling and analyses will be conducted by the DOE generator sites in accordance with the

35 requirements of this WAP. The WAP specifies required characterization activities that the

36 generator must complete in order to be able to provide the information needed to send TRU

37 waste to the WIPP facility for disposal. In accordance with this WAP, the generator sites will

38 conduct the required waste characterization activities. Once the sufficient waste characterization

39 is complete, the generator will complete a Waste Stream Profile Form documenting the results

40 of their characterization activities (see Section C-lb). Generators will perform specific waste

41 analyses according to the Transuranic Waste Characterization Sampling and Analysis Methods

42 Manual (hereinafter referred to as the Methods Manual), which prescribes appropriate EPA-

43~ specified analytical methods modified as needed due to the presence of TRU waste
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1 contaminants (DOE, 1 995b). Since the DOE has determined that the waste analysis parameters

2 (Section C-2a) are the same for OH and RH TRU mixed waste, RH TRU waste will be

3 characterized using the same techniques as are used for CH TRU waste, with the exception of

4 visual examination. Most RH TRU waste will be inspected using radiographic examination, but

5 the DOE decided that visual examination will not be used to verify radiographic examination for

6 RH TRU waste due to the added radiological exposure, cost, and waste generation associated

7 with visual examination. The sampling and analytical methods that are used for OH waste

8 characterization will not change except for that they will be performed remotely in shielded

9 facilities for most RH waste characterization. The remote manipulations used for waste

10 characterization (i.e., shaking and pouring) are common and will not require additional operator

11 training. If at some point in time more effective waste characterization methods are developed

12 for OH TRU or RH TRU waste, they will be submitted for inclusion in the Methods Manual per

13 the DOE/Carlsbad Area Office (CAO) procedure discussed in Appendix 07. The data reports

14 and the Waste Stream Profile Forms (see Section C-ib) resulting from waste characterization

15 activities will be transmitted to the W1APP, reviewed for completeness, and screened for

16 acceptance prior to loading any waste into the Transuranic Package Transporter (TRU PACT-Il)

17 or RH TRU mixed waste shielded road cask at the generator facility, as described in Section 0-5.

18 Only waste that has been characterized in accordance with this WAP and that meets the WAC,

19 will be accepted for disposal at the WIPP facility.
20

21 C-1 Facility Description

23 C-la Description of Processes and Activities at the WlPP
24

25 General descriptions of the W1PP facility waste handling processes are provided below. Detailed

26 process descriptions are provided in Chapter D, Section D-l0a(3), of this permit application.

27

28 CH TRU Mixed Waste Handlinq Process Overview
29

30 Waste from DOE TRU mixed waste generator/storage sites identified by the DOE as meeting the

31 WAC will be disposed of at the W1PP facility. The ten major generator/storage sites anticipated

32 to send the majority of waste for disposal at the W1APP are:
33

34 Argonne National Laboratories (East)/
35 *Idaho National Engineering Laboratory
36 *Los Alamos National Laboratory
37 *Lawrence Livermore National Laboratory
38 e Mound Facility
39 *Nevada Test Site
40 *Oak Ridge National Laboratory
41 *Richland (Hanford) Site
42 *Rocky Flats Environmental Technology Site

43 Savannah River Site
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@ 1 Figure C-3 shows the geographic location of these sites. There are several small
2 generator/storage sites that will either ship their waste to the WI PP facility for disposal or to one

3 of the major generator/storage sites for waste characterization and certification to the WVIPP

4 requirements. Those sites will be identified to the New Mexico Environment Department (NM ED)

5 as they are certified and prior to initiating any shipments from these sites to the W1PP facility.
6

7 OH TRU mixed waste will arrive at the WIPP facility in a DOT Type B transportation package

8 (i.e., a TRUPACT-11 or other approved package). Each TRUPACT-11 is capable of carrying up

9 to two DOT Type A SWBs, two seven-packs of DOT Type 7A 55-gallon (gal) drums, or one DOT
10 Type 7A Ten-drum Overpack (TDOP).
11

12 When the TRUPACT-Ils arrive at the WIPP facility, radiological surveys, security checks, and

13 shipping documentation reviews will be performed. Upon completion of these checks, the

14 hazardous waste manifest will be signed to release the driver. Should radiological surveys (i.e.,

15 surface dose rate, contamination) exceed acceptable levels, the TRUPACT-Ils and transport

16 trailer will be placed outside the Waste Handling Building (WHB) in the parking area container

17 storage unit or in the WHB itself. Factors such as weather conditions, time of receipt, and space

18 availability will determine the actual location for placement of the TRUPACT-Ils and transport

19 trailer. Once the location is established, the appropriate radiological boundaries (i.e., ropes,
20 placards, etc.) will be erected around the affected TRUPACT-Ils and transport trailer. In the

@2 1 event that fixed and/or removable contamination is detected on the extemnal surface of

22 TRUPACT-Ils in excess of WIPP free release limits, Waste Operations, in conjunction with

23 Operational Health Physics, would assess the situation and formulate a plan of recovery to

24 decontaminate the shipping container(s).
25

26 The TRUPACT-Ils will be removed from the transport trailer and taken inside the WHB. Inside

27 the WHB, the TRUPACT-Ils will be opened and the waste containers removed. As the

28 containers are being removed, radiological surveys will be conducted. If contamination is

29 detected on the waste containers, a determination will be made as to whether small area "spot"

30 decontamination activities will be performed or to replace the waste containers, reseal the

31 TRU PACT-Il, and prepare a new hazardous waste manifest to ship the payload back to the

32 generator/storage facility. Should small area decontamination be conducted, the resulting waste

33 will be managed as "derived" waste. Derived waste management is discussed in detail in

34t Section D-l0a(3)(a).
35

36 When the containers are removed from the TRUPACT-Il, additional checks will be conducted to

37 verify that the waste containers are the same as those described on the hazardous waste

38 manifest and the WIPP Waste Information System (WWIS) database (described in Section C-5a).

39 When all identification checks have been completed, the generator's copy of the manifest will be

40 returned to them (within 30 days of waste receipt). If there are any discrepancies, the generator

41 will be contacted for resolution. Discrepancies that are not resolved within 15 days of waste

42 receipt will be reported to the NMED as required by 20 NMAC 4.1, Subpart V, §264.72. If a@43 resolution is not reached within 30 days of waste receipt, the waste will be returned to the site
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1 which shipped the containers. A more detailed discussion on discrepancy resolution is provided

2 in Section C-5b of this chapter.
3

4 The waste containers will be loaded onto a facility pallet, which will be transferred to a

5 conveyance loading car. The conveyance loading car will move the loaded facility pallet into the

6 waste hoist cage, which will be lowered to the underground waste receiving station through the

7 Waste Shaft. At the underground waste receiving station, the pallet will be transferred to an

8 underground waste transporter, which will move the loaded facility pallet to an underground

9 hazardous waste management unit (HWMU). At the HWMVU, the waste containers will be

10 removed from the facility pallet and will be emplaced in a waste emplacement room. Bags of

11 backfill material will be placed around and on top of the stacked waste containers.

12 Section D-1lOa(3)(b) of this permit application provides a more complete description of the facility

13 and the CH waste management activities.
14

15 RH TRU Mixed Waste Handlingq Process Overview "
16

17 RH TRU mixed waste will arrive at the WJPP facility in a shielded road cask. Upon arrival,

18 radiological surveys, security checks, and shipping documentation reviews will be performed.

19 Upon completion of these checks, the hazardous waste manifest will be signed to release the

20 driver. Should radiological surveys (i.e., surface dose rate, contamination) exceed acceptable

21 levels, the road cask and transport trailer will be placed outside the WVHB in the controlled area

22 or in the WAHB itself. Factors such as weather conditions, time of receipt, and space availability

23 will determine the actual location for placement of the road cask and transport trailer. Once the

24 location is established, the appropriate radiological boundaries (i.e., ropes, placards, etc.) will

25 be erected around the road cask and transport trailer. In the event that fixed and/or removable

26 contamination is detected on the external surface of the road cask in excess of WIPP free

27 release limits, Waste Operations, in conjunction with Operational Health Physics, would assess

28 the situation and formulate a plan of recovery to decontaminate the road cask.

29

30 The RH TRU mixed waste canister will be removed from the shielded road cask in the WHB hot-

31 cell complex, where it will be checked against the identity on the hazardous waste manifest and

32 the WWIS to verify that the canister is suitable for emplacement. The generator's copy of the

33 manifest is then returned to the generator. If there are any discrepancies, the generator will be

34 contacted for resolution. Discrepancies that are not resolved within 15 days of waste receipt will

35 be reported to the NMED, as required by 20 NMAC 4.1, Subpart V, §264.72. If a resolution is

36 not reached within 30 days of receipt of the waste, the canister will be returned to the site that

37 shipped the canister.
38

39 The RH canister will be checked for external surface contamination in the hot-cell complex. If

40 an unacceptable condition is identified, the canister will be overpacked. The overpacked canister

41 will then reenter the normal waste management process line. The canister will then be placed

42 into a facility cask for transport to an HWMU. The facility cask will be placed onto the facility
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I1 cask transfer car and will be loaded onto the waste hoist and lowered to the underground waste
2 receiving station.

3

4 At the underground waste receiving station, the facility cask transfer car will move the facility

5 cask, loaded with the RH TRU mixed waste canister, from the waste hoist cage, and a forklift will

6 transport it to an HWMU. The emplacement machine will be positioned in front of a predrilled

7 horizontal hole bored into the room wall, and the facility cask will be placed on the machine

8 assembly. The emplacement machine will then insert the waste canister into the hole. A shield

9 plug will be inserted into the hole to provide radiation protection.
10

11 The amount of RH TRU mixed waste disposed in each panel is limited, based on thermal and
12 geomechanical considerations. A nominal spacing of 8 feet (ft) (2.4 meters [m]) between centers

13 for RH TRU mixed waste canisters is planned. Section D-l0a(3)(c) of this permit application

14 provides a more complete description of the facility and the RH waste management activities.
15

16 C-lb Identification of TRU Mixed Waste Managed at the WIPP Facility
17

18 Waste Stream Identification
19

20 Waste destined for disposal at W1APP is characterized on a waste stream basis. A waste stream

*2 1 is defined as waste material generated from a single process or activity that is similar in material,
22 physical form, isotopic make-up, and hazardous constituents. Waste may be generated as either

23 process or process batch waste streams. A process is defined as a system or series of

24 continuous or regularly occurring actions taking place in a predetermined manner over extended

25 periods of time, resulting in waste that is substantially uniform. A process batch is defined as

26 an amount of material subject to a particular unit chemical process, unit physical mixing process,

27 or another short-term operation, resulting in waste that is substantially uniform. Sites delineate

28 waste streams using acceptable knowledge. Acceptable knowledge is fully described in

29 Secfon C-4b and Appendix 09.
30

31 There are various identifiers used for waste streams, all developed for specific purposes.

32 Table C-1 is a cross correlation table that shows the interrelation between all of these identifiers.
33

34 The Summary Category Group (Matrix Parameter Summary Category) description is the broadest

35 grouping. The Summary Category Groups are assigned to each waste stream identified by

36 generators to facilitate RCRA waste characterization and reflect the physical form of the waste.
37

38 The Waste Matrix Codes (or Matrix Parameter Categories) were developed by the DOE, in

39 response to the Federal Facilities Compliance Act, as a methodology to aid in classifying mixed

40 waste streams within the DOE system. These codes represent different physical and chemical

41 matrices. The Waste Matrix Code Group (or Final Waste Form) is a grouping of the Waste
42 Matrix Codes that have similar physical and chemical properties.
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1 A Waste Stream WIPP Identifier (ID) is assigned to each specific waste stream at a specific
2 generator site. Similarities in the IDs do not necessarily correlate to similarities between waste
3 streams. The Waste Stream Name is linked to the ID.
4

5 Waste stream descriptions may also be associated with TRUPACT-Il content (TRUCON) codes.
6 TRUCON content codes were originally developed as a type of shorthand representation of the

7 chemical content and physical waste form of generator waste streams for use in the TRUPACT-Il
8 transportation safety analysis. Each waste stream was reviewed and a TRUCON code was
9 assigned. Newly identified waste streams eligible for W1PP disposal will be assigned TRUCON

10 codes, which will be approved by the NRC prior to shipment of the waste streams.
11

12 The Item Description Code is a site-specific numerical code applied to individual waste streams
13 to identify their source. These codes represent the local identifiers, used by the generator sites
14 to specify the waste stream type and/or generation area of TRU and TRU mixed waste, and are

15 used at most DOE facilities that generate TRU and TRU mixed waste.
16

17 The Waste Type is a numerical designator ranging from one to four that indicates if the waste
18 is a solidified inorganic, solid inorganic, solid organic, or solidified organic. This description is
19 used in the shipment of the waste.
20

21 Waste Categories are included in Table C-i for the purposes of linking this information to the
22 compatibility'study presented in Appendix C1.
23

24 Waste stream information has been provided by the generator/storage sites and is documented
25 in the W1PP Transuranic Waste Baseline Inventory Report (WTWBIR) (see Table C-2). The

26 information provided by the generator/storage sites in the WVTWBIR is not the result of waste

27 characterization. It is an estimate of waste stream constituents. Therefore, one WVTW\BIR waste

28 stream may relate to numerous waste streams for the purpose of waste characterization. The
29 WTWIBIR information was compiled in order to estimate waste volumes and properties for long-

30 term performance assessment. All waste characterization activities must still be conducted and

31 each waste stream submitted to the WIPP facility on a Waste Stream Profile Form for approval.,~
32 Waste stream descriptions will be finalized over the course of waste characterization at the sites.

33 Changes that have been made to the WTWBIR in recent revisions to this document do not affect
34 this permit application.
35

36 Currently, the majority of existing retrievably stored waste to be disposed at WIPP is in earthen-

37 covered storage or other storage which is not readily accessible. Because of this, all of the

38 waste within a waste stream may not be available for sampling and analysis at one time. In

39 these instances, sites will divide waste streams into waste stream lots based on staging,
40 transportation, or handling issues. Characterization activities are then undertaken on a waste

41 stream lot basis. Sites initially delineate and describe waste streams using acceptable
42 knowledge. As waste characterization activities proceed, waste stream descriptions may change
43 based on the results of sampling and analysis. Results from waste characterization are used
44 to confirm acceptable knowledge, including the assignment of EPA hazardous waste codes to
45 waste streams, as appropriate.
46
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. 1 The quantity of waste reported in the WIPP RORA Part A application was determined using
2 reported generator information on waste generating processes, and waste constituents and
3 characteristics. If it was suspected, based on knowledge of a waste generating process, that a

4 RORA-regulated hazardous constituent may be contained in the waste, the waste was assumed

5 to contain that constituent. The waste volume associated with each reported EPA code was

6 assumed to equal the volume of the waste stream. Therefore, it appears that receipt of the total

7 annual waste volumes reported in the Part A application over WI PP's projected 25 year waste-

8 emplacement period would exceed the 6.2 million cubic feet (ft3) (175,600 cubic meters (in3))

9 allowable waste capacity specified in the Land Withdrawal Act of 1992. This is because many

10 waste streams with multiple EPA codes were counted as multiple volumes. A biennial report,

11 in accordance with 20 NMAC 4.1, Subpart V, §264.75, will provide information on actual volume

12 and waste descriptions received for disposal during the time period covered by the report.
13

14 Waste Summary Categories Accepted at the W1PP Facility
15

16 Once a waste stream has been delineated, sites assign a Waste Matrix Code to the waste

17 stream based on the physical form of the waste. Waste streams are assigned to one of three

18 broad Summary Category Groups; S3000-homogeneous solids, 54000-soils/g ravel, and S5000-
19 debris wastes. These Summary Category Groups are used to determine further characterization
20 requirements.

@022 S3000-Homogjeneous Solids
23 Solid process residues are defined as solid materials, excluding soil, that do not meet

24 the NMED criteria for classification as debris (20 NMAC 4.1, Subpart VIII, §268.2[g]

25 and [h]). Included in the series of solid process residues are inorganic process

26 residues, inorganic sludges, salt waste, and pyrochemical salt waste. Other waste

27 streams are included in this Summary Category Group based on the specific waste

28 stream types and final waste form. Each waste stream designated as a 3000 solid

29 process residue is identified in Table C-2 with the EPA hazardous waste codes that

30 are associated with that waste stream. This Summary Category Group is expected

31 to contain toxic metals and spent solvents. This category includes wastes that are

32 at least 50 percent by volume solid process residues.
33

34 S4000-Soils/G ravel
35 This Summary Category Group includes waste streams that are at least 50 percent

36 by volume soil as identified in Table C-2 with the EPA hazardous waste codes that

37 are associated with that waste stream. This Summary Category Group is expected

38 to contain toxic metals. Soils are further categorized by the amount of debris

39 included in the matrix.
40
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1 S5000-Debris Wastes
2 This Summary Category Group includes waste that is at least 50 percent by volume
3 materials that meet the NMAC criteria for classification as debris (20 NMAC 4.1,
4 Subpart Vill, §268.2) as follows:
5

6 Debris means solid material exceeding a 2.36 inch (in.) (60 millimeter) particle
7 size that is intended for disposal and that is:
8

9 1 . a manufactured object, or
10 2. plant or animal matter, or
11 3. natural geologic material.
12

13 However, the following materials are not debris:
14

15 .1. any material for which a specific treatment standard is provided in 20 NMAC
16 4.1, Subpart VIII1, 268 Subpart D;
17

18 2. process residuals such as smelter slag and residues from the treatment of

19 waste, wastewater, sludges, or air emission residues; and
20

21 3. intact containers of hazardous waste that are not ruptured and that retain at
least 75 percent of their original volume.

23

24 However, for the purposes of this WAP, all heterogeneous materials, or waste

25 materials whose physical form does not lend itself to sampling and analysis, are

26 considered to be in the Summary Category Group regardless of the size of the waste

27 materials. That is, this Summary Category Group includes heterogeneous waste
28 materials that are less than 2.36 in.
29

30 A mixture of debris (that has not been treated to the standards provided by 20 NMAC
31 4. 1, Subpart VIII1, §268.45), and other material is subject to regulation as debris if the

32 mixture is comprised primarily of debris, by volume, based on visual inspection

33 (20 NMAC 4.1, Subpart Vill, §268.2[g]). Due to the presence of radioactive
34 contaminants in the waste and the safety hazards involved in opening waste

35 containers, the DOE has opted to use radiography as a form of nondestructive

36 examination of the waste form in place of visual examination of the waste form. For

37 these reasons, radiography will be used on 100 percent of stored waste containers
38 and most RH TRU waste containers to determine the physical composition of debris

39 mixtures. The percentage of debris materials in mixtures in newly generated CH TRU
40 waste will be determined by visual examination during packaging.
41
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O 1 "Hazardous debris" means debris that contains a hazardous waste listed in 20 NMAC
2 4.1, Subpart 11, 261 Appendix Vill, or that exhibits a characteristic of hazardous waste
3 identified in 20 NMAC 4.1, Subpart 11, §261, Subpart C.
4

5 I ncluded in the S5000 series are metal debris, lead containing metal debris, inorganic
6 nonmetal debris, asbestos debris, combustible debris, graphite debris, heterogeneous
7 debris, and composite filters, as well as other minor waste streams, as identified in
8 Table C-2. This Summary Category Group is expected to contain toxic metals and
9 spent solvents. The EPA hazardous waste codes associated with the debris waste

10 streams are included in Table C-2.
11

12 Examples of waste that might be included in the S5000 series are asbestos-
13 containing gloves, fire hoses, aprons, flooring tiles, pipe insulation, boiler jackets, and
14 laboratory tabletops. Also included are combustible debris constructed of plastic,
15 rubber, wood, paper, cloth, and graphite and biological materials. Examples of

16 graphite waste that would be included in this series are crucibles, graphite
17 components, and pure graphite.
18

19 Chemical Properties of the Waste
20

* 21 This section of the WAP provides an overview of the chemical properties of the waste and the
22 waste source. Hazardous constituents and target analytes for waste to be disposed of at the
23 WIPP facility are shown in Table C-3.
24

25 The most common hazardous constituents in the TRU mixed waste to be managed in the WIPP
26 facility consist of the following:
27

28 Metals
29

30 Some of the TRU mixed waste to be emplaced in the WIPP facility contains metals
31 for which 20 NMAC 4.1, Subpart 11, §261.24, toxicity characteristics were established
32 (EPA hazardous waste codes D004 through D01 1). These materials are known to
33 be present based on acceptable knowledge of waste-generating processes and

34 various analytical results used to verify acceptable knowledge. Cadmium, chromium,
35 lead, mercury, selenium, and silver are present in discarded tools and equipment,

36 solidified sludges, cemented laboratory liquids, and waste from decontamination and
37 decommissioning activities. A large percentage of the waste consists of lead-lined

38 gloveboxes, leaded rubber gloves and aprons, lead bricks and piping, lead tape, and
39 other lead items. Lead, because of its radiation-shielding applications, is the most
40 prevalent toxicity-characteristic metal present.
41
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1 Halogenated Volatile Or~ganic Compounds
2

3 Some of the mixed waste to be emplaced in the W1PP facility contains spent
4 halogenated organic solvents identified in 20 NMAC 4.1, Subpart 11, §261.31 (EPA
5 hazardous waste numbers F001 through F005). The presence of these compounds
6 is confirmed by analytical results from headspace gas sampling of TRU mixed waste.
7 Tetrachloroethylene; trichloroethylene; methylene chloride; carbon tetrachloride;
8 1, 1, 1 -trichloroethane; and 1, 1,2-trichloro-1 ,2,2-trifluoroethane (EPA hazardous waste

9 codes FO0l and F002) are the most prevalent halogenated organic compounds
10 identified in TRU mixed waste that may be managed at the WIPP facility during the

11 Disposal Phase. These compounds are commonly used to clean metal surfaces prior
12 to plating, polishing, or fabrication; to dissolve other compounds; or as coolants.
13 Because they are highly volatile, only very small amounts typically remain on
14 equipment after cleaning or, in the case of treated wastewaters, in the sludges after
15 clarification and flocculation.
16

17 Nonhalogenated Volatile Organic Compounds
18

19 Xylene, methanol, and n-butanol are the most prevalent nonhalogenated VOCs in

20 TRU mixed waste that may be managed at the V\MPP facility during the Disposal

21 Phase. These compounds occur in TRU mixed waste materials in much smaller
22 quantities than halogenated VOCs. Like the halogenated VOCs, they are used as

23 / degreasers and solvents and are similarly volatile. The same analytical methods that
24 '1 are used for halogenated VOCs are used to detect the presence of nonhalogenated
25 VOCs.
26

27 Waste Not Accepted at the WIAPP Facility
28

29 The DOE has established WI PP WAC to specify the chemical and physical forms of TR U mixed

30 waste that will be accepted at the WIPP facility. These criteria include those required to ensure
31 occupational safety and protection of human health and the environment.
32

33 The following waste is unacceptable for management at the WIPP facility:
34

35 *Ignitable, reactive, and corrosive waste, as defined under 20 NMAC 4.1,
36 Subpart 11, Characteristics of Hazardous Waste
37

38 *Liquid wastes, (all waste must meet the WAC criteria regarding liquid content)
39

40 *Compressed gases
41
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@ 1 *Incompatible waste, as defined under 20 NMVAC 4.1, Subpart V, Appendix V

2 (waste must be compatible with backfill, seal and panel closure materials,
3 container, cask, and TRUPACT-11 materials as well as with other waste)
4

5 *Headspace-gas VOC concentrations resulting in average annual emissions not

6 7.protective of human health and the environment (Table 0-5 lists target maximum

7 average headspace concentrations)
8

9 *Wastes with EPA codes not listed on RORA Part A permit application
10

11 *Waste with equal to or more than 50 parts per million (ppm) (50 milligrams per

12 liter [L]) polychlorinated biphenyls (PCB)
13

14 The WIPP facility will not accept waste that exhibits the characteristics of ignitability, reactivity,

15 or corrosivity. The DOE ensures through administrative and operational procedures at the

16 generator sites that TRU mixed waste received at the WIPP facility does not exhibit these

17 characteristics. These characteristics are generally associated with liquid wastes or specific

18 waste forms that may react violently. This WAP and the WAC, therefore, prohibit liquid waste,
19 explosives, compressed gases, oxidizers, and pyrophorics. The absence of these wastes is

20 confirmed by radiography, visual examination, and headspace analysis.

@22 The TRU mixed waste received at the WI PP facility will not be aqueous or liquid, will not contain

23 WAC-prohibited materials, and will be capable of being handled at standard temperatures and

24 pressures without reaction to oxygen or water (see Table C-4). The WAC specifies that liquid

25 waste is not acceptable at the WIPP. The W]PP facility will not accept containers holding waste

26 that would be considered a liquid waste as defined in 20 NMAC 4.1, Subpart I, §260.10. Every

27 container holding waste with less than 2 L of liquid for a 55-gal drum or 8 L in a SWB must

28 contain as little residual liquid as is reasonably achievable, and all internal containers (e.g.,

29 bottles and cans) must contain less than one in. (2.5 centimeters) of liquid at the bottom of the

30 container.
31

32 Additionally, TRU mixed waste cannot contain explosives, compressed gases, oxidizers, or

33 nonradionuclide pyrophoric materials. (Waste generators have submitted information on waste

34 streams based on known waste generation processes that indicate certain waste streams may

35 have the potential for reactivity, ignitability, or corrosivity.) These characteristics must be

36 eliminated prior to waste acceptance for disposal at the WIPP.
37

38 Before accepting a container holding TRU mixed waste, WIPP personnel will examine the

39 radiography data records to verify that the container holds no unvented compressed gas

40 containers and no greater than one percent by volume of residual liquid. If discrepancies or

41 inconsistencies are detected during the radiography data record review, WIPP personnel may

42 review the radiography video tape to verify that the observed physical form of the waste is

@43 consistent with the waste stream description provided by the generator and to ensure that no
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1 WAC-prohibited materials are present in the waste. Section C-5 includes a description of the
2 waste verification process that the DOE intends to conduct prior to receiving a shipment at the
3 WIPP.
4

5 The W1PP will manage TRU mixed waste in a manner that mitigates the buildup of explosive or
6 flammable gases within the waste. Containers are vented through individual carbon composite
7 particulate filters, allowing any gases that are generated by radiolytic and microbial processes

8 within a waste container to escape; to prevent over pressurization. Gas generation is discussed
9 in detail in Chapter I, Section I-le(4).

10

11 The WIPP facility is designed to manage only compatible waste. Therefore, a compatibility
12 analysis was performed to identify potential incompatibilities for all defense generated TRU

13 mixed waste reported in the WTWBIR. Wastes were screened for incompatibilities based on

14 their chemical content and physical waste form by comparing information presented in 20 NMVAC
15 4. 1, Subpart V, Appendix V, and the EPA document "A Method for Determining the Compatibility
16 of Hazardous Wastes," (Hatayama et al., 1980). The compatibility analysis also took into

17 account waste compatibility with various aspects of the repository such as shaft, seal, and panel

18 closure materials, backfill, and fire suppressant materials. Appendix C1 provides additional
19 details and results of this analysis.
20

21 To ensure the integrity of the WIPP facility, waste streams identified to contain incompatible
22 materials or materials incompatible with waste containers cannot be shipped to WI PP unless they

23 are treated to remove the incompatibility. Only those waste streams that are compatible or have

24 been treated to remove incompatibilities will be shipped to WIPP.
25

26 As described in Chapter D, Section D-9b(4), the potential risks to human health and the
27 environment are due to emissions of VOCs from the waste containers into the air pathway. The ~

28 most stringent environmental performance standard of 20 NMVAC 4.1, Subpart V, §264.601(b)

29 is the acceptable excess risk levels for residential (chronic) exposure to carcinogens (10-6 for

30 Class A and B carcinogens and 10-5 for Class C carcinogens). In addition, the risk assessment

31 in Chapter D examined occupational exposures and compared them to Occupational Safety and

32 Health Administration risk standards. WAC have been developed to limit the VOC concent~rations

33 in the headspace of waste containers to those which when averaged will ensure compliar ;e with

34 the performance standards. These limits are presented in Table C-5 as VOC headspace
35 concentration limits. In reality, these are maximum average headspace concentrations. This

36 means that some containers can exceed these values as long as averages in a disposal room

37 do not. For a generator to ship waste that exceeds any of these values, a WAC exception must

38 be requested at which time WIPP personnel will evaluate the impact on the average
39 concentrations in the disposal room.
40

41 The DOE will only allow generators to ship those waste streams with EPA Hazardous Waste

42 Codes listed on Part A of this application. Characterization of all waste streams will be

43 performed as required by this WAP. If during the characterization process, new hazardous
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@1 waste codes are identified, those wastes cannot be accepted for disposal at the WVIPP facility

2 until a permit modification has been submitted and approved. Similar waste streams at other

3 generator sites will be examined more closely to ensure that the newly identified code does not

4 apply. If other waste streams also require a new hazardous waste code, shipment of these

5 waste streams will also cease until a permit modification has been submitted and approved.

6 Approval will be based on the physical and chemical properties of the waste.
7

8 Transformer oils containing PCBs have been identified in a limited number of waste streams

9 included in the Waste Matrix Code corresponding to organic sludges. Because the WIPP facility

10 is not seeking permission to manage PCB waste, these waste streams are required to be

11 screened to assure PCB levels are below 50 ppm.
12

13 Control of Waste Acceptance
14

15 The waste acceptance program is defined in the WAC (DOE, 1991 or current revision). This

16 document provides a list of criteria that must be met for waste to be shipped to the WI PP facility

17 for management. The WAC requires the generator to prepare a waste certification program that

18 lists the methods and techniques used to determine compliance with the WAC and the QA/QC

19 criteria that are applied to the generator's waste certification program. One of the criteria that

20 the generator is required to meet is compliance with the applicable portions of this WAP. The@21 WAC certification programs result in controlled and consistent waste properties and final

22 packaging.
23

24 A Waste Stream Profile Form will describe a CH TRU or RH TRU mixed-waste stream destined

25 for shipment to and disposal at the WIPP facility. The Waste Stream Profile Form summarizes

26 important information about a particular waste stream. Examples of information contained in a

27 Waste Stream Profile Form are:
28

29 *The generator's site name
30

31 *Original generator of waste stream
32

33 *A description of the waste stream
34

35 *The date of WAC certification by the DOEICAO and the certification document title

36 and date
37

38 *The Waste Stream WIPP Identification Number
39

40 *The designated Summary Category Group
41

42 *A listing of acceptable knowledge documentation used to identify the waste
43 stream
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1 *The waste-characterization procedures used and the reference and date of the
2 procedure
3

4 *The data packages supporting the characterization
5

6 *The EPA hazardous waste codes
7

8 *Waste Stream Profile Form Certification statement signed by the manager of the
9 generator site

10

11 These data will be provided for each waste stream prior to its acceptance for disposal at the
12 WI PP. The Waste Stream Profile Form data will be transmitted once for each waste stream from
13 a facility.
14

15 For waste streams that are continually generated, a Waste Stream Profile Form may be
16 submitted once the waste stream has been characterized per the QAPP based on the variability
17 of the waste stream (as shown in Appendix C6). Characterization activities will continue in order
18 to verify consistency with the initial characterization and Waste Stream Profile Form (Section C-
19 3a). If there are discrepancies, the waste will be redefined to a separate waste stream, and a
20 new Waste Stream Profile Form will be submitted.
21

22 The WI PP Waste Operations Manager will be responsible for the review of Waste Stream Profile
23 Forms (see Section C-ic and Figure C-4) and data records to verify compliance with the
24 restrictions on TRU mixed wastes for W1PP disposal. The Waste Stream Profile Form includes
25 a section requiring the waste generator to provide the data and documentation of WAG
26 certification for the TRU mixed waste stream described on the form. The W1APP Waste, ,

27 Operations Manager will also be responsible for the review of shipping records (see .-

28 Section C-5b) to verify that each container has been prepared under a WAC-certified program
29 and in accordance with this WAP. Waste characterization data must indicate the absence of
30 unacceptable materials.
31

32 Generator site waste stream characterization will be subject to the Generator/Storage Site Waste
33 Screening and Certification Audit Program (Appendix C1 1) for compliance with this WAP.
34 Section C-5 further discusses WIPP facility waste screening activities.
35

36 C-Ic Waste-Generating Processes
37

38 Waste-Generating Processes At DOE Generator Facilities
39

40 TRU mixed waste generated at DOE sites results from specific processes and activities that are
41 well-defined and well-controlled, enabling the DOE to characterize waste streams on the basis
42 of knowledge of the process and the raw materials used. Examples of the major types of
43 operations that generate TRU mixed waste include:
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1 * Production of Nuclear Products-Production of nuclear products includes reactor

2 operation, radionuclide separation/finishing, and weapons fabrication and

3 manufacturing. The majority of the TRU mixed waste was generated by weapons

4 fabrication and radionuclide separation/finishing processes. More specifically,

5 wastes consist of residues from chemical processes, air and liquid filtration, casting,

6 machining, cleaning, product quality sampling, analytical activities, and

7 maintenance and refurbishment of equipment and facilities.
8

9 * Plutonium Recovery-Plutonium recovery wastes are residues from the recovery

10 of valuable plutonium-contaminated molds, metals, glass, plastics, rags, salts used

11 in electrorefining, precipitates, firebrick, soot, and filters.
12

13 * Research and Development (R&D)-R&D projects include a variety of hot cell or

14 glovebox activities that often simulate full-scale operations described above,

15 producing similar TRU mixed wastes. Other types of R&D projects include

16 metallurgical research, actinide separations, process demonstrations, and chemical

17 and physical properties determinations.
18

19 *Decontamination and Decommissioning-Facilities and equipment that are no

20 longer needed or usable are decontaminated and decommissioned, resulting in

21 TRU mixed wastes consisting of scrap materials, cleaning agents, tools, piping,

1 22 filters, Plexiglas~m, gloveboxes, concrete rubble, asphalt, cinder blocks, and other

23 building materials. This is expected to be the largest category by volume of TRU

24 mixed waste to be generated in the future.
25

26 Waste-Generating Processes at the WIPP Facility
27

28 Nonradioactive hazardous waste generated at the WIPP facility is characterized, placed in

29 containers, and temporarily stored, in accordance with 40 CER §262.34, until it is transported

30 off site for treatment and/or disposal at a permitted facility. This waste generation and

31 accumulation activity, which is performed in compliance with 20 NMAC 4.1, Subpart III, is not

32 subject to RCRA permitting requirements and, as such, is not addressed in this permit

33 application.
34

35 Administrative practices that direct normal operations at the WIPP facility will be implemented

36 to minimize the possibility of generating new TRU mixed waste. For this reason, any TRU

37 mixed waste generated through normal waste handling operations will be derived from the waste

38 received from the off-site generator. Throughout this application, site-generated waste that is

39 derived from waste generated at an off-site facility is referred to as derived waste. Because

40 derived wastes can contain only those RORA-regulated materials present in the waste from

41 which they were derived, no additional characterization of the derived waste is proposed for

42 disposal purposes. In other words, the generator's characterization data and knowledge of the
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1 processes at the W1IPP facility will be used to identify and characterize containers of derived

2 waste. The management of derived waste is addressed in Section D-1 Oa(3)(a).
3

4 Hazardous constituents within the waste containers are known and have been determined to be

5 acceptable for disposal at the WIPP facility. Therefore if a spill, breach, or other type of release

6 of TRU mixed waste from a container occurs, the waste generated during cleanup would be

7 managed as derived waste. Anticipated sources of derived waste during the Disposal Phase
8 include:
9

10 * Swipes used to detect external radioactive contamination during receipt inspection
11 and other radiological checks
12

13 * Any TRU mixed waste generated through nonroutine events, such as the cleanup
14 of spills
15

16 C-id Description of HWMUs
17

18 The underground HWVMUs (defined as waste panels) are 2,150 ft (655 m) beneath the surface,

19 in the WIPP underground and are designated as Panels 1 through 10. Each waste panel,

20 designated as Panels 1 through 8, consists of seven parallel rooms and two access drifts. Each

21 room is approximately 300 ft (91 m) long, 33 ft (10 m) wide, and 13 ft (4 m) high. Access drifts
22 connect the rooms and have the same cross section. Panels 9 and 10 are the disposal area

23 access drifts which may be used by the DOE for waste disposal in the future. The DOE intends

24 to operate the W1 PP facility in a manner that minimizes the number of underground HWMUs that

25 are open at any one time, as discussed in Section B-lb.
26

27 The underground HWMUs provide room for 6.2 million ft (175,600 in) of TRU mixed waste of

28 which no more than 250,000 ft3 (7,080 Mn) may be for RH TRU mixed waste. The remainder

29 will be for OH TRU mixed waste. RH TRU mixed waste canisters will be inserted into horizontal

30 holes bored into the walls of the HWMUs. The OH TRU mixed waste packages will fill the
31 remaining HWMU space exclusive of the panel closures.
32

33 The surface HWVMUs are inside the WHB and the parking area south of the WHB. The WHB is

34 the surface facility where waste handling activities will take place (Figure D-1). The WHB has

35 a total area of approximately 84,000 square ft (ft2) (7,803 square in (Mn) of which 33,175 ft?

36 (3,083 in2) are designated for the waste handling and storage of OH TRU mixed waste and

37 21,318 ft2 (1,981 in2) are designated for the waste handling and storage of RH TRU mixed waste,

38 as shown in Figure D-1. These combined areas are being permitted as a container storage unit.

39 The OH side of the WHB will store up to 2718.2 ft3 (77.02 in3) and the RH side up to 377 ft3

40 (10.7 in), under normal conditions of operations. The concrete floors are sealed with an

41 impermeable coating that has excellent resistance to the chemicals in TRU mixed waste and,

42 consequently, provide secondary containment for TRU mixed waste.
43
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1 The parking area HWMU (Figure D-2) south of the WHIB will be used for storage of waste in

2 sealed shipping containers awaiting unloading, having a surface area of 272,500 ft2 (25,315 in2 ).

3 This area is also being permitted as a container storage unit for 1536 ft3 (43.5 in) of OH and

4 126 ft3 (3.6 in) of RH waste. The sealed shipping containers provide secondary containment

5 in this HWMU. System descriptions for the WHB HWMU and TRU mixed waste handling

6 systems and a description of the impermeable coating are provided in Sections D-l0a(2)(b),

7 D-l0a(2)(c), and D-l0a(3).
8

9 C-2 Waste Parameters
10

11 This section discusses the parameters of interest for waste characterization purposes, and the

12 rationale for their selection.
13

14 C-2a Selecting Waste Analysis Parameters
15

16 The following analytes were selected as parameters of interest:
17

18 * Toxicity characteristic contaminants listed in 20 NMAC 4.1, Subpart 1I, §261.24,

19 Table 1 (excluding pesticides)
20

21 * F-listed solvents (FOOl, F002, F003, F004, F005) found in 20 NMAC 4.1, Subpart I,

10 22§26 1.31, and known to be used at DOE sites
23

24 * Hazardous constituents included in 20 NMAC 4.1, Subpart 11, §261 Appendix Vill,

25 and reported to be present in waste generated by DOE TRU waste

26 generator/storage sites
27

28 Table 0-3 summarizes the parameters of interest and the rationale for including each parameter

29 in this WAP. The next sections provide a description of the acceptable methods to evaluate

30 these parameters for each waste Summary Category Group.
31

32 C-2b Criteria and Rationale for Parameter Selection
33

34 Parameters were selected for characterization based on data needed to address regulatory

35 requirements for accepting TRU mixed waste at the W1PP miscellaneous-unit disposal facility.

36

37 Radiography will be used to examine containerized waste to ascertain its physical form. This

38 technique can detect liquid wastes and containerized gases, which are prohibited for WIPP

39 disposal. Prohibiting liquids and containerized gases prevents the shipment of corrosives,

40 ignitable waste, or reactive waste. Radiography will also be able to confirm that the physical

41 form of the waste matches its'waste stream description (i.e. Homogeneous Solids, Soil/Gravel,

42 or Debris Waste [including uncategorized metals]). If the physical form does not match the

43 waste stream description, the waste will be designated as another waste stream and assigned
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1 the preliminary hazardous waste codes that are inherent to the new waste stream assignment.
2 If radiography indicates that the waste does not match the waste stream description, a non-
3 conformance report will be completed and the inconsistency will be resolved per Section C8-13

4 of Appendix 08. The proper waste stream assignment will be determined, the correct hazardous

5 waste codes will be assigned, and the resolution will be documented.
6
7 Headspace-gas samples are used to determine the types and concentrations of VOCs in the void
8 volume of waste. containers. Averages of measured headspace VOC concentrations in waste

9 containers received at the WIPP site will be compared routinely with those used in this permit
10 application's environmental pathway analysis demonstration to ensure that on an annual basis

11 there are no associated adverse worker or public-health impacts. Average concentrations of

12 VOCs in headspace gas have been used in this permit application's environmental pathway

13 analysis to demonstrate that average annual concentrations of VOCs emitted from containers

14 emplaced at the WIPP will be well below health-based limits (headspace gas analytical data used
15 to determine average concentrations is provided in Appendix C-2).
16

17 For wastes that can be representatively sampled (Homogeneous Solids and Soil/Gravel Wastes),

18 the total concentrations of PCBs, VOCs, semivolatile organic compounds (SVQC), and metals

19 will be determined analytically. A representative sample is defined in 20 NMVAC 4.1, §260.10 as

20 fla sample of a universe or whole (e.g., waste pile, lagoon, groundwater) which can be expected

21 to exhibit the average properties of the universe or whole."
22

23 Data on total concentration will be used to quantify the types and quantities of RORA-regulated

24 listed hazardous constituents, and to determine whether the waste exhibits a toxicity

25 characteristic under 20 NMAC 4.1, Subpart 11. Toxicity characteristic will be determined using

26 total extraction analysis rather than the toxicity characteristic leaching procedure (TCLP),
27 because total concentrations are more useful for repository compliance demonstrations2 and

28 result in more conservative estimates of toxicity characteristics. (Appendix 03 discusses

29 comparability of the results of these two methods.)
30

31 Documented acceptable knowledge will be used to determine the types and quantities of listed
32 and toxicity characteristic waste that cannot be directly sampled for total metals or total organics.

33 Debris waste is heterogeneous, having waste forms that cannot be representatively sampled

34 (e.g. personal protective equipment, leaded rubber gloves, manufactured goods, and natural

35 geologic material). In these types of wastes, acceptable knowledge is used to make a hazardous

36 waste determination. Radiography, visual examination, and headspace gas sampling will be

37 2According to 20 NMAC 4.1, Subpart IX, §270.14(b)(2), the information needed regarding the chemical and physical

38 properties is ". ..all the information which must be known to treat, store, or dispose of the wastes properly in

39 accordance with Part 264 [Subpart V]." For a mined geological repository such as the WIPP, totals analyses provides

40 such information needed to model the solubility and transport of waste and waste constituents over the long-term. __

41 For this reason the DOE has opted to require totals analyses of representative samples of homogeneous waste.W
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@0 1 used to verify the acceptable knowledge us ed. (Appendix C9 details the use of acceptable
2 knowledge).
3

4 Table C-6 summarizes the parameters, methods, and rationales for stored and newly generated

5 OH TRU wastes according to their waste forms, and Table C-7 is a parallel table for RH TRU
6 wastes.
7

8 0-3 Characterization Techniques and Frequency
9

10 Generator/storage sites will characterize waste on a waste stream basis using a variety of

11 techniques. Characterization techniques include: acceptable knowledge, radiography,
12 headspace-gas sampling and analysis, and homogeneous solids and soils/gravel sampling and

13 analysis.
14

15 Acceptable knowledge refers to applying knowledge of the hazardous nature of the waste based

16 on the materials or processes used to generate the waste. This may include accompanying

17 records; administrative, procurement and quality controls associated with the processes

18 generating the waste; past sampling and analytical data; material inputs to the waste-generating
19 process; and the time during which the waste was generated (certain waste-generating

20 processes are associated with specific historical time periods). Information required for

21 characterizing waste using acceptable knowledge includes the physical form of the waste and

a22 documented changes to the process or material inputs. Appendix 09 outlines the minimum set
23 of requirements which must be met by the generator sites in order to use acceptable knowledge.

24 In addition, verification of acceptable knowledge through sampling and analysis and the

25 generator-site audit program is described in the appendix.
26

27 Acceptable knowledge is used in three ways: 1) to delineate waste streams, 2) to make

28 hazardous waste determinations for debris waste, and 3) to determine if homogeneous solids

29 and* soil/gravel are RORA-listed wastes. Used for these purposes, acceptable knowledge
30 balances the requirements for providing definitive chemical and physical characterization of

31 waste streams when it is difficult to obtain a representative sample because of the physical

32 waste form and/or composition of the waste (e.g., metal, glass, and combustibles). This use of

33 acceptable knowledge is outlined in Waste Analysis: EPA Guidance Manual for Facilities That

34 Generate, Treat, Store and Dispose of Hazardous Waste, (EPA, 1994), where EPA has
35 specifically referred to the characterization of mixed waste as a situation where the use of

36 acceptable knowledge is appropriate.
37

38 Generator sites will use acceptable knowledge to sort waste containers into waste streams for

39 the purposes of grouping waste for further characterization. Since the waste is characterized

40 on a waste stream basis, minimal variability of hazardous constituents between waste containers

41 in a waste stream will provide a more representative characterization of the waste stream. The

42 analyses performed will not differ based on the waste stream, only on the physical form of the

43 waste (i.e., debris waste cannot be sampled for totals analyses). Both stored and newly
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1 generated wastes will be separated in this fashion, though the types of acceptable knowledge

2 used may differ. Section C-4b discusses the use of acceptable knowledge, sampling, and

3 analysis in more detail. Acceptable knowledge is discussed more completely in Appendix C9.
4

5 Radiography is used to verify the physical form of retrievably stored CH TRU waste and most

6 RH TRU waste. Based on this physical form (ie, Homogeneous Solids/SoilIs/G ravel or Debris)

7 it is determined whether a representative sample can be collected and totals analyses performed

8 on the waste. For newly generated waste, physical form will be verified during packaging.

9 Radiography is also used in conjunction with acceptable knowledge to characterize debris

10 wastes. Radiography and the associated information compiled from acceptable knowledge (e.g.,

11 age of the waste, generating process) will be used to determine the RCRA-regulated constituents
12 present in the waste.
13

14 All waste containers are sampled and analyzed for VOCs in the headspace gas. A statistically

15 selected portion of homogeneous solids and soil/gravel is sampled and analyzed for RCRA-

16 regulated total VOCs, SVOCs, and metals. Sampling and analytical methods used for waste

17 characterization are discussed in Section C-4a.
18

19 In the process of performing organic analyses, nontarget compounds may be identified. These

20 compounds will be reported as tentatively identified compounds (TIC). The specific procedures

21 for positive TIC identification are implemented by the QAPP. Positively identified TICs listed in

22 20 NMVAC 4.1, Subpart V, 264, Appendix 1X23 will be added to the target analyte list if they are

23 detected in 25 percent of all samples from a given waste stream as implemented in the QAPP.

24 The DOE will add these compounds to the list of hazardous constituents for the waste stream

25 (and additional EPA hazardous waste codes, if appropriate), and a permit modification will be

26 submitted adding these constituents, if necessary.
27

28 Waste characterization sampling and analysis activities will differ for retrievably stored waste and

29 newly generated waste. The waste characterization data collection design for each type of waste

30 is described in the following sections. Figures C-1 and C-2 summarize the waste

31 characterization data collection design for newly generated and retrievably stored waste,

32 respectively. Table C-S provides a summary of hazardous waste characterization requirements

33 for all TRU mixed waste by waste characterization parameters.
34

35 C-3a Newly Generated Waste
36

37 The RCRA-regulated constituents in newly generated wastes will be documented and verified

38 at the time of generation to provide acceptable knowledge for the waste stream. Newly

39 generated mixed waste characterization will begin with verification that processes generating the

40 waste have operated within established written procedures. Waste containers will be classified

41 3Appendix IX of 264 was chosen because analytical methods have been established for all analytes listed.
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1 into waste streams using acceptable knowledge. Verification that the physical form of the waste

2 (Summary Category Group) corresponds to the physical form of the assigned waste stream is

3 accomplished during packaging. This process consists of the operator confirming that the waste

4 is assigned to a waste stream that has the correct Summary Category Group for the waste being

5 packaged. If a confirmation cannot be made, corrective actions will be taken per Section 08-13
6 of Appendix 08. A second operator, who is equally trained to the requirements of the WAC and

7 QAPP (See Appendix 04, Section C4-3b for training requirements), will provide additional
8 verification by reviewing the contents of the waste container to ensure correct reporting. If the

9 second operator cannot provide concurrence, corrective actions will be taken per Section 08-13
10 of Appendix 08. The subsequent waste characterization activities depend on the assigned

11 Summary Category Group since waste within the homogeneous solids and soils/gravel summary

12 category groups will be characterized using different techniques than the waste in the debris

13 waste summary category group.
14

15 All newly generated waste containers will undergo headspace-gas analysis for VOC
16 concentrations. If the DOE believes the frequency can be reduced in the future based on trends

17 in analytical results, it may provide technical arguments for such a reduction and request a

18 permit modification. The headspace-gas sampling method is provided in Appendix 04, Section
19 04-1.
20

*21 Newly generated waste streams of homogeneous solids and soils/gravel wastes will be randomly

22 sampled a minimum of once per year for total VOCs, SVOCs and metals. Sampling frequency

23 of once per year is only allowed if a process has operated within established bounds without any

24 significant process changes or fluctuations. Otherwise, the waste must be considered as

25 process batches. Significant process changes and process fluctuations can be determined using

26 statistical process control charting techniques; these techniques require historical data for

27 determining limits for indicator species and subsequent periodic sampling to assess process

28 behavior relative to historical limits. If the limits are exceeded, the waste stream must be

29 recharacterized, and the characterization must be performed according to procedures required

30 in the QAPP for retrievably stored waste. The process behind this control charting technique is

31 described in Appendix 06, Section C6-5.
32

33 Also, as another control of waste generated from a particular process, the bounds for a waste

34 generating process will be established by the specific written procedures for that process.

35 Examples of parameter bounds that could affect a waste generated by a process are volumes

36 of input material, change in the input material, and any other changes that would change the

37 output of that process.
38

39 To ensure that the generator site procedures for waste generating processes contain the proper

40 controls of the waste stream, generator site waste generating process procedures must contain

41 sections containing the following information:
42

43 Scope
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1 *Purpose

2

3 *Responsible organizations for implementing the requirements of the procedure
4

5 *Administrative process controls
6

7 *Material inputs
8

9 *Waste Streams Generated
10

11 *Process controls and range of operation that affect final hazardous waste

12 determinations
13

14 *Rate and quantity of hazardous waste generated
15

16 *List of applicable operating procedures relevant to the hazardous waste

17 determination
18

19 '*Nonconformance reporting
20

21 *Process knowledge verification sampling
22

23 *Reporting and records management
24

25 Events where procedurally established bounds are exceeded or any condition of normal

26 operation not being met are events that could trigger an increased sampling frequency of a

27 waste stream. As long as a process does not change within a year, the waste generated by that

28 process will have the same characteristics, and therefore, one sample could verify the lack of

29 variability of that waste stream. Compliance with process procedures and the maintenance of

30 the parameters specified by those procedures will be verified by W1PP during the

31 Generator/Storage Site Waste Screening and Acceptance Audit Program (Appendix Cli1).
32

33 The records generated by the process procedures will be examined for indications of process

34 changes or limits being exceeded that would change the output of that process. If these

35 changes are apparent, WIPP will verify that a follow-up sample of process waste was collected

36 and analyzed. Records of that analysis will be available for examination by the auditors. If

37 records of the analysis are not available, the waste stream will not be acceptable at the WJPP

38 facility for disposal and the site may lose certification authority. If a generator site changes a

39 process but determines that increased sampling is not required because the change will not

40 affect waste generated by that process, the IDOEICAO must be notified in the form of a

41 memorandum to the CAC Waste Characterization Manager. The IDOEICAO must'concur with
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* the decision to not increase the sampling frequency before any additional waste from that 1
process is shipped. 2

The toxicity characteristics of homogeneous solids and soils/gravel waste streams will be 3

determined using total analysis of toxicity characteristic contaminants, rather than the TCLP. 4

The sampling methods for homogeneous solids and soil/gravel wastes is provided in Appendix 5

C4, Section C4-2. 6

Acceptable knowledge, examination during packaging, and headspace-gas sampling and 7

analysis are used to characterize debris waste. When waste is being generated by processes 8
that are driven by written procedures, the waste generated by that process can be characterized 9
by acceptable knowledge. Other documentation besides written procedures provide useful lo
information that can be used for acceptable knowledge. Examples of documentation used for ii
waste characterization by acceptable knowledge practices are described in Appendix C9. RCRA- 12

regulated metals present in debris wastes are associated with specific waste materials (i.e., lead 13

in leaded rubber gloves, leaded glass, or lead shielding). Knowledge of the materials and 14

operations that generated these waste streams is used to determine if they contain RCRA- 15
regulated metals. Acceptable knowledge is further explained in Section C-4b and Appendix C9. 16

C-3b Retrievably Stored Waste 17

* All retrievably stored waste containers will be examined using radiography to confirm the physical 18

waste form (Summary Category Group), to verify the absence of prohibited items, and to 19
determine the waste characterization techniques to be used based on the Summary Category 20

Groups (i.e., S3000, S4000, S5000). Repackaged retrievably stored waste may be handled as 21

newly generated waste to confirm the Summary Category Group. The applicability of Real-Time 22

Radiography (RTR) as an example for this purpose is detailed in Appendix C5. 23

To confirm the results of radiography, a statistically selected number of the CH waste container 24

population will be visually examined by opening containers to inspect waste contents to verify 25

radiography results. Appendix C6, Section C6-1 contains the approach used to statistically 26

select the number of drums to be visually examined. 27

All retrievably stored containers will undergo headspace gas analysis for VOC concentrations. 28

The headspace gas sampling method is provided in Appendix C4, Section C4-1. 29

A statistically selected portion of homogeneous solids and soil/gravel wastes will be sampled and 30

analyzed for total VOCs, SVOCs, and metals. The approach used to statistically select drums 31

for homogeneous solids and soil/gravel wastes is different than the method used to select waste 32

containers for visual examination. This method is also included in Appendix C6, Section C6-2. 33

The sampling methods for these wastes are provided in Appendix C4, Section C4-2. 3
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1 The toxicity characteristic of homogeneous solids and soil/gravel wastes will be determined using
2 total analysis of toxicity characteristic parameters, rather than the TCLP. Appendix C3 discusses
3 comparability of these analytical results to those of the TCLP method.
4

5 Representativeness of containers selected for visual examination and waste subjected to
6 homogeneous solids and soil/gravel sampling and analysis will be validated via examination of
7 documentation that shows that true random samples were collected. (Because
8 representativeness is a quality characteristic that expresses the degree to which a sample or
9 group of samples represent the population being studied, the random sampling of waste streams

10 ensures representativeness.)
11

12 Acceptabl e knowledge, along with radiography and headspace-gas sampling and analysis, is
13 used to characterize debris waste. RCRA-regulated metals present in debris wastes are
14 associated with specific waste materials (i.e., lead in leaded rubber gloves, leaded glass, or lead
15 shielding). Knowledge of the materials and operations that generated these waste streams is
16 used to determine if they contain RCRA-regulated metals. Acceptable knowledge is further
17 explained in Section C-4b and Appendix C9.
18

19 Specific waste analysis methods are documented in the Methods Manual. Alternative methods
20 will also be approved by the DOEICAQ Manager and accepted by the NMED. The procedure
21 for this method of submittal and approval is provided in Appendix C7. Appendix C8 discusses
22 required analytical method quality assurance objectives (QAO) and analytical procedures.
23 Site-specific sampling and analysis activities will be documented in the QAPjP prepared by the
24 generator sites, and approved by the WIPP facility personnel.
25/
26 C-4 Characterization Methods
27

28 The characterization techniques used by sites include acceptable knowledge, headspace-gas
29 sampling and analysis, radiography, and solidified waste sampling and analysis. All
30 characterization activities are performed in accordance with the QAPP and the Methods Manual.
31 Table C-B provides a summary of the characterization requirements for TRU mixed waste.
32

33 As part of characterization efforts, waste containers will be tested in testing batches. A testing
34 batch is a suite of waste containers undergoing radiography using the same testing equipment.
35 A testing batch can be up to 20 waste containers without regard to waste matrix. Samples will
36 be collected in sampling batches. A sampling batch is a suite of samples of similar matrix (i.e.,
37 gas or solid) collected consecutively, using the same sampling equipment within a specific time
38 period. A sampling batch can be up to 20 samples (excluding field QC samples), all of which
39 must be collected within 14 days of the first sample in the batch. Samples will be analyzed in
40 analytical batches. An analytical batch is a suite of samples of similar matrix (i.e., gas or solid)
41 processed as a unit, using the same analytical method within a specific time period. An
42 analytical batch can be, up to 20 samples (excluding laboratory QC samples), all of which must
43 be received by the laboratory within 14 days of the validated time of sample receipt of the first

44 sample in the batch. For on-line integrated headspace-gas sampling/analytical systems, samples
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@1 sample in the batch. For on-line integrated headspace-gas sampling/analytical systems, samples

2 will be collected and analyzed in on-line batches. An on-line batch is the number of headspace

3 gas samples that are collected and analyzed within a 12-hour period using the same on-line

4 integrated sampling/analysis system.
5

6 C-4a Sampling and Analytical Methods
7

8 Headspace Gas Sampling and Analysis
9

10 All TRU waste will be sampled and analyzed to determine the concentrations of VOCs

11 (presented in Table C-9) in headspace gases. Sampling protocols, equipment, and

12 QAIQC methods for headspace-gas sampling are provided in Appendix C4,

13 Section C4-1. In accordance with EPA convention, identification of compounds

14 detected by gas chromatography/mass spectrometry methods that are not on the list

15 of target analytes must be reported. Th ese compounds are reported as tentatively

16 identified compounds in the waste data package and must be added to the target

17 analyte list if detected in 25 percent of all samples from a given waste stream and if

18 they appear in the 20 NMAC 4.1, Subpart 1I, 264, Appendix IX list as implemented in

19 the QAPP. The headspace gas analysis method QAOs are specified in Appendix 08.

20

21 Homogeneous and Soil/Gravel Sampling and Analysis

23 The goal of sampling of homogeneous and soil/gravel wastes is to collect a sample

24 that is representative of the waste stream. This is accomplished through core

25 sampling, which is described in Appendix 04, Section 04-2. The waste containers

26 for sampling and analysis are selected randomly from the population of containers for

27 the waste stream. The random selection methodology is specified in Appendix 06.
28

29 Totals analyses for VOCs, SVOCs, and RORA-regulated metals are used instead of

30 the TCLP to determine waste parameters that may be important to the performance

31 within the disposal system (Tables 0-10 and 0-11). If sample preparation and/or

32 cleanup methods are required, the analyst must use the procedures specified in the

33 .Methods Manual. Alternate sample preparation or cleanup methods must be

34 submitted for review and approval in accordance with the DOE/GAO procedure

35 contained in Appendix 07. The generator may use the results from these analyses

36 to determine if a waste exhibits a toxicity characteristic. The mean concentration of

37 toxicity characteristic contaminants are calculated for each waste stream such that

38 it can be reported with an upper 90 percent confidence limit (UCL 9O). The UCL-9.

39 values for the mean measured contaminant concentrations in a waste stream will be

40 compared to the specified regulatory levels in 20 NMAC 4.1, Subpart 11, expressed

41 as total values, to determine if the waste stream exhibits a toxicity characteristic. A

42 comparison of total analyses and TCLP analyses is presented in Appendix 03, and

43 a discussion of the UCL90 is included in Appendix 06, Section 06-3.
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1 Laboratory Selection
2

3 The DOE will conduct analyses using laboratories that are qualified through

4 participation in the Performance Demonstration Program (DOE, 1995c, d) and in

5 accordance with the QAPP. These laboratories will use methods presented in SW-

6 846, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods", (EPA,

7 1986). In the event that the SW-846 method cannot meet program specific QAO due

8 to the properties of TRU waste, an alternate method may be submitted to CAO for

9 approval. Since the original method is not acceptable for use due to inability to meet

10 QAOs, the alternative method would have to be more sensitive and stable. The

11 methods submitted as alternatives would be more restrictive, as far as data

12 acceptability, than SW-846 methods. Appendix C7 contains the DOEICAO procedure

13 for submittal and approval of alternative analytical methods. The DOE specified

14 analytical protocols and procedures for waste characterization are published in the

15 Methods Manual.4 The Methods Manual acts as a unified source of information on

16 the sampling and analytical techniques used to comply with the requirements of the

17 QAPP. Many of the procedures found in the Methods Manual are based on analytical

18 methods found in SW-846. In these instances, the analyst is referred directly to the

19 SW-846 method for the requirements of the procedure. Only information unique to

20 the waste characterization program (e.g., target analytes, QAOs, QC requirements)

21 is included in the Methods Manual. The differences between SW-846 methods and

22 the methods contained in the Methods Manual are presented in Appendix C12.
23

24 A performance-based approach to analytical method selection also allows individual

25 sites the flexibility to adapt methods to meet the specified analytical method QAOs

26 in Appendix 08. In addition, methods and supporting performance data

27 demonstrating QAO compliance must be submitted to the CAO for review and

28 approval in ' accordance with Appendix C7. Once approved, the methods will be

29 incorporated into the Methods Manual.
30

31 Analytical methods used by the laboratories must: 1) satisfy all of the appropriate

32 QAOs as implemented in the QAPP, and 2) be implemented through laboratory-

33 documented standard operating procedures. These methods fulfill all of the WAP

34 requirements. Alternative methods must demonstrate equivalency, showing that the

35 performance characteristics of the method (e.g., detection limit, accuracy, and

36 precision and completeness for the waste matrix in question) meet or exceed the

37 WAP requirements and objectives. These analytical QAOs are discussed in detail in

38 Appendix 08.
39

40

41 4Analytical procedures that have been evaluated by the DOE and shown to produce acceptable results in
42 terms of data quality are implemented by the generator sites.
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. 1 C-4b Acceptable Knowledge
2

3 RORA regulations codified in 40 CFR Parts 260 through 265, 268, and 270, and New Mexico

4 Hazardous Waste Management Regulations in 20 NMAC 4.1, Subparts I through Subpart VI,

5 Subpart VIII1, and Subpart IX, authorize the use of acceptable knowledge as a method which can

6 be used in appropriate circumstances by waste generators, or treatment, storage, or disposal

7 facilities to make hazardous waste determinations. Acceptable knowledge is defined in Waste

8 Analysis: EPA Guidance Manual for Facilities That Generate, Treat, Store and Dispose of

9 Hazardous Waste (EPA 1994) to include process knowledge, waste analysis data, and facility

10 records of analysis performed before the effective date of RCRA regulations. Acceptable

11 knowledge, as an alternative to sampling and analysis, can be used to meet all or part of the

12 waste characterization requirements under RCRA (EPA 1994).
13

14 Acceptable knowledge is one of a number of techniques used to characterize TRU waste. It is

15 used in conjunction with radiography, headspace gas sampling and analysis, and solidified waste

16 sampling and analysis to meet the requirements of the WAP. Acceptable knowledge is used in

17 TRU waste characterization activities in three ways:
18

19 *To delineate TRU waste streams
20

1021 To determine if TRU debris wastes exhibit a toxicity characteristic
21 (40 CFR §261.24)
23

24 *To determine if TRU wastes are listed (40 CFR §261.31)
25

26 Acceptable knowledge is discussed in detail in Appendix 09, which outlines the minimum set of

27 requirements which must be met by the generator sites in order to use acceptable knowledge.

28 In addition, this appendix describes the verification of acceptable knowledge through sampling

29 and analysis and the Generator/Storage Site Waste Screening and Acceptance Audit Program.
30

31 C-4c Radio-graphy
32

33 Radiography is a nondestructive qualitative and quantitative technique that involves X-ray

34 scanning of waste containers to identify and verify waste container contents. Since the system

35 required for conducting radiography examination is fairly expensive, smaller generator sites

36 reserve the right to conduct visual examination of waste containers in lieu of radiography. For

37 sites that choose to use visual examination in lieu of radiography, the detection of liquid waste

38 in non-transparent inner containers, detected from shaking the container, will be handled by

39 assuming that any liquid that is detected is over WAC limits and the item will be rejected and/or

40 repackaged to exclude the unacceptable characteristic. When radiography is used, or visual

41 examination of transparent containers is performed, the same assumption will be used if the

42 volume of liquid in inner containers is questionable. Radiography, or the equivalent, will be used

43 on the existing/stored waste containers to verify the physical characteristics of the TRU mixed
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1 waste correspond with its waste-stream identification/waste-stream Waste Matrix Code. This is

2 used to determine that the sampling parameter and analysis requirements for that waste form

3 are met. The results of radiography are verified through visual examination of a statistically

4 selected subpopulation of OH TRU waste containers in each OH TRU waste stream.

5 Radiographic examination protocols and QA/QC methods are provided in Appendix 04, Section
6 04-3.
7

8 The applicability of RTR is presented as an example of radiography in Appendix 05. However,

9 the DOE is exploring other methods for the radiographic examination of TRU waste like digital

10 radiography and computer tomography, which have the potential to increase the resolution of

11 radiometric images and increase the discrimination of various waste items. These methods are

12 being developed by DOE and private industry. Several prototype systems exist that are in the

13 process of being validated as qualified radiographic examination methods. When these systems

14 are completely operational and approved, per the procedure outlined in Appendix 07, they will

15 be included in future revisions of the Methods Manual. The quality assurance, quality control

16 and training requirements established for radiography will also apply to newly developed

17 radiographic methods.
18

19 C-4d Quality Assurance Sampling and Analysis Requirements
20

21 The V\IPP facility will assure adequate waste characterization by generator sites sending TRU

22 mixed waste to the WIPP for disposal through appropriate data validation and usability and

23 reporting controls. These steps will be taken at three program levels: 1) the data generation

24 level, 2) the site project level, and 3) the W1PP facility level. These levels are shown in Figure

25 0-5 and the validation process at each level is described in Appendix 08, Sections 08-10 and

26 08-1 1. These controls are implemented by the QAPP, by the site-prepared QAPjPs, and by site-

27 specific SOPs. The sampling and analysis program data validation and compliance to data

28 quality objectives (DQO) and QAOs make up the first level of control. The following general

29 requirements must be met by the generator characterization programs:
30

31 *Raw data must be reported accurately in a pre-approved format, must be

32 maintained in permanent files, and must be traceable.
33

34 All data must receive a technical review by another qualified analyst, the technical

35 supervisor, and the laboratory QA officer.
36

37 *All raw data must have the signatures of a technical supervisor and a QA officer

38 before release.
39

40 Generator sites will be responsible for data validation and verification of waste characterization

41 for each container and the data must be documented by release signatures from the Site Project

42 Manager, Site Data Validation Officer, and the Site Data QA Officer. This is the second level

43 of verification.
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@I The DOE operates a QA/QO program to ensure and maintain the integrity of data, documents,

2 and information associated with the management of TRU mixed waste. The following waste
3 characterization activities are described within this subsection: QA/QO control procedures,
4 DQOs, QAOs, data generation, data transmittal, data verification, and records management.
5

6 The WI PP will also institute QA/QC control over the waste characterization program through the

7 Gene rato r/Sto rage Site Waste Screening and Acceptance Audit Program. This audit program
8 is discussed in Section C-5 of this chapter and Appendix C1l1.
9

10 QA/OC Control Practices
11

12 Waste characterization QA/QC ensures that the characterization data obtained at generator sites

13 are suitable for regulatory compliance purposes. The WIPP facility implements stringent QA/QC
14 over the generation, transmittal, and verification of data from waste characterization

15 determinations. In addition, the WIPP facility extends QA/QC practices to the management of

16 all records associated with waste shipment screening determinations.
17

18 Data Quality Obiectives
19

20 As previously described, the waste characterization data obtained through this WAP

@21 implementation will be used to ensure that the WMPP facility meets regulatory requirements with

22 regard to both regulatory compliance and to ensure that all wastes are properly managed during

23 the Disposal Phase. The DQOs established for this plan are implemented by the QAPP. They

24 are designed to address the specific waste characterization parameters that will be evaluated.

25 To satisfy the RORA regulatory compliance requirements, the following DQOs are established
26 by this WAP and have been incorporated into the QAPP (DOE, 1995a):
27

28 *Headspace-Gas Sampling and Analysis
29

30 - To quantify the concentrations of VOC constituents in the total waste
31 inventory to ensure compliance with the environmental performance

32 standards of 20 NMVAC 4. 1, Subpart V, §264.601 (b).
33

34 *Total Analysis of Homogeneous solids and soil/gravel
35

36 - To compare UCL-90 values for the mean measured contaminant

37 concentrations in a waste stream with specified toxicity characteristic levels
38 in 20NMAC 4.1.
39

40 - To report the average concentration of hazardous constituents in a waste

41 stream, as specified in 20 NMAC 2.1, Subpart 11, 261, Appendix VIII, with a

42 90 percent confidence interval.
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1 *Radiography

2

3 - To verify the TRU waste streams by Waste Matrix Code for purposes of

4 physical waste form identification and determination of sampling and

5 analytical requirements.
6

7 *Visual Examination
8

9 - To verify the TRU waste streams by Waste Matrix Code for purposes of

10 physical waste form identification and determination of sampling and

11 analytical requirements.
12

13 - To provide a process check on a sample basis by verifying the information

14 determined by radiography.
15

16 Reconciliation of these DQOs by the Generator/Storage Site Project Manager is addressed in

17 Appendix C8, Section C8-1 1.
18

19 Quality Assurance Obiectives
20

21 Each characterization method described in the QAPP has a corresponding set of QAOs that are

22 intended to provide assurance that the data generated by that method is of known quality. The

23 generator sites must demonstrate compliance with each QAO associated with the various

24 characterization methods as described in the QAPP. Site Project Managers are further required

25 to perform a reconciliation at the project level of the data sets submitted by the various

26 organizations at the site with the DQOs established in this WAP and implemented in the QAPP.

27 The Site Project Manager must determine that all of the DQ~s have been met for the

28 characterization of the waste stream prior to submitting a Waste Stream Profile Form to W1PP

29 for approval (Appendix 08, Section C8-1 1). The following QAO elements must be considered for

30 each technique as a minimum:
31

32 *Precision

33

34 Precision is a measure of the mutual agreement among multiple

35 measurements.
36

37 *Accuracy

38

39 - Accuracy is the degree of agreement between a measurement result and the

40 true or known value.
41

42

C-32



WIPP RCRA Part B Permit Application
DOEAM~PP 91-005

Revision 6

. 1 *Completeness

2

3 - Completeness is a measure of the amount of valid data obtained from a
4 method compared to the total amount of data obtained that is expressed as

5 a percentage.
6

7 *Comparability

8

9 - Comparability is the degree to which one data set can be compared to
10 another.
11

12 A more detailed discussion of the QAOs, including a mathematical representation, where

13 appropriate, can be found in Appendix C8, which describes the QAOs associated with each
14 method of analysis.
15

16 Sample Control
17

18 The sites will implement a sample handling and control program that will include the

19 maintenance of field documentation records, proper labeling, and a chain of custody (COC)

20 record. The site QAPjP will document this program and include COC forms to control the sample

. 21 from the point of origin to the final analysis result reporting. WIPP will review and approve the
22 QAPjP, including the determination that the sample control program is adequate. Details of this

23 sample control program are provided in Appendix C4 and are summarized below to include:
24

25 *Field Documentation of samples including: point of origin, date of sample,
26 container ID, sample type, analysis requested, and COO number.
27

28 *Proper Labeling and/or tagging including: proper sample numbering, sample ID,
29 sample date, sampling conditions, and analysis requested.
30

31 *Chain-of-Custody control including: name of sample relinquisher, sample

32 receiver, and the date and time of the sample transfer.
33

34 Proper sample handling and preservation.
35

36 Data Generation
37

38 The DOE's waste characterization program implements the programmatic QA requirements in

39 Chapter 1.0 of SW-846 (EPA, 1986), and the DOEICAO verifies these requirements through

40 QAPjP review and approval. The generator site QAPjPs are controlled by the QAPP. The QAPP
41 identifies the specific requirements for all QAPjPs including: DQOs; QAOs; sampling procedures;

42 sample custody procedures; calibration procedures and frequencies; analytical procedures; data

43~ reduction, validation, and reporting requirements; internal QC checks and frequencies;
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1 performance and system audits and frequencies; preventive maintenance; procedures for

2 assessing data quality; and procedures for corrective actions.
3

4 A pre-approved format will be used by each generator site for reporting waste characterization

5 data. This form will be defined by the generator site QAPjP. The data reporting format will

6 include all of the elements required by this WAP and implemented through the QAPP for data

7 reports (Appendix 08, Section C8-12). The generator site must prepare data packages to meet

8 the requirements of QAPjPs. All generator site QAPjPs are reviewed and approved by the

9 DOEICAO (See Appendix C10).
10

11 The DOE/CAO will perform audits of the generator site waste characterization programs to verify

12 that site sampling, data collection, data validation, and reporting practices, as implemented by

13 the site QAPjPs, will meet DQOs in this WAP (Generator/Storage Site Waste Screening and

14 Acceptance Audit Program). The primary functions of these audits are to review data packages

15 prepared by the generator sites that demonstrate adherence to the requirements of this WAP

16 and assure adherence to the written, approved characterization program (as required by their

17 QAPjPs). These audits ensure that implementation of the QAPjPs are consistent with the intent

18 of the requirements of this WAP as implemented by the QAPP. Section C-5 and Appendix C1l1
19 provide additional information on the audits of the generator sites performed by the DOEICAO.
20

21 The DOEICAO further requires all analytical laboratories analyzing WIPP waste characterization

22 samples for the generator sites to have established, documented QAIQC programs. The

23 DOE/CAO annually evaluates these laboratories and their QAIQC programs as part of their

24 participation in the laboratory performance program. The audits cover the requirements of the

25 lab's QA/QC program as well as compliance with the method parameters specified in the

26 Methods Manual, this WAP, and the QAPP. Continued compliance with these parameters will

27 be verified by ongoing CAO audits. The laboratory's QAIQC program must include the following:
28

29 *Facility organization
30

31 *A list of equipment/instrumentation
32

33 *Operating Procedures
34

35 *Laboratory QA/QO Procedures
36

37 *Quality Assurance Review
38

39 *Laboratory Records Management
40

41
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. 1 Data Transmittal
2

3 The DOEICAO, through the QAPP and generator site QAPjPs, controls aspects of the waste-
4 characterization data transmittal process. Data reports document the analytical results from the

5 required characterization analyses and contain the characterization data plus documentation of
6 required QA/QO activities associated with the sampling and analyses. The QAPP implements
7 the WAP requirements for maintaining the integrity of the data in data reports by requiring data
8 validation at both the data-generation level and the generator-site project level before the data
9 are transmitted to the WI PP facility. Section 08-1 0 of Appendix 08 discusses the data validation

10 process in more detail.
11

12 Data will be transmitted by hard copy from the data generation level to the generator site TRU
13 mixed waste characterization project level. Transmitted data will include testing, sampling, and

14 analytical data reports and data review checklists on forms approved under the generator sites
15 QAPjP. Testing, sampling, and analytical data will be reported for each waste container. These
16 data will also be input electronically into the \MA'IS. Data will be entered into the VWV1S in the

17 exact format required by the database (see Section C-5a for \IWIS data requirements and
18 Appendix 013 for the WWIS data dictionary). Summarized characterization information will be

19 reported on a waste stream basis and transmitted by hard copy to the WIPP Waste Operations
20 when requested. Hard copy data packages will include site name, program identification, waste.2 1 container numbers, release signatures from the generator Site Project Manager and Site Project

99 QA Officer, and a concise narrative summarizing the results of the site project-level review.

23 Section C8-1 2 of Appendix 08 provides the format requirements for generator/storage site data
24 reports; both hard copy and electronic. The report will briefly describe any problems or
25 noteworthy observations (e.g., nonconformance reports, operational variances).
26

27 Once a waste stream is fully characterized, the site project manager will also submit to the WI PP
28 facility a summary of the waste stream information and reconciliation with DQOs (Section 08-11
29 of Appendix 08). Based on this summary, the generator site project manager will complete a

30 Waste Stream Profile Form t(Figure 0-4). This will be used as the basis for acceptance of waste
31 characterization information on wastes to be disposed of at the WIPP.
32

33 Data Verification
34

35 The first level of data verification by the generator site will confirm that the waste characterization
36 data are properly reported for the characterized waste containers that will be shipped to the

37 WIPP. Data review, validation, and verification procedures used by the generator sites are
38 required by the QAPP to assure that 100 percent of the data reported has received an

39 independent technical review to assure that data generation and reduction were conducted in
40 a technically correct manner, calculations have been verified correct, and all variances from
41 accepted analytical methods (appropriate to the waste type being analyzed) have been
42 documented and approved. Data packages will be reviewed for completeness to verify that they
43~ include field sampling records, raw analytical data, calculation records, COO documentation,
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1 calibration records, QA sample results, and that sample holding times and preservation methods

2 were met or exceptions documented. Completed data must be signed by the technical

3 supervisor. At the second level of verification, the Site Project Manager, the Site Data Validation

4 Officer, and the Site Data QA Officer will also ensure that a repeat of this review is performed

5 for at least one randomly chosen container quarterly. Finally, a check for the data package

6 elements required by the QAPP will be performed by the WIPP Waste Operations section as the

7 third level of verification for data packages to assure that data packages are complete. Figure

8 C-5 shows the components of each level of data verification. Data verification is discussed in

9 more detail in Appendix 08, Section C8-1O0.
10

I I Records Management
12

13 Records related to waste characterization sampling and analysis activities at the generator sites

14 will be maintained in the testing, sampling, or analytical facility files or site project files for those

15 facilities located on sites. Contract waste analytical facilities will forward testing, sampling, and

16 analytical QA documentation along with testing, sampling, and analytical batch data reports to

17 the site project office for inclusion in site central files.
18

19 All waste characterization data and related QAIQC records in the site project files for waste to

20 be shipped to the W1PP facility are designated according to NQA-1, Supplement 17S-1, as either

21 Lifetime Records or Non-Permanent Records. Records designated as Lifetime Records shall be

22 maintained for the life of the waste characterization program at a participating site plus six years

23 then offered to the DOE/CAO. Waste characterization records designated as Non-Permanent

24 Records shall be maintained for five years from the date of (record) generation and then

25 discarded. Table C-13 provides a listing of records designated as Lifetime Records and Non-

26 Permanent Records. Records, both Lifetime and Non-Permanent, shall also be maintained

27 during the course of any enforcement action for which they are relevant. An appropriate records-

28 inventory and disposition schedule shall be prepared and approved by appropriate site'

29 persbonnel. Site personnel responsible for all aspects of records management shall be identified,

30 in the QAPjPs.
31

32 All waste characterization data and related records sent to the DOEICAO are designated as

33 Permanent by the \'MPP facility. These records shall be maintained by DOE/CAO or WID for the

34 active life of the W1PP facility plus two years. The active life of the W1PP facility is defined as

35 the Disposal Phase and the Decommissioning Phase. These records shall also be maintained

36 during the course of any enforcement action for which they are relevant. At the time of records

37 disposition, the records shall be sent to the Federal Records Center. These records will then

38 be transferred to the National Archives after an additional 30 years. However, this disposition

39 requirement does not preclude the inclusion of these records in the permanent marker system

40 or other requirements for institutional control.
41

42 Raw data obtained by testing, sampling, and analyzing TRU waste in support of this WAP will

43 be identifiable, legible, and provide documentary evidence of quality. The reporting requirements
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@ I are different for each technique used, but the forms for data reporting will be pre-approved
2 forms, provided in site-specific documentation
3

4 C-5 Verification for TRU Mixed Waste
5

6 The third level of data verification, which is performed at the WIPP facility, involves screening

7 and verification of waste stream data and waste shipments. Documentation on waste streams
8 will be screened and verified to ensure that the waste is acceptable for disposal at the WIPP

9 facility according to applicable RCRA requirements. Quality controls related to waste labeling,
10 identification, transport, and screening will ensure that the waste packages arriving at the WIPP

11 facility are the same as those transported from the generator sites and are correctly identified
12 on the EPA Hazardous Waste Manifest.
13

14 WIPP waste screening is a two-phased process. Phase I will occur prior to transporting the

15 waste to the WIPP facility. Phase 11 will occur after the waste shipment arrives but before it is

16 emplaced. Figure C-6 presents the waste shipment screening process.
17

18 0-5a Phase I Waste Stream Screening and Verification
19

20 The first phase of the waste screening and verification process will occur before waste is shipped.@21 to the WIPP site. Before WIPP will begin the process of accepting waste from a generator site,
22 an initial audit of that site will be conducted as part of the Generator/Storage Site Waste

23 Screening and Acceptance Audit Program (Appendix C1l1). The RCRA portion of the generator

24 site audit program will provide on-site verification of characterization procedures, data package

25 preparation, and recordkeeping. The secondary verification step is the waste-characterization

26 data package completeness/accuracy review and acceptance by the WIPP as part of the Waste

27 Stream Profile Form approval process. At the WIPP facility, screening includes verification that

28 all of the required elements of a data package are present (Appendix 08, Section 08-12) and

29 that the waste characterization data meet acceptance criteria required for compliance with the
30 WAP.
31

32 Once a generator site has prepared a QAPjP in accordance with the QAPP, it is submitted to the

33 DOE/CAO for review and approval (See Appendix 01 0). The generator site will implement the

34 specific parameters of the QAPjP once it is approved. The initial site R0RA audit will be

35 performed at some point after this implementation has taken place and before a Waste Stream

36 Profile Form has been submitted to the WIPP for approval. The checklists used in this audit will

37 be based on each site's QAPjP. Additional audits, focusing on results of waste characterization,
38 will be performed at least annually. The WIPP has the right to conduct unannounced audits and

39 to examine any records that are related to the scope of the audit. More detail about this audit

40 program is provided later in this section and in Appendix 01 1.
41

42 When the required waste stream characterization data have been collected by a generator and@43 the initial site audit has been successfully completed, the generator Site Project Manager can

C-37



WlIPP RCRA Part B Permit Application
DOEAMPP 91-005
Revision 6

1 verify that waste stream characterization meets the WAP requirements as a part of the Level 2

2 data verification required by the QAPP (Appendix 08, Section C8-1 1). If the waste

3 characterization does not meet the requirements of the WAP, the waste stream cannot be sent

4 to the WIPP until those requirements are met. The generator will complete a Waste Stream

5 Profile Form and submit it to Waste Operations, along with the accompanying waste

6 characterization documentation for that waste stream. This provides notification that the

7 generator considers that the waste stream (identified by the waste stream identification number)

8 has been adequately characterized for disposal according to the \N1PP facility approved QAPjP

9 and QAPP DQOs.
10

11 The Waste Stream Profile Form is provided as Figure C-4. It includes information on the

12 generator site name and EPA identification number, the technical contact for information on that

13 waste stream, the WIAPP ID, Summary Category Group, listing of acceptable knowledge

14 documentation used, and waste characterization data package identification numbers associated

15 with that waste stream. The form also requires the date of the WAC certification for that waste

16 stream, procedures used for characterization, and EPA Hazardous Waste Code designations.

17 Upon W1APP facility approval of the waste stream for disposal through the use of the Waste

18 Stream Profile Form, the generator may begin shipping waste containers from that waste stream.

19

20 As part of the waste characterization data submittal, the generator site will also transmit the data

21 on a container basis via the AWlIS database. This data submittal can occur at any time as the

22 data are being collected. The system will conduct internal limit checks as the data are entered,

23 and the data will be available to WIPP personnel for review as supporting information for Waste

24 Stream Profile Form review.
25

26 If discrepancies arise as a result of this review, the generator sites will be contacted by W1PP

27 Waste Operations and required to provide the necessary additional information to resolve the

28 discrepancy before that waste stream is approved for disposal at the WIPP facility. If the

29 discrepancy is not resolved, the waste stream will not be approved.
30

31 WIPP WWIS Description
32

33 The WWIS is an electronic database that contains information and data related to the

34 characterization, certification, and the shipment of waste destined for WIPP. The database

35 design contains different modules for waste characterization data (as required by the QAPP and

36 RORA), waste certification data (as required by the WAC), and transportation data (as required

37 by the TRUPACT-11 Authorized Methods for Payload Control (TRAMPAC). The database contains

38 edit, limit, and other data check functions to ensure that data supplied meet the requirements

39 and the limits of the QAPP, RORA, the WAC, and the TRAMPAC. All TRU waste sites planning

40 to ship waste to WIPP will supply the required data to the VMNIS. The WWIS will verify that all

41 of the supplied data meet the edit and limit checks prior to the shipment of any waste to WIPP.

42 The WWIS database will notify the generator site if any of the supplied data fails to meet the

43 requirements of the edit and limit checks via an appropriate error message. The generator site
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@ 1 will be required to correct the discrepancy with the waste or the waste data and re-transmit the

2 corrected data prior to acceptance of the data by the VW\IS. WInPP facility personnel will review

3 data reported for each container of each shipment prior to providing notification to the shipping

4 site that the shipment is acceptable. Table 0-12 gives a partial listing of the data fields

5 contained in the 'MNIS.
6

7 The WA'IlS will generate the following:
8

9 *Container Emplacement Report
10

11 This report will be added to the operating record as an indication of the

12 quantities of waste, date of emplacement, and location in the repository.

13 This report will be generated on a shipment basis. Reports that are included

14 as part of the operating record will be retained at the site, for the life of the

15 facility.
16

17 *Shipment Summary Report
18

19 This report will contain the container I Ds of every container in the shipment,

20 listed by TRUPACT-11 number and by assembly number (for seven packs),
21 for every assembly in the TRUPACT-1l. This report is used by Waste

22 Operations to verify containers in a shipment and will be generated on a

23 shipment basis.
24

25 *Characterization Data Report
26

27 This report will be generated on a waste stream basis and will be used by

28 the W1PP in the Waste Stream Profile Form review and approval process.

29 This report will contain the data listed in the Waste Characterization Data

30 Module on Table C-12. This report will be generated and attached to the

31 Waste Stream Profile Form for inclusion in the facility operating record and

32 will be kept for the life of the facility.
33

34 *Reports of Change Log
35

36 This will consist of a short report that lists the user ID and the fields

37 changed. The report will also include a reason for the change. A longer

38 report will list the information provided on the short report and include a

39 before and after image of the record for each change, a before-record for

40 each deletion, and the new information for added records. These reports

41 provide an auditable trail for the data in the database.
42
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1 Access to the VWWIS will be controlled by a Data Administrator (DA) of the Waste Operations
2 section who will control the WIS users based on approval from management personnel.
3 Integrity of the WWAIS data will be maintained by strict access control to the database. The
4 WWIS system is located in a limited access area within the WIPP site. Access to the computer
5 room area where the WlS system will reside is controlled through a cipher lock door system
6 whose combination is only granted to authorized personnel. This computer room also houses
7 the systems that provide the WIPP local and wide area networks, and is staffed by experienced
8 computer operators on a 24 hour basis.
9

10 The VWWIS will be included in the contingency planning performed by the Information Technology
11 Resources (ITR) Section at the WIAPP site. This section operates the computer room. This
12 planning includes dual storage (other than the computer room) of software backup tapes that will
13 permit rapid restart of the system.
14

15 The computer room is provided with power by a uninterruptible power supply system that can
16 provide clean, harmonic filtered power for 30 minutes after the loss of the primary power supply.
17 This will provide for an orderly shutdown of the database.
18

19 Nightly backups of the WW1S system will occur as part of the overall backup program for all of
20 the systems. The database can be restarted, if for whatever reason, a catastrophic failure
21 occurs using the previous day's backup copy. In addition to the nightly backup procedure, the
22 database will be archived quarterly and annually. The archived copies will be included in the
23 operating record and retained for the life of the facility.
24

25 The \NWIS system hardware and application software is constructed using client-server
26 architecture. The client software will provide the user interface and communication to the server.
27 This limits user access only to those database functions approved by the WIPP, such as allowingr
28 the small quantity generator sites to populate a defined data structure established on the system
29 for them by the WIPP. Onsite terminals are located within controlled access areas designated
30 for use by authorized VW1S users. Offsite access will be by direct log in through multi-layer
31 password/user ID methodology. The first layer of control will provide authorized access to the
32 WIPP network, the second layer will provide authorized users access to the WVVIS system, and
33 the third layer defines the specific functions of the VVWIS that each user has been assigned.
34 Access to the various \MNIS functions is controlled by the WWIS DA. All access attempts will
35 be logged by the system. Waste Operations and ITR personnel will routinely review the logs for
36 the purpose of identifying and investigating unauthorized access attempts.
37

38 The TRU waste generator sites will only have access to data that they have supplied, and only
39 until the data have been formally accepted by the WIPP. After the data have been accepted,
40 the data will be protected from indiscriminate change and can only be changed by a qualified
41 DA.
42
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1 The database has a Data Change Log that will require a reason for the change from the DA prior
2 to accepting the change. The data change information, the user ID of the qualified DA making

3 the change, and the date of the change will be recorded in the data change log automatically.
4 The data change log cannot be revised by any user, including the DA. The data change log will
5 be subject to internal and external audits and will provide an auditable trail for all changes made
6 to previously approved data.
7

8 Examination of the Waste Stream Profile Form
9

10 Members of the Waste Operations section will be responsible for the verification of completeness
11 and accuracy of the Waste Stream Profile Form. This verification will consist of a review of the
12 Waste Stream Profile Form by the Environmental Compliance and Support section and the
13 Quality Assurance department. These groups will review the Waste Stream Profile Form based
14 on their area of responsibility. Of particular importance are the assignment of the waste-stream
15 description, Waste Matrix Code Group, and Summary Category Groups, the results of waste
16 analyses, the acceptable knowledge documentation, the methods used for characterization, the
17 WAC certification, and appropriate designation of EPA hazardous waste code(s). If the waste
18 stream profile form is considered to be inaccurate, efforts will be made to resolve discrepancies
19 by contacting the generator site. If discrepancies in the waste stream are detected at the
20 generator site, the QAPP requires the site to implement a non-conformance program to identify,

*2 1 document, and report discrepancies (Appendix C8, Section C8-13). The QAPP requires that site
22 management at all levels shall foster a "no fault" attitude to encourage the earliest identification

23 of discrepancies and/or deviations from protocols. The Waste Stream Profile Form must pass
24 all verification checks at the WIPP facility in order for the waste stream to be approved for
25 shipment to the WIPP facility.
26

27 The identified EPA hazardous waste codes for the wastes that appear on the Waste Stream
28 Profile Form will be compared to those in the WIPP RCRA Part A to ensure that only wastes that
29 contain constituents contained in the Part A are approved for shipment to the WIPP. The
30 analytical data package summaries will be reviewed to verify that the waste has been classified
31 correctly. The analytical method used will be compared to those listed in Tables C-9, C-10, and
32 C-i 1 to assure that only approved analytical methods were used for analysis of the waste.
33 Waste Operations will verify that WAC certification has been granted to the generator.
34

35 Environmental Compliance and Support will verify three different types of data related to WAC
36 on every container holding TRU mixed waste before a shipment leaves the generator site for the
37 WIPP facility. The three verifications will be performed on data from the following
38 determinations: 1) an assignment of the waste stream's waste description (by waste matrix
39 codes) and Waste Matrix Code Group; 2) a determination of ignitability, reactivity, and corrosivity;
40 and 3) a determination of compatibility. The verification of waste stream description will be
41 performed by reviewing the waste characterization data package for consistency in the waste
42 stream description. The data package will also indicate if the waste has been checked for the

*43 characteristics of ignitability, corrosivity, and reactivity. The final verification of waste
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1 compatibility will be performed using Appendix C1, the compatibility study. Since the Part A

2 does not include hazardous waste codes that are not consistent with the WAC, a consistency

3 check between the hazardous waste codes listed in the data package for the waste stream and

4 the hazardous waste codes listed on the Part A will verify that the waste stream is not ignitable,

5 corrosive, or reactive, and that it is compatible with the other waste to be disposed of at the

6 WIAPP facility.
7

8 Generator/Storage Site Waste Screening and Acceptance Audit Program
9

10 An important part of the WIPP's verification process is the Generator/Storage Site Waste

11 Screening and Acceptance Audit Program implemented by representatives of the DOEICAO and

12 WMD. The focus of this audit program is compliance with the QAPP, site QAPjPs, this WAR, and

13 the RORA. The RCRA compliance portion of the audits will be performed by the Environmental

14 Compliance and Support section. This audit program addresses all waste sampling and analysis

15 activities, from waste-stream classification assignment through final loading of the TRU PACT-1l

16 or shielded road cask, and ensures that SOPs are being followed and the QAPjPs are fully

17 implemented. Audits will assure that containers and their associated documentation are

18 adequately tracked throughout the waste handling process. Operator qualifications will be

19 verified, and QA/QC procedures will be surveyed. Results of all generator site audits will be kept

20 in the W1PP facility operating record until closure of the facility.
21

22 An initial audit will be performed at each generator site performing waste characterization

23 activities prior to the formal acceptance of the Waste Stream Profile Forms and/or any waste

24 characterization data supplied by the sites. Audits will be performed at least annually thereafter,

25 including the possibility of unannounced audits (this means not a regularly scheduled audit).

26 These audits will verify that the generator site has implemented a QA program for the

27 characterization of waste. The accuracy of physical waste description and waste stream

28 assignment provided by the generator site will be verified by review of the radiography results,

29 and visual examination of data records and radiography videotapes (as necessary) during audits.

30 More detail on this audit process is provided in Appendix Cli1.
31

32 C-5b Phase 11 Waste Shipment Screeninct and Verification
33

34 Phase 11 of the waste shipment screening and verification process includes examination of a

35 waste shipment after the waste shipment has arrived. The second-phase determinations are:

36 1) a determination of the completeness and accuracy of the EPA Hazardous Waste Manifest;

37 2) a determination of waste shipment completeness; 3) a determination of land disposal

38 restriction notice completeness; and 4) an identification and resolution of waste shipment

39 irregularities. Only those waste containers that pass all Phase 11 waste-screening determinations

40 will be emplaced at the WIPP. For each container shipped, the generator site must provide the

41 following information:
42

43
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1 Typical Hazardous Waste Manifest Information:
2

3 * Generator site name and EPA ID
4

5 Generator site contact name and phone number
6

7 * Quantity of waste
8

9 * List of the hazardous waste codes in the shipment
10

11 * Listing of all container-IDs
12

13 * Signature of authorized generator representative
14

15 Typical Land Disposal Restriction Notice Information:
16

17 * EPA Hazardous Waste Number(s)
18

19 * Applicable treatment standards for F001-F005
20 wastes (DOOI-D003 wastes prohibited by the WAC)

22 * Supporting analyses and/or references to previously supplied analytical data

23 (Such as Characterization Reports and data submitted to the WVV/lS)
24

25 Specific Container information:
26

27 * Waste Stream Identification Number
28

29 * List of Hazardous Codes per Container
30

31 * Certification Data (Nuclide info, etc.)
32

33 * Shipping Data (Assembly numbers, ship date, shipping category, etc.)
34

35 This information must also be supplied electronically to the WW1S and may be provided to the

36 WWIS as part of the Phase I Screening or may be supplied at the time of shipment.
37

38 Waste Operations personnel will verify that all this information is provided for each container

39 received. The ID will be compared with a list of those approved for disposal at the WIAPP.
40
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1 Examination of the EPA Uniform Hazardous Waste Manifest and Associated Waste Tracking

2 Information
3

4 Upon receipt of a waste shipment, Waste Operations will make a determination of EPA Uniform

5 Hazardous Waste Manifest completeness and sign the manifest to allow the driver to depart.

6 Waste Operations will make a determination of waste shipment completeness by checking the

7 unique, bar-coded identification number found on each container holding TRU mixed waste after

8 opening the TRUPACT-11 or shielded road cask. The bar-coded identification number(s) will be

9 noted and checked against the WA/IS database. The RH waste canister has a unique

10 identification number stamped into it which will be verified in the Hot Cell during transfer to the

11 facility cask. The VWIS computer database will maintain waste container receipt and

12 emplacement information provided by the W1PP site. It will include, among other items, the

13 following information associated with each container of TRU mixed waste:
14

15 *Package (container) receipt date
16 *Overpack identification number (if appropriate)
17 *Package (container) emplacement date
18 *Package (container) emplacement location (panel/room)
19

20 The WVVIS links the bar-coded identification numbers of all containers in a specific waste

21 shipment to the waste assembly (for 7-packs) and to the shipment identification number, which

22 is also written on the EPA Hazardous Waste Manifest. Generators electronically transmit the

23 waste shipment information to the WWIS before the waste shipment is transported. Once a

24 waste shipment arrives, WIPP facility personnel can verify the identity of each container using

25 the data already in the WWIS.
26

27 If there are discrepancies on the manifest, the generator will be contacted for resolution. A

28 manifest discrepancy is a difference between the quantity or type of hazardous waste designated

29 on the manifest and the quantity or type of hazardous waste a facility actually receives. Manifest

30 discrepancy resolution is accomplished by contacting the generator site technical contact (as

31 listed on the manifest). If the discrepancy is identified prior to the containers being removed

32 from the TRU PACT-Il, the waste will be retained in the parking area. If the discrepancy is

33 identified after the waste containers are removed from the TRUPACT-Il, the waste will be

34 retained in the WHB. Errors on the manifest can be corrected by the accepting facility with a

35 verbal concurrence by the generator. Discrepancies not resolved within 15 days of receiving the

36 waste will be reported to the NMED. Notifications to the NMED will consist of a letter describing

37 the discrepancies, attempts to reconcile the discrepancies, and a copy of the manifest. If the

38 waste containers reside in the TRU PACT-Il and the manifest discrepancies have not been

39 resolved within 30 days of waste receipt, the shipment will be returned to the generator/storage

40 facility. If it becomes necessary to return waste containers to the generator site, a new EPA

41 Uniform Hazardous Waste Manifest will be prepared.
42
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* Documentation of the returned containers will be covered by Waste Operations protocols and1

the WIS. Changes will be made to the MWIS data to indicate the current status of the 2

container(s), and a reason will be required to change the data. This reason, plus the record Of 3

the MWIS data change will be maintained in the change log of the 'MNIS and will provide an 4

auditable record of the returned shipment. 5

The Waste Operations section will be responsible for resolution of discrepancies, notification Of 6

the NMED, as well as returning the original copy of the manifest to the generator. The manifest 7

will be returned within 30 days of delivery of the waste. 8

Examination of the Land Disposal Restriction (LDR) Notice 9

Unless TRU mixed waste is otherwise exempted from the LDRs, the DOE intends to petition the lo

EPA for a variance from the prohibition on land disposal of untreated TRU mixed waste at the 11

WIPP facility. If successful, the WIPP facility may dispose of the restricted waste. With each 12

waste shipment of LDR waste, the generator must provide the WIPP facility with a LDR 13

determination and a notice that the waste is not prohibited from land disposal because the waste 14

is covered by a no-migration determination (NMD). (This assumes that a Disposal-Phase NMD 15

will be made by the EPA. Wastes will be in confoftnance with conditions of the NMD.) WIPP 16

facility personnel will review this notice for accuracy and completeness. The generator will 17

* prepare this notice in accordance with the requirements of 20 NMAC 4.1, §268.7(a)(3). 18

Verification 19

Waste Operations will make a determination of waste shipment irregularities. The following items 20

will be noted for each waste shipment arriving at the WIPP facility: 21

The number and type of containers holding TRU mixed waste match the 22

information in the XMIS 23

Container defects 24

Waste Operations will verify that the containers (as identified by their container ID numbers) are 25

the containers for which accepted data already exists in the MIWS. A check will be performed 26

by Waste Operations comparing the data on the WWIS Shipment Summary Report for the 27

shipment to the actual shipping papers (including the EPA Hazardous Waste Manifest). This 28

check also verifies that the containers included in the shipment are those for which approved 29

shipping data already exist in the MVIS Transportation Data Module (Table C-12). For SWBs 30

and TDOPs, this check will include comparing the barcode on the container with the shipping 31

papers and the data on the MWIS Shipment Summary Report. For 7-pack assemblies, one Of 32

the seven container barcodes will be read by the barcode reader and compared to the assembly 33

information for this container on the WWIS Shipment Summary Report. This will automatically 34

* identify the remaining six containers in the assembly. This process enables Waste Operations 35
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1 to identify all of the containers in the assembly with minimum exposure. If all of the container

2 l Ds and the information on the shipping papers agree with the WWIS Shipment Summary Report,
3 the operator is assured that the containers have been approved for disposal at the WIPP facility.
4

5 Waste Shipment Screening QA/QC
6

7 Waste shipment screening QA/QO ensures that waste received is that which has been approved

8 for shipment during the Phase I screening. This is accomplished by maintaining stringent QA/QC
9 control of the waste shipment screening process. The screening process will be controlled by

10 administrative processes which will generate records documenting waste receipt that will become

11 part of the waste receipt record. The waste receipt record documents that container

12 identifications correspond to shipping information and approved waste streams. The WIPP

13 extends QA/QO practices to the management of all records associated with waste shipment
14 screening determinations.
15

16 Records Management
17

18 As part of the WIPP facility's operating record, data and documents associated with waste

19 characterization data are managed in accordance with standard records management practices.

20 The storage of WI PP's copy of the manifest, LDR information, waste characterization data, waste

21 stream profile forms, and other related records will be identified on the appropriate records

22 inventory and disposition schedule for Waste Operations.

24 Waste characterization data and documents related to waste characterization that are part of the

25 WIPP facility operating record are managed in accordance with the following guidelines:

26
27 General Requirements
28

29 *Records must be legible
30 *Corrections must be made with a single line through the incorrect information, and

31 a date and initial of the person making the correction
32 *Records must be paginated indicating the total number of pages that make up the

33 record
34 Black ink is encouraged, unless a copy test has been conducted to ensure the

35 other color ink will copy
36 *Use of highlighters on records is discouraged
37 *Records must be reviewed for completeness
38 *Records must be validated by the cognizant manager
39

40 Records Storage
41

42 *Active records must be stored when not in use
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@ 1 *Quality records must be kept in a one-hour (certified) fire-rated container or a

2 copy of a record must be stored separately (sufficiently remote from the original)

3 in order to prevent destruction of both copies as a result of a single event such

4 as fire or natural disaster

5 *Unauthorized access to the records is controlled by locking the storage container

6 or controlling personnel access to the storage area
7

8 The following records will be maintained for waste characterization purposes as part of the WI PP

9 facility operating record:
10

11 * Completed W1PP Waste Stream Profile Forms and accompanying documentation

12

13 * Completed Waste Receipt Checklists
14

15 * WIPP MNIS Container Emplacement Report
16

17 * Audit reports and corrective action reports from Generator/Storage Site Waste

18 Screening and Acceptance Audit Program audits
19

20 These records will be maintained for each TRU mixed waste container managed at the W1PP

9 21 facility.

23 Records at the W1APP facility will be managed in accordance with the CAO Quality Assurance

24 Program Description (QAPD) record management requirements. The QAPD provides for

25 generation of QA records; QA guidelines; indexing of QA records; classification of QA records;

26 receipt of QA records; storage, preservation, and disposition of QA records; and retrieval of QA

27 records.
28

29 Waste Shipment Tracking QA/QC
30

31 The Transportation Tracking and Communications System is a unique waste shipment monitoring

32 system that will provide 24-hour-per-day feedback to the WI PP facility via satellite on the location

33 and status of each waste shipment during transport.
34

35
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WIPP RCRA Part B Permit Application
DOEAMIPP 91-005

Revision 6

TABLE C-3
RATIONALE FOR SELECTION OF PARAMETERS OF INTEREST

ToxicIity.i 1 Other Appendix
Cmon'Synonymns CAS Chrce Is Listed V111I

IINumber IContaminant J onstituent jConstituent
Acetone 2-Propanone, dimethyl ketone 67-64-1 F003

Antimony 7-4-40-36-0 +

Arsenic 7440-38-2 D)004 +

Barium 7440-39-3 D)005 +

Benzene Benzol 71-43-2 1)018 FO0S +

Beryllium 7440-41-7 P015 +

Bromoform Tribromomethane, 75-25-2 +

methyl. tribromide

n-Butyl alcohol Butanol, 1ý-biutaol, n-butanol 7 1-36-3 F003

Cadmium 7440-43-9 D)006 +

Carbon disulfide Carbon bisulfide 75-15-0 F005 +

Carbon tetrachlooide Tetrachloromethane 56-23-5- DO019 -FOOl +

Chlorobenzene 108-90-7 D021 P002 +4

Chloroform Trichloromethane 67-66-3 D)022 +

Chromium Chrome 7440-47-3 1)007 +

Cresols .C...esy ic acid 1319-77-3 F~ 004 +

1,4-1)ichlorobenzene p-1)ichlorobenzene 106-46-7 1)027 +

I,2-Dichlorobenzene o-1)ichlorobenzene 95-50-1 F002 +

1, 1-Dichloroethane Ethylidene dichloride 75-34-3 +

1,2-Dichloroethane Ethylene dichloride 107-06-2 D)028+

cis- 1,2-Diclo-roethylene cis- 1,2-1)ichloroethene, 156-60-5 +

syrn-Dichloroethylene_______

1,1-Dichloroethylene 1,1-Dichloroethene, 75-35.4 D)029 +

vinylidene chloride ______

2,4 Dmnitrophenol 51-28-5 +

2,4-Dinitrotoluene 1-methyl-2, 4-dinitrobenzene 121-14-2 D030 +

Ethyl benzene 100-41-4 P003

Ethyl ether Diethyl ether, ether 60-29-7 F003

Formaldehyde' 50-00-0 +

Hexachlorobenzene, 118-74- 1 1)032 +

Heachloroethane 677- _D034 +

Hgy-drailne 0  302-01-2 +

lsobutanol Isobutyl alcohol, 2-methyl-l- 78-83-1 F00S +

propanol ______ _______________

Lead 7439-92-1 D)008 +

Mercury 7439-97-6 D)009 +

Methanol Methyl alcohol 3 -7-6- F003

Methyl ethyl ketone 2-Butanone 78-93-3 D)035 F005 +

Methyl isobutyl ketone 4-Methyl-2-pentanone, hexone 108-10-1 F003

Methylene chloride Dichloromethane 75-09-2 P00 1,F002 +

Nickel 7440-02-0 +

Nitrobenzene Nitrobenzol 98-95-3 D)036 F004 +

Pentachlorophenol PCP 87-86-5 1)037 +

Polychlorinated biphenyls (PCBs) 1336-36-3 +

Pyridie 110-86-1 D)038 F005 +

Selenium 7782-49-2 1)01 +~

Silver 174-40-22-4 DO 11+
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TABLE C-3 (CONTINUED)
RATIONALE FOR SELECTION OF PARAMETERS OF INTEREST

I I "Toicity Other Appendix 1
Compound' Synonyms CAS' Characteristic j Listed j Viii

INumber Contaminant JConstituent JConstituentj
79-34-5+

1, 1,2,2-Tetrachioroethane

Tetrachioroethylene Tetrachloroethene, 127-18-4 D039 FOOl1,F002 +

perchioroethylene

TIhallium 7440-28-0 -+

Toluene Methyl benzene 108-88-3 F005 +

1,1,1-Tnichloroethane Methyl chloroform 7 1-55-6 FOOl1,F002 +

1, 1,2-Tnichloroethane Ethane trichlonde 79-00-5 F002 +

Trichloroethylene Trichloroethene 79-01- D040 F00 l,F002 +

Trichlorofluoromethane Freon-il1 75-69-4 FOOl1,F002 +

1, 1,2-Tnichloro- 1,2,2-tinfluoroeihane Freon- 113 76-13-1 P00 l,F002

Vanadium 7440-62-2

Vinyl chloride Chloroethene 75-01-4 D043 +

mn-Xylene l,3-Dimethylbenzene 10TO8-38-3 F003

o-Xylene 1,2-Dzmnethylbenzene -95-47-6 F003

p-Xylene -7,T-ethylbenzene 106-42-3 F-003

Zinc. 1 7440-66-6- _______-______-

aU.S. Department of Energy (DOE), 1995a, "Transuranic Waste Characterization Quality Assurance Program Plan"

(QAPP), CAO-94-1O1O, Rev. 0, Carlsbad Area Office, Carlsbad, New Mexico.

b CAS=Chemical Abstracts Number

Reported only by Los Alamos National Laboratory.

dReported only by Oak Ridge National Laboratory and Savannah River Site.

Zinc was added during development of the QAPP.
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* TABLE C-5
VOC HEADSPACE CONCENTRATION LIMITS

COMPOUND VOC HEADSPACE CONCENTRATION LIMITSa
(PPM)

Carbon Tetrachloride 7,510

Chlorobenzene 17,660

Chloroform 6,325

1 ,1-Dichloroethene 28,750

1 ,2-Dichloroethane 9,100

Methylene Chloride 100,000

1,1 ,2,2-Tetrachloroethane 7,924

Toluene 41,135

1,1 ,1-Trichloroethane 100,000

a There are no maximum headspace limits for other VOCs. These concentrations are based on

* calculations provided in Appendix D9.
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TABLE C-B

SUMMARY OF HAZARDOUS WASTE CHARACTERIZATION REQUIREMENTS
FOR TRANSURANIC MIXED WASTEa

[Parameter Techniques and Methods Manual Procedure

Physical Waste Form Waste Inspection Procedures

Matrix Parameter Categories Radiography, Procedure 310.1
Summary Visual Examination, Procedure 310.2
Category Names (QAPP Section 10.0)
S3000 Homogeneous Solid
S4000 Soil/Gravel
S5000 Debris Wastes

Headspace Gases Gas Analysis

Volatile Organic Compounds Gas Chromatography (GC)/Mass Spectroscopy (MS),
Procedure 430.1 or 430.2

Benzene Alcohols and Ketones (QAPP Section 12.0)
Bromoform Acetone
Carbon tetrachloride Butanol GC/MS
Chlorobenzene Methanol GC/Flame Ionization Detector (FID), Procedure 440.1

Chloroform Methyl ethyl ketone (QAPP Section 12.0)
1,1-Dichloroethane Methyl isobutyl ketone
1 2-Dichloroethane Fourier Transform Infrared Spectroscopy (FTIRS),
1,1 -Dichloroethylene Procedure 430.7
(cis)-1 ,2-Dichloroethylene
Ethyl benzene
Ethyl ether
Formaldehyde'

*Hydrazinec
Methylene chloride
1, 1,2,2-Tetrachloroethane
Tetrachloroethylene,
To luene
1,1,1- -richloroethane
Trichloroethylene
1, 1 ,2-Trichloro-1,2,2-trifluoroethane
Xylenes
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TABLE C-8 (CONTINUED)
SUMMARY OF HAZARDOUS WASTE CHARACTERIZATION REQUIREMENTS

FOR TRANSURANIC MIXED WASTE8a

F -Parameter T Techniques and Methods Manual Proce dure

Total Volatile Organic Total Volatile Organic Compound Analysis
Compounds
Acetone Isobutanol GCIMS, Procedure 430.3 or 430.4
Benzene Methanol GC/FID, Procedure 440.2
Bromoform Methyl ethyl ketone (QAPP Section 13.0)
Butanol Methylene chloride
Carbon disulfide Pyridine d Acceptable Knowledge for Matrix Parameter Summary
Carbon tetrachloride 1, 1,2,2-Tetrachloroethane Category S5000 (Debris Wastes)
Chlorobenzene Tetrachloroethylene
Chloroform Toluene
1 ,4-Dichlorobenzene d 1, 1 ,2-Trichloro-1 ,2,2-trifluoroethane
1 ,2-Dichlorobenzene d Trichlorofluoromethane
1 ,2-Dichloroethane 1,1, 1 -Trichloroethane
1,1 -Dichloroethylene 1, 1,2-Trichloroethane
Ethyl benzene Trichloroethylene
Ethyl ether Vinyl chloride
Formaldehydeb Xylenes
Hydrazine' ________________________

Total Semivolatile Organic Compounds Total Semivolatile Organic Compound Analysis
Cresols GC/MS, Procedure 430.5 or 430.6
I ,4-Dichlorobenzene e GCIECD for PCBs , Procedure 440.3
I ,2-Dichlorobenzenee (QAPP Section 14.0)
2, 4-D in trop henol
2,4-Dinftrotoluene Acceptable Knowledge for Matrix Parameter Summary
Hexachlorobenzene Category S5000 (Debris Wastes)
Hexachloroethane
Nitrobenzene
Polychlorinated biphenyls
Pentachlorophenol
Pyridinee

Total Metals Total Metals Analysis
Antimony Mercury Atomic MS, Procedure 630.1
Arsenic Nickel Atomic Emission Spectroscopy, Procedure 640.1
Barium Selenium Atomic Absorption Spectroscopy ,Procedures 650.1
Beryllium Silver through 650.7
Cadmium Thallium (QAPP Section 15.0)

ChromiumVanadium
Lea d Zinc Acceptable Knowledge for Matrix Parameter Summary

Category S5000 (Debris Wastes)

aU.S. Department of Energy (DOE), 1995a, 'TRU Waste Characterization Quality Assurance Program Plan" (QAPP), CAO-94-
1010, Rev. 0, Carlsbad Area Office, Carlsbad, New Mexico.

bRequired only for homogeneous solids and soil/gravel from Los Alamos National Laboratory.
CRequired only for homogeneous solids and soil/gravel from Oak Ridge National Laboratory and Savannah River Site.

d Can also be analyzed as a semi-volatile organic compound.
e Can also be analyzed as a volatile organic compound.
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* TABLE C-9
HEADSPACE TARGET ANALYTE LIST AND METHODS

Methods Manual
Parameter j Procedure j EPA Specified Analytical Method

Benzene
Bromoform
Carbon tetrachloride
Chlorobenzene
Chloroform
1 1-Dichloroethane
1,2-Dichloroethane
1,1 -Dichloroethylene EPA- Modified TO-14a;
(cis)-1,2-Dichloroethylene Mdfe 2086
Ethyl benzene 430.1 Mdfe 2086
Ethyl ether 430.2 EPA - Approved
Formaldehyde" 430.7 Fourier Transform
Hydrazinec Infrared Spectroscopy
Methylene chloride
1, 1 ,2,2-Tetrachloroethane
Tetra chlo roethylen e
Toluene
1, 1,1 -Trichloroethane
Trichloroethylene. 1, 1 ,2-Trichloro-1 ,2,2-trifluoroethane
Xylenes

Acetone EPA: Modified TO-14 a;
Butanol Modified 8240/8260
Methanol 430.1
Methy ethyl ketone 430.2 EPA - Approved
Methyl isobutyl ketone 430.7 Fourier Transform

440.1 Infrared Spectroscopy

No Equivalent EPA Method for Methods
I I Manual Procedure 440.1

aU.S. Environmental Protection Agency (EPA), 1988, "Compendium Method TO-14, the Determination of Volatile
Organic Compounds (VOC) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas Chromatographic
Analysis," in Compendium of Methods for the Determination of Toxic Organic Compounds on Ambient Air. Research
Triangle Park, North Carolina, Quality Assurance Division, Monitoring System Laboratory, U.S. EPA. The most
current revision of the specified methods will be used.

bRequired only for containers of homogeneous solids and soil/gravel waste from Los Alamos National Laboratory.
Required only for containers of homogeneous solids and soil/gravel waste from Oak Ridge National Laboratory and
the Savannah River Site.
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TABLE C-10
REQUIRED TOTAL ORGANIC ANALYSES AND TEST METHODS

ORGANIZED BY ORGANIC ANALYTICAL GROUPS

Organic JMethods Manual EPA Mpcfehd 8 nltia
Analytical Group Required Organic Analyses Procedure Spefid"

Nonhalogenated Acetone
Volatile Organic Benzene
Compounds n-Butanol
(VOCs) Carbon disulfide

Ethyl benzene 430.3 8240B
Ethyl ether 430.4 8260A
Formaldehyde40.
Hydrazine b40.
Isobutanol
Methanol
Methyl ethyl ketone
Toluene
Xylenes ____________

Halogenated Bromoform
VOCs Carbon tetrachloride

Chlorobenzene
Chloroform
1 ,2-Dichloroethane
1 ,1 -Dichioroethylene
Methylene chloride 430.3 8240B
1, 1,2,2-Tetrachloroethane 430.4 8260A
Tetrachloroethylene
1, 1,2-Trichloroethane
1 , , 1-Trichloroethane
Trichioroethylene
Trichlorof luoromethane
1, 1,2-Trichloro- 1,2,2- J

trifluoroethane
Vinyl Chloride

Semivolatile Cresols (o, m, p)
Organic 1 ,2-Dichlorobenzenec
Compounds
(SVOCs)

1 ,4-Dichlorobenzenec
2,4-Dinitrophenol 8250A
2,4-Dinitrotoluene 430.5 8270B
Hexachlorobenzene 430.6 3620
Hexachloroethane 440.3 (for PCBs only) 8081 (for PCBs only)

Nitrobenzene 
35

Polychlorinated biphenyls
(pCB)d
Pentachlorophenol
Pyridine'
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TABLE C-10 (CONTINUED)
REQUIRED ORGANIC ANALYSES AND TEST METHODS

ORGANIZED BY ORGANIC ANALYTICAL GROUPS

aU.S. Environmental Protection Agency (EPA), 1 993, "Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods," SW-84 Third Edition Final Update I and Final Update HI. Equivalent methods are demonstrated by
meeting the quality assurance/quality control requirements specified in the QAPP and SW-846 protocols.

bSites will have to develop an analytical method for hydrazine. This method will be submitted to the DOE GAO for
approval.
These compounds may also be analyzed as VOCs by SW-846 Methods 8240B and 8260A.

dTransformer oils containing PCBs have been identified in a limited number of waste streams included in the
organic sludges waste matrix code. Therefore, only waste streams included in the solidified organics final waste
form must be analyzed for PCBs.
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TABLE C-1I1
SUMMARY OF SAMPLE PREPARATION AND

ANALYTICAL METHODS FOR TOTAL METALS

Parameters _Methods Manual Procedure=IEPA-Specified Analytical Methods"

Sample Preparation 610.1 3051, or equivalent, as appropriate
for analytical method

Total Antimony 630.1, 640.1, 650.1, 650.2, 6010A, 6020, 7040, 7041, 7062

650.5

Total Arsenic 630.1, 640.1, 650.4, 650.5 6010OA, 6020, 7060A, 7061 A, 7062

Total Barium 630.1, 640.1, 650.1, 650.2 6010A, 6020, 7080A, 7081

Total Beryllium 630.1, 640.1, 650.1, 650.2 6010A, 6020, 7090, 7091

Total Cadmium 630.1, 640.1, 650.1, 650.2 6010A, 6020, 7130, 7131A

Total Chromium 630.1, 640.1, 650.1, 650.2 6010OA, 6020, 7190, 7191

Total Lead 630.1, 640.1, 650.1, 650.2 6010QA, 6020, 7420, 7421

Total Mercury 650.3 7471A

Total Nickel 630.1, 640.1, 650.1 6010A, 6020, 7520

Total Selenium 630.1, 650.2, 650.6, 650.7 6010A, 7740, 7741A, 7742

Total Silver 630.1, 640.1, 650.1, 650.2 6010A, 6020, 7760A, 7761

Total Thallium 630.1, 640.1, 650.1, 650.2 6010A, 6020, 7840, 7841

Total Vanadium 630.1, 650.1, 650.2 6010A, 7910, 7911

Total Zinc 630.1, 640.1, 650.1, 650.2 6010QA, 6020, 7950, 7951

a U.S. Environmental Protection Agency (EPA), 1986 as amended by FR 46040, August 31,

1993. "Test Methods for Evaluating Solid Waste," Laboratory Manual Physical/Chemical
Methods, SW-846,' 3rd ed., U.S. Environmental Protection Agency, Office of Solid Waste
and Emergency Response, Washington, D.C. Equivalent methods are demonstrated by
meeting the quality assurance/quality control requirements specified in the Quality
Assurance Program Plan (QAPP) and SW-846 protocols.
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TABLE C-12 S
WIPP WASTE INFORMATION SYSTEM DATA FIELDS

Characterization Module Data Fields b

Container ID) ' Total VOC Sample Date
Generator EPA ID Total VOC Analysis Date
Generator Address Total VOC Analyte Name d

Generator Name Total VOC Analyte Concentration d

Generator Contact Total Metal Sample Date
Hazardous Code Total Metal Analysis Date
Headspace Gas Sample Date Total Metal Analyte Named
Headspace Gas Analysis Date Total Metal Analyte Concentration d

Headspace Gas Analyte d Semi-VOC Sample Date
Headspace Gas Concentration d Semi-VOC Analysis Date
Headspace Gas Char. Method d Semi-VOC Analyte Name d

Total VOC Char. Method d Seni-VOC Concentration d

Total Metals Char. Method dTransporter EPA ID
Total Seni-VOC Char. Method d Transporter Name
Item Description Code Visual Exam Container'
Haz. Manifest Number Waste Material Parameter d

NDE Complete eWaste Material Weight d

PCB Concentration' Waste Matrix Code
Waste Matrix Code Group
Waste Stream Profile Number

Certification Module Data Fields

Container ID cFissile Gram Equiv.
Container type Radloassay (RA) Date
Container Weight RA Method
Contact Dose Rate Radionuclide d

Container Certification date Radionuclide Quan.d

Container Closure Date Handling Code
Container Liner Type Waste Weight
Decay Heat Waste Fill %
O}verpack Number (if any) Surface Contamination
PE Curie Equiv. Alpha Activity

Transportation Data Module

Shipment Number Layers of Packaging
TRUPACT Number Ship Category
Assembly Nube Ship Certification Date
Container IDs c~d Ship Date
Filter Model Receive Date
Filter Date Vehicle Type
ICV Closure Date
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TABLE C-12 (CONTINUED)
WIPP WASTE INFORMATION SYSTEM DATA FIELDS

Disposal Module Data

Container IDc
Disposal Date
Disposal Location

aThis is not a complete list of the WIWIS data fields, but is a subset that contains the fields that are pertinent

to RCRA.

b Some of the fields required for characterization are also required for certification and/or transportation.

CContainer ID is the main relational field in the WWIS Database.

d This is a multiple occurring field for each analyte, nuclide, etc.

eThese are logical fields requiring only a yes/no.

' Limits are applied to many fields. The limit for PCBs is 50 ppm.

g Required for 7-Packs of 55 gal drums to tie all of the drums in that assembly together. This facilitates the

identification of waste containers in a shipment without need to breakup the assembly.
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TABLE C-13
REQUIRED PROGRAM RECORDS MAINTAINED IN SITE PROJECT FILES

Lifetime Records

" Field sampling data forms
" Field and laboratory chain-of-custody forms
" Laboratory analytical data reports
" Analytical results of all QA/QC samples
" Reports and data transmittals sent to DOEICAO
" Nonconformance and corrective action documentation
" Sampling Plans
" Audit plans, reports, responses, and final closure of corrective actions
" Quality assurance reports to management
" Data reduction, validation, and reporting records
" Gas canister tags
" Audio/video tapes

Non-Permanent Records

. Performance Demonstration Program analytical results

. Sampler certifications

. All pertinent incoming and outgoing correspondence, memoranda, and telephone
records related to QA/QC

* Documentation of calculations and computer programs with associated verification
o Reference material relevant to the waste characterization program
. Train ing/q ualifi cation records
. Documentation of revisions or changes to the QAPP or QAPjPs
* Calibration records
. Electronic instrument data (e.g., GO/MS files)
. Procurement records
- QC standard certification statements
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AN Ahos NcbatiornierngLbrtr

KA Knolls Atomic Power Laboratory-Knolls Site
LA Los Alamos National Laboratory
LB Lawrence Berkeley Laboratory
LL Lawrence Livermore National Laboratory
MD Mound Plant
MU University of Missouri
NT Nevada Test Site
OR Oak Ridge National Laboratory
PA Paducah Gaseous Diffusion Plant
RF Rocky Flats Environmental Technology Site
RL Richland (Hanford) Site
SA Sandia National Laboratories/New Mexico
SR Savannah River Site

*Indicates Major Site

SIndicates Minor Site

0 Figure 0-3

U.S. Department of Energy Transuranic Mixed Waste Generator/Storage Sites
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Form Number____
Page of..

'.IPP WASTE STREAM PROFILE FORM

Shipper/Generator Information:

Site Name _________________/EPA ID ____________________

Tech. Contact /Phone __________________

Orig. GeneArao/ EPA 11) ______________

Waste Stream Information:

Check one: L CH [j RIH

Waste Stream WIPP ID_________ _________

Summary Category Group ___________/Waste Matrix Code Group

Waste Stream Name________________________________

Description

Date of WAC Certification ___________

Title. version number, and date of documents used for WAC certification:

Number of SWBs - Number of Drums - Number of Canisters

List all applicable EPA Hazardous Waste Codes_________________

Acceptable Knowledge Information:

Required Program Information Supporting Documentation Used

(References and dates)

E3 Map of Site

M Facility Mission Description

E] Description of Operations that

Generate Waste _ _ _ _ _ _ _ _ _ _ _

~J Waste IdentifiCationlCategorization
Schemes_____________________

S Types and quantities of waste generatedi

L3 Correlationi of waste stam generated
fr-om the same building and process.

as appropriate
Waste certification procedures

Required Waste Stream Informtation

S Area~s) and buildings) from which the waste

stream was generated

E3 Waste stream volume and time period of

generation

S Process flow diagrams

Figure C-4

2 WIPP Waste Stream Profile Form
3
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Form Number_______
Page -of__

Waste Generating Process Description

S Material inputs of other information identifying

chemicailradionuclide content and

physical waste form___________ _________

Supplemental Documentation

[J Process design documents__ _ _ _ _ _ _ _ _ _ _ _ _ _

standard operating procedures

SSafety Analysis Reports

Waste Packaging Logs

STest Plans/Research Project Reports

Site Databases ___________________

S Information from Site Personnel__ ________________

0 Standard Industry Documents__ _ _ _ _ _ _ _ _ _ _ _ _

Previous Analytical Data________ ___________

Material Safety Data Sheets__ _ _ _ _ _ _ _ _ _ _ _ _ _

S Sampling and Analysis Data from ___________________

Comparable/Surrogate Waste ___________________

S Laboratory Notebooks _ _ _ _ _ _ _ _ _ _ _ _ _ _

Sampling and Analysis information*: Sampling and Analysis Procedures
(reference and date)

SRadiography

Visual Examination _____________________________

SHeadspace Gas Analysis

VOCs__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Other Gases (Specify)

SHomogeneous Solids/Soil/Gravel Sample Analysis

VOCs__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

semi-VOCs _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

PCBs__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Total Metals _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Other (specify)

SIgnitable Corrosive L3Reactive E3 Compatible

Waste Characterization Data Package Numbers: _______________________

* Attach signed waste characterization summary data package to support hazardous waste code assignment to form

Certification:
I hereby certify that I have reviewed the information in this Waste Stream Profile Form, and it is complete and accurate to

the best of my knowledge. I understand that this information will be made available to regulatory agencies and that there

are significant penalties for submitting false information, including the possibility of fines and imprisonment for knowing

violations.

Signature of Site Project Manager Printed Name and Title Date

Figure C-4

2 WIPP Waste Stream Profile Form (Continued)
3
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APPENDIX C1 1

CHEMICAL COMPATIBILITY ANALYSIS 2

OF WASTE FORMS AND CONTAINER MATERIALS 3

The chemical compatibility analysis was carried out with all defense generated, contact-handled 4

(CH) and remote-handled (RH) transuranic (TRU)-mixed waste streams reported in the Waste 5

Isolation Pilot Plant (W1PP) Transuranic Waste Baseline Inventory Report (VVTVBIR) (DOE, 6

1995). A summary of these waste streams is given in Table C-1 (Chapter C). The reported 7

content of CH and RH streams will be verified through the WIPP G enerator/Sto rage Site Waste 8

Screening and Acceptance Audit Program (Appendix C1l1). 9

All information for -Lhe chemical lists and compatibility study is maintained in databases on a lo

personal computer. The chemicals reported by the generator sites are classified into reaction 11

groups as defined by the U.S. Environmental Protection Agency (EPA) document, A Method for 12

Determining the Compatibility of Hazardous Wastes (Hatayama et al., 1980). The chemical lists 13

are derived from the TRUPACT-11 database, EPA hazardous waste codes listed in the WVTWBIR, 14

and waste dlescriptions. 15

*A database program was developed to evaluate the chemical compatibility of the WTWBIR waste 16

streams. Potential incompatibilities are defined on Figure 6 of the EPA document (Hatayama 17

et al., 1980), which identifies combinations of chemical groups that are incompatible and the 18

consequences (e.g., heat generation) of mixing incompatible chemical groups. All incompatible 19

mixtures have been entered into a reference data base to be used in assessing the chemical 20

compatibility of a given list of chemicals. The logic of the program used in evaluating the 21

chemical compatibility by content code is described in detail below. 2

As an initial step, the program indexes the entire database according to the WPNBIR waste 23

stream codes. The program then locates the first reaction group within the first waste stream 24

code and picks the highest concentration of any chemical in that group. The selected reaction 25

group is then paired with every other reaction group in the waste stream to check for 26

incompatibility. If a potential incompatibility is found, it is printed out along with the 27

corresponding waste stream codes. After finding all potential incompatibilities for a given waste 28

stream code, the program moves on to the next waste stream code until all waste stream codes 29

have been processed. 30

To ensure accuracy, the reference database was printed and checked against the EPA document 31

for chemical compatibility, and the WTWIBIR waste stream database was printed and checked 32

against the original WTWBIR forms from the generator sites. The list of potential chemical 33

incompatibilities reported by the program was hand checked using the EPA docuMent as a 34

reference to assure proper functioning of the program. All potential chemical incompatibilities 35

*were then evaluated on a case-by-case basis to identify which, if any, of the reactions could 36

occur, given the nature of the waste, and the its chemical constituents, and final waste form. 37
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1 Waste streams are classified as "incompatible" if the potential exists for any of the following
2 reactions:

3 * corrosion
4 * explosion

5 . heat generation
6 * gas generation (flammable gases)
7 * pressure build-up (nonflammable gases)
8 . toxic by-product generation

9 Each generator and storage site has produced a comprehensive list of all possible chemicals
10 present in its waste. The chemical components found in each waste generation process are
11 determined by examination of the process technology, by chemical analysis, or by process flow
12 analysis. Under this system, all chemical inputs into the system are accounted for, even though
13 all of these components may not be a part of the waste. For example, generator sites might
14 include both acids and bases in their lists, even though the two groups have been neutralized
15 prior to placement in a waste container.

16 In addition to the chemicals listed in Appendix 2 of the EPA document (Hatayama et al., 1980),
17 the following components that exhibit toxicity characteristics defined under 40 CFR §261.24 were
18 added to the chemical list in trace (<1 weight percent) quantities:

19 Group 3 Acids. Organic
20 2,4-D
21 2,4,5-TP (Silvex)

22 Group 17 Halopenated Organics
23 Methoxychlor
24 Toxaphene
25 2,4-D
26 Hexachlorobutadiene
27 Hexachloroethane
28 Tetrachloroethylene
29 2,4,5-Trichlorophenol
30 2,4,6-Trichlorophenof

31 All hazardous constituents listed in the Part A Permit are present in the chemical lists and
32 accounted for in the compatibility analysis.

33 The compounds listed on the Material Safety Data Sheet for Radiac~m wash were added to the
34 chemical compatibility assessment. The reactive compounds associated with Radiac'm wash
35 are:
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GROUP COMPOUND CONCENTRATION 1

3 citric acid M 2

106 water D 3

The compounds found in the fire suppressants in use at the Wi PP facility were added to evaluate 4

chemical compatibility of these materials with the test wastes. The following reactive compounds 5

were added: 6

GROUP COMPOUND CONCENTRATION 7

14 diethylene glycol monobutyl ether D 8

15 fluorosurfactants D 9

106 water D 10

Ansulite 6 percent AFFF (AFC-3) contains diethylene glycol monobutyl ether, fluorosurfactants, ii

and water. The FORAY Dry Chemical Extinguishing Agent contains potassium aluminum silicate, 12

magnesium aluminum silicate, monoammonium phosphate, ammonium sulfate, and methyl 13

hydrogen polysiloxane, which are not hazardous reactive constituents. 14

To account for packaging, container, and backfill materials, the following components were 15

added to the database for each content code in dominant (>10 weight %) quantities: 16

Group 10 Caustics 17

Magnesium Oxide 18

Group 23 Metals, other elemental and alloys as sheets, rods, moldings, drops, etc. 19

Low Carbon Steel 0 20

Group 101 Combustible Materials 21

Polyethylene D02

The chemical concentration levels are reported as either Trace MT (< 1% by weight), Minor (M) 23

(1-10%), or Dominant (D) (>10%). The chemical list is divided into groups based on chemical 24

properties and structure (e.g., acids, caustics, metals, etc.). If incompatible groups are 25

combined, the possibility exists for the reactions listed above. For example, a reaction between 26

Group 1 (Acids, Mineral, Non-oxidizing) and Group 10 (Caustics) could result in heat generation. 27

Possible chemical incompatibilities between compounds present in trace quantities (<1 percent 28

by weight) and compounds present in concentrations > 1 percent by weight (i.e., D x T, D x Ti, 29

D x T2, D x T3, M x T, M x T1, M x T2, or M x T3) are included in this report. However, 30

interactions between compounds present in trace quantities (<1 percent by weight) and 31

compounds present in concentrations < 1 percent by weight do not pose an incompatibility 32

* problem for the following reasons: 33
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1 . The trace chemicals reported by the sites are in concentrations well below the trace

2 limit of 1 weight percent. Sampling programs show that the concentration levels of

3 these compounds are significantly lower than the upper limit of 1 percent.

4 * The trace chemicals are usually dispersed in the waste, which further dilutes
5 concentrations of these materials.

6 * Trace chemicals that might be incompatible with major and dominant
7 materials/chemicals would have reacted during the waste treatment process prior to

8 placement in waste containers.

9 * Because of restrictions imposed by the EPA on reporting of hazardous wastes, some
10 chemicals are listed in trace quantities even if they have already reacted. Hazardous

11 waste regulations as promulgated by the EPA (EPA, 1988) (known as the mixture rule)

12 require that a mixture of any solid waste and a hazardous waste listed in 40 CFR Part
13 261, Subpart D, be considered a hazardous waste subject to Resource Conservation

14 and Recovery Act regulations. However, Subpart D does not list minimum
15 concentrations for these listed wastes, with the result that any such mixtures must be

16 considered hazardous waste even if the Subpart D constituent is at or below detection
17 limits.

18 * The waste is either solidified and immobilized (solidified materials) or present in bulk

19 form as a solid (solid materials). In almost all cases, any possible reactions take place

20 before the waste is generated in its final form.

21 * Total trace chemicals within a payload container are limited to less than 5 weight
22 percent.

23 All potential incompatibilities between trace, minor, and dominant compounds have been

24 analyzed on a case-by-case basis for each waste stream reported in Table C-2 (Chapter C).

25 Some chemicals listed as being present in the waste have reacted prior to placement in a waste

26 container. For example, a site listing a caustic (Group 10) and an acid (Group 1) in its waste

27 has only the neutralized product present in an immobilized form. Further reactions of this type

28 do not occur once the waste is neutralized in its final form. An additional constraint on the

29 chemicals and materials that can be present within each waste stream code is their gas

30 generation potential due to radiolysis.

31 Unresolved incompatibilities between trace and minor, trace and dominant, minor and dominant,

32 minor and minor, or dominant and dominant waste constituents were identified and segregated.
33 These wastes cannot be transported until the incompatibilities are resolved (NuPac, 1989).

34 Table Cl-i presents the chemical compatibility analysis for the modified chemical lists for the
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0 ~waste streams presented in Table C-2 (Chapter C). A list of explanations describing any noted1

incompatibilities precedes Table Cl-i. 2

1 Summary of Potential Incompatibilities for Waste Forms and Container Material
2
3 The following is a listing and explanation of compatibility code numbers used to identify potential
4 incompatibilities in Table Cl-I. Where incompatibilities are noted, it is important to remember

5 that these potential incompatibilities will be removed prior to shipment of the waste to WIPP.
6 That is, unacceptable waste properties listed in Chapter C, Section Cl-b will be removed prior

7 to shipping. Verification of the compatibility of final waste forms will be carried out by the WIPP

8 Generator/Storage Site Waste Screening and Acceptance Audit Program (Appendix C8).
9

10 Explanation Code Number Descriptions
11
12 00 (1 x10, 2x 10, 3x 10,5 x10, 10 x13, 10 x17, 10 x18, 10 x19,10x 2 1,10x 22,I10

13 x 23, 10 x 24, 10 x 25, 10 x 27, 10 x 32, 10 x 102, 10 x 107) These potential
14 incompatibilities result from the addition of magnesium oxide backfill material. However,
15 the hydration of magnesium oxide results in the formation of brucite (Mg[OH]2), which

16 buffers the pH of the solution at approximately 8.5. Therefore, caustic conditions are

17 not produced by the use of magnesium oxide backfill.

Qt a. (1 x 4) The potential chemical incompatibility is the possible dehydration or

20 displacement reactions between non-oxidizing mineral acids (Group 1) and alcohols and

21 glycols in waste forms (Group 4) resulting in heat generation. The potential chemical

22 incompatibility results from reporting trace quantities (<1%) of non-oxidizing acid in

23 generator waste streams. However, the non-oxidizing mineral acids are neutralized prior

24 to packaging, and the materials in this waste stream are considered chemically
25 compatible.
26
27 Oaa. (1 x 10) The potential chemical incompatibility is the possible acid-base reaction

28 between strong mineral acids (Group 1) and strong caustics (Group 10) resulting in heat

29 generation. The potential chemical incompatibility results from reporting trace quantities
30 (<1 %) of non-oxidizing acid in generator waste streams. However, the non-oxidizing
31 mineral acids are neutralized prior to packaging, and the materials in this waste stream

32 are considered chemically compatible.
33
34 Oaaa. (1 x 14) The potential chemical incompatibility is the possible hydrolysis reaction

35 between strong mineral acids (Group 1) and ethers (Group 14), resulting in heat

36 generation. The potential chemical incompatibility results from reporting trace quantities
37 (<1%) of non-oxidizing acid in generator waste streams. However, the non-oxidizing
38 mineral acids are neutralized prior to packaging, and the materials in this waste stream4 are considered chemically compatible.
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1 Oaaaa. (1 x 15) The potential chemical incompatibility is the possible formation of hydrogen
2 fluoride when strong mineral acids (Group 1) mix with inorganic fluorides (Group 15),
3 resulting in toxic gas generation. The potential chemical incompatibility results from
4 reporting trace quantities (<1%) of non-oxidizing acid in generator waste streams.

5 However, the non-oxidizing mineral acids are neutralized prior to packaging, and the
6 materials in this waste stream are considered chemically compatible.

7 Ob. (1 x 17) The potential chemical incompatibility is the possible reaction between strong
8 mineral acids (Group 1) and halogenated organics (Group 17), resulting in generation
9 of heat and toxic hydrogen halide fu mes. The potential chemical incompatibility results

10 from reporting trace quantities (<1 %) of non-oxidizing acid in generator waste streams.
11 However, the non-oxidizing mineral acids are neutralized prior to packaging, and the

12 materials in this waste stream are considered chemically compatible.

13 Obb. (1 x 19) The potential chemical incompatibility is the possible condensation reaction
14 between strong mineral acids (Group 1) and ketones (Group 19), resulting in generation
1s of heat. The potential chemical incompatibility results from reporting trace quantities
16 (<1%) of non-oxidizing acid in generator waste streams. However, the non-oxidizing

17 mineral acids are neutralized prior to packaging, and the materials in this waste stream

18 are considered chemically compatible.

19 1. (1 x 23) The potential chemical incompatibility is the possible reaction between non- 0
20 oxidizing mineral acids (Group 1) and metals and other elemental alloys as sheets, rods,

21 moldings, drops, etc. (Group 23). The non-oxidizing mineral acids are present only in

22 -trace quantities (<1 %) and are neutralized and bound in the cemented waste form. Due
23 .f to the immobilization and prior reaction of the acids, the materials in this waste stream
24 are considered chemically compatible.

25 2. (1 x 24) The potential chemical incompatibility is the tendency of non-oxidizing mineral
26 acids (Group 1) to solubilize toxic metals and metal compounds (Group 24). The

27 mineral acids are present only in trace quantities (<1%) and are neutralized and bound

28 in the cemented waste form. Due to the immobilization and prior reaction of the non-

29 oxidizing acids, the materials in this waste stream are considered chemically compatible.

30 3. (1 x 101) The potential chemical incompatibility is the possible reaction between non-

31 oxidizing mineral acids (Group 1) and combustible materials (Group 101). The mineral

32 acids are present only in trace quantities (<1 %) and are neutralized and bound in the
33 cemented waste form. An absorbent has been added to immobilize free liquids. Due

34 to the immobilization and prior reaction of the non-oxidizing acids, the materials in this
35 waste stream are considered chemically compatible.
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3a. (1 x 102) The potential chemical incompatibility is the possible violent reaction between1

non-oxidizing mineral acids (Group 1) and explosives (Group 102). However, explosives 2

are not allowed to be shipped to W1PP unless treatment renders them inert. 3

Additionally, mineral acids are present only in trace quantities (<1 %) and are neutralized 4

prior to loading in waste containers. Therefore, the materials in this waste stream are 5

considered chemically compatible. 6

3aa. (1 x 104) The potential chemical incompatibility is the possible reaction between non- 7

oxidizing mineral acids (Group 1) and strong oxidizing agents (Group 104), resulting in 8

heat and generation of toxic and corrosive gases. However, the mineral acids and 9

oxidizing agents are present in trace quantities (<1%) and neutralized prior to loading lo

in waste containers. Therefore, the materials in this waste stream are considered 11

chemically compatible. 12

3b. (1 x 106) The potential chemical incompatibility is the possible reaction between mineral 13

acids (Group 1) and water (Group 106), resulting in the generation of heat. This 14

potential incompatibility results from the presence of water in AnsuliteTM fire i5

extinguishing agents and/or Radiac~m wash solutions and/or absorbed water. However, 16

the mineral acids are present only in trace quantities (< 1%) and are neutralized prior to 17

loading in waste containers. In addition, the presence of any absorbed liquids are 18

immobilized in an absorbent and would not be available for reaction. 19

3c. (2 x 3) The potential chemical incompatibility is the reaction of oxidizing mineral acids 20

(Group 2) with organic acids (Group 3) resulting in heat and gas generation. The 21

potential chemical incompatibility results from the use of citric acid in Radiac~m wash 22

solutions. The solid citric acid is diluted during preparation of the Radiac'M wash and 23

is often further diluted prior to use for decontamination. As a result, the potential for 24

reactions of solid citric acid with oxidizing mineral acids in waste forms is removed. 25

3d. (2 x 4) The potential chemical incompatibility is the possible dehydration or 26

displacement reactions between oxidizing mineral acids (Group 2) and alcohols and 27

glycols (Group 4), resulting in heat generation. The potential chemical incompatibility 28

results from reporting trace quantities (<1%) of oxidizing acid in generator waste 29

streams. However, the oxidizing mineral acids are neutralized prior to packaging, and 30

the materials in this waste stream are considered chemically compatible. 31

3e. (2 x 10) The potential chemical incompatibility is the possible acid-base reaction 32

between oxidizing mineral acids (Group 2) and strong caustics (Group 10), resulting in 33

heat generation. The potential chemical incompatibility results from reporting trace 34

quantities (<~1%) of oxidizing acid in generator waste streams. However, the oxidizing 35

mineral acids are neutralized prior to packaging, and the materials in this waste stream 36

*are considered chemically compatible. 37
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1 3ee. (2 x 13) The potential chemical incompatibility is the possible reaction between

2 oxidizing mineral acids (Group 2) and esters (Group 13), resulting in heat generation.

3 The potential chemical incompatibility results from reporting trace quantities (<1%) of

4 oxidizing acid in generator waste streams. However, the oxidizing mineral acids are

5 neutralized prior to packaging, and the materials in this waste stream are considered

6 chemically compatible.

7 3f. (2 x 14) The potential chemical incompatibility is the possible hydrolysis reaction

8 between oxidizing mineral acids (Group 2) and ethers (Group 14), resulting in heat

9 generation. The potential chemical incompatibility results from reporting trace quantities

10 (<1%) of oxidizing acid in generator waste streams. However, the oxidizing mineral

11 acids are neutralized prior to packaging, and the materials in this waste stream are

12 considered chemically compatible.

13 3g. (2 x 15) The potential chemical incompatibility is the possible formation of hydrogen

14 fluoride when oxidizing mineral acids (Group 2) mix with inorganic fluorides (Group 15),

15 resulting in toxic gas generation. The potential chemical incompatibility results from

16 reporting trace quantities (<1 %) of oxidizing acid in generator waste streams. However,

17 the oxidizing mineral acids are neutralized prior to packaging, and the materials in this

18 waste stream are considered chemically compatible.

19 3gg. (2 x 16) The potential chemical incompatibility is the possible reaction between oxidizing 0
20 mineral acids (Group 2) and aromatic. hydrocarbons (Group 16). Oxidation of the

21 hydrocarbon may produce enough heat to ignite the mixture. The potential chemical

22 ~incompatibility results from reporting trace quantities (< 1%) of oxidizing acid in generator

23 waste streams. However, the oxidizing mineral acids are neutralized prior to packaging,

24 and the materials in this waste stream are considered chemically compatible.

25 3h. (2 x 17) The potential chemical incompatibility is the possible reaction between

26 oxidizing mineral acids (Group 2) and halogenated organics (Group 17), resulting in

27 generation of heat and toxic hydrogen halide fumes. The potential chemical

28 incompatibility results from reporting trace quantities (< 1%) of oxidizing acid in generator

29 waste streams. However, the oxidizing mineral acids are neutralized prior to packaging,

30 and the materials in this waste stream are considered chemically compatible.

31 3i. (2 x 19) The potential chemical incompatibility is the possible condensation reaction

32 between oxidizing mineral acids (Group 2) and ketones (Group 19), resulting in

33 generation of heat. The potential chemical incompatibility results from reporting trace

34 quantities (<1 %) of oxidizing acid in generator waste streams. However, the oxidizing

35 mineral acids are neutralized prior to packaging, and the materials in this waste stream

36 are considered chemically compatible.
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3j. (2 x 20) The potential chemical incompatibility is the possible reaction between1
oxidizing mineral acids (Group 2) and mercaptans (Group 20), resulting in generation 2

of heat and toxic hydrogen sulfide fumes. The potential chemical incompatibility results 3

from reporting trace quantities (<1%) of oxidizing acid in generator waste streams. 4

However, the oxidizing mineral acids are neutralized prior to packaging, and the 5
materials in this waste stream are considered chemically compatible. 6

4. (2 x 23) The potential chemical incompatibility is the possible reaction between 7

oxidizing mineral acids (Group 2) and metals and other elemental alloys as sheets, rods, 8

moldings, drops, etc. (Group 23). The oxidizing mineral acids are present only in trace 9

quantities (<1 %) and are reacted prior to loading in waste containers. In addition, the io

oxidizing mineral acids are fixed in the solidified product and would not be available to 11

react with the metal. 12

5. (2 x 23) The potential chemical incompatibility is the possible reaction between 13

oxidizing mineral acids (Group 2) and metals and other elemental alloys as sheets, rods, 14

moldings, drops, etc. (Group 23). The oxidizing mineral acids are present only in trace 15

quantities (<1%) as residues on glass or rubber gloves, and not as free liquids that 16

could react with metals. 17

* 6. (2 x 24) ,The potential chemical incompatibility is the solubilization of toxic metals and 18

metal compounds (Group 24) in oxidizing mineral acids (Group 2). The oxidizing i9

mineral acids are present only in trace quantities (<1 %) and are reacted prior to loading 20

in waste containers. In addition, the oxidizing mineral acids are fixed in the solidified 21

product and would not be available to react with the metal. 22

7. (2 x 24) The potential chemical incompatibility is the possible reaction between 23

oxidizing mineral acids (Group 2) and toxic metals and compounds (Group 24). The 24

oxidizing mineral acids are present only in trace quantities (<1%) as residues on glass 25

or rubber gloves, and not as free liquids that could react with metals. 26

7a. (2 x 27) The potential chemical incompatibility is the possible reaction between 27

oxidizing mineral acids (Group 2) and nitro compounds (Group 27), resulting in 28

generation of heat and toxic nitrogen oxide fumes. The potential chemical 29

incompatibility results from reporting trace quantities (<1 %) of oxidizing acid in generator 30

waste streams. However, the oxidizing mineral acids are neutralized prior to packaging, 31

and the materials in this waste stream are considered chemically compatible. 32

8. (2 x 101) The potential chemical incompatibility is the possible reaction between 33

oxidizing mineral acids (Group 2) and combustible materials (Group 101). The oxidizing 3.4

mineral acids are present only in trace quantities (<1 %) as residues on glass or rubber 35

gloves, and not as free liquids that could react with metals. 36
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19. (2 x 101) The potential chemical incompatibility is the possible decomposition of

2 combustible materials (Group 101) by the oxidizing mineral acids (Group 2). The

3 oxidizing mineral acids are present only in trace quantities (<1%) and are reacted prior

4 to loading in waste containers. In addition, the oxidizing mineral acids are fixed in the

5 solidified product and would not be available to react with the combustible materials.

6 9a. (2 x 102) The potential chemical incompatibility is the possible violent reaction between

7 oxidizing mineral acids (Group 2) and explosives (Group 102). However, explosives are

8 not allowed to be shipped to WIPP unless treatment renders them inert. Additionally,

9 mineral acids are present only in trace quantities (<1%) and are neutralized prior to

10 loading in waste containers. Therefore, the materials in this waste stream are

11 considered chemically compatible.

12 10. (2 x 106) The potential chemical incompatibility is the possible dissolution of oxidizing

13 mineral acids (Group 2) by water (Group 106). The oxidizing mineral acids are present

14 only in trace quantities (<1 %) and reacted prior to loading in waste containers. Both the

15 water and the oxidizing mineral acids are fixed in the solidified product and would not

16 be available for reaction.

17 1IOa. (2 x 106) The potential chemical incompatibility is the possible reaction between

18 oxidizing mineral acids (Group 2) and water (Group 106), resulting in the generation of

19 heat. This potential incompatibility results from the presence of water in Ansulite~m fire

20 extinguishing agents and/or RadiaCTM wash solutions and/or absorbed water. However,

21 the mineral acids are present only in trace quantities (<1%) and are neutralized prior to

22 loading in waste containers. In addition, the presence of any absorbed liquids are

23 immobilized in an absorbent and would not be available for reaction.

24 11. (3 x 4) The potential chemical incompatibility is the possible reaction between organic

25 acids (Group 3) and alcohols and glycols (Group 4). The organic acids are immobilized

26 in a cement matrix and not available to react with the alcohols and glycols. The -

27 alcohols and glycols are also immobilized in the solidified product.

28 11 aa. (3 x 4) The potential chemical incompatibility is the heat generated by polymerization

29 of alcohols and glycols (Group 4) by organic acids (Group 3). Carboxylic acids with a-

30 halogen substituents, or a- or fl-hydroxyl substituents (e.g., citric acid) are the main

31 concern among the organic acids (Group 3). The potential chemical incompatibility

32 results from the use of citric acid in Radiac'm wash solutions. The solid citric acid is

33 diluted during preparation of the Radiac~m wash and is often further diluted prior to use

34 for decontamination. As a result, the potential for reactions of solid citric acid with

35 alcohols and glycols (Group 4) that are dispersed and fixed in waste forms is removed.
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11 b. (3 x 10) The potential chemical incompatibility is the possibility of acid-base reactions.1
The organic acids (Group 3) are neutralized in a cement matrix and are not available 2

to react with the Caustics (Group 10). Thus, this potential chemical incompatibility 3

would not occur. 4

1 1c. (3 x 10) The potential chemical incompatibility is the heat generated by reactions of 5

organic acids (Group 3) with caustics (Group 10). The potential chemical incompatibility 6

results from the use of citric acid in Radiac~m wash solutions. The solid citric acid is 7

diluted during preparation of the Radiacrm wash and is often further diluted prior to use 8

for decontamination. As a result, the potential for reactions of solid citric acid with 9

caustics in test waste forms is removed. The caustic in the waste forms is calcium lo
oxide. Thus, the more significant incompatibility is potential hydrolysis reaction between I11
water and calcium oxide to release heat. Because the calcium oxide is dispersed in the 12

wastes, reaction is considered unlikely. 13

li d. (3 x 15) The potential chemical incompatibility is toxic and corrosive fumes generated 14

by reactions of organic acids (Group 3) with metal fluoride salts (Group 15). The i5

potential chemical incompatibility results from the use of citric acid in RadiacTM wash 16

solutions. The solid citric acid is diluted during preparation of the RadiacTM' wash and 17

is often further diluted prior to use for decontamination. As a result, the potential for 18

reactions of solid citric acid with fluoride salts in waste forms is removed. 19

12. (3 x 24) The potential chemical incompatibility is the possible reaction between organic 20

acids (Group 3) and toxic metals and compounds (Group 24). The organic acids are 21

basified prior to cementation and do not exist as free acids in the resulting product. 22

Based on the immobilization of the acids, reactions are considered highly unlikely. In 23

this case, solubilization is not possible. 24

l2aa. (3 x 24) The potential chemical incompatibility is solubilization of toxic metals 25

(Group 24) by complexation with organic acids (Group 3). The potential chemical 26

incompatibility results from the use of citric acid in RadiacTM wash solutions. The solid 27

citric acid is diluted during preparation of the RadiacTM wash and is often further diluted 28

prior to use for decontamination. As a result, the potential for reactions of solid citric 29

acid with toxic metals in waste forms is removed. 30

l2bbb. (3 x 104) The potential chemical incompatibility is decomposition of the hydrocarbon 31

moiety of organic acids (Group 3) by oxidizing agents (Group 104) resulting in heat and 32

gas formation. The potential chemical incompatibility results from the use of citric acid 33

in RadiacTM wash solutions. The solid citric acid is diluted during preparation of the 34

Radiac'r wash and is often further diluted prior to use for decontamination. As a result, 35

the potential for reactions of solid citric acid with oxidizing agents that are dispersed and 36

*fixed in waste forms is removed. 37
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1l2bb. (4 x 104) The potential chemical incompatibility is formation of unstable compounds by

2 reaction of alcohols and glycols (Group 4) with oxidizing agents (Group 104). However

3 the alcohols and glycols are present as trace quantities (<1 %) in the waste stream, and

4 they are further isolated by dissemination within the waste stream. Additionally,

5 oxidizing agents must be neutralized prior to shipment to W1PP. Therefore, the final

6 waste form will contain compatible materials.

7 12b. (7 x 17) The potential chemical incompatibility between amines (Group 7) and

8 halogenated organics (Group 17) would not occur because the halogenated organics

9 are solidified and are not available for reaction.

10 12c. (7 x 24) The potential chemical incompatibility is the possible increase in the solubility

11 of toxic metal compounds in water due to amines acting as potential surfactants. The

12 amines are present only in trace (<1 %) and are immobilized through absorption on

13 sorbent materials. Also, these solid waste forms usually contain very little water and

14 excess sorbents; are added to waste containers to sorb any fluids.

15 12d. (7 x 104) The potential chemical incompatibility is formation of toxic nitrogen oxide

16 fumes by reaction of amines (Group 7) with oxidizing agents (Group 104). However, the

17 alcohols and glycols are present as trace quantities (<1 %/) in the waste stream, they are

18 ~, further isolated by dissemination within the waste stream. Additionally, oxidizing agents

19 must be neutralized prior to shipment to W1PP. Therefore, the final waste form will

20 contain compatible materials.

21 12e. (8 x 23) The potential chemical incompatibility is combustion of some azo compounds

22 (Group 8) on contact with surfaces of metal sheets, rods, drops, etc (Group 23).

23 However the azo compounds are present as trace quantities (<1 %) in the waste stream

24 and are further isolated by dissemination within the waste stream. Therefore,
25 spontaneous combustion by reaction with metal surfaces is unlikely.

26 12f. (8 x 106) The potential chemical incompatibility is the generation of nitrogen gas by

27 reaction of some azo compounds (Group 8) with water (Group 106). This potential

28 incompatibility results from the presence of water in Ansulite"M fire extinguishing agents

29 and/or Radiac~m wash solutions and/or absorbed water. However, the azo compounds

30 are present only in trace quantities (T<1%) and are disseminated in the waste

31 containers, which minimizes their potential to form nitrogen gas. In addition, the

32 presence of any absorbed liquids are immobilized in an absorbent and would not be

33 available for reaction.

34 13. (10 x 17) The potential chemical incompatibility is the possible reaction between

35 caustics (Group 10) and halogenated organics (Group 17). The caustic in this content

36 code is calcium oxide, a solid, which is dispersed in the chloride salts. The halogenated
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organics are present in only trace quantities (T< 1%) and are absorbed, immobilized, or

solidified. Due to the immobilization of the calcium oxide in the salt, reactions are 2

considered highly unlikely. 3

13a. (10 x 19) The potential chemical incompatibility is the possible self-condensation Of 4

ketones (Group 19) catalyzed by caustics (Group 10). The caustic in this content code 5

is calcium oxide, a solid, which is dispersed in the chloride salts. Due to the 6

immobilization of the calcium oxide in salt, reactions are considered highly unlikely. 7

14. (10 x 23) The potential incompatibility is the possible reaction between caustics (Group 8

10) metals and other elemental alloys as sheets, rods, moldings, drops, etc. (Group 9

23). The caustic in this waste stream code is calcium oxide, a solid, which is dispersed lo

in the chloride salts. Due to the immobilization of the calcium oxide in salt, dissolution 11

of metals in caustics is not possible. 12

15. (10 x 23) The potential incompatibility is the possible dissolution of metals and other 13

elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) in caustics (Group 14

10). The caustics are present only in trace quantities (<1%) and are reacted prior to 15

loading in waste containers. In addition, the caustics are fixed in the cemented sludge 16

and would not be available to react with the metals. 17

16. (10 x 24) The potential chemical incompatibility is the possible solubilization of toxic 18

metals (Group 24) in caustics (Group 10). The caustic in this content code is calcium 19

oxide, a solid, which is dispersed in the chloride salts. In this case, solubilization is not 20

possible. 21

16a. (10 x 24) The potential incompatibility is the possible solubility of toxic metals (Group 22

24) in caustics (Group 10). The caustics are present only in trace (<1% quantities and 23

are reacted prior to loading in waste containers. In addition, the caustics are fixed in 24

the cemented sludge and would not be available to react with the metals. 25

16b. (10 x 27) The potential chemical incompatibility is the formation of salts from nitro 26

alkanes (Group 27) and caustics (Group 10) in the presence of water. The only Caustic 27

in this content code is calcium oxide, a solid, which is dispersed in the chloride salts. 28

In addition, liquids are immobilized through absorption on sorbent materials. Due to the 29

immobilization of the caustic in the fused salt, this reaction would not occur. 30

16c. (10 x 102) The potential chemical incompatibility is the possible violent reaction 31

between caustics (Group 10) and explosives (Group 102) due to the generation of heat. 32

However, explosives are not allowed to be shipped to WIPP unless treatment renders 33

them inert. Additionally, caustics are present only in minor quantities (<10%) and are 34
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1 neutralized prior to loading in waste containers. Therefore, the materials in this waste

2 stream are considered chemically compatible.

3 17. (10 x 107) This potential incompatibility is an artifact of the EPA method. Calcium

4 oxide appears in Groups 10 and 107, and is compatible within itself.

5 17a. (14 x 104) This potential incompatibility is the reaction of ethers (Group 14) with strong

6 oxidizers (Group 104) to produce heat, and possibly ignition or explosions. This

7 incompatibility arises from the presence of diethylene glycol monobutyl ether in

8 Ansulite~m fire extinguishing agents. However, the strong oxidizers are present in trace

9 quantities (<1 %) and disseminated in the waste, making ignition or explosions unlikely

10 in the event the fire extinguishers are used.

11 17b. (14 x 107) This potential chemical incompatibility is the reaction of ethers (Group 14)

12 with water reactives (Group 107). This incompatibility arises from the presence of

13 diethylene glycol monobutyl ether in Ansulite~m fire extinguishing agents. However, the

14 water reactive substances are present in trace quantities (<1 %) and disseminated in the

15 waste, making reactions unlikely in the event the fire extinguishers are used.

16 18. (15 x 107) This potential chemical incompatibility is the reaction of fluorides (Group 15)

17 and water reactive substances (Group 107). The solid fluorides are present in only

18 trace quantities (T<1 %) and form part of the pyrochemical salt matrix. Calcium oxide,

19 the only water reactive substance present, is a solid dispersed in the pyrochemical salt

20 matrix. These salts always occur with each other and are compatible.

21 18a.. (17 x 20) The potential chemical incompatibility is the possible reaction between

22 halogenated organics (Group 17) and mercaptans (Group 20), resulting in generation

23 of heat. The potential chemical incompatibility results from reporting trace quantities

24 (<1 %) of halogenated organics and mercaptans in generator waste streams. However, /

25 the chemicals are neutralized prior to packaging, and the materials in this waste stream

26 are considered chemically compatible.

27 19. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics

28 (Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc.

29 (Group 23). The halogenated organics are present in only trace quantities (T1I<1 %) and

30 are fixed in cemented sludge and would not be available to react with the metals.

31 20. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics

32 (Group 17) with metals and other elemental alloys, as sheets, rods, moldings, drops,

33 etc. (Group 23). The halogenated organics are present in only trace quantities (T<1%)

34 and are absorbed on combustibles. The halogenated organics are not present as free

35 liquids to react with the metals.
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21. (17 x 23) The potential chemical incompatibility is the potential reaction between1
halogenated organics (Group 17) and metals and other elemental alloys as sheets, rods, 2

drops, moldings, etc. (Group 23). Aluminum and magnesium in bulk forms are 3

especially reactive with halogenated hydrocarbons, releasing much heat. Although this 4

is a potential incompatibility, the potential effects are considered minimal for the 5

following reasons. First, the halogenated hydrocarbons are only present in trace 6

quantities (<1 percent by weight) and are immobilized through absorption on sorbent 7

materials or solidification with calcium silicates or gypsum-base processes. Second, 8

although the metals of concern may occur in dominant quantities in the content code, 9

the metals only occur as large pieces and not in powder form. Due to the trace io
quantities of immobilized halogenated organics and the non-powder size of the metal 11

pieces, any reaction that may occur will produce minimal heat. 12

22. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 13

(Group 17) with metals and other elemental alloys, as sheets, rods, moldings, drops, 14

etc. (Group 23). The halogenated organics are present in only very small trace 15

quantities (<1 part per million) as residual films on the glass and not as free liquids that 16
could react with metals. 17

23. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 18

(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 19

(Group 23). The halogenated organics are present in only trace quantities (<1 %) as 20

coatings on solid organic materials and are not present as free liquids that could react 21

with metals. 2

24. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 23

(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 24

(Group 23). The halogenated organics are present in only trace quantities (<1 %) as 25

coating on the inorganic solid materials and are not present as free liquids that could 26

react with metals. 27

25. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 28

(Group 17) with metals and other elemental alloys as sheets, rods, moldings, drops, etc. 29

(Group 23). The halogenated organics are fixed in the cemented product and would not 30

be available for reaction. 31

26. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics 32

(Group 17) with metals and other elemental alloys, as sheets, rods, moldings, drops, 33

etc. (Group 23). The halogenated organics are fixed in the solidified product and are 34

not available for reaction with the metals. 35

Cl-15 04/10/96 1:22pm



WPP RCRA Part B Permit Application
DOEAVMPP 91 -005
Revision 6

1 27. (17 x 23) The potential chemical incompatibility is the reaction of halogenated organics

2 (Group 17) with metals and other elemental alloys, as sheets, rods, moldings, drops,

3 etc. (Group 23). An absorbent has been added to immobilize any free liquids that may

4 exist. Due to the trace quantities and immobilization of the halogenated organics,

5 reactions are highly unlikely.

6 28. (17 x 104) The potential chemical incompatibility is the reaction of halogenated organics

7 (Group 17) with oxidizing agents (Group 107), resulting in the liberation of heat and

8 formation of toxic gases. The halogenated organics are present in only trace C..iantities

9 (<1%) and are not in the form of free liquids. Additionally, the oxidizing age-nts are

10 neutralized prior to loading waste containers. Therefore, based on the neutralization of

11 the oxidizing agents, reactions are considered highly unlikely.

12 28a. (18 x 106) The potential incompatibility is the possible reaction between isocyanates

13 (Group 18) with water (Group 106). The isocyanates are present only in trace quantities

14 (<1 %). The water is usually fixed in the solidified product and would not be available

15 for reaction.

16 28aa. (18 x 106) The potential chemical incompatibility is between isocyanates (Group 18)

17 and water (Group 106) to generate carbon dioxide gas and heat. The potential chemical

18 incompatibility results from the use of water in Ansulite'r fire extinguishing agents and

19 Radiac~m wash solutions. However, isocyanates in the waste forms are present in trace W

20 quantities (< 1%), are neutralized and fixed prior to loading the waste containers, and are

21 not available for reaction. Therefore, the final waste form contains compatible materials.

22 28aaa. (19 x 20) The potential chemical incompatibility is the reaction between ketones (Group

23 19) and mercaptans (Group 20), resulting in heat generation. These chemicals are

24 present only in trace quantities (<1%) as coatings on laboratory glassware. Therefore,

25 contact between the chemicals, if it occurs, will be limited.Y

26 28b. (21 x 101) The potential chemical incompatibility is the reaction of alkali and alkaline

27 earth metals (Group 21) with residual water present in the combustible materials (101),

28 resulting in heat generation and ignition of the combustible materials. However, the

29 combustible materials are polyethylene and polyvinyl chloride packaging materials which

30 contain no residual water. Additionally, alkali and alkaline earth metals must be

31 neutralized prior to shipment to W1APP. Therefore, the final waste form will contain

32 compatible materials.

33 28c. (21 x 104) The potential chemical incompatibility is the violent reaction between alkali

34 and alkaline earth metals (Group 21) and oxidizing agents (Group 104). Oxidizing

35 agents are present in trace quantities (<1%) and are neutralized prior to packaging.
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Additionally, alkali and alkaline earth metals must be neutralized prior to shipment toI
WIPP. Therefore, the final waste form will contain compatible materials. 2

28d. (21 x 106) The potential chemical incompatibility is the violent reaction between alkali 3

and alkaline earth metals (Group 21) and water (Group 106), resulting in the evolution 4

of hydrogen gas and formation of strong caustics. However, alkali and alkaline earth 5

metals must be neutralized prior to shipment to WlPP. Therefore, the final waste form 6

will contain compatible materials. 7

28e. (22 x 106) The potential chemical incompatibility is the reaction of metal powders 8

(Group 22) with water (Group 106), resulting in the evolution of hydrogen gas and 9

production of heat. Metal powders or shavings are present as trace quantities (<1 %) 10

on paper, rags, and rubber. This potential incompatibility results from the presence of 11

water in Ansulite~m fire extinguishing agents and/or RadiacTM wash solutions and/or 12

absorbed water. However, metal powders or shavings are present as trace quantities 13

(<1 %) on paper, rags, and rubber, which minimizes their potential to form hydrogen gas. 14

In addition, the presence of any absorbed liquids are immobilized in an absorbent and 15

would not be available for reaction. 16

29. (23 x 104) The potential incompatibility is the possible reaction between metals and 17

other elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) and oxidizing 18

agents (Group 104). The oxidizing agents are present only in trace quantities (<1%) 19

and reacted prior to loading in waste containers. The waste -is mixed with cement to 20

absorb any residual liquid. Due to the immobilization and prior reaction of the oxidizing 21

agents, reactions are highly unlikely. 22

30. (23 x 104) The potential incompatibility is the possible reaction between metals, other 23

elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) and oxidizing agents 24

(Group 104). The oxidizing agents are present only in trace quantities (<1%) and 25

dissolved in aqueous solutions that were cemented into a solid monolith-type structure. 26

Due to the immobilization and prior reaction of the oxidizing agents, reactions will not 27

occur. 28

31. (23 x 107) The potential incompatibility is the possible reaction between metals and 29

other elemental alloys, as sheets, rods, moldings, drops, etc. (Group 23) and water 30

reactive substances (Group 107). The outer low carbon steel drum is the only Group 31

23 metal found in this content code. Calcium oxide, the only water reactive substance 32

present, is a solid dispersed in the chloride salts. Based on the immobilization of the 33

calcium oxide in the salt, reactions are considered highly unlikely. 34
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1 32. (23 x 107) The potential incompatibility is the possible reaction between metals and
2 other elemental alloys as sheets, rods, moldings, drops, etc. (Group 23) and water

3 reactive substances (Group 107). Calcium oxide, the only water reactive substance
4 present, is a solid dispersed in the chloride salts. Based on the immobilization of the

5 calcium oxide in the salt, reactions are considered highly unlikely.

6 33. (24 x 106) The potential chemical incompatibility is the possible solubilization of toxic

7 metals (Group 24), which is not a concern since the water (Group 106) from the sludge
8 is fixed in the cemented product and would not be available for reaction.

9 33a. (24 x 106) The potential chemical incompatibility is the possible solubilization of toxic

10 metals (Group 24) by water (Group 106). This potential chemical incompatibility results
11 from the use of water in Ansulite'm fire extinguishing agents or Radiac~m wash solutions.
12 Metals in the test waste forms are present in trace quantities (T<1 %) as large pieces

13 and not in powdered form. As a result, only minimal heat is expected to be formed.
14 34. (24 x 106) The potential incompatibility is the possible solubilization of toxic metals
15 (Group 24). The water (Group 106) is fixed the in the cemented product and would not

16 be available for reaction.

17 35. (24 x 107) The potential incompatibility is the possible reaction between toxic metals

18 and metal compounds (Group 24) and water reactive substances (Group 107). The

19 metals are present only in trace quantities (<1% by weight). Calcium oxide, the only

20 water reactive substance present, is a solid dispersed in the chloride salts. Based on

21 the immobilization of the calcium oxide in the salt, reactions are considered highly
22 unlikely.

23 36. (24 x 107) The potential incompatibility is the possible reaction between toxic metals

24 and metal compounds (Group 24) and water reactive substances (Group 107). Calcium

25 oxide, the only water reactive substance present, is dispersed in chloride salts. Based

26 . on the immobilization of the calcium oxide in the salts, reactions are considered highly
27 unlikely.

28 36a. (25 x 101) The potential chemical incompatibility is the reaction of nitrides (Group 25)
29 with residual water present in the combustible materials (Group 101), resulting in

30 formation of ammonia gas, heat generation, and possible ignition of the combustible

31 materials. However, the combustible materials are polyethylene and polyvinyl chloride

32 packaging materials which contain no residual water. Additionally, any reactive nitrides

33 must be neutralized prior to shipment to WIAPP. Therefore, the final waste form will
34 contain compatible materials.
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36aa. (25 x 106) The potential chemical incompatibility is the reaction of nitrides (Group 25) 1

with water present in the combustible materials (101), resulting in formation of ammonia 2

gas, heat generation, and possible ignition of the combustible materials. However, any 3

reactive nitrides must be neutralized prior to shipment to WIPP. Therefore, the final 4

waste form will contain compatible materials. 5

36b. (27 x 104) The potential incompatibility is the possible reaction between nitro 6

compounds (Group 27) and oxidizing agents (Group 107). Calcium oxide, the only 7

water reactive substance present, is dispersed in chloride salts. Reactive oxidizing 8

agents must be neutralized prior to shipment to W1PP. Based on the immobilization of 9

the calcium oxide in the salts and neutralization of oxidizing agents, reactions are io

considered highly unlikely. 11

36c. (29 x. 104) The potential incompatibility is the possible reaction between saturated 12

aliphatics (Group 29) and oxidizing agents (Group 104). However, reactive oxidizing 13

agents must be neutralized prior to shipment to WI PP. Therefore, the final waste form 14

will contain compatible materials. 15

36d. (101 x 102) The potential incompatibility is the possible oxidation reaction between 16

combustibles (Group 101) and explosives (102). However, explosives must be reacted 17

prior to shipment to WIPP. Therefore, the final waste form will contain compatible 18

materials. 19

37. (101 x 104) The potential incompatibility is the possible reaction between combustible 20

materials (Group 101) and oxidizing agents (Group 104). The oxidizing agents are 21

present only in trace quantities (<1%) and are reacted prior to loading in waste 22

containers. In addition, cement is added to absorb any residual liquid. Due to the 23

immobilization and prior reaction of the oxidizing agents, this content code is considered 24

to be chemically compatible. 25

38. (101 x 104) The potential incompatibility is the possible reaction between combustible 26

materials (Group 101) and oxidizing agents (Group 104). The oxidizing agents are 27

present only in trace quantities (<1%) and are fixed in the solidified product. Due to the 28

immobilization and prior reaction of the oxidizing agents, this content code is considered 29

to be chemically compatible. 30

39. (101 x 107) The potential incompatibility is the possible reaction between combustible 31

and flammable materials (Group 101) and water reactive substances (Group 107). The 32

dominant combustible material in Group 101 is the polyethylene rigid drum liner. 33

Calcium oxide, the only water reactive substance present, is a solid dispersed in the 34

chloride salts. Based on the immobilization of the calcium oxide in the salt, reactions 35

*are considered highly unlikely. 36
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1 40. (102 x 104) The potential incompatibility is the possible violent reaction between

2 explosives (Group 102) and oxidizing agents (Group 104). However, both of these

3 groups must be neutralized before shipment to WIAPP. Therefore, the final waste form
4 will contain compatible materials.

5 41. (104 x 107) The potential incompatibility is the possible violent reaction between

6 oxidizing agents (Group 104) and water reactives (Group 107). However, both of these

7 groups must be neutralized before shipment to WIAPP. Therefore, the final waste form

8 will contain compatible materials.
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE IN W196 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10x 17)

COMBUSTIBLE IN W198 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx T GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x23)

COMBUSTIBLE IN W198 CAUSTICS x METALS & METAL COMPOUNDS, x T S 00
TOXIC

(l0x 24)

COMBUSTIBLE IN W198 METALS & METAL COMPOUNDS, TOXIC x Tx D S3a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE IN W202 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10 x 17)

COMBUSTIBLE IN W202 CAUSTICS x METALS, OTHER ELEMENTAL, & D xT GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x Z3)

COMBUSTIBLE IN W202 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0x 24)

COMBUSTIBLE IN W202 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE IN W205 CAUSTICS x HALOGENATED ORGAN ICS D xT H 00

(l0 x 17)

x-Combined with
(a) Concentration of reactants: T=Trace (<1% by 'M.);T T=Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<I ppmn range);

M=Minor (1-10% by w~t); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P-violent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE IN W205 CAUSTICS x METALS, OTHER ELEMENTAL, & D xT GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

COMBUSTIBLE IN W205 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0x 24)

COMBUSTIBLE IN W20 METALS & METAL COMPOUNDS, TOXIC x TxD 0 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE IN W250 AMINES, ALIPHATIC & AROMATIC x METALS TxD 0 12c

& METAL COMPOUNDS, TOXIC

(7 x 24)

COMBUSTIBLE IN W250 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(lOX 23)

COMBUSTIBLE IN W250 CAUSTICS x METALS & METAL COMPOUNDS, x D 5 00
TOXIC

(10 x 24)

COMBUSTIBLE IN W250 METALS & METAL COMPOUNDS. TOXIC x D xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 xl 106)

COMBUSTIBLE IN W252 AMINES, ALIPHATIC & AROMATIC x METALS T xD S 12c

& METAL COMPOUNDS, TOXIC

(7 x 24)

COMBUSTIBLE IN W252 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx 0 GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

x-Combined v~ft
(a) Concentration of reactantb: T=Trace (<I% by wt);T T=Trace (<0.1% by vt);T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by vyt)

(b)IReaction code: H=heat generation; S= solubilization of toxic substances; F=fire; GF= flammable gas generation; G= nonflamnmable gas generation
GT--toxic gas generation; P--violent polymerization; E=exposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE IN W252 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10x 24)

COMBUSTIBLE IN W252 METALS & METAL COMPOUNDS, TOXIC x x D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE IN W254 AMINES, ALIPHATIC & AROMATIC x METALS Tx D S 12c
& METAL COMPOUNDS, TOXIC

(7 x 24)

COMBUSTIBLE IN W254 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE IN W254 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10 x24)

COMBUSTIBLE IN W254 METALS & METAL COMPOUNDS, TOXIC x Dx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE IN W256 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx 0 GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x23)

COMBUSTIBLE IN W256 CAUSTICS x METALS & METAL COMPOUNDS, D xM 5 00
TOXIC

(l0x 24)

COMBUSTIBLE IN W256 METALS & METAL COMPOUNDS, TOXIC x Mx D S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

x-"Combined wi4th
(a) Concentration of reactants: T=Trace (<1 % bywt.); T1 =Trace (<O. 1% by vi); T2=Trace (low ppmn range); T3=Trace (<1 ppmn range);

V M=Minor (1 -10% by wt.); D=Dominant (>1 0% by wt)
(b)Reaction code: H~heat generation; S= solubilization of to~oc substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P--violent polymerization; E=explosive

(c) See text
Cl -25



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIO
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE IN W325 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS. ETC

(10x 23)

COMBUSTIBLE IN W327 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

COMBUSTIBLE IN W330 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 0)
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE IN W330 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
TOXIC

(l0x 24)

COMBUSTIBLE IN W330 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE IN W336 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
ALLOY, AS SHEETS, RODS. MOLDINGS,
DROPS, ETC

(l0x 23)

COMBUSTIBLE LA W004 ACIDS, MINERAL, NON-OXIDIZING x Ti x D H 00
CAUSTICS

(1 x10)

COMBUSTIBLE LA W004 ACIDS, MINERAL, NON-OXIDIZING x ETHERS Ti x D H Oaaa

(1 x 14)

COMBUSTIBLE LA W004 ACIDS, MINERAL, NON-OXIDIZING x T1ixD GT Oaaaa
FLUORIDES, INORANIC

(1 xiS5)

x-Combined vAfth
(a) Concentration of reactants: T=Trace (<I1% by v~t); TI =Trace (<0.1I% by v~t); T2=Trace (low ppm range); T3=Trace (<I ppm range);

M=Minor (1 -10% by wt); O=Dominant (>100% by v~k)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--iolent polymerization: Eexposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(C)

COMBUSTIBLE LA W004 ACIDS, MINERAL, NON-OXIDIZING x METALS, Ti x D GE HF 1
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

COMBUSTIBLE LA W004 ACIDS, MINERAL, NON-OXIDIZING x TI x D H G 3
COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl01)

COMBUSTIBLE LA WOD4 ACIDS, MINERAL, NON-OXIDIZING x WATER & TI x D H 3b
MIXTURES CONTAINING WATER

(1 x 106)

COMBUSTIBLE LA W004 ACIDS, MINERAL, OXIDIZING x CAUSTICS Ti x D H 00

(2 x10)

COMBUSTIBLE LA W004 ACIDS, MINERAL, OXIDIZING x ETHERS TI x D H F 3f

(2 x 14)

COMBUSTIBLE LA W004 ACIDS, MINERAL, OXIDIZING x FLUORIDES, Ti x D GT 3g
INO RAN IC

(2 x 15)

COMBUSTIBLE LA W004 ACIDS, MINERAL, OXIDIZING x METALS, Ti x D GE H F 4
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS. MOLDINGS, DROPS, ETC

(2 x 23)

COMBUSTIBLE LA WOC4 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE TI x D H F GT 9
& FLAMMABLE MATERIALS, MISC

(2 x101)

COMBUSTIBLE LA W004 ACIDS, MINERAL, OXIDIZING x WATER & Ti x D H 10a
MIXTURES CONTAINING WATER

(2 x 106)

x-Combined wiqth
(a) Concentration of reactanta: T=Trace (<1% by vkt); T1=Trace (<0.1% by w~t); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by v~t); D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation; S= solubilization of to~dc substances; F~fire; GF=flammable gas generation; G= nonflammable gas generation
GT--to~dc gas generation; P---olent polymerization; E=explosive

(c) See te~d
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EPLNATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LA W004 ACIDS, ORGANIC x CAUSTICS T xD H 00

(3xl10)

COMBUSTIBLE LA W004 ACIDS, ORGANIC x FLUORIDES, INORANIC Tx D GT lid

(3 x 15)

COMBUSTIBLE LA W004 CAUSTICS x HALOGENATED ORGANICS D xTl H 00

(10 x17)

COMBUSTIBLE LA W004 CAUSTICS x KETONES DxT H 00

(10 xl )

COMBUSTIBLE LA W004 CAUSTICS x METALS OTHER ELEMENTAL & D xT2 GF H 00
ALLOYS IN THE FORM OF POWDERS,'
VAPORS OR SPONGES

(10 x22)

COMBUSTIBLE LA W004 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 15 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE LA W004 CAUSTICS x METALS & METAL COMPOUNDS, Dx Ti 5 00
TOXIC

(l0 x 24)

COMBUSTIBLE LA WO(04 CAUSTICS x NITRIDES D xTl U 00

(l0x 25)

COMBUSTIBLE LA W004 CAUSTICS x NITRO COMPOUNDS DxT1 H E 00

(l0x 27)

x--Combined W4th
(a) Concentration of reactants: T=Trace (<1% bywt.); TI=Trace (<0.1% bywt); T2=Trace (Iowppmn range): T3=Trace (<1 ppm range);

M=Minor (1-10% by wt.); D=Dominant (>10% bywt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances: F=Fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; P---Aolent polymerization; Eeposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

* FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LA W004 CAUSTICS x ORHANOPHOSPHATES, D x Ti H E 00
PHOSPHOTHIQATES &
PHOSPHODITHIOATES

(10 x32)

COMBUSTIBLE LA W00)4 CAUSTICS x EXPLOSIVES D xT2 H E 00

(10 x 102)

COMBUSTIBLE LA W004 CAUSTICS x WATER REACTIVE D xT EXTREMELY 00
SUBSTANCES

(10 x 107)

COMBUSTIBLE LA W004 ETHERS x OXIDIZING AGENTS, STRONG D x Ti H F 1 7a

1 ~(14 x 104)

COMBUSTIBLE LA W004 ETHERS x WATER REACTIVE SUBSTANCES D xT EXTREMELY 17b

(14 x 107)

COMBUSTIBLE LA W004 FLUORIDES, INORANIC x WATER REACTIVE D xT EXTREMELY 18
SUBSTANCES

(15 x 107)

COMBUSTIBLE LA W004 HALOGENATED ORGANICS x METALS, Ti x D H F 20
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

COMBUSTIBLE LA W004 METALS OTHER ELEMENTAL & ALLOYS IN T2 xD GF H 2Be
THE FORM OF POWDERS, VAPORS OR
SPONGES x WATER & MIXTURES
CONTAINING WATER

(22 x 106)

COMBUSTIBLE LA W004 METALS, OTHER ELEMENTAL, & ALLOY, AS D xTl H F9
SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 x 104)

X-Combined with
(a) Concentration of reactants: T=Trace (<1 % by wt); T1 =Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by vkt); D=Dominant (>10% by vvt)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F=flre; GF= flammable gas generation: G= nonflammable gas generation
GT-todc gas generation: P-violent polymerization; Eeplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LA W00)4 METALS, OTHER ELEMENTAL, & ALLOY, AS D xT EXTREMELY 31
SHEETS, RODS, MOLDINGS, DROPS, ETC x
WATER REACTIVE SUBSTANCES

(23 x 107)

COMBUSTIBLE LA W004 METALS & METAL COMPOUNDS, TOXIC x TI x D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE LA W004 NITRIDES x COMBUSTIBLE & FLAMMABLE Ti x 0 H GFF 36a
MATERIALS, MISC

(25 x 101)

COMBUSTIBLE LA W004 NITRIDES x WATER & MIXTURES TI x D GF H 36aa
CONTAINING WATER

(25 x 106)

COMBUSTIBLE LA W0X)4 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT2 H E 36d
MISC x EXPLOSIVES

(101 x 102)

COMBUSTIBLE LA W004 COMBUSTIBLE & FLAMMABLE MATERIALS, D xTl H FG 38
MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

COMBUSTIBLE LA W004 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT EXTREMELY 39
MISC x WATER REACTIVE SUBSTANCES

(101 x 107)

COMBUSTIBLE LL M001 ACIDS, MINERAL, NON-OXIDIZING x TxD H 0

CAUSTICS

(1 X10)

COMBUSTIBLE LL M001 ACIDS, MINERAL, NON-OXIDIZING x ETHERS T xD H Oaaa

(1 x 14)

x-Combined vith
(a) Concentration of reactants: T=Trace (<1% by v&); T1 =Trace (<0.1 %by wt); T2=Trace (low ppmn range); T3--Trace (<I ppmn range);

M=Minor (1-10%/ bywt); D=Oominant (>10% byv~t)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation o

GT--to~dc gas generation; P--moient poly.merization: E~explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LL M001 ACIDS, MINERAL, NON-OXIDIZING x T xD GT Oaaaa
FLUORIDES, INORANIC

(1 x 15)

COMBUSTIBLE LL M001 ACIDS, MINERAL, NON-OXIDIZING x METALS, Tx D GF H F 1
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(11 x 23)

COMBUSTIBLE LL M001 ACIDS, MINERAL, NON-OXIDIZING x T xD H G 3
COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 X101)

COMBUSTIBLE LL M00l1 ACIDS, MINERAL, NON-OXIDIZING x WATER & Tx D H 3b
MIXTURES CONTAINING WATER

(1 x 106)

COMBUSTIBLE LL M00l1 ACIDS, MINERAL, OXIDIZING x CAUSTICS T xD H 0

(2 x10)

COMBUSTIBLE LL M001l ACIDS, MINERAL, OXIDIZING x ETHERS TxD H F 3f

(2 x 14)

COMBUSTIBLE LL M001 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 3g
INORANIC

(2 xi15)

COMBUSTIBLE LL M001 ACIDS, MINERAL, OXIDIZING x METALS, TxD GF HF 4
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

COMBUSTIBLE LL M001 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 9
& FLAMMABLE MATERIALS, MISC

(2 x101)

,-Combined W~th
(a) Concentration of reactants: T=Trace (<l% by wt);T T=Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);V coe: ~hea geeraton;M=Minor (1-10% by wt)4; D=Dominant (>10% by wt)

(b)Reaction coe ~etgnrto;S= solubilization of toadc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; "- olent polymerization; Eexposive

(c) See text
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LL M001 ACIDS, MINERAL, OAiDIZING x WATER & T x H 10
M=XURES CONTAINING WATER

(2 x 106)

COMBUSTIBLE LL M001 ACIDS, ORGANIC x CAUSTICS TxD H 00

(3xl10)

COMBUSTIBLE LL M001 ACIDS, ORGANIC x FLUORIDES, INORANIC T xD GT lid

(3x15)

COMBUSTIBLE LL M001 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10xl17)

COMBUSTIBLE LL M001 CAUSTICS x KETONES D xT H 00

(I1 l9)

COMBUSTIBLE LL M001 CAUSTICS x METALS, ALKALI & ALKALINE D xT GF H 00
EARTH, ELEMENTAL & ALLOYS

(10 x21)

COMBUSTIBLE ILL M001 CAUSTICS x METALS OTHER ELEMENTAL & 0 xT GF H 00
ALLOYS IN THE FORM OF POWDERS,
VAPORS OR SPONGES

(l0x 22)

COMBUSTIBLE LL M001 CAUSTICS x METALS, OTHER ELEMENTAL, & 0 xD GF H 15 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

COMBUSTIBLE LL MO0l CAUSTICS x METALS & METAL COMPOUNDS, Dx T S 00
TOXIC

(10 x 24) '

xcCombined with
(a) Concentration of reactants: T=Trace (<1 % by wt): T1 =Trace (<0.1I% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1 -10% by v~t); D=Dominant (>1 0% by wt)

(b)Reaction code: Hheat generation; S= solubilztion of toxic substances: Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P-iolent polymerization; E=explosive

(c) See text
Cl -32



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LL M001 CAUSTICS x EXPLOSIVES D xT H E 00

(10 x 102)

COMBUSTIBLE LL M001 ETHERS x OXIDIZING AGENTS, STRONG Dx T H F 1 7a

(14 x 104)

COMBUSTIBLE LL M001 HALOGENATED ORGANICS x METALS, T xD H F 26
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

COMBUSTIBLE LL M001 METALS, ALKALI & ALKALINE EARTH, T xD H GF 2Bb

ELEMENTAL & ALLOYS x COMBUSTIBLE &

FLAMMABLE MATERIALS, MISC

(21 x 101)

COMBUSTIBLE LL M00)1 METALS, ALKALI & ALKALINE EARTH, TxD GFH B

ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 x 106)

COMBUSTIBLE LL M001 METALS OTHER ELEMENTAL & ALLOYS IN T xD GFH HB

THE FORM OF POWDERS, VAPORS OR
SPONGES x WATER & MIXTURES
CONTAINING WATER

(22 x 106)

COMBUSTIBLE LL M001 METALS, OTHER ELEMENTAL, & ALLOY, AS D xT H F 30

SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 x 104)

COMBUSTIBLE LL M001 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a 34

WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE LL M001 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H E 36d

MISC x EXPLOSIVES

(101 x 102)

r-Combined v4t
(a) Conrentraton of reactants: T=Trace (<1% by wt); T1 =Trace (<0.1% by vAt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

W M=Minor (1-10% by wt); D=Dominant (>10% byv~t)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances: F--fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; PviAolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE LL M001 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H FG 38
MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

COMBUSTIBLE RL M009 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE RL M010 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE RL M01l0 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x 24)

COMBUSTIBLE RL M010 METALS & METAL COMPOUNDS, TOXIC x Tx D S3a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE RL M01 1 CAUSTICS x METALS, OTHER RLEMENTAL, & D xD GF H 00
ALLOY. AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

COMBUSTIBLE RL M01 1 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x24)

COMBUSTIBLE RL M01 1 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE RL M01 2 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10 x 17)

x-combined v4th
(a) Concentration of reactants: ThTrace (<I% by v~t); T1 =Trace (<0.1% byvit); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by v~t.); D=Dominant (>10% by w~t)

(b)Reaction code: H~heat generation; S= solubilization of toodc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toodc gas generation; P--miolent polymerization; E~e)Vosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE RL M01 2 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE RL M01 2 HALOGENATED ORGANICS x METALS, Tx D H F 2D
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

COMBUSTIBLE RL M01 3 CAUSTICS x ESTERS DxT H 00

(10 x 13)

COMBUSTIBLE RL M01 3 CAUSTICS xHALOGENATED ORGANICS D xT H 00

(10 x17)

COMBUSTIBLE RL M013 CAUSTICS xKETONES DxT H 00

(10 xl9)

COMBUSTIBLE RL M01 3 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE RL M013 CAUSTICS x NITRO COMPOUNDS DxT H E 00

(l0ox 27)

COMBUSTIBLE RL M01 3 HALOGENATED ORGANICS x METALS, Tx D H F 2
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

COMBUSTIBLE RL M01 4 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

x-Combined wi~th
(a) Concentration of reactants: T=Trace (<1 % by w~t); T1 =Trace (<0.1% by v~t); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by v~t); D=Dominant (>10% by vk)

(b)Reaction code: H=heat generation: S= solubilization of towdc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--to~dc gas generation; P--iolent polymerization; E=explosive

(c) See text
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TABLE Cl1I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE RL MW4 CAUSTICS x METALS & METAL COMPOUNDS, Dx T S 00
TOXIC

(l0x 24)

COMBUSTIBLE RL M01 4 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE RL M01 5 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(lox 23)

COMBUSTIBLE RL M015 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0x 24)

COMBUSTIBLE RL M01I5 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE RL M01 6 CAUSTICS x HALOGENATED ORGANICS Dx T H 00

(10xl17)

COMBUSTIBLE RL M01 6 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

COMBUSTIBLE RL M016 CAUSTICS x METALS & METAL COMPOUNDS, 0 xT 5 00
TOXIC

(10 x24)

COMBUSTIBLE RL M01 6 HALOGENATED ORGANICS x METALS, TxD HF 2
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17x23)

x-Combined with
(a) Concentration of reactants: T=Trace (<I% by vkt); T1 =Trace (<0. 1% by vA); T2=Trace (low pprn range)-, T3=Trace (<1 ppm range);

M=Minor (1 -10% by wt); D=Dominant (>10% by~t)

(b)Reactlon code: H=heat generation; S= solubilization of toxic substances; F#fire: GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P=-violent polymerization: Eexplosve

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

COMBUSTIBLE RL M01 6 METALS &METAL COMPOUNDS, TOXIC x T xD S 33a
WATER &MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE RL M022 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

COMBUSTIBLE RL M022 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
TOXIC

(10 x24)

COMBUSTIBLE RL M022 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

COMBUSTIBLE RL M023 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

FILTER AW M003 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

FILTER AW M003 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10 x24)

FILTER AW M003 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

FILTER IN W21 4 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

),Combined woith
(a) Concentration of reactants: T=Trace (<1% byvwt);T T=Trace (<0.1I% by vk); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by vk); D=Dominant (>10% by vkt)
(b)Reaction code: H=heat generation: S= solubilization of toxic substances; F--fire: GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P-violent polymerization; E=explosive
(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE C CNTAINEXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

FILTER IN W214 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
TOXIC

(10 x24)

FILTER IN W214 METALS & METAL COMPOUNDS, TOXIC x TxD S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

FILTER RF W066 CAUSTICS x HALOGENATED ORGANICS D xTI H 00

(l0X 17)

FILTER RF W066 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

FILTER RF W066 HALOGENATED ORGANICS x METALS, TI x D H F 21
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

FILTER RF W067 CAUSTICS x HALOGENATED ORGANICS D xT1 H 00

(10 xl 17)

FILTER RF W067 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

FILTER RF W067 HALOGENATED ORGAN ICS x METALS, TI x D H F 23
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

GRAPHITE IN W272 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(l0x 17)

x-Combined vAth
(a) Concentration of reactants: T=Trace (<1% by wt); TI=Trace (<~0.1% byv&); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by w~t)

(b)Reaction code: l-theat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; PviAolent polymerization: E=explcsive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

GRAPHITE IN W272 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10x 23)

GRAPHITE IN W272 HALOGENATED ORGANICS x METALS, TxD H F 24

OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

GRAPHITE IN W275 CAUSTICS xHALOGENATED ORGANICS D xT H 00

(10x 17)

GRAPHITE IN W275 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00~

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

GRAPHITE IN W275 HALOGENATED ORGANICS x METALS, T xD H F 24

OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x 23)

GRAPHITE IN W276 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10xl17)

GRAPHITE IN W276 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

GRAPHITE IN W276 HALOGENATED ORGANICS x METALS, T xD H F 20)

OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x 23)

GRAPHITE RE W080 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

x-Combined with
(a) concentration of reactants: T=Trace (<1 -/ byvt); Ti =Trace (<0.1%4 by t~); T2=Tace (low ppm range); T3=Trace (-<1 ppm range),

M=Minor (1-10% by wL); D=Dominant (>10% by wt)

W(b)Reaction code: H=heat generation; S= solubilization of todc substances; F-fire: GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P--iolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

GRAPHITE RF W060 CAUSTICS x METALS & METAL D xM S 00
COMPOUNDS,TOXJC

(10 x 24)

GRAPHITE RF W060 METALS & METAL COMPOUNDS,TOXIC x Mx D S3a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS AW W020 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS AW W021 CAUSTICS x METALS & METAL COMPOUNDS, Dx D 5 00
TOXIC

(10 x24)

HETEROGENEOUS AW W020 METALS & METAL COMPOUNDS, TOXIC x Dx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN M002 CAUSTICS x METALS. OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN M002 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10 x 24)

HETEROGENEOUS IN M002 METALS & METAL COMPOUNDS, TOXIC x Dx D S3a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W139 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

x=Combined v~4h
(a) Concentration of reactants: T=Trace (<I1% by v&) T1lTrace (<O.1I% by vt.); T2=Trace (low ppm range); T3=Trace (<I ppm range):

M=Minor (1-10%O by wt); D--Dominant (>10% by wt)
(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F-flre: GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P--Aolent polymerization; E'~explosive
(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W139 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00
TOXIC

(10 x 24)

HETEROGENEOUS IN W139 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W169 AMINES, ALIPHATIC & AROMATIC x D xT H G 12b
HALOGENATED ORGANICS

(7 x17)

HETEROGENEOUS IN W169 AMINES, ALIPHATIC &AROMATIC xMETALS DxT S 12c
& METAL COMPOUNDS, TOXIC

(7 x 24)

HETEROGENEOUS IN WI169 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10x 17)

HETEROGENEOUS IN W169 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W169 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x24)

HETEROGENEOUS IN Wi169 HALOGENATED ORGANICS x METALS, TxD H F 20
OTHER ELEMENTAL. & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS IN Wi169 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

x-Combined with
(a) Concentration of reactants: ThTrace (<1% by wt); TI=Trace (<0.1 % by wt); T2=Trace (low ppmn range); T3=Trace (<1 ppm range);

M=Minor (1-10% by vWI); D=Dominant (>10% by wt)

(b)Reaction code: l-lheat generation; S= solubilization of to~ac substances; F--ire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation: P-violent polymerization; E=explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN Wi170 CAUSTICS x ESTERS D xT H 00

(10x 13)

HETEROGENEOUS IN Wi170 CAUSTICS x KETONES DxT H 00

(l0x 19)

HETEROGENEOUS IN WI170 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS INWi170 CAUSTICS x METALS & METAL COMPOUNDS, 0 xT 5 00
TOXIC

(10 x 24)

HETEROGENEOUS IN Wi170 METALS & METAL COMPOUNDS, TOXIC x T xD S3a
WATER & MIXTURES CONTAININGYWATER

(24 xl 106)

HETEROGENEOUS IN W171 CAUSTICS x ESTERS D xT H 00

(l0x 13)

HETEROGENEOUS IN W171 CAUSTICS x KETONES D xT H 00

(l0x 19)

HETEROGENEOUS IN Wi171 CAUSTICS x METALS, OTHER ELEMENTAL, & x D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS INWi171 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00
TOXIC

(10x24)

x-Combined vnfth
(a) ConcentratOion of reactants: T=Trace (<l% by vl); Ti=Trace (<0.1% by vt.); T2=Trace (low ppm range); T3=Trace (<1 ppm range):

M=Minor (1-10% bywt.): D=Dominant (>10% byvkt)

(b)Reactian code: H=heat generation: S= solubilization of toadc substances; F~flre; GF= flammable gas generation; G= nonflammable gas generation
GT--toxdc gas generation; P--4olent polymerization: E~exlosive

(c) See text
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TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(C)

HETEROGENEOUS IN Wi 71 METALS & METAL COMPOUNDS, TOXIC x T x S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN Wi172 CAUSTICS x HALOGENATED ORGANICS 0 xT H 00

(l0x 17)

HETEROGENEOUS IN Wi172 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00)
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

HETEROGENEOUS IN Wi172 HALOGENATED ORGANICS x METALS, T x H F 33a
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS IN W186 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(lox 17)

HETEROGENEOUS IN W186 CAUSTICS xMETALS, OTHER ELEMENTAL, & D xD GF H 06
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

HETEROGENEOUS IN W186 CAUSTICS x METALS & METAL COMPOUNDS, DxT 5 06
TOXIC

(10x24)

HETEROGENEOUS IN W186 HALOGENATED ORGANICS x METALS, TxD H F 20
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS IN W186 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

x-Combined vfth
(a) Concentration of reactants: T=Trace (<1% byv~t); T1=Trace (<0.1% bywt); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% bywt); D=Dominant(>10% bywt)
(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F--fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P-violent polymerization; Eeposive
(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W189 CAUSTICS xMETALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x23)

HETEROGENEOUS IN W189 CAUSTICS x METALS & METAL COMPOUNDS, D xlD 5 00
TOXIC

(10x 24)

HETEROGENEOUS IN W189 METALS & METAL COMPOUNDS, TOXIC x Dx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W197 CAUSTICS xHALOGENATED ORGANICS D xT H 00

(10 x17)

HETEROGENEOUS IN W197 CAUSTICS x METALS, OTHER ELEMENTAL, & D xT GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W197 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0 x 24)

HETEROGENEOUS IN W197 METALS & METAL COMPOUNDS, TOXIC x TxD 0 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W203 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

HETEROGENEOUS IN W203 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

A,

(l0x 24)

x-Combined with
(a) Concentration of reactants: T=Trace (<I1% by wt); TI Trace (<0.1l% by wt); T2=Trace (low ppm range); T3=Trace (<I ppm range);

M=Minor (1-10% by wt); D=Dominant (>109/ byAL)

(b)Reaction code: Hheat generation; S= solublizatlon of to~dc substances; FPfire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--molent polymerization; Eexploaive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W203 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W21)4 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

HETEROGENEOUS IN W2)4 CAUSTICS xMETALS & METAL COMPOUNDS, DxT 5 00
T OXI C

(l0x 24)

HETEROGENEOUS IN W204 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W225 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GIF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W22 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10 x 24)

HETEROGENEOUS IN W225 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W259 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS. MOLDINGS,
DROPS, ETC

(l0 x 23)

HETEROGENEOUS INW259 CAUSTICS xMETALS & METAL COMPOUNDS, DxT 5 00
TOXIC

(10x 24)

x-Combined vvth
(a) Concentration of reactants: ThTrace (<1 % by vt); TI Trace (<0.1% by vit); T2=Trace (lowppm range); T3STrace (<1 ppm range);

Mhinor (1-10% by v~t); D=Dominant (>10% by wt)
(b)Reaction code: Hheat generation; S= solubilization of toodc substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P--Aolent polymerization; E=explosive
(c) See text
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W259 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W265 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(l0x 17)

HETEROGENEOUS IN W255 CAUSTICS x METALS, OTHER ELEMENTAL, & 0 xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS IN W265 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10 x24)

HETEROGENEOUS IN W265 HALOGENATED ORGANICS x METALS, TxD H F 24
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS IN W265 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W289 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W271 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W271 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00
TOXIC

(10 x24)

x=Combined vAth
(a) Concentration of reactants: T=Trace (<I1% by v~t); T1 =Trace (<0.1 % by wt); T2=Trace (low ppmn range); T3=Trace (<1 ppm range);

M=Minor (1 -10% by wt); D=Dominant (>1 0% by st)

(b)Reaction code: H~heat generation; S= solubilization of to~dc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-tcxic gas generation; P-violent polymerization; E~explosive

(c) See text
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TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W271 METALS & METAL COMPOUNDS, TOXJC x Tx D S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W281 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS IN W281 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
TOXIC

(10 x24)

HETEROGENEOUS IN W281 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W283 ACIDS, MINERAL, NON-OXIDIZING x Tx D H 00
CAUSTICS

(1 x 1O)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL, NON-OXIDIZING x ETHERS Tx D H Oaaa

(1 x 14)

HETEROGENEOUS IN W283 ACIDS, MINERAL, NON-OXIDIZING x TxD GT Oaaaa

FLUORIDES, INORANIC

(1 xI15)

HETEROGENEOUS IN W283 ACIDS, MINERAL, NON-OXIDIZING x METALS, T xD GF H F 1

OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

HETEROGENEOUS IN W233 ACIDS, MINERAL, NON-OXIDIZING x METALS T xM 5 2

& METAL COMPOUNDS, TOXIC

(1 x 24)

x--Combined viti,
(a) Concentration of reactants: T=Trace (<I% by wt); Tl=Trace (<0.1 % by wt): T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by v~t); D=Dominant (>10%, by v~t.)

(b)Reaction code: l-lheat generation; S= solubilization of todc substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation

GT--to~dc gas generation; P--Molent polymerization; Eexplosive

(c) See text
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TABLE C1l-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WSECONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W283 ACIDS, MINERAL, NON-OXIDIZING x T xD H G 3
COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl01)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL, NON-OXIDIZING x WATER & T xD H 3b
MIXTURES CONTAINING WATER

(1 x 106)

HETEROGENEOUS IN W283 ACIDS, MINERAL, OXIDIZING x CAUSTICS T xD H 0

(2 x10)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL, OXIDIZING x ETHERS TxD H F 3f

(2 x 14)

HETEROGENEOUS IN W2S3 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 39
IN ORAN IC

(2 x 15)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL, OXIDIZING x METALS, Tx D GF HF 5
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL, OXIDIZING x METALS & Tx M 5 7
METAL COMPOUNDS, TOXIC

(2 x 24)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL. OXIDIZING x COMBUSTIBLE T xD H F GT 8
& FLAMMABLE MATERIALS, '-.VSC

(2 x101)

HETEROGENEOUS IN W2B3 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H 10a
MIXTURES CONTAINING WATER

(2 x106)

x-Combned w~ith
(a) Concentration of reactants: T=Trace (<l% by wt); T1=Trace (<0.1% by wt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1 -10% by wt); D=Dominant (>1O0% by v~t)

(b)Reaction code: H=heat generation: S= solubilization of toxic substances; FPfire; GF= flammable gas generation; G- nonflammable gas generation
GT--to~oc gas generation; P--iolent polymerization; Eexposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W2133 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10 x 17)

HETEROGENEOUS IN W253 CAUSTICS x ISOCYANATES DxT HPG 00

(l0x 18)

HETEROGENEOUS IN W2133 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS IN W283 CAUSTICS x METALS & METAL COMPOUNDS, Dx M S 00
TOXC

(l0x 24)

HETEROGENEOUS IN W2B3 ETHERS x OXIDIZING AGENTS, STRONG D xT H F 1 7a

(14 xl 104)

HETEROGENEOUS IN W2B3 HALOGENATED ORGANICS x METALS, T xD H F 24
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS IN W2133 ISOCYANATES x WATER & MIXTURES TxD H G 25aa
CONTAINING WATER

(18 xl 06)

HETEROGENEOUS IN W283 METALS, OTHER ELEMENTAL, & ALLOY, AS D xT H F 30
SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 xl 104)

HETEROGENEOUS IN W283 METALS & METAL COMPOUNDS, TOXIC x Mx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

X=-Combined wiqth
()Concentration of reactants: T=Trace (<1% by w~t); Ti =Trace (<0.1 % by wtL); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M-Minor (1-10% by vt); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxzc gas generation; P--volent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W283 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H FG 37
MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

HETEROGENEOUS IN W2B5 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W285 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
TOXIC

(10 x24)

HETEROGENEOUS IN W285 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS IN W2B9 CAUSTICS xHALOGENATED ORGANICS D xT H 00

(10 x17)

HETEROGENEOUS IN W2B9 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W2B9 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0x 24)

HETEROGENEOUS IN W2B9 HALOGENATED ORGAN ICS x METALS, TxD HF 2
OTHER ELEMENTAL, & ALLOY, AS SHEETS.
RODS, MOLDINGS, DROPS, ETC

(17 x23)

HETEROGENEOUS IN W2B9 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

x=Combined with
(a) Concentration of reactants: T=Trace (<I% byvwt); TI =Trace (<0.1 % by vit); T2=Trace (low ppmn range); T3=Trace (<1 ppm range);

M=Minor (1 -10%A by w~t); D=Dominant (>1 0% by ýAk)

(b)Reaction code: Hlheat generation; S= solubilization of toxic substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxjc gas generation; P--violent polymerization; E~explosirte

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W291 CAUSTICS x ESTERS D xT H 00

(10x 13)

HETEROGENEOUS IN W291 CAUSTICS x KETONES DxT H 00

(l0x 19)

HETEROGENEOUS IN W291 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS IN W302 CAUSTICS xHALOGENATED ORGANICS DxT H 00

(10 x 17)

HETEROGENEOUS IN W302 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(1ox 23)

HETEROGENEOUS IN W302 HALOGENATED ORGANICS x METALS. T xD H F 20

OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS IN W323 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS IN W323 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

TOXIC

(l0x 24)

HETEROGENEOUS IN W323 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

WATER & MIXTURES CONTAINING WATER

(24 xl 106)

x-Combined vfth
(a) Concentration of reactants: T=Trace (<1% by vt.); Ti =Trace (<0.1% by ~k); T2=Trace (lowv ppm range); T3=Trace (<1 ppm range);V coe: -1=eatgenraton;M=Minor (1-10% by vwt); D=Dominant (>10% by 4M.)

(b)Reaction coe ~etgnrto;S= solubilization of to~dc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation

GT--todc gas generation; P---iolent polymerization; Eeposiw~

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIOI
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS IN W329 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS IN W334 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS. ETC

(10 x23)

HETEROGENEOUS IN W345 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS. MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS IN W351 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS INW259B CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x MxT H 0a
ALCOHOLS & GLYCOLS

(1 x 4)

HETEROGENEOUS NT W00l ACIDS, MINERAL. NON-OXIDIZING x M xD H Oaa 00
CAUSTICS

(1 x 10)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x ETHERS M xD H Oaaa

(11 x14)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x M xD GT Oaaaa
FLUORIDES, INORANIC

(I x 15)

x-Combined with
(a) Concentration of reactants: T=Trace (<1% by Yt); TI =Trace (<0.1% by wt); T2=Trace (low ppr range): T3=Trace (<1 ppmn range);

M=Minor (1 -10% by v~t); D=Dominant (>1 0% bywt)

(b)Reaction code: H=heat generation; S= solubilztion of toodc substances; Fftre: GF= flammable gas generation; G-- noniflammable gas generation
GT--toxdc gas generation; P--vioienvt polymerization; Eeposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x M xT H GT Ob
HALOGENATED ORGANICS

(1 x 17)

HETEROGENEOUS NT W001l ACIDS, MINERAL, NON-OXIDIZING x MxT H Obb
KETONES

(1 x 19)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x METALS M xT S 2
& METAL COMPOUNDS, TOXIC

(1 x 24)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x MxT H G 3
COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl10l)

HETEROGENEOUS NT W001 ACIDS. MINERAL, NON-OXIDIZING x M xT H E 3a

EXPLOSIVES

(1 x 102)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x MxT H GT 3aa
OXIDIZING AGENTS, STRONG

(1 x 104)

HETEROGENEOUS NT W001 ACIDS, MINERAL, NON-OXIDIZING x WATER & Mx D H 3b
MIXTURES CONTAINING WATER

(1 x 106)

HETEROGENEOUS NT W001 ACIDS. MINERAL, OXIDIZING x ACIDS, MxT G H 3c
ORGANIC

(2 x 3)

HETEROGENEOUS NT W001l ACIDS, MINERAL, OXIDIZING x ALCOHOLS & Mx T H F 3d
GLYCOLS

(2 x 4)

x=Combined wfth
(a) Concentration of reactants: T=Trace (<1 % by wt); Ti =Trace (<0.1% by t); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by ~t); D=Dominant (>10% by v~t)

(b)Reaction code: H=heat generation; S=' solubilization of toxic substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P--violent polymerization; E~explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS NT W001 ACIDS, MINERAL, OXIDIZING x CAUSTICS Mx D H 3e 00

(2 x10)

HETEROGENEOUS NT W00l ACIDS, MINERAL, OXIDIZING x ETHERS MxD H F 3f

(2 x 14)

HETEROGENEOUS NT W00l ACIDS, MINERAL, OXIDIZING x FLUORIDES, M xD GT 3g
INORANIC

(2 x 15)

HETEROGENEOUS NT W00l ACIDS, MINERAL, OXIDIZING x MxT H FGT 3h
HALOGENATED ORGANICS

(2 xl 17)

HETEROGENEOUS NT W00l ACIDS, MINERAL, OXIDIZING x KETONES M xT H F N1

(2 x 19)

HETEROGENEOUS NT W00l ACIDS, MINERAL, OXIDIZING x METALS & M xT 5 67
METAL COMPOUNDS, TOXIC

(2 x 24)

HETEROGENEOUS NT Wool ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE M xT H F GT 89
& FLAMMABLE MATERIALS, MISC

(2 x101)

HETEROGENEOUS NT W001 ACIDS, MINERAL, OXIDIZING x EXPLOSIVES Mx T H E 9a

C2 x 102)

HETEROGENEOUS NT W001 ACIDS, MINERAL, OXIDIZING x WATER & Mx D H 10a
MIXTrURES CONTAINING WATER

(2 x 106)x

x--Combined vfth
(a) Concentration of reactants: T=Trace (<1 % byvwt); TI =Trace (<0.1 % byv~k); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1-10% byvwt.); D=Dominant (>1 0% by v~t)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; Fifre: GF= flammable gas generation: G= nonflammable gas generation
GT-to~dc gas generation; P--molent polymerization; Eexplosive

(c) See texi
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS NT W001 ACIDS, ORGANIC x CAUSTICS TxD H 11b 00

(3 x10)

HETEROGENEOUS NT W001 ACIDS, ORGANIC x FLUORIDES, INORANIC Tx D GT ld

(3 x 15)

HETEROGENEOUS NT W001 CAUSTICS x HALOGENATED ORGANICS D xT H 13 00

(10x 17)

HETEROGENEOUS NT W00l CAUSTICS xKETONES DxT H 13a 00

(10 x 19)

HETEROGENEOUS NT W00l CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 1 6a 00
TOXIC

(l0x 24)

HETEROGENEOUS NT W00l CAUSTICS x EVILOSIVES DxT H E 16C 00

(l0 x 102)

HETEROGENEOUS NT WO0l ETHERS xOXIDIZING AGENTS, STRONG DxT H F 17a

(14 x 104)

HETEROGENEOUS NT W00l METALS & METAL COMPOUNDS, TOXIC x Tx D S ~ 3333a
WATER & MIXTURES CONTAINING WATER

(24 xl 106)

HETEROGENEOUS NT W00l ACIDS, MINERAL, NON-OXIDIZING x METALS, Tx M GF HF 1
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

x=Combined vAt
()Concentration of reactants: T=Trace (<l% byst); Tl=Trace (<010/ byvt); T2=Trace (lowppm range); T3=Trace (<1 ppm range);V M=Minor (1-10% byvt.); D=Dominant (>10% bywt)

(b)Reaction code: Hheat generation; S= solubilization of todc substances; F--fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P---iolent polymerization; EexpIosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS NT W001 ACIDS, MINERAL, OXIDIZING xMETALS, TxM GF H F 45
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

HETEROGENEOUS NT W001 CAUSTICS x METALS, OTHER ELEMENTAL, & T xM GF H 15 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS NT W001 HALOGENATED ORGAN ICS x METALS, TxM H F 2024

OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS NT W001 METALS, ALKALI & ALKALINE EARTH, Tx D H GF 28b
ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 xl101)

HETEROGENEOUS NT W001 METALS, OTHER ELEMENTAL, & ALLOY, AS Mx T H F 30
SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 x 104)

HETEROGENEOUS NT WO0l COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H E 36d
MISC x E)TLOSIVES

(101 x 102)

HETEROGENEOUS NT W001 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H FG 38
MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

HETEROGENEOUS OR W040 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

HETEROGENEOUS OR W040 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00
TOXIC

(10 x24)

x--Combined v~ft
(a) Concentration of reactants: T=Trace (<1 % by v~t); Tl=Trace (<0.1 % by M&); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1-10% by %,t); D=Oominant (>1 0% by vLt)

(b)Reaction code: H=heat generation; S= solubilztion of toxic substances; F=ire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--violent polymerization; Eeposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS OR W040 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS OR W044 ACIDS, MINERAL, NON-OXIDIZING x TxD H 0
CAUSTICS

(1 XlO)

HETEROGENEOUS OR W044 ACIDS, MINERAL, NON-OXIDIZING x ETHERS T xD H Oaaa

(1 x 14)

HETEROGENEOUS OR W044 ACIDS, MINERAL, NON-OXIDIZING x TxD GT Oaaaa

FLUORIDES, INORANIC

(1 x 15)

HETEROGENEOUS OR W044 ACIDS, MINERAL, NON-OXIDIZING x METALS, T xD GF H F1
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

HETEROGENEOUS OR W044 ACIDS, MINERAL, NON-OXIDIZING x T xD H G 3

COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl01)

HETEROGENEOUS OR W044 ACIDS, MINERAL, NON-OXIDIZING x WATER & Tx D H 3b
MIXTURES CONTAINING WATER

(1 x106)

HETEROGENEOUS OR W044 ACIDS, MINERAL, OXIDIZING x CAUSTICS T xD H 00

(2 x10)

HETEROGENEOUS OR W044 ACIDS, MINERAL, OXIDIZING x ETHERS T xD H F 3f

(2 x 14)

x-combined with,
(a) Concentration of reactants: T=Trace (<l% by v~t.); T1=Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M4Ainor (1-10% by vt); D=Dominant (>10% by v~k)

(b)Reaction code: l-lheat generation; S= solubilization of toxic substances; F=ire; GF=flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--violent polymerization; Eexplosi~e

(c) See text
Cl -57



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTECONCENTRATION
WASTEEXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS OR W044 ACIDS, MINERAL, OXiDIZING x FLUORIDES, T xD GT 39
INO RAN IC

(2 xI15)

HETEROGENEOUS OR W044 ACIDS, MINERAL, OXIDIZING x METALS, TxD GFHF 5
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS. MOLDINGS, DROPS, ETC

(2 x 23)

HETEROGENEOUS OR W044 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T xD H F GT 8
& FLAMMABLE MATERIALS, MISC

(20 01)

HETEROGENEOUS OR W044 ACIDS, MINERAL, OYIDIZING x WATER & Tx D H 10a
MIXTURES CONTAINING WATER

(2 xl 106)

HETEROGENEOUS OR W044 ACIDS, ORGANIC x CAUSTICS T2 xD H 00

(30xl)

HETEROGENEOUS OR W044 ACIDS, ORGANIC x FLUORIDES, INORANIC T2xD GT lid

(30x 5)

HETEROGENEOUS OR W044 AZO COMPOUNDS, DIAZO COMPOUNDS, & T2 x H FG 1 2e
HYDRAZJNES x METALS, OTHER
ELEMENTAL. & ALLOY, AS SHEETS, RODS.
MOLDINGS, DROPS, ETC

(8 x 23)

HETEROGENEOUS OR W044 AZO COMPOUNDS, DIAZO COMPOUNDS, & T2xD G 12f
HYDRAZJNES x WATER & MIXTURES
CONTAINING WATER

(8 x 106)

HETEROGENEOUS OR W044 CAUSTICS x ESTERS D xT2 H 00

(100 3)

x-Combined w~fth
(a) Concentration of reactants: T=Trace (<I% by wt); T1=Trace (<0.1% by Y%); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M4Ainor (1-10% by v~t); D=Dominant (>10% byvwi)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--i.olent polymerization; Eexplosive

(c) See text
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION _EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS OR W044 CAUSTICS x HALOGENATED ORGANICS D xT2 H 00

(10x 17)

HETEROGENEOUS OR W044 CAUSTICS x KETONES D xT2 H 00

(l0x 19)

HETEROGENEOUS OR W044 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 15 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

HETEROGENEOUS OR W044 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00

TOXIC

(10x 24)

HETEROGENEOUS OR W044 CAUSTICS x ORHANOPHOSPHATES, DxT1 H E 00

PHOSPHOTHIQATES &
PHOSPHODITHIOATES

(l0 x 32)

HETEROGENEOUS OR W044 ETHERS x OXIDIZJNG AGENTS, STRONG DxTi H F 17a

(14 x 104)

HETEROGENEOUS OR W044 HALOGENATED ORGANICS x METALS, T2xD H F 2022

OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS. ETC

(17 x 23)

HETEROGENEOUS ORW044 METALS, OTHER ELEMENTAL, & ALLOY, AS D xTl H F 2

SHEETS, RODS, MOLDINGS, DROPS, ETC x

OXIDIZING AGENTS, STRONG

(23 xl 104)

HETEROGENEOUS OR W044 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

X-Combined wtt,

S(a) Concentration of reactants: T=Trace (<1 % by v~t); Tl=Trace (<0.1 % by vit); T2=Trace (low ppm range); T3=Trace (<1 ppm range);W coe: ~hea geeraton;M-Minor (1-10% by v~t): O=Dominant (>10% byvwt)

(b)Reaction coe ~etgnrto;S= solubilization of toxic substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation: P-violent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCE ,NTRATION EXPLANATIP
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS OR W044 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT1 H FG 38
MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

HETEROGENEOUS OR W045 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS OR W045 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10x 24)

HETEROGENEOUS OR W045 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS OR W047 CAUSTICS x METALS, OTHER ELEMENTAL, & D x GF H 00
ALLOY. AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS OR W047 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0x 24)

HETEROGENEOUS OR W047 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS RF M002 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(l0x 17)

HETEROGENEOUS RF M002 CAUSTICS x KETONES DxT H 00

(lOx 19)

x-Combined vAt
(a) Concentration of reactants: T=Trace (<1% byv~t); T1=Trace (<0.1% by vkt); T2--Trace (low ppm range); T3=Trace (<1 ppm range);

M=-Minor (1-10% by vwt); D=Dominant (>10% by w~t)

(b)Reaction code: Hheat generation; S= solubilization of to~dc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--to~cc gas generation; P--Molent polymerization; Eexposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS RE M002 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GFH H
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(lox 23)

HETEROGENEOUS RE M002 CAUSTICS x NITRO COMPOUNDS D xT H E 00

(10 x 27)

HETEROGENEOUS RE M002 HALOGENATED ORGANICS x METALS, TxD HEF 20
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS RE WOOS CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10xl17)

HETEROGENEOUS RE WOOS CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS RE W008 HALOGENATED ORGANICS x METALS, T xD H E 23
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

HETEROGENEOUS REW012 CAUSTICS x HALOGENATED ORGANICS DxT H 00

(10 x17)

HETEROGENEOUS RFW01 2 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

HETEROGENEOUS REW012 HALOGENATED ORGANICS xMETALS, TxD HE 20
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

x=Combined vAt
(a) Concentration of reactants: T=Trace (<I% by wl%); T1 =Trace (<0.1% by wt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% byvwt); D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation: S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation: P--violent polymerization; Eexplosive

(c) See text
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS RF W036 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10x 17)

HETEROGENEOUS RIF W036 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx 0 GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

HETEROGENEOUS RIF W036 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x 24)

HETEROGENEOUS RF W036 HALOGENATED ORGANICS x METALS, TxD H F 24
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

HETEROGENEOUS RIF W036 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS RL M004 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GIF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

HETEROGENEOUS RL M006 CAUSTICS x ESTERS DxT H 00

(10x 13)

HETEROGENEOUS RL M006 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(l0x 17)

HETEROGENEOUS RL M006 CAUSTICS x KETONES DxT H 00

(I10 l9)

X-Combined wiAth
(a) Concentration of reactants: T=Trace (<1 % by wt); T1=Trace (<0. 1% by vvt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M~finor (1.10% by wt.); D=Dominant (>10% by wt.)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--to~dc gas generation; P--molent polymerization; E~explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS RL M006 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS RL M006 HALOGENATED ORGANICS x METALS, TxD H F 20
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

HETEROGENEOUS RL M031 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

HETEROGENEOUS RL M201 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x 23)

HETEROGENEOUS SA W134 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS SR W026 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10 x 17)

HETEROGENEOUS SIR W026 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

HETEROGENEOUS SIR W026 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(l0 x 24)

HETEROGENEOUS SR W026 HALOGENATED ORGANICS x METALS, TxD H F 20
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

xc-Combined with
(a) Concentration of reactants: T=Trace (<1% byw6t); Ti =Trace (<0.1% by v&t): T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by w~t); D=Dominant (>1 0% by %&t)

W(b)Reaction code: H-=heat generation; S= solubilization of toxic substances: FPfire; GF= flammable gas generation; G= nonflamnmable gas generation
GT-toxic gas generation; P--,Aolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

HETEROGENEOUS SIR W026 METALS & METAL COMPOUNDS. TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

HETEROGENEOUS SR W027 CAUSTICS x ESTERS DxT H 00

(10 x 13)

HETEROGENEOUS SR W027 CAUSTICS x HALOGENATED ORGANICS D xT H 00

(10 x 17)

HETEROGENEOUS SR W027 CAUSTICS x KETONES DxT H 00

(l0x 19)

HETEROGENEOUS SR W027 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS. MOLDINGS.
DROPS, ETC

(10 x23)

HETEROGENEOUS SR W027 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x 24)

HETEROGENEOUS SIR W027 CAUSTICS x NITRO COMPOUNDS DxT H E 00

(10x 27)

HETEROGENEOUS SR W027 HALOGENATED ORGANICS x METALS, T xD H F 2
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

HETEROGENEOUS SR W027 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

x--Combined v~ft
(a) Concentration of reactants: T=Trace (<I1% by v~t); T1 =Trace (<0.1% by vtt); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1 -100/ by wt); D=Dominant (>I10% by vt)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-todc gas generation; P-Molent polymerization; E=explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC IN W1 61 CAUSTICS xMETALS, OTHER ELEMENTAL, & DxD GF H 00

NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

INORGANIC IN W161 CAUSTICS xMETALS & METAL COMPOUNDS, DxT 5 00

NON-METAL TOXIC

(10x 24)

INORGANIC IN W161 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC IN W230 CAUSTICS x HALOGENATED ORGANICS D xT H 00

NON-METAL

(10 x17)

INORGANIC IN W230 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

INORGANIC IN W23D HALOGENATED ORGANICS x METALS, T xD H F 24

NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

INORGANIC IN W240 CAUSTICS x HALOGENATED ORGANICS D x T3 H 00

NON-METAL

(10xl17)

INORGANIC IN W240 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

INORGANIC IN W240 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00

NON-METAL TOXIC

(10 x24)

x-Combined with
(a) Concentration of reactants: T=Trace (<1% by wt); Tl=Trace (<0.1% byvwt); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M-Minor (1-10% by w~t); O=Dominant (>10% by %M.)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxdc gas generation; P--iolent polymerization; E=explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC IN W240 HALOGENATED ORGANICS x METALS, T3 xD H F 24
NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x 23)

INORGANIC IN W240 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC IN W243 ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 00
NON-METAL

(2 x10)

INORGANIC IN W243 ACIDS, MINERAL, OXIDIZING x METALS, Tx 0 GF H F 5
NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(2 x 23)

INORGANIC IN W243 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T xD H F GT 8
NON-METAL & FLAMMABLE MATERIALS, MISCELLANEOUS

(2 x101)

INORGANIC IN W243 ACIDS, MINERAL, OXIDIZING x WATER & T xD H 10ae
NON-METAL MIXTURES CONTAINING WATER

(2 x 106)

INORGANIC IN W243 CAUSTICS x ESTERS DxT H 00
NON-METAL

(10x 13)

INORGANIC IN W243 CAUSTICS x HALOGENATED ORGANICS D xT H 00
NON-METAL

(10x 17)

INORGANIC IN W243 CAUSTICS x KETONES DxT H 00
NON-METAL

(l0x 19)

x=Combined výAft
(a) Concentration of reactants: T=Trace (<1 % byv~t); T1 =Trace (<0.1 % by wt); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1 -10%/ by vt.); D=Dominant (>10% by v~.)

(b)Reaction code: H=heat generation: S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GTt-oxic gas generation; P--Aolent polymerization: Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC IN W243 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

INORGANIC IN W243 CAUSTICS xMETALS &METAL COMPOUNDS, DxT 5 00

NON-METAL TOXIC

(10x 24)

INORGANIC IN W243 CAUSTICS x NITRO COMPOUNDS DxT H E 00

NON-METAL

(10x 27)

INORGANIC IN W243 HALOGENATED ORGANICS x METALS, T xD H F 24

NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

INORGANIC IN W243 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

NON-METAL WATER & MIXTURES CONTAINING WATER

(24 xl 106)

INORGANIC IN W245 ACIDS, MINERAL, OXIDIZING x CAUSTICS T xD H 00

NON-METAL

(2xl10)

INORGANIC IN W245 ACIDS, MINERAL, OXIDIZING x ETHERS Tx D H F 3f

NON-METAL

(2 xl 14)

INORGANIC IN W245 ACIDS, MINERAL, OXIDIZING x FLUORIDES, Tx D GT 3g

NON-METAL INORANIC

(2 xl 15)

INORGANIC IN W245 ACIDS, MINERAL, OXIDIZING x METALS, T xlD GF H F 5

NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS. MOLDINGS, DROPS, ETC

(2 x 23)

xCombined vwftJ
()Concentration of reactants: T=Trace (<l% by vvt); T1=Trace (<0.1% by v%&); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% bywt.); D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation; S= solubilization of to~dc substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation
GT-todc gas generation; P--volent polymerization; E=explosive

(c) See text
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC IN W245 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T xD H F GT 8
NON-METAL & FLAMMABLE MATERIALS, MISC

(2 x101)

INORGANIC IN W245 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H 10a

NON-METAL MIXTURES CONTAINING WATER

(2 x 106)

INORGANIC IN W245 CAUSTICS x HALOGENATED ORGANICS D xT H 00
NON-METAL

(10 x 17)

INORGANIC IN W245 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

INORGANIC IN W245 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
NON-METAL TOXIC

(l0x 24)

INORGANIC IN W245 HALOGENATED ORGAN ICS x METALS, TxD H F 24

NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS. MOLDINGS, DROPS, ETC

(17 x23)

INORGANIC IN W245 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC IN W247 ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 00
NON-METAL

(2xl10)

INORGANIC IN W247 ACIDS, MINERAL, OXIDIZING x ETHERS T xD H F 3f
NON-METAL

(2 x 14)

x=Combined v~fth
(a) Concentration of reactants: T=Trace (<I% by wt); T1 =Trace (<0.1I% by wt): T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by Yst); D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation; S= solubilization of todc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--todc gas generation; P--violent polymerization; Eeposive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC IN W247 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 3g
NON-METAL INORANIC

(2 x 15)

INORGANIC IN W247 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 8
NON-METAL & FLAMMABLE MATERIALS, MISC

(2 x101)

INORGANIC IN W247 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H i0a
NON-METAL MIXTURES CONTAINING WATER

(2 x 106)

INORGANIC IN W247 CAUSTICS xHALOGENATED ORGANICS DxT H 0
NON-METAL

(10 x 17)

INORGANIC IN W247 CAUSTICS x METALS, OTHER ELEMENTAL, & D xT GF H 00
NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0 x 23)

INORGANIC IN W247 CAUSTICS x METALS & METAL COMPOUNDS, Dx T S 0
NON-METAL TOXIC

(10 x24)

INORGANIC IN W247 METALS & METAL COMPOUNDS, TOXIC x T x 0 33a
NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC IN W249 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00)
NON-METAL ALLOY, AS SHEETS. RODS, MOLDINGS,

DROPS, ETC

(10 x23)

INORGANIC IN W249 CAUSTICS xMETALS & METAL COMPOUNDS, DxT S 0
NON-METAL TOXIC

(l0x 24)

x-Combined v~ft
(a) Concentration of reactants: T=Trace (<l% by vvt); T1=Trace (<0.1% byvwt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxjc gas generation; P-violent polymerization; Eexplosive

(c) See text
Cl -69



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPAT1BILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC IN W249 METALS & METAL COMPOUNDS, TOXIC x T xD S3a
NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC MD M001 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

INORGANIC RF W026 CAUSTICS x HALOGENATED ORGANICS D xT H 00
NON-METAL

(10 x17)%

INORGANIC RIF W026 CAUSTICS x METALS, OTHER ELEMENTAL, & x D GIF H 00
NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

INORGANIC RF W026 HALOGENATED ORGANICS x METALS, T xD H F 24
NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x23)

INORGANIC RF W032 CAUSTICS x HALOGENATED ORGANICS D xT3 H 00
NON-METAL

(10 x17)

INORGANIC RF W032 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

INORGANIC RIF W032 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
NON-METAL TOXIC

(10 x24)

INORGANIC RIF W032 HALOGENATED ORGAN ICS x METALS, T3xD H F 22
NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS. DROPS, ETC

(17 x23)

x-Combined wi4th
(a) Concentration of reactants: r=Trace (<1 % by -At); T1 =Trace (<0.1 % by wt); T2=Trace (low ppm range); T3=Trace (<I ppmn range);

M-Minor (1-10% by vAt); D=Dominant (>1 0% by wt)

(b)Reaction code: H~heat generation; S= solubilization of toxic substances; F=fire: GF= flammable gas generation; G= nonflammable gas generation
GTtoxidc gas generation; P-holent polymerization; E~explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC REF W032 METALS & METAL COMPOUNDS, TOXJC x D xD S 33a
NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC RIF W052 CAUSTICS x HALOGENATED ORGANICS D xT3 H 00

NON-METAL

(10x 17)

INORGANIC RF W052 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

NON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

INORGANIC RF W052 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00

NON-METAL TOXIC

(10 x 24)

INORGANIC RE W052 HALOGENATED ORGANICS x METALS, T3xD H F 22

NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

INORGANIC RF W052 METALS & METAL COMPOUNDS, TOXIC x D x 0 33a

NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC RF W056 CAUSTICS xHALOGENATED ORGANICS DxT3 H 00

NON-METAL

(l0x 17)

INORGANIC RE W056 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

N ON-METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

INORGANIC RE W056 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00

NON-METAL TOXIC

(l0x 24)

x-Combined with
(a) Concentration of reactants: T=Trace (<l% by %); T1 =Trace (<0.1 % by vkt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

W M-Minor (1-10% by v~t); D=Oominant (>10% by v4t)

(b)Reaction code: H=heat generation; S= solubilization of toxic subatances; F-fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; Pviolent polymerization; E=explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

INORGANIC RF W056 HALOGENATED ORGANICS x METALS, T3 x D H F 22
NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x23)

INORGANIC RE W056 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
NON-METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

INORGANIC RF W057 CAUSTICS x HALOGENATED ORGANICS D xT H 00
NON-METAL

(10 x17)

INORGANIC RF W057 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
NON-METAL ALLOY. AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10x 23)

INORGANIC RF W057 HALOGENATED ORGAN ICS x METALS, T xD H F 22
NON-METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x23)

LEAD/CADMIUM AW MO=l CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

LEAD/CADMIUM AW M001 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
METAL WASTE TOXIC

(l0x 24)

LEADICADMIUM AW M001 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a 34
METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 xl 106)

LEADICADMIUM AW M002 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00
METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

x--Combined vith
(a) Concentration of reactants: T=Trace (<I% by wt); T1=Trace (<0.1% by v~t); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% bywt); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances: F~fire-; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P-iolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

LEAD/CADMIUM AW M002 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00

METAL WASTE TOXIC

(10x 24)

LEAD/CADMIUM AW M002 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a

METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM AW W01 6 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

LEAD/CADMIUM AW W01 6 CAUSTICS x METALS & METAL COMPOUNDS, D xM S 00

METAL WASTE TOXIC

(10 x24)

LEAD/CADMIUM AW W01 6 METALS & METAL COMPOUNDS, TOXIC x Mx D S 33a

METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM AW W022 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

LEAD/CADMIUM AW W022 CAUSTICS x METALS & METAL COMPOUNDS, D xM 5 00

METAL WASTE TOXIC

(l0x 24)

LEAD/CADMIUM AW W022 METALS & METAL COMPOUNDS, TOXIC x M xD S 33a 34

METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM ET M001 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00

METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

x)c-ombined vMih
___(a) Concentration of reactants: T=Trace (<I% by~t); T1 =Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range):U coe: ~hea geeraton;M=Minor (1-10% by v&t); D=Dominant (>10% by vwt)

(b)Reaction coe ~tgnrto;S= solubilization of todc substances; F--fire; GF= flammable gas generation; G= nonflammable gas generation
GT--todc gas generation; P--violent polymerization; Eep:Iosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIOP
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

LEAD/CADMIUM ET M001 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00
METAL WASTE TOXIC

(10x 24)

LEAD/CADMIUM ET M001 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEADICADMIUM IN M004 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

LEAD/CADMIUM IN M004 CAUSTICS x METALS & METAL COMPOUNDS, D xM 5 00
METAL WASTE TOXIC

(10 x24)

LEAD/CADMIUM IN M004 METALS & METAL COMPOUNDS, TOXIC x Mx D S 33a
METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM IN M005 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

LEAD/CADMIUM IN M005 CAUSTICS x METALS & METAL COMPOUNDS, D xM 5 00
METAL WASTE TOXIC

(10x 24)

LEAD/CADMIUM IN M005 METALS & METAL COMPOUNDS, TOXIC x Mx D S 33a
METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM RE W029 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00
METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

x-Conibined fth
(a) Concentration of reactants: T=Trace (<1% byvwt); T1lTrace (<0.1% byvwL); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M'=Minor (1-10% by v~t); O=Dominant (>10% byvwL)

(b)Reaction code: H=heat generation; S= solubilization of toodc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--to~dc gas generation; P-Aolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

LEAD/CADMIUM RF W029 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00
METAL WASTE TOXIC

(10x 24)

LEAD/CADMIUM RE W029 METALS & METAL COMPOUNDS, TOXIC x Dx D S 33a

METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 00
METAL WASTE

(2 x10)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXJIDIZING x ETHERS T xD H F 3f
METAL WASTE

(2 x 14)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXIDIZING x ELUORIDES, T xD GT 3g
METAL WASTE INORANIC

(2 xl 15)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXIDIZING x METALS, T xD GE HE 5

METAL WASTE OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXIDIZING x METALS & T xD 5 7

METAL WASTE METAL COMPOUNDS, TOXIC

(2 x 24)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D HEF GT 8
METAL WASTE & ELAMMABLE MATERIALS, MISC

(2 xl01)

LEAD/CADMIUM RE W041 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H 10a

METAL WASTE MIXTURES CONTAINING WATER

(2 xl 106)

x--Combined v~fti
(a) Concentration of reactants: T=Trace (<l% by v~t);T I =Trace (<0.1I% by v~t); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F--ire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--iolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WSECONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

LEAD/CADMIUM RF W041 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL WASTE ALLOY, AS SHEETS. RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

LEAD/CADMIUM RF W041 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00

METAL WASTE TOXIC

(10 x24)

LEAD/CADMIUM RF W041 METALS & METAL COMPOUNDS, TOXIC x Dx D S 33a

METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM RL M019 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS.
DROPS, ETC

(l0x 23)

LEAD/CADMIUM RL M01 9 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

METAL WASTE TOXIC

(l0 x 24)

LEAD/CADMIUM RL M01 9 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

LEAD/CADMIUM RL M020 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

METAL WASTE ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

LEAD/CADMIUM RL M02D CAUSTICS x METALS & METAL COMPOUNDS. D xT 5 00

METAL WASTE TOXIC

(10 x24)

LEAD/CADMIUM RL M02D METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

METAL WASTE WATER & MIXTURES CONTAINING WATER

(24 x 106)

x-Combined M'4h
(a) Concentration of reactants: T=Trace (<1% by vt); Tl=Trace (<0.1% by vk); T2=Trace (low ppm range): T3=Trace (<1 ppm range);

M=Mnor (1-10%by vt); D=Dominant (>10% byvwt)

(b)Reaction code: Hheat generation; S= solubilization of todc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--violent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SALT WASTE IN M001 CAUSTICS x METALS, OTHER ELEMENTAL, & x D GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SALT WASTE IN M001 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x24)

SALT WASTE IN M001 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

WATER & MIXTURES CONTAINING WATER

(24 x 106)

SALT WASTE IN W311I CAUSTICS x HALOGENATED ORGANICS Dx T H 00

(10xl17)

SALT WASTE IN W31 1 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS. ETC

(10 x23)

SALT WASTE IN W31 1 HALOGENATED ORGANICS x METALS, Tx D H F 2

OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SALT WASTE IN W312 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 1400

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SALT WASTE IN W312 CAUSTICS x METALS & METAL COMPOUNDS, D xT1 5 16 00

TOXIC

(10 x24)

SALT WASTE IN W312 CAUSTICS xWATER REACTIVE DxM EXTREMELY 17 00

SUBSTANCES

(l0 x 107)

x-Combined v~ft
(a) Concentration of reactants: T=Trace (<l% by wt); T1=Trace (<0.1% bywt.); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M'=Minor (1-10% by owt); D=Dominant (>10% by wt)

(b)ReaCtion code: H=heat generation; S= solubilization of toadc substances; F--tire; GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; Poviolent polymerization; E=explosive

(c) See text
Cl-77



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SALT WASTE IN W31 2 ETHERS x WATER REACTIVE SUBSTANCES D xM EXTREMELY 1 7b

(14 x 107)

SALT WASTE IN W312 FLUORIDES, INORANIC x WATER REACTIVE Dx M EXTREMELY 18
SUBSTANCES

(15 x 107)

SALT WASTE IN W312 METALS, OTHER ELEMENTAL, & ALLOY, AS Dx M EXTREMELY 31
SHEETS, RODS, MOLDINGS. DROPS, ETC x
WATER REACTIVE SUBSTANCES

(23 x 107)

SALT WASTE IN W312 METALS & METAL COMPOUNDS, TOXIC x Ti x 0 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

SALT WASTE IN W312 METALS & METAL COMPOUNDS, TOXIC x TI x M EXTREMELY 35
WATER REACTIVE SUBSTANCES

(24 x 107)

SALT WASTE IN W31 2 COMBUSTIBLE & FLAMMABLE MATERIALS, D xM EXTREMELY 39
MISC x WATER REACTIVE SUBSTANCES

(101 x 107)

SALT WASTE IN W314 CAUSTICS x HALOGENATED ORGANICS D xT H 0

(10 x17)

SALT WASTE IN W31 4 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H0
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SALT WASTE IN W314 HALOGENATED ORGANICS x METALS, Tx D H F 2D
OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

x=Combined with
(a) Concentration of reactants: T=Trace (<1 % by wt): T1 =Trace (<0.1 % by wt); T2=Trace (low ppmn range): T3=Trace (<1 ppmn range);

M=Minor (1-10% by wt); D=Dominant (>1 0% by wt)

(b)Reaction code: Hheat generation; S= solubilization of toodc substances; F=fire; GF=flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; P--violent polymerization; Eexposive

(c) See text
Cl -78



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SALT WASTE RE W053 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 15 00

ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SALT WASTE RF W058 CAUSTICS xMETALS & METAL COMPOUNDS, DxT1 5 16 00

TOXIC

(10 x 24)

SALT WASTE RE W058 CAUSTICS x WATER REACTIVE DxM EXTREM ELY 17 0
SUBSTANCES

(l0 x 107)

SALT WASTE RE W058 ETHERS x WATER REACTIVE SUBSTANCES D xM EXTREMELY 1 7b

(14 x 107)

SALT WASTE RE W058 ELUORIDES, INORANIC x WATER REACTIVE Dx M EXTREMELY 18
SUBSTANCES

(15 x 107)

SALT WASTE RE W058 METALS, OTHER ELEMENTAL, & ALLOY, AS D xM EXTREMELY 31

SHEETS, RODS, MOLDINGS, DROPS, ETC x

WATER REACTIVE SUBSTANCES

(23 x 107)

SALT WASTE RE W058 METALS & METAL COMPOUNDS, TOXIC x T1 x D S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

SALT WASTE RE W058 METALS & METAL COMPOUNDS, TOXIC x Ti x M EXTREMELY 35

WATER REACTIVE SUBSTANCES

(24 x 107)

SALT WASTE REF W058 COMBUSTIBLE & ELAMMABLE MATERIALS, D xM EXTREMELY 39

MISC x WATER REACTIVE SUBSTANCES

(101 x 107)

X-Combined vfth
(a) Concentration of reactants: T=Trace (<I% by wt): T1 =Trace (<0.1% by wt.); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by MA); D=Dominant (>10% by kt.)

(b)Reaction code: H~heat generation; S= solubilization of to)ac substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation
Gr--to~dc gas generation; P--violent polymerization; E~explosi've

(c) See text
Cl -79



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOILS IN W263 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOILS IN W263 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
TOXIC

(10 x24)

SOILS IN W263 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOILS RL M007 CAUSTICS x METALS, OTHER ELEMENTAL. & D xD GF H 00
ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

SOILS RL M007 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
TOXIC

(10 x 24)

SOILS RL M007 METALS & METAL COMPOUNDS, TOXIC x T xD S3a
WATER & MIXTURES CONTAINING WATER

(24 xl 106)

SOLIDIFIED AL W005 ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 06
INORGANICS

(2 x10)

SOLIDIFIED AL W005 ACIDS, MINERAL, OXIDIZING x ETHERS T xD H F 3f
INORGANICS

(2 x 14)

SOLIDIFIED AL W0O5 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 3g

INORGANICS INORANIC

(2 x 15)

x--Combined v~ft
(a) Concentration of reactants: T=Trace (<I% by vvk); TI=Trace (<0.1% by wt); T2=Trace (Iowppm range); T3=Trace (<I ppm range);

M=Minor (1-10% by w~t); D=Dominant (>10% by vkt)

(b)Reaction code: H--heat generation: S= solubilztion of toadc substances; F~fire; GF= flammable gas generation: G- nonflammable gas generation
GT-to~dc gas generation; P--violent polymerization; Eeplosive

(c) See text
Cl -80



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED AL W005 ACIDS. MINERAL, OXIDIZING x METALS, Tx D GF H F 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED AL W005 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED AL W005 ACIDS, MINERAL, OXIDIZING xWATER& TxD H 10 10a

INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED AL W005 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED AL W005 CAUSTICS x METALS & METAL COMPOUNDS, Dx T S 00

INORGANICS TOXIC

(10x 24)

SOLIDIFIED AL W005 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN W146 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

SOLIDIFIED INW146 CAUSTICS xMETALS &METAL COMPOUNDS, DxT S 00)

INORGANICS TOXIC

(10 x24)

SOLIDIFIED IN W1 46 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 xl 106)

x-Combined wfth
(a) Concentration of reactants: T=Trace (<1 % by wt); TI =Trace (<0.1% by vL); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by w~t)

(b)[Reaction code: H=heat generation: S= solubilizatiori of todc substances; F--fire: GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P--miolent polymerization; E=explosive

(c) See text
Cl-81



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CNETAINEXPLANATIOP
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W157 ACIDS, ORGANIC x ALCOHOLS & GLYCOLS M xT H P 1111Ia

INORGANICS

(3 x 4)

SOLIDIFIED IN W157 ACIDS, ORGANIC xCAUSTICS MxD H 00
INORGANICS

(3 x 10)

SOLIDIFIED IN W157 ACIDS, ORGANIC x FLUORIDES, INORANIC Mx D GT lid
INORGANICS

(3 x15)

SOLIDIFIED INW157 ACIDS, ORGANIC xMETALS &METAL MxT S 1212aa

INORGANICS COMPOUNDS. TOXJC

(3 x 24)

SOLIDIFIED IN W157 CAUSTICS x HALOGENATED ORGANICS D xT H 00
INORGANICS

(10 x17)

SOLIDIFIED IN W157 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

SOLIDIFIED IN W157 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
INORGANICS TOYiC

(10 x24)

SOLIDIFIED IN W157 HALOGENATED ORGANICS x METALS, T xD H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

SOLIDIFIED IN W157 METALS &METAL COMPOUNDS, TOXIC x TxD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

x=Combined v~ft
(a) Concentration of reactants: ThTrace (<1 % by v4); T1 =Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<I ppm range);

M=Minor (1-10% by wt); D=Dominant (>I10% by wt.)

(b)Reaction code: Hheat generation; S= solubilization of to~dc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxdc gas generation; P-Aolent polymerization; Eeposive

(c) See text
Cl -82



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED INW166 CAUSTICS xHALOGENATED ORGANICS DxTi H 0

INORGANICS

(10 x 17)

SOLIDIFIED IN Wi 66 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00)

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED INW166 CAUSTICS xMETALS & METAL COMPOUNDS, DxT1 S 00

INORGANICS TOYiC

(10x 24)

SOLIDIFIED INW166 HALOGENATED ORGANICS xMETALS, Ti xD H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED INWi166 METALS & METAL COMPOUNDS. TOXIC x Ti x D S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN Wi 77 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 15 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL, NON-OXIDIZING x T x H 00

INORGANICS CAUSTICS

(1 xia0)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL, NON-OXIDIZING x ETHERS T x H Oaaa

INORGANICS

(1 x 14)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL, NON-OXIDIZING x T xD GT Oaaaa

INORGANICS FLUORIDES, INORANIC

(1 xiS5)

x-Combined vfth
()Concentration of reactants: T=Trace (<l% by v~t); TI =Trace (<0.1 % by wt.); T2=Trace (lowppm range); T3=Trace (<1 ppmn range);

M=Minor (1-10% by wt); D=Domninant (>10% byv&)

(b)Reaction code: H=heat generation; S= solubilization of to~oc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P--Aolent polymerization; Eexplosive

(c) See text
Cl-83



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL, NON-OXIDIZING x METALS, Tx D GF H F
INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(1 x 23)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL. NON-OXIDIZING x T xD H G 3
INORGANICS COMBUSTIBLE & FLAMMABLE MATERIALS,

MISC

(1 Xl0i)

SOLIDIFIED IN W1 79 ACIDS, MINERAL, NON-OXJDIZING xWATER & TxD H 3b
INORGANICS MIXTURES CONTAINING WATER

(1 x 106)

SOLIDIFIED IN W179 ACIDS, MINERAL, OXIDIZING xCAUSTICS TxD H 00
INORGANICS

(2 x10)

SOLIDIFIED IN W179 ACIDS, MINERAL, OXIDIZING x ETHERS TxD H F 3f
INORGANICS

(2 x 14)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL. OXIDIZING x FLUORIDES, T xD GT 39
INORGANICS INORANIC

(2 x 15)

SOLIDIFIED IN Wi 79 ACIDS. MINERAL, OXIDIZING x METALS. TxD GF HF 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS.
RODS, MOLDINGS. DROPS, ETC

(2 x 23)

SOLIDIFIED IN Wi 79 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 9
INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED IN W1 79 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H 10a

INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

x'--Combined wfth
(a) Concentration of reactants: T=Trace (<1 % by YC); T1 =Trace (<0.1 % byvwt); T2=Trace (low pprn range); T3=Trace (<1 ppm range):

M=Minor (1-10% by vkt): D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation: S= solubilization of toadc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~oc gas generation: P-violent polymerization; Eeposive

(c) See text
Cl -84



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN Wi 79 ACIDS, ORGANIC x CAUSTICS T xD H 00

INORGANICS

(3 x 10)

SOLIDIFIED INW179 ACIDS, ORGANIC x FLUORIDES, INORANIC TxD GT lid

INORGANICS

(3 x 15)

SOLIDIFIED IN W1 79 CAUSTICS xESTERS DxT H 00

INORGANICS

(l0x 13)

SOLIDIFIED IN Wi 79 CAUSTICS x HALOGENATED ORGANICS D xT H 00

INORGANICS

(10x 17)

SOLIDIFIED IN Wi 79 CAUSTICS x KETONES DxT H 00

INORGANICS

(l0x 19)

SOLIDIFIED IN Wi79 CAUSTICS x METALS, OTHER ELEMENTAL, & DxD GFH 15 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOLIDIFIED IN W179 CAUSTICS xMETALS &METAL COMPOUNDS, DxT S 00

INORGANICS TOXIC

(10 x24)

SOLIDIFIED IN W179 HALOGENATED ORGANICS xMETALS, TxD H F 19

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN Wi 79 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

xr-Cornbined v~ft
(a) Concentration of reactants: T=Trace (<1 % by wt); TI=Trace (<0.1% by vt.): T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by vk); D=Dominant (>10% by Wt.)

(b)Reaction code: H=heat generation: S= solubilization of todc substances: F~fire; GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation: P-Aolent polymerization: Eexposive

(c) See text
Cl1-85



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W181 ACIDS, MINERAL, OXJDIZING x CAUSTICS T xD H 0

INORGANICS

(2 x10)

SOLIDIFIED IN W181 ACIDS, MINERAL, OXID1ZING x ETHERS T xD H F 3f

INORGANICS

(2 x 14)

SOLIDIFIED IN W181 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 39
INORGANICS INORANIC

(2 x 15)

SOLIDIFIED IN W181 ACIDS, MINERAL, OXIDIZING x METALS, Tx D GF H F 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED IN W181 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T xD H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED IN W181 ACIDS, MINERAL, OXIDIZING x WATER & T xD H 1010Ca

INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED IN W181 CAUSTICS xHALOGENATED ORGANICS D xT H 00

IN ORGAN ICS

(10 x17)

SOLIDIFIED IN W181 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 15 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x23)

SOLIDIFIED IN W181 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

INORGANICS TOXIC

(10 x24)

x'-Combined vf
(a) Concentration of reactants: T=Trace (<1 % by v&); T1 =Trace (<0.1 % by wt); T2=Trace (low ppm range): T3=Trace (<1 ppm range);

M=Minor (1 -10% by vt); D=Dominant (>1 0% by v~,t)

(b)Reaction code: Hheat generation: S= solubilization of toadc substances; F--lre: GF= flammable gas generation; G= nonflammable gas generation
GT-todc gas generation; P--molert polymerization: Eeposive

(c) See text
Cl -86



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W181 HALOGENATED ORGANICS x METALS, Tx D H F 2

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W181 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN W188 ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 00

INORGANICS

(2 x10)

SOLIDIFIED IN W188 ACIDS, MINERAL, OXIDIZING x ETHERS T xD H F 3f

INORGANICS

(2 x 14)

SOLIDIFIED IN W188 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 3g.INORGANICS INORANIC

(2 x 15)

SOLIDIFIED IN W188 ACIDS, MINERAL, OXIDIZING x METALS, T xD GF HF 4

INORGANICS OTHER ELEMENTAL. & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED IN W188 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED IN W188 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H 10

INORGANICS MIXTURES CONTAIN ING WATER

(2 x 106)

SOLIDIFIED IN W188 CAUSTICS xHALOGENATED ORGANICS DxT H 00

INORGANICS

(10x 17)

x-Combined wi~th
(a) Concentration of reactants: T=Trace (<l% by v~t); T1 =Trace (<0.1% byvt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation; S= solubilization of to~dc substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT--to~ac gas generation; P-violent polymerization; Eexplosive

(c) See text
Cl-87



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCEN4TRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W188 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 15 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED IN W188 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00

INORGANICS TOXIC

(10x 24)

SOLIDIFIED IN W1 88 HALOGENATED ORGANICS xMETALS, TxD HF 2

INORGANICS OTHER ELEMENTAL. & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W188 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a 34

INORGANICS WATER & MIXIURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN W21 6 ACIDS, MINERAL, OYJDIZING x CAUSTICS T xD H 00

INORGANICS

(2 x10)

SOLIDIFIED IN W216 ACIDS, MINERAL, OYJD17iNG x ETHERS TxD H F 31'

INORGANICS

(2 x 14)

SOLIDIFIED IN W216 ACIDS, MINERAL, OXIDIZING x FLUORIDES, Tx D GT 39

INORGANICS INORANIC

(2 xi15)

SOLIDIFIED IN W216 ACIDS, MINERAL, OXIDIZING N METALS, Tx D GF H F 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED IN W216 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x10l)

x-Combined vfth
(a) Concentration of reactants: T=Trace (<I% byvt.); T1=Trace ('c0.1% by v~t); T2=Trace (Iowvppm range); T3=Trace (<I ppmn range);

M=Minor (1 -10% by v~t); D=Dominant (>1 0% by %At)

(b)Reaction code: H=heat generation; S= solublhization of towdc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; Pvi-.olent polymerization; E~explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W216 ACIDS, MINERAL, OXIDIZING x WATER& TxD H- 10
INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED IN W216 CAUSTICS xHALOGENATED ORGANICS DxT H 00
INORGANICS

(10x17)

SOLIDIFIED IN W216 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD' GF H 1500
INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS. ETC

(10 x23)

SOLIDIFIED IN W216 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
INORGANICS TOXIC

(10 x24)

SOLIDIFIED IN W216 HALOGENATED ORGANICS x METALS, TxD HF 2

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W21 6 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN W22D ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 00

INORGANICS

(2 x10)

SOLIDIFIED IN W220 ACIDS, MINERAL, OXIDIZING x ETHERS T xD H F 31'
INORGANICS

(2 x 14)

SOLIDIFIED IN W220 ACIDS, MINERAL, OX1DIZJNG x FLUORIDES, T xD GT 39
INORGANICS INORANIC

(2 xi15)

x-Combined vfth
(a) Concentration of reactants: T=Trace (<1 % by t); TI=Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M--Minor (1-10% by wt); D=Dominant (>10% by wt)

(b)Reaction code: H-=heat generation; S= solubilization of toxic substances; F--fire; GF= flammable gas generation; G= nonflammable gas generation
GT--oxic gas generation; P-violent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W220 ACIDS, MINERAL, OXIDIZING x METALS, Tx D GF HF 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED IN W220 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T xD H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED IN W220 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H 10

INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED IN W22 CAUSTICS x HALOGENATED ORGANICS D xT H 0

INORGANICS

(10x 17)

SOLIDIFIED IN W220 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 15

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

SOLIDIFIED IN W22 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 0

INORGANICS TOXIC

(10 x 24)

SOLIDIFIED IN W220 CAUSTICS x ORHANOPHOSPHATES, DxT3 HE 0

INORGANICS PHOSPHOTHIOATES &
PHOSPHODITHIOATES

(l0x 32)

SOLIDIFIED IN W22D HALOGENATED ORGANICS x METALS, T xD H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W22 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 xl 106)

x--Combined with,
(a) Concentration of reactants: T=Trace (<1 % by vt); T1 =Trace (<0. 1% by wt); T2=Trace (low ppmn range); T3=Trace (<1 ppm range);

M=Minor (1 -10% by vt); D=Dominant (>1 0% by vkt)

(b)Reaction code: HMheat generation; S= solubilzton of toxic substances; F=flre; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--violent polymerization; Eexplosive

(c) See text
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TABLE Cl1I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W221 ACIDS, ORGANIC x ALCOHOLS& GLYCOLS MxT1 H P 11
INORGANICS

(3 x 4)

SOLIDIFIED IN W221 ACIDS, ORGANIC x CAUSTICS Mx D H 0
INORGANICS

(3 x10)

SOLIDIFIED IN W221 ACIDS, ORGANIC x FLUORIDES, INORANIC MxD 1T1ld
INORGANICS

(3 x15)

SOLIDIFIED IN W221 ACIDS, ORGANIC xMETALS &METAL MxT 5 12
INORGANICS COMPOUNDS, TOXIC

(3 x 24)

SOLIDIFIED INW221 CAUSTICS xHALOGENATED ORGANICS DxT H 0
INORGANICS

(10 x17)

SOLIDIFIED INW221 CAUSTICS xKETONES DxT H 0
INORGANICS

(l0x 19)

SOLIDIFIED IN W221 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 0
INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

SOLIDIFIED IN W221 CAUSTICS xMETALS & METAL COMPOUNDS, DxT S 0
INORGANICS TOXIC

(10 x 24)

SOLIDIFIED IN W221 CAUSTICS x ORHANOPHOSPHATES, D xT H E 0
INORGANICS PHOSPHOTHIOATES &

PHOSPHODITHIOATES

(10 x 32)

x=Combined vt
(a) Concentration of reactants: T=Trace (<1% byv~t.); T1 =Trace (<0.1% by wt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by vk); D=Dominant (>10% by vt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F-fire: GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P-violent polymerization; Eexplosive

(c) See text



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIO0
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W221 HALOGENATED ORGANICS x METALS, T xD H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W221 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN W22 CAUSTICS x ESTERS DxT H 00

INORGANICS

(10 x 13)

SOLIDIFIED IN W22 CAUSTICS x HALOGENATED ORGANICS D xT H 00

INORGANICS

(10 x17)

SOLIDIFIED IN W22 CAUSTICS x KETONES DxT H 00

INORGANICS

(10 xl9)

SOLIDIFIED IN W22 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS. ETC

(10 x23)

SOLIDIFIED IN W22 CAUSTICS x METALS & METAL COMPOUNDS, Dx T S 00

INORGANICS TOXIC

(10 x24)

SOLIDIFIED IN W222 HALOGENATED ORGANICS x METALS, T xD H F 25

IN~ORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

SOLIDIFIED IN W22 METALS & METAL COMPOUNDS, TOXIC x TxD 0 33 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

x--ombined wiAth
(a) Concentration of reactants: T=Trace (<I1% by v~t); T1 =Trace (<0.1 % byviL); T2=Trace (low ppm range); T3=Trace (<1 ppm range):

M-Minor (1-10% by wt): D=Dominant (>10% by wt)

(b)Reaction code: H~heat generation; S= solubilization of toxic substances: F~fire; GF=flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P=Aolent polymerization; E-exq~Iosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W22B ACIDS, MINERAL, OXIDIZING x CAUSTICS Tx D H 00J
IN ORGAN ICS

(2 x10)

SOLIDIFIED IN W228 ACIDS, MINERAL, OXIDIZING x ETHERS T xD H F 3f
INORGANICS

(2 x 14)

SOLIDIFIED IN W22B ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 39
INORGANICS INORANIC

(2 x 15)

SOLIDIFIED IN W22B ACIDS, MINERAL, OXIDIZING x METALS, Tx D GF HF 4
INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED IN W22B ACIDS. MINERAL, OXIDIZING x COMBUSTIBLE Tx D H F GT 9
INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED IN W22B ACIDS, MINERAL, OXIDIZING x WATER & T xD H 10
INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED IN W228 CAUSTICS xHALOGENATED ORGANICS DxT H 00)
INORGANICS

(10 x 17)

SOLIDIFIED IN W22B CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 1500X
INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

SOLIDIFIED IN W228 CAUSTICS x METALS & METAL COMPOUNDS, Dx T S 00~
INORGANICS TOXIC

(l0x 24)

x--Combined vfth
(a) Concentration of reactants: T=Trace (<1 % byvw44; Tl=Trace (<0.1% by v~t); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by w~t)

(b)Reaction code: Hheat generation; S= solubilization of toxic substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--iolent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(C)

SOLIDIFIED IN W228 HALOGENATED ORGANICS x METALS, Tx 0 H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W22B METALS & METAL COMPOUNDS, TOXIC x Tx D S 33 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED IN W332 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOLIDIFIED IN W347 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 15 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED LA W002 CAUSTICS x KETONES DxT3 H 00

INORGANICS

(10 x 19)

SOLIDIFIED LA W002 CAUSTICS x METALS & METAL COMPOUNDS, D xT2 5 00

INORGANICS TOXIC

(10x 24)

SOLIDIFIED LA W002 CAUSTICS x EXPLOSIVES DxT2 H E 00

INORGANICS

(10 x 102)

SOLIDIFIED LA W002 CAUSTICS x WATER REACTIVE D xT2 EXTREMELY 00

INORGANICS SUBSTANCES

(10 x 107)

SOLIDIFIED LA W002 ETHERS x OXIDIZING AGENTS, STRONG D xT2 H F 1 7a

INORGANICS

(14 x 104)

x--Combined v4t
(a) Concentration of reactants: T=Trace (<I1% by wt): T1I=Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1 -10% by vvt); D=Dommnant (>10% by wt)

(b)Reaction code: Hheat generation; S= solubilization of to~dc substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~ac gas generation; P--iolent polymerization; Eeposive

(c) See te~d
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA W002 ETHERS x WATER REACTIVE SUBSTANCES D xT2 EXTREMELY 17b

INORGANICS

(14 x 107)

SOLIDIFIED LA W00l2 FLUORIDES, INORANIC x WATER REACTIVE D xT2 EXTREMELY 18

INORGANICS SUBSTANCES

(15 x 107)

SOLIDIFIED LA W002 METALS &METAL COMPOUNDS, TOXIC x T2xR ' S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED LA W003 CAUSTICS x KETONES D xT3 H 00

INORGANICS

(10 x 19)

SOLIDIFIED LA W003 CAUSTICS x METALS & METAL COMPOUNDS, D xT3 5 00.INORGANICS TOXIC

(l0x 24)

SOLIDIFIED LA W003 CAUSTICS x EXPLOSIVES D xT2 H E 00

IN ORGAN ICS

(10 x 102)

SOLIDIFIED LA W003 CAUSTICS x WATER REACTIVE D xT2 EXTREMELY 00

INORGANICS SUBSTANCES

(l0 x 107)

SOLIDIFIED LA W003 ETHERS x OXIDIZING AGENTS, STRONG Dx T2 H F 1 7a

INORGANICS

(14 x 104)

SOLIDIFIED LA W003 ETHERS x WATER REACTIVE SUBSTANCES D x T2 EXTREMELY 1 7b

INORGANICS

(14 xl 107)

x-Combined ~th
(a) Concentration of reactants: T=Trace (<I% by wt); T1WTrace (<0.1% by wt); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

W M-Minor (1-10% by vwt); D=Dominant (>10% by wt)
(b)Reaction code: Hheat generation; S= solubilization of toodc substances; F-fire: GF= flammable gas generation; G= nonflammable gas generation

GT-to~dc gas generation: P--iolent polymerization; E=explosive

(c) See text
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TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA W00 FLUORIDES, INORANIC x WATER REACTIVE D xT2 EXTREMELY 18

INORGANICS SUBSTANCES

(15 x107)

SOLIDIFIED LA W003 METALS & METAL COMPOUNDS, TOXIC x T3 xD S 33 33a
INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED LA W00 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT2 H E 36d

INORGANICS MISC x EXPLOSIVES

(101 xl102)

SOLIDIFIED LA W00l3 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT2 H FG 37

INORGANICS MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

SOLIDIFIED LA W00 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT2 EXTREMELY 39

INORGANICS MISC x WATER REACTIVE SUBSTANCES

(101 x 107)

SOLIDIFIED LA W0X)6 ACIDS, MINERAL, NON-OXIDIZING x ETHERS T2 xD H Oaaa

INORGANICS

(1 x 14)

SOLIDIFIED LA W006 ACIDS, MINERAL, NON-OXIDIZING x T2xD GT Oaaaa

INORGANICS FLUORIDES, INORANIC

(I xiS5)

SOLIDIFIED LA W006 ACIDS, MINERAL, NON-OXIDIZING x METALS, T2 xD GF H F 1

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

SOLIDIFIED LA WOD6 ACIDS, MINERAL, NON-OXIDIZING x T2xD H G 3

INORGANICS COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl101)

x-Combined v4th
(a) Concentration of reactants: T=T race (<1% byvwt); Tl=Trace (<0.1% byv&); T2=Trace (lowppm range); T3=Trace (<1 ppm range):

M-Minor(1-10% byvwL); D=Dominant (>10% byv4t)

(b)Reaction code: H=heat generation; S= aolubilization of to~dc substances; F~fire; GF= flammable gas generation; G= nonflammable gas. generation
GT-to~dc gas generation; P--Miolent polymerization: E=explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA WOOS ACIDS, MINERAL, NON-OXIDIZING x T2 xD H GT 3aa

INORGANICS OXIDIZING AGENTS, STRONG

(1 x 104)

SOLIDIFIED LA W06 ACIDS, MINERAL, NON-OXIDIZING x WATER& T2xD H 3b

INORGANICS MIXTURES CONTAINING WATER

(1 x 106)

SOLIDIFIED LA W06 ACIDS, MINERAL, OXIDIZING xCAUSTICS T2xD H

INORGANICS7

(2 x10)

SOLIDIFIED LA WOOS ACIDS, MINERAL, OXIDIZING x ETHERS T2 xD H F 3f

INORGANICS

(2 x 14)

SOLIDIFIED LA W0036 ACIDS, MINERAL, OXIDIZING x FLUORIDES. T2 xD GT 3g

INORGANICS INORANIC

(2 x15)

SOLIDIFIED LA W006 ACIDS, MINERAL, OXIDIZING x METALS, T2 xD GF HF 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED LA W006 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T2x D H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED LA W006 ACIDS, MINERAL, OXIDIZING x WATER & T2xD H 10

INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED LA W006 ACIDS, ORGANIC x CAUSTICS T2xD H 0

INORGANICS

(3 x10)

x-Combined w~ith
S (a) Concentration of reactants: T=Trace (<1% by wt); T1 =Trace (<0.1% byv~t); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by v~t); D=Dominant (>10% by w~t)

W(b)Reaction code: Hheat generation; S= solubilization of toxic substances; F-fire: GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation: P--violent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA W006 ACIDS, ORGANIC x FLUORIDES, INORANIC T2 xD GT lid
INORGANICS

(3 x1S)

SOLIDIFIED LA W006 ACIDS, ORGANIC x OXIDIZING AGENTS. T2 xD H GT 1 2bbb
INORGANICS STRONG

(3 x 104)

SOLIDIFIED LA W006 ALCOHOLS & GLYCOLS x OYIDIZING T2xD H F 12bb
INORGANICS AGENTS. STRONG

(4 x 104)

SOLIDIFIED LA W006 AMINES, ALIPHATIC & AROMATIC x T2 xD H F GT 12d
INORGANICS OXIDIZING AGENTS, STRONG

(7 x 104)

SOLIDIFIED LA W006 CAUSTICS x HALOGENATED ORGANICS D xT2 H 00
INORGANICS

(10 xl7)

SOLIDIFIED LA W00S CAUSTICS x METALS, ALKALI & ALKALINE D xT GF H 00
INORGANICS EARTH, ELEMENTAL & ALLOYS

(10 x21)

SOLIDIFIED LA WOOS CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 1500
INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10x2Z3)

SOLIDIFIED LA W006 CAUSTICS x METALS & METAL COMPOUNDS, D x Ti 5 00
INORGANICS TOXIC

(10 x24)

SOLIDIFIED LA W0O6 CAUSTICS x NITRO COMPOUNDS D xT2 H E 00
INORGANICS

(10 x27)

x=-Combined w.ith
(a) Concentration of reactants: T=Trace (<1% bywt); Tl=Trace (<0.1% bywt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% byvkC); D=tDominant (>10% bywt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances: Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT--to~oc gas generation; P--iolent polymerization: E=explosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA W006 CAUSTICS x EXPLOSIVES D xT H E 00
INORGANICS

(10 x 102)

SOLIDIFIED LA W006 CAUSTICS x WATER REACTIVE D xTl EXTREMELY 00
INORGANICS SUBSTANCES

(10 x 107)

SOLIDIFIED LA W006 ETHERS xOXIDIZING AGENTS, STRONG DxD H F 17a

INORGANICS

(14 x 104)

SOLIDIFIED LA W006 ETHERS x WATER REACTIVE SUBSTANCES D xTl EXTREMELY 17b
INORGANICS

(14 x 107)

SOLIDIFIED LA W006 FLUORIDES, INORANIC x WATER REACTIVE D xTl EXTREMELY 18

INORGANICS SUBSTANCES

(15 x 107)

SOLIDIFIED LA W006 HALOGENATED ORGANICS x METALS, T2 xD H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED LA W006 HALOGENATED ORGANICS x OXIDIZING T2 xD H GT 28
INORGANICS AGENTS, STRONG

(17 x 104)

SOLIDIFIED LA W006 METALS, ALKALI & ALKALINE EARTH, TxD HGF 28b

INORGANICS ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 xl101)

SOLIDIFIED LA W006 METALS, ALKALI & ALKALINE EARTH, T xD H F E 2Bc

INORGANICS ELEMENTAL & ALLOYS x OXIDIZING AGENTS,
STRONG

(21 x 104)

x--Combined v~ft
___(a) Concentration of reactants: T=Trace (<I% by wt); T1=Trace (<0.1% by v4); T2=Trace (low ppm range); T3=Trace (<1 ppm range);U cde:t~hat eneatin;M=-Minor (1-10% by v~t); D=Dominant (>1 0% by wt)

(b)Reaction coe ~tgnrto;S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--\olent polymerization; Eexplosive

(c) See text
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TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION*

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA W006 METALS, ALKALI & ALKALINE EARTH, T xD GF H 28d

INORGANICS ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 x 106)

SOLIDIFIED LA W006 METALS, OTHER ELEMENTAL, & ALLOY, AS D xD H F 29

INORGANICS SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 xl 104)

SOLIDIFIED LA W006 METALS, OTHER ELEMENTAL, & ALLOY, AS Dx TI EXTREMELY 31

INORGANICS SHEETS, RODS, MOLDINGS, DROPS, ETC x
WATER REACTIVE SUBSTANCES

(23 x 107)

SOLIDIFIED LA WCX26 METALS & METAL COMPOUNDS, TOXIC x TI x D S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 xl 106)

SOLIDIFIED LA W006 NITRO COMPOUNDS x OXIDIZING AGENTS, T2 xD H E 36b

INORGANICS STRONG

(27 x 104)

SOLIDIFIED LA W006 HYDROCARBON, ALIPHATIC, SATURATED x T2xD H F 36c

INORGANICS OXIDIZING AGENTS, STRONG

(29 x 104)

SOLIDIFIED LA W006 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H E 36d

INORGANICS MISC x EXPLOSIVES

(101 x 102)

SOLIDIFIED LA W006 COMBUSTIBLE & FLAMMABLE MATERIALS, D xD H FG 37

INORGANICS MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

SOLIDIFIED LA W006 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT1 EXTREMELY 39

INORGANICS MISC x WATER REACTIVE SUBSTANCES

(101 x 107)

x-Combined VMQh

(a) Concentration of reactants: T=Trace (<l% by vt); Ti=Trace (<0.1 % by vtt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);
M=Minor (1-10% by wt); D=Dominant (>10%A by mk)

(b)Reaction code: HMheat generation: S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation: P---Aolent polymerization; E~explosive

(c) See text
Cl-i100



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LA W006 EXPLOSIVES x OYiDIZING AGENTS, STRONG T xD H E 40

INORGANICS

(102 x 104)

SOLIDIFIED LA W(XJ6 OXIDIZING AGENTS, STRONG x WATER D xTl EXTREMELY 41

INORGANICS REACTIVE SUBSTANCES

(104 x 107)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x M xT: H Oa

INORGANICS ALCOHOLS & GLYCOLS

(1 x4)

SOLIDIFIED LL W019 ACIDS, MINERAL, NON-OXIDIZING x MxD H Oaa 00

INORGANICS CAUSTICS

(1 X10)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x ETHERS Mx D H Oaaa

INORGANICS

(1 x 14)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x Mx D GT Oaaaa

INORGANICS FLUORIDES, INORANIC

(1 x 15)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x MxT H GT Ob

INORGANICS HALOGENATED ORGANICS

(1 x 17)

SOLIDIFIED LL W019 ACIDS, MINERAL, NON-OXIDIZING x MxT H Obb

INORGANICS KETONES

(1 x 19)

SOLIDIFIED LL W019 ACIDS, MINERAL, NON-OXIDIZING x METALS, MxD GF H F 1

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

x-Combined v~ft
(a) Concentration of reactants: T=Trace (<l% by wt); T1=Trace (<0.1% bywt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% byvkt); D=Dominant (>10% by w~t)

(b)Reaction code: Hheat generation; S= solubilization of toxic substances; F--fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--iolent polymrization; E=explosive

(c) See text
cl-i101



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LL W019 ACIDS, MINERAL, NON-OXIDIZING xMETALS MxT S 2

INORGANICS & METAL COMPOUNDS, TOXIC

(I x 24)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x Mx D H G 3

INORGANICS COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl0l)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x MxT H E 3a

INORGANICS EXPLOSIVES

(1 x 102)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x M xT H GT 3aa

INORGANICS OXIDIZING AGENTS, STRONG

(I x 104)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, NON-OXIDIZING x WATER & M xD H 3b

INORGANICS MIXTURES CONTAINING WATER

(1 x 106)

SOLIDIFIED LL WOI9 ACIDS, MINERAL, OXIDIZING x ACIDS, M xT G H 3c

INORGANICS ORGANIC

(2 x3)

SOLIDIFIED LL W019 ACIDS, MINERAL, OXIDIZING x ALCOHOLS & MxT H F 3d

INORGANICS GLYCOLS

(2 x4)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, OXIDIZING x CAUSTICS M xD H Se 00

INORGANICS

(2 x10)

SOLIDIFIED LL W019 ACIDS, MINERAL, OYIDIZING x ETHERS MxD H F Sf

INORGANICS

(2 x 14)

r-Combined with
(a) Concentration of reactants: T=Trace (<1% by v&): T1 =Trace (<0.1% by vwt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by vv); D=Dominant(>100% by wt)

(b)Reaction code: t-lheat generation: S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation: P--violent polymerization; Eexplosive

(c) See text
Cl-1 02



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, OXIDIZING x FLUORIDES, Mx 0 GT 3g
INORGANICS INORANIC

(2 x 15)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, OXIDIZING x MxT H FGT 3h

INORGANICS HALOGENATED ORGANICS

(2 x 17)

SOLIDIFIED LL W019 ACIDS, MINERAL, OXIDIZING x KETONES M xT H F 3i

INORGANICS

(2 x 19)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, OXIDIZING x METALS, MxD GF HF 4

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED LL W01I9 ACIDS, MINERAL, OXIDIZING xMETALS & MxT 5 6.INORGANICS METAL COMPOUNDS, TOXIC

(2 x 24)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE Mx D H F GT 9

INORGANICS & FLAMMABLE MATERIALS, MISC

(2 x101)

SOLIDIFIED LL W01 9 ACIDS, MINERAL, OXIDIZING x EXPLOSIVES M xT H E 9a

INORGANICS

(2 x 102)

SOLIDIFIED LL W019 ACIDS, MINERAL, OXIDIZING xWATER & MxD H l0i0a

INORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED LL W01 9 ACIDS, ORGANIC x CAUSTICS TxD H 11b 0

INORGANICS

(3 x10)

x--combined Wffh
(a) Concentration of reactants: T=Trace (<l% by wt); Tl=Trace (<0.1% byvvk); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by kt); D=Dominant (>10% by w~t)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; Ffire; GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--Aolent polymerization; E=explosive

(c) See text
Cl-1 03



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LL W01 9 ACIDS, ORGANIC x FLUORIDES, INORANIC Tx D GT lid

INORGANICS

(3 x 15)

SOLIDIFIED LL W01 9 CAUSTICS x HALOGENATED ORGANICS D xT H 13 00

INORGANICS

(10 x17)

SOLIDIFIED LL W019 CAUSTICS xKETONES DxT H 13a 00

INORGANICS

(10 x19)

SOLIDIFIED Li W01 9 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 1 6a00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED LL W01l9 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 16a OD

INORGANICS TOYiC

(10 x24)

SOLIDIFIED LLiW01 9 CAUSTICS x EXPLOSIVES DxT H E 16C 00

INORGANICS

(110x 102)

SOLIDIFIED Li W01 9 ETHERS x OXIDIZNG AGENTS, STRONG Dx T H F 1 7a

INORGANICS

(14 x 104)

SOLIDIFIED LL W01 9 HALOGENATED ORGANICS x METALS, T xD H F 25

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

SOLIDIFIED LL W01 9 METALS. OTHER ELEMENTAL, & ALLOY, AS D xT H F 29

INORGANICS SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 x 104)

x=Combined ith
(a) Concentration of reactants: T=Trace (<I% by vvt); T1 =Trace (<0.1 % by wt); T2=Trace (low ppm range); T3=Trace (<I ppm range);

M=Minor (1 -10% by wt); D=Dominant (>I10% by w~t)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F=fire; GF= flammable gas generation; G- nonflammable gas generation
GT-to~dc gas generation; P-violent polymerization; Eexplosive

(c) See text
Cl-104



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED LL W019 METALS &METAL COMPOUNDS, TOXIC x TxD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED LL W01 9 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H E 36d

INORGAINICS MISC x EXPLOSIVES

(101 x 102)

SOLIDIFIED LL W01 9 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H FG 37

INORGANICS MISC x OXIDIZING AGENTS, STRONG

(1 01 x 104)

SOLIDIFIED MD W002 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED OR W042 CAUSTICS x METALS, OTHER R EMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED OR W042 CAUSTICS xMETALS & METAL COMPOUNDS, DxT 5 00

INORGANICS TOXIC

(10x 24)

SOLIDIFIED OR W042 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED OR W046 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

SOLIDIFIED OR W046 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

INORGANICS TOXIC

(l0x 24)

x--Combined With
S (a) Concentration of reactants: T=Trace (<l% by vit); Tl=Trace (<0.1% by vt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=MAinor (1-10% byvwt): D=Oominant (>10% bywt)

W(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P-violent polymerization; E=explosive

(c) See text
Cl-i 05



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CNETAONEXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED OR W046 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED PA W01 4 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOLIDIFIED PA W01 5 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(lOx 23)

SOLIDIFIED PA W01 5 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

INORGANICS TOXIC

(10 x24)

SOLIDIFIED PA W01 5 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED PAW015A CAUSTICS xMETALS, OTHER ELEMENTAL, & 0 xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED RF M001 CAUSTICS x HALOGENATED ORGAN ICS D xTi H 00

INORGANICS

(10xl17)

SOLIDIFIED RE M001 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED RE M001 CAUSTICS x METALS & METAL COMPOUNDS, D xTl 5 00

INORGANICS TOXIC

(10 x24) ..f

x-Combined vwAt
(a) Concentration of reactants: T=Trace (<I% by 16t): T1l=Trace (<0.1% by vt): T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1-10% byvwt); D--Dominant (>10% by vt)

(b)Reaction code: H=heat generation: S= solubilization of toxic substances; F~fire: GF= flammable gas generation: G= nonflammable gas generation
GT--toxic gas generation; P---iolent polymerization: Eexplosive

(c) See text
Cl-i106



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF M001 HALOGENATED ORGANICS xMETALS, Ti xD H F 19

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RF M001 METALS & METAL COMPOUNDS, TOXIC x Ti x D S 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RF W0l0 CAUSTICS x HALOGENATED ORGANICS D xT1 H 00

IN ORGAN ICS

(10 xl 17)

SOLIDIFIED RF WOlO CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

SOLIDIFIED RF W010 CAUSTICS x METALS & METAL COMPOUNDS. D xT 5 00

INORGANICS TOXIC

(10x 24)

SOLIDIFIED REFW0l0 CAUSTICS x ORHANOPHOSPHATES, D xT3 H E 00

INORGANICS PHOSPHOTHIOATES &
PHOSPHODITHIQATES

(10 x32)

SOLIDIFIED RE W010 HALOGENATED ORGANICS x METALS, T1 xD H F 19

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RFW0l0 METALS &METAL COMPOUNDS, TOXIC x TxD S 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RE W038 ACIDS, ORGANIC x CAUSTICS TxD H 00

INORGANICS

(3 x10)

x--Combined wfth
S(a) Concentration of reactants: T=Trace (<1% by wt); T1 =Trace (<0.1 % by wt); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1-10% by vt); D=Dominant (>1 0% by wt)

W(b)Reaction code: H=heat generation: S= solubilization of toxic substances; F~fire; GF= flammable gas generation: G= nonflammable gas generation

GT-toxic gas generation; P-violent polymerization; Eexplosive

(c) See text
Cl-i107



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF W038 ACIDS, ORGANIC x FLUORIDES, INORANIC Tx D GT lid
INORGANICS

(3 x 15)

SOLIDIFIED RF W038 CAUSTICS xKETONES DxT H 00
INORGANICS

(10 xl9)

SOLIDIFIED RF W038 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

SOLIDIFIED RF W038 CAUSTICS x ORHANOPHOSPHATES, D xT H E 00
INORGANICS PHOSPHOTHIOATES &

PHOSPHODITHIOATES

(10 x32)

SOLIDIFIED RF W040 CAUSTICS x HALOGENATED ORGANICS D xT H 00
INORGANICS

(10 x17)

SOLIDIFIED RF W040 CAUSTICS xKETONES DxT H 00
INORGANICS

(10x 19)

SOLIDIFIED RF W040 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00
INORGANICS ALLOY. AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

SOLIDIFIED RF W040 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
INORGANICS TOXIC

(10 x24)

SOLIDIFIED RF W040 CAUSTICS x NITRO COMPOUNDS DxT H E 00
INORGANICS

(10 x 27)

x-Combined wit
(a) Concentration of reactants: T=Trace (<1 % by v~t); T1 Trace (<0.1I% by vM.); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wtL); D=Dominant (>10% by w~t)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; 13--iolent polymerization; Eexploaive

(c) See text
Cl-1 08



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF W040 H-ALOGENATED ORGANICS x METALS, Tx D H F 26

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RF W040 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RF W059 CAUSTICS x METALS, ALKALI & ALKALINE Dx D GF H 00

INORGANICS EARTH, ELEMENTAL & ALLOYS

(l0x 21)

SOLIDIFIED RF W059 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

SOLIDIFIED RF W059 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00.INORGANICS TOXIC

(l0x 24)

SOLIDIFIED RF W059 METALS, ALKALI & ALKALINE EARTH, DxD HGF 213b

INORGANICS ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 x 101)

SOLIDIFIED RF W059 METALS, ALKALI & ALKALINE EARTH, D xD GF H 2Bd

INORGANICS ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 x 106)

SOLIDIFIED RF W059 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RF W083 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

x-Combined w~ith
(a) Concentration of reactants: T=Trace (<1 % by vk): Ti =Trace (<0.1% by wt); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

M4Ainor (1-10% by ~t.); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; P-violent polymerization; E~explosive

(c) See text
Cl-i109



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF W063 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

INORGANICS TOXIC

(10x 24)

SOLIDIFIED RF W063 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RF W065 CAUSTICS x METALS, ALKALI & ALKALINE Dx D GF H 00

INORGANICS EARTH, ELEMENTAL & ALLOYS

(10 x21)

SOLIDIFIED RF W065 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOLIDIFIED RF W085 METALS, ALKALI & ALKALINE EARTH. DxD HGF 2Bb

INORGANICS ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 xl101)

SOLIDIFIED RF W065 METALS, ALKALI & ALKALINE EARTH, D xD GF H 2Bd

INORGANICS ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 xl106)

SOLIDIFIED RF WOSS CAUSTICS x HALOGENATED ORGANICS D xT H 00

INORGANICS

(l0x 17)

SOLIDIFIED RF W06B CAUSTICS x KETONES D xT H 00

INORGANICS

(l0x 19)

SOLIDIFIED RF W068 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x 23)

x-Combined vfth
(a) Concentration of reactants: T=Trace (<l% by wt); T1 =Trace (<0.1 % by wt); T2=Trace (low ppm range); T3=Trace (<I ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--molent polymerization; Eexplosive

(c) See text
Cl-il 0



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF W068 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00

INORGANICS TOXIC

(10 x24)

SOLIDIFIED RE W068 CAUSTICS x NITRO COMPOUNDS DxT H E 00

INORGANICS

(10 x27)

SOLIDIFIED RE W068 HALOGENATED ORGANICS x METALS, Tx D H F 19

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RE W068 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RE W076 CAUSTICS x HALOGENATED ORGAN ICS D xT H 00O INORGANICS

(l0x 17)

SOLIDIFIED RF W076 CAUSTICS xKETONES DxT H 00

INORGANICS

(l0x 19)

SOLIDIFIED RE W076 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED RE W076 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

INORGANICS TOXIC

(l0x 24)

SOLIDIFIED RE W076 CAUSTICS x NITRO COMPOUNDS DxT H E 00

INORGANICS

(10 x27)

xCombined v,411
(a) Concentration of reactants: T=Trace (<1 % byvwt); T1 =Trace (<0.1% by wt); T2=Trace (lowppm range); T3=Trace (<I ppm range);

M-Minor (1-10% by wt); D=Dominant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of toadc substances: F--fire: GF= flammable gas generation; G= nonflammable gas generation
GT-toxic gas generation; P--iolent polymerization; Eexplosive

(c) See text
Cl-Ill



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF W076 HALOGENATED ORGANICS x METALS. Tx D H F 19

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RF W076 METALS & METAL COMPOUNDS, TOXIC x T xD 5 33 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RL M005 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

SOLIDIFIED RL MOOS CAUSTICS x METALS & METAL COMPOUNDS, D xM 5 00

INORGANICS TOXIC

(10 x24)

SOLIDIFIED RL M005 METALS & METAL COMPOUNDS, TOXIC x Mx D S 33a 34

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED RL M032 CAUSTICS x ESTERS D xT H 00

INORGANICS

(10 x13)

SOLIDIFIED RL M032 CAUSTICS x KETONES DxT H 00

INORGANICS

(I1 l9)

SOLIDIFIED RL M032 CAUSTICS x METALS, OTHER EL EMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

SOLIDIFIED RL M032 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00

INORGANICS TOXIC

(10 x24)

x-Combined w~ith
(a) Concentration of reactants: T=Trace (<1% byvwt); T1=Trace (<0.101 bywMt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by wtL); D=Dominant (>1 0% by vt)

(b)Reaction code: H=heat generation; S= solubilization of toxic substances: Ffre; GF= flammable gas generation; G= nonflammable gas generation
GT--to~dc gas generation; P-- olent polymerization; E~explosive

(c) See text
Cl-l112



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RL M032 METALS &METAL COMPOUNDS, TOXIC x TxD S, 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 x 106)

SOLIDIFIED SR W053 CAUSTICS x HALOGENATED ORGANICS Dx T H 00

INORGANICS

(10 x 17)

SOLIDIFIED SR W053 CAUSTICS xKETONES D xT-' H 00

INORGANICS

(l0x 19)

SOLIDIFIED SR W053 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

INORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x 23)

SOLIDIFIED SR W053 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00

INORGANICS TOXIC

(l0 x 24)

SOLIDIFIED SR W053 CAUSTICS x NITRO COMPOUNDS Dx T H E 00

INORGANICS

(10x 27)

SOLIDIFIED SR W053 HALOGENATED ORGANICS x METALS, Tx D H F 19

INORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED SR W053 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

INORGANICS WATER & MIXTURES CONTAINING WATER

(24 xl 106)

SOLIDIFIED IN W167 CAUSTICS xHALOGENATED ORGANICS DxD H 00

ORGANICS

(10x 17)

x--Combined w~ith
S(a) Concentration of reactants: T=Trace (<I1% by wt); T1I=Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M-Minor (1-10% byvwt): D=Dominant (>1 0% by wt)

W(b)Reaction code: l-lheat generation; S= solubilization of toodc substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation

GT--to~dc gas generation; P-violent polymerization; E~explosive

(c) See text
Cl-1l13



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CNETAONEXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN W167 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(l0x 23)

SOLIDIFIED IN W167 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
ORGANICS TOXIC

(10 x24)

SOLIDIFIED IN W167 HALOGENATED ORGANICS x METALS, DxD H F 23

ORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

SOLIDIFIED IN Wi 67 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

ORGANICS WATER & MIXTURES CONTAINING WATER

(24 xl 106)

SOLIDIFIED IN WI 74 ACIDS, MINERAL, OXIDIZING x CAUSTICS Dx D H 00
ORGANICS

(2 x10)

SOLIDIFIED IN Wi 74 ACIDS, MINERAL, OXIDIZING x ETHERS D xD H F 3f
ORGANICS

(2 xi 14)

SOLIDIFIED IN Wi 74 ACIDS, MINERAL, OXIDIZJNG x FLUORIDES, D xD GT 3g
ORGANICS INORANIC

(2 x 15)

SOLIDIFIED IN WI 74 ACIDS, MINERAL, OXIDIZNG x METALS, D xD GF HF 4

ORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

SOLIDIFIED IN Wi 74 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE D xD H F GT 9

ORGAN ICS & FLAMMABLE MATERIALS, MISC

(2x 101)

x=-Combined with
(a) Concentration of reactants: T=Trace (<1 % by wt); Ti =Trace (<0.1% by YtC); T2=Trace (low ppm range); T3='Trace (<1 ppm range);

M-Minor (1-10% by wt); D=Dominant (>1 0% by v&t)

(b)Reaction code: H=heat generation; S= solubilization of toadc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; P--violent polymerization: Ee~cposi've

(c) See text
Cl-l114



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED IN Wi 74 ACIDS, MINERAL, OXIDIZING x WATER & D x H 10a

ORGANICS MIXTURES CONTAINING WATER

(2 x 106)

SOLIDIFIED IN W174 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOLIDIFIED IN W309 CAUSTICS x HALOGENATED ORGANICS Dx D H 00

ORGANICS

(10x 17)

SOLIDIFIED IN W309 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

SOLIDIFIED IN W309 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00

ORGANICS TOXIC

(10x 24)

SOLIDIFIED IN W309 HALOGENATED ORGAN ICS x METALS, DxD HEF 23

ORGANICS OTHER REEMENTAL, & ALLOY. AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED IN W309 METALS & METAL COMPOUNDS, TOXIC x T xD S3a

ORGANICS WATER & MIXTURES CONTAINING WATER

(24 xl 106)

SOLIDIFIED RE W013 CAUSTICS x HALOGENATED ORGANICS D xD H 00

ORGANICS

(l0x 17)

SOLIDIFIED RE W013 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

x--Combined vvith
(a) Concentration of reactants: T=Trace (<l% byvwt); Tl=Trace (<0.1% by wt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by v~t); D=Dominant (>10% by wt)

(b)Reaction code: Hheat generation: S= solubilization of toxic substances; F=fire: GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P--iolent polymerization; Eexplosive

(c) See text
C 1-115



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RF W013 HALOGENATED ORGANICS x METALS. Dx D H F 25

ORGANICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RF W069 CAUSTICS x HALOGENATED ORGANICS D xT H 00

ORGANICS

(l0x 17)

SOLIDIFIED RF W069 CAUSTICS x KETONES DxT H 00

ORGANICS

(l0x 19)

SOLIDIFIED RF W069 CAUSTICS x METALS, OTHER ELEMENTAL, & 0 x GF H 00

ORGAN ICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

SOLIDIFIED RF W089 CAUSTICS x NITRO COMPOUNDS D xT H E 00

ORGANICS

(10 x27)

SOLIDIFIED RF W069 HALOGENATED ORGAN ICS x METALS, TxD H F 2326

ORGAN ICS OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

SOLIDIFIED RL MO17 CAUSTICS x ESTERS DxT H 00

ORGANICS

(10x 13)

SOLIDIFIED RL M017 CAUSTICS xKETONES DxT H 00

ORGANICS

(10 x 19)

SOLIDIFIED RL M01 7 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

x--Combjned with
(a) Concentration cf reactants: ThTrace (<l% by wt); T1=Trace (<0.1% byvwt); T2=Trace (Iowppm range); T3=Trace (<1 ppm range);

M4IMinor (1-10% by vkt); 0=Dominant (>10% by v~t)

(b)Reaction code: H=heat generation: S= solubilizaon of toxic substances; F=fire; GF= flammable gas generation: G-- nonflammable gas generation
GT-toxic gas generation; P--violent polymerization; E=expoasive

(c) See text
Cl-1l16



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

SOLIDIFIED RL M018 CAUSTICS xMETALS, OTHER ELEMENTAL, & DxD GFH 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x 23)

SOLIDIFIED RL M024 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x23)

SOLIDIFIED SR W006 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

ORGANICS ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

UNCATEGORIZED AW W01 8 CAUSTICS x METALS, ALKALI & ALKALINE Dx D GE H 00

METAL EARTH, ELEMENTAL & ALLOYS

(l0x 21)

UNCATEGORIZED AW W018 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS.
DROPS, ETC

(l0ox 23)

UNCATEGORIZED AW W018 METALS, ALKALI & ALKALINE EARTH, Dx D H G F 25b

METAL ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 xl101)

UNCATEGORIZED AW W018 METALS, ALKALI & ALKALINE EARTH, DxD GFH 25d

METAL' ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 x 106)

UNCATEGORIZED AW W019 CAUSTICS x METALS, ALKALI & ALKALINE Dx D GE H 00

METAL EARTH, ELEMENTAL & ALLOYS

(l0x 21)

UNCATEGORIZED AW WO1 9 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

X-Combined with
(a) Concentration of reactants: T=Trace (<l% byv'L); T1=Trace (<0.1% byvnt4: T2=Trace (lowpprn range): T3=Trace (<1 ppm range):

M=Minor (1-10% by wt); D=Oominant (>10% byvvk)

(b)Reaction code: H=heat generation; S= solubilization of to~dc substances; F--frre; GF= flammable gas generation: G= nonflammable gas generation
GT-toxic gas generation; P-Aiolent polymerization; E~explosive

(c) See text
Cl-11 7



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WSECONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED AW W019 METALS, ALKALI & ALKALINE EARTH, Dx D H GF 28b

METAL ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 x 101)

UNCATEGORIZED AW W019 METALS, ALKALI & ALKALINE EARTH, D xD GF H 28c1

METAL ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 x 106)

UNCATEGORIZED AW W021 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

UNCATEGORIZED AW W021 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

METAL TOXIC

(10 x 24)

UN CATEGORIZED AW W021 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED IN M003l CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

UNCATEGORIZED IN W2B0 CAUSTICS x METALS, OTHER ELEMENTAL, & x D GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

UNCATEGORIZED IN W2B0 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

METAL TOXIC

(10 x 24)

UN CATEGORIZED IN W2B0 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 xl 106)

x--Combined with
(a) Concentration of reactants: T=Trace (<l% by wt); T1=Trace (<0.1% by wt); T2=Trace (Iowvppm range); T3=Trace (<1 ppm range);

M=Minor (1-10% by w~t); D=Dominant (>10% byvt)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toodc gas generation; P-=-iolent polymerization; Ee)qosive

(c) See text
Cl1-118



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED IN W287 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

UNCATEGORIZED IN W2137 CAUSTICS x METALS & METAL COMPOUNDS, D xM 5 00

METAL TOXIC

(10x 24)

UNCATEGORIZED IN W287 METALS & METAL COMPOUNDS, TOXIC x M xD S 33a

METAL WATER & MIXURES CONTAINING WATER

(24 x 106)

UNCATEGOR17ED IN W294 AMINES, ALIPHATIC & AROMATIC x D xD H G 12b

METAL HALOGENATED ORGANICS

(7 x 17)

UNCATEGORIZED IN W294 AMINES, ALIPHATIC & AROMATIC x METALS Dx D S 1 2c.METAL & METAL COMPOUNDS, TOXIC

(7 x 24)

UNCATEGORIZED IN W294 CAUSTICS x HALOGENATED ORGANICS D xD H 00

METAL

(l0x 17)

UN CATEGORIZED IN W294 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x 23)

UNCATEGORIZED IN W294 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00

METAL TOXIC

(10x 24)

UNCATEGORIZED IN W294 CAUSTICS x NITRO COMPOUNDS DxD H E 00

METAL

(10x 27)

x-Combined v~ft

S (a) Concentration of reactants: T=Trace (<1% byvwL); Tl=Trace (<0.1% byvwt); T2=Trace (lowppm range); T3=Trace (<1 ppm range);

W M-Minor (1 -10% by v~t); D=Dominant (>1 0% by v~k)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation

GT-todc gas generation; P---iolent polymerization; Eexplosive

(c) See text
Cl-i 19



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIOL

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED IN W294 HALOGENATED ORGANICS x METALS, D xD H F 24

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS. MOLDINGS, DROPS, ETC

(17 x 23)

UNCATEGORIZED IN W294 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED IN W296 AMINES, ALIPHATIC & AROMATIC x METALS Tx D S 12c

METAL & METAL COMPOUNDS, TOXIC

(7 x24)

UNCATEGORIZED IN W296 CAUSTICS x ESTERS DxT H 00

METAL

(10 x13)

UNCATEGORIZED IN W296 CAUSTICS x HALOGENATED ORGAN ICS Dx T H 00

METAL

(10 xl 17)

UN CATEGORIZED IN W296 CAUSTICS x KETONES D xT H 00

METAL

(10 x 19)

UN CATEGORIZED IN W296 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL -ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

UNCATEGORIZED IN W296 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00

METAL TOXIC

(l bx 24)

UNCATEGORIZED IN W296 CAUSTICS x N[TRO COMPOUNDS DxT H E 00

METAL

(10x27)

x-Combined vfth
(a) Concentration of reactants: T=Trace (<1 % by vt); T1 =Trace (<0. 1% by vt); T2Trace (low ppmn range): T3=Trace (<1 ppmn range);

M4#Ainor (1 -10%/ by vit); D=Domninant (>10% by wt)

(b)Reaction code: H=heat generation; S= solubilization of todc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; P--molent polymerization; Eexplosive

(c) See text
Cl-i120



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED IN W296 HALOGENATED ORGANICS x METALS, T xD H F 24

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 xZ23)

UNCATEGORIZED IN W296 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED IN W298 CAUSTICS x HALOGENATED ORGANICS D xT H 0

METAL

(l0x 17)

UNCATEGORIZED IN W298 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GE H 0X)

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x 23)

UNCATEGORIZED IN W298 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 0

METAL TOXIC

(l0x 24)

UNCATEGORIZED IN W298 HALOGENATED ORGANICS x METALS, T xD H F 24

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

UNCATEGORIZED IN W298 METALS & METAL COMPOUNDS, TOXIC x x D S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED IN W300 CAUSTICS x HALOGENATED ORGANICS D xTl H 0xi

METAL

(l0x 17)

UNCATEGORIZED IN W3(X0 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00)

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0 x 23)

x--Combined with

(a) Concentration of reactants: T=Trace (<1% by wt);T =lTrace (<0.1% bywvt): T2=Trace (low ppm range); T3=Trace (<1 ppmn range);
M'=Minor (1-10% by v~t); D=Dominant (>10% by ~t)

(b)Reaction code: H~heat generation; S= solubilization of toxic substances; Ftfire; GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P-violent polymenization; E=explosive

(c) See text
Cl-i121



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CNETAINEXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UN CATEGORIZED IN W300 CAUSTICS x METALS & METAL COMPOUNDS, D xD S 00

METAL TOXIC

(10 x 24)

UNCATEGORIZED IN W300 HALOGENATED ORGANICS x METALS, Ti x D H F 24

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

UNCATEGORIZED IN VV300 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
METAL WATER & MIXURES CONTAINING WATER

(24 x 106)

UN CATEGORIZED IN W322 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

UNCATEGORIZED INW280A CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

UNCATEGORIZED LA W00l ALDEHYDES x CAUSTICS T2 xD H 00

METAL

(5 x10)

UNCATEGORIZED LA W001 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

UN CATEGORIZED LA W001 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00

METAL TOXIC

(10 x24)

UN CATEGORIZED LA W001 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

x=Combined with
(a) Concentration of reactants: T=Trace (<l% bywt): T1=Trace (<0.1% by wt); T2=Trace (lowppm range); T3=Trace (<1 ppmn range);

M=Minor (1-10% byvAL); D=Dominant (>10% bywt)
(b)Reation cde:GHhetrga generation; ubvaionfto poubertatine; Fexie=fambegsenrto;Gnnlmaleaseeain
(b)Reaction code: H che as generation; sluilzaion polymcrsubtne; Ffxoire F lmal a eeain ofambegsgnrto

(c) See text
Cl-I122



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LA W00S ACIDS, MINERAL, NON-OXIDIZING x ETHERS T2 xD H Oaaa

METAL

(1 x 14)

UNCATEGORIZED LA WOOS ACIDS, MINERAL, NON-OXIDIZING x T2xD GT Oaaaa

METAL FLUORIDES, INORANIC

(1 x 15)

UNCATEGORIZED LA WOOS ACIDS, MINERAL, NON-OXIDIZING x METALS, T2 xD GE H F1

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

UNCATEGORIZED LA W005 ACIDS, MINERAL, NON-OXIDIZING x T2xD H G 3

METAL COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 X10l)

UNCATEGORIZED LA WOOS ACIDS, MINERAL. NON-OXIDIZING x WATER & T2 xD H 3b

METAL MIXTURES CONTAINING WATER

(1 x106)

UNCATEGORIZED LA WOOS ACIDS, MINERAL, OXIDIZING x ETHERS T2 xD H F 3

METAL

(2 x 14)

UNCATEGORIZED LA W00 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T2 xD GT 3g

METAL INORANIC

(2 x15)

UNCATEGORIZED LA WOOS ACIDS, MINERAL, OXIDIZING x METALS, T2x D GE H F 5

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

UNCATEGORIZED LA WOO5 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T2 xD H F GT 8

METAL & FLAMMABLE MATERIALS, MISC

(2 x101)

x-Combined vw4t
() Concentration of reactants: T=Trace (<1% byv~t); Tl=Trace (<0.1% by v~t); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M4Ainor (1-10% by wt); D'=Dominant (>10% by v&)

W(b)Reaction code: Hheat generation; S= solubilization of toxic substances; F-fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P--violent polymerization; Eexplosive

(c) See text
Cl1-123



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LA WOOS ACIDS. MINERAL, OXIDIZING x WATER & T2 x H 10a

METAL MIXTURES CONTAINING WATER

(2 x 106)

UN CATEGORIZED LA WOOS ACIDS, ORGANIC x CAUSTICS T2 xD H 00

METAL

(3 x10)

UNCATEGORIZED LA WOOS ACIDS, ORGANIC x FLUORIDES, INORANIC T2 xD GT lid

METAL

(3 x 15)

UNCATEGORIZED LA WOOS CAUSTICS x HALOGENATED ORGANICS D xT2 H 00

METAL

(10 x17)

UNCATEGORIZED LA WOOS CAUSTICS x KETONES D xT2 H 00

METAL

(10 x 19)

UN CATEGORIZED LA WOOS CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 1S

METAL ALLOY. AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

UNCATEGORIZED LA WOOS CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00

METAL TOXIC

(10x 24)

UNCATEGORIZED LA WOOS CAUSTICS x ORH-ANOPHOSPHATES, D xT2 H E 00

METAL PHOSPHOTHIOATES &
PHOSPHODiTHIOATES

(10 x32)

UNCATEGORIZED LA WOOS CAUSTICS x WATER REACTIVE DxT2 EXTREMELY 00

METAL SUBSTANCES

(10 x 107)

x--Combined %fth
(a) Concentration of reactants: T=Trace (<I % by wt-); TI =Trace (<0.1 % by w~t); T2=Trace (low ppm range); T3=Trace (<1 ppmn range);

M=Minor (1-100/ by v~t); D=Dominant (>10% by vA)

(b)Reaction code: H~heat generation; S= solubilization of to~oc substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation
GT-to~dc gas generation; P--violent polymerization; E~explosive

(c) See text
Cl-i124



TABLE C1-4
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LA W0O5 ETHERS x OXIDIZING AGENTS, STRONG D xT2 H F 1 7a

METAL

(14 x 104)

UNCATEGORIZED LA WOOS ETHERS x WATER REACTIVE SUBSTANCES D xT2 EXTREMELY 17b

METAL

(14 x 107)

UNCATEGORIZED LA WOOS FLUORIDES, INORANIC x WATER REACTIVE D xT2 EXTREMELY 18

METAL SUBSTANCES

(15 xl 07)

UNCATEGORIZED LA W005 HALOGENATED ORGANICS x METALS, T2xD ,YF/ 24

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

UNCATEGORIZED LA WOOS METALS, OTHER ELEMENTAL, & ALLOY, AS 0 xT2 H F 30

METAL SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 x 104)

UNCATEGORIZED LA WOOS METALS, OTHER ELEMENTAL, & ALLOY, AS D xT2 EXTREMELY 32

METAL SHEETS, RODS, MOLDINGS, DROPS, ETC x
WATER REACTIVE SUBSTANCES

(23 x 107)

UNCATEGORIZED LA WOOS METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED LA WOO5 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT2 H FG 38

METAL MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

UNCATEGORIZED LA WOOS COMBUSTIBLE & FLAMMABLE MATERIALS, D xT2 EXTREMELY 39

METAL MISC x WATER REACTIVE SUBSTANCES

(101 xlO07)

x-Combined vwft
S(a) concentration of reactants: T=Trace (<1% by %&t); T1I=Trace (<01 % by vvk); T2=Trace (low ppm range): T3=Trace (<1 ppm range);

W M=Minor (1-10% by t); D=Dominant (>10% by vk)

(b)Reaction code: l-=heat generation; S= solubilization of toxic substances; F=fire; GF= flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P-violent polymerization; Eexploive

(c) See text
Cl-1 25



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LA W009 CAUSTICS x HALOGENATED ORGANICS D xT H 00

METAL

(10x 17)

UNCATEGORIZED LA W009 CAUSTICS x KETONES DxT H 00

METAL

(l0x 19)

UN CATEGORIZED LA W009 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0X 23)

UNCATEGORIZED LA W009 CAUSTICS x NITRO COMPOUNDS DxT H E 00

METAL

(10 x27)

UNCATEGORIZED LA W00 HALOGENATED ORGAN ICS x METALS, T xD H F 2

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x23)

UN CATEGORIZED LA WROI CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

UN CATEGORIZED LA WROS CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10 x23)

UN CATEGORIZED LL WO18 ACIDS, MINERAL, NON-OYiDIZING x T xD H 00

METAL CAUSTICS

(1 x10)

UNCATEGORIZED LL W018 ACIDS, MINERAL, NON-OXIDIZING x ETHERS T xD H Oaaaa

METAL

(1lx 14)

x--Combined v4t
(a) Concentration of reactants: T=Trace (<I% byvwt); Tl=Trace (<0.1% by ok); T2=Trace (low ppm range); T3=Trace (<I ppn range);

M=Minor (1-10% byvwl); D=Dominant (>10% bywt)

(b)Reaction code: H=heat generation; S= solubilization of to~oc subatances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT-todc gas generation; P--iolent polymerization; E=explosive

(c) See text
Cl-i126



TABLE Cl -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LL WO1 8 ACIDS, MINERAL, NON-OXIDIZING x T xD GT Oaaa

METAL FLUORIDES, INORANIC

(1 xIS5)

UNCATEGORIZED LL W018 ACIDS, MINERAL, NON-OXIDIZING x METALS, Tx D GF H F

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(1 x 23)

UNCATEGORIZED LL W018 ACIDS, MINERAL, NON-OXIDIZING x Tx D H G 3

METAL COMBUSTIBLE & FLAMMABLE MATERIALS,
MISC

(1 xl0l)

UNCATEGORIZED LL WO18 ACIDS, MINERAL, NON-OXIDIZING x WATER & Tx D H 3b

METAL MIXTURES CONTAINING WATER

(I x 106)

UNCATEGORIZED LL WO18 ACIDS, MINERAL, OAiDIZING x CAUSTICS Tx D H 0. METAL

(2 x10)

UNCATEGORIZED LL W018 ACIDS, MINERAL, OXiDIZING x ETHERS TxD H F 3f

METAL

(2 x 14)

UNCATEGORIZED LL WO18 ACIDS, MINERAL, OXIDIZING x FLUORIDES, T xD GT 3g

METAL INORANIC

(2 x 15)

UNCATEGORIZED LL WO18 ACIDS, MINERAL, OXIDIZING x METALS, TxD GFHF 5

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(2 x 23)

UNCATEGORIZED LL WO18 ACIDS, MINERAL, OXIDIZING x COMBUSTIBLE T xD H F GT 8

METAL & FLAMMABLE MATERIALS, MISC

(2 x101)

x--Combined w~ith
(a) Concentration of reactants: T=Trace (<I% by v&t); T1 =Trace (<0.1 % by wt): T2=Trace (low ppm range); T3=Trace (<1 ppm range);

W M=Minor (1-10% by vtt); D=Dominant (>1 0% by wt)
(b)Reaction code: H=heat generation; S= solubilization of toxdc substances; Ffire; GF=flammable gas generation; G= nonflammable gas generation

GT-toxic gas generation; P--,olent polymerization: Eexplosive

(c) See text
Cl-1 27



TABLE ClIA
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LL WO18 ACIDS, MINERAL, OXIDIZING x WATER & Tx D H i0a
METAL MIXTURES CONTAINING WATER

(2 x 106)

UNCATEGORIZED LiLW018 ACIDS, ORGANIC x CAUSTICS Tx D H 00
METAL

(3 x10)

UNCATEGORIZED LL W018 ACIDS, ORGANIC x FLUORIDES, INORANIC Tx D GT lid
METAL

(3 x 15)

UNCATEGORIZED LL WOI8 CAUSTICS x HALOGEN'ATED ORGANICS D xT H 00
METAL

(10 xl7)

UNCATEGORIZED LL W018 CAUSTICS x KETONES DxT H 00
METAL

(l0x 19)

UNCATEGORIZED, LL WO18 CAUSTICS x METALS, ALKALI & ALKALINE D xT GF H 00
METAL EARTH. ELEMENTAL & ALLOYS

(l0x 21)

UNCATEGORIZED LL W01 8 CAUSTICS x METALS OTHER ELEMENTAL & Dx T GF H 00

METAL ALLOYS IN THE FORM OF POWDERS,
VAPORS OR SPONGES

(l0x 22)

UNCATEGORIZED LL W01 8 CAUSTICS x METALS, OTHER ELEMENTAL, & Dx D GF H 15 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

UNCATEGORIZED LL W018 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00
METAL TOXIC

(l0x 24)

x=-Combined wftt
(a) Concentration of reactants: T=Trace (<1% byvwt); T1=Trace (<0.1% byv~t); T2=Trace (lowppm range); T3=Trace (<I ppm range);

M=Minor (1-10% by wt); D=Dominant (>10% byv~t.)

(b)Reaction code: H=heat generation; S= solublhization of toxic substances: F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation: 13--iolent polymerization; E~exposive

(c) See text
Cl-i128



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(C)

UNCATEGORIZED LL W018 CAUSTICS x EXPLOSIVES D xT H E 00

METAL

(10 x 102)

UNCATEGORIZED LL W018 ETHERS x OXIDIZING AGENTS, STRONG D xT H F 1 7a

METAL

(14 x 104)

UNCATEGORIZED LL WO18 HALOGENATED ORGANICS x METALS, TPH F 22

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

UNCATEGORIZED LL W018 METALS, ALKALI & ALKALINE EARTH, TxD HGF 2Bb

METAL ELEMENTAL & ALLOYS x COMBUSTIBLE &
FLAMMABLE MATERIALS, MISC

(21 xl101)

UNCATEGORIZED LL W018 METALS, ALKALI & ALKALINE EARTH, T xD GF H 28d

METAL ELEMENTAL & ALLOYS x WATER &
MIXTURES CONTAINING WATER

(21 x 106)

UNCATEGORIZED LL W018 METALS OTHER ELEMENTAL & ALLOYS IN Tx D GFH HB

METAL THE FORM OF POWDERS, VAPORS OR
SPONGES x WATER & MIXTURES
CONTAINING WATER

(22 x 106)

UNCATEGORIZED LL W018 METALS, OTHER ELEMENTAL, & ALLOY, AS D xT H F 30

METAL- SHEETS, RODS, MOLDINGS, DROPS, ETC x
OXIDIZING AGENTS, STRONG

(23 x 104)

UNCATEGORIZED LL W018 METALS & METAL COMPOUNDS, TOXIC x Tx D S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 xl 106)

UNCATEGORIZED LL WO18 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H E 36d

METAL MISC x EXPLOSIVES

(101 x 102)

x--Combined vWth
S (a) Concentration of reactants: T=Trace (<1 % by vtt); T1=Trace (<0.1% by vt); T2=Trace (low ppm range); T3=Trace (<1 ppm range);

M=Minor (1 -10% byvwt); O=Dominant (>I10% by WL)

W(b)Reaction code: H=heat generation: S= solubilization of toxdc substances; Ffre; GF=flammable gas generation; G= nonflammable gas generation

GT--to~dc gas generation; P-violent polymerization; Eexposive

(c) See text
Cl-i129



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIN
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED LL WO18 COMBUSTIBLE & FLAMMABLE MATERIALS, D xT H FG 38
METAL MISC x OXIDIZING AGENTS, STRONG

(101 x 104)

UNCATEGORIZED RF W011 CAUSTICS x HALOGENATED ORGANICS D xTl H 00
METAL

(10 x 17)

UN CAT EGORIZED RF W0l1 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

UNCATEGORIZED RF W01 1 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
METAL TOXIC

(10 x24)

UNCATEGORIZED RF W011 HALOGENATED ORGANICS x METALS, T1 xD H F 21
METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,

RODS, MOLDINGS, DROPS, ETC

(17 x23)

UN CATEGORIZED RF W0I1 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a
METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UN CATEGORIZED RIF W037 CAUSTICS x HALOGENATED ORGAN ICS D x TI H 00
METAL

(10xl17)

UN CATEGORIZED RF W037 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
METAL ALLOY, AS SHEETS, RODS. MOLDINGS,

DROPS, ETC

(10 x23)

UNCATEGORIZED RF W037 CAUSTICS x METALS & METAL COMPOUNDS, D xD 5 00
METAL TOXIC

(l0x 24)

x-Combined with
(a) Concentration of reactants: T=Trace (<1 % by v~t); T1 =Trace (<0.1% by wt); T2=Trace (low ppm range); T3=Trace (<1 ppm range):

M=Minor (1-10% by wt); D=Dominant (>10%A byvwt)

(b)Reaction code: H=heat generation; S= solubilization of todc substances: Ffire; GF=flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P---Aolent polymerization; Eexplosive

(c) See text
Cl-i130



TABLE Cl-I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATION

WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE
CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED RE W037 HALOGENATED ORGANICS x METALS, Ti x D H F 24

METAL OTHER ELEMENTAL, & ALLOY, AS SHEETS,
RODS, MOLDINGS, DROPS, ETC

(17 x 23)

UNCATEGORIZED RF W037 METALS & METAL COMPOUNDS, TOXIC x D xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED RL M001 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(10x 23)

UNCATEGORIZED RL M001 CAUSTICS x METALS & METAL COMPOUNDS, D xT 5 00

METAL TOXIC

(10 x 24)

UNCATEGORIZED RL M001 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED RL M002 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(lox 23)

UNCATEGORIZED RL M002 CAUSTICS x METALS & METAL COMPOUNDS, Dx T 5 00

METAL TOXIC

(l0x 24)

UNCATEGORIZED RL M002 METALS & METAL COMPOUNDS, TOXIC x T xD S3a

METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED RL M003 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GE H 00

METAL ALLOY, AS SHEETS, RODS, MOLDINGS,
DROPS, ETC

(l0x 23)

x'--Combined W~th
S (a) Concentration of reactants: T=Trace (<I% by wt); T1 =Trace (<0.1% by v~k); T2=Trace (lowppm range); T3=Trace (<I ppm range);W cod: l-heatgeneatio; M=inor (1-10% by wt); D=Dominant (>10% bywt)

(b)Reaction coe ~etgnrto:S= solubilization of toxic substances; F--fire; GF= flammable gas generation; G= nonflammable gas generation

GT--toxic gas generation; P-violent polymerization; E=explosive

(c) See text
Cl-i131



TABLE ClA -I
SUMMARY OF POTENTIAL INCOMPATIBILITIES

FOR WASTE FORMS AND CONTAINER

WASTE CONCENTRATION EXPLANATIOP0
WASTE MATRIX STREAM POTENTIAL CHEMICAL OF REACTION CODE

CODE GROUP UNIQUE ID COMPATIBILITY REACTION REACTANTS(a) CODE(b) NUMBER(c)

UNCATEGORIZED RL MOOS CAUSTICS x METALS, OTHER ELEMENTAL, & Dx 0 GF H 00
METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

UNCATEGORIZED RL M008 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 00
METAL TOXIC

(l0x 24)

UN CATEGORIZED RL MOOS METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

UNCATEGORIZED RL M021 CAUSTICS x METALS, OTHER ELEMENTAL, & D xD GF H 00
METAL ALLOY, AS SHEETS, RODS, MOLDINGS,

DROPS, ETC

(10 x23)

UN CATEGORIZED RL M021 CAUSTICS x METALS & METAL COMPOUNDS, D xT S 06
METAL TOXIC

(10 x24)

UNCATEGORIZED RL M021 METALS & METAL COMPOUNDS, TOXIC x T xD S 33a
METAL WATER & MIXTURES CONTAINING WATER

(24 x 106)

x-Combined with
(a) Concentration of reactants: T=Trace (<1% byvwt); T1 =Trace (<0. 1% by vt); T2=Trace (low ppm range); T3=Trace (<I ppmn range);

M=Minor (1-10% byviwt); D=Dommnant (>1 0% by wt)

(b)Reaction code: H~heat generation; S= solubilization of toxic substances; F~fire; GF= flammable gas generation; G= nonflammable gas generation
GT--toxic gas generation; P--violent polymerization; E~explosive

(c) See text
Cl-1 32
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APPENDIX C2 1

DATA ACCUMULATED FROM HEADSPACE GAS ANALYSES 2

This appendix presents all available headspace waste characterization data. The data include 3

drum headspace analytical results for approximately 900 drums of transuranic mixed waste from 4

Idaho National Engineering Laboratory (INEL) and Rocky Flats Environmental Technology Site 5

(RFETS). The waste characterization data cut-off date was September 29, 1995. Item 6

Description Code, and Transuranic Package Transporter Content (TRUCON) Code column 7

entries correspond to Waste Matrix Code groups as described in Chapter C, Table C-i. 8

To reflect expected proportions of different waste types, the data were weighted according to 9
Waste Matrix Code Group volumes reported in the Waste Isolation Pilot Plant Transuranic Waste lo
Baseline Inventory Report (BIR). Table C2-1 presents the weighted average headspace 11

concentrations. The Waste Matrix Code Group (WMCG) volumes and the weighting factors used 12

to calculate the average concentrations are presented in Table C2-2. 13

Before the data could be manipulated, the RFETS database structure was converted into a 14

modified INEL database structure, and the data from the two sites were combined into a single 15

database. The weighted averages were calculated using computer codes developed for this 16

effort that were validated and verified through independent review of the codes and associated 17

documentation. 18

The database was modified as follows before the weighted averages were calculated: 19

* TRUCON codes assigned to each waste drum were converted to a Waste Stream ID 20

using the cross-correlation table in the BIR (DOE 1995a, app. F). 21

* The Waste Profile Forms from the BIR (DOE 1 995a, vol. 11) were used to determine the 22

WMCG for each waste stream. 23

* If the data qualifier was "Ul," then one-half of the associated value, the sample 24

quantitation limit (SQL) was used for the concentration in calculating the weighted 25

average. 26

* If the qualifier was "E" or "JE" and a dilution analysis was available for that sample 27

number, the dilution analysis was used for all analytes. Analytes in the diluted sample, 28

qualified as "U," were treated as above. 29

* All "J"-qualified (estimated) data were used. 30

* All "B"-qualified (constituent found in blanks) data were used. This was a conservative 31

treatment of the data in the absence of information on the level of contamination 32

observed in the blank. 33

C2-1
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1 All WMVCGs, with the exception of soils and unknown waste, were represented by the data from
2 the INEL and REETS. Since the soils and unknown waste groups compnise a small percentage
3 of the entire inventory (0.74 and 0.97 percent, respectively), their contribution to the calculated
4 average concentrations was assumed to be insignificant. The weighted averages were
5 calculated by:
6

t

x = i j ~x (C2-1)

7 where,
8
9 =weighted average

10 xi= average for WMVCG i
11 W = Weighting factor for WVVMCG i '-')

12 t = number of WVMCGs,
13
14 and _X was calculated by:
15

n;x~ (C2-2)

16 where,
17
18 n, = number of samples in WMIVCG i
19 x = analysis]j for WMVCG i.
20

21 For several volatile organic compounds (VOC) (carbon disulfide, isobutanol, 1,1,2-
22 trichloroethane, trichlorofluoromethane, and vinyl chloride), headspace sampling data were not
23 available. The headspace concentrations of these VOCs for screening purposes and for
24 calculation of migration concentrations were assumed to be equal to one-half of the SQL. The
25 SQLs for these VOCs were calculated from information on the required method detection limits

26 (8 nanograms per 10-milliliter sample) contained in the Transuranic Waste Characterization
27 Quality Assurance Program Plan Transuranic Waste Characterization Program Sampling and
28 Analysis Methods Manual:
29

C2-2
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The SQL is the Method Detection Limit (MDL) expressed in part(s) per million per volume1

(ppmv). 2

SQL = R x T x MDL X (10~6 ppmv/mole-fraction) (C2-3)
PxMW

where,3

SQL = sample quantitation limit for the VOC, ppmv 4

R = Ideal Gas Constant, 0.082 L-atm/mol-K5
T = temperature, 298 K 6

P = pressure, 1 atm 7

MW =molecular weight of VOC, g/mole 8

MDL =method detection limit of VOC, g/L 9

The minimum, maximum, and median concentrations for each compound are shown in Table io
C2-3, separated by the waste matrix code. These values show that the distribution of data is 11

not normal and, therefore, using the weighted average headspace concentrations in calculations 12Ois a conservative approach. 13

Table C2-4 contains the headspace gas data by drum number. 14

C2-3
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TABLE C2-1
WEIGHTED AVERAGE CONCENTRATIONS OF HEADSPACE GASES

Constituent f Weighted Average (ppmv)

1,1,1 -Trichloroethane 3.17E+02

1, 1,2,2-Tetrachloroethane 9.35E+00

1, 1,2-Trichloro-1 ,2,2-trifluoroethane 3.30E+01

1, 1 -Dichloroethane 1 .02E+01

1, 1 -Dichloroethylene 1.15E+01

I ,2,4-Trimethylbenzefle 1.22E+01

I ,2-Dichloroethane 9.07E+00

I ,3,5-Trimethylbenzene 8.62E+00

Butanol 7.81 E+01

Methyl ethyl ketone 6.37E+01

Methyl isobutyl ketone 7.90E+01

Acetone 7.98E+01

Benzene 9.25E+00

Bromoform 9.38E+00

Carbon tetrachloride 3.76E+02

Chlorobenzene 1 .25E+01

Chloroform 2.53E+01

(cis)-1 ,2-Dichloroethylene 8.97E+00

Cyclohexane 2.75E+01

Ethyl benzene 1.16E__________01 ___

Ethyl ether 13E0

Methanol 21E0

Methylene chloride 36E0

o-Xylene 16E0

p/m-Xylene 1.93E+01

Tetrachloroethylene 9.40E+00

Toluene 1 .94E+01

Trichloroethylene 2.51 E+O 1
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Table C2-2
TRU Waste Disposal Inventory and Weighting Factors for Weighted

Average Calculation

Waste Matrix Code Groups Stored Projected Scaled Weighting
Volumes Volumes Volumes Factor

(cubic (cubic (cubic
meters) meters) meters)

Contact-Handled Waste

Combustible 7. 1QE+03 2.70E+04 6.20E+04 3.53E-01

Filter 4.30E+02 1. 1OE-i03 2.60E+03 1.48E-02

Graphite 6.70E+02 4.30E+01 7_60E+i02 4.30E-03

Heterogeneous 3.OQE+04 4.60E+03 3.90E+04 2.22E-0 1

Inorganic non-metal 1-20E+03 3.20E+02 1.80E+03 1.02E-02

Lead/cadmium metal 5.60E+01 1.30E+02 3.1 OE 02 1.80E-03

Salt waste 3.30E+01 6.QOE+O1 1 .50E+02 8.52E-04

Soils 3.70E+02 4.50E+02 1 .30E+03 7.39E-03

Solidified inorganics 1.70E+04 8.OOE+03 3.40E+04 1.94E-01

Solidified organics 1 .50E+03 3.OOE+02 2. 1 OE+03 1 .20E-02

Uncategonized metal 1.20E+04 8.60E+03 3.OOE+04 1.71E-01

Unknown 1.70E+03 O.OOE+O0 1.70E+03 9.66E-03

TOTAL 7.21 E+04 5.06E+04 1.76E+05 1.00

Remote-Handled Waste

Combustible 1.50E+01 3.20E+00 2.OOE+01 2.80E-03

Filter 8.90E-01 2. 1OE+0O 4.30E+01 6.02E-03

Heterogeneous 4.40E+02 3. 30E+03 5.90E+03 8.26E-01

Inorganic non-metal

Lead/cadmium metal 0.OOE+00 6.OOE+OQ 9.80E+00 1.37E-03

Salt waste O.OOE+00 2.80E+'00 4.60E+00 6.44E-04

Solidified inorganic 6.I1OE+02 1.70E+02 9.OOE+02 1.26E-01

Uncategorized metal 8.80E+01 8.60E+01 2.30E+02 3.22E-02

Unknown 1.10E+01 2.40E+01 3.50E+'01 4.90E-03

TOTAL 1.16E+03 3.59E+03 7.14E+03 1.00

C2-9
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APPENDIX C3

TOTALS ANALYSIS VERSUS TOXICITY
CHARACTERISTIC LEACHING PROCEDURE

Data from totals analyses (total organic compound analysis and total metals analysis) are
compared to the Regulatory Toxicity Levels (RTL) expressed as total values. RTL values are
obtained by calculating the weight/weight concentration (in the solid) of a Toxicity Characteristic
(TC) analyte that would give the regulatory weight/volume concentration (in the extract),
assuming 100 percent analyte dissolution. Table C3-1 lists the TC levels expressed as RTL
values for toxicity characteristic leaching procedure (TCLP) and totals analysis.

To demonstrate the appropriateness and conservatism of using totals analysis rather than the
TCLP, consider the following example. Assume that a solid sample contains 100 milligrams per
kilogram (mg/kg) of lead (Pb). The current TCLP regulatory level for Pb is 5 milligrams per liter
(mg/L). This is comparable to a concentration of 5 mg/kg as demonstrated by the following
calculation:

5 mg Pb X1 iLsolution -X I mlsolution X 1000 slutin=5 mg Pbftg
1 L solution 1000 Milliliters (Ml) solution 1 gram (g) solution 1 kg solution

* When one compares the predicted results of totals analysis and TCLP analysis on the same

sample, the following is observed:

Totals Analysis

Analyzing a sample by totals analysis yields a result equal to the actual contaminant
concentration in the sample (assuming that the instrument and the methodology are 100 percent
accurate).

Predicted result = 100 mg Pb/kg sample

TCLP Analysis

Assuming that 5 grams [g] (0.2 ounces (oz)) of sample is extracted and analyzed, 100 g of
extraction fluid must be used (TCLP requires that the weight of extraction fluid must be 20 times

the weight of the solid sample). Assuming that 100 percent of the lead in the sample is
leachable, and as a result, is extracted into the solution where it will be detected in the analysis,
the predicted concentration of the TCLP solution will be 5 mg/kg, as demonstrated in the
following calculation:
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5 gsamplex 100mg Pb l Ikg sample
1 kg sample 1000 g sample _ 5 mg Pbfkg solution

100 g solution x 1 kg solution
1000 g solution

These calculations demonstrate that, by conservatively assuming a 100 percent leaching
efficiency, a concentration of 100 mg/kg obtained by totals analysis is comparable to a

concentration of 5 mg/kg (or 5 mgIL) using TCLP (See Figure C3-1). As such, by using a

regulatory level of 100 mg/kg for totals analysis for lead (i.e., 20 times the TCLP level), the U.S.
Department of Energy (DOE) is taking a conservative approach to the regulation, because a

leaching efficiency of 100 percent is improbable. A comparison of the regulatory levels used for

TCLP versus totals analysis for all TC analytes is presented in Table C3-1.

This approach was also addressed by the U.S. Environmental Protection Agency (EPA) in the

preamble to a proposed rule issued in the Federal Register (FIR) on October 24, 1991. In this
preamble, the EPA stated the following:

One could compare the numerical value of a potential TCLP standard to a theoretical
maximum leaching level derived from a total constituent standard. One would have to
assume that the entire amount of the toxicity characteristic constituent (as represented*
by the total constituent concentration at the level of the standard) would be extracted intoW
an aqueous leaching medium. One would then have to account for the 20-fold dilution
inherent in the TCLP analytical procedure. A theoretical maximum leaching value could,
thus be calculated by dividing the numerical value of the total constituent treatment
standard by a factor of 20 (56 FIR 55167).

C3-2 03/22/96 11:41 am



WIPP RCRA Part B Permit Application
DOEIWIPP 91-005

Revision 6

TABLE C3-1
RTLS FOR TCLP ANALYSIS VS. RTLS FOR TOTALS ANALYSIS

Analyte TCLP RTL Value Totals RTL Value
(mg/kg) (mglkg)a

Metals and Semi-VOCsb
Arsenic 5.0 100
Barium 100.0 2000
Cadmium 1.0 20
Chromium 5.0 100
Cresols 200.0 4000
1 ,4-Dichlorobenzene 7.5 150
2,4-Dinitrotoluene 0.13 2.6
Hexachlorobenzene 0.13 2.6
Hexachloroethane 3.0 60
Lead 5.0 100
Mercury 0.2 4
Nitrobenzene 2.0 40
Pentachiorophenol 100.0 2000
Pyridine 5.0 100
Selenium 1.0 20
Silver 5.0 100

VOCsC
Benzene 0.5 10
Carbon tetrachloride 0.5 10
Chlorobenzene 100.0 2000
Chloroform 6.0 120
1,2-Dichloroethane 0.5 10
1, 1 -Dichloroethylene 0.7 14
Methyl ethyl ketone 200.0 4000
Pyridine 5.0 100
Tetrachloroethylene 0.7 14
Trichloroethylene 0.5 10
Vinyl chloride 0.2 4

'The calculations assume 1) the maximum amount of material suggested by the TCLP is used, 2) wastes are 100 percent

solid (no liquid fraction), 3) the maximum amount of extraction fluid is used, and 4) all analytes; are 100 percent soluble in
the extraction fluid.
'For metals and semi-VOCs, RTL value (mg/kg) = (TC level, mgIL) (volume of extraction fluid, 2L)/(weight of sample,
0. 100 kg). cTor VOCs, RTL value (mg/kg) = (TC level, mg[L) (volume of extraction fluid, 0.5 L)I(weight of sample, 0.025 kg)
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Solid samnple of Ml waste
(100 mg/kg of lead)

TCLP TOTALS

Extraction

Analysis Aayi

Result = 5 mg/kg

x 20 (Extraction 100 mg/kg Reut100 mg/kg
dilution factor)

Comarion f TLP nd FIGURE C3-1
Compriso ofTCLPandTotals Analyses for 100 mg/kg Lead Sample
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APPENDIX C4 1

WASTE CHARACTERIZATION SAMPLING METHODS 2

C4-1 Headspace-Gas Sampling 3

C4-1 a Method Requirements 4

All sampling must be accomplished within a radiation containment area (e.g., glovebox or 5

hot/warm cell). The configuration of the containment area and remote-handling equipment at 6

each sampling facility are expected to differ. A description of the containment area and remote- 7

handling equipment must be provided in the site quality assurance project plan (QAPjP). 8

Headspace-gas samples will be analyzed for the analytes listed in Table C8-2 of Appendix C8. 9

Sites may collect samples in SUMMA® canisters using the headspace gas sampling methods io

described in the Methods Manual. As an alternative, sites may use on-line integrated 11

sampling/analysis systems. In this case, samples are immediately directed to an analytical 12

instrument instead of being collected in SUMMA® canisters. The same sampling manifold and 13

K sampling heads are used with on-line integrated sampling/analysis systems and all of the 14

<,requirements associated with sampling manifolds and sampling heads must be met. However, 15

when using an on-line integrated sampling/analysis system, the sampling batch and analytical 16

batch quality control (QC) samples are combined as on-line batch QC samples as outlined in 17.Section C4-l b. 18

Manifold 19

This headspace gas sampling protocol employs a multiport manifold capable of collecting 20

*multiple simultaneous headspace samples for analysis and QC purposes. The manifold can be 21

used to collect samples in SUMMA® canisters or as part of an on-line integrated 22

sampling/analysis system. The sampling equipment must be leak checked and cleaned prior to 23

first use and as needed thereafter. The manifold and sample canisters must be evacuated to 24

0.0039 inches (in.) (0. 10 millimeters [mm]) mercury (Hg) prior to sample collection. Cleaned and 25

evacuated sample canisters must be attached to the evacuated manifold before the manifold inlet 26

valve is opened. The manifold inlet valve must be attached to a changeable filter connected to 27

different sampling head(s), capable of punching through the metal lid of the drum or penetrating 28

a carbon-composite filter. 29

The manifold must also be equipped with a purge assembly that allows applicable QC samples 30

to be collected through the entire manifold, from the needle tip through all of the same manifold 31

components that the drum headspace gas passes through. Field blanks shall be samples Of 32

room air collected in the sampling area in the immediate vicinity of the waste container to be 33

sampled. If using SUMMA® canisters, field blanks are collected directly into the canister, without 34

the use of the manifold. 35

The manifold, the associated sampling heads, and the headspace-gas sample volume 36

requirements must be designed to ensure that a representative sample is collected. The 37
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1 manifold internal volume must be calculated and documented in the field logbook. The total
2 volume of headspace gases collected during each sampling operation can be determined by
3 adding the combined volume of the canisters attached to the manifold to the internal volume of
4 the manifold. When an estimate of the available headspace gas volume can be made, less than
5 10 percent of that volume should be withdrawn.
6
7 As illustrated in Figure C-1, the sampling manifold must consist of a sample side and a
8 standard side. The dotted line indicates how the sample side shall be connected to the standard
9 side for cleaning and collecting equipment blanks and field reference standards. The sample

10 side must consist of the following major components:
11

12 * An applicable sampling head that forms a leak-tight connection with the
13 headspace sampling manifold.
14

15 * A flexible hose that allows movement of the sampling head from the purge
16 assembly (standard side) to the waste container.
17
18 * A pressure sensor(s) that must be pneumatically connected to the manifold. This
19 manifold pressure sensor(s) must be able to measure absolute pressure in the
20 range from 0.002 in. (0.05 mm) Hg to 39.3 in. (1,000 mm) Hg. Resolution must
21 be ±0.0002 in. (0.005 mm) Hg at 0.0020 in. (0.05 mm) of Hg. The manifold
22 pressure sensor(s) must have an operating range from approximately 590F (1 5*C)
23 to 104*F (40*C).
24

25 *Ports for attaching sample canisters. If using canister-based sampling methods,
26 a sufficient number of ports must be available to allow simultaneous collection of
27 headspace-gas samples and duplicates for volatile organic compounds (VOC)
28 analyses. If using an on-line integrated sampling/analysis system, only one port
29 is necessary for the collection of comparison samples. Ports not occupied with
30 sample canisters during cleaning or headspace-gas sampling activities require a
31 plug to prevent ambient air from entering the system. In place of using plugs,
32 sites may choose to install valves that can be closed to prevent intrusion of
33 ambient air into the manifold. Ports must have VCR® fittings for connection to the

34 sample canister(s) to prevent degradation of the fittings on the canisters and
35 manifold.
36
37 *Sample canisters, as illustrated in Figure 04-2, that are leak-free, welded
38 stainless steel pressure vessels, with a chromium-nickel oxide (Cr-NiO)
39 SUMMAO-passivated interior surface, bellows valve, and a pressure/vacuum
40 gauge. All sample canisters must have VCR® fittings for connection to sampling
41 and analytical equipment. The pressure/vacuum gauge must be mounted on
42 each canister. It must be helium-leak tested to 1.5 x I o7 standard cubic
43 centimeters per second (cc/s), have all stainless steel construction, and be

44 capable of tolerating temperatures to 1250C. The gauge range must be capable
45 of indicating leaks and sample collection.
46
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*A dry vacuum pump with the ability to reduce the pressure in the manifold to 0.05 1

mm Hg. A vacuum pump that requires oil may be used, but precautions must be 2

taken to prevent diffusion of oil vapors back to the manifold. Precautions may 3

include the use of a molecular sieve and a cryogenic trap in series between the 4

headspace sampling ports and the pump.5

" A minimum distance between the tip of the needle and the valve that isolates the 6

pump from the manifold in order to minimize the dead volume in the manifold. 7

The outer diameter of the system's tubing must be 1/8 in. (3.1750 mm). 8

" If real-time blanks are not available, the manifold must be equipped with an 9

organic vapor analyzer (OVA) that is capable of detecting all analytes listed in io
Table C8-2 of Appendix C8. The OVA must be capable of measuring total VOC 11

concentrations as low as 0. 1 parts per million (ppm). Detection of 1, 1,2-trichloro- 12

1 ,2,2-trifluoroethane may not be possible if a photoionization detector is used. 13

*The OVA measurement must be confirmed by the collection of equipment blanks 14

at the frequency specified in Section C4-1 to check for manifold cleanliness. 15

The standard side must consist of the following major elements: 16

" A cylinder of compressed zero air, helium, nitrogen or hydrocarbon and carbon 17

dioxide (C02)-free air to clean the manifold between samples and to provide gas 18

for the collection of equipment blanks or on-line blanks. These high-purity gases 19

Umust be certified by the manufacturer to contain less than one ppm total VOCs. 20
The gases must be metered into the standard side of the manifold by two-stage 21

stainless steel regulators. Alternatively, a zero air generator may be used, 22

provided a sample of the zero air is collected and demonstrated to contain less 23

than one ppm total VOCs. Zero air from a generator must be humidified. 24

* Cylinders of field-reference standard gases or on-line control sample gases. 25

These cylinders provide gases for evaluating the accuracy of the headspace-gas 26

sampling process. Each cylinder of field-reference gas or on-line control sample 27

gas must have a flow-regulating device. The field-reference standard gases or 28

on-line control sample gas must be certified by the manufacturer to contain known 29

analytes at known concentrations. 30

" If using an analytical method other than Fourier Transform Infrared System 31

(FTIRS) a humidifier filled with American Society for Testing and Materials 32

(ASTM) Type 11 water, connected, and opened to the standard side of the 33

manifold between the compressed gas cylinders and the purge assembly. Dry 34

gases flowing to the purge assembly will pick up moisture from the humidifier. 35

Moisture is added to the dry gases to condition the equipment blanks and field- 36

reference standards and to assist with system cleaning between headspace-gas 37

sample collection. If using FTIRS for analysis, the sample and sampling system 38

must be kept dry. 39

C4-3 04/02196 2:36pm



WIPP RCRA Part B Permit Application
DOEAWIPP 91-005
Revision 6

1 NOTE: Caution should be exercised to isolate the humidffier during the
2 evacuation of the system to prevent flooding the manifold. In lieu of the
3 humidifier, the compressed gas cylinders (e.g., zero air and field-reference
4 standard gas) may contain water vapor in the concentration range of 1,000 to
5 10, 000 parts per ilflion by volume (ppmv).
6
7 *A purge assembly that allows the sampling head (sample side) to be connected
8 to the standard side of the manifold. The ability to make this connection is
9 required to transfer gases from the compressed gas cylinders to the canisters or

10 on-line analytical instrument. This connection is also required for system
11 cleaning.
12

13 *A flow-indicating device that is connected downstream of the purge assembly to
14 monitor the flow rate of gases through the purge assembly. The flow rate through
15 the purge assembly must be monitored to assure that excess flow exists during
16 cleaning activities and during QC sample collection. Maintaining excess flow will
17 prevent ambient air from contaminating the QC samples and allow samples of gas
18 from the compressed gas cylinders to be collected near ambient pressure.
19
20 In addition to a manifold consisting of a sample side and a standard side, the area in which the
21 manifold is operated must contain sensors for measuring ambient pressure and ambient
22 temperature, as follows:
23
24 *The ambient-pressure sensor must have a sufficient measurement range for the
25 ambient barometric pressures expected at the sampling location. It must be kept
26 in the sampling area during sampling operations. Its resolution must be 1.0 mm
27 Hg or less, and calibration must be based on National Institute of Standards and
28 Technology (NIST), or equivalent, standards.
29

30 *The temperature sensor must have a sufficient measurement range for the
31 ambient temperatures expected at the sampling location. The temperature sensor
32 calibration must be traceable to NIST, or equivalent, standards.
33
34 Direct Canister
35
36 This headspace gas sampling protocol employs a canister-sampling system to collect
37 headspace-gas samples for analysis and QC purposes without the use of the manifold described
38 above. Rather than attaching sampling heads to a manifold, in this method the sampling heads
39 are attached directly to an evacuated sample canister as shown in Figure C4-3.
40

41 Canisters must be evacuated to 0.0039 in. (0.10 mm) Hg prior to use and attached to a
42 changeable filter connected to the appropriate sampling head. The sampling head(s) must be
43 capable of punching through the metal lid of the drums and the rigid 90-mil poly liner or
44 penetrating a carbon-composite filter to obtain the drum headspace samples. Field duplicates
45 must be collected at the same time, in the same manner, and using the same type of sampling
46 apparatus as used for headspace-gas sample collection. Field blanks must be samples of room
47 air collected in the immediate vicinity of the waste-drum sampling area prior to removal of the
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drum lid. Equipment blanks and field-reference standards must be collected using a purge1
assembly equivalent to the standard side of the manifold described above. These samples Must 2

be collected from the needle tip through the same components (e.g., needle and filter) that the 3

headspace-gas samples pass through. 4

The sample canisters, associated sampling heads, and the headspace-sample volume 5

requirements ensure that a representative sample is collected. When an estimate of the 6

available headspace-gas volume can be made, less than 10 percent of that volume should be 7

withdrawn. A determination of the sampling head internal volume must be made and 8
documented. The total volume of headspace gases collected during each headspace gas 9
sampling operation can be determined by adding the volume of the sample canister(s) attached lo
to the sampling head to the internal volume of the sampling head. Every effort must be made 11
to minimize the internal volume of sampling heads. 12

Each sample canister used with the direct canister method must have a pressure/vacuum gauge 13

capable of indicating leaks and sample collection. Canister gauges are intended to be gross 14

leak-detection devices not vacuum-certification devices. If a canister pressure/vacuum gauge 15
indicates an unexpected pressure change, determine if the change is a result of ambient 16

temperature and pressure differences or a canister leak. Prior to sampling, canisters must be 17

evacuated to 0.0039 in. (0. 10 mm) Hg. This gauge must be helium-leak tested to 1.5 x 10-7 1 8

standard cc/s, have all stainless steel construction, and be capable of tolerating temperatures 19
to 1250C. 20

ijhe SUMMA® sample canisters must be used when sampling each drum. Three different 21

sampling heads for attachment to the sample canister are described below. These heads Must 22

form a leak-tight connection with the canister and allow sampling through the drum-lid carbon- 23

composite filter, or through the drum lid itself. Figure C4-3 illustrates the direct canister-sampling 24

equipment. 25

Sampling Heads 26

A sample of the headspace gas directly under the drum lid must be collected from within the 27

drum. Two methods, sampling through the carbon filter and sampling through the drum lid, have 28

been developed for collecting a representative sample. 29

Sampling Through the Carbon Filter 30

To sample the drum-headspace gas through the drum's carbon-composite filter, a side-port 31

needle (i.e., a hollow needle sealed at the tip with a small opening on its side close to the tip) 32

must be pressed through the filter and into the headspace beneath the drum lid. This permits 33

the gas to be drawn into the manifold or directly into the canister(s). This procedure is described 34

in detail in the Methods Manual and is specific to a type of carbon-composite filter that permits 35

insertion of the needle. To assure that the sample collected is representative, all of the general 36

method requirements, sampling apparatus requirements, and QC requirements described in this 37

section must be met in addition to the following requirements that are pertinent to drum 38

headspace-gas sampling through the carbon filter: 39
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1I The lid of the drum's 90-mul poly liner must contain a hole for venting to the drum.
2 If headspace-gas samples are collected prior to venting the 90-mil poly liner, a
3 nonconformance report must be prepared, submitted, and resolved.
4 Nonconformance procedures are outlined in Appendix C8 (Section C8-1 3).
5

6 *For sample collection, the drum's carbon-composite filter must be sealed as
7 specified in the Methods Manual, or equivalent, to prevent outside air from
8 entering the drum and diluting and/or contaminating the sample.
9

10 The sampling head for collecting drum headspace by penetrating the carbon-composite filter
11 must consist of a side-port needle, a filter to prevent particles from contaminating the gas
12 sample, and an adapter to connect the two. To prevent cross contamination, the sampling head
13 must be cleaned or replaced after sample collection, after field-reference standard collection, and
14 after field-blank collection. The following requirements must also be met:
15

16 0 The housing of the carbon-composite filter must allow insertion of the sampling
17 needle through the filter element into the drum headspace.
18

19 0 The side-port needle must be used to reduce the potential for plugging.
20

21 0 The purge assembly must be modified for compatibility with the side-port needle.
22

23 Sampling Through the Drum Lid
24

25 Sampling through the drum lid must be performed when the drum's carbon-composite filter does
26 not permit insertion of the side-port needle. To sample the drum headspace-gas through the
27 drum lid, the lid must be breached using a sparkless punch. The punch must form an airtight
28 seal between the drum lid and the manifold or direct canister. To assure that the sample
29 collected is representative, all of the general method requirements, sampling apparatus
30 requirements, and QC requirements specified in Methods Manual Procedures 110.1 through
31 110.4, as appropriate, must be met in addition to the following requirements:
32

33 0 The seal between the drum lid and sampling head must be designed to minimize
34 intrusion of ambient air [See Methods Manual Procedure 110.4, Section 8.0].

35

36 0 All components of the drum-punch sampling system that come into contact with
37 sample gases must be purged with humidified zero air, nitrogen, or helium prior
38 to sample collection [See Methods Manual Procedure 110.4, Section 8.0].
39

40 * Equipment blanks and field reference standards must be collected through all the
41 components of the punch that contact the headspace-gas sample.
42

43 a Pressure must be applied to the sparkless punch until the drum lid has been
44 breached. Then the punch must be backed out to expose the headspace gas.

45
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0 Provisions must be made to relieve potential drum pressure increases during1
drum-punch operations; pressure increases may occur during sealing of the drum 2

punch to the drum lid. 3

0 The lid of the drum's 90-mil poly liner must contain a hole for venting to the drum. 4

If headspace-gas samples are collected prior to venting the 90-mul poly liner, a 5

nonconformance report must be prepared, submitted, and resolved. 6

0 During sampling, the drum's carbon-composite filter, if present, must be sealed 7

to prevent outside air from entering the drum. 8

Sampling through the drum lid must be accomplished using the drum punch described in the 9

Methods Manual (Procedure 110.4), or an equivalent. The same type of sampling head as used lo0
for the 55-gallon (208-liter) poly bag sampling must be pneumatically connected to the drum 11
punch to provide a seal between the drum lid and the manifold or direct canister. The following 12

requirements must also be met: 13

" A flow-indicating device to verify excess flow of QC gases (for system purge) must 14~

be pneumatically connected downstream of the drum punch and operated in the 15

same manner as the flow-indicating device described in the "Manifold" section. 16

A flowrate of approximately one liter per minute for approximately three minutes 17

is required. 18

* Equipment must be used adequately to secure the drum-punch sampling system 19

to the drum lid. 20

* Provisions must be made to prevent the punch from rotating as it is pressed 21

through the drum lid. 22

C4-1 b Quality Control 23

For manifold and direct canister sampling systems, field QC samples must be collected on a per 24

sampling batch basis. A sampling batch is a suite of samples collected consecutively using the 25

same sampling equipment within a specific time period. A sampling batch can be up to 20 26

samples (excluding QC samples), all of which must be collected within 14 days of the first 27

sample in the batch. For on-line integrated sampling/analysis systems, QC samples must be 28

collected and analyzed on a per on-line batch basis. An on-line batch is the number Of 29

headspace gas samples collected and analyzed within a 12-hour period using the same on-line 30

integrated analysis system. Table C4-2 provides a summary of field QC sample collection 31

requirements. Table C4-3 provides a summary of QC sample acceptance criteria. 32

For on-line integrated sampling analysis systems, the on-line batch QC samples serve as 33

combined sampling batch/analytical batch QC samples as follows: 3

*The on-line blank replaces the equipment blank and laboratory blank 35
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1 The on-line control sample replaces the field reference standard and laboratory 4
2 control sample
3

4 0 The on-line duplicate replaces the field duplicate and laboratory duplicate
5
6 The acceptance criteria for on-line batch QC samples are the same as for the sampling batch
7 and analytical batch QC samples they replace. Acceptance criteria are shown in Table C4-3.
8 A separate field blank must still be collected and analyzed for each on-line batch. However, if
9 the results of a field blank collected through the sampling manifold meets the acceptance

10 criterion, a separate on-line blank need not be collected and analyzed.
11

12 The site project Quality Assurance (QA) officer shall have the responsibility to monitor and
13 document field QC sample results and fill out a nonconformance report if acceptance criteria are
14 not met. The site project manager shall have the responsibility to ensure appropriate corrective
15 action is taken if acceptance criteria are not met.
16

17 Field Blanks
18
19 Field blanks must be collected to evaluate background levels of program-required analytes.
20 Field blanks must be collected prior to sample collection, and at a frequency of one per sampling
21 batch. The site project manager shall use the field blank data to assess impacts of ambient
22 contamination, if any, on the sample results. A nonconformance report (Section C8-1 3) must
23 be initiated and resolved if the final reported QC sample results do not meet the acceptance
24 criteria.
25
26 Equipment Blanks
27

28 Equipment blanks must be collected to assess cleanliness prior to first use of all sampling
29 equipment. After the initial cleanliness check, equipment blanks collected through the manifold
30 must be collected at a frequency of one per sampling batch for VOC analysis. If the direct
31 canister method is used, field blanks may be used in lieu of equipment blanks. The site project
32 manager shall use the equipment blank data to assess impacts of potentially contaminated
33 sampling equipment on the sample results. Equipment blank results determined by gas
34 chromatography/mass spectrometry and gas chromatography/flame ionization detection shall be
35 acceptable if the concentration of each VOC analyte is less than three times the method
36 detection limit (MDL) listed in Table C8-2 in Appendix C8. Equipment blank results determined
37 by MTRS shall be acceptable if the concentration of each VOC analyte is less than the program
38 required quantitation limit and listed in Table C8-2.
39

40 Field Reference Standards
41

42 Field reference standards shall be used to assess the accuracy with which the sampling
43 equipment collects VOC samples into SUMMA® canisters prior to first use of the sampling
44 equipment. Field reference standards must contain a minimum of six of the analytes listed in
45 Table C8-2 in Appendix C8 at concentrations within a range of 0 to 100 ppmv. Field reference
46 standards must have a known valid relationship to a nationally recognized standard (e.g., NIST).
47 If commercial gases are used, a Certificate of Analysis from the manufacturer documenting
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* traceability is required. Commercial stock gases must not be used beyond their manufacturer-1
specified shelf life. After the initial accuracy check, field reference standards collected through 2

the manifold must be collected at a frequency of one per sampling batch and submitted blind to 3

the analytical laboratory. For the direct canister method, field reference standard collection may 4

be discontinued if the field -reference standard results demonstrate the quality assurance 5

objectives (QAO) for accuracy specified in Appendix C8. Field reference standard results shall 6

be acceptable if the accuracy is 70 to 130 percent recovery. 7

Field Duplicates 8

Field duplicate samples must be collected simultaneously and in accordance with Table C4-1 to 9

assess the precision with which the sampling procedure can collect samples into SUMMA® 10

canisters. Field duplicate results shall be acceptable if the relative percent difference is less than 11

or equal to 25. 12

C4-1lc Equipment Testing. Inspection and Maintenance 13

All sampling equipment components that come into contact with headspace sample gases must 14

be constructed of relatively inert materials such as stainless steel or Teflon®. A passivated 15

A,terior surface on the stainless steel components is recommended. 16

To miinimize the potential for cross contamination of samples, the headspace sampling manifold 17

* and sample canisters must be properly cleaned and leak-checked prior to headspace gas 18

sampling. Procedures for cleaning and preparing the manifold and sample canisters are 19

provided in the Methods Manual (Procedures 110.1 and 110.2). Cleaning requirements are 20

presented below. 21

Headspace Gas Sample Canister Cleaning 22

SUMMA® canisters used in these methods must be subjected to a rigorous cleaning and 23

certification procedure prior to use in the collection of any samples. Guidance for the 24

development of this procedure has been derived from Method TO-14 (EPA 1988a) and can be 25

found in the Methods Manual (Procedure 210.1). Specific details must be provided in laboratory 26

standard operating procedures (SOPs) for the cleaning and certification of canisters. 27

Canisters must be cleaned and certified on an equipment cleaning batch basis. An equipment 28

cleaning batch is any number of canisters cleaned together at one time using the same cleaning 29

method. A cleaning system, capable of processing multiple canisters at a time, composed of an 30

oven (optional) and a cryogenic trap vacuum manifold must be used to clean SUMMA® 31

canisters. Prior to cleaning, a 24-hour leak test must be performed on all canisters. For a 32

positive pressure check, a canister passes if the pressure does not change by more than ±2 psig 33

in 24 hours. Any canister that fails must be checked for leaks, repaired, and reprocessed. One 34

canister per equipment cleaning batch must be filled with humid zero air or humid high purity 35

nitrogen and analyzed for VOCs. The equipment cleaning batch of canisters shall be considered 36

clean if there are no VOCs above three times the MVDLs listed in Table C8-2 of Appendix C8. 37

After the canisters have been certified for leak-tightness and free of background contamination, 38

they must be evacuated to 0.0039 in. (0. 10 mm) Hg or less for storage prior to shipment. The 39
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1 laboratory responsible for canister cleaning and certification shall maintain canister certification
2 documentation and initiate the canister tags as described in Section 6.0 of the Transuranic
3 Waste Characterization Quality Assurance Program Plan (QAPP).
4
5 Samplingi Equipment Initial Cleaning and Leak Check
6
7 The surfaces of all headspace gas sampling equipment components that will come into contact
8 with headspace gas must be thoroughly inspected and cleaned prior to assembly, in accordance
9 with Methods Manual Procedures 110. 1 and 110.2, or equivalent. The manifold and associated

10 sampling heads must be purged with humidified zero air, nitrogen, or helium, and leak checked
11 after assembly. This cleaning must be repeated if the manifold and/or associated sampling
12 heads are contaminated to the extent that the routine system cleaning is inadequate.
13

14 SamplIing Equipment Routine Cleaning and Leak Check
15

16 The manifold and associated sampling heads which are reused must be cleaned and checked
17 for leaks in accordance with the cleaning and leak check procedures described in Procedures
18 110. 1 and 110.2 of the Methods Manual, or equivalent. The procedures must be conducted after
19 headspace gas and field duplicate collection; after field blank collection, if the field blank is
20 collected through the manifold; and after the additional cleaning required for field reference
21 standard collection has been completed. The protocol for routine manifold cleaning and leak
22 check requires that sample canisters be attached to the canister ports, or that the ports be
23 capped or closed by valves, and requires that the sampling head be attached to the purge
24 assembly. Humidified zero air, nitrogen, or helium, regulated through the purge assembly, must 0
25 then be swept through the sample side of the sampling system.
26
27 VOCs must be removed from the intemnal surfaces of the headspace sampling manifold to levels
28 that are less than three times the MDLs of the analytes listed in Table C8-2 of Appendix C8, as
29 determined by analysis of an equipment blank or the OVA. This is achieved by sweeping the
30 sample side of the sampling system. It is recommended that the headspace sampling manifold
31 be heated and periodically evacuated and flushed with humidified zero air, nitrogen, or helium.
32 When not in use, the manifold must be demonstrated clean before storage with a positive
33 pressure of high purity gas (i.e., zero air, nitrogen, or helium) in both the standard and sample
34 sides.
35
36 Sampling must be suspended and corrective actions must be taken when the analysis of an
37 equipment blank indicates these limits have been exceeded. The site project manager must
38 ensure that corrective action has been taken prior to resumption of sampling.
39
40 Manifold Cleaning After Field Reference Standard Collection
41

42 The sampling system must be specially cleaned after a field reference standard has been
43 collected, because the field reference standard gases contaminate the standard side of the
44 headspace sampling manifold when they are regulated through the purge assembly. This
45 cleaning requires the installation of a gas-tight connector in place of the sampling head, between
46 the flexible hose and the purge assembly. This configuration allows both the sample and
47 standard sides of the sampling system to be flushed (evacuated and pressurized) with humidified
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* zero air, nitrogen, or helium which, combined with heating the pneumatic lines, should sweep1
and adequately clean the system's intemnal surfaces. After this protocol has been completed and 2

prior to collecting another sample, the routine system cleaning and leak check (see previous 3

section) must also be performed. 4

Sampling Head Cleaning

To prevent cross contamination, the needle, adapters, and filter of the sampling heads must be 6

cleaned in accordance with the cleaning procedures described in Procedures 110. 1 and 110.2 7

of the Methods Manual, or equivalent. After sample collection, a sampling head must be 8

disposed of or cleaned in accordance with the Methods Manual procedures, or equivalent, prior 9

to reuse. As a further QC measure, the needle and filter, after cleaning, should be purged with 10

zero air, nitrogen, or helium and capped for storage to prevent sample contamination by VOCs 11

potentially present in ambient air. 12

C4-1ld Equipment Calibration and Frequency 13

The manifold pressure sensor must be certified prior to initial use, then annually, using NIST 14

traceable, or equivalent, standards. If necessary, the pressure indicated by the pressure 15
sensor(s) must be temperature compensated. The ambient air temperature sensor, if present, 16

must be certified prior to initial use, then annually, to NIST traceable, or equivalent, temperature 17

standards. 18

* The OVA must be calibrated once per day, prior to first use, or as necessary according to the 19
manufacturer's specifications. Calibration gases must be certified to contain known analytes at 20

known concentrations. The balance of the OVA calibration gas must be consistent with the 21

manifold purge gas when the OVA is used (i.e., zero air, nitrogen, or helium). 22

C4-2 Sampling of Homogenous Solids and Soil/Gravel 23

C4-2a Method Requirements 24

The methods used to collect samples of transuranic (TRU) waste, classified as homogenous 25

solids and soil/gravel from waste containers, must be such that the samples are representative 26

of the waste from which they were taken. To minimize the quantity of investigation-derived 27

waste, laboratories conducting the analytical work may require no more sample than is required 28

for the analysis, based on the analytical methods. Therefore, sampling must be conducted to 29

collect samples in accordance with the QAO specifications as described below. 30

Core Collection 31

Coring tools must be used to collect cores of homogenous solids and soil/gravel from waste 32

containers, when possible, in a manner that minimizes disturbance to the core. A rotational 33

coring tool (i.e., a tool that is rotated longitudinally), similar to a drill bit, to cut, lift the waste 34

cuttings, and collect a core from the bore hole, must be used to collect sample cores from 35

containers of the waste. For homogenous solids and soil/gravel that are relatively Soft, 36

*nonrotational coring tools may be used in lieu of a rotational coring tool. 37
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I To provide a basis for describing the requirements for core collection, diagrams of a rotational
2 coring tool (i.e., a light weight auger) and a nonrotational coring tool (i.e., a thin-walled sampler)
3 are provided in Figures C4-4 and C4-5, respectively. Each has been tested for its ability to
4 collect a vertical core of simulated solidified waste contained in 55-gal (208-L) drums and 1 -gal
5 (3.8-L) poly bottles (EG&G 1994). The nonrotational coring tool has demonstrated core
6 recoveries greater than 88 percent for soft simulated wastes. The rotational coring tool has
7 demonstrated core recoveries greater than 75 percent for soft simulated wastes and greater than
8 94 percent for hard simulated wastes.
9

10 The following requirements apply to the use of coring tools:
11

12 *Each coring tool must contain a removable tube (liner) that is constructed of fairly
13 rigid material unlikely to affect the composition and/or concentrations of target
14 analytes in the sample core. Materials that are acceptable for use for coring
15 device sleeves are polycarbonate, teflon, or glass for most samples, and stainless
16 steel or brass if samples are not to be analyzed for metals (Methods Manual
17 Procedure 120.1). Site QAPjPs must document that analytes of concern are not
18 likely to be present in liner material. Sites must document that the materials are
19 unlikely to affect sample results through the collection and analysis of equipment
20 prior to first use as specified in the 'Equipment Blanks' section of this appendix.
21 Liner outer diameter is recommended to be no more than 2 in. and no less than
22 one in. Liner wall thickness is recommended to be no greater than 1/16 in.
23 Before use, the liner must be cleaned in accordance the requirements in Section
24 C4-2b. The liner must fit flush with the inner wall of the coring tool and must be O
25 of sufficient length to hold a core that is representative of the waste along the
26 entire depth of the waste. The liner material must have sufficient transparency
27 to allow visual examination of the core after sampling. If sub-sampling is not
28 conducted immediately after core collection and liner extrusion, then end caps
29 constructed of material unlikely to affect the composition and/or concentrations of
30 target analytes in the core (e.g., Teflon®g) must be placed over the ends of the
31 liner. End caps must fit tightly to the ends of the liner.
32

33 *A spring retainer, similar to that illustrated in Figures C4-4 and C4-5, must be
34 used with each coring tool when the physical properties of the waste are such that

35 the waste may fall out of the coring tool's liner during sampling activities. The
36 spring retainer must be constructed of relatively inert material (e.g., stainless steel
37 or Teflon®D) and its inner diameter must not be less than the inner diameter of the
38 liner. Before use, spring retainers must be cleaned in accordance with the
39 requirements in Section C4-2b.
40

41 *Coring tools must have an air-lock mechanism that opens to allow air inside the
42 liners to escape as the tool is pressed into the waste (e.g., ball check valve). This
43 air-lock mechanism must also close when the core is removed from the waste
44 container.
45

46 *After disassembling the coring tool, a device (extruder) to forcefully extrude the
47 liner from the coring tool must be used if the liner does not slide freely. All
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surfaces of the extruder that may come into contact with the core must be 1
cleaned in accordance with the requirements in Section C4-2(b) prior to use. 2

" Coring tools must be of sufficient length to hold the liner and must be constructed 3

to allow placement of the liner leading edge as close as possible to the coring 4
tools leading edge.5

" All surfaces of the coring tool that have the potential to contact the sample core 6

must be cleaned in accordance with the requirements in Section C4-2(b) prior to 7

use. 8

" The leading edge of the coring tools must be sharpened and tapered to a 9
diameter equivalent to, or slightly smaller than, the inner diameter of the liner. io
Based on tests conducted with the coring tools described in the Methods Manual, 11
a diameter slightly smaller (e.g., 1/10 in.) has demonstrated a reduction in the 12

drag of the homogenous solids and soil/gravel against the internal surfaces of the 13

liner, thereby enhancing sample recovery. 14

*Rotational coring tools must have a mechanism to prevent the liner inside the 15

coring tool from rotating with the coring tool during coring activities, thereby 16
minimizing physical disturbance to the core. 17

*Rotational coring must be conducted in a manner that minimizes transfer of 18
frictional heat to the core, thereby minimizing potential loss of VOCs. 19

*Nonrotational coring tools must be designed such that the tool's kerf width is 20

minimized. Kerf width is defined as one-half of the difference between the outer 21

diameter of the tool and the inner diameter of the tool's inlet. 22

Sample Collection 23

Sampling must be conducted in accordance with the following requirements: 24

*Sampling must be conducted as soon as possible after core collection. If a 25

substantial delay (i.e., more than 60 minutes) is expected between core collection 26

and sampling, the core must remain in the liner and the liner must be capped at 27

each end. If the liner containing the core is not extruded from the coring tool and 28

capped, then two altemnatives are permissible: 1) the liner must be left in the 29

coring tool and the coring tool must be capped at each end, or 2) the coring tool 30

must remain in the waste container with the air-lock mechanism attached. 31

*Samples of homogenous solids and soil/gravel for VOC analyses must be 32

collected prior to extruding the core from the liner. The sampling location Must 33
be randomly selected along the long axis of the liner and access to the waste 34

must be gained by making a perpendicular cut through the liner and the core. 35

Sites must develop procedures to select, and document the selection, of random 36

sampling locations. True random sampling involves the proper use of random 37
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1 numbers for identifying sampling locations. A sampling device such as the metal
2 coring cylinder described in ASTM Designation: 4547-91 (ASTM 1991 a), or
3 modified disposable syringe described in Procedure 120.1 of the Methods Manual,
4 or equivalent, must be immediately used to collect a 15-gram sample once the

5 core has been exposed to air. Immediately after sample collection, the sample
6 must be extruded into a 40-mL Volatile Organics Analysis (VOA) vial, the top rim
7 of the vial visually inspected and wiped clean of any waste residue, and the vial
8 cap secured. Sample handling requirements are outlined in Table C4-4.
9 Additional guidance for this type of sampling can be found in Soil Sampling and

10 Analysis for Volatile Organic Compounds (EPA, 1991).
11

12 *Samples of the homogenous solids and soil/gravel for semi-volatile organic
13 compound, polychlorinated biphenyls, and metals analyses must be collected.
14 These samples may be collected from the same location and in the same manner
15 as the sample(s) collected for VOC analysis, or they may be collected by splitting
16 or compositing a representative subsection of the core. The representative
17 subsection is chosen by randomly selecting a location along the core. Sites must
18 develop procedures to select, and document the selection, of random sampling
19 locations. True random sampling involves the proper use of random numbers for
20 identifying sampling locations. Guidance for splitting and compositing solid
21 materials can be found in "Standard Practice for Reducing Field Samples of
22 Aggregate to Testing Size" (ASTM, 1987). All surfaces of the sampling tools that
23 have the potential to come into contact with the sample must be constructed of
24 materials unlikely to affect the composition or concentrations of target analytes in

25 the waste (e.g., Teln) apesizes and handling reurmnsare outlined
26 in Table 04-4.
27
28 C4-2b Quality Control
29

30 QC requirements for sampling of homogenous solids and soil/gravel include collection of
31 collocated cores to determine precision; equipment blanks to verify cleanliness of the coning tools
32 and sampling equipment; and analysis of reagent blanks to ensure reagents, such as deionized
33 or high pressure liquid chromatography (HPLC) water, are of sufficient quality. Coring and
34 sampling of homogenous solids and soil/gravel must comply, at minimum, with the following QC
35 requirements.
36

37 Co-located Cores
38

39 In accordance with the requirement to collect field duplicates required by Environmental
40 Protection Agency (EPA) methods found in SW-846, co-located cores must be collected to
41 determine the combined precision of the coring and sampling procedures. The co-located core
42 methodology is a duplicate sample collection methodology intended to collect samples from
43 approximately the same location within the drum. Cores must be collected side by side as close
44 as feasible to one another, handled in the same manner, visually inspected through the
45 transparent liner, and sampled in the same manner at the same randomly selected sample
46 location. If the visual examination detects inconsistencies such as color, texture, or waste type
47 in the waste at the sample location, another sampling location may be randomly selected, or the
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cores may be invalidated and co-located cores may again be collected. Co-located cores must
be collected at a frequency of one per sampling batch. A sampling batch is a suite Of 2

homogenous solids and soil/gravel samples collected consecutively using the same sampling 3

equipment within a specific time period. A sampling batch can be up to 20 samples (excluding 4

field QC samples), all of which muist be collected within 14 days of the first sample in the batch. 5

Because of the normally slow rate of core collection (1-2 cores per day), daily collection of field 6

QC samples would result in numerous QC samples being collected for each field sample. This 7

is inappropriate for sampling operations and is unnecessary for QC purposes. The collection Of 8

field QC samples on a "per sampling batch" basis provides adequate control for sampling 9
operations. 10

Equipment Blanks 11

In accordance with SW-846, equipment blanks must be collected from fully assembled coring 12

tools prior to first use at a frequency of one per equipment cleaning batch. An equipment 13

cleaning batch is the number of sampling equipment items cleaned together at one time using 14

the same cleaning method. The equipment blank must be collected from the fully assembled 15

coring tool, in the area where the coring tools are cleaned, prior to covering with protective 16

wrapping and storage. The equipment blank must be collected by pouring clean water (e.g., 17

deionized water, HPLC water) down the inside of the liners of the assembled coring tool. The 18

water must be collected in a clean sample container placed at the leading edge of the coring tool. 19

and analyzed for the analytes listed in Tables C8-4, C8-6, and C8-9 of Appendix C8. The results 20

* of the equipment blank will be considered acceptable if the analysis indicates no analyte at a 21

concentration greater than three times the MDLs listed in Tables C8-4 and C8-6 or in the 22

Program Required Detection Limits (PRDL) in Table C8-9 of Appendix C8. If analytes are 23

detected at concentrations greater than three times the MDLs, then the associated equipment 24

cleaning batch of coring tools must be cleaned again and another equipment blank collected. 25

Equipment blanks must be collected from liners that are cleaned separately from the coring tools. 26

These equipment blanks must be collected at a frequency of one per equipment cleaning batch. 27

The equipment blanks must be collected by randomly selecting a liner from the equipment 28

cleaning batch, pouring clean water (e.g., deionized water or HPLC water) across its internal 29

surface, collecting the water in a clean sample container, and analyzing the water for the 30

analytes listed in Tables C8-4, C8-6, and the PRDLs in C8-9 of Appendix C8. The results of the 31

equipment blank analysis will be considered acceptable if the results indicate no analyte at a 32

concentration greater than three times the MDLs listed in Tables C8-4, C8-6, or C8-9 Of 33

Appendix C8. If analytes are detected at concentrations greater than three times the MDLs (or 34

PRDLs for metals), then the associated equipment cleaning batch of liners must be cleaned 35

again and another equipment blank collected. 36

Sampling equipment (e.g., bowls, spoons, chisel, VOC sub-sampler) must also be cleaned. 37

Equipment blanks must be collected for the sampling equipment at a frequency of one per 38

equipment cleaning batch. After the sampling equipment has been cleaned, one item from the 39

equipment cleaning batch is randomly selected, water (e.g., deionized water, HPLC water) is 40

passed over its surface, collected in a clean container, and analyzed for the analytes listed in 41

* Tables C8-4, C8-6, and C8-9 of Appendix C8. The results of the equipment blank will be 42

considered acceptable if the results indicate no analyte present at a concentration greater than 43
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1 three times the MDLs listed in Tables C8-4 and C8-6 and in the PRDLs in C8-9 of Appendix C8.
2 If analytes are detected at concentrations greater than three times the MDLs (or PRDLs for
3 metals), then the associated equipment cleaning batch of sampling equipment must be cleaned
4 again and another equipment blank collected.
5

6 The results of equipment blanks must be traceable to the items in the equipment cleaning batch
7 that the equipment blank represents. It is recommended that the equipment blank results for the
8 coring tools, liners, and sampling equipment be reviewed prior to use. A sufficient quantity of
9 these items should be maintained in storage to prevent disruption of sampling operations.

10

11 A site may choose to discard liners and sampling tools after one use. In this instance, cleaning
12 and equipment blank collection is not required.
13
14 Coring Tool and Sampling Equipment Cleaning
15

16 Coring tools and sampling equipment must be cleaned in accordance with the following
17 requirements:
18

19 *All surfaces of coring tools and sampling equipment that will come into contact
20 with the core and the samples must be clean prior to use. All items of sampling
21 equipment must be cleaned in the same manner. Immediately following cleaning,
22 coring tools and sampling equipment must be assembled and sealed inside clean
23 protective wrapping.
24

25 *Each coring tool must have a unique identification number. Each number must
26 be referenced to the waste container on which it was used. This information must
27 be recorded in the field records. One coring tool from the equipment cleaning
28 batch must be tested for cleanliness in accordance with the requirements
29 specified above. The identification number of the coring tool from which the
30 equipment blank was collected must be recorded in the field records. The results
31 of the equipment blank analysis for the equipment cleaning batch in which each
32 coring tool was cleaned must be submitted to the sampling facility with the
33 identification numbers of all coring tools in the equipment cleaning batch.

35 *Sample containers must be cleaned in accordance with the Specifications and P1
36 Guidance for Obtaining Contaminant-Free Sample Containers (EPA, 1992).
37

38 C4-2c Equipment Testing. Inspection and Maintenance
39

40 Prior to initiation of coring activities, coring tools must be tested in accordance with manufacturer
41 specifications to ensure operation within the manufacturer's tolerance limits. Other specifications
42 specific to the sampling operations (e.g., operation of containment structure and safety systems)
43 should also be tested and verified as operating properly prior to initiating coring activities. Coring
44 tools must be assembled, including liners, and tested. Air-lock mechanisms and rotation
45 mechanisms must be inspected for free movement of critical parts. Coring tools found to be
46 malfunctioning must be repaired or replaced prior to use.
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Coring tools and sample collection equipment must be maintained in accordance with1
manufacturer's specifications. Clean coring tools and sampling equipment must be sealed inside 2

clean protective wrapping and maintained in a clean storage area prior to use. Sampling 3

equipment must be properly maintained to avoid contamination. A sufficient supply of spare 4

parts should be maintained to prevent delays in sampling activities due to equipment down time. 5
Records of equipment maintenance and repair must be maintained in the field records in 6

accordance with site SOPs. 7

Inspection of sampling equipment and work areas shall include the following: 8

Sample collection equipment in the immediate area of sample collection must be 9

inspected daily for cleanliness. Visible contamination on any equipment (e.g., 1o
waste on floor of sampling area, hydraulic fluid from hoses) that has the potential 11
to contaminate a waste core or waste sample m~dft be thoroughly cleaned upon 1 2

its discovery. 13

*The waste coring and sampling work areas must be maintained in clean condition 14

to minimize the potential for cross contamination between cores and samples. 15

*Expendable equipment (e.g., plastic sheeting, plastic gloves) must be visually 16

inspected for cleanliness prior to use and properly discarded after each sample. 17

*Prior to removal of the protective wrapping from a coring tool designated for use, 18

the condition of the protective wrapping must be visually assessed. Coring tools 19

with tom protective wrapping should be returned for cleaning. Coring tools visibly 20

contaminated after the protective wrapping has been removed must not be used 21

and must be returned for cleaning or properly discarded. 22

*Sampling equipment must be visually inspected prior to use. All sampling 23

equipment that comes into contact with waste samples must be stored in 24

protective wrapping until use. Prior to removal of the protective wrapping from 25

sampling equipment, the condition of the protective wrapping must be visually 26

assessed. Sampling equipment with torn protective wrapping should be discarded 27

or returned for cleaning. Sampling equipment visibly contaminated after the 28

protective wrapping has been removed must not be used and must be returned 29

for cleaning or properly discarded. 30

C4-2d Equipment Calibration and Frequency 31

The scale used for weighing sub-samples must be calibrated as necessary to maintain its 32

operation within manufacturer's specification, and after repairs and routine maintenance. 33

Weights used for calibration must be traceable to a nationally recognized standard. Calibration 34

records must be maintained in the field records. 35
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1 C4-3 Radiography
2

3 C4-3a Methods Requirements
4

5 Radiography has been developed by the Department of Energy (DOE) specifically to aid in the
6 examination and identification of containerized waste. There is no equivalent or associated
7 method found in EPA sampling and analysis guidance documents. All activities required to
8 achieve the radiography objectives must be described in site QAPjPs and SOPs.
9

10 A radiography system normally consists of an X-ray-producing device, an imaging system, an
11 enclosure for radiation protection, a waste container handling system, an audio/video recording
12 system, and an operator control and data acquisition station. Although these six components
13 are required, it is expected there will be some variation within a given component between sites.
14 The X-ray-producing device must have controls which allow the operator to vary the voltage,
15 thereby controlling image quality. It should be possible to vary the voltage, typically between 150
16 to 400 kilovolts (k), to provide an optimum degree of penetration through the waste. For
17 example, high-density material should be examined with the X-ray device set on the maximum
18 voltage. This ensures maximum penetration through the waste container. Low-density material
19 should be examined at lower voltage settings to improve contrast and image definition. The
20 imaging system typically utilizes a fluorescent screen and a low-light television camera.
21

22 To perform radiography, the waste container is scanned while the operator views the television
23 screen. An audio/videotape is made of the waste container scan and is maintained as a
24 permanent record. A radiography data form is also used to document the matrix parameter
25 category and estimated waste material parameter weights of the waste. The estimated waste
26 material parameter weights should be determined by compiling an inventory of waste items,
27 residual materials, and packaging materials. The items on this inventory should be sorted by
28 waste material parameter and combined with a standard weight look-up table to provide an
29 estimate of waste material parameter weights.
30 .

31 C4-3b Quality Control
32
33 The radiography system involves qualitative and semniquantitative evaluations of visual displays.
34 Operator training and experience are the most important considerations for assuring quality
35 controls in regard to the operation of the radiography system and for interpretation and
36 disposition of radiography results. Only trained personnel must be allowed to operate
37 radiography equipment.
38
39 Standardized training requirements for radiography operators must be based upon existing
40 industry standard training requirements and must comply with the training and qualification
41 requirements of NQA-1, Element 2, except for Supplement 2S-2 (ASME, 1994). Supplement
42 2S-2 is associated with radiography used in verifying safety-related parameters, such as welding,
43 where quantitative comparisons can be utilized. As such, it is not applicable to waste
44 management operations and not considered necessary or appropriate for training radiography
45 operators involved in TRU waste characterization activities.
46
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0Each site must develop a training program that provides radiography operators with both formal1
and on-the-job (OJT) training. Radiography operators must be instructed in the specific waste 2

generating practices, typical packaging configurations, and associated waste material parameters 3

expected to be found in each matrix parameter category at the site. The OJT and apprenticeship 4

must be conducted by an experienced, qualified radiography operator prior to qualification of the 5

training candidate. The training programs will be site-specific due to differences in equipment, 6

waste configurations, and the level of waste characterization efforts. For example, certain sites 7

use digital radiography equipment, which is more sensitive than real-time radiography equipment. 8

In addition, the particular physical forms and packaging configurations at each site will vary; 9
therefore, radiography operators must be trained on the types of waste that are generated, io
stored, and/or characterized at that particular site. I1I

Although .each site must develop its own training program, all of the radiography QC 12

requirements specified in this Waste Analysis Plan (WAP) and the Methods Manual must be 13

incorporated into the training programs and radiography operations. In this way data quality and 14

comparability will not be affected. 15

Radiography training programs will be the subject of the Generator/Storage Site Waste 16

Screening and Acceptance Audit Program (Appendix C1l1). 17

Although the site-specific training programs will vary to some degree, each program will contain 18

the following required elements based on NQA-1 requirements: 19

.Formal Training 20

-~ Project Requirements 21

*State and Federal Regulations 22

*Basic Principles of Radiography 23

*Radiographic Image Quality 24

*Radiographic Scanning Techniques 25

* Application Techniques 26
* Radiography of Waste Forms 27
" Standards, Codes, and Procedures for Radiography 28
" Site-Specific Instruction 29

On-the-Job Traininq 30

*System Operation 31

*Identification of Packaging Configurations 32

*Identification of Waste Material Parameters 33

*Weight and Volume Estimation 34

*Identification of Prohibited Items 35

A radiography test drum will include items common to the waste streams to be generated/stored 36

at the generator/storage site. The test drums must be divided into layers with varying packing 37

densities or different drums may be used to represent different situations that may occur during 38
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1 radiography examination at the site. The following is a list of required elements of a radiography
2 test drum:
3

4 *Aerosol can with puncture
5 *Horsetail bag
6 *Pair of coveralls
7 *Empty bottle
8 *Irregular shaped pieces of wood
9 *Empty one gallon paint can

10 *Full container
11 *Aerosol can with fluid
12 *One gallon bottle with three tablespoons of fluid
13 *One gallon bottle with one cup of fluid (upside down)
14 *Leaded glove or leaded apron
15 *Wrench

16

17 These items must be successfully identified by the operator as part of the qualification process.
18 Qualification of radiography operators must, at a minimum, encompass the following
19 requirements:
20

21 *Successfully pass a comprehensive exam based upon training enabling
22 objectives. This exam will be reviewed as part of the Generator/Storage Site
23 Waste Screening and Acceptance Audit Program (Appendix CII1)
24

25 . *Perform practical capability demonstration in the presence of appointed site
26 radiography subject matter expert. This person is an experienced radiography
27 operator who is qualified as an OJT trainer.
28

29 Requalification of operators must be based upon evidence of continued satisfactory performance
30 (primarily audio/videotape reviews) and must be done at least every two years. Unsatisfactory
31 performance will result in disqualification. Unsatisfactory performance is defined as the
32 misidentification of a prohibited item in a training drum or a score of less than 80% on the
33 comprehensive exam. Retraining and demonstration of satisfactory performance are required
34 before an operator is again allowed to operate the radiography system.
35

36 A training drum with various container sizes must be periodically scanned by each operator. The
37 videotape must then be reviewed by a supervisor to ensure that operators' interpretations remain
38 consistent and accurate. Imaging system characteristics must be verified on a routine basis.
39

40 Independent replicate scans and replicate observations of the video output of the radiography
41 process must be performed under uniform conditions and procedures. Independent replicate
42 scans must be performed on one waste container per day or once per testing batch, whichever
43 is less frequent. Independent observations of one scan (not the replicate scan) must also be
44 made once per day or once per testing batch, whichever is less frequent, by a qualified
45 radiography operator other than the individual who performed the first examination. A testing
46 batch is a suite of waste containers undergoing radiography using the same testing equipment.
47 A testing batch can be up to 20 waste containers without regard to waste matrix.
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* Oversight functions include periodic audio/video tape reviews of accepted waste containers and i
must be performed by qualified radiography personnel other than the operator who dispositioned 2

the waste container. The results of this verification must be available to the radiography 3

operator. The site project QA officer shall be responsible for monitoring the quality of the 4

radiography data and calling for corrective action, when necessary.5

Visual Examination 6

As an additional QC check, the radiography results must be verified directly by visual 7

examination of the waste container contents. Visual examination must be performed on a 8
statistically determined portion of waste containers to verify the results of radiography. This 9
verification must include the matrix parameter category and waste material parameter weights. io
The verification must be performed through a comparison of radiography and visual examination I11
results. The results of the visual examination must be transmitted to the radiography facility. 12

The visual examination must consist of a semi-quantitative and/or qualitative evaluation of the 13

waste container contents, and must be recorded on audio/videotape. The visual examination 14

program has been developed -by the DOE to provide an acceptable level of confidence in 15
radiography. There is no equivalent method found in EPA sampling and analysis guidance 16

documents. A detailed procedure that meets the requirements of this method can be found in 17

the Methods Manual. 18

*Standardized training for visual inspection must be developed to include both formal classroom 19
and OJT. Visual inspectors must be instructed in the specific waste generating processes, 20

typical packaging configurations, and expected waste material parameters expected to be found 21

in each matrix parameter category at the site. The OJT and apprenticeship must be conducted 22

by an operator experienced and qualified in visual examination prior to qualification of the 23

candidate. The training must be site specific to include the various waste configurations 24

generated/stored at the site. For example, the particular physical forms and packaging 25

configurations at each site will vary so operators must be trained on types of waste that are 26

generated, stored, and/or characterized at that particular site. Visual examination personnel 27

must be requalified once every two years. 28

Although site-specific training programs will vary to some degree, each program will contain the 29

following required elements based on NQA-1 requirements: 30

Formal Training 31

*Project Requirements 32

*State and Federal Regulations 33

*Application Techniques 34

*Site-Specific Instruction 35

On-the-Job Training 36

*Identification of Packaging Configurations 37

*Identification of Waste Material Parameters 38
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1 Weight and Volume Estimation
2 * Identification of Prohibited Items
3

4 Each visual examination facility must designate a visual examination expert. The visual
5 examination expert must be familiar with the waste generating processes that have taken place
6 at that site and also be familiar with all of the types of waste being characterized at that site.
7 The visual examination expert shall be responsible for the overall direction and implementation
8 of the visual examination at that facility. Site QAPjPs must specify the selection, qualification,
9 and training requirements of the visual examination expert.

10

11 Figure C4-6 illustrates the overall programmatic approach to the visual examination of waste.
12 If the waste is homogeneous, the expert may decide that a limited visual examination involving
13 a confirmation of the radiography data is appropriate. If the waste is heterogeneous, the expert
14 may decide a full visual examination by opening bags and segregating waste is warranted.
15 Various degrees of segregation are possible based on the expert's judgment and availability of
16 acceptable knowledge data. Site QAPjPs must specify decision-making criteria for the visual
17 examination expert. In all cases, SOPs must be developed to support the visual examination
18 process, and the basis for the expert's decisions must be documented.
19

20 A description of the waste container contents must be recorded on a data form as implemented
21 in the site QAPjP. The description can be brief, but it must clearly identify the appropriate waste
22 matrix parameters and provide enough information to estimate weights of waste material
?3 parameters. In cases where bags are not opened, a brief written description of the contents of
24 the bags must contain an estimate of the amount of each waste type in the bags. The written W
25 records of visual examination must be supplemented with the audio/video recording.
26
27 C4-4 Sample Custody of Samples
28

29 Chain-of-Custody on field samples (including field QC samples) will be initiated immediately after
30 sample collection or preparation. Sample custody will be maintained until the associated
31 analyses are completed and the data have been validated at the project level. Sample custody
32 will be maintained until the sample is expended or until the sample is removed from the sample
33 analysis program. Site QAPjPs will include a copy of the sample chain-of-custody form; this form
34 will include provisions for each of the following:
35

36 *Signature of individual initiating custody control, along with the date and time
37
38 * Documentation of sample numbers for each sample under custody
39

40 * Signatures of custodians relinquishing and receiving custody, along with date and
41 time of the transfer
42

43 0 Description of final waste container disposition, along with signature of individual
44 removing waste container from custody

45
46 0 Comment section
47
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.C4-5 Sample Packing and Shipping1

In the event that the analytical facilities are not at the generator site, the samples must be 2

packaged and shipped to an off-site laboratory. Sample containers must be packed to prevent 3

any damage to the sampling container and maintain the preservation temperature, if necessary. 4

Department of Transportation (DOT) regulations must be adhered to for shipment of the 5

package. 6

When preparing SUMMAO canisters for shipment, special care must be taken with the pressure 7

gauge and the associated connections. Metal boxes which have separate compartments, or 8
cardboard boxes with foam inserts are standard shipping containers. The chosen shipping 9
container may be required to meet selected DOT regulations. If temperatures must be lo
maintained, cold packs can be added to the package. 11

Glass jars are wrapped in bubble wrap or another type of protection. The wrapped jar should 12

be placed in a plastic bag inside of the shipping container, so that if the jar breaks, the inside 13

of the shipping container and the other samples will not be contaminated. The plastic bag will 14

enable the receiving analytical lab to prevent contamination of their shipping and receiving area. 15

Plastic jars do not present a problem for shipping purposes. A DOT approved cooler, or similar 16
package may be used as the shipping container. If temperatures must be maintained, cold 17

packs can be added to the package. If a fill material is needed, compatibility between the 18
samples and the fill should be considered. 19

* Sample containers should be affixed with a tamper-proof seal so that it is apparent if the sample 20

integrity has been compromised. A seal should also be placed on the outside of the shipping 21

container for the same reason. Sample custody documentation must be placed inside of the 22

shipping container, with the current custodian signing to release custody. The shipping 23

documentation will serve as proof of custody during shipment, so the transporter does not need 24

/to sign the chain-of-custody documentation. 25

A Uniform Hazardous Waste Manifest is not required, since samples are exempted from the 26

definition of hazardous waste. All other shipping documentation (i.e., bill of lading, site-specific 27

shipping documentation) is required. 28
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TABLE C4-1 1

GAS SAMPLE CONTAINERS AND HOLDING TIMES 2

Minimum
Drum

Headspace Field Laboratory
Sample Holding Holding Shipping Holding

Parameter Container Volumea Temperatures Time b Allowance Timec 3

Vocs SUMMA® 250 ml 0-40 0C 4 days 2 days 28 days 4

CanisterIII

a Alternatively, if available headspace is limited, a single 100 ml sample may be collected for5

determination of VOCs. 6
b From the time of headspace sample collection to shipment. 7
cProgrammatic-based maximum holding time. Holding time begins at VTSR. 8
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TABLE C4-2

SUMMARY OF DRUM FIELD QC HEADSPACE SAMPLE FREQUENCIES

I QC Samples Manifold Direct Canister I On-Line Systems]i

Field blanks' 1 per sampling batch d 1 per sampling 1 per on-line batchf
batch d

Equipment blankSb 1 per sampling batch d once e 1 per on-line batch'

Field reference 1 per sampling batch d once e 1 per on-line batchf
standardsc-

Field duplicates 1 per sampling batch d 1 per sampling 1 per on-line batchf
batch d

aAnalysis of field blanks for VOCs (Table C8-2 of Appendix C8), only, is required. For on-line

integrated sampling/analysis systems, if field blank results meet the acceptance criterion, a
separate on-line blank is not required.

bOne equipment blank or on-line sample must be collected, analyzed for VOCs (Table C8-2),

* and demonstrated clean prior to first use of the headspace gas sampling equipment with
each of the sampling heads, then at the specified frequency, for VOCs only thereafter. Daily,
prior to work, the sampling manifold, if in use, must be verified clean using an OVA.

cOne field reference standard or on-line control sample must be collected, analyzed, and

demonstrated to meet the QAOs specified in Appendix C8 prior to first use, then at the
specified frequency thereafter.

dA sampling batch is a suite of samples collected consecutively using the same sampling

equipment within a specific time period. A sampling batch can be up to 20 samples
(excluding field QC samples), all of which must be collected within 14 days of the first sample
in the batch.

e One equipment blank and field reference standard must be collected after equipment

purchase, cleaning, and assembly.

'An on-line batch is the number of samples collected and analyzed within a 12-hour period
using the same on-line integrated sampling/analysis system.
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TABLE C4-3

SUMMARY OF SAMPLING QUALITY CONTROL
SAMPLE ACCEPTANCE CRITERIA

Acceptance Corrective

QC Sample Criteria Actijon'

Field blanks VOC amounts < 3 x MDLs in Nonconformance if any
Table C8-2 of Appendix C8 for VOC amount > 3 x MDLs in
GC/MS and GCIFID; < PRQLs in Table C8-2 of Appendix C8
Table C8-2 for FTIRS for GCIMS and GO/FID;

> PRQLs in Table C8-2 for
FTIRS

Equipment blanks VOC amounts < 3 x MDLs in Nonconformance if any
Table C8-2 of Appendix C8 for analyte amount > 3 x MDLs
GC/MS and GC/FlD; < PRQLs in in Table C8-2 of
Table C8-2 for FTIRS Appendix C8 for GCIMS

and GC/FID;
> PRQLs in Table C8-2 for
FTIRS

Field reference 70 -130 %R Nonconformance if %R <

standards or on-line 70 or > 130
control sample_____________

Field duplicates or on- RPD :!r 25 Nonconformance if RPD >
line duplicate 25

aCorrective action is only required if the final reported QC sample results do not meet the

acceptance criteria.
MDL = Method detection limit
%R = Percent recovery
RPD = Relative percent difference
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TABLE C4-4 1

SAMPLE HANDLING REQUIREMENTS FOR HOMOGENEOUS 2

SOLIDS AND SOIU/GRAVEL 3

Parameter Suggested Required Suggested Maximum Holding 4

Quantitya Preservative Container Time'

VOCs 15 grams Cool to 40C Glass Vialc 14 Days Prep/ 40 5
Days Analyze d

SVOCs 50 grams Cool to 40C Glass Jar2  14 Days Prep/ 40 6
Days Analyze d

Polychlorinated 50 grams Cool to 4'C Glass Jare 14 Days Prep! 40 7

Biphenyls (PCBs) Days Analyze d 8

Metals 10 grams Cool to 40C Plastic Jarg 180 Daysh 9

aQuantity may be increased or decreased according to the requirements of the analytical laboratory, as 10

long -as-the QAOs are met. 11
b Holding time begins at sample collection (holding times are consistent with SW-846 requirements). 12

CVOA vial, must have septum cap. 13
d d40..day holding time allowable only for methanol extract - 14-day holding time for non-extracted VOCs. 14

eOpaque glass container, must have Teflon@ lined cap (example, amber jar). 15

'Analysis for PCBs is required only for waste streams in matrix parameter category S3220 (organics 16
sludges). 17

gPolyethylene or polypropylene preferred, glass jar is allowable. 18
h Holding time for mercury analysis is 28 days. 19

C4-29 04/02/96 5:56pm





@1 FIGURES





SAMPLE SIDE STANDARD SIDE

SAMPLING HEAD

FLEXIBLE

COMPRESSED
GAS

CYLINDERS

HUMIDIFIER

MANIFOLD
PRESSUREPURGE
SENSORASSEMBLY

VA FLOW
INDICATING

DEVICE

EXHAUST

* Figure 04-1
Headspace Sampling Manifold

C4-31
RCRAC4- 1



WIPP RCRA Part B Permit Applcation
DOEIWPP 91-005
Revision 6

Pvu=wVa=A= Gauge (ievw)

a-R

SLA Paminind

100 M11111inr So** S"sa
SAIMPA Ps"M~ COMMn

FIGURE C4-2
SUMMAO Canister Components Configuration

(Not to Scale)
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FIGURE C4-3
Schematic Diagram of Direct Canister with the Poly Bag Sampling Head
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is APPENDIX C5
APPLICABILITY OF REAL-TIME RADIOGR APHY (RTR)

Summary Category I_________[ Group Waste Category Applicable RTR Codes' Waste Description

Homogeneous Solids Cation and Anion A, B, E, G Anion and cation exchange resins

S3000 Exchange Resin washed with hot HNO, and water then
mixed with water and portland cement
to form solid mass. Resins are a
polystyrene and divinylbenzene
copolymer.

Homogeneous Solids Inorganic Waste A, B, E, G, H Solidified aqueous waste generated by

S3000 Water Treatment vacuum filtration of precipitated solids
Sludge from pretreated aqueous slurry. Filter

medium is diatomaceous earth. Wet
sludge is solidified with portland
cement.

.Wet sludge from chemical treatment
and mixed with absorbents (i.e.,
portland cement and Oil-Dni* to absorb
free liquid).

. Sludges removed from tanks that
collected liquid effluent from floor
drains; sludge consists of dirt, sand,
gravel, floor sweepings, and similar
materials; sludges mixed with portland
cement.

. Sludges removed from tanks that
collected liquid effluent from the
laundry; sludge consists of lint, spent
detergent, and dirt mixed with portland
cement.

. Cemented inorganic process solids;
waste is filter sludge, grit, and firebrick
fines, solidified in portland cement.

* Cemented or solidified process solids
(i.e., grit, firebrick fines, filter sludges,
and resins).

Homogeneous Solids Organic Liquid A, B, E, G * Waste organic liquid (oil and/or

S3000 and Sludge solvents) mixed with gypsum cement
(Envirostone'); oils are machining oil
and lathe coolant.

. Waste organic liquid (oil and/or
solvents) mixed with gypsum cement
(Envirostone); oils are machining oil
and lathe coolant.

Refer to footnotes at end of table.
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APPENDIX CS (CONTINUED)
APPLICABILITY OF RTRa

[ Group Waste Category Applicable RTR Codesb Waste Description

Homogeneous Solids Pyrochemnical A, B, E, G *Spent chloride salt (combinations of
S3000 Satcesium, calcium, magnesium,

potassium, and NaCI) from
_________________ pyrochemical operations.

A, B, E, F Fused halide salt mixtures of NaCI, KCI,
and/or CaC 2; some salts also contain

______________MgCI 2, CaF,, CaO.

Homogeneous Solids Solidified Liquid A, B, E, G Aqueous laboratory wastes that are not
83000 compatible with primary aqueous

treatment system; waste contains
organic acids. Wastes are pH adjusted
and solidified by mixing with portland
and magnesia cement.

A, B3, E, G, H Waste consists of solidified organics
that contain plutonium complexing
chemicals (i.e., alcohols, organic acids,
and chelating agents (EDIA). Liquids
mixed with portland cement and
magnesia cement.

Solids/Gravel Soils/Gravel A, B, C, E, G *Soil and gravel waste that comprises
S4000 more than 50% of the waste volume.

Debris Waste Benelex* and A, B, E, G Organic solid waste that is
S5000 Plexiglas- noncombustible. Benelex/Plexiglas-

neutron shielding, black top, concrete,
dirt, and sand.

Benelexo and Plexiglas- glovebox
windows. Benelex (dense laminated,
lignocellulose hardboard made from
wood chips and particles). Benelexe
usually coated with fire retardant paint
sometimes had lead sheeting attached
to it. Also, leaded glass may be
present.

Debris Waste Combustibles A, B, C, D *Solid combustible waste, including
S5000 paper, rags, cloth, coveralls, plastic,

rubber, wood, and other similar
material.

Refer to footnotes at end of table.
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APPENDIX C5 (CONTINUED)
APPLICABILITY OF RTRS

Group Waste Category Applicable RTR CodeSb Waste Description

Debris Waste Combustibles A, 13, C, E, F Combustible solids (dry, damp, or
S5000 moist), including paper, rags, plastic,

surgeon's gloves, coveralls and booties,
cardboard, wood, plywood sheeting,
filter frames, ladders, bottles, laundry
lint, Kimwipes, canvas, sample vials,
respirator face masks, etc.; some waste
coated with paint and some contain
trace levels of HNO,

Debris Waste Combustibles A, B, C, E, F Combustible and noncombustible
S5000 and solids, i.e., dissolved lab samples,

Noncombustibles absorbed in Oil-Dnio, uranium pellets,
plutonium sources, glassware, gloves,
Kimnwipes, and used equipment.

Piping, flanges, valves, tools,
glasswares, filters, polyethylene bottles,
glovebox gloves, paper, and plastics.

Debris Waste Filters A, B, C, D Frames of filters made of wood or
S5000 metal and medium is fiberglass or

OR Nomexe-type material. Fulfio filter
A, B, E,G cartridges consist of polypropylene

plastic. Some filter wastes are
processed by the addition of portland
cement.

A, B, C, D Absolute filters, high-efficiency
particulate air (HEPA) filters, chemical
warfare service (CWS) filters, fiberglass
and asbestos filter media, asbestos
pipe insulation, and asbestos gloves
and fire blankets. Filter frames are
wood, particle board, or aluminum; filter
media either fiberglass or asbestos.

Debris Waste Firebrick and A, 13, E, G Firebrick, clay absorbent (QiI-Dn' , and
S5000 Ceramic insulation.

Crucibles
*Leco crucible waste: silicate-based

ceramic crucibles and caps. Some
contain an accelerator (Fe, Sn, Cu, TI,
stainless steel).

*Firebrick wastes consisting of whole or
broken pieces of construction bricks,
cinderblocks, and incinerator firebrick.
Firebrick (high-aluminum/high-strength)
composition: Al103, CaO, Fe2O3, Mg0,

________________ ______________________________ i0, TiO2, and alkalies.

Refer to footnotes at end of table.
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APPENDIX C5 (CONTINUED)
APPLICABILITY OF RTR'

Summary Category 1 Ctgr plcbeRRCds at ecito
Group Waste Ctgr plcbeRRCd ~ at ecito

Debris Waste Glass A, B, C, E, F Glass and ceramic waste including

S5000 leached Raschig rings, ceramic
crucibles, glovebox windows,' lab
glassware, process equipment, and
empty containers.

Debris Waste Glass A, B, C, E, F .Unleached glass neutron-absorbing
S5000 (Oil Residue) Raschig rings.

Debris Waste Graphite A, B, C, E, F .Broken graphite molds and graphite
S5000 furnace equipment or graphite chunks

and pieces from mold cleaning and
declassification. Also discarded lab
equipment.

Debris Waste Leaded Rubber A, B, C, E, F *Leaded gloves and aprons comprised
S5000 of layers of Hypalon* rubber and PbO-

impregnated neoprene. Limited
amounts of unleaded gloves, lead
bricks, and lead sheeting may be
included.

Debris Waste Metal A, B, C, E, F *Nonpyrophoric waste metals (iron,

S5000 copper, aluminum, stainless steel,
tungsten, lead, and tantalum).

. Beryllium chips.

. Billets of Zn-Mg alloy.

. Noncompressible and noncombustible
items (i.e., filters, metal equipment,
furnace brick, metal crucibles, and

funnels). Metals are tantalum,
tungsten, platinum, and lead.

. Metals from small hand tools, valves,
trays, clamps, pipes, gloveboxes,
furnaces, tanks, respirator filters,
control panels, etc.

aRemote..handled (RH) transuranic (TRU) waste characterization data requirements will provide the same types of information

to the extent that this is consistent with RH TRU waste forms.
b Realime Radiography (RTR) codes:

A Verification of compliance with packaging requirements.

B Verification of physical waste form identification.

C Verification of Waste Matrix Code.

Refer to footnotes at end of table.
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* APPENDIX C5 (CONTINUED)
APPLICABILITY OF RTRa

D Verification of absence of noncompliant items, including free liquids and compressed gases throughout the volume of
the container.

E Verification of absence of free liquids around the perimeter of the container (between drum/liner, liner/poly bag, and
poly bag/waste).

F Verification of absence of noncompliant items, including free liquids and compressed gases throughout the volume of

the container, conditional on the physical geometry of the waste and the resulting package density (variable void
volume).

G Density of the waste may negate RTR examination of the entire container.

H Process knowledge is well defined and precludes introduction of extraneous materials, such as pressure vessels.

NO TE. The use of trade names or brand names in this table does not constitute endorsement by the DOE or its contractors.
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APPENDIX C6

STATISTICAL METHODS USED IN SAMPLING AND ANALYSIS

06-1 Approach for Statistically Selecting Waste Containers for Visual Inspection

As a Quality Control check on radiography, a statistically selected portion of the certified waste
containers must be opened and visually examined. The data from visual examination must be
used to verify the matrix parameter category and waste material parameter weights as
determined by radiography.

The data obtained from the visual examination must also be used to determine, with acceptable
confidence, the percentage of miscertified waste containers. Miscertified containers are those
that radiography indicates meet the Waste Isolation Pilot Plant Waste Acceptance Criteria and
Transuranic Package Transporter-Il Authorized Methods for Payload Control but visual
examination indicates do not meet these criteria.

Experience at the Idaho National Engineering Laboratory indicates that two-percent of the
-radiography-certified waste containers have been miscertified when compared to the results of

visual examination (EG&G 1994). Participating sites must use this historical miscertification rate
* to calculate the number of waste containers that must be visually examined. The miscertification

rate must be determined each year based on results of certification activities over a minimum
of 12 months. Table 06-1 provides the number of waste containers that must be visually
examined for several miscertification rates and waste container population sizes.

Table C6-1 has been developed with the use of an EG&G Idaho, Inc. engineering design file
(EG&G 1994). The number of waste containers requiring visual examination will ensure the
program is 80-percent confident that if the true miscertification rate is the same as the percent
column heading of Table C6-1, and if the indicated number of waste containers is examined, the
Upper Confidence Level of 90 percent (UCL 90) of the miscertification percentage will be less than
14 percent (i.e., there is only a 10-percent chance that the miscertification rate is greater than
14 percent). If the number of containers listed in Table C6-1 are visually examined, it is simply
guaranteed that the UCL90 of the miscertification percentage will be less than 14 percent;
14 percent is a worst case. In actuality, when UCL 90s have been calculated from sample data,
most of them will be much smaller than 14 percent.

For the hypergeometric approach to determining the number of containers to be visually
examined, the acceptable level of uncertainty is the estimate of the proportion miscertified (along
with the information on the previous percentage miscertified) determines the number of
containers that must be examined. The rationale and details of this methodology are discussed
below.
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In a population of size N, there are M miscertified containers, so the true proportion of the
miscertified containers in the population is M/N = ptrue Since ptrue (or M) is not known, we wish
to estimate it by randomly sampling some of the containers. If in a sample of n containers, x are
found to be miscertified, the sample estimate (0) of the true population proportion Ptrue is:

(C6-1)

This value is only an estimate, and as such has some uncertainty associated with it. This
uncertainty is quantified by calculating the upper one-sided (1 -a) percent confidence limit for p,
defined as PUCL- This confidence limit gives the largest value the true proportion could take on
and still have a "reasonable" chance (e.g., an a = 0.10 probability) of producing x miscertified
containers in a sample of n out of N. This upper confidence limit'is calculated as:

MUCL
PucL =N (C6-2)

where MUCL is the largest value of M such that the probability of observing x or fewer miscertified
containers in a sample of size n is less than or equal to a. That is, it is the largest value of M
such that the following inequality is true:

I___kA_____, 
(C6-3)

k=0 N~

where each term in parentheses has the usual combinatorial interpretation. For example:

(M' M.
kk) /0(M -A-)! (C6-4)

Each term in the sum in Equation C6-3 is the hypogeometric probability of observing k
miscertified containers in a sample size n from a population of size N in which there are M
miscertified containers (and hence the population proportion of miscertified containers is p =M/N).
The value MUCL is obtained by substituting different values for M into Equation C6-3 until the
largest value satisfying the inequality is found.
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Note that in Equation C6-3, the upper confidence limit is dependent on x, the number of
misce rtifi cations observed in the sample, as well as on n, the sample size. So, to obtain the
required sample size, the values of x that are likely to be seen also need to be considered.
Sample size is thus determined by setting a desired upper confidence limit value and then
manipulating x and n in Equation C6-3.

06-2 Approach for Statistically Selecting Waste Containers for Totals Analysis

The statistical approach for characterizing retrievably stored homogeneous solids and soil/gravel
waste using sampling and analysis relies on acceptable knowledge to segregate waste
containers into relatively homogeneous waste streams. In this way it is reasonable to classify
as hazardous or nonhazardous the entire waste stream rather than individual waste containers.
Individual waste containers serve as convenient units for characterizing the combined mass of
waste from the waste stream of interest. Once segregated by waste stream, random selection
and sampling of the waste containers followed by analysis of the waste samples must be

:performed to ensure that the resulting mean contaminant concentration provides an unbiased
K'representation of the true mean contaminant concentration for each waste stream. The site

project manager shall verify that the samples collected from within a waste stream were selected
randomly.

* The end use of analytical results for retrievably stored homogeneous solids and soil/gravel is for
determining the Environmental Protection Agency hazardous waste D-codes that apply to each
waste stream. The D-codes are indicators that the waste exhibits the toxicity characteristic for
specific contaminants under the Resource Conservation and Recovery Act (RCRA). The RCRA-
toxicity determination is made on the basis of sampling and analysis of waste streams and on
whether or not the waste stream carries F-codes. If a waste stream camres one or more RORA
F-codes, toxicity characteristic contaminants associated with the F-codes are not included in the
RCRA-toxicity characteristic determination. That is, the F-codes take precedence over RCRA-
toxicity D-code. Therefore, toxicity characteristics contaminants associated with F-codes(s) for
a waste stream must be omitted from all calculations for determining the number of containers
to sample. In addition, each toxicity characteristic contaminant associated with the F-code(s)
must be excluded from evaluation of analytical results to determine D-codes. Contaminants of
interest for the sampling, analysis, and RCRA-toxicity determination of a waste stream, then,
excludes contaminants associated with F-codes that have been assigned to the waste stream.

The sampling and analysis strategy is illustrated in Figure 06-1. Preliminary estimates of the
mean concentration and variance of each RCRA regulated contaminant in the waste will be used
to determine the number of waste containers to select for sampling and analysis. The
preliminary estimates will be made by obtaining a preliminary sample from the waste stream or
from previous sampling from the waste stream. The applicability of the preliminary estimates to
the waste stream to be sampled must be justified and documented. The estimates will be
determined in accordance with the following equations:
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n (C6-5)

2 n

n-1 j_ (C6-6)

where R is the calculated mean and S2 is the calculated concentration variance, n is the number
of samples analyzed, xiis the concentration determined in the ith sample, and I is an index from
1 to n.

The ratio of the standard deviation, s, to the mean is called the coefficient of variation (CV);
preliminary estimates for CV must be calculated for all contaminants of interest which are
described above. The highest CV will be used in determining the number of samples to collect
and analyze. Analysis results will then be summarized on a contaminant-specific basis. The
calculations for the number of samples to collect and calculations for analysis summaries are
described in subsequent paragraphs.

The preliminary estimated concentration mean and associated variance for the contamination
with the highest CV among all contaminants of interest must then be used to calculate the
number of samples required, n, in accordance with the procedure described in Cochran (1977).
As a first approximation, take

-' 
(C6-7)

where S2 and R are the preliminary estimates for the variance and the mean, and

where ton- is the 90th percentile for a t distribution with no-11 degrees of freedom. The
parameter r is taken as 1.0, which represents a relative error of 100 percent. This choice of r
is made in order to obtain the Type I and Type II error rates. This reduces Equation C6-7 to

no (C6-9)
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Because tano1 is dependent on no, the calculation procedure is iterative. If the ratio of no to the
number of containers in the waste stream, N, is appreciable, the number of samples required
may be reduced to

n no

+ no (C6-1 0)

N

The effect of the ratio no/N on n in Equation 06-1 0 depends on no. Equation C6-1 0 should be
used for cases where it results in a different number of samples from no. All calculations should
be rounded up to the nearest integer. A minimum of five containers must be sampled and
analyzed in e 'ach waste stream. If there are fewer than the minimum or required number of
containers in a waste stream, one or more containers must be sampled more than once to obtain
the samples of the waste. Otherwise any one container may be selected for sampling only once.

The calculated number of required waste containers will then be randomly sampled and
analyzed. If waste container samples for the preliminary mean and variance estimates were
randomly collected from the same waste stream lot being examined and were collected and

* analyzed in the manner required for characterization samples, then these samples may be
counted toward meeting the required number. The number of waste containers that must be
sampled is dependent on defined levels of acceptable error for the hazardous versus
nonhazardous determination, as described below.

C6-3 Upper Confidence Limit

Upon completion of the required sampling, final mean and variance estimates and the UCL 90 for
the *mean concentration for each contaminant must be determined. The UCL 90 for the mean
concentration of each contaminant will be calculated in accordance with the following equation:

- t. nS

UCL90 = x+ (06-11)*
-n (611

The observed sample CV must be checked against the preliminary estimate for CV used in
determining the number of samples to be collected before proceeding. If the observed sample
CV is greater than the preliminary estimate for CV, the required number of samples must be
recomputed using the observed CV. If the observed sample CV estimate results in greater than
20 percent more required samples, then additional sampling and analysis must occur. Once
sufficient sampling and analysis has occurred, the determination of whether the waste stream
is RCRA-hazardous or nonhazardous will proceed. The determination will be made with 90
percent confidence. If the UCL-90for the mean concentration is less than the regulatory threshold
limit, the waste stream will be classified as nonhazardous for this contaminant. If the UCL90 is
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greater than or equal to the regulatory threshold limit, the waste stream will be classified as
hazardous for this contaminant.

C6-4 Justification for Use of the 90 Percent Confidence Limit for RCRA Characterization of
Transuranic Waste

A 90 percent confidence limit was determined to be adequate and appropriate for the following
reasons:

The hazardous waste determination is made based on "Total Analysis" of waste
as opposed to the Toxicity Characteristic Leaching Procedure. This approach
uses the regulatory limits that incorporate assumptions that samples are 100
percent solid (i.e., no moisture content) and contaminants are 100 percent soluble
in the extraction fluid. "Total Analysis" also uses a more aggressive extraction
procedure (i.e., stronger acids) which more completely solubilize contaminants.
This is an inherently conservative approach and waste analyzed by "Total
Analysis" methods.

Regardless of the hazardous or non-hazardous determination associated with any
particular waste stream or individual waste container, all contact-handled waste
will be handled in the same manner during transportation to and emplacement at
the WIPP. All waste will be handled, stored, and disposed in a way that meets
the requirements for hazardous waste.

Waste will not be segregated on the basis of a RCRA hazardous determination
for the purpose of handling or disposal, so safety related issues are not a concern
for "mis-designated" waste. Emergency response personnel will be adequately
equipped to mitigate health and safety concerns associated with hazardous waste.

Simulated hazardous waste determinations using both the 90 percent and 95 percent confidence
limits indicate an approximate 60 percent increase in sampling and analysis costs to achieve a

95-percent confidence limit. The Department of Energy considered the consequence of
increasing the confidence level from 90 to 95 percent for determining whether or not waste

streams exhibit the toxicity characteristic. Calculations show that the number of containers to

sample increases from 57 to 70 percent with the increase in confidence.

Calculations used Equation C6-9, which pertains to sampling of retrievably stored homogeneous
solids and soil/gravel waste. The factor that changes with confidence level is t2 1 which also
changes with the calculated number of containers to sample (n). Therefore, this factor is used
to calculate the percent increase in n, for different possible values of n. The finite population
factor (Equation C6-10) is not used in these calculations; however, it is not expected to
significantly affect the results.
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The results are given in Table C6-2. For the values of n between 5 and 500 at 90 percent
confidence, increases the range from 57 to 70 percent. The values of n for both 90 and 95
percent confidence are given in the table so the number of containers required to be sampled
can be directly compared. Because of the formulation for calculating the required number of
containers to sample, the tabled values do not depend on the number of containers in the waste
stream. The number of containers to sample reflects variabilities of constituent concentrations
observed in the waste stream; in particular, it reflects the maximum ratio of standard deviation
to mean concentration, which is the maximum coefficient of variation. For example, for a waste
stream of any size that has a coefficient of variation of 0.918, the required number of containers
to sample increases 60 percent from 5 for 90 percent confidence to 8 for 95 percent confidence.

C6-5 Control Charting~ for Newly Generated Waste Stream Samplinq

Significant process changes and process fluctuations can be determined using statistical process
control (SPC) charting techniques; these techniques require historical data for determining limits
for indicator species, and subsequent periodic sampling to assess process behavior relative to
historical limits. SPO may be performed on waste prior to solidification or packaging for ease
of sampling. If the limits are exceeded, the waste stream must be recharacterized, and the
characterization must be performed according to procedures required in the Transuranic Waste. Characterization Quality Assurance Program Plan for retrievably stored waste.

A Shewhart control chart (Gilbert, 1987) is a control chart for means that can be used for
checking whether current data are consistent with past data and whether shifts or trends in
means have occurred. The control chart for means is constructed of a center line and upper and
lower control limits that are based on the mean and standard deviation of historical data for the
process. If a current sample mean from the process lies within the limits, the process is said to
be "in control", or consistent with historical data. If the current mean exceeds the limits, the
process has likely changed from historical periods.

Logical sets of historical data to be used for the construction of limits in this application are the
data from the initial characterization of the waste stream, if available, from characterization of
a different lot of the waste stream, or from a retrievably stored waste stream of the same type
from the same process. The data used for construction of the limits must be justified. The
underlying assumptions for control charts are that the data are independent and normally
distributed with constant mean p and constant variance o-2. The statistical tests for normality
must be conducted and data transformation to normality performed, if necessary.
Transformations must take place prior to any calculations that use the data.

Each limit will be constructed such that there is a 90 percent confidence that the true mean does
not exceed a limit. One-sided control limits are used because once a waste stream has been
determined to be RCRA-hazardous, the limit exceedence of interest is on the lower side; that is
when the process may become nonhazardous. Likewise, once a waste stream has been
determined to be RCRA-hazardous, the limit exceedence of interest is on the upper side; that
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is when the process may become RCRA-hazardous. Whether or not exceeding the limit would
result in a change in the RCRA-hazardous nature of the waste stream depends on how close
the limits are to RCRA limits.

Current process data will be collected and averaged for comparison to the control limit for the

mean. The collection period and number of samples to be included in the average are

dependent on the waste stream characteristics. A small number of samples will reflect more of

the process variability and there will potentially be more limit exceedence. If two or three

samples are collected for the mean in the required annual (or batch) sampling of a relatively

homogeneous waste stream, limit exceedences may not occur. If the waste stream is more

variable, it will be necessary to collect more samples to meet the required confidence limit.

Periodically it will be necessary to update the control limit for a process. An update is performed

that includes all historical data if there is no evidence of a trend in the process or a shift in the

mean for the process. If there has been a shift in the mean, only more recent data that reflects

the shift is used. In general, control limits should be based on at least ten data points that are

representative of the process and do not exhibit outliers or a trend with time.
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TABLE C6-1
NUMBER OF WASTE CONTAINERS REQUIRING VISUAL EXAMINATION

Annual Number of Waste Number of Waste Containers Requiring Visual Examination
Containers Undergoing Based on Percent of Waste Containers Miscertified to
Characterization WIPP-WAC by Radiography in Previous Year(s)

1% 2% 3% 4% 5% 6%

50 22a 22 22a 22 29a 29

100 15 24 24 33 33 41

200 15 26 26 35 44 52

300 15 26 26 35 44 53

400 15 26 26 36 45 62

500 16 26 26 36 45 63

'Number of containers for the higher even-number percent of miscertified containers is used because. an odd percent implies a noninteger number of containers are likely to be miscertified.
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TABLE C6-2

PERCENT INCREASE IN NUMBER OF CONTAINERS (n) TO SAMPLE WITH

INCREASE IN CONFIDENCE FROM 90 PERCENT TO 95 PERCENT

n for 90 Percent n for 95 Percent Approximate
Confidence Confidence Percent Increase

5 8 60.00

6 10 66.67

7 11 57.14

8 13 62.50

9 15 66.67

10 17 70.00

25 41 64.00

100 165 65.00

500 824 64.80

Note: Finite population factor not accounted for.
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Statistical Approach to Sampling and Analysis of Waste Streams of
Retrievably Stored Homogenous Solids and Soil/Gravel
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is APPENDIX C7

SUBMITTAL AND APPROVAL OF ALTERNATIVE TRU WASTE
CHARACTERIZATION ANALYTICAL METHODS

C7-1 Purpose and Scope

The National Transuranic Program (NTP) Organization provides the Transuranic Waste
Characterization Sampling and Analysis Methods Manual (Methods Manual) (DOE 1 995a) for
use when characterizing transuranic (TRU) waste. However, the NTP recognizes that new or
modified techniques may be needed to meet performance objectives for specific wastes and
to minimize waste generation associated with sampling and analysis. The NTP has
developed a written procedure for guidance to the analytical laboratories at the generator site
who want to submit an alternative analytical method for approval by the NTP.

The procedure provides an initial approval process, a list of minimum performance data
required for approval of the alternative method verification, and the process of method
acceptance. It includes method format specifications, documentation, and supporting data
r'equired as part of requests for alternative method approval.

The Transuranic Waste Characterization Quality Assurance Program Plan (QAPP) (DOE
1 995b) establishes a performance based program where quality assurance objectives (QAO)

* are defined for all analytes. The Methods Manual contains approved methods with
demonstrated performance data that meet the QAOs and should be used if possible. The
TRU Waste Characterization Interface Working Group (WCIWG) is responsible for the review
and recommendation of alternative methods to the NTP (DOE 1 995c). Final approval of
alternative methods will not be granted unless the QAOs described in the QAPP have been
met.

C7-2 Preliminary Approval

The preliminary approval process is used to screen the number of alternative methods
requiring review and approval. The approval must be obtained in the planning and initial
testing stages of the method development process to avoid duplication of efforts and
conserve time and resources. To obtain the preliminary approval, the author must submit a
written description of the method, with justification and supporting documentation, to the NTP
Waste Characterization Manager at the Department of Energy Carlsbad Area Office
(DO E/CAO).

The method description must be complete enough so that the technical applicability can be
assessed. Any limitations of the method must be clearly stated. Criteria for appropriate
justifications are: 1) previous analytical data supporting the fact that existing or approved
methods cannot be used (e.g., a radioisotope creates an interference), 2) data supporting the
fact that an approved method cannot meet the QAOs for a specific matrix, or 3) information
demonstrating that an alternative analytical method offers a distinct advantage over the. approved methods, such as waste minimization, reduction of analytical time, or reducing
worker radiation exposure.
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When submitting justification statements in cases of waste matrix interferences that prohibit
compliance with required QAOs, the author must demonstrate with supporting data that:
1) the laboratory personnel can satisfactorily analyze other less complex matrices (e.g.,
water) using an existing approved method, 2) the analyte or matrix interferences from the
specific waste is the cause for nonconformance with the QAOs, and 3) there is sufficient
evidence from literature or other studies that support the potential use of this alternative
method for this waste.

A description of the method will be posted on the WCIWG bulletin board in the Analytical and
Test Methods Development Forum to enable the review committee to seek input from other
sites. In addition, other sites may comment with supporting data or additional information
that will aid the review committee.

C7-3 Required Elements of Alternative Methods

When a method is submitted for approval, all twelve sections of the method, as presented in
the Methods Manual, must be included. Tables, figures, flowcharts, equations, units,
nomenclature, and references must be clearly labeled and follow the Methods Manual format.
The performance criteria must apply to at least one matrix, and the actual method must have
been successfully tested on simulated or actual waste samples.

Minimum performance data, demonstrating compliance with the requirements of the QAPP,
must be provided for each waste matrix for which the method is to be used that consists of:

* A detection limit study including the statistical method for calculation (seven
spiked replicates)

* A precision and bias study using spike and replicate samples of the matrix of
interest or similar matrix

* A method blank study using reagents and equipment to ensure contamination
will not be a problem

* Data demonstrating the QAPP QAOs are met for accuracy and precision
(spike, duplicate, and replicate measurements)

* An interference study using waste matrix spikes

C7-4 Final Approval

A review committee for review and approval of proposed methods will be assembled by the
WCIWG chairperson. The review committee will be composed of individuals with expertise in
the field of the proposed method. The review process includes determining the applicability
of the method; reviewing the performance data, quality control sample requirements, and
acceptance criteria, bias and interferences; and checking the equations and calculations.
The data that demonstrate results, sensitivity, and repeatability also will be reviewed and
checked for accuracy and completeness.
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A formal comment and response process will be documented to provide for the clarification of
issues relating to the methods and performance data. This also ensures that methods
undergo a comparable review process and obtain equal consideration. In some cases,
additional performance information, Quality Control data, or more investigation will be
required before approval. In other cases, the method may not be approved because the
QA~s were not met. In either situation, the method author is allowed one written challenge
to the WCIWG review committee's decision.

After the method has undergone WCIWG committee review, all reviewer's comments have
been satisfactorily resolved, and the final changes have been made to the method, the
method is submitted to the DOEICAO Quality Assurance Manager for concurrence. After
concurrence, the method will be submitted to the DOEICAO Regulatory Compliance Manager
for review and approval. The DOEICAO Regulatory Compliance Manager will submit the
proposed method to the New Mexico Environment Department (NMED) for concurrent review.
Upon completion of its review of the proposed method, the NMED must provide a written
statement that the method is acceptable, or written comments to the DOEICAO Regulatory
Compliance Manager. The DOE/CAC Regulatory Compliance Manager will notify in writing
the WCIWG chairperson regarding whether the method can or cannot be used for TRU waste
characterization. Methods approved by both the DOEICAO Regulatory Compliance Manager
and the NMED will be incorporated into the Methods Manual. Methods not approved by the
DOEICAO Regulatory Compliance Manager or found unacceptable by the NMED will not be
incorporated into the Methods Manual until all comments have been resolved. Also, the. availability of approved, alternative methods will be posted on the WCIWG electronic bulletin
board in the TRU Waste Characterization Methods Manual Protocols Forum (DOE 1995d).
As additional performance data are generated, these data are also made available through
the bulletin board to ensure the most current information is available to the generator sites.
Records associated with this review and approval process will be kept on file by the
DOE/CAO and will be available for review.
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APPENDIX C8 1

QUALITY ASSURANCE OBJECTIVES FOR 2

WASTE CHARACTERIZATION SAMPLING AND ANALYTICAL METHODS 3

C8-1 Validation Methods 4

Validation of all data (qualitative as well as quantitative) shall be performed so that data used 5

for Waste Isolation Pilot Plant (VIPP) compliance programs will be of known and acceptable 6
quality. Validation includes a quantitative determination of precision, accuracy, completeness, 7

comparability, and method detection limit (as appropriate) for analytical data (headspace Volatile 8
Organics Compounds (VOC) and total VOCs, Semivolatile Organic Compounds (SVOC), and 9
metals data). Quantitative data validations shall be performed by the data generation level io
Quality Assurance (QA) officer according to the conventional methods outlined below (equations 11

C8-1 through C8-8). These quantitative determinations will be compared to the Quality 12

Assurance Objectives (QAOs) specified in Sections C8-2 through C8-9. A qualitative 13

\ determination of representativeness will also be performed. 14

The qualitative data or descriptive information generated by radiography is not amenable to 15

statistical analysis. However, radiography and visual examination are complementary techniques 16

yielding similar data for determining the waste matrix code and waste material parameter weights 17

of waste present in a waste container. Therefore, visual examination results shall be used to 18

* verify the waste matrix code and waste material parameter weights determined by radiography. 19

Representativeness of waste containers from waste streams subjected to visual examination and 20

homogeneous solids and soil/gravel sampling and analysis will be validated, through 21

documentation, that a true random sample was collected. Since representativeness is a quality 22

characteristic that expresses the degree to which a sample or group of samples represents the 23

population being studied, the random selection of waste containers ensures representativeness 24

on a Program level. The Site Project Manager shall document that the selected waste 25

containers from within a waste stream were randomly selected. Sampling personnel shall verify 26

that proper procedures are followed to ensure that samples are representative of the waste 27

contained in a particular waste container or a waste stream. 28

Precision 29

Precision is a measure of the mutual agreement among multiple measurements of a single 30

analyte, either by the same method or by different methods. Precision is either expressed as 31

the relative percent difference (RPD) for duplicate measurements or as the percent relative 32

standard deviation (%RSD) for three or more replicate measurements. For duplicate 33

measurements, the precision expressed as the RPD is calculated as follows: 34
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1 RPD= C
2 RPDX 100

3 (C1 + C2) (C8-1)
4 2

5
6

7 where C, and C2 are the two values obtained by analyzing the duplicate samples. C1 is the

8 larger of the two observed values.
9

10 For three or more replicate measurements, the precision expressed as the %RSD is calculated
11 as follows:
12

13

14 %RSD = X 100
15 y (C8-2)
16
17

18 where s is the standard deviation and y is the mean of the replicate sample analyses.
19

20 The standard deviation, s, is calculated as follows:
21
22

23 S n _____ 
(C8-3)

24 E(83
25 h-1 n-i
26

27 where yj is the measured value of the ith replicate sample analysis measurement, and n equals

28 the number of replicate analyses.
29

30 Another aspect of precision is associated with analytical equipment calibration. In these

31 instances, the percent difference (%D) between multiple measurements of an equipment

32 calibration standard shall be calculated as follows:
33

34c
35 %D C C2I 1

36 C lO (C8-4)
37

38

39 where C1 is the initial measurement and C2 is the second or other additional measurement.
40

41 Accuracy
42

43 Accuracy is the degree of agreement between a measured analyte concentration (or the average

44 of replicate measurements of a single analyte concentration) and the true or known

45 concentration. Accuracy is determined as the percent recovery (%R).
46
47
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.For situations where a standard reference material is used, the %R is calculated as follows: 1
- C

%R -- X 100
C.11 (08-5) 2

where CM is the measured concentration value obtained by analyzing the sample and Cs,,, is the 3

"true" or certified concentration of the analyte in the sample. 4

For measurements where matrix spikes are used, the %R is calculated as follows: 5

C. (C8-6) 6

where S is the measured concentration in the spiked aliquot, U is the measured concentration 7

in the unspiked aliquot, and C. is the actual concentration of the spike added. 8

Method Detection Limit 9

The method detection limit (MDL) is the minimum concentration of an analyte that can be io
measured and reported with 99 percent confidence that the analyte concentration is greater than 11'zero, The MDL for all quantitative measurements (except for those using Fourier Transform 12

Infared Spectroscopy [FTIRSI) is defined as follows: 13

MDL = top,ll, 99) X S (08-7) 14

where T(n- 11a-99) is the t-distribution value appropriate to a 99 percent confidence level and a 15
standard deviation estimate with n-i degrees of freedom, n is the number of observations, and 16

s is the standard deviation of replicate measurements. 17

For headspace-gas analysis using FTIRS, MDL is defined as follows: 18

MDL = 3s (08-8) 19

where s is the standard deviation. Initially, a minimum of seven samples of ambient air or seven 20

blanks must be used to establish the MDLs. MDLs should be constantly updated using the 21

results of the laboratory control sample or on-line control sample. 22

Completeness 23

Completeness is a measure of the amount of valid data (i.e., data that meets all Quality 24

Assurance/Quality Control (QAIQC) requirements) obtained from the overall measurement 25

system compared to the amount of data collected and submitted for analysis. Completeness 26

must. be expressed as the number of samples analyzed with valid results as a percent of the 27
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1 total number of samples submitted for analysis. Completeness, expressed as the percent
2 complete (%C), is calculated as follows:
3

4 v
5 %C -X100 (C8-9)
6n
7
8

9 where V is the number of valid analytical results obtained and n is the number of samples
10 submitted for analysis.
11
12 Comparability
13

14 Comparability is the degree to which one data set can be compared to another. Comparability
15 of data generated at different sites will be assured through the use of standardized, approved
16 testing, sampling, and analytical techniques and by meeting the QAOs specified in Sections C8-2
17 through C8-9.. The techniques presented in Sections C8-2 through C8-9 are provided in detail
18 in the Quality Assurance Program Plan (QAPP) and in the Transuranic Waste Characterization
19 Sampling and Analysis Methods Manual (Methods Manual) (DOE, 1995).
20

21 Representativeness
22

23 Representativeness is the degree to which sample data accurately and precisely represent a
24 characteristic of a population, parameter variations at a sampling point, or an environmental
25 condition. Representativeness is a qualitative parameter that concerns the proper design of the 0
26 sampling program.
27
28 C8-2 Headspace-Gas Sampling
29
30 Quality Assurance Obiectives
31

32 Headspace-gas sampling may occur from three areas within drums of transuranic (TRU) waste
33 (see Figure C6-1): 1) the drum headspace (i.e., the headspace directly under the drum lid),
34 2) the 55-gallon (gal) (208-liter [L]) polyethylene (poly) bag headspace, and 3) the headspace
35 of the innermost layers of confinement. The precision and accuracy of the drum headspace-gas
36 sampling operations must be assessed by analyzing field QC headspace-gas samples. These
37 samples must include equipment blanks, field reference standards, field blanks, and field
38 duplicates. If the QAOs described below are not met, a nonconformance report must be
39 prepared, submitted, and resolved.
40

41 Precision
42

43 The precision of the headspace-gas sampling and analysis operation must be assessed by
44 simultaneous collection of field duplicates for VOCs determination. Corrective actions must be
45 taken if the RPD exceeds 25 percent.
46
47
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*0 Accuracy 1

Afield reference standard must be collected using headspace-gas sampling equipment to assess 2

the accuracy of the headspace-gas sampling operation. Corrective action must be taken if the 3

%R of the field-reference standard is less than 70 or greater than 130. 4

Completeness5

Sampling completeness shall be expressed as the number of valid samples collected as a 6

percent of the total number of samples collected. Participating sampling facilities must achieve 7

a minimum 90 percent completeness. The amount and type of data that may be lost during the 8

headspace-gas sampling operation cannot be predicted in advance. The importance of any lost 9

or contaminated headspace-gas samples must be evaluated by the Site Project QA Officer, and 10

corrective action must be taken as appropriate. 11

Comparability 12

Consistent use and application of uniform procedures and equipment, as specified in the 13

M 4pthodls Manual, should ensure that headspace gas sampling operations are comparable when 14

sampling different layers of confinement and at the different sampling facilities. 15

Representativeness 16

*Specific headspace-gas sampling steps to ensure samples are representative include: 17

*A sample canister cleaning and leak check 18

*Sampling equipment cleaning or disposal after use 19

*Sampling equipment leak check 20

*Use of sample canisters with passivated internal surfaces 21

*Use of low-internal-volume sampling equipment 22

*Collection of small-sample volume: low-sample volume to available headspace 23

volume ratio 24

*Careful pressure regulation 25

*Performance audits 26

*Collection of equipment blanks, field reference standard, field blanks, and field 27

duplicates 28
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1 C8-3 Sampling of Homogenous Solids and Soils/Gravel

3 Quality Assurance Obiectives
4

5 To ensure that sampling is conducted in a representative manner on a waste-stream basis for
6 waste containers containing homogenous solids and soil/gravel, samples must be collected
7 randomly in both the horizontal and vertical planes of each container's waste. For waste
8 containers that contain homogenous solids and soil/gravel in smaller containers (e.g., 1 gal
9 [4.0 Q] poly bottles) within the waste container, one randomly chosen smaller container must be

10 sampled.
11
12 Precision
13

14 Sampling precision must be determined by collecting and sampling field duplicates (e.g.,
15 co-located cores as described in Appendix C4-2.2) once per sampling batch or once per week
16 during sampling operations, whichever is more frequent. A sampling batch is a suite of
17 homogenous solids and soil/gravel samples collected consecutively using the same sampling
18 equipment within a specific time period. A sampling batch can be up to 20 samples (excluding
19 field QC samples), all of which must be collected within 14 days of the first sample in the batch.
20 The RPD between co-located samples must be calculated and reported by the Site Project QA
21 Officer.
22

23 The recommended method for establishing acceptance criteria for co-located cores is
24 development of control charts for the RPID in the cores. Control charts will be developed for
25 each constituent and for each waste matrix or waste type (e.g., pyrochemnical salts or organic
26 sludges), as needed, using historical analysis results. The historical analysis results currently
27 do not exist, but would be collected over the course of future waste characterization activities.
28 RPIDs for at least 25 to 30 pairs of co-located cores would be used in the construction of the
29 control charts. The limits for the control chart will be three standard deviations above or below
30 the average RPD. Once constructed, RPDs for additional co-located pairs will be compared with
31 the control chart to determine whether or not the co-located cores are acceptable. Periodically,
32 the control charts will be updated using all available data.
33

34 In order to establish acceptance criteria to be used at the beginning of waste characterization
35 activities, the variance between co-located cores will be compared to the variance measured
36 within the waste stream (exclusive of containers with co-located core measurement) using a
37 statistical test. The test will be performed for each constituent in each waste stream. The test
38 is not considered sensitive and is presented as an interim method until the preferred method of

39 control charting is established. Because of the expected difference between the co-located core
40 variance and the waste stream variance, the test will rarely reject the hypothesis that the co-
41 located core variance is less than the waste stream variance. However, without sufficient data

42 to develop control charts and without established acceptance criteria for field duplicates (i.e., as
43 specified by SW-846), the interim method is a reasonable approach for evaluating co-located
44 cores.
45

46 The statistical test will involve calculating the variance for co-located cores by pooling the
47 variances computed for each pair of co-located cores. The variance for the waste stream will
48 be computed excluding any data from drums with co-located cores, because the test requires
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the variance estimates to be independent. All data must be transformed to normality prior to1
computing variances and performing the test. The test hypothesis is evaluated using the F 2

distribution and the method for testing the difference in variances. The method will be replaced 3

with the control charting method once sufficient data are available. 4

Accuracy5

Sampling accuracy shall not be measured. Because waste containers containing homogenous 6

solids and soil/gravel with known quantities of analytes are not available, sampling accuracy 7

cannot be determined. However, sampling methods and requirements described are designed 8
to minimize sample degradation and hence maximize sampling accuracy. 9

Completeness 10

Sampling completeness shall be expressed as the number of valid samples collected as a 11
percent of the total number of samples collected. Participating sampling facilities must achieve 12

a minimum 90 percent completeness. 13

Comparability 14

Consistent use and application of uniform procedures, sampling equipment, and measurement 15

units must ensure that sampling operations are comparable. The analysis results of field 16

* duplicates (samples taken of the same medium, under the same conditions, using the same 17

procedures) are examined to determine the comparability. In addition, laboratories analyzing 18
samples must participate in the Performance Demonstration Program (PDP). 19

Representativeness 20

Specific steps to ensure the representativeness of samples include the following for both waste 21

containers and smaller containers: 22

*Coring tools and sampling equipment must be clean prior to sampling. 23

*The entire depth of the waste must be cored, and the core collected must have 24

a length greater than or equal to 50 percent of the depth of the waste. This is 25

called the core recovery and is calculated as follows: 26

Core recovery (perceni) -Y_ * 100 (C8-1 0)
x

where 27

x = the depth of the waste in the container 28

y = the length of the core collected from the waste. 29
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1 *Coring operations and tool selection should be designed to minimize alteration of
2 the in-place waste characteristics. Minimal waste disturbance must be verified by

3 visually examining the core and describing the observation (e.g., undisturbed,
4 cracked, or pulverized) in the field logbook.
5

6 If core recovery is less than 50 percent of the depth of the waste, a second coring location shall
7 be randomly selected. The core from the second location shall be used for sample collection
8 regardless of the core recovery.
9

10

MDC = K114 (2.71 + 4.65 *sb) C8-1 1

12 C8-4 Radiography
13
14 Quality Assurance Obiectives
15

16 The QAOs for radiography are detailed in this section. If the QAOs described below are not met,
17 then corrective action, such as additional operator training must be taken. It should be noted
18 that radiography does not have a specific MDL because it is primarily a qualitative determination.
19 The objective of radiography for the program is to verify the waste matrix parameters for each
20 waste container and to estimate each waste material parameter weight (Table C8-1). All
21 activities required to achieve these objectives must be described in the site quality assurance
22 project plan (QAPjP) and standard operating procedures (SOP).
23

24 Data to meet these objectives must be obtained from an audio/videotaped scan provided by
25 trained radiography operators at the sites. Results must also be recorded on a radiography data
26 form. The precision, accuracy, completeness, and comparability objectives for radiography data
27 are presented below.
28
29 Precision
30

31 The qualitative determinations, such as verifying the waste matrix code, made during radiography
32 do not lend themselves to statistical evaluation of precision. However, comparison of data
33 derived from radiography and visual examination on the same waste containers at the Rocky
34 Flats Environmental Technology Site and the Idaho National Engineering Laboratory indicates
35 that radiography operators can provide estimated inventories and weights of waste items in a
36 waste container. As a measure of precision, the Site Project QA Officer shall calculate and
37 report the RPD between the estimated waste material parameter weights as determined by
38 radiography and these same parameters as determined by visual examination.
39
40 Accuracy
41

42 The accuracy with which the waste matrix code and waste material parameter weights can be
43 determined must be documented through visual examination of a randomly selected statistical
44 portion of waste containers. The percentage of waste containers that require assignment to a
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different waste matrix code after visual examination must be calculated and reported by the Site

Project QA Officer as a measure of radiography accuracy.2

Completeness 3

An audio/videotape of the radiography examination and a validated radiography data form Will 4

be obtained for 100 percent of the retrievably stored waste containers in the program. 5

Comparability 6

The comparability of radiography data from different sites shall be enhanced by using 7

standardized radiography procedures and operator qualifications. 8

08-5 Gas Volatile Or-ganic Compound Analysis 9

Quality Assurance Obiectives 10

The development of data quality objectives (DQO) specifically for this program has resulted in 11
the QAOs listed in Table 08-2. The specified QAOs represent the required quality of data 12

necessary to draw valid conclusions regarding program objectives. Program-required limits, such 13

as the program required quantitation limits (PRQL) associated with VOC analysis, are specified 14

to ensure that the analytical data collected satisfy the requirements of all data users. A Summary 15

* of the Quality Control Samples and the associated acceptance criteria is included in Table C8-3. 16

Key data-quality indicators for laboratory measurements are defined below. 17

Precision 18

Precision shall be assessed by analyzing laboratory duplicates and replicate analyses of 19
laboratory-control samples and PDP blind-audit samples. Results from measurements on these 20

samples must be compared to the criteria listed in Table 08-2. These 00 measurements Will 21

be used to demonstrate acceptable method performance and to trigger corrective action when 22

control limits are exceeded. 23

Accuracy 24

*Accuracy as %R shall be assessed for the laboratory operations by analyzing PDP blind audit 25

samples and laboratory-control samples. Results from these measurements must be compared 26

to the criteria listed in Table 08-2. These 00 measurements will be used to demonstrate 27

acceptable method performance and to trigger corrective action when control limits are 28

exceeded. 29

Method Detection Limit 30

MDLs shall be expressed in nanograms for VOCs and must be less than or equal to those listed 31

in Table C8-2. MDLs shall be determined based on the method described in the QAPP. The 32

detailed procedures for MDL determination shall be included in site SOPs. 33
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I Program Required Quantitation Limit

3 Laboratories must demonstrate the capability to quantitate analytes at or below the PRQLs given
4 in Table C8-2. Laboratories shall set the concentration of at least one calibration standard below

5 the PRQL. The detailed procedures for PRQL demonstration shall be included in laboratory
6 sops.
7
8 Completeness
9

10 Laboratory completeness shall be expressed as the number of samples analyzed with valid
11 results as a percent of the total number of samples submitted for analysis. Participating
12 laboratories must meet the completeness specified in Table C8-2.
13

14 Comparability
15

16 For VOC analysis, data generated through analysis of samples from different sites shall be

17 comparable. Comparability will be achieved by using standardized methods and traceable
18 standards and by requiring all sites to participate in the PDP.
19

20 Representativeness
21

22 Representativeness for VOC analysis shall be achieved by collecting sufficient numbers of

23 samples using clean sampling equipment that does not introduce sample bias. Samples must
24 be collected as described in Appendix C4.
25

26 C8-6 Total Volatile Organic Compound Analysis
27

28 Quality Assurance Obiectives
29

30 The development of DQOs specifically for this program has resulted in the QAOs listed in

31 Table C8-4. The specified QAOs represent the required quality of data necessary to draw valid
32 conclusions regarding program objectives. Program-required limits, such as the PRQL

33 associated with VOC analysis, are specified to ensure that the analytical data collected satisfy

34 the requirements of all data users. Key data-quality indicators for laboratory measurements are
35 defined below.
36

37 Precision
38

39 Precision shall be assessed by analyzing laboratory duplicates, replicate analyses of laboratory-

40 control samples, matrix-spike duplicates, and PDP blind-audit samples. Results from

41 measurements on these samples must be compared to the criteria listed in Table C8-4. These

42 QC measurements will be used to demonstrate acceptable method performance and to trigger
43 corrective action when control limits are exceeded.
44

45 Accuracy
46

47 Accuracy as %R shall be assessed for the laboratory operations by analyzing laboratory control
48 samples, matrix spikes, surrogate compounds, and PDP blind-audit samples. Results from these
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* measurements must be compared to the criteria listed in Table C8-5. These QC measurements1
will be used to demonstrate acceptable method performance and to trigger corrective action 2

when control limits are exceeded. 3

Method Detection Limit 4

MDLs shall be expressed in milligrams per kilogram (mg/kg) for VOCs and must be less than or 5

equal to those listed in Table C8-4. The detailed procedures for MDL determination shall be 6

included in site SOPs. 7

Program Required Quantitation Limit 8

Laboratories must demonstrate the capability to quantitate analytes in samples at or below the 9

PRQLs given in Table C8-4. Laboratories shall set the concentration of at least one calibration io
standard below the PRQL. The detailed procedures for PRQL demonstration shall be included 11

in laboratory SOPs. 12

Completeness 13

Laboratory completeness shall be expressed as the number of samples analyzed with valid 14

results as a percent of the total number of samples submitted for analysis. Participating 15

laboratories must meet the completeness specified in Table C8-4. 16

.Comparability 17

For VOC analysis, data generated through analysis of samples from different sites shall be 18

comparable. Comparability will be achieved by using standardized methods and traceable 19

standards and by requiring all sites to participate in the PDP. 20

Representativeness 21

Representativeness for VOC analysis shall be achieved by collecting unbiased samples. 22

Samples must be collected as described in Appendix C4. 23

C8-7 Total Semivolatile Organic Compound Analysis 24

Quality Assurance Obiectives 25

The development of DQOs specifically for this program has resulted in the QAOs listed in 26

Table C8-6. The specified QAOs represent the required quality of data necessary to draw valid 27

conclusions regarding program objectives. Program-required limits, such as the PRQLs, are 28

specified to ensure that the analytical data collected satisfy the requirements of all data users. 29

A summary of Quality Control Samples and associated acceptance criteria for this analysis is 30

included in Table C8-7. Key data-quality indicators for laboratory measurements are defined 31

below. 32
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1 Precision
2

3 Precision shall be assessed by analyzing laboratory duplicates, replicate analyses of laboratory
4 control samples, matrix spike duplicates, and PDP blind-audit samples. Results from
5 measurements on these samples must be compared to the criteria listed in Table C8-7. These
6 QC measurements will be used to demonstrate acceptable method performance and to trigger
7 corrective action when control limits are exceeded.
8
9 Accuracy

10

11 Accuracy, as %R, shall be assessed for the laboratory operations by analyzing laboratory-
12 control samples, matrix spikes, surrogate compounds, and PDP blind-audit samples. Results
13 from these measurements must be compared to the criteria listed in Table 08-7. These QC
14 measurements will be used to demonstrate acceptable method performance and to trigger
15 corrective action when control limits are exceeded.
16

17 Method Detection Limit

19 MDLs shall be expressed in mg/kg for SVOCs and must be less than or equal to those listed in
20 Table C8-6. The detailed procedures for MDL determination shall be included in site SOPs.
21

22 Program Required Quantitation Limit
23

24 Laboratories must demonstrate the capability to quantitate analytes in samples at or below the
25 PRQLs given in Table C8-6. Laboratories shall set the concentration of at least one calibration
26 standard below the PRQL. The detailed procedures for PRQL demonstration shall be included
27 in laboratory SOPs.
28

29 Completeness
30

31 Laboratory completeness shall be expressed as the number of samples analyzed with valid
32 results as a percent of the total number of samples submitted for analysis. Participating
33 laboratories must meet the level of completeness specified in Table C8-6.
34

35 Comparability
36

37 For SVOC analysis, data generated through analysis of samples from different sites shall be
38 comparable. Comparability will be achieved by using standardized methods and traceable
39 standards and by requiring all sites to participate in the PDP.
40
41 Representativeness
42

43 Representativeness for SVOC analysis shall be achieved by collecting unbiased samples.
SSamples must be collected as described in Appendix C4.

45
46
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.C8-8 Total Metal Analysis 1

Quality Assurance Objectives 2

The development of DQOs for the program has resulted in the QAOs listed in Table C8-8. The 3

specified QAOs represent the required quality of data necessary to draw valid conclusions 4

regarding program objectives. Program-required limits, such as the PRQLs associated with 5

metal analysis, are specified to ensure that the analytical data collected satisfy the requirements 6

of all data users. A summary of Quality Control Samples and the associated acceptance criteria 7

for this analysis is provided in Table 08-9. Key data-quality indicators for laboratory 8

measurements are defined below. 9

Precision 10

Precision shall be assessed by analyzing laboratory matrix spike duplicates, replicate analyses 11

of laboratory-control samples, and PDP blind-audit samples. Results from measurements on 12

__these samples must be compared to the criteria listed in Table C8-8. These QC measurements 13

will be used to demonstrate acceptable method performance and to trigger corrective action 14

when control limits are exceeded. 15

Accuracy 16

.Accuracy shall be assessed through the analysis of laboratory matrix spikes, PDP blind-audit 17

samples, and laboratory-control samples. Results from these measurements must be compared 18

to the criterion listed in Table C8-8. These QC measurements will be used to demonstrate 19

acceptable method performance and to trigger corrective action when control limits are 20

exceeded. 21

Program Required Detection Limits 22

PRDLs, expressed in units of micrograms per L (pgIL), are the maximum values for instrument 23

detection limits (IDL) permissible for program support under the QAPP. IDLs must be less than 24

or equal to the PRDL for the method used to quantitate a specific analyte. Any method listed 25

in Table C-il of the application may be used if the IDL meets this criteria- For high 26

concentration samples, an exception to the above requirements may be made in cases where 27

the sample concentration exceeds five times the IDL of the instrument being used. In this case, 28

the analyte concentration may be reported even though the lOL may exceed the PRDL. IDLs 29

shall be determined semiannually (i.e., every six months). Detailed procedures for IDL 30

determination shall be included in laboratory SOPs. 31

Program Required Quantitation Limit 32

Laboratories must demonstrate the capability of analyte quantitation at or below the PRQLs in 33

units of mg/kg dry weight (given in Table 08-8). The PRDLs are set an order of magnitude less 34

than the PRQLs (assuming 100 percent solid sample diluted by a factor of 100 during 35

preparation). Laboratories shall set the concentration of at least one QC or calibration standard 36
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1 at or below the solution concentration equivalent of the PRQL. Detailed calibration procedures
2 shall be included in site SOPs.
3
4 Completeness
5

6 Laboratory completeness shall be expressed as the number of samples analyzed with valid
7 results as a percent of the total number of samples submitted for analysis. Participating
8 laboratories must meet the completeness specified in Table C8-8.
9

10 Comparability
11

12 Data generated through analysis of samples from different sites shall be comparable.
13 Comparability will be achieved by using standardized methods and traceable standards and by
14 requiring all sites to participate in the PDP.
15

16 Representativeness
17

18 Representativeness for metals analysis shall be achieved by the collection of unbiased samples.
19 Samples must be collected as described in Appendix C4.
20

21 C8-9 Acceptable Knowledge
22

23 Acceptable knowledge documentation provides primarily qualitative information that cannot be

24 assessed according to specific data quality goals that are used for analytical techniques. QAOs __

25 for analytical results are described in terms of precision, accuracy, completeness, comparability,
26 and representativeness. Analytical results will be used to confirm the characterization of wastes
27 based on acceptable knowledge (Section C9-4). To ensure that the acceptable knowledge
28 process is consistently applied, sites must comply with the following data quality requirements
29 for acceptable knowledge documentation:
30

31 *Precision - Precision is the agreement among a set of replicate measurements
32 without assumption of the knowledge of a true value. The qualitative
33 determinations, such as compiling and assessing acceptable knowledge
34 documentation, do not lend themselves to statistical evaluations of precision.
35 However, the acceptable knowledge information will be addressed by the

36 independent review of acceptable knowledge information during internal and
37 external audits.
38

39 *Accuracy - Accuracy is the degree of agreement between an observed sample

40 result and the true value. The percentage of waste containers which require
41 reassignment to a new waste matrix code and/or designation of different
42 hazardous waste codes based an the reevaluation of acceptable knowledge and

43 sampling and analysis data will be reported as a measure of acceptable
44 knowledge accuracy.
45

46 *Completeness - Completeness is an assessment of the number of waste streams

47 or number of samples collected to the number of samples determined to be

48 useable through the data validation process. The acceptable knowledge record
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must contain 100 percent of the required information (Section 09-3). The1
useability of the acceptable knowledge information will be assessed for 2

completeness during audits. 3

Comparability - Data are considered comparable when one set of data can be 4

compared to another set of data. Comparability is ensured through sites meeting 5
the training requirements and complying with the minimum standards outlined for 6
procedures that are used to implement the acceptable knowledge process. All 7

sites must assign hazardous waste codes in accordance with Section 09-4 and 8

provide this information regarding its waste to other sites who store or generate 9

a similar waste stream. 10

Representativeness - Representativeness expresses the degree to which sample 11
data accurately and precisely represent characteristics of a population. 12

Representativeness is a qualitative parameter that will be satisfied by ensuring 13

that the process of obtaining, evaluating, and documenting acceptable knowledge 14

information is performed in accordance with the minimum standards established 15

>in Section C9-4. Sites also must assess and document the limitations of the 16

acceptable knowledge information used to assign hazardous waste codes (e.g., 17

purpose and scope of information, date of publication, type and extent to which 18

waste parameters are addressed). 19

* Each site must address quality control by tracking its performance with regard to the use Of 20

acceptable knowledge by: 1) assessing the frequency of inconsistencies among information, and 21

2) documenting the results of acceptable knowledge confirmation through radiography, 22

headspace-gas analyses, and solidified waste analyses. In addition, the acceptable knowledge 23

process and waste stream documentation must be evaluated through intemnal assessments by 24

quality assurance organizations and assessments by auditors extemnal to the organization (i.e., 25

*DOEICAO). 26

08-10 Data Review, Validation, and Verification Requirements 27

Data review, validation, and verification requirements include procedures for the review, 28

validation, and verification of data at the data generation level; the validation and verification Of 29

data at the project level; and the verification of data at the CAO level. Data review determines 30

if raw data have been properly collected and ensures raw data are properly reduced. 31

Requirements for data reduction are provided in Sections 9.0 through 15.0 of the QAPPI as 32

appropriate, and in the Methods Manual. Data validation confirms that the data reported satisfy 33

the requirements defined by the user and is accompanied by signature release. Data verification 34

authenticates that data are in fact that which is claimed. The procedures presented in this 35

section ensure that Program records furnish documentary evidence of quality. 36

Data Generation Level 37

The following are minimum requirements for raw data collection and management: 38

*All raw data shall be signed and dated in black ink by the person generating it. 39
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1 0 All data must be recorded clearly, legibly, and accurately in field and laboratory
2 records (bench sheets, logbooks), and include applicable sample identification
3 numbers.
4

5 0 All changes to original data must be lined out, initialed, and dated by the
6 individual making the change. A justification for changing the original data may
7 also be included. Original data must not be obliterated or otherwise disfigured so
8 as not to be readable.
9

10 0 All data must be transferred and reduced from field and laboratory records
11 completely and accurately.
12

13 0 All field and laboratory records must be maintained in permanent files according
14 to NEIC guidelines.
15

16 *Data must be organized into a standard format for reporting purposes (testing,
17 sampling, analytical or on-line batch data report), as outlined in specific sampling
18 and analytical techniques.
19

20 *All electronic and video data must be stored appropriately to ensure that waste
21 container, sample, and associated QC data are readily retrievable.
22

23 Data review, validation, and verification at this level involves scrutiny and signature release from
24 qualified independent technical reviewer(s), technical supervisors(s), and a QA officer, as

25 specified below. Any nonconformance identified during this process shall be documented on a

26 nonconformance report (Section C8-1 3). Facilities may combine the positions of independent
27 technical reviewer and QA officer. Individuals conducting this data review, validation, and
28 verification must use checklists that address all of the items included in this section. Checklists

29 must contain tables showing the results of sampling, analytical or on-line batch QC samples, if
30 applicable. Completed checklists must be forwarded with testing, sampling, analytical and on-
31 line batch data reports to the project level.
32

33 *One hundred percent of the batch data reports must receive an independent
34 technical review. This review shall be performed by an individual other than the

35 data generator who is qualified to have performed the initial work. The
36 reviewer(s) must release the data as evidenced by signature, and as a

37 consequence ensure the following:
38

39 - Data generation and reduction were conducted in a technically correct

40 manner in accordance with the methods used. Data were reported in the
41 proper units and correct number of significant figures.
42

43 - Calculations have been verified by a valid calculation program, a spot check
44 of verified calculation programs, and/or 100 percent check of all hand
45 calculations.
46

47 - All variances from an accepted method and the rationale for the variations
48 have been documented and approved (Section C8-13).
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- The data have been reviewed for transcription errors. 1

- The testing, sampling, or analytical data QA documentation (testing batch, 2

sampling batch, analytical or on-line batch) is complete and includes raw 3

data, calculation records, chain-of-custody (COC) forms, calibration records, 4

QC sample results, and gas canister sample tags (if applicable).5

- QC sample results are within established control limits, and if not, the data 6

have been appropriately qualified. 7

- Reporting flags were assigned correctly. 8

- Sample holding time and preservation requirements were met, or exceptions s
documented. 10

- Radiography tapes have been reviewed, at a minimum for every tenth waste 11

container, against the data reported on the radiography form to ensure that 12

the data are correct and complete. 13

- Field sampling records are complete. 14

One hundred percent of the batch data reports must receive technical supervisory 15

signature release for each testing batch, sampling batch, analytical batch and on- 16

line batch. This release must ensure the following: 17

- The data are technically reasonable based on the technique used. 18

- All data have received independent technical review with the exception of 19

radiography tapes, which shall receive periodic technical review as specified 20

above. 21

- The testing, sampling, or analytical data QIA documentation (testing batch, 22

sampling batch, analytical batch or on-line batch) is complete and includes 23

raw data, calculation records, COO forms, calibration records, QO sample 24

results, and gas sample canister tags (if applicable). 25

- Sample holding time requirements were met, or exceptions documented. 26

- Field sampling records are complete. 27

One hundred percent of the batch data reports must receive QA officer signature 28

release. This release must ensure the following: 29

- Independent technical and technical supervisory reviews have been 30

performed as evidenced by the appropriate signature releases. 31
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1 - The testing, sampling, or analytical data QA documentation (testing batch,
2 sampling batch, analytical batch or on-line batch) is complete as appropriate
3 for the point of data generation (i.e., radiography, RA, sampling, and
4 analysis).
5

6 - Sampling and analytical QC checks have been properly performed. QC
7 criteria that were not met are documented.
8

9 - QAOs have been met according to the methods outlined in Section C8-1 1.
10
11 Proiect Level
12

13 Data validation and verification at this level involves scrutiny and signature release from the Site
14 Project Manager (or designee) and the Site Project QA Officer (or designee). This must be
15 accomplished by meeting the following minimum requirements for each waste container. Any
16 nonconformance identified during this process shall be documented on a nonconformance report
17 (Section C8-13).
18

19 *One hundred percent of the testing, sampling, and analytical batch data reports
20 must have Site Project Manager signature release. This signature release must
21 ensure the following:
22

23 - Data generation level independent technical, technical supervisory, and QA
24 officer review, validation, and verification have been performed as evidenced
25 by the appropriate signature releases.
26

27 - Testing, sampling, analytical and on-line batch data review checklists are
28 complete.
29

30 - Testing, sampling, analytical and on-line batch data reports are complete
31 and data are properly reported (e.g., data are reported in the correct units,
32 with the correct number of significant figures, and with qualifying flags).
33

34 Reconciliation with the DQOs was performed (Section C8-1 2).
35
36 *One hundred percent of the testing, sampling, and analytical batch data reports
37 must receive Site Project QA Officer signature release. This signature release
38 must ensure the following:
39

40 - Sampling batch QC checks (e.g., equipment blanks, field duplicates, field
41 reference standards) were properly performed, and meet the established
42 QAOs.
43

44 - Testing batch QC checks (e.g., replicate scans, measurement system
45 checks, replicate counts) were properly performed.
46
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- Analytical batch QC checks (e.g., laboratory duplicates, laboratory blanks,1
matrix spikes, matrix spike duplicates, laboratory control samples) were 2

properly performed and meet the established QAOs. 3

- On-line batch QC checks (e.g., field blanks, on-line blanks, on-line 4

duplicates, on-line control samples) were properly performed and meet the 5

established QAOs. 6

- Proper procedures were followed to ensure representative samples Of 7

headspace gas and homogenous solids and soil/gravel were taken. 8

- Radiography data are complete and acceptable based on the videotape 9

review of one waste container per testing batch, at a minimum. 10

RA data arecomplete and acceptable. 11

The Site Project Manager and Site Project QA Officer shall ensure that a repeat 12

of the data generation level review, validation, and verification is performed on the 13

data for a minimum of one randomly chosen waste container quarterly (every 14

three months). This exercise will document that the data generation level review, 15

validation, and verification is being performed according to implementing 16

procedures. 17

.In association with the project-level validation and verification described above, the Site Project 18

QA Officer (or designee) must prepare a Site Project QA Officer Summary and the Site Project 19

Manager (or designee) must prepare a Data Validation Summary. The Site Project QA Officer 20

Summary includes, on a per waste container basis, a validation checklist for each testing, 21

sampling, analytical and on-line batch. Checklists for the Site Project QA Officer Summary Must 22

be sufficiently detailed to validate all aspects of a testing, sampling, analytical or on-line batch 23

that affect data quality. The Data Validation Summary provides confirmation that, on a per waste 24

container basis, all data have been validated in accordance with the site QAPjP. The Data 25

Validation Summary must list each testing, sampling, analytical or on-line batch, describe how 26

the validation was performed and whether or not problems were detected, and include a 27

statement indicating that all data are acceptable. 28

Once the data have received project-level validation and verification, the Site Project Manager 29

must ensure that the laboratory is notified. Samples must be retained by the laboratory until this 30

notification is received. Gas sample canisters may then be released from storage for cleaning, 31

recertification, and subsequent reuse. Sample tags must be removed and forwarded to the Site 32

Project QA Officer before recycling the canisters. If the site project manager requests that 33

samples or canisters be retained for future use (e.g., an experimental holding time study), the 34

same sample identification and COO forms shall be used and cross-referenced to a document 35

which specifies the purpose for sample or canister retention. 36
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1 CAO Level
2

3 The third and final level of data verification occurs at CAO and must, at a minimum, consist of
4 an inventory check of the data packages to verify completeness. The CAO Office of Regulatory
5 Compliance manager is responsible for the verification that data packages include the following:
6
7 *Project-level signature releases
8

9 * Listing of all waste containers being reported in the package
10

11 0 Listing of all testing, sampling, and analytical batch numbers associated with each
12 waste container being reported in the package
13

14 0 Data package case narrative
15
16 0 Site Project QA Officer Summary
17
18 0 Data Validation Summary
19

20 0 Complete summarized qualitative and quantitative data for all waste containers
21

22 The CAO Office of Regulatory Compliance manager must verify that each data package is
23 complete and notify the originating site in writing of the acceptance 'status of the data within two,
24 weeks of data package receipt. CAO will maintain the data as appropriate for use in the
25 regulatory compliance programs.
26 _
27 C8-11I Reconciliation with Data Quality Obiectives
28

29 Reconciling the results of waste testing and analysis with the DQOs provides a way to ensure
30 that data will be of adequate quality to support the regulatory compliance programs.
31 Reconciliation with the DQOs will take place at both the project level and the CAO level. At the
32 project level, reconciliation will be performed by the Site Project Manager, at CAO, reconciliation
33 will be performed by the CAO Office of Regulatory Compliance manager.
34

35 Reconciliation at the Proiect Level
36

37 The Site Project Manager will ensure that all data generated and used in decision making meet
38 the DQOs provided in Section C-4d of the text of Chapter C. To do so, the Site Project Manager
39 must assess whether data of sufficient type, quality, and quantity have been collected. The Site
40 Project Manager must determine if the variability of the data set is small enough to provide the
41 required confidence in the results. The Site Project Manager must also determine if, based on
42 the desired error rates and confidence levels, a sufficient number of valid data points have been
43 determined. In addition, the Site Project Manager must document that random sampling of
44 containers was performed for the purposes of waste stream characterization.
45

46 For each waste stream characterized, the Site Project Manager must determine if sufficient data
47 have been collected to determine the following Program-required waste parameters:
48
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*Waste matrix code 1

*Waste material parameter weights 2

*Average mass and activity of each radionuclide of concern 3

*If each waste container of waste is TRU radioactive waste 4

*Average concentration of hydrogen, methane, and each VOC in the headspace 5

gas of waste containers in the waste stream 6

*Total masses of VOCs, hydrogen, and methane in the headspace gas of the 7

waste stream 8

*The potential flammability of TRU waste headspace gases 9

~' *Mean concentrations, UCL., for the mean concentrations, standard deviations, lo
and number of samples collected for VOCs, SVOCs, and metals in the waste 11
stream 12

*Total masses of VOCs, SVOCs, and metals in the waste stream 13

*Whether the waste stream exhibits a toxicity characteristic (TC) under 40 CFR 14

Part 261, Subpart C 15

*Whether the waste stream can be classified as hazardous or nonhazardous at the 16

90-percent confidence level 17

*Whether a sufficient number of waste containers have been visually examined to 18

determine with a reasonable level of certainty that the UCL., for the 19

miscertification rate is less than 14 percent 20

If the Site Project Manager determines that insufficient data have been collected to make the 21

determinations listed above, additional data collection efforts must be undertaken. 22

The statistical procedure presented in Appendix C6 shall be used by participating Site Project 23

Managers to evaluate and report waste characterization data from the analysis of homogenous 24

solids and soil/gravel. The procedure, which calculates UCL 90 values, shall be used to assess 25

compliance with the DQOs in Section 1.5 as well as with RCRA regulations. The procedure Must 26

be applied to all laboratory analytical data for total VOCs, total SVOCs, and total metals. For 27

RCRA regulatory compliance (40 CFR § 261.24), data from the analysis of the appropriate 28

metals and organic compounds shall be compared to the TO levels expressed as total values. 29

These total values will be considered the regulatory threshold limit (RTL) values for the Program. 30

RTL values are obtained by calculating the weight/weight concentration (in the solid) of a TC 31

analyte that would give the regulatory weight/volume concentration (in the toxicity characteristic 32

leaching procedure (TCLP) extract), assuming 100-percent analyte dissolution. 33

C8-2 1 04104196 4:10Opm



WIPP RCRA Part B Permit Application
D0ENWIPP 91-005
Revision 6

1 Reconciliation at the CAO Level

3 CAO must also ensure that data of sufficient type, quality, and quantity have been collected to
4 meet Program DQOs. The CAO Office of Regulatory Compliance manager is responsible for
5 determining if sufficient data have been collected to determine the following:
6

7 *The concentration of headspace gas VOCs in the total waste inventory to support
8 a demonstration that VOCs will not migrate through the air beyond the WIPP unit
9 boundary in concentrations greater than Environmental Protection Agency (EPA)-

10 determined health-based limits during W1PP operations;
11

12 *The concentration of VOCs, SVOCs, and metals in the total waste inventory to
13 support a demonstration that hazardous constituents will not migrate beyond the
14 WIPP unit boundary in concentrations greater than EPA-determined health-based
15 limits;
16

17 * *The total curie, hydrogen, and methane concentrations in TRU waste to support
18 revision of the thermal power restrictions for shipment of waste in the Transuranic
19 Package Transporter (TRUPACT-Il);
20

21 0 An inventory of radioactive materials and physical waste forms to support an
22 assessment of repository performance;
23

24 *Whether waste streams proposed for disposal in WIAPP have been adequately
25 characterized; and
26

27 *Whether data supports the preparation of the WIPP facility no-migration variance
28 petition, the WIPP RCRA permit application, the WIPP facility 40 CFR Part 191
29 Certification Application, and a revised safety analysis report for the TRUPACT-Il.
30

31 C8-1 2 Data Reportingi Requirements
32

33 Data reporting requirements define the type of information and the method of transmittal for data
34 transfer from the data generation level to the project level and from the project level to CAO.
35
36 Data Generation Level
37

38 Data shall be transmitted by hard copy from the data generation level to the project level.
39 Transmitted data shall include all testing, sampling, and analytical batch data reports, and data
40 review checklists. The report forms and checklists used must contain all of the information
41 required by the testing, sampling, and analytical techniques described in Sections 7.0 through
42 15.0 of the QAPP, as well as the signature releases to document the review, validation, and
43 verification as described in Section C8-10. All testing, sampling, and analytical batch data
44 reports and checklists shall be on approved forms, as provided in site-specific documentation.
45

46 Testing, sampling, and analytical batch data reports shall be forwarded to the site project office.
47 Site QAPjPs shall specify the individual at the site project office who will receive these reports.
48 Testing batch data reports shall be forwarded to the site project office within 28 days of the
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testing of the last waste container in a testing batch. Sampling batch data reports shall be 1
forwarded to the site project office within 28 days of sample collection of the last sample in a 2

sampling batch. Analytical batch data reports shall be forwarded to the site project office within 3

28 days of the VTSR of the last sample in an analytical batch. After review by the Site Project 4

QA Officer, all batch data reports will be forwarded to the Site Project Manager. All testing, 5
sampling, and analytical batch data reports shall be assigned serial numbers, and each page 6

shall be numbered at the bottom. The serial number used for data reports can be the same as 7

the testing, sampling, or analytical batch number. 8

QA documentation shall be maintained in either testing, sampling, and analytical facility files, or 9
site project files for those facilities located on sites. Contract waste operation facilities shall lo
forward testing, sampling, and analytical QA documentation along with testing, sampling, and 11
analytical- batch data reports to the site project office for inclusion in site central files. 12

Proiect Level 13

There are two aspects to project level reporting. First, summarized testing, sampling, and 14

analytical data must be reported on a per-waste container basis. Second, summarized 15

characterization information must be reported on a waste stream basis. 16

Summarized testing, sampling, and analytical data shall be transmitted by hard copy from the 17

Site Project Manager to CAO when requested. Participating sites shall combine data from 18.individual waste containers into data packages for reporting. Hard copy data packages shall 19
consist of the following: 20

*Cover page with the site name, program identification, waste container numbers 21

for containers included in the data package, and release signatures of the Site 22

Project Manager and Site Project QA Officer 23

*Table of contents; and 24

*A concise narrative that summarizes the results of the project-level review and 25

briefly describes any problems or other noteworthy items of interest associated 26

with the data (i.e., nonconformance reports, operational variances). The narrative 27

shall include separate sections which address results of duplicates/replicates and 28

nonconformance reports associated with the waste containers being reported in 29

the package. 30

For each waste container being reported in the data package, the following information shall be 31

included: 32

*Cover page with the site name, program identification, waste container number, 33

and a pprovalI/re lease signatures of the Site Project Manager and Site Project QA 34

Officer 35

*A table that relates sample numbers (testing, sampling, and analytical) to waste 36

*container number 37
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1 0 Table of contents
2
3 *Site Project QA Officer Summary
4

5 Data Validation Summary
6
7 *Radiography results
8
9 * Radioassay (RA) results

10

11 *Waste container headspace gas hydrogen, methane, and VOC analytical results
12

13 *Innermost layer of confinement headspace gas hydrogen, methane, and VOC
14 analytical results for waste containers with inner layers of confinement (if
15 applicable)
16

17 *Total VOC, SVOC, and metal analytical results for homogenous solids and
18 soil/gravel (if applicable)
19

20 W1PP Waste Information System (WW1S) Data Reporting
21

22 The WWIS Data Dictionary (Appendix C1 3) contains all of the data fields, the field format and
23 the limits associated with the data as established by various waste acceptance criteria. This
24 data will be subjected to edit and limit checks that are performed automatically by the database.
25

26 WIPP will coordinate the data transmission with each generator site using the Internet and the

27 TCP/IP transmission protocol. Actual data transmission will use DES encryption technology to
28 ensure the integrity of the data transmissions. The sites with large waste inventories and large
29 databases will populate a data structure provided by WIPP that contains the required data
30 dictionary fields that are appropriate for the waste stream (or waste streams) at that site. For
31 example, totals analysis data will not be requested from sites that do not have homogeneous
32 solids or soil/gravel waste. WIPP will access this data via the Intemnet to ensure an efficient
33 transfer of this data. Small quantity sites will be given a similar data structure that is tailored to
34 their types of waste. Sites with very small quantities of waste will be provided'with the ability to
35 assemble the data interactively to this data structure on the WWIS.
36

37 C8-1 3 Nonconformances and Operational Variances
38

39 The status of work and the Program activities at participating sites shall be monitored and

40 controlled by the Site Project Manager and Site Project QA Officer. This monitoring and control
41 shall include: 1) nonconformance identification, documentation, and reporting; and 2) operational
42 variance identification, documentation, and reporting.
43

44 Nonconformances
45

46 Nonconformances are uncontrolled and unapproved deviations from an approved plan,
47 procedure, or expected result. Nonconforming items and activities are those that do not meet
48 the Program requirements, procurement document criteria, or approved work procedures.
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Nonconforming items shall be identified by marking, tagging, or segregating, and the affected1
organization(s) notified. Participating sites shall disposition nonconforming items as appropriate 2

in accordance with the Quality Assurance Program Description (QAPD). Disposition Of 3

nonconforming items shall be identified and documented. The QAPjPs shall identify the 4

person(s) responsible for evaluating and dispositioning nonconforming items and shall include 5

referenced procedures for handling them. 6

Management at all levels shall foster a "no-fault" attitude to encourage the identification Of 7

nonconforming items and processes. Nonconformances may be detected and identified by 8

anyone performing Program activities, including 9

*Project staff - during field operations, supervision of subcontractors, data io
validation and verification, and self-assessment 11

*Laboratory staff - during the preparation for and performance of laboratory testing; 12

calibration of equipment; QC activities; laboratory data review, validation, and 13

verification; and self-assessment 14

*QA personnel -during oversight activities or audits 15

A nonconformance report shall be prepared for each nonconformance identified. Each 16

nonconformance report shall be initiated by the individual(s) identifying the nonconformance. 17

* The nonconformance report shall then be processed by knowledgeable and appropriate 18

personnel. For this purpose, a nonconformance report including, or referencing as appropriate, 19

results of laboratory analysis, QC tests, audit reports, internal memoranda, or letters shall be 20

prepared. The nonconformance report must provide the following information: 21

*Identification of the individual(s) identifying or originating the nonconformance 22

*Description of the nonconformance 23

*Method(s) or suggestions for correcting the nonconformance (corrective action) 24

or description of the variance granted 25

*Schedule for completing the corrective action 26

*An indication of the potential ramifications and overall useability the data, if 27

applicable 28

*Any approval signatures specified in the QAPjPs 29

The Site Project QA Officer shall oversee the nonconformance report process and be responsible 30

for developing a plan to identify and track all nonconformances and report this information to the 31

DOE field office. Documentation of nonconformances shall be made available to the Site Project 32

Manager, who in tumn is responsible for notifying project personnel of the nonconformance. 33

Completion of the corrective action for nonconformances must be verified by the Site Project QA 34.Officer. 35
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1 Operational Variances

3 Variances are approved and controlled changes to Program-related plans or procedures. The

4 need for a variance is caused by the identification of improvement opportunities or unusual or

5 nonroutine occurrences that affect operations but not the ability to achieve the performance

6 standards or quality requirements specified in this QAPP or site QAPjPs. Each person

7 performing Program activities is responsible for the quality of their work and adherence to the

8 applicable requirements contained in this QAPP and site QAPjPs. When a need to deviate from

9 established procedures is identified, it is the responsibility of the person performing the work to

10 initiate a variance.
11

12 When a variance is required, the person identifying the need for the variation shall complete a

13 Record of Variance and have a direct supervisor approve it. A Record of Variance must be

14 completed and approved before initiation of the activity to document the variation from normal,

15 approved procedures. The Site Project QA Officer shall assess the significance of the variance

16 and determine if changes to the plans or procedures and further notifications are required.
17

18 A Record of Variance must contain at least the following information:
19

20 *Title or heading, "Record of Variance"
21

22 *Waste container or sample identification number
23

24 *Reason for the deviation from the requirements contained in the QAPjP or SOP
25

26 *A description of the variation from the accepted sampling, testing, or analytical

27 procedure
28

29 *A description of special equipment or personnel required
30

31 *Initiator's signature and date
32

33 *Supervisor's signature and date
34

35 *Site Project Manager's signature and date
36

37 *Site Project QA Officer's signature and date
38
39 DOE/CAO Corrective Action Process
40

41 DOE/CAO initiates a corrective action process when internal nonconformances and

42 nonconformances at the generator/storage sites are identified. Activities and processes that do

43 not meet requirements are documented as deficiencies. All deficiencies regardless of type and

44 origin are processed through the CAO corrective action process.
45

46 When a deficiency is identified by the CAO, the following process action steps are initiated:
47
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*The condition is documented on a Corrective Action Report (CAR) by the
individual identifying the problem. 2

*The CAO QA Manager and the National TRU Programs (NTP) Team Leader 3

review the CAR, determine validity of the finding (determine that a requirement 4

has been violated), classify the significance of the condition, assign a response 5

due date, and issue the CAR to the responsible party. 6

*The responsible organization reviews the CAR, evaluates the extent and cause 7

of the deficiency and provides a response to the CAO, indicating remedial actions 8

and actions to preclude recurrence that will be taken.9

*The CAG reviews the response from the responsible organization and, if 10

acceptable, communicates the acceptance to the responsible organization. 11

*The responsible organization completes remedial actions and actions to preclude 12

recurrence of the condition. 13

*After all corrective actions have been completed, the CAO schedules and 14

performs a verification to assure that corrective actions have been completed and 15

are effective. When all actions have been completed and verified as being 16

effective, the CAR is closed by the CAO QA Manager and the NTP Team Leader. 17

*As part of the planning process for subsequent audits and surveillances, past 18

deficiencies are reviewed and the previous deficient activity or process is subject 19

to reassessment. 20

C8-14 Special Training Requirements and Certifications 21

Before performing activities that affect Program quality, all personnel are required to receive 22

indoctrination into the scope, purpose, and objectives of the Program and the specific QAOs Of 23

the assigned task. Personnel assigned to perform activities for the Program shall have the 24

education, experience, and training applicable to the functions associated with the work. 25

Evidence of personnel proficiency and demonstration of competence in the task(s) assigned Must 26

be demonstrated and documented. All personnel designated to work on specific aspects of the 27

Program shall maintain qualification (i.e., training and certification) throughout the duration of the 28

work as specified in this QAPP and applicable QAPjPs. Job performance shall be evaluated and 29

documented at periodic intervals, as specified in the QAPjPs. 30

Personnel involved in Program activities shall receive continuing training to ensure that job 31

proficiency is maintained. Training includes both education in principles and enhancement Of 32

skills. Each participating site shall include in its QAPjP a description of the procedures for 33

implementing personnel qualification and training in accordance with the QAPD and 10 CFR § 34

830.120. All training records that specify the scope of the training, the date of completion, and 35

documentation of job proficiency shall be maintained in the site project file. 36
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1 Analytical laboratory line management must ensure that analytical personnel are qualified to
2 perform the analytical method(s) for which they are responsible. The minimum qualifications for
3 certain specified positions for the Program are summarized in Table C8-1 0. QAPjPs, or their
4 implementing SOPs, shall specify the site-specific titles and minimum training and qualification
5 requirements for personnel performing Program activities. QAPjPs shall also contain the
6 requirements for maintaining records of the qualification, training, and demonstrations of
7 proficiency by these personnel.
8

9 An evaluation of personnel qualifications shall include comparing and evaluating the
10 requirements specified in the job/position description and the skills, training, and experience
11 included in the current resume of the person. This evaluation also must be performed for
12 personnel who change positions because of a transfer or promotion as well as personnel
13 assigned to short-term or temporary work assignments that may affect the quality of the
14 Program. QAPjPs shall identify the responsible person(s) for ensuring that all personnel
15 maintain proficiency in the work performed and identify any additional training that may be
16 required.

C8-28 04/04/96 4:10pmn



WIPP RCRA Part B Permit Application
DOEANIPP 91-005

Revision 6

.C8-1 1 List of References 1

Currie, Lloyd A. 1968. "Limits for Qualitative Detection and Quantitative Determination." 2

Analytical Chemistry, No. 40: pp. 586-93. 3

DOE. 1 995a. Performance Demonstration Program Plan for the Analysis of Simulated 4

Headspace Gases for the TRU Waste Characterization Program. CAO-95-1 076, Current 5

Revision, Carlsbad, new Mexico, Carlsbad Area Office, U.S. Department of energy. 6

DOE. 1 995b. Performance Demonstration Program Plan for the Analysis of Solid Wastes for 7

the TRU Waste Characterization Program. CAO-95-1 077, Current Revision, Carlsbad, New 8

Mexico, Carlsbad Area Office, U.S. Department of Energy. 9

EG&G. 1 993a. Preliminary Assessment of Real-Time Radiography and Visual Characterization l o

for Selected Waste Containers. RFP-4604, Golden, Colorado, D. L. Zeigler and R. V. Harder, 11

EG&G Rocky Flats, Rocky Flats Plant. 12

EPA. 1995. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW-846, 13

Third Edition, Final Update I and Final Update 11, Washington, D.C., Office of Solid Waste and 14

Emergency Response, U.S. Environmental Protection Agency. 15

" isenne, I. M., et al. 1973. "Least Squares Analysis and Minimum Detection Levels Applied to 16

Multi-Component Alpha Emitting Samples." Radiochem. Radioanal. Letters, 16, No. 1: pp. 5-16 . 17

Pastemnack B. S. and N. H. Harley. 1971. "Detection Limits for Radionuclides in the Analysis 18

of Multi-Component Gamma-Spectrometric Data." NucI. lnstr. and Meth, No. 91: pp. 533-40. 19

U.S. Department of Energy (DOE), 1 995a, "Transuranic Waste Characterization Sampling and 20

Analysis Methods Manual," DOEIWIPP 91 -043, Current Revision, Waste Isolation Pilot Plant, 21

Carlsbad, New Mexico. 22

C8-29 04/04/96 12:45pmn



S

S



TABLES1





WIPP RCRA Part B Permit Application
DOENWIPP 91-005

Revision 6

TABLE C8-1 1

WASTE MATERIAL PARAMETERS AND DESCRIPTIONS 2

Waste Material Parameter JDescription ] 3

Iron-based Metals/Alloys Iron and steel alloys in the waste; does not include the waste 4
container materials

Aluminum-based Metals/Alloys Aluminum or aluminum-based alloys in the waste materials 5

Other Metals All other metals found in the waste materials 6

Other Inorganic Materials Nonmetallic inorganic waste including concrete, glass, firebrick, 7

ceramics, sand, and inorganic sorbents

Cellulosics Materials generally derived from high-polymer plant carbohydrates; 8
(e.g., paper, cardboard, wood, and cloth)

Rubber Natural or man-made elastic latex materials; (e.g., surgeons' gloves, 9
and leaded rubber gloves)

Plastics (waste materials) Generally man-made materials, often derived from petroleum 10
feedstock; (e.g., polyethylene and polyvinylchloride)

Organic Matrix Cemented organic resins, solidified organic liquids and sludges 11

Inorganic Matrix Any homogeneous materials consisting of sludge or aqueous-based 12
liquids that are solidified with cement, calcium silicate, or other

solidification agents; (e.g., wastewater treatment sludge, cemented
aqueous liquids, and inorganic particulates)

Soils/gravel Generally consists of naturally occurring soils that have been 13
contaminated with inorganic waste materials

Steel (packaging materials) 55-gal (208-L) drums 14

rPlastics (packaging materials) 90-mil polyethylene drum liner and plastic bags 15
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1 TABLE C8-2
2 GAS VOLATILE ORGANIC COMPOUNDS TARGET ANALYTE LIST
3 AND QUALITY ASSURANCE OBJECTIVES
4

I Precision' FTIRS Comple
CAS (%RSD or jAccuracy' MDL b MDLb (PRQL) teness

5 Compound JNumber RPD) J (%R) (ng) (ppmv) (ppmv) ()

6 Benzene 71-43-2 525 70-130 10 5 10 90
7 Bromoform 75-25-2 525 70-130 10 5 10 90
8 Carbon tetrachloride 5 6-23-5 !25 70-1 30 10 5 10 90
9 Chlorobenzene 108-90-7 525 70-130 10 5 10 90

10 Chloroform 67-66-3 !25 70-130 10 5 10 90
11 1,1-Dichloroethane 75-34-3 525 70-130 10 5 10 90
12 1,2-Dichloroethane 107-06-2 525 70-130 10 5 10 90
113 1,1-Dichloroethylene 75-35-4 525 70-130 10 5 10 90
14 cis- 1,2-Dichloroethylene 156-59-2 525 70-130 10 5 10 90
15 Ethyl benzene 100-41 -4 !25 70-130 10 10 10 90
16 Ethyl ether 60-29-7 !25 70-130 10 5 10 90
17 Formaldehyde' 50-00-0 525 70-130 10 10 90
18 Hydrazine d 302-01-2 525 70-130 10 10 90
19 Methylene chloride 75-09-2 525 70-1 30 10 5 10 90
20 1, 1,2,2-Tetrachloroethane 79-34-5 525 70-1 30 10 5 10 90
21 Tetrachloroethylene 127-18-4 525 70-130 10 5 10 90
22 Toluene 108-88-3 -25 70-130 10 5 10 90
23 1, 1, 1-Trichloroethane 71-55-6 !25 70-130 10 5 10 90
24 Trichloroethylene 79-01-6 525 70-130 10 5 10 90
25 1, 1,2-Trichloro-1,2,2- 76-13-1 525 70-130 10 5 10 90
26 trifluoroethane
27 m-Xylene' 108-38-3 525 70-1 30 10 5 10 90
28 o-Xylene 95-47-6 !25 70-1 30 10 5 10 90
29 p-Xylene' 106-42-3 s25 70-1 30 10 5 10 90
30 Acetone 67-64-1 525 70-130 150 50 100 90
31 Butanol 71-36-3 525 70-130 150 50 100 90
32 Methanol 67-56-1 525 70-1 30 150 50 100 90
33 Methyl ethyl ketone 78-93-3 525 70-1 30 150 50 100 90
34 Methyl isobutyl ketone 108-10-1 :!25 70-130 150 50 100 90

35
36 3Criteria apply to PROL concentrations.
37 b'Values based on delivering 10 mL to the analytical system.
38 'Required only for homogenous solids and soil/gravel from Los Alamos National Laboratory.
39 'Required only for homogenous solids and soil/gravel from Oak Ridge National Laboratory and the Savannah River Site.
40 'These xylene isomers cannot be resolved by GC/MS.
41
42
43 CAS = Chemical Abstract Service
44 %RSD = Percent relative standard deviation
45 RPD = Relative percent difference
46 %R = Percent recovery
47 MDL = Method detection limit (maximum permissible value), for GCIMS and GC/FID; total number of nanograms
48 delivered to the analytical system per sample (nanograms); for FTIRS based on 1 m sample cell
49 PRQL = Program required quantitation limit (parts per million/volume basis)
50
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TABLE C8-3 1

SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 2

FREQUENCIES FOR GAS VOLATILE ORGANIC COMPOUND ANALYSIS 3

QC Sample Minimum Frequency Acceptance Criteria Corrective Action a 4

Method performance Seven (7) samples Meet method QAOs Repeat until5
samples initially and four (4) acceptable 6

semiannually

Laboratory duplicates One (1) per analytical RPD -25b Nonconformance if 7

or on-line duplicates batch for GO/MS and RPD >25 8
GO/FID. One (1) per
analytical batch or on-
line batch for FTIRS

Laboratory blanks or Daily prior to sample Analyte amounts <3 x Nonconformance if 9

on-line blanks analysis for GO/MS MDLs for GO/MS and analyte amounts > 3 x 10
and GO/FID. Daily GO/FID; <PRQL for MOLs for GO/MS and
prior to sample FTIRS GO/FID; >PRQL for
analysis and one (1) FTIRS
per analytical batch or
on-line batch for
FTIRS.

Laboratory control One (1) per analytical 70-130 %R Nonconformance is 11
samples or on-line batch for GO/MS and %R <70 or >130 12

control samples GO/FID. One (1) per 13

analytical batch or on-
line batch for FTIRS

GO/MS comparison One (1) per analytical RPD.525 Nonconformance if 14

sample (for FTIRS or on-line batch RPD >25 15

only) 16

Blind audit samples Samples and Specified in the Gas Specified in the Gas 17
frequency controlled by PDP Plan POP Plan
the Gas PDP Plan

aoorrective action per section 08-13 when final reported QC samples do not meet the acceptance 18

criteria. 19

bApplies only to concentrations greater than the PRQLs listed in Table 08-2. 20

MDL = Method Detection Limit 21

QAO = Quality Assurance Objective 22

PDP = Performance Demonstration Program 23

PRQL = Program Required Quantitation Limit 24

%R = Percent Recovery 25

RPD = Relative Percent Difference 26
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1 TABLE C8-4
2 TOTAL VOLATILE ORGANIC COMPOUNDS TARGET ANALYTE LIST
3 AND QUALITY ASSURANCE OBJECTIVES
4

CAS 1 Precision' IAccuracy' IMDL) (PRQL ICompleteness
5 Compound Number j(%RSD or RPD) j (%R) j(mg/kg) (mg/kg) M %

6 Benzene 71-43-2 •545 37-151 1 10 90

7 Bromoform 75-25-2 :547 45-169 1 10 90

8 Carbon disulfide 75-15-0 •550 60-1 50 1 10 90

9 Carbon tetrachloride 56-23-5 •530 70-1 40 1 10 90

10 Chlorobenzene 108-90-7 :538 37-1 60 1 10 S

11 Chloroform 67-66-3 •544 51-138 1 10 o

12 1,4-Dichlorobenzene b 106-46-7 •560 18-190 1 10 90

13 ortho-Dichlorobenzene b 95-50-1 :560 18-1 90 1 10 90

14 1,2-Dichloroethane 107-06-2 •42 49-155 1 10 90

15 1, 1-D ichloro ethylene 75-35-4 5250 D-234' 1 10 90

16 Ethyl benzene 100-41 -4 •543 37-1 62 1 10 90

17 Methylene chloride 75-09-2 •550 D-221 C 1 10 90

18 1, 1,2,2-Tetrachloroethane 79-34-5 :555 46-157 1 10 90

19 Tetrachloroethylene 127-18-4 •!529 64-148 1 10 90

20 Toluene 108-88-3 •529 47-150 1 10 90

21 1 ,1 ,1 -Trichloroethane 71-55-6 :533 52-162 1 10 90

22 1, 1,2-Trichloroethane 79-00-5 •!38 52-150 1 10 90

23 Trichloroethylene 79-01-6 •536 71-157 1 10 90

24 Trichlorof luoromethane 75-69-4 •5110 17-181 1 10 90

25 1, 1, 2-Trichloro- 1, 2,2- 76-13-1 •550 60-150 1 10 90

26 trifluoroethane
27 Vinyl chloride 75-01-4 •5200 D-251' 1 4 900
28 m-xylene 108-38-3 •550 60-150 1 10 90

29 o-xylene 95-47-6 •550 60-150 1 10 90
30 p-xylene 106-42-3 •550 60-150 1 10 90
31 Acetone 67-64-1 •550 60-150 108d 100 90
32 Butanol 71-36-3 •550 60-150 10' 100 90
33 Ethyl ether 60-29-7 •550 60-1 50 10d 100 90
34 Formaldehyde' 50-00-0 •550 60-150 10' 100 90(
35 Hydrazine' 302-01-2 :550 60-1 50 10'd 100 90
36 Isobutanol 78-83-1 •550 60-150 108 100 90
37 Methanol 67-56-1 •!50 60-150 108 100 90
38 Methyl ethyl ketone 78-93-3 •550 60-1 50 108d 100 90

39 Pyridine b 110-86-1 •550 60-150 10'd 100 90

40
41 'Criteria apply to PROL concentrations.
42 "Can also be analyzed as a semi-volatile organic compound.
43 c~tctd result must be greater than zero.
44 ' Estimate, to be determined.
45 'Required only for homogenous solids and soil/gravel from Los Alamos National Laboratory.

46 'Required only for homogenous solids and soil/gravel from Oak Ridge National Laboratory and Savannah River Site.
47
48
49 CAS = Chemical Abstract Service
50 %RSD = Percent relative standard deviation
51 RPD = Relative percent difference
52 % R = Percent recovery
53 MDL = Method detection limit (maximum permissible value) (milligrams per kilogram)

54 PROL = Program required quantitation limit; calculated from the toxicity characteristic level for benzene assuming

55 a 0.9 oz 125-gram [g]) sample, 0.1 gal (0.5 liter [LI) of extraction fluid, and 100 percent analyte

56 extraction (milligrams per kilogram)
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TABLE C8-5 1

SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 2

FREQUENCIES FOR TOTAL VOLATILE ORGANIC COMPOUND ANALYSIS 3

I Acceptance Corrective
QC Sample [ Minimum Frequency F Criteria JAction. 4

Method performance Seven (7) samples initially Meet total VOC analysis Repeat until acceptable 5

samples and four (4) semiannually QAOs 6

Laboratory duplicates' One (1) per analytical batch Meet total VOC analysis Nonconformance if RPDs > 7
RPDs values in Table C8-4

Laboratory blanks One (1) per analytical batch Analyte concentrations < 3 Nonconformance if analyte 8
x MDLs concentrations > 3 x MOLs

Matrix spikes One (1) per analytical batch Meet total VOC analysis Nonconformance if %Rs, are 9
%Rs in QAP outside the range specified

in QAPP

Matrix spike duplicates One (1) per analytical batch Meet total VOC analysis Nonconformance if RPDs 10
RPDs and %Rs and %Rs > values in Table

C8-4

Laboratory control One (1) per analytiLal batch 80 - 120 %R Nonconformance if %R < 80 11

samples or >120 12

Surrogate compounds Each analytical sample Average %R from minimum Nonconformance if %R <~ 13
of 30 samples for a given (average %R - 3 standard
matrix ±3 standard deviation) or > (average %R
deviations + 3 standard deviation)

Blind audit samples Samples and frequency Specified in the Solid POP Specified in the Solid PDP 14
controlled by the Solid POP Plan Plan
Plan

'Corrective Action per section C8-1 3 when final reported QC samples do not meet the acceptance criteria. 15
b May be satisfied using matrix spike duplicate; acceptance criteria applies only to concentrations greater than 16

the PRQLs listed in Table C8-4. 17

MDL = Method detection limit 18

QAO = Quality assurance objective 19

POP = Performance Demonstration Program 20

%R = Percent recovery 21

RPD = Relative percent difference 22
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1 TABLE C8-6
2 SEMI-VOLATILE ORGANIC COMPOUND TARGET ANALYTE LIST
3 AND QUALITY ASSURANCE OBJECTIVES
4 ____

Precision' C Cmpletenes
CAS (%RSD or Accuracy a MDL PROL s

5 Compound Number RPD) (%R) (mg/kg) (mg/kg) M %

6 Cresols 131 9-77-3 !g50 60-1 50 5 40 90
7 1 ,4-Dichlorobenzene b 106-46-7 !g86 20-124 5 40 90
8 ortho-Dichlorobenzene' 95-50-1 :564 32-1 29 5 40 90
9 2,4-Dinitrophenol 51-28-5 119 D-1 72 d 5 40 90

10 2,4-Dinitrotoluene 121-14-2 546 39-139 0.3 2.6 90
11 Hexachlorobenzene 118-74-1 5319 D-152 d 0.3 2.6 90
12 Hexachloroethane 67-72-1 544 40-113 5 40 90
13 Nitrobenzene 98-95-3 572 35-1 80 5 40 90
14 Polychlorinated Biphenyls 5 40 90
15 Aroclor 1016' 12674-11-2 533 50-114 5 40 90
16 Aroclor 1221' 11104-28-2 -. 110 15-178 5 40 90
17 Aroclor 12320 11141 -1 6-5 5128 10-215 5 40 90
18 Aroclor 1242' 53469-21-9 549 39-1 50 5 40 90
19 Aroclor 12480 12672-29-6 955 38158 5 40 90
20 Aroclor 1254' 11097-69-1 562 29-1 31 5 40 90
21 Aroclor 12600 11096-82-5 !56 8-127 5 40 90
22 Pentachlorophenol 87-86-5 5128 14-176 5 40 90
23 Pyridine' 110-86-1 550 60-150 5 40 90

24
25 CAS = Chemical Abstract Service
26 %RSD = Percent relative standard deviation
27 RPD = Relative percent difference
28 %R = Percent recovery
29 MDL = Method detection limit (maximum permissible value) (milligrams per kilogram)
30 PRQL = Program required quantitation limit; calculated from the toxicity characteristic level for nitrobenzene
31 assuming a 1 00-gram (g) sample, 0.5 gal (2 liter [LI1) of extraction fluid, and 100 percent analyte
32 extraction (milligrams per kilograms)
33
34 OCriteria apply to PRQL concentrations
35 bCan also be analyzed as a volatile organic compound
36 cRequired only for waste matrix code S3220 (organic sludges)
37 d Detected; result must be greater than zero
38
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TABLE C8-7 1

SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 2

FREQUENCIES FOR TOTAL SEMI-VOLATILE ORGANIC COMPOUNDS 3

ANALYSIS 4

QC Sample Minimum Frequency Acceptance Criteria Corrective Action'a

Method performance Seven (7) samples Meet Table C8-7 Repeat until 6

samples initially and four (4) QAOs acceptable 7
semiannually

Laboratory duplicateSb One (1) per analytical Meet Table C8-7 RPDs Nonconformance if 8

batch RPDs > Table C8-7

Laboratory blanks One (1) per analytical Analyte concentrations Nonconformance if 9

batch <3 x MDLs analyte concentrations
> 3 x MOLs

Matrix spikes 7One (1) per analytical Meet Table C8-7 %Rs Nonconformance if 10
batch %Rs are outside the

range specified in
Table C8-7

Matr 4 spike duplicates One (1) per analytical Meet Table C8-7 RPDs Nonconformance if 11
batch and %Rs RPDs and %Rs >

Table C8-7 values

Laboratory control One (1) per analytical 80 - 120 %Rs Nonconformance if %R 12

samples batch 13
< 80 or > 120

Surrogate compounds Each analytical sample Average %R from Nonconformance if %R 14

minimum of 30
samples from a given < (average %R - 3
matrix ±3 standard standard deviations) or
deviations > (average %R + 3

standard deviations)

Blind audit samples Samples and Specified in the Solid Specified in the Solid 15

frequency controlled by PDP Plan PDP Plan
the Solid PDP Plan

'Corrective action per section C8-13 when final reported QC samples do not meet the acceptance 16

criteria 17
bMay be satisfied by using matrix spike duplicate; acceptance criteria applies only to concentrations 18

greater than the PQRLs listed in Table C8-6. 19

MDL = Method Detection Limit 20

QAO = Quality Assurance Objective 21

POP = Performance Demonstration Program 22.%R = Percent Recovery 23
RPD = Relative Percent Difference 24
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1 TABLE C8-8
2 TOTAL METALS TARGET ANALYTE LIST
3 AND QUALITY ASSURANCE OBJECTIVES

I J J Precision fAccuracy 1 PRDLC PRQL Comltns

5 Analyte f AS Number (%RSD or RPD)W (%Rb j (pgIL) J mg/kg)

6 Antimony 7440-36-0 :530 80-120 100 100 90

7 Arsenic 7440-38-2 :530 80-120 100 100 90

8 Barium 7440-39-3 :530 80-120 2000 2000 90

9 Beryllium 7440-41-7 •!30 80-120 100 100 90

10 Cadmium 7440-43-9 •530 80-1 20 20 20 90

11 Chromium 7440-47-3 •530 80-120 100 100 90

12 Lead 7439-92-1 •530 80-120 100 100 90

13 Mercury 7439-97-6 •530 80-1 20 4.0 4.0 90

14 Nickel 7440-02-0 •530 80-120 100 100 90

15 Selenium 7782-49-2 •530 80-120 20 20 90

16 Silver 7440-22-4 •530 80-120 100 100 90

17 Thallium 7440-28-0 •530 80-120 100 100 90

18 Vanadium 7440-62-2 •530 80-1 20 100 100 90

19 Zinc 7440-66-6 •530 80-120 100 100 90

20
21
22 1:5 30 percent control limits apply when sample and duplicate concentrations are ý: 10 x IDL for ICP-AES and

23 AA techniques, and Ž! 100 x IDL for Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) techniques. If

24 less than these limits, the absolute difference between the two values shall be less than or equal to the PRDL.

25 'Applies to laboratory control samples, laboratory matrix spikes, and PDP blind audit samples. If a solid

26 laboratory control sample material which has established statistical control limits is used, then the established

27 control limits for that material should be used for accuracy requirements.

28 CPRDL set such that it is a factor of 10 below the PRQL for 100 percent solid samples, assuming a 100 x

29 dilution during digestion.
30
31 CAS = Chemical Abstract Service
32 %RSD = Percent relative standard deviation
33 RPD = Relative percent difference
34 %R = Percent recovery
35 PRDL = Program required detection limit (i.e., maximum permissible value for IDL) (milligrams per liter)

36 PRQL = Program required quantitation limit (milligrams pre kilogram)

37
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TABLE C8-9 1

SUMMARY OF LABORATORY QUALITY CONTROL SAMPLES AND 2

FREQUENCIES FOR TOTAL METALS ANALYSIS 3

QC Sample Minimum Frequency Acceptance Criteria Corrective Action a 4

Method performance Seven (7) samples Meet Table C8-9 Repeat until5
samples initially and four (4) QAOs acceptable 6

semiannually

Laboratory blanks One (1) per analytical :5 3 x IDL (:5 5 x lOL Redigest and 7
batch for lCpMS)b reanalyze any samples

with analyte
concentrations which
are ::510 x blank value
and PR

J 0.5 x PR

Matrix spikes One (1) per analytical 80 - 120 %Rs Nonconformance if 8
batch %Rs are <80 or >120

Matrix spike duplicates One (1) per analytical RPD :5 30 Nonconformance if 9
batch 80-1 20 %R RPD > 30 or if %R <

80 or > 120

*Laboratory control One (1) per analytical 80 - 120 %Rs Redigest and 10

samples batch reanalyze for affected 11
analytes

Blind audit samples Samples and Specified in the Solid Specified in the Solid 12
frequency controlled by POP Plan POP Plan
the Solid POP PlanI

aCorrective action per section C8-13 when final reported QC samples do not meet the acceptance 13

criteria 14

b Applies only to concentrations greater than the PQRLs listed in Table C8-8. 15

IDL = Instrument Detection Limit 16

POP = Performance Demonstration Program 17

PQRL = Program Required Detection Limit 18

%R = Percent Recovery 19

RPD = Relative Percent Difference 20
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1 TABLE C8-10
2 MINIMUM TRAINING AND QUALIFICATIONS REQUIREMENTSa
3

4

5 Personnel RequirementSa

6

7 Radiography Operatorsc Site-specific training based on
8 waste matrix codes and waste
9 material parameters;

10 requalification every 2 years
11

12 Gas Chromatography Technical Supervisorsb B.S. or equivalent experience
13 Gas Chromatography Operatorsc and 6 months previous

applicable experience

14 Gas Chromatography/Mass Spectrometry Qperatorsc B.S. or equivalent experience
15 Mass Spectrometry Operatorsc and 1 year independent spectral
16 interpretation or demonstrated

expertise

17 Gas Chromatography/Mass bSpectrometry B.S. or equivalent experience
18 Technical Suevsrb and 1 year applicable

19 Mass Spectrometry Technical Supervisorsb experience
20 Atomic Absorption Spectroscopy Technical
21 Supervisorsb
22 Atomic Absorption Spectroscopy Operatorsc
23 Atomic Mass Spectrometry Operatorsc
24 Atomic Emission Spectroscopy Operatorsc

25 Atomic Mass Spectrometry Technical Supervisors b B.S. and specialized training in
Atomic Mass Spectrometry and
2 years applicable experience

26 Atomic Emission Spectroscopy Technical SupervisorSb B.S. and specialized training in
Atomic Emission Spectroscopy
and 2 years applicable
experience.

27
28 'Based on requirements contained in USEPA Contract Laboratory Program Statement of Work for Organics

29 Analysis (Document Number OLM 01.0) and Statement of Work for Inorganics Analysis (Document Number ILM
30 03.0).
31 bTechnical Supervisors are those persons responsible for the overall technical operation and development of a

32 specific laboratory technique. QAPjPs shall include the site-specific title for this position.
33 cOperators are those persons responsible for the actual operation of analytical equipment. QAPjPs shall include
34 the site-specific title for this position.
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FIGURE CB-1

OVERALL HEADSPACE-GAS SAMPLING SCHEME ILLUSTRATING
MANIFOLD SAMPLING
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APPENDIX C9
TRU WASTE CHARACTERIZATION USING

ACCEPTABLE KNOWLEDGE

09-1 Introduction

The Resource Conservation and Recovery Act (RORA) regulations codified in 40 CFR Parts 260
through 265, 268, and 270, and the New Mexico Hazardous Waste Management Regulations
in Title 20 New Mexico Administrative Code, Chapter 4, Part 1, (20 NMAC 4.1) Subparts I
through VI, Subpart VIII, and Subpart IX, authorize the use of acceptable knowledge as a
method which can be used in appropriate circumstances by waste generators, or treatment,
storage, or disposal facilities to make hazardous waste determinations. Acceptable knowledge
is defined in Waste Analysis: EPA Guidance Manual for Facilities That Generate, Treat, Store
and Dispose of Hazardous Waste (EPA 1994) to include process knowledge, waste analysis
data, and facility records of analysis performed before the effective date of RCRA regulations.
Acceptable knowledge, as an altemnative to sampling and analysis, can be used to meet all or
part of the waste characterization requirements under the RCRA (EPA 1994).

Acceptable knowledge is one of a number of techniques used to characterize transuranic (TRU)
waste. It is used in conjunction with radiography, headspace gas sampling and analysis, and

I ldfe waste sampling and analysis to meet the requirements of the Waste Analysis Plan

W'(WAP). Acceptable knowledge is used in TRU waste characterization activities in three ways:

* To delineate TRU waste streams

* To determine if TRU debris wastes exhibit a toxicity characteristic
(40 CFR §261.24)

* To determine if TRU wastes are listed (40 CFR §261.31)

Acceptable knowledge is confirmed using nondestructive techniques and sampling and analysis.

C9-2 Reasons for Using of Acceptable Knowledge

The Environmental Protection Agency (EPA) (1994) describes four situations in which the use
of acceptable knowledge is appropriate. Three of these situations are applicable to TRU waste
characterization and are discussed below.

Waste Generating Processes are Well Documented

Waste generating processes from nonspecific sources are included in RCRA regulations at
40 CFR §261.31. The waste generated from these processes are known to contain certain
hazardous constituents. Generators of these wastes are not required to perform sampling and
analysis of their wastes; knowledge of the process used to generate the waste is required to. make an accurate hazardous waste determination.
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TRU wastes from nonspecific sources are spent solvent-contaminated wastes (i.e., EPA
hazardous waste codes F001 through F005). Acceptable knowledge must be used to determine
if these wastes meet the requirements for listing as a spent solvent. To be listed, it must be
known if the solvent compound was used for its solvent properties, that is, to solubilize or
mobilize other constituents. Examples of solvent use are degreasing, cleaning, use as diluents,
extractants, and reaction and synthesis media. In addition, the solvent mixture must have
originally contained more than 10 percent by volume of the solvents included under the F001
through F005 listings.

Because listed wastes (i.e., wastes from nonspecific sources under 40 CFR §261.31) are well
defined and are based on knowledge of the materials and processes that generate 'he waste,
sampling, and analysis is not required to make a hazardous waste determination. Generators
of TRU waste that meets the criteria included in 40 CFR §261.31 (F-listed wastes) must use
acceptable knowledge to characterize their TRU waste.

Health and Safety Risks

TRU waste presents serious health and safety risks to waste characterization personnel.
Extensive measures are taken by the Department of Energy (DOE) to package this waste so that
the potential for human exposure to ionizing radiation is limited. Packaging measures include
multiple layers of plastic and shielding to reduce the potential exposure of alpha and gamma
radiation, respectively. The breaching of confinement layers or increasing the potential for
respirable particulates by size reduction (e.g., shredding or grinding) of TRU debris waste
increases the health and safety risks associated with TRU waste management. The design of
a data collection program that includes the use of acceptable knowledge allows characterization
of TRU waste, while limiting radiation exposure to personnel and the environment.

Physical Nature of the Waste

The TRU waste characterization requirements have been established using the EPA's Data
Quality Objectives (DQO) process. The DOE employed this process to establish a defensible,
cost-effective program to generate data for regulatory decision making. To make defensible
decisions based on sampling and analytical data, a representative sample must be collected.
The physical nature of TRU debris wastes (e.g., glass, metal, or combustible waste forms) does
not lend itself to the collection and analysis of a representative sample.

To collect a representative sample of TRU debris waste, size reduction and compositing, along
with extensive handling of the waste, would be required. During the process of size reduction,
target volatile organic compounds (VOC) would be lost so that the final sample would not be
representative of the initial waste. Size reduction of alpha-contaminated materials is in direct
conflict with DOE's health and safety protocols for the management of TRU waste. Because the
greatest risk of exposure to alpha-radiation is by inhalation, TRU waste packaging and handling
operations are designed to minimize the potential for airborne particulates. Size reduction of
TRU waste would increase the quantities of respirable particulates and increase the potential for
release of radionuclides and human exposure. Because of the limited use of data obtained from
sampling TRU debris waste, the increase in potential human exposure and the costs associated
with facilities to sample and contain TRU waste is not justified.
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The EPA (1994) suggests that swiping the surface of waste materials (e.g., metals or glass) may
be an alternative to sampling debris wastes. The DQO process requires that the end use of the
data be considered in developing sampling and analytical protocols. Swiping the surfaces of
TRU waste materials would not provide a representative sample that the DOE could use to make
hazardous waste determinations. For example, if VOCs are not detected on the surface of
materials, the DOE could not classify the waste as nonhazardous. Many TRU debris wastes
contain spent solvents, which are listed according to how the wastes were generated and not
whether they contain a listed constituent. In addition, the DOE cannot determine if a waste
exhibits a toxicity characteristic based on the concentration of a particular constituent present
on surfaces of materials. Therefore, collecting surface swipes is not justified in light of the
potential increased exposure to radiation. Collection and preparation of surface swipe samples
would not be representative of the waste for the purpose of waste characterization, would be
very costly, and would increase the potential exposure of personnel to radiation.

C9-3 Acceptable Knowledge Documentation

It is the responsibility of each DOE TRU waste generator/storage site to develop a logical
(.sequence of acceptable knowledge information that progresses from general facility information

(TRU Waste Management Program Information) to more detailed waste-specific information
(TRU Waste Stream Information). The consistent presentation of acceptable knowledge
documentation among DOE sites in auditable records will allow Waste Isolation Pilot Plant
(WIPP) personnel to verify the completeness and adequacy of acceptable knowledge for TRU. waste characterization during the audit process.

The following sections include the minimum information that each site must have to characterize
TRU waste using acceptable knowledge. Because waste generating processes are site-specific,
DOE sites may supplement the minimum required acceptable knowledge records with additional
information (Supplemental Acceptable Knowledge Documentation). If the mandatory information
is not available for a particular waste, then this waste will not be accepted for disposal at the
WIPP facility based on acceptable knowledge alone. Sites may submit additional sampling and
analytical data that may provide the required waste characterization information.

TRU Waste Management Program Information

An overview of the TRU waste program provides an understanding of TRU waste management
operations at each site. This overview, which will establish the basis for more detailed TRU
waste stream information, must reveal an overall perspective of TRU waste management
operations and serve as a guide to the waste stream-specific information.

TRU waste management program information must clearly define waste categorization schemes
and terminology, provide a breakdown of the types and quantities of TRU waste that are
generated and stored at the site, and describe how waste is tracked and managed at the site,
including historical and current operations. Information related to TRU waste certification
procedures and the types of documentation (e.g., waste profile forms) used to summarize
acceptable knowledge must also be provided. The following information must be included as

* part of the acceptable knowledge record:
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* Map of the site with the areas and facilities involved in TRU waste generation,
treatment, and storage identified

* Facility mission description as related to TRU waste generation and management
(e.g., nuclear weapons research may involve metallurgy, radiochemistry, and
nuclear physics operations that result in specific waste streams)

* Description of the operations that generate TRU waste at the site (e.g., plutonium
recovery, weapons design, or weapons fabrication)

* Waste identification or categorization schemes used at the facility (e.g., item
description codes, content codes)

* Types and quantities of TRU waste generated, including historical generation
through future projections

* Correlation of waste streams generated from the same building and process, as
appropriate (e.g., sludge, combustibles, metals, and glass)

* Waste certification procedures for retrievably stored and newly generated wastes
to be sent to the WIPP facility

TRU Waste Stream Information

For each TRU waste stream, sites must compile all process information and data that support
the acceptable knowledge used to characterize that waste stream. The type and quantityf of
supporting documentation will vary by waste stream, depending on the process generating the
waste and site-specific requirements imposed by DOE or state agencies. At a minimum, the
waste process information must include:

* Area(s) and building(s) from which the waste stream was or is generated

* Waste stream volume and time period of generation (e.g., 100 standard waste
boxes of retrievable stored waste generated from June 1977 through December
1977)

Waste generating process described for each building (e.g., batch waste stream
generated during decommissioning operations of glove boxes)

* Process flow diagrams (e.g., a diagram illustrating glove boxes from a specific
building to a size reduction facility to a container storage area)

* Material inputs or other information that identifies the chemical and radionuclide
content of the waste stream and the physical waste form (e.g., glove box
materials, chemicals and radionuclides handled during glove box operations, if
applicable)
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A summary must identify all sources of information. The basis and rationale for defining each
waste stream based on the parameters of interest must be clearly summarized and traceable
to referenced documents. Assumptions made in defining each waste stream also must be
identified and justified.

Supplemental Acceptable Knowledge Documentation

Examples of additional documentation that may be used for acceptable knowledge include, but

are not limited to, the following:

* Process design documents (e.g., Title 11 Design)

* Standard operating procedures that may include a list of raw materials or
reagents, a description of the process or experiment generating the waste, and
a description of wastes generated and how the wastes are managed at the point
-of generation

r7, Preliminary and final safety analysis reports and technical safety requirements

* Waste packaging logs

* Test plans or research project reports that describe reagents and other raw

* materials used in experiments

* Site databases (e.g., chemical inventory database for Superfund Amendments

and Reauthorization Act Title Ill requirements)

* Information from site personnel (e.g., documented interviews)

* Standard industry documents (e.g., vendor information)

* Previous analytical data relevant to the waste stream, including results from

fingerprint analyses, spot checks, or routine verification sampling

* Material Safety Data Sheets, product labels, or other product package information

* Sampling and analysis data from comparable or surrogate waste streams (e.g.,
equivalent nonradioactive materials)

* Laboratory notebooks that detail the research processes and raw materials used
in an experiment

The specific, relevant information must be identified and justification provided for its use (e.g.,
identification of a toxicity characteristic). Supplemental documentation is not required but may
be used, if available, to further document the rationale for the hazardous waste designations.
Similar to required information, if discrepancies exist between supplemental information and the
required documentation, then sites must include all potential hazardous waste codes to the
subject waste stream. For example, if personnel interviews indicate that lead was part of the
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input materials, then D008 must be designated in spite of the fact that no records of the use of
lead exist in the required documentation. Sites must prioritize the sources of information used
to assign hazardous waste codes in terms of accuracy of the information. Published documents
and controlled databases are considered the most reliable information. Second priority will be
given to unpublished data, internal procedures, and notes. Correspondence, such as
memoranda, letters, telephone logs, and interviews are considered the least defensible. The
pages from large documents, such as safety analysis reports, must be flagged with the relevant
information noted.

09-4 Acceptable Knowledge Process

Consistency among DOE sites in using acceptable knowledge information to characterize TRU
waste involves a three phase process: 1) compiling the minimum acceptable knowledge
documentation in an auditable record, 2) confirming acceptable knowledge information using
radiography and headspace-gas sampling and analysis and solidified waste sampling, and 3)
auditing acceptable knowledge records. This section describes each phase of the process and
specifies the procedures that sites must develop to implement the requirements for using
acceptable knowledge.

Site personnel responsible for compiling, assessing, and resolving discrepancies associated with
acceptable knowledge must have the following minimum qualifications and training:

* WIPP WAP, Waste Acceptance Criteria, and Quality Assurance Program Plan
(QAPP) Requirements

* State and Federal RCRA regulations associated with solid and hazardous waste

determinations

* Nonconformance process, including discrepancy resolution and reporting

* Site-specific procedures associated with waste characterization using acceptable
knowledge

Assembling an Acceptable Knowledge Record

Figure 09-1 provides an overview of the process for assembling acceptable knowledge
documentation into an auditable record. The first step is to assemble all of the mandatory
acceptable knowledge information and any supplemental information regarding the materials and
processes that generate a specific waste stream. DOE sites must ensure the following criteria
are met in establishing acceptable knowledge records:

* Acceptable knowledge information must be compiled in an auditable record,
including a road map for all applicable information.

* The overview of the facility and TRU waste management operations in the context
of the facility's mission must be correlated to specific waste stream information.
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* Correlations between waste streams, with regard to time of generation, waste
generating processes, and site-specific facilities must be clearly descri bed.

* A reference list must be provided that identifies documents, databases, Quality
Assurance protocols, and other sources of information that support the acceptable
knowledge information.

Container inventories for TRU waste currently in retrievable storage are then defined as waste
streams by correlating the container identification to the mandatory acceptable knowledge
information. For newly generated wastes, the rate and quantity of waste to be generated must
be defined and procedures implemented to make hazardous waste determinations using
acceptable knowledge prior to packaging the waste.

For all TRU wastes, sites must develop written procedures that describe how RCRA hazardous
waste codes are assigned using acceptable knowledge information and how unacceptable
wastes (e.g., reactive, ignitable, and corrosive RCRA-regulated hazardous wastes) are identified
and segregated from certifiable TRU waste populations. Site-specific procedures must address
the following elements:

S. * Sites must prepare a written procedure outlining the specific methodology used
to assemble acceptable knowledge records, including the origin of the
documentation, how it will be used, and any limitations associated with the
information (e.g., identify the purpose and scope of a study that included limited
sampling and analysis data).

* To compile the required acceptable knowledge record, sites must assemble and
evaluate available documentation in the following priority: a) relevant information
from published documents and controlled databases, b) unpublished data,
c) intemnal procedures and notes, such as log books, and d) correspondence,
such as memoranda, letters, telephone logs, and interviews.

* Sites must comply with Section C9-4 to identify hazardous wastes and assign the
appropriate hazardous waste codes to each waste stream.

* Sites must describe the waste certification program and procedures that are used
to ensure unacceptable wastes are identified and segregated.

* Sites must develop and implement a procedure(s) for the confirmation of
acceptable knowledge in accordance with Section C9-4.

* Sites must provide a cross reference to the applicable waste summary category
group (i.e., S3000, S4000, and S5000) to verify all of the required confirmation
data has been evaluated and the proper hazardous waste codes have been
assigned.

* The waste certification procedure(s) must describe the administrative controls used by the site
to ensure that nonconforming items are documented and managed in accordance with site-
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specific certification plans. The following minimum elements must be addressed in site-specific

documentation associated with administrative controls:

* Identify the organization(s) responsible for compliance with administrative controls.

* Identify the oversight procedures and frequency of actions to verify compliance

with administrative controls.

* Develop on-the-job training specific to administrative control procedures.

* Ensure that personnel may stop work if noncompliance with administrative
controls is identified.

* Develop a nonconformance process that complies with the requirements in
Section 08-13 of the WAP to document and establish corrective actions.

* As part of the corrective action process, assess the potential time frame of the
noncompliance, the potentially affected waste population(s), and the
reassessment and recertification of those wastes.

Sites must develop procedures that describe how acceptable knowledge information is evaluated
and any discrepancies in documentation resolved. If different sources of information indicate
different hazardous wastes are present, then sites must include all sources of information in its

records and conservatively assign all potential hazardous waste codes. Discrepancies in

acceptable knowledge documentation must be resolved by including all available information in

the auditable records and assigning all hazardous waste codes indicated by all of these records

to the subject waste. For example, if one record indicates that solvents were not part of a

process, while another record indicates that 1,1,1-trichloroethane was used for cleaning parts,
then the F001 hazardous waste code must be applied to the waste. No judgements may be

made regarding the quality of the required documentation, and the assignment of hazardous
waste codes must be tracked to all required documentation.

Sites must compile adequate documentation to demonstrate consistency in assigning hazardous
waste codes and to defend and justify the use of acceptable knowledge in making hazardous
waste determinations to independent auditors. The following are minimum baseline

requirements/standards that site-specific procedures must include to ensure comparable and
consistent identification of hazardous waste:

* Compile all of the required information in an auditable record.

* Review the required information to determine if the waste is listed under 40 CFR
Part 261, Subpart D. Assign all listed hazardous waste codes.

* Review the required information to determine if the waste may contain hazardous
constituents included in the toxicity characteristics specified in 40 CFR Part 261,
Subpart C. If a toxicity characteristic contaminant is identified and is not included
as a listed waste, assign the toxicity characteristic code. Unless data is available
from the sampling and analysis of a representative sample of the waste stream
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that demonstrates that the concentration of the constituent in the waste is less
than the toxicity characteristic regulatory level, no judgement may be made
regarding the concentration of the constituent. When analytical data is not
available, the toxicity characteristic hazardous waste code for the identified
hazardous constituent must be applied to the waste stream.

In the case of discrepancies in information, no judgement may be made regarding
the quality of the information. Sites must ensure that all potential hazardous
waste codes are assigned to the waste stream.

Confirmation of Acceptable Knowledgie Information

Acceptable knowledge includes information regarding the physical form of the waste, the base
materials composing the waste, and the process that generates the waste. Waste
characterization (i.e., radiography, headspace-gas sampling and analysis, and solidified waste
sampling and analysis) will be used to confirm acceptable knowledge information. Figure C-2
illustrates the process sites will use to confirm acceptable knowledge.

All retrievably stored waste must be characterized using radiography to confirm the waste matrix
code and certify compliance with the RCRA Waste Analysis Plan. If a site must repackage its
retrievably stored waste, then visual examination of the waste during repackaging is used to
confirm acceptable knowledge information rather than radiography.

* For newly generated wastes, sites must have written procedures to document the confirmation
of acceptable knowledge information with visual examination prior to or during waste packaging.
The following minimum requirements must be addressed in site-specific procedures: 1) scope
(i.e., waste streams) and purpose, 2) responsible organization (s), 3) administrative process
controls, 4) material inputs to process, 5) process controls and range of operation that affect final
hazardous waste determinations, 6) rate and quantity of the hazardous waste generated, 7) list
of applicable operating procedures relevant to the hazardous waste determination,
8) nonconformance reporting, 9) process knowledge verification sampling (i.e., headspace-gas
sampling and/or solidified waste annual sample), and 10) reporting and records management.

Sites must establish procedures for reevaluating acceptable knowledge if radiography or visual
examination results in the assignment of a different waste matrix code [e.g., Plastic/Rubber
(S531 .0) versus Paper/Cloth (S5330)]. Site procedures must describe how the waste is
reassigned, acceptable knowledge reevaluated, and appropriate hazardous waste codes
assigned.

The base materials that compose TRU debris waste (e.g., lead, stainless steel, glass) are well
established, and potential toxicity characteristics can be determined without destructive sampling
and analysis. The waste matrix code is related to the base materials and waste generating
process. In lieu of sampling and analytical data to the contrary, sites must assign the toxicity
characteristic hazardous waste codes based on the presence of the constituent, regardless of
the quantity or concentration. Radiography or visual examination must be used to confirm the

* waste matrix code identified using acceptable knowledge. Procedures must describe how
discrepancies in the waste matrix code are recorded and changes to hazardous waste codes
based on material composition are documented, as necessary. If a waste must be assigned to

C9_9 04/08/96 8:13amn



WIPP RCRA Part B Permit Application
DOEIWPP 91-005
Revision 6

a different waste matrix code based on radiography or visual examination, the following minimum
steps must be taken to reevaluate acceptable knowledge:

* Review existing information based on the container identification number and
document all differences in hazardous waste code assignments

* If differences exist in the hazardous waste codes that were assigned, reassess
and document all required acceptable knowledge information (Section 09-3)
associated with the new designation

* Reassess and document all sampling and analytical data associated with the
waste

* Verify and document that the reassigned waste matrix code was generated within
the specified time period, area and buildings, waste generating process, and that
the process material inputs are consistent with the waste material parameters
identified during radiography or visual examination

* Record all changes to acceptable knowledge records

* If discrepancies exist in the acceptable knowledge information for the reassigned
waste matrix code, complete a nonconformance report (Appendix C8-13),
document the segregation of this container, and define the corrective actions
necessary to fully characterize the waste

Finally, radiography and visual examination procedures must include a list of nonconforming
items that the operator must verify are not present in each container of waste (i.e., corrosives,
ignitables, reactives, incompatible waste). Sites must establish and document administrative
controls to ensure that nonconforming items or waste are segregated from certifiable populations.

Headspace-gas sampling and analysis must be conducted on all TRU waste to be sent to the
WOIP facility. Headspace-gas data will be used to confirm the presence or absence of VOCs
identified using acceptable knowledge.

Sites must use acceptable knowledge to identify spent solvents associated with each TRU waste
stream or waste stream lot. Headspace-gas data will be used to confirm acceptable knowledge
concerning the presence or absence of F-listed solvents. Headspace-gas data may be used to
assist in confirming the characterization of waste contaminated with F-listed solvents by the
"1mixture rule" (e.g., solvent-contaminated rags mixed with other wastes materials). Sites must
provide documentation to support any determination that organic constituents are associated with
packaging materials or other uses not consistent with solvent use. If the source of the detected
solvents can not be identified, the appropriate spent solvent hazardous waste code will be
conservatively applied to the waste stream.

Hazardous wastes associated with S3000 and S4000 waste streams will be verified based on
the results of the total analysis of a representative solidified waste sample. If discrepancies
between the results obtained from solidified waste sampling and analysis and headspace-gas
sampling and analysis exist (i.e., a VOC is detected in the solidified waste but not in the
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headspace), the solidified waste data will be used to verify acceptable knowledge and assign
hazardous waste codes.

Sites must confirm the assignment of spent solvent hazardous waste codes (40 CFR §261.31)
by evaluating the average concentrations of each VOC detected in container headspace gas
and/or solidified waste matrix using the upper 90 percent confidence limit (UCL-90). The UCL90
for the mean concentration must be compared to the program required quantitation limit (PRQL)
for the constituent. If the U0L.90 for the mean concentration exceeds the PRQL, sites must
reevaluate their acceptable knowledge information and determine the potential source of the
constituent.

If the source of the constituent is identified as a spent solvent used in the process or is
determined to be the result of mixing a listed waste with a solid waste during waste packaging,
then the site will either: 1) assign the applicable listed hazardous waste code to the entire waste
stream, or 2) segregate the drums containing detectable concentrations of the solvent into a
separate waste stream and assign applicable hazardous waste codes. Each site must

document, justify, and consistently define waste streams and assign hazardous waste codes
based on site-specific permit requirements and other state-enforced agreements.

To determine the mean concentration of solvent VOCs, all headspace-gas data and solidified
waste data for a waste stream or waste stream lot (i.e., the portion of the waste stream that is

characterized as a unit) will be used, including data qualified with a UJ flag (i.e., less than the

* PRQL but greater than the method detection limit [MDL]) or qualified with a 'U flag (i.e.,
undetected). For data qualified with a 'U flag, sites must use one-half the MVDL in calculating

the mean concentration. Because listed wastes are not defined based on concentration, sites

may not remove hazardous waste codes assigned using acceptable knowledge if hazardous
constituents are not detected in the headspace.

In many cases, TRU headspace gases and solidified waste matrices contain one or two
constituents (e.g., carbon tetrachloride and 1,1,1-trichloroethane) at concentrations that are
orders of magnitude higher than the other target analytes. In these cases, samples must be

diluted to remain within the instrument calibration range. Sample dilution results in elevated,
MDLs. Only the concentrations of detected constituents will be used to calculate the mean for

the purpose of assigning F-listed hazardous waste codes. Because the presence or absence
of F-listed solvents can not be confirmed based on the artificially high MDLs that are caused by
sample dilution, data flagged as 'U' and showing an elevated MDL will not be used in calculating
the mean concentration.

Acceptable knowledge documentation provides primarily qualitative information that cannot be

assessed according to specific data quality goals that are used for analytical techniques. Quality
assurance objectives for analytical results are described in terms of precision, accuracy,
completeness, comparability, and representativeness. Analytical results will be used to confirm
the characterization of wastes based on acceptable knowledge (Section 09-4).

The data quality objectives for sampling and analysis techniques are provided in Appendix 08.
To ensure that the acceptable knowledge process is consistently applied, sites must comply with

* the following data quality requirements for acceptable knowledge documentation:
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Precision - Precision is the agreement among a set of replicate measurements
without assumption of the knowledge of a true value. The qualitative
determinations, such as compiling and assessing acceptable knowledge
documentation, do not lend themselves to statistical evaluations of precision.

* Accuracy - Accuracy is the degree of agreement between an observed sample
result and the true value. The percentage of waste containers which require
reassignment to a new waste matrix code and/or designation of different
hazardous waste codes based an the reevaluation of acceptable knowledge and
sampling and analysis data will be reported as a measure of acceptable
knowledge accuracy.

* Completeness - Completeness is an assessment of the number of waste streams
or number of samples collected to the number of samples determined to be
useable through the data validation process. The acceptable knowledge record
must contain 100 percent of the required information (Section C9-3). The
useability of the acceptable knowledge information will be assessed for
completeness during audits.

* Comparability - Data are considered comparable when one set of data can be
compared to another set of data. Comparability is ensured through sites meeting
the training requirements and complying with the minimum standards outlined for
procedures that are used to implement the acceptable knowledge process. All
sites must assign hazardous waste codes in accordance with Section 09-4 and
provide this information regarding its waste to other sites who store or generate
a similar waste stream.

* Representativeness - Representativeness expresses the degree to which sample ~
data accurately and precisely represent characteristics of a population. 7
Representativeness is a qualitative parameter that will be satisfied by ensuring
that the process of obtaining, evaluating, and documenting acceptable knowledge
information is performed in accordance with the minimum standards established
in Section 09-4. Sites also must assess and document the limitations of the
acceptable knowledge information used to assign hazardous waste codes (e.g.,
purpose and scope of information, date of publication, type and extent to which
waste parameters are addressed and limitations of information in identifying
hazardous wastes).

Each site must address quality control by tracking its performance with regard to the use of
acceptable knowledge by: 1) assessing the frequency of inconsistencies among information, and
2) documenting the results of acceptable knowledge confirmation through radiography,
headspace-gas analyses, and solidified waste analyses. In addition, the acceptable knowledge
process and waste stream documentation must be evaluated through internal assessments by
quality assurance organizations and assessments by auditors external to the organization (i.e.,
DOE/Carlsbad Area Office (CAO).

40
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. DOE Site Audits of Acceptable Knowledge

The DOEICAO will conduct an initial audit of each generator/storage site prior to certifying the

site for shipment of TRU waste to the W1APP facility. This initial audit will establish an approved

baseline that will be reassessed annually. The QAPPIRORA portion of these audits will verify

compliance with the requirements specified in the WAP and QAPP. The QAPP/RCRA audits will

be used to ensure the consistent compilation, application, and interpretation of acceptable

knowledge information throughout the DOE complex and to evaluate the completeness and

defensibility of site-specific acceptable knowledge documentation related to hazardous waste

determinations. Appendix C1I1 gives a description of the overall audit program and a sample

checklist. Figure C9-3 includes the primary steps associated with the audit process of
acceptable knowledge.

Audit plans will identify the scope of the audit, requirements to be assessed, participating
personnel, activities to be audited, organizations to be notified, applicable documents, and

schedule. Audits will be performed in accordance with written procedures and checklists. The

audit checklists will include specific items associated with the compilation and evaluation of the
required acceptable knowledge information.

Audit checklists must include all of the following elements for review during the audit:

* Documentation of the process used to compile, evaluate, and record acceptable

* knowledge is available and implemented;

* Personnel qualifications and training are documented;

* All of the required acceptable knowledge documentation specified in Section C9-3
has been compiled in an auditable record;

* A procedure exists for assigning hazardous waste codes to waste streams in
accordance with Section 09-4;

* A procedure exists for resolving inconsistencies in acceptable knowledge
documentation in accordance with Section C9-4;

A procedure exists for confirming acceptable knowledge information through:
a) radiography or visual examination, b)headspace gas sampling and analysis,
and c) solidified waste sampling in accordance w ith Section C9-4; and

* Results of other audits of the TRU waste characterization programs at the site are
available in site records.

Members of the audit team will be knowledgeable regarding the required acceptable knowledge

information, RCRA regulations and EPA guidance regarding the use of acceptable knowledge
for waste characterization, RCRA hazardous waste determinations, and the WAP and QAPP

requirements. Audit team members will be independent of all TRU waste management
* operations at the site being audited.
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Auditors will evaluate all documents associated with the evaluation of the acceptable knowledge0
documentation for at least one debris waste stream and one solidified waste stream during the
audit. For these waste streams, auditors will review all procedures and associated processes
developed by the site for documenting the process of compiling acceptable knowledge
documentation; correlating information to specific waste inventories; assigning hazardous waste
codes; and identifying, resolving, and documenting discrepancies in acceptable knowledge
records. The adequacy of acceptable knowledge procedures and processes will be assessed
and any deficiencies in procedures documented in the audit report.

Auditors will review the acceptable knowledge documentation for selected waste streams for
logic, completeness, and defensibility. The criteria that will be used by auditors to evaluate the
logic and defensibility of the acceptable knowledge documentation include completeness and
traceability of the information, consistency of application of information, clarity of presentation,
degree of compliance with Appendix 09 of the WAP with regard to acceptable knowledge
confirmation data, nonconformance procedures, and oversight procedures. Auditors will evaluate
compliance with written site procedures for developing the acceptable knowledge record. A
completeness review will evaluate the availability of the minimum required TRU waste
management and TRU waste stream information (Section C9-3). Records will be reviewed for
correlation to specific waste streams and the basis for making hazardous waste determinations.
Auditors will verify that sites include all required information and conservatively include all
potential hazardous waste codes indicated by the acceptable knowledge records. All deficiencies
in the acceptable knowledge documentation will be included in the audit report.

Auditors will verify and document that sites use administrative controls and follow written
procedures to make hazardous waste determinations for newly-generated and retrievably stored
wastes. Auditors will review procedures used by the sites to confirm acceptable knowledge
information using radiography or visual examination and headspace gas sampling and analysis
and solidified waste sampling and analysis. Procedures to document changes in acceptable
knowledge documentation and hazardous waste code assignments to specific waste streams
also will be evaluated for compliance with the WAP.

After the audit is complete, the DOEICAO will provide the site with preliminary results at a close-
out meeting. The DOE/CAO will prepare a final audit report that includes all observations and
findings identified during the audit. Sites must respond to all audit findings and identify corrective
actions. Audit results will be available at DOE/CAO for review by regulatory agencies, and
copies will be provided upon request. If acceptable knowledge procedures do not exist, the
minimum required information is not available, or findings of noncompliance are identified
associated with hazardous waste determinations, the DQEICAO will not grant the site waste
characterization and certification authority for the subject waste. Waste stream characterization
and certification authority may be revoked or suspended if findings during subsequent annual
audits indicate a lack of compliance with approved acceptable knowledge procedures. Waste
characterization and certification authority will not be reinstated until the site demonstrates all
corrective actions have been implemented and the program is reassessed by the DOE/CAO.

The National TRU Program disseminates information regarding TRU waste characterization
requirements and program status through the TRU Waste Characterization Interface Working
Group. Sites use the CAO electronic bulletin board to disseminate information to other generator

sites regarding TRU waste streams, RORA compliance, and operational and programmatic
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issues, methods development, and waste characterization information, including the application
of acceptable knowledge. WIPP personnel are provided the required waste characterization
information prior to waste acceptance at WIPP and also will conduct audits at least annually.
WIPP will maintain an operating record for review during regulatory agency audits. Regulatory
agencies may also review information during generator site audits. The NMED will be notified

regarding any site's failure to implement corrective actions associated with hazardous waste
determinations.

C9-5 Confirmation of Acceptable Knowledge

Prior to notifying a site that a waste stream can be shipped and accepted at the WIPP facility,
the DOEICAO will review the Waste Stream Profile Forms and associated data packages to

ensure that radiography, headspace-gas data confirm hazardous waste determinations made
using acceptable knowledge. Sites must provide all of the required data associated with waste
stream characterization, including radiography or visual examination results, headspace gas

sampling and analysis, and solidified waste sampling and analysis. In addition, sites will

designate the assigned hazardous waste codes for the waste stream on the waste profile form.
The data packages will be evaluated as illustrated in Figure C9-2 and compared to the

hazardous waste codes specified on the waste profile form. The DOE/CAO will review
information provided by the sites to ensure that changes to hazardous waste codes are identified
and justified based on data and that hazardous waste codes are included in the Part A of the

W! PP permit application. As part of the reconciliation of DQOs (Appendix 08, Section C8-1 1),
sites are required to track and report changes to hazardous waste determinations. If data

W consistently indicates discrepancies with acceptable knowledge information, the DOEICAO will

require sites to increase sampling, reassess the materials and processes that generate the
waste, and resubmit waste stream profile information. Until discrepancies are resolved, shipment
of the waste stream to the WIAPP will be prohibited. Consistent nonconformances by a site in

implementing and documenting WAP and QAPP requirements will result in the termination of a
site's waste characterization and waste certification authority.

Any drum with unresolved discrepancies associated with hazardous waste determinations will

not be shipped to the WIPP facility until the discrepancies are resolved. Sites must reassess the
materials and processes that generate the waste, including headspace-gas sampling and

analysis, radiography or visual examination, and solidified waste sampling and analysis. All
shipments of the subject waste stream will cease until the corrective action(s), as necessary,
have been implemented and the discrepancy resolved. The DOEICAO will notify the New Mexico
Environment Department (NMED) when the certification status of a waste stream at a site is

revoked. If the site does not comply with the corrective actions associated with the hazardous
waste determination, which are specified during the nonconformance process, the DOEICAO will
notify the NMED prior to accepting the subject waste at the W]PP facility.

09-6 Summary

Acceptable knowledge is used in conjunction with other waste characterization techniques to
delineate waste streams, identify listed wastes from nonspecific and specific sources in

* accordance with 40 CFR §261.31, and determine the toxicity characteristics associated with TRU
debris wastes. Acceptable knowledge is a key component in properly making hazardous waste
determinations under RORA. The physical form and the associated increased health and safety
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risks associated with obtaining a representative sample of TRU debris wastes, clearly justify the
use of acceptable knowledge to make hazardous waste determinations. Acceptable knowledge
information is confirmed using nondestructive techniques and sampling and analysis.

The proper assignment of listed hazardous waste codes relies on knowledge of the materials and
processes that generated the waste and not on the concentration of constituents. Nuclear
weapons production resulted in a variety of wastes contaminated with spent solvents used for
cleaning and degreasing (i.e., hazardous waste codes FOO1-F005). Acceptable knowledge
documentation must be used to identify these TRU wastes.

To ensure consistency in the use and interpretation of -acceptable knowledge information, sites
must compile the minimum required information (Section C9-3) in an auditable record. Sites
must develop and implement written procedures that describe the compilation, use, and
confirmation of acceptable knowledge. In addition, sites must demonstrate through compliance
with written procedures that discrepancies in information will be documented and that hazardous
waste codes will be conservatively applied.

The DOEICAO will audit DOE sites to initially grant TRU waste certification authority to each site.
The DOEICAO will conduct audits at least annually thereafter to verify compliance with approved
plans and procedures. Sites will implement corrective action plans that address all audit
findings. Waste stream characterization and certification authority will be revoked if trends of
consistent noncompliance with the WAP and QAPP are identified by the DOEICAO at a site.

The DOEICAO will review waste stream profile forms and associated data packages to ensure
that radiography and headspace gas data confirm acceptable knowledge and that the correct
hazardous waste codes have been assigned to each waste stream. If complete and adequate
information is not provided by the generator regarding the hazardous waste determinations, then
the waste will not be authorized for shipment to and disposal at the WIPP facility.
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APPENDIX C10 1

QUALITY ASSURANCE PROJECT PLAN REQUIREMENTS 2

C1O-1 Quality Assurance Project Plans 3

Each participating site shall develop and implement a quality assurance project plan (QAPjP) that 4

addresses all the requirements specified in Waste Isolation Pilot Plant waste analysis plan and 5

implemented in the Transuranic Waste Characterization Quality Assurance Program Plan 6

(QAPP)(CAO-94-1 010, April 30, 1995). These QAPjPs shall include or reference the appropriate 7

management and technical criteria of the quality assurance program, as well as qualitative or 8

quantitative criteria for determining that waste characterization program activities are being 9

satisfactorily performed. QAPjPs shall identify the organization(s) and position(s) responsible 10o

for their implementation. The QAPjPs shall also reference site-specific documentation that 11

details how each of the required elements of the characterization program will be performed. 12

Prior to the implementation of characterization activities at participating sites, standard operating 13

procedures (SOP) will be developed for all activities affecting waste characterization program 14

quality that require written instructions or procedures. For the purposes of the quality assurance 15

program, the term SOP refers to any site-specific implementing document. Compliance with 16

SOPs will ensure that tasks are performed in a consistent manner that results in achieving the 17

quality required for the quality assurance program. The organization, format, content, and 18
designation of SOPs must be described in the QAPjPs. Site-specific SOPs will be reviewed for 19

consistency with the QAPjP during the Generator/Storage Site Waste Screening and Acceptance 20

Audit Program. 21

C10-2 Document Review. Approval. and Control 22

The preparation, issue, and change to documents that specify quality requirements or prescribe 23

activities affecting quality for the transuranic waste characterization program shall be controlled 24

to assure that correct and current documents are used and referenced. The QAPjPs shall 25

include the document control format implemented by the QAPP consisting of a unique document 26

identification number in the upper left-hand corner of each page, and the section number, current 27

revision number, date, and page number placed in the upper right-hand corner of each page. 28

All quality documents for the waste characterization program shall be reviewed prior to approval 29

and issuance by qualified and independent individuals. This review shall consider, as 30

appropriate, the technical adequacy, completeness, and correctness of the documents and the 31

inclusion of appropriate quality requirements. Approval shall be indicated by a signature and 32

date page included in the front of each document. Table C1 0-1 shows the parties responsible 33

for document review, review/approval, implementation, change approval, and change control. 34

Whenever the quality assurance (QA) documents are revised, review and approval of the 35

revision shall be conducted by the same level of approval authority and in accordance with the 36

requirements of review as the original documents. 37

At a minimum, revisions to QA documents shall be denoted by including the current revision 38

*number on the document title page, the revised signature page, and each page that has been 39

revised. Only revised pages need to be reissued. A vertical bar, indicating the change to the 40
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1 text, shall be included along the left-hand margin of the page. Revised document submittals
2 shall also identify the changes, the reason for the changes, and the justification for concluding
3 that the revised contents continue to satisfy the requirements of the quality assurance program.
4

5 The QAPP shall be controlled by the U.S. Department of Energy Carlsbad Area Office National
6 Transuranic Program (NTP) team leader and distributed by this position to the applicable DOE
7 field offices. A distribution list for the QAPP shall be used to control the issuance of revisions
8 and shall be maintained by the NTP team leader.
9

10 The QAPP shall be initially reviewed, approved, and concurred with by those positions indicated
11 in Table C1 0-1, and thereafter reviewed by the NTP team leader at least annually to ensure it
12 addresses the current needs of the waste characterization quality assurance program. If
13 changes to the QAPP are required, the NTP team leader shall be responsible for scheduling and
14 coordinating the review and approval of the revised document. Changes shall be reported by
15 the NTP team leader to the DOE field office managers for notification to the sites. Each site
16 project manager shall be responsible for the revision of the QAPjP and SOPs in accordance with
17 the approved changes to the QAPP.
18
19 Each site must have a document control system to control the review and approval of controlled
20 documents. The NTP team leader, the applicable DOE field office, the site project manager, and
21 the site project QA officer are responsible for the initial review and approval of the QAPjPs.
22 Thereafter, the QAPjPs shall be reviewed at least annually by the site project manager. If
23 changes to the QAPjP are required, the site project manager shall be responsible for scheduling
24 and coordinating the review and approval of the revised document. The QAPjPs shall include
25 a description of the organization(s) or person(s) responsible for distributing revisions to those
26 plans.
27

28 The QAPjPs shall include a detailed description of the reporting and approval requirements for
29 changes to approved QA documents and SOPs, including procedures for implementing changes
30 to these documents. All members of the site project staff are responsible for reporting any
31 obsolete or superseded information to the site project manager. All site-specific changes shall
32 be evaluated and approved by the site project manager and the site project QA officer before
33 implementation. The site project manager shall notify the appropriate personnel and the affected
34 documents shall be revised as necessary. The site project manager shall also be responsible
35 for notifying the DOE field office of the changes. No changes that affect performance criteria or
36 data quality; such as sample handling and custody requirements, sampling, and analytical
37 procedures, quality assurance objectives, calibration requirements, or QC sample acceptance
38 criteria; shall be made without prior approval of the DOE field office and the NTP team leader.
39 However, minor changes to QAPjPs and SOPs that do not affect the transuranic waste
40 characterization quality assurance program performance criteria or data quality may be made
41 without prior notification of the DOE field office and the NTP team leader.
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APPENDIX C1 1 1

WASTE ISOLATION PILOT PLANT GENERATORISTORAGE SITE WASTE 2

SCREENING AND ACCEPTANCE AUDIT PROGRAM 3

The Waste Isolation Pilot Plant (WIPP) Generator Site Waste Screening and Acceptance Audit 4

Program ensures that: 1) the operators of generator/storage sites that plan to transport 5

transuranic (TRU) mixed waste to the WIPP facility conduct sampling and analysis of wastes in 6

accordance with the current WIPP Waste Analysis Plan (WAP), and 2) the information supplied 7

by each generator/storage site to satisfy the waste screening and acceptability requirements of 8

Section C-5 of the WAP is being managed properly. WIPP (meaning both the U.S. Department 9
of Energy Carlsbad Area Office [DOEICAO] and Westinghouse Waste Isolation Division [WID] 10

personnel) will conduct these audits at the generator sites in accordance with a standard 11
operating procedure. This procedure will contain steps for selecting audit personnel, reviewing 12

applicable background information, preparing an audit plan, preparing audit checklists, 13

conducting the audit, developing an audit report, and following up audit deficiencies. The 14

checklists used in the audit are tailored for each site to be audited, based on the approved site 15

quality assurance project plan (QAPjP), which is the site-specific implementation of the 16

Transuranic Waste Characterization Quality Assurance Program Plan (QAPP). 17

Audit procedures incorporate the applicable requirements (e.g., auditor and technical specialist 18

Uqualifications, lead, auditor certification) of 10 Code of Federal Regulations 830.120 (Quality 19

Assurance), and the American Society of Mechanical Engineers NQA-1, part 2.7 of NQA-2, NQA- 20

*3, and incorporate requirements of DOE Order 5700.6C (Quality Assurance). It further 21

establishes the responsibilities and methodology for planning, scheduling, performing, reporting, 22

verifying, and closing announced and unannounced audits of TRU mixed waste generator and 23

storage sites. Records of all audit activities are part of the WIPP Operating Record and will be 24

maintained at the WIPP facility until closure. 25

Approved procedures are used to describe audit activities and requirements. Procedures define 26

the responsibilities of specific positions necessary to manage this audit program. The manager 27

who oversees this program must perform the following: 28

" Schedule audits, including initial audits prior to approval of waste stream profile 29

forms 30

" Designate lead auditor(s) 31

" Appoint auditor and lead auditor trainees 32

" Maintain auditor training and qualification records 33

" Assure that all auditors have been given appropriate training, including training on 34

the WAP 35

" Assign auditors and lead auditors to perform annual certification audits 36
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1 0 Review and approve final audit reports
2

3 0 Track and close all deficiencies and any observations requiring action
4
5 0 Assure records are entered into the WIPP Operating Record and are properly
6 maintained until facility closure
7

8 The DOE will approve lead auditors, auditors, and technical specialists based upon the expertise
9 required for the functions being examined according to the audit scope, including personnel

10 available from WID. The WID will supply auditors/technical specialists with expertise in the
I I Resource Conservation and Recovery Act (RCRA) requirements and knowledge of the analysis
12 and documentation methods required to verify the hazardous determinations made by the
13 generator sites.
14

i5 Lead auditors must meet the established experience and education requirements and pass a
16 qualification exam. The lead auditor who is assigned to be the audit team leader must perform
17 the following tasks:
18

19 0 Concur that assigned auditors and technical specialists have the collective
20 experience and training commensurate with the scope, complexity, or special
21 nature of the activities to be audited
22

23 . Develop an audit plan and coordinate the preparation of an overall checklist to
24 cover the scope of the audit, with consideration given to previous audit results from
25 that site
26

27 0 Assign specific audit areas to individual auditors and technical specialists within
28 their particular specialty and provide guidance on checklist development
29 NI

30 * Review individual auditor checklists to assure complete coverage of assigned
31 scope, and approve the checklists
32

33 0 Conduct the audit at the generator site, with entrance meetings, daily team
34 meetings, daily management update, and exit meetings, ensuring that the site is

35 kept fully apprised of the audit progress and results
36

37 0 Encourage observers to participate according to the protocol established by the,
38 DOEICAO
39

40 * Communicate audit results at the conclusion of the audit, including any deficiencies
41 and observations
42

43 & Prepare and sign the audit report
44

45 0 Maintain complete records of each audit and transfer them to the manager when
46 the audit report is issued
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*Auditors and tech nical[.specialists assigned to the specific audit will report to the audit team 1
leader for supervision and perform the following tasks: 2

" Attend any required specific training and team orientation and planning meetings 3

as directed by the audit team leader. 4

* Prepare specific audit checklists to verify that the QAPP Quality Assurance 5
Objectives (QAO) are met for the areas being audited. 6

" Obtain audit team leader approval of checklist. 7

* Review acceptable knowledge documentation packages, test report data, and 8

documentation of data verification activities. 9

" Obtain and evaluate objective evidence by means of observation, document io
reviews, or the conduct of interviews with operators, analysts, technicians, and 11
others necessary to determine the adequacy and effective implementation of the 12

QAPP programs and this WAR. 13

" Conduct inspection tours of waste generating stations, analytical laboratories, 14

calibration facilities, administrative, and document control/record facility. 15

" Complete checklist during the audit indicating the objective evidence observed 16

verifies that the generator site has met the QAOs for the program elements, 17

methods, and the activities being audited. Add other items to the checklist as they 18
are observed or as needed during the audit. 19

" Prepare narrative statements for all deficiencies, and observations that clearly and 20

concisely identify the conditions involved. 21

" Prepare any portion of the final audit report assigned by the lead auditor. 2

Audits will be conducted at least annually for each generator site involved in the waste 23

characterization program. Both announced and unannounced audits address the following: 24

. Results of previous audits 25

o Changes in programs or operations 26

o New programs or activities being implemented 27

* Changes in key personnel 28

The conduct of the audit commences with an entrance meeting, conducted by the audit team 29

leader, with site or facility management. At this meeting, the audit objectives and scope, the 30

specific areas to be audited, the processes or functions to be observed, and the site-participation 31.required, including site interfaces, will be identified. The purpose of this meeting is to confirm 32
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I the audit scope, discuss the audit sequence, establish channels of communication, and confirm
2 the daily and exit meeting. The audit is performed using the approved audit checklist. Audit
3 checklists are tailored for each site to provide an assessment of the specific activities at that
4 generator site. Consistency of evaluation is ensured before the audit through the generator site
5 QAPjP approval. The QAPjPs for the generator sites must incorporate the same requirements
6 from the QAPP. Objective evidence is examined (to the depth necessary) to determine if the
7 identified activities, procedures, or QAOs are adequate and are being effectively implemented.
8

9 Audit conduct is accomplished through site personnel interviews, document and record reviews,
10 observations of operations, and any other activities deemed necessary by the auditors to meet
11 the objectives of the audit. Observations or deficiencies identified during the audit will be
12 investigated or evaluated, as necessary, to determine if they are isolated conditions or represent
13 a general breakdown of the waste characterization quality assurance program. During audit
14 interviews or during the daily management meetings, site personnel will be advised of
15 deficiencies identified within their areas of responsibility to establish a clear understanding of the
16 identified condition.
17

18 The site personnel will be given the opportunity to correct any condition that can be corrected
19 during the audit period. Deficiencies and observations will be documented and included as part
20 of the final audit report. Those items that can be resolved during the audit (isolated conditions
21 that do not require a root cause determination or actions to preclude recurrence), will be verified
22 prior to the end of the audit, and so noted in the audit report. Those items that affect the quality
23 of the program, and/or the data generated by that program, will be documented on a Corre~ive
24 Action Report (CAR) and included as a part of the audit report. The CAR will be enterecl 4J/
25 the DOEICAO CAR tracking system and tracked until closure. Also, WVID will track RCRA-rel~tedt

26 items on the systematic tracking and action reporting system.
27

28 When a deficiency is identified by the audit team, the condition is documented on a CAR by the
29 audit team leader. The DOE/CAO Quality Assurance (QA) Manager and the National ti

30 Transuranic Program (NTP) Team Leader review the CAR, determine validity (assures that a
31 requirement has really been violated), classify the significance of the condition, assign a
32 response due date, and issue the CAR to the generator site. The generator site reviews the
33 CAR, evaluates the extent and cause of the deficiency, and provides a response to the W1PP
34 indicating the remedial actions and actions taken to preclude recurrence. The W1PP reviews the
35 response from the generator site and, if acceptable, communicates the acceptance to the
36 generator site. The generator site completes remedial actions and actions to preclude
37 recurrence. After all corrective actions have been completed, the WIPP schedules and performs
38 a verification visit to assure that corrective actions have been completed and are effective.
39 When all actions have been completed and verified as being effective, the CAR is closed by the
40 DOEICAO QA Manager and the NTP Team Leader. As part of the planning process for

41 subsequent audits and surveillances, past deficiencies are reviewed and the previous deficient
42 activity or process is subject to reassessment.
43

44 The generator site management will be required to submit a corrective action plan to eliminate
45 the adverse condition stated on the CAR including a resolution of the acceptability of any data
46 generated prior to the resolution of the corrective action.
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determine the extent and impact of the deficiency, a description of the remedial actions taken, 2

determination of root cause, and actions to preclude recurrence. 3

An exit meeting will be conducted by the lead auditor prior to departure of the audit team from 4

the site. This meeting will be with site management personnel, including DOE personnel. All 5
draft audit results will be presented to the generator site management. 6

The formal audit report will be prepared, approved, and issued to the site within 30 days of the 7

completion of the audit by the WIPP facility. The report will include, as a minimum, sections 8

describing the scope, purpose, summary of deficiencies, and observations in narrative format, 9
as well as an identification of the organization audited, the dates of the audit, and the requested l o
response date. The audited site will respond to any deficiencies and observations within 30 days 11
after receipt of any CARs and indicate the corrective action taken or to be taken. If the 12

corrective action has not been completed, the response must indicate the expected date the 13

action will be completed. Subsequent audits or specific verifications, announced or 14

unannounced, will determine if the corrective action has been satisfactorily implemented. 15

Deficiencies, observations, and CARs will be tracked to completion according to established 16

procedure(s). In addition, all audit items will be trended to determine if similar situations exist 17

system wide. Trend reports will be issued as necessary to provide a "lessons learned" 18
announcement to other generator sites who might benefit from program improvements 19
implemented as a result of resolutions to the specific situations discovered at the performance 20

of these audits. 21

* If a generator/storage site fails to implement a corrective action that directly affects the waste 22

characterization activities at the site, the site will have their certification authority suspended and 23

waste shipments to the WIPP will be suspended until the corrective action is completed. 24

The audit records will be maintained at WIPP as a part of the Operating Record. These records 25

will be included on the Record Inventory and Disposition Schedule and maintained on-site until 26

closure of the WIPP facility. 27
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APPENDIX C12
COMPARISON OF TRANSURANIC (TRU) WASTE CHARACTERIZATION

PROCEDURES WITH
EPA-APPROVED WASTE CHARACTERIZATION METHODS

The Department of Energy (DOE) sites characterize waste in accordance with this Waste
Analysis Plan (WAP) and the Transuranic Waste Characterization Quality Assurance Program
Plan (QAPP), which specify waste characterization procedures found in the Transuranic Waste
Characterization Sampling and Analysis Methods Manual (Methods Manual). The Methods
Manual provides a unified source of information on the testing, sampling, and analytical
techniques that enable sites to comply with this WAP. The Methods Manual includes all of the
testing, sampling, and analytical methodologies accepted by DOE for use in transuranic (TRU)
waste characterization requirements.

Many of the analytical procedures found in the Methods Manual are based on methods found
in Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third Edition,
Final Update I, and Final Update 11. Specifically, analytical procedures for solid phase waste in
the Methods Manual are based on SW-846 methods. In these instances, the analyst is referred
directly to the SW-846 method for the requirements of the procedure. Only information unique
to the Program (e.g., target analytes, quality assurance objectives, quality control requirements)
is included in the Methods Manual. The testing and sampling procedures included in the

K Methods Manual were developed specifically for characterizing TRU waste and equivalent
methods are not found in SW-846.

The DOE has examined the consequence of modifying SW-846 methods for use in TRU waste
characterization to ensure program specific changes do not compromise the integrity of the
original SW-846 methods. This examination considered program-specific modifications (i.e.,
target analysis, quality assurance objectives, quality control requirements) to ensure: 1) these
modifications could be met by the SW-846 method being referenced, and 2) these modifications
do not compromise the integrity of the SW-846 method being referenced. DOE examined the
following elements of each method:

* Scope and Application
* Summary of Procedure
* Interferences
* Safety
* Apparatus and Materials
* Reagents
* Sample Collection, Preservation, and Handling
* Procedure
* Calculations
* Quality Control
* Procedure Performance
* References

* For each element, a comparison was made between the Methods Manual and the SW-846
method. Often, the Methods Manual procedure referred directly, and only, to the SW-846
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method. In instances where this is not the case, the Methods Manual procedure requirements
were evaluated for applicability and compliance with the requirements of the SW-846 method.

A comparison is made in Table C12-1 which indicates which Methods Manual procedures are
based on SW.-846 methods, and specifies the appropriate SW-846 method. Tables C12-2
through C12-16 are specific comparisons between SW-846 methods and Method Manual
procedures. The "comments" column of Tables 012-2 through 012-16 includes reasoning as
to why the differences in the SW-846 method and the Methods Manual procedure are non-
impactive.

C12-2
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TABLE C12-1
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL

METHODS

Methods Manual Procedure SW-846 Method

Procedure 110. 1: Sampling Manifold Method Program specific procedure, no equivalent
to Collect Headspace Gas Samples From a SW-846 method
TRU Waste Drum

Procedure 110.2: Direct Canister Method to Program specific procedure, no equivalent
Collect Headspace Gas Samples From a SW-846 method
TRU Waste Drum

Procedure 110.3: Using a Side-Port Needle Program specific procedure, no equivalent
to Collect Headspace Gas Samples Through SW-846 method
a TRU Waste Drum's Carbon Composite
Filter

Procedure 110.4: Punching the Drum Lid to Program specific procedure, no equivalent
Collect Headspace Gas Samples from a SW-846 method
TRU Waste Drum

Procedure 120.1: Collecting Samples from Program specific procedure, no equivalent
TRU Waste Drums Containing Homogenous SW-846 method
Solids and Soil/Gravel (Sludge)

Procedure 210.1: SUMMA® Passivated Program specific procedure, no equivalent
Stainless Steel Canister Certification and SW-846 method
Cleaning

Procedure 310.1: Physical Waste Form Program specific procedure, no equ ivalent
Characterization Using Radiography SW-846 method

Procedure 310.2: Physical Waste Form Program specific procedure, no equivalent
Characterization Using Visual Examination SW-846 method

Procedure 430.1: Modified Method TO-i14 Program specific procedure, no equivalent
for the Gas Chromatography/Mass SW-846 method
Spectrometry Determination of Volatile
Organic Compounds in Waste Container
Headspac

Procedure 430.2: Modified Method Program specific procedure, no equivalent
8240/8260 for the Determination of Volatile SW-846 method
Organic Compounds in Waste Container
Headspace
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TABLE C12-1 (CONTINUED)
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL

METHODS

Methods Manual Procedure SW-846 Method

Procedure 430.3: Method 8240B for the SW-846 Method 8240B: Volatile Organic
Determination of Total Volatile Organic Compounds by Gas Chromatography/Mass
Compounds in Homogenous Solids and Spectrometry (GC/MS) - See Table C12-2
Soil/Gravel

Procedure 430.4; Method 8260A for the SW-846 Method 8260A: Volatile Organic
Determination of Total Volatile Organic Compounds by Gas Chromatography/Mass
Compounds in Homogenous Solids and Spectrometry (GC/MS): Capillary Column
Soil/Gravel Technique - See Table C12-3

P cedure 430.5: Method 8250A for the SW-846 Method 8250A: Semivolatile
'I termination of Total Semi-Volatile Organic Organic Compounds by Gas

ompondsin Homogenous Solids and Chromatography/Mass Spectrometry
Soil/Gravel (GC/MS) - See Table C1 2-4

Procedure 430.6: Method 8270B for the SW-846 Method 82708: Semivolatile
Determination of Total Semi-Volatile Organic Organic Compounds by Gas
Compounds in Homogenous Solids and Chromatography/Mass Spectrometry
Soil/Gravel (GC/MS): Capillary Column Technique -

See Table C12-5

Procedure 440.1: Gas Program specific procedure, no equivalent
Chromatography/Flame Ionization Detector SW-846 method
Determination of Alcohols and Ketones in
Waste Container Headspace

Procedure 440.2: Direct Injection Gas Program specific procedure, no equivalent
Chromatography/Flame Ionization Detector SW-846 method
Determination of Nonhalogenated Volatile
Organic Compounds in Homogenous Solids
and Soil/Gravel

Procedure 440.3: Gas SW-846 Method 8081: Organochlorine
Chromatography/Electron Capture Detection Pesticides and PCBs as Aroclors by Gas
Determination of PCBs in Organic Sludge Chromatography: Capillary Column

Technique; SW-846 Method 3550:
Ultrasonic Extraction; SW-846 Method 3620:
Florisil Column Cleanup. These methods
have been optimized for the determination
of PCBs only in TRU waste - See Table C-
12-6
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TABLE C12-1 (CONTINUED)
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL

METHODS

Methods Manual Procedure SW-846 Method

Procedure 510.1: Mass Spectrometry Program specific procedure, no equivalent
Determination of Hydrogen and Methane in SW-846 method
Waste Container Headspace

Procedure 520.1: Gas Chromatography Program specific procedure, no equivalent
Determination of Hydrogen and Methane in SW-846 method
Waste Container Headspace

Procedure 610. 1: Microwave Assisted Acid SW-846 Method,3051: Microwave Assisted
Digestion of Homogenous Solids and Acid Digestion of Sediments, Sludges, Soils,
Soil/Gravel and Oils - See Table C-I12-7

Procedure 620.1: Extraction Program specific procedure, no equivalent
Chromatography Cleanup of Homogenous SW-846 method
Solids and Soil/Gravel Samples Undergoing
Total Metals Analysis

Procedure 630.1: Method 6020 for the SW-846 Method 6020: Inductively Coupled
Inductively Coupled Plasma-Mass Plasma-Mass Spectrometry - See Table C-
Spectrometry Determination of Total Metals 12-8
in Homogenous Solids and Soil/Gravel

Procedure 640. 1: Method 6010OA for the SW-846 Method 6010A: Inductively Coupled
Inductively Coupled Plasma-Atomic Plasma-Atomic Emission Spectroscopy -

Emission Spectroscopy Determination of See Table C-I12-9
Total Metals in Homogenous Solids and
Soil/Gravel

Procedure 650.1: Flame Atomic Absorption Various SW-846 Direct Aspiration Atomic
Spectroscopy Determination of Total Metals Absorption Methods, including 7040
in Homogenous Solids and Soil/Gravel (antimony), 7080A (barium), 7090

(beryllium), 7130 (cadmium), 7190
(chromium), 7420 (lead), 7520 (nickel),
7760A (silver), 7840 (thallium), 7910
(vanadium), 7950 (zinc) - See Table C12-
10
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TABLE C12-1 (CONTINUED)
CORRELATION BETWEEN SW-846 METHODS AND METHODS MANUAL

METHODS

Methods Manual Procedure SW-846 Method

Procedure 650.2: Graphite Furnace Atomic Various SW-846 Graphite Furnace Atomic
Absorption Spectroscopy Determination of Absorption Methods, including 7041
Total Metals in Homogenous Solids and (antimony), 7081 (barium), 7091 (beryllium),
Soil/Gravel 7131A (cadmium), 7191 (chromium), 7421

(lead), 7761 (silver), 7841 (thallium), 7911
(vanadium), 7951 (zinc) - See Table C12-
11

Procedure 650.3: Cold Vapor Atomic SW-846 Method 7471A Mercury in Solid or
Absorption Spectroscopy Determination of Semisolid Waste (Manual Cold-Vapor
Total Mercury in Homogenous Solids and Technique) - See Table C12-12
Soil/Gravel

Procedure 650.4: Hydride Generation SW-846 Method 7061A Arsenic (AA,
Atomic Absorption Spectroscopy Gaseous Hydride) - See Table C12-13
.Determination of Total Arsenic in

*",Hoenous Solids and Soil/Gravel

Procedure 650.5: Borohydride Generation SW-846 Method 7062 Antimony and Arsenic
Atomic Absorption Spectroscopy (AA, Borohydride Reduction) - See Table
Determination of Total Antimony and C12-14
Arsenic in Homogenous Solids and

* Soil/Gravel

Procedure 650.6: Hydride Generation SW-846 Method 7741A Selenium (AA,
Atomic Absorption Spectroscopy Gaseous Hydride) - See Table C1 2-15
Determination of Total Selenium in
Homogenous Solids and Soil/Gravel

Procedure 650.7: Borohydride Generation SW-846 Method 7742 Selenium (AA,
Atomic Absorption Spectroscopy Borohydride Reduction) - See Table Cl 2-
Determination of Total Selenium in 16
Homogenous Solids and Soil/Gravel

C 12-7
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To: ALL CHAPTER LEADERS
Larry Madi
Rick SchroederMemorandum Ross Kirkes
Bill Weston

To: Long-Term Regulatory Compliance cc: B. A. Howard
R. J. Leonard

From: Bryan Howard

Date: June 25, 1996

Subject: CCA Action Plan

Please review those portions of the attached CCA action plan and
make any appropriate additions, deletions, and changes. You may
note that some of the newly added appendices do not have draft
and/or final due dates. Please fill in these blanks as well.

Please provide your input to me by noon on Friday, June 28, 1996.



COMPLIANCE CERTIFICATION APPLICATION

ACTION PLAN

1 1 1FINAL
CH., SUPR ]LEAD JR U DUE COMMENTS

Preface J. Maes Kirkes 7/26/96 8/9/96 (insert DOE legalese here)

Ex. Sum. Kirkes Wagner 7/26/96 8/9/96 Final task for CCA.

1 Kirkes Wagner 7/26/96 8/9/96 Underway.

2 Wagner Kirkes 2/5/96 3/8/96 Complete, currently under EPA
review.

3 Madi Wagner 5/31/96 6/17/96 Complete
Johns Complete Complete

4 Weston Johns Complete Complete Complete

5 Weston Johns Complete Complete Complete
Cannon
(WID)
Brown
(CAO)

6 Wagner Kirkes 2 of 3 9/1 3/96 70% of Ch. 6 has been
(ephases of developed, reviewed, and

*production finalized. Final portion is pending
completed. PA results.

7 Schroeder Rodriguez 6/24/96 7/1 5/96 Underway

8 Madl Kirkes 7/22/96 8/12/96 Chapter hinges on modelling
results.

9 Weston Kirkes 8/6/96 9/30/96 Cannot be finalized until all peer
reviews have been documented.

Reference McMillian Johns Ongoing Ongoing Leads MUST provide WDM all
Expansions and draft and final chapters.
Acquisition

CD ROM McMillian ALL Ongoing Ongoing Leads will review and verify CD
Interface links as provided by CTAC.

IAPPEND IX J LEAD J1 SUPPORT Jr DRAFT ) FINAL IF TO CD-ROMI

1. AIC Schroeder Rodriguez 6/10/96 6/22/96 6/28/96 to CD-ROM

2. AUD Weston 7/1 5/96 8/1 5/96 8/23/96 to CD-ROM

3. BACK Madl

Action. Pin June 25, 1996



4. BECR Madi Kirkes 10/20/96 10/20/96 10/20/96 to CD-ROM

5. BH Madi Johns 6/25/96 7/12/96 7/26/96 to CD-ROM

6. BIR Weston 6/28/96 6/28/96 7/1 5/96 to CD-ROM

7. BRAGIFLO Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

8. CCDFGF Kirkes 7/1 2/96 8/6/96 9/30/96 to CD-ROM

9. CLI Kirkes 6/7/96 6/7/96 6/1 5/96 to CD-ROM

10. CODELINK Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

11. CUTTINGS Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

1 2. DEF Wagner 6/1 8/96 6/18/96 6/28/96 to CD-ROM
Complete Complete Complete

13. DEL MadI 7/19/96 8/9/96 8/16/96 to CD-ROM

14. EBS Wagner 7/19/96 8/16/96 9/30/96 to CD-ROM

15. EMP Schroeder ,-~ Complete Complete 6/28/96 to CD-ROM

16. EPIC Schroeder 6/28/96

1 7. FAC Wagner Complete Complete Complete

18. GCR Wagner Complete Complete Complete

19. GTMP Schroeder unknown unknown unknown

20. GWMP Schroeder Complete Complete 6/28/96 to CD-ROM

21. HYDRO Wagner Complete Complete Complete

22. IRD Schroeder Complete Complete 6/28/96 to CD-ROM

23. IRES Kirkes NjI7 7/1 2/96 8/6/96 9/30/96 to CD-ROM

24. MASS Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

25. MON Schroeder 7/29/96 8/1 5/96 9/30/96 to CD-ROM

26. NUTS Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

27. PANEL Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

28. PAR Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

29. PEER Weston Wagner 8/6/96 9/30/96 9/30/96 to CD-ROM

30. PiCs Schroeder 5/1 7/96 5/23/96 6/7/96 to CD-ROM

31. PORSURF Kirkes 7/1 2/96 8/6/96 9/30/96 to CD-ROM

32. QAPD Weston 5/17/96 5/17/96 6/14/96 to CD-ROM

Action. Pin June 25, 1996



33. RBP Wagner Complete Complete Complete

34. SA Kirkes Weston 8/13/96 9/30/96 9/30/96 to CD-ROM

35. SCHED Weston

36. SCR Kirkes 6/24/96 7/1 9196 8/2/96 to CD-ROM

37. SEAL MadI 9/30/96 9/30/96 9/30/96 to CD-ROM

38. SECOFL2D Kirkes 7/12/96 8/6/96 9/30/96 to CD-ROM

39. SECOTP2D Kirkes 7/1 2/96 8/6/96 9/30/96 to CD-ROM

40. SER Wagner 5/31/96 5/31/96 6/14/96 to CD-ROM

41. SOTERM Kirkes 7/1 2/96 8/6/96 9/30/96 to CD-ROM

42. SUM Wagner Complete Complete Complete

43. TFIELD Kirkes 7/1 2/96 8/6/96 9/30/96 to CD-ROM

44. USDW Madl 6/28/96 7/19/96 7/26/96 to CD-ROM

45. VCMP Schroeder Complete Complete 6/28/96 to CD-ROM

46. WAP Weston 6/21/96 6/21/96 6/28/86 to CD-ROM

47. WCA Weston 6/28/96 8/12/96 9/1/96 to CD-ROM

48. WRAC Schroeder 6/27/96 [7/12/96 7/26/96 to CD-ROM

Action. Pin June 25, 1996



Appendix Description
WCL In calculating the performance of the disposal system, the DOE has to set bounding values for the wadte

components. Within these values, the analyses are valid, and the WIPP can be reasonably expected to
comply with the disposal standards. These bounds are presented in this appendix.

WRAC This appendix contains a feasibility study for the removal of most of the waste from the disposal system at
some tirne in the future as discussed in Section 7.6. Conventional mining techniques, coupled with remote-
handled (RH) technology, are discussed to show that, even with today's technology, such removal would be
possible at any time after facility closure.
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Sandia National Laboratories
Albuquerque, New Mexico 87185

date: June 24, 1996

to: Bill Weston, Westinghouse, WIPP MS 090
JIUL - 91996

from: Christine L. Northrop-Salazar, 6w4, SNL MS 1395

subject Memo of Understanding

Upon request, a hardcopy and an electronic file of the Sandia National Laboratories'
(SNL) Waste Isolation Pilot Plant (WIPP) Quality Assurance Program Description
(QAPD), Revision R, are being provided for inclusion in the appendix of the
Compliance Certification Application (CCA). Both the hardcopy and the electronic
file provided are UNCONTROLLED COPIES. SNL personnel have verified their
accuracy. Note, if the SNL's QAPD is revised after today by SNL, SNL is not
responsible for notifying you of the change because you are not on controlled
,distribution for this document. In addition, it is not SiNL's responsibility if th e
electronic file is altered, accidentally or intentionally, after its delivery to
Westinghouse.

Bill, it has been a pleasure working with you. I am looking forward to when our
paths cross again in the future.

cc- Bill McMillan, WIPP MS 260
N Les Shephard, SNL MS 1395

Susan Pickering, SNL MS 1395 Lo 1
Amy Martinez, SNL MS 1330
SWCF-C 1.4.03.3.1:NQ:QAPD;CCA /

7(

Exceptional Service in the National Interest
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40 CFR 191 Compliance Certification Application
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FIGURES
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2
3 USDW.1 Executive Summary
4
5 The U.S. Department of Energy (DOE) must demonstrate that the Waste Isolation Pilot Plant
6 (WIPP) may be operated and closed in compliance with the provisions and requirements of
7 applicable U.S. Environmental Protection Agency (EPA) environmental radiation protection
8 standards. The applicable regulations are in4-0 CER Part 19 1, Environmental Radiation
9 Protection Standards for Management and Disposal of Spent Nuclear Fuel, High-Level and C4,e

10 Transuranic Radioactive Wastes. This report has been prepared to support the DOE's \ (I o
11 documentation of compliance with the requirements of 40 CFR Part 19 1, Subpart C, which t
12 provides environmental standards for groundwater. It focuses on the question of whether any 0
13 underground source of drinking water (USDW), as defined in Subpart C of 40 CFR Part 191,
14 is located at or near the WIPP site.- A USDW, for the purposes of 40 CFR Part 191, Subpart
15 C, is essentially an aquifer that adequately supplies water that is fit for human consumption
16 (see Section USDW.2).
17 */1924(1 reqireTh
18 The disposal standards ij 9.4a()rqie fO
19
20 Disposal systems for waste and any associated radioactive material shall be designed to provide
21 a reasonable expectation that 10,000 years of undisturbed performance after disposal shall not
22 cause the levels of radioactivity in any underground source of drinking water, in the accessible
23 environment, to exceed the limits specified in 40 CFR part 141 as they exist on January 19,
24 1994. 

125
26 The National Primary Drinking Water Standards are contained in 40 CFR Part 141.
27
28 The study area, for the purposes of this report, is defined as the 10,240 acres &thd1rawn for

2 9 te WIPP Project under the Waste Isolation Pilot Plant Land Withdrawal Actp o19
30 10-579)and an area bounded by T21 S through T24S, and R29E through R32E, as shown in

~,31 Figure UD A The study area is based on the area used for the collection of groundwater
32 data under the WIPP Water Quality Sampling Program (WQSP). WQSP data are partially

33 relied upon in this study to determine the potential presence of USDWs.
34
35 In addition, although any USDW located withinaeW~ controlled area (the area within the
36 WIPP site boundary as shown on Figure USDW:A) is excluded from the requirements of 40 1
37 CFR Part 191, Subpart C, WQSP data from the Iand withdrawal area are used in this study
38 because the land withdrawal area has been more highly characterized during the WQSP than
39 outlying areas. These data are considered relevant for determining groundwater
40 characteristics of geologic units in the study area.
41
42 To assess the presence of a USDW, it is necessary for the DOE to establish mapping criteria
43 to be applied to water quantity and quality data from wells in the study area. These DOE
44 criteria and their bases are described in Section USDW.2. This evaluation also includes a
45 review and summary of relevant literature pertaining to groundwater quality and quantity in
46 the study area. The results of this review are provided in Section USDW.3.
47

DOE/CAO.Difaft 2184 USDW-7 kA ~--d9



O~ 7 40 CFR 191 Compliance Certification Application

1 Observation wells completed in the five water-bearing geologic units in the study area were
2 evaluated for this study. The geologic units are q
3
4 1/(: the Santa Rosa Sandstone of the Dockum Group (hereafter referred to as the Santa

5 Rosa),,d
6 ~~the Dewey Lake Formation (hereafter referred to as the Dewey Lake), 4v

7 /z.the Culebra Dolomite Member of the Rustler Formation (hereafter referred to as the
8 Culebra),
9 7 .the Magenta Dolomite Member of the Rustler Formation (hereafter referred to as the

10 Magenta), ait4--....
1 .II the Capitan Aquifer of the Guadalupian Reef Complex (hereafter referred to as the

12 Capitan Aquifer)

14 The DOE's approach for the determination of potential USDWs in the study area is based on

15 the establishment of mapping criteria related to groundwater quantity and quality. According/

16 to the DOE's approach, USDWs s *tot th requirements of 40 CFR Part 19 1, SubpartV 1
17 are identified in the Culebra, andULN~ndusive groundwater production data, possible

18 USDWs are qesent in the Demg Lake and the Santa Rosa. However, as reported in Chapter ~

19 8-of-the-jmipfia5n ~' V'i~tclation-A ppli~ati-on, even if a release from the repository were to2

20 occur, maximum contaminant levels (MCLs) would not be exceeded in any USDW.
21
22 USDW.2 Criteria for the Definition of Underground Sources of Drinking Water
23
24 To determine if groundwater in the study area qualifies as a USDW, the DOE evaluated tne

25 available groundwater data relative to the applicable regulations. To complete this task, it is

26 necessary for the DOE to establish mapping criteria so that available data can be directly

27 evaluated relative to the regulation. The regulatory requirements and the DOE's mapping

28 criteria for groundwater quantity and quality are addressed in this section.
29
30 USDW.2.1 Applicable Regulations
31

32 The regulatory citations that apply to the determination of a USDW are 40 CFR § 191.22 and

33 40 CFR § 191.23. A USDW is defined in 40 CFR § 191.22 to mean an aquifer or its portion'
34 

thatý
35
36 (1) Supplies any public water system; or
37 (2) Contains a sufficient quantity of groundwater to supply a public water system; and

38 (i) Currently supplies drinking water for human consumption; or

39 (ii) Contains fewer than 10,000 milligrams of total dissolved solids per liter. /
40
41 "Public water system" means a system for the provision to the public of piped water for human

42 consumption, if such system has at least fifteen service connections or regularly serves at least

43 twenty-five individuals. Such term includes:
44

All subsequent text of this report will use the term "aquifer" to denote an aquifer or its portion.

Cý ctvlp--
_ lj9 .- 1_99 USDW-2 DOE/CAO Dff4f 2184
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Figure USDW-A. Generalized Stratigraphic Cross-Section at the WIPP Site

DOE/CAO Draft 2184 USDW>11 - August 12, 1996
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40 CFR 191 Compliance Certification Application

1 (1) Any collection, treatment, storage, and distribution facilities under control of the

2 operator of such system and used primarily in connection with such system; and

3 (2) Any collection or pretreatment storage facilities not under such control which are used

4 primarily in connection with such system.

5
6 "Total dissolved solids" means the total dissolved (filterable) solids in water as determined by

7 use of the method specified in 40 CFR Part 136.

8
9 General provisions in 40 CFR § 191.23 require that;

10
11I (a) Determination of compliance with this subpart shall be based upon underground

12 sources of drinking water which have been identified on the date the implementing

13 agency determines compliance with subpart C of this part.

14
15 USDW.2.2 DOE's USDW Mapping Criteria

16 icr USDW-3 is a eiinmatrix showin a6DOE's systematic approach for evaluating

18 the existing dat~arelative to 40 CFR § 19 .. To answer the questions indicated on
19 Figure USDW- , the DOE establishe&4mapping criteria that can be applied to the regulatory

20 definition of a USDW. Two general mapping criteria apply: (1) groundwater quantity and (2)
21 groundwater quality.
22
23 USDW.2.2. 1 Groundwater Quantity
24 o
25 The term sufficient quantity in 40 CFR § 191.22 (2) is not strictly defined. The components

26 that must be considered to determine sufficient quanti.ty include zroundwater production, and
27 duration. The DOE has established two mapping /sulb-criteria' to be applied to these
28 components of the groundwater quantity determination:
29
30 1. an aquifer must be capable of producing water at an adequate ratepand
31/
32 2. an aquifer must be capable of producing water for a sufficient duration.
33/
34 USDW.2.2.].J Groundwater Production
35
36 The DOE uses water-consumption information to define the first sub-criterion for mapping

37 potential USDWs. To be conservative in the definition of a USDW, the lower of the
38 following two values is assigned to the sub-criterion:
39
40 1 . The rate, over a 24-hour period, at which water would be consumed by 15 service
41 connections.
42
43 2. The rate, over a 24-hour period, at which water would be consumed by 25 individuals.
44
45 The rate of consumption by 15 service connections is calculated using the data provided in

46 Table USDW-1. These are U.S. Bureau of the Census data for the number of persons per

47 household in communities in southeastern New Mexico and water-consumption data for the
48

DOE/CAO Draft 2184 USDW-P3 August 12, 1996



40 CFR 191 Compliance Certification Application

1 Table USDW-1. Persons Per Household and Water Consumption

2

3 cornmu Iity Persons Per Household, 1990 Gallons Per Capita Per Day

4 Artesia 2.69 285

5 Carlsbad 2.63 307

6 Hobbs 2.81 267

7 Lovington 2.96 264

8 Roswell 2.66 285

9 Average 2.75 28

10 Sources: U.S. Bureau of the Census 1990; Wilson 1992.

12 same communities. The water-consumption data are from a report prepared by the New

13 Mexico State Engineer's Office (Wilson 1992).
14
15 The average water usage in these communities is 282 gallons per person per day. The 1990

16 census statistics for these communities show an average of 2.75 people per household. One

17 household equals one service connection.
18
19 Therefore:
20
21 2.75 people x 282 gallons per person per day =775.5 gallons per service connection

22( per day
23 775.5 gallons per day per service connection x 15 connections = 11,63 3 gallons

24 per day
25 11,633 gallons per day/1,440 minutes per day = 8.08 gallons per minute.

26
27 The rate of consumption by 15 service connections is calculated to be 8.08 gallons per minute.

28
29 The rate over a 24-hour period at which water would be consumed by 25 individuals may be

30 calculated using these same data. The average water usage is 282 gallons per person per day

31 in area communities. The consumption of water by 25 people equals:
32
33 282 gallons per person per day x 25 people =7050 gallons per day

34 7050 gallons per day/l1,440 minutes per day =4.89 gallons per minute
35
36 Based on these two calculations, the quantity consumed by 25 individuals (4.89 gallons per

37 minute; nominally 5 gallons per minute) is smaller than the quantity consumed by 15 service

38 connections (8.08 gallons per minute). To be conservative in the determination of the quantity

39 derived from a well that meets the DOE's first quantity sub-criterion, the 5 gallons per minute

40 value is applied.

August 12, 1996 USDW-f DOE/CAO Draft 2184
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7-,-
1 Figure USDW-A. Decision Matrix for Evaluating Existing Data Relative to 40

2 CFR § 191.22 to Determine USDW
3
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40 CFR 191 Compliance Certification Application

I The DOE' s application of the second quantity sub-criterion (the acceptable production
2 duration from a well) is more subjective. Because the creation of a public water supply
3 system involves considerable capital expense, it is reasonable to assume that such a water
4 system would not be constructed unless the water source would continue to be available for
5 some time, at least long enough to recover the capital expense.
6
7 USDW. 2.2.1.2 Duration of Groundwater Production
8
9 If a USDW were available for appropriation, a determination of the duration of the supply

10 would be necessary for planning appropriate use. According to a representative of the New
11I Mexico State Engineer's Office, Albuquerque District, a water appropriation is generally P 1

12 considered permanent (Personal Communication 1996a). Exceptions would be the short-term
13 appropriation of a water supply for temporary use such as for a road construction project.
14 -Therefore, a USDW appropriated for a public water supply system is generally considered to
15 be a permanent use of the resource (Personal Communication 1996a).
16
17 According to a representative of the Rural tility Service of the U.S. Department of
18 Agriculture (Personal Communication 6b), loan periods for funding new rural watec&
19 supplies are generally 40 years6  . Appropriation and water rights issues must be reso yd
20 with the State Engineer prior to loan approval. Based on this reasoning and the State
21 Engineer's policy of permanent appropriations, a duration of 40 years would be appropriate
22 for a presumed permanent source. This duration is selected (jhe second quantity sub-
23 criterion' however, in performing this study it was not necess to actually apply this sub-
24 criteriorr
25
26 USDW.2.2.2 Groundwater Quality
27
28 A criterion of 10,000 milligrams per liter of tat~ dissolved solids (TDS) is specified in the
29 regulations. Any aquifer producing water h4i TDS concentrations below this level will be
30 determined to be producing water that meets the quality criterion for a USDW. Any aquifer
31 producing water iidTh'g TDS concentrations at or above this level will be determined to be
32 producing water that does not meet the quality criterion.
33
34 USDW.2.2.2.1 Groundwater Quality Variability
35
36 In some situations groundwater quality is variable within an aquifer, and TDS concentrations
37 may range both above and below the criterion of 10,000 milligrams per liter of TDS. In this

38 case, TDS concentrations in groundwater obtained from a single well in the aquifer may
39 fluctuate because of pumping. Groundwater released from storage in response to pumping
40 may be replaced by water consisting of a different TDS concentration derived farther away-~
41 from the pumping source. Therefore, the application of the criterion of 10,000 milligrams per
42 liter of TDS is not straightforward and the effect of pumping on changes in groundwater
43 quality in the aquifer must be considered. Althoughf'not used in this assessment as a defining
44 criterion, variable groundwater chemistry is discussed where relevant.
45
46

DOE/GAO Draft 2184 USDW-7 August 12, 1996



2 40 CFR 191 Cornpliance Certification Application

I USDW.2.2 .2Safe Drinking Water Act Requirements
2
3 An itional groundwater quality issue is the application of maximum contamination levels

4 (MCL ) under the Safe Drinking Water Act (40 CFR Part 141). All drinking water supplies

5 st comply with the established MCLs under the Primary Drinking Water Regulations.
6 Wells in the study area that meet the 40 CFR Part 191 USDW water-quality criterion of

7 10,000 milligrams per liter of TDS may not meet MCLs for other constituents under the Safe

8 Drinking Water Act. The National Secondary Drinking Water Regulations (40 CFR Part
9 143), although not mandatory, deal with the aesthetics of drinking water and indicate at what

10 levels of contamination treatment may be required to make the potential source palatable for

11I drinking water. Because the MCLs are maximum levels at the tap after treatment, the viability

12 and economics of treatmTent of the groundwater for development as a USDW must be

13 considered. Although not used in this assessment as a defining criterion, MCLs are discussed
14 where relevant. I

15
16 USDW.2.3 General History and Limitations of Groundwater Use in the Carlsbad Basin\
17
18 According to the New Mexico State Engineer, water shortages have occurred in the Pecos

19 River drainage basin since the first major irrigation projects began in the mid-i 1870s (New

20 Mexico State Engineer 199 1). The Pecos River drainage basin includes the following

21 declared groundwater basins: Carlsbad, Capitan, Roswell, Hondo, Pefiasco, Fort Sumner, and

22 Upper Pecos (Personal Communication 1996f; New Mexico State Engineer 1986). The WIPP
23 site is located within the Carlsbad Basin (New Mexico State Engineer 1995).
24
25 By the late 1920s and early 1930s, Carlsbad irrigators began an effort to obtain additional

26 water storage in a new reservoir (Alamogordo Reservoir). At about the same time, Roswell

27 and Artesia farmers began to drill wells into the region's aquifers. By the late 1920s,
28 groundwater devel y~nt in the area had begun to adversely Affect the volume of flow in the

29 Pecos iver. Th &se' cfthe State Engineer to seek new legislation and adopt a groundae

30 code. The Roswell Artesian Basin was declared as the State's first groundwater basin shortly

31 afterward (New Mexico State Engineer 199 1). ~
32 

t

33 Portions of the Carlsbad Basin and the study area were first declared by the State Engineer in

34 1947. The entire Carlsbad Basin and study area became declared with the addition of newr
35 areas on June 4, 1975 (New Mexico State Engineer 1995). In 1948, the Pecos River Compact

36 was signed by New Mexico and Texas to apportion the water of the Pecos River equitably

37 between the two states. In 1974, Texas submitted a complaint to the U.S. Supreme Court ft

38 aetdthat New Mexico violated the Pecos River Compact by under-delivering water at the j

39 4exas State line. In 1988, the U.S. Supreme Court adopted an amended decree that required

40 New Mexico to make up any shortfall in annual deliveries within a six-month period.
41

4 Continued water shortages in the Carlsbad Basin and other basins associated with the Pecos

4 River have caused the State Engineer to evaluate methods to meet the requirements of the
Pecos River Compact. If the shortfall cannot be met in the future, the State Engineer will

4 consider taking back J unior rights. kN~.~
4
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I According to the State Engineer records (New Mexico State Engineer 1996), no current

2 appropriations are used for public water systems in the study area.
3
4 USDW.3 Determination of USDWs in the Study Area
5
6 Five geologic units within the study area possess 0o ndwater that could potentially meet the

7 definition of a USDW under Subpart C of 40 CFRFJ1 a h aia qief4e-~
8 Guadalupian-r~eýfcope_. (b) the Culer/ooieMm -- Clba-f-h''ute-
9 F~onmadwicm(c) the Magenfa ~eieM bxMgna-f-h-ute-Fraif~d the

10 Dewey L~e Fciinatiron& tj Dv'eyLk4-n(e) the Santa Rosa1 andstoim (Sdlnia-Rusa)-uf-the

I1I Doekumn-Gf4up. A generalized stratigraphic cross-section of dfie study area shows the 3
12 locations of these units with respej to the WIPP )(Figure USDW-j). The ýCapitan Aqie

13 does not appear in Figure USDW because it oc rs approximately 10 miles north of the

14 WIPP site boundary, outside of the cross-sectionat area. The areal extent of the Capitan

15 Aquifer is shown in Figure USDW-A C1 /'I
16 '
17 This section describes the investigations conducted to characterize the hydrology of these

18 formations. Important sources of relevant information are identifiecjýpnd findings or

19 conclusions related to the presence of USDWs are summarized. Relevant information from

20 personal communication conducted during this evaluation is provided in Attachment

21 USDW-A. The study are nd the locations of boreholes and wells used in this study are

22 shown in Figure USDW-A. 4i -(
23 

61kh-r_ ;;

24 USDW.3.1 Water-Bearing Formations L) 7Pik
25
26 The Capitan Aquifer consists of a reef margin that was deposited in a continuous, narrow,

27 arcuate-trending belt during Permian Guadalupe time (Hiss 1976). It includes the Capitan and

28 Goat Seep Limestones and most or all of the Carlsbad facies (Mercer 1983). The Capitan

29 Aquifer also includes the upper part of the San Andres Limestone where it cannot be readily

30 distinguished from the Carlsbad facies and the Goat Seep Limestone (Mercer 1983).
31
32 The two rock units of Permian Age within the Ochoan Series are the Rustler Foxmatioti and

33 the overlying Dewey Lake. The Rustler in the study area is characterized by a variable

34 lithology consisting of interbedded sulfates, carbonates, elastics, and halite. Holt and Powers *6

35 (1988) concluded that the Rustler was the depositional product of repeated transgressive and

36 subsequent dessication events over low-relief salt pan and mud flat environments. The

37 transgressive events produced lagoonal conditions favorable to the subaqueous deposition of

38 elastics, carbonates (Culebra and Magenta), and sulfates (anhydrite beds) (Holt and Powers

39 1990).

41 The Culebra and Magenta dolom memýibe -sof-the-RustlexPF~rmti10•--are regionally

42 extensive carbonate beds. Both units are generally fluid-bearing in the study area (Mercer
43 1983). The Culebra is an argillaceous dolomicrite containing abundant open and gypsum-

44 filled porosity (Holt and Powers 1990). Portions of the Culebra are extensively fractured.

45 The Culebra is generally 18- to 28-feet (5- to 9-meter) thick (Mercer 1983). The Magenta is a

46 moderately well-indurated, arenaceous, and gypsiferous dolomite (Holt and Powers 1990).
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I During mapping by Holt and Powers (1990), the Magenta produced only a limited amount of

2 fluid. The Magenta is generally 23- to 27-feet (7- to 8-meters) thick (Mercer 1983).

3
4 The Dewey Lake in the study area consists of interbedded siltstone, fine sandstone, mudstone,

5 and claystone. Gypsum-filled fractures are abundant throughout most of the Dewey Lake. The

6 Dewey Lake represents a transition from the marine-influenced evaporite deposition of the

7 Rustler to fluvial deposition on a broad, low-relief, fluvial plain (Holt and Powers 1990).
8
9 The Santa Rosa is part of the Late Triassic Dockum Group. Some authors (for example,

10 Bachman 1987) believe that there is little basis for subdividing rocks of Triassic age in

I1I southeastern New Mexico, and refer to Triassic rocks as the Dockum Group (undivided) (Holt

12 and Powers 1990). For consistency across the study area, the term Santa Rosa is used to

13 describe rocks of Triassic age. The Santa Rosa isj onfily presenl in the eastern one-half of the

14 WIPP site (Figure USDW- ), having been removed b erosion in the west. Where present at

15 the WIPP site, the Santa Rosa consists of medium- to coarse-grained, micaceous sandstone

16 and conglomerate with interbeds of siltstone and mu stone. It overlies the Dewey Lake

17 (Figure USDW4) and ranges in thickness from a fe heredge west of test hole ERDA-9 to

18 176 feet (54 meters) in test hole H-10 (Figure USD -4)Mre 1983).
19
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Figure USDW-3. Areal Extent of the Capitan Aquifer near Carlsbad, New Mexico
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Figure USDW-4. Locations of Boreholes and Wells Used for this Study
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1 USDW.3.2 Available Groundwater Data
2

3 Data rgdigthe quality and quantity of groundwater from the water bearing units in the
4 study area obtained from the State Engineer, numerous investigation reports, and the
5 WIPP WQSP. The WQSP began in January 1985 to establish water quality background
6 characterization at the site. The WQSP sampled 28 separate WIPP monitoring wells and then
7 identified 24 of these wells for repeated sampling to establish the baseline data.
8
9 The WIPP Site Environmental Report for Calendar Year 1991 (DOE 1992) presents the

10 results of the baseline study in which all 24 wells had been sampled at least three times. In
11 addition to the WIPP monitor wells, the WQSP sampled I11 privately owned wells in the study
12 area. Ten of these wells provide water for livestock and one well, the Barn Well, provides
13 water for human consumption (DOE 1992).
14
15 Subsequent to the completion of the WIPP Site Environmental Report for Calendar Year
16 1991, wells have been sampled annually as part of the WQSP. In 1992 and 1993, ten well
17 locations were sampled: eight locations in the Culebra and two privately owned wells
18 completed in the Dewey Lake (DOE 1993, 1994). The 1994 sampling year included nine
19 locations in the Culebra. In 1994, DOE installed six new wells in the Culebra (WQSP- 1
20 through 6) and one well in the Dewey Lake (WQSP-6a) to assist in meeting the requirements
21 6Psite characterization (DOE 1995). During 1995, sampling for groundwater quality was
22 /performed at 11 well sites, including the new WQSP locations (DOE 1996). N
23 ( -

24 USDW.3.3 Underground Sources of Drinking Water
25
26 This section addresses the potential for groundwater in the study area to meet the definition of
27 a USDW. The USDW determinations are based on the available data, including some data
28 that were developed many years ago.
29
30 USDW.3.3. 1 Determination of Potential USDWIs in the Capitan Aquifer
31
32 The Capitan Aquifer occurs in a long, narrow arcuate belt that ranges from 10 miles
33 (16 kilometers) to more than 14 miles (23 kilometers) wide. The unit/ s re rt d to be more
34 than 1,500 feet thick in many locations in New Mexico. The CapitaniTt prset at theC'
35 WIPP site, but is located within the study area approximately ten miles north of the WIPP
36 (Figure USDW-3) (Mercer 1983). The determination of potential USDWs in the Capitan

37 Aquifer is described below.

39 , Werepresent, the Capitan is pable of producing a significant quantity of water. The

e- pian iis a USDW in the City of Carlsbad where it supplies water frmos of the city,
irrigation, potash refining, and livestock. Water in the Capita 'finer water-table conditions

42 southwest of the Pecos River at Carlsbad. North and east of Carsbad, the aquifer is under
43 artesian conditions (Mercer 1983).
44 s
45 Motts (1968) reporto that yields from developed wells are from 1,000 to 4,000 gallons per
46 minute. Records from City of Carlsbad wells indicate rated capacities ranging from 700 to
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1 3,000 gallons per minute (Hendrickson and Jones 1952). These data indicate that the Capitan
2 Aquifer meets the sub-criteria for rate of production of 5 gallons per minute.
3 ý ý
4 Hiss (1973) reportl the chemical quality of water in 12 observation wells located along the

5 areal extent of the Capitan aquifer. TDS concentrations ranged from 603 milligrams per liter

6 (City of Carlsbad Well 13; T21S, R26E, Sec.36) to 191,024 milligrams per liter (Hackberry
7 Deep Unit 1; T19S, R31E, Sec.31).
8
9 Of the 12 observation wells tested, TDS concentrations in the City of Carlsbad Well 13 were

10 the only analyses that met the 40 CFR Part 191 TDS criterion (Hiss 1973). Well 13 is

11I approximately 26 miles west of the WLPP site. Wells outside the study area, approximately
12 16 miles north of the WIPP (Figure 3-2), had TDS concentrations ranging from 25,800 to

13 28,740 milligrams per liter (Middleton Federal B 1; T 19S, R32E, Sec. 3 1) and 184,227 to

14 191,024 mli sDrliter (Hackberry Deep Unit 1; Tl9S, R31E, Sec.3 1). Therefore, the

15 closest Capitanrx4is' have TDS concentrations above the USDW water-quality criterion of

16 10,000 milligrams per litepAnd water in the Capitan Aquifer at those locations does not meet
17 the I4Xeiiino ~~W
18
19 USDW.3.3.2 Determination of Potential USDWs in the Culebra K."
20
21 DOE has applie~d the available groundwater data for the Culebra to the decision matrix in

22 Figure USDW-Kto determine the potential presence of a USDW in the Culebra in the study

23 area. The results of the analysis are described below.
24
25 Groundwater data from the WQSP and private wells in the study area are used to determine
26 the potential for USDWs to occur in the Culebra (Table USDW-2). Applying the decision
27 matrix requires evaluating groundwater production and quality data. Because the groundwater
28 quality criterion is in the final position in the decision matrix, it can be readily used to screen

29 data that must meet both the groundwater quality criterion and the DEs sub-criteria for
30 groundwater quantity.
31
32 Determining whether the groundwater is being used for human consumption is the decision

33 matrix question linking the groundwater quantity and quality questions (Figure USDW-11 ~'

34 Because WIPP wells in the study area are used for environmental monitoring, no one is

35 currently drinking from these wells. Groundwater from the private wells-Engle, Poker

36 Trap, Mobley Well, and USGS- 1-is used for livestock. Therefore, because the answer to the

37 matrix question regarding current use for human consumption is no, a direct analysis for the

38 matrix questions for quality and quantity can be applied. The wells that have TDS values less

39 than 10,000 milligrams per liter are identified and then the data from this subset of wells are

40 evaluated to determine whether these wells can produce. a sufficient quantity of water.
41
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I Table USDW-2. Groundwater Data from the WQSP and Private
2 Wells in the Study Area Used for Determining
3 Potential USDWs in the Culebra
4 1

TDS (USDNW Sub'ect to
Wel(milligrams Sample Controlled \Part i91zJbpar

5 elper liter) Date Aret______

6 DOE-i 130,000 4/25/85 Yes No
130,000 7/3/86
130,000 7/28/87

7 DOE-2 58,000 3/12/85 No No \ 77
54,000 8/27/86 (~'~
57,500 5/19/88

8 H-01V 97,300 3/17/77 Yes No

9 H-02a 13,000 4/21/86 Yes No
11,000 8/12/87
10,400 1/19/89

10 H-02b' 8,890 2/22/77 Yes No

11H-02c' 12,500 3/15/77 Yes No

12 H-03b3 55,000 2/4/85 Yes No S

54,000 5/5/86
54,000 8/24/87
53,400 3/2/89
55,000 8/15/90

13 H-04b 20,000 7/20/85 No No
23,000 11/13/86
16,000 9/25/87
20,700 4/6/89
21,000 9/11/90

14 H-05b 144,000 8/27/85 Yes No
150,000 5/21/86
153,000 2/24/88
154,000 8/23/89
160,000 5/2/90

15 H-06b 58,000 9/15/85 Yes No
59,000 7/28/86
60,300 11/16/87
59,600 7/24/89
66,000 2/12/90
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1 Table USDW-2. Groundwater Data from the WQSP and Private
2 Wells in the Study Area Used for Determining

3 Potential USDWs in the Culebra (Continued)
4

TDS USL)W Subject to
(milligrams Sample Controlled Part 191, Subpart

5 Well per liter) Date Area' C

6 H-07b] 3,400 3/27/86 No Yes'
3,500 2/25/87
3,400 4/25/88
3,500 5/19/89
3,500 11/9/90

7 H-08b 3,100 1/22/86 No Yes'
3,100 2/11/87
2,900 6/8/88

8 H-9b 3,300 11/14/85 No Yes'
3,300 1/28/87
3,100 6/21/88
3,300 1/19/90

9 H-1 1b3 122,000 6/4/85 Yes No
121,000 6/4/86
120,000 9/15/87
116,000 10/25/89
113,000 10/17/90

10 H- 12 143,000 8/9/85 No No
140,000 1/16/87
130,000 12/14/88

11 H- 14 18,000 5/26/87 Yes No
17,200 1/27/88
16,500 4/21/89

12 H-I5 230,000 5/11/87 Yes No
230,00 1/13/88
246,000 11/7/88

13 H- 17 2  151,000 10/27/87 No No

14 H- 18 24,000 11/10/87 Yes No
27,900 4/7/88
31,000 4/10/90

15 P- 14 26,000 2/27/86 No No
29,000 6/18/87
29,400 3/16/88

16 P-i15' 23,700 5/10/77 Yes No
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1 Table USDW-2. Groundwater Data from the WQSP and Private

2 Wells in the Study Area Used for Determining
3 Potential USDWs in the Culebra (Continued)
4

TDS USDW Subject to
(mnilligramns.Sample Controlled Part 191, Subpart

5Well .. per liter) Date Area' C

6 P- 17 88,000 3/17/86 No No
90,000 12/18/86
84,000 10/21/87

7 P- 181 118,000 5/10/77 No No

8 WIPP- 13 2  67,000 2/16/87 Yes No

9 WIPP-19 110,000 7/14/87 Yes No
85,400 2/12/88
79,000 8/29/88
80,000 11/3/89
77,200 6/13/90

10 WIPP-25 14,000 2/12/86 No No
14,000 4/15/87
14,800 3/28/88
14,500 6/27/89

11 WIPP-29' 290,000 3/11/87 No No

12 WQSP-1 77,400 8/17/95 Yes No

66,300 4/11/96

13 WQSP-2 67,600 8/31/95 Yes No
70,400 4/25/96

14 WQSP-3 218,000 9/19/95 Yes No
214,000 5/9/96

15 WQSP-4 108,000 9/28/95 Yes No
106,000 5/23/96

16 WQSP-5 43,800 11/20/95 Yes No
33,300 3/12/96

17 WQSP-6 21,600 10/1t6/95 Yes No
16,500 3/12/96

18 WIPP-26 18,000 11/25/85 No No
13,000 4/1/87
12,800 4/14/88
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I Table USDW-2. Groundwater Data from the WQSP and Private

2 Wells in the Study Area Used for Determining

3 Potential USDWs in the Culebra (Continued)
4

TDS USDW Subject to
(milligrams Sample Controlled Part 191, Subpart

5 Well per liter) Date A rea' C

6 Private Wells

7 Engle 3,450 3/4/85 No Possible'
4,000 12/8/87
3,600 1/31/90

8 Poker Trap' 2,200 7/7/88 No Possible 6

9 Mobley Well' 3,800 4/14/88 No Possible 6

10 USGS-i13  2,100 4/12/88 No Possible 6

4,000 7/7/88

11James Brothers4  3,940 4/30/50 No Possible 6

12 Sources: Mercer and Orr 1979, 2 DOE 1988,3' DOE 1989,4' Hendrickson, G.E. and R.S.
13 Jones 1952, all others DOE 1992.
14
15 Notes: Groundwater meets both the quantity (>5 gallons per minute) and

16 quality (<10,000 milligrams per liter, TDS) criteria. Production rates -

17 for these wells: H-07b (5 and 6 gallons per minute) ,H-08b (6 gallons V
18 per minute), and H-9b (9.6 to 10.5 gallons per minute). '91

206 Groundwater meets the quality criterion (<10,000 milligrams per liter,

21 TDS), but groundwater quantity data are not available, therefore, these I C
22 are possible USDWs. (
23
24 7 USDWs located within the controlled area are not subject to the
25 requirements of Subpart C of Part 191.

26
27 Using this approach, eight wells in the Culebra produce water meeting the groundwater
28 quality criterion of less than 10,000 milligrams per liter of TDS: H-02b, H-07b1, H-08b, HO _

29 09b, Engle, Poker Trap, Mobley Well, and USGS-i. Groundwater samples from these

30 locations have yielded TDS values ranging from 2, 100 milligrams per liter to 8,890
31 milligrams per liter. The application of the DOE's sub-criterion for groundwater quantity in
32 these wells is discussed below.
33
34 Hydraulic testing of well H-02b was conducted in 1977 by bailing liquid from the cored

35 interval in the well (Mercer and Orr 1979). The hole was bailed nearly dry during two tests

36 and took several days to recover, indicating that the production rate and duration of

37 production of this well would be very low. Based on this information, the well would not
38 meet the USDW quantity criterion of 5 gallons per minute.
39
40 The pumping rate for well H-07b 1 was reported to range between 5 114y 6 gallons per minute

41 when it was purged for sampling (DOE 1988). Pumping rates during purging may be greater

August 12, 1996 USDW-22 DOE/CAO Draft 2184



40 CFR 191 Compliance Certification Application

I than long-term pumping rates. In addition, the mean sulfate concentration in the well (1,960
2 milligrams per liter) Is nearly eight times the MCL (250 milligrams per liter). Two other
3 wells in the Culebra have sustained pumping rates greater than the USDW quantity sub-
4 criterion of 5 gallons per minute. The pumping rates for wells H-08b and H-09b were reported
5 to be 6 gallons per minute, and 9.6 to 10.5 gallons per minute, respectively. Groundwater in
6 H-07b 1, H-08b, and H-09b meets both the quality criterion and the groundwater production
7 sub-criterion. Therefore, groundwater in the Culebra at the locations of these wells is
8 considered to be USDWs. The cost of treating water fr Il7 H-07b1I and whether it could

9 ever be used as a USDW was not addressed but bo e if f her analyses are warranted.
10 /
11 Long-term pump tests are not routinely performed oQv'a-pIate wells. Therefore, production
12 rates for the private wells are not available. Because groundwater production rates from the
13 private wells may or may not exceed the DOE quantity sub-criterion of 5 gallons per minute,
14- the sources for Engle, Poker Trap, Mobley Well and USGS- I are determined to be possible
15 USDWs.
16
17 Hendrickson and Jones (1952) report TDS concentrations for an additional well in the study
18 areairAkt~len~gs to the James Brothers and is located southwest of the WIPP in T23S, R3OE,
19 Sec 2. Reported TDS concentrations are 3,940 milligrams per liter. No pumping information
20 is provided. According to State En iner records, a well located in T23S, R3OE, Sec. 2Nss

21 listed under the name Brothers amn~~iut is not a permitted or declared well (the splin/
22 this listing appears to represent pographical error in the record). Because water from this

23 well meets the quality criterion and may or may not meet the groundwater production sub-
24 criterion, the Culebra at this location is also considered a possible USDW.
25
26 USDW.3.3.3 Determination of Potential USDWs in the Magenta_7
27
28 The DOE has applied the available groundwater data for the Magenta to the decision matrix in

29 Figure USDW-(ko determine the potential presence of a USDW in the Magenta in the study

30 area. The results of the analysis are described below. ~ 22

32 Groundwater data from the WQSP wells in the st y area are used for determining poetal
33 USDWs in the Magenta. The data-ev au o r otheMagenta is applied consistentlyV the

34 method described in Secticf! USDWC.3.3.P/his approach requires an evaluation of72
35 groundwater production and quality data. Three wells have produced water with TDS
36 concentrations below 10,000 milligrams per liter: H-03b1, H-05c, and H-06c. Table USDW-3
37 presents the water quality data and pumping rates for wells completed in the Magenta in the

38 study area.
39
40 Well H-03b1I was completed in the Magenta. Water collected from this well had TDS values

41 ranging from 8,100 to 9,300 milligrams per liter. When water was collected for analysis, the
42 well discharge rate was approximately 0.5 gallons per minute.
43
44 Well H-04c was also completed as a Magenta water quality monitoring well. The DOE
45 (1992) indicates that the TDS concentrations varied from 22,000 to 24,600 milligrams per
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I liter. It is concluded that the Magenta, at this location, not meoet the water quality
2 criterion of less than 10,000 milligrams per liter. d
3
4 Water collected from Well H-05c had a TDS concentration ranging from 6,800 to 7,200
5 milligrams per liter. The pumping rate for purging was low. The pump test rate was
6 maintained at approximately 0.23 gallons per minute (Sandia National Laboratories 1985).
7
8 Well H-06c was originally completed in the Culebra and was recompleted by plugging the
9 well to the Magenta as a water quality monitoring well. Water collected from this well had

10 TDS values ranging from 4,600 to 4,800 milligrams per liter. The purging rate for this well
11I was 27 gallons per hour or 0.45 gallons per minute. Because sustained production rates are
12 long term, hydrogeologic experience has shown that they would generally be lower than the
13 short-term measured purge rates; pressures tend to drop as the well is left open for longer
14- periods.
15

16 Table USDW-3. Groundwater Data from the WQSP Wells in the Study Area Used for
17 Determining Potential USDWs in the Magenta
18

Pumping USDW
TDS Rate Subject to

(milligrams Sample (gallons per Controlled Part 191,
19 Well per liter) Date minute)' Area Subpart C
20 H-03b 1 8,800 7/1/85 0.25 Yes No

8,500 9/16/86
8,100 9/2/87
8,800 3/16/89 \
9,300 8/28/90

21 H-04c 22,000 11/4/86 0.09 No No
24,000 10/5/87
23,500 7/19/88
24,400 4/21/89
24,600 10/2/90

22 H-05c 6,800 10/24/86 0.23 Yes No
6,900 3/3/88
7,000 8/18/88
7,100 9/14/89
7,200 5/16/90

23 H-06c 4,600 10/1/86 0.45 Yes No
4,800 11/4/87
4,800 7/26/88

24 Soure DE ,01

25
26 i-Note: None of the Magenta wells mee the quantity criterion of 5 gallons per minute.
27
28 -

CfUtUL
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1 Most of the Magenta wells yield fluid. that wmlmeet the water quality definition in the

2 study area. However, the Magenta vekWnot meet the sustained pumping rate of 5 gallons

3 per minute, and consequently is not a USDW in the study area.
4
5 USDW.3.3.4 Determination of Potential USDWs in the Dewey Lake
6
7 The DOE has applied the available groundwater data for the Dewey Lake to the decision

8 matrix in Figure USDW-PY The results of the analysis to determine the potential presence of a

9 USDW in the Dewey Lake in the study area are described below. 2 ,S) , 2.
10
11 Groundwater data from the WQSP and private wells in the study area sed for determining

12 potential USDWs in the Dewey Lake. The data ev ion ewey Lake is applied2

13 consistent with the method described in Sectio SDW.3.3. Six wells have produced

14 water with TDS concentrations below 10,000 mi igrams per I ter WQSP-6a, Barn Well,

15 Ranch Well, Twin Wells, Fairview Well and Unger Well. Table USDW-4 presents the water

16 quality data and pumping rates for wells completed in the Dewey Lake in the study area.

17
18 Several authors indicate the low potential for the Dewey Lake to contain significant amounts

19 of groundwater. In general, the formation appears to have low permeabilities that would not

20 be expected to sustain pumping for long durations. The description of the Dewey Lake as

21 containing mostly low-permeability sediments has been noted by Brokaw et al. (1972)t-,
22 Cooper and Glanzman (197 1)pGriswold (I1977) ~Mercer and Orr (1977, 1979)kMercer (1 83)j, oviA

23 Sandia National Laboratories"(979a, b, 1980, 1981, 1982, 1983). -

24
25 Beauheim (1986) summarizes the results of an 11 -zone hydraulic test performed in well

26 DOE-2 that indicated the low permeability of the Dewey Lake. The Dewey Lake zone testing

27 was conducted on September 13 and 14, 1985. The test method was a constant-head,

28 borehole-infiltration test. The initial test idea was to inject water at a rate of 0.25 gallons per

29 minute, which was near the lower threshold of the flow meter used, consistent with the low

30 permeability of the Dewey Lake sediments. After observing that the interval would not take

31 the fluids, the test was converted to a constant-head test. This test was ended for two reasons:

32
33 (1) at an apparent inflow rate of approximately 1 mi/mmn, even a very small leak somewhere in

34 the system could introduce a very large error in the flow measurement; and (2) because of the

35 low infiltration rate observed, continuing the test until reaching steady state conditions was

36 deemed impractical, especially considering that an unknown volume of rock had to be

37 saturated, and the infiltration would decrease further as saturation was approached (Beauheim

38 1986, 33).
39
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1 Table USDW-4. Groundwater Data from the WQSP and Private Wells in the Study
2 Area Used for Determining Potential USDWs in the Dewey Lake
3

Pumping USDW
TDS Rate Subject to

(milligrams Sample (gallons per Controlled Part 191,

4 Well per liter) Date minute) Area' Subpart C

5 H-04c Not Tested - 12-15 No Possible

6 WQSP-6a 4,238' 7/13/95 122 Yes No

3,920 3/28/96

7 Private Wells

8 Barn Well13  670 11/4/87 Not No Possible"
720 4/20/88 Tested
630 7/27/89
650 6/21/90

9 Ranch Well' 3,300 6/18/86 Not No Possible
3,200 12/20/87 Tested
2,900 4/20/88
2,800 7/27/89
3,000 6/20/90

10 Twin Wells- 400 1/30/86 Not No Possible
11 (Pasture 390 8//8Tested

12 Well3) 400 10/20/89
410 5/30/90

13 Fairview 3,400 11/16/87 Not No Possible
14 Well3'4 5  3,300 7/6/88 Tested

15 Unger 3,300 11/18/87 Not No Possible6

16 Wel 3', 4 5  3,200 7/6/8 8 Tested

17 Sources: Personal Communication 1996e, 2'Personal Communication 1996f, 3

18 DOE 1992, DOE 1988,'DOE 1989.
19
20 Notes: 6Groundwater meets quality criterion (<1 0,000 milligrams per liter,

21 TDS), but groundwater quantity data are not available, therefore, the

22 wells are possible USDWs.
23
24 USDWs located within the controlled area are not subject to the

25 requirements of Subpart C of Part 191.

26
27 40
28 Mercer and Orr (1979) sumri data collection in W- wells at the WIPP site. These wells
29 are H-0l1, H-03, 11-03 complex (H-03a, H-03b, and H-03c), P- 14, P-i15, P- 17, P- 18, and

30 AEC-8. The data include geology, construction details, geophysical data, and hydrologic

31 testing data. The general discussion on important shallow geologic units suggests that "the

32 siltstones and mudstone of the Dewey Lake Formation limit liquid transmission capability"

August 12, 1996 USDW-26 DOE/CAO Draft 2184



I (Mercer and Orr 1979) 1) The zones noted in the drilling program were tested witth

2 resultiof "no appreciable liquid flows were found" (Mercer and Orr19a:

4 The Dewey Lake was encountered during the drilling of H-04c, a WQSP well completed in

5 the Magenta. According to a borehole data sheet (Fenix & Scisson, Inc. 1978), the borehole

6 produced water at 190 feet (58 meters) at 12 to 15 gallons per minute. Groundwater quality

7 data for the Dewey Lake were not obtained from the well. The well meets the groundwater

8 quantity production criterion of 5 gallons per minute, but may or may not meet the quality

9 criterion. Therefore, the Dewey Lake at this location is considered a possible USDW.
10
11I Well WQSP-6a was completed in the Dewey Lake and first sampled on July 13, 1995

12 (Personal Communication 1996d). The TDS concentration was reported by the laboratory at

13 11,000 milligrams per liter. However, based on the sum of the detected anions and cations in

14 the sample, these data indicate a TDS v lu ofapproximately 4,238 milligrams per liter

15 (Personal Communication 1996e). This is consistent with the sampling results from March

16 28, 1996, that indicate a TDS concentration of 3,920 milligrams per liter.
17
18 WQSP-6a had a pumping rate of 12 gallons per minute during pump testing. Initial results of

19 the pump test indicate that the well can sustain up to 30 gallons per minute (Personal

20 Communication 19960). Based on initial informatiorW't appears that the Dewey Lake, at this

21 location, meets the water quality criterion of less than 10,000 milligrams per liter and the ~~

22 quantity sub-criterion of 5 gallons per minute. T indicates that the Dewey Lake meets

23 USDW definition at this location but, sh~ location is within the WIPP controlled-ar,~ '

24 this portion of the Dewey Lake is not subject to the requirements of 40 CFR Part 191-,,, ubpart
25 C .
26
27 Long-term pump tests are not routinely performed on private wells. Therefore, production

28 rates for the private wells are not available. Because groundwater production rates from the

29 private wells may or may not exceed the DOE quantity sub-criterion of 5 gallons per minute,

30 the sources of Barn Well, Ranch Well, Twin Wells, Fairview Well, and Unger Well are

31 determined to be possible USDWs. The Barn Well is the only private well identified in the .)

32 study area that is used to supply drinking water to a single residence. The well is

33 approximately 3.4 miles (5.5 kilometers) southwest of the WIPP. It does not currently supply

34 25 individuals or 15 service connections.

36 Hendrickson and Jones (1952) reporlTDS concentrations for an additional well in the study

37 area. The James Headquarters Well (T23S, R3lIE, Sec. 7) southwest of the WIPP site had a

38 TDS concentration of 3,330 milligrams per 1pa d an estimated yield of 10 gallons per

39 minute. Hendrickson and Jones (1952) indi~adl at this well is 180 feet (55 meters) deep,
40 screened in the Dockum Redbeds. State Engi eer records indicate that a well located in T23S,
41 R3 lE, Sec. 7 is listed under the name James Brothers, but that the well is not permitted or

42 declared. The State Engineer database designates that the well is located in the Triassic

43 (Chinle) Formation Aquifer. According to Holt and Powers (1990), the Dewey Lake is the

44 geologic unit present at a depth of 180 feet (55 meters) in this area. Therefore, it is assumed

45 that this well is screened in the Dewey Lake, not the Triassic units. Because this well may
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1 meet both the quality criterion and the groundwater production sub-criterion, the Dewey Lake
2 at this location is also considered a possible USDW.
3
4 USDW.3.3.5 Determination of Potential USDWs in the Santa Rosa
5
6 The DOE has applied the available groundwater data for the Santa Rosa to the decision matrix

7 in Figure USDW-~o determine the potential presence of a USDW in the Santa Rosa in the

8 study area. The results of the analysis are described below. 2a.
9

10 Groundwater data from the WQSP and private wells in the study area are for

11 determining potential USDWs in the Santa Rosa. The data .V the Santa Rosa is -

12 applied consistent with the method described in Section DW.3.3.3 . Ihree wells have

13 been shown to produce water with TDS concentrations below 10,000 milligrams per liter: Hif-V~~

14 05c, Comanche Well, and Clifton Well. Table USDW-5 presents the water quality data and

15 pumping rates for wells completed in the Santa Rosa in the study area.
16
17 Several wells east of the WIPP have been reported to be aining water from the Santa Rosa,
18 but yields are reported to be small (Mercer 1983) . undwater was present only in the lower <
19 part of the Santa Rosa in test hole H-05c. The r was under water-table conditions and was

20 present in a sandstone immediately overlyin e ewey LakeAFo~mati4,The TDS
21 concentration in water from H-05c was report at 1,200 milligrams per liter, which meets the

22 40 CFR Part 191 USDW water-quality criterion of 10,000 milligrams per liter. Mercer (1983)
23 indicates that other hydraulic tests were not successful, implying that lack of water in the

24 formation at H-05c prohibited testing.
25
26 The Comanche Well is approximately nine miles east of the WIPP site and is used to supply

27 water to livestock. Groundwater from the Comanche Well has been analyzed on two

28 occasions (DOE 1988, 1989). TDS concentrations were reported to be 340 milligrams per

29 liter during both sampling periods.
30
31 The Clifton Well is approximately 7.7 miles (12.4 kilometers) east of the WIPP site and is

32 used to supply water to livestock. Groundwater from the Clifton Well has also been analyzed

33 on two occasions (DOE 1988, 1989). TDS concentrations were reported to be 780 milligrams

34 per liter during both sampling periods.
35
36 Groundwater quantity data for the Comanche, Clifton, and H-05c wells are not available.

37 Because groundwater production rates from the private wells may or may not exceed the DOE

38 quantity sub-criterion of 5 gallons per minute, these wells are determined to be located in
39 possible USDWs.
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1 Table USDW-5. Groundwater Data from the WQSP and Private Wells in the Study
2 Area Used for Determining Potential USDWs in the Santa Rosa
3

Pumping

TDS Rate

4 el per liter) Date minute) Area' USDW

5 H-05c' 1,200 5/24/78 Unable to Yes No
test

6 Private Wells

7 Comanche 340 10/26/87 Not No Possible'
8 Well12,

3  340 6/28/88 Tested

9 Clifton 780 10/28/87 Not No Possible4

10 Well 2
.
3  780 6/29/88 Tested

11I Sources: 'Mercer 1983, 2DOE 1988, 3DOE 1989.
12
13 Notes: '~Groundwater meets quality criterion (<10,000 milligrams per liter, TDS),
14 but groundwater quantity data are not available, therefore, the wells are l

15 possible USDWs.

17 USDWs located within the controlled area are not subject to the
18 requirements of Subpart C of Part 191.

19
20 USDW.4 Conclusions
21
22 Five water-bearing geologic units in the study area were evaluated for determination as 4
23 USDWs under Subpart C of 40 CFR Part 19 1: the Santa Rosa, the Dewey Lake, the Cuebr)~
24 the Magenta, and the Capitan Aquifer. The DOE's approach for determining potential
25 USDWs in the study area is based on establishing mapping criteria related to groundwater &
26 quantity and quality. According to the DOE's approach, USDWs are identified in the Culebra
27 and the Dewey Lake. The USDW located within the Dewey Lake is within the WIPP
28 controlled area and is therefore not subject to the requirements of Subpart C of 40 CFR Part
29 191. In addition, due to inconclusive groundwater production data, possible USDWs are
30 present outside the WIPP controlled area in the Dewey Lake and the Santa Rosa. /\
31

ye5.\
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1 Attachment A
2
3 Relevant Information from Personal Communications Conducted During this Study
4
5 Reference: Personal Communication, 1996a, Wayne G. Canon, Supervisor, State
6 Engineer, Albuquerque District, and Barbara J. Graves, John Hart and
7 Associates, P.A., May 30, 1996.
8
9

10 Meeting Notes:
11
12 Barbara J. Graves, of John Hart and Associates, P.A., met with Wayne Canon, Supervisor,
13 State Engineer, Albuquerque District, on May 30, 1996. The purpose of the meeting was to
14 discuss the duration of appropriations for groundwater use.
15
16 Mr. Canon stated that a water appropriation is generally considered permanent. Exceptions
17 would be the short term appropriation of a water supply for temporary use such as a road
18 construction project.
19
20 Once a water right is obtained by a party, it is permanent unless otherwise specified.
21 Therefore, an underground source of drinking water appropriated for a public water supply
22 system is generally considered a permanent use of the resource.
23
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I Reference: Personal Communication, 1996b, Martha Torrez, Rural Utility Service, U.S.
2 Department of Agriculture, and Barbara J. Graves, John Hart and Associates,
3 P.A., June 4, 1996.
4
5
6 Conversation Notes:
7
8 Barbara J. Graves, of John Hart and Associates, P.A., communicated by telephone with

9 Martha Torrez, Rural Utility Service, U.S. Department of Agriculture, on June 4, 1996. The
10 purpose of the conversation was to discuss the funding period for development of rural water
11I supplies.
12
13 Ms. Torrez stated that loan periods for funding of new water supplies are generally 40 years in
14 duration. Prior to loan approval, appropriation and water rights issues must be resolved by the

15 loan applicant with the State Engineer.
16

I~ /A
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1 Reference: Personal Communication, 1996c, Ron G. Richardson, Westinghouse Electric
2 Corporation, Carlsbad, New Mexico, and William A. Trippet 11, John Hart and
3 Associates, P.A., January 8, 1996.
4
5
6 Meeting Notes:
7
8 William A. Trippet 11, of John Hart and Associates, P.A., met with Mr. Ron Richardson of the
9 Westinghouse Waste Isolation Division at the WIPP site on January 8, 1996. The purpose of

10 the meeting was to obtain data from the wells WQSP-6a, H-2a, H-3b1I, H-5c, and H-6c. The
I1I following discussions occurred in the meeting:
12
13 *WQSP-6a was completed in the Dewey Lake Formation. It was sampled on July 13,
14 1995; the concentration of TDS was measured at 11,000 milligrams per liter. The well,
15 reportedly, had a fairly good pumping rate; INTERA Inc. has recently conducted a pump
16 test and is now in the process of reducing the data.
17
18 *Well H-2a has a TDS that is variable, but generally over 10,000 milligrams per liter. Mr.
19 Richardson said that the pumping rate ranges between 15 and 20 gallons per hour. This is
20 equivalent to 0.25 to 0.33 gallons per minute. If the well has a purge rate of 15 to 20
21 gallons per hour, the production rate to supply water over an extended period (that is,
22 years) would be less than the purge rate
23 'Aope~~heMgna he ae a24 *H-3b1IetirpeiUteMaet.We ae a co1tIVA for analysis, the well
25 discharge rate was approximately 0.5 gallons per mnte__
26e
27 *Well H-Sc was completed in th Aagenta. Thep 'mping rate for purging was low. The
28 pump test rate was maintaine approximatel 0.23 gallons per minute (Sandia National
29 Laboratories 1985). It was c hcluded that the Magenta Dolomite Member, at this
30 location, does not meet the USDW quantity criterion of 5 gallons per minute over an
31 extended period.
32
33 *Well H-6c was originally completed in the Culebra Dolomite Member and was
34 recompleted by plugging back into a Magenta water-quality monitoring well. The well
35 was last sampled on May 2, 199 1, and the TDS value was 4,800 milligrams per liter. The
36 substantial purging rate for this well was 27 gallons per hour or 0.45 gallons per minute.
37 It was concluded that the Magenta Dolomite Member, at this location, does not meet the
38 USDW quantity criterion of 5 gallons per minute over an extended period.
39
40 The H-4c well, which was completed as a Magenta water-quality monitoring well, was not
41 discussed. Report DOEIWIPP 92-007 indicates that the TDS varied from 22,660 to 24,720
42 milligrams per liter at the 95% confidence level. It was concluded that the Magenta Dolomite
43 Member, at this location, would not meet the USDW quality criterion of less than 10,000
44 milligrams per liter TDS.
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1 Reference: Personal Communication, 1996d, Ron G. Richardson, Westinghouse Electric
2 Corporation, Carlsbad, New Mexico, and Barbara Graves, John Hart and

3 Associates, P.A., June 6, 1996.
4
5
6
7 Meeting Notes:
8
9 Barbara J. Graves, of John Hart and Associates, P.A., met with Mr. Ron Richardson of the

10 Westinghouse Waste Isolation Division at the WIPP site on June 6, 1996. The purpose of the

11I meeting was to obtain data regarding the WQSP.
12
13 The following discussions occurred in the meeting:
14
15 According to Ron Richardson, well WQSP-6a was completed in the Dewey Lake Formation

16 and first sampled on July 13, 1995. The TDS was reported by the laboratory at 11,000

17 milligrams per liter. However, Mr. Richardson found that the reported value is inaccurate,
18 based on the sum of the detected anion and cations in the sample. These data indicate a TDS

19 value of approximately 4,238 milligrams per liter. This is consistent with the sampling results

20 from March 28, 1996, that indicate a TDS concentration of 3,920 milligrams per liter.
21
22 WQSP-6a reportedly had a fairly substantial pumping rate during development. INTERA Inc.

23 recently conducted a pump test and is currently reducing the data. Based on initial

24 information, it appears that the Dewey Lake Formation, at this location, meets the water

25 quality criterion of less than 10,000 milligrams per liter of TDS and may meet the quantity

26 sub-criterion of 5 gallons per minutef. he -weli-s des-igned and used o~w':

27 onitoring wit in e ar ,e excluded from determination

29
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I Reference: Personal Communication, 1996e, Richard L. Beauheim, Sandia National

2 Laboratories, Albuquerque, New Mexico and Barbara Graves, John Hart
3 and Associates, P.A., July 17, 1996.
4
5
6 Conversation Notes:
7
8 Richard L. Beauheim provided information via telephone to a representative of WIPP who

9 then provided Barbara J. Graves, John Hart and Associates, P.A., with written documentation

10 of the conversation. This communication occurred during a comment resolution meeting held

11 at Sandia National Laboratories Offices, Carlsbad, New Mexico, on July 17, 1996.

12
13 The following information was provided regarding WQSP-6a:
14
15 Transmissivity =400 ft2 /day
16
17 Maintained pump rate - 12 gallon/minute during pump test

18
19 - 4 psi draw down, but fracture production makes interpretation difficult (12, 16,
20 or 20 psi draw down?),
21
22 - 23 ft producing thickness (185 to 207 ft.), and

23
24 - Believes 30 gallon/minute can be sustained.

25
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1 Reference: Personal Communication, 1996f, Kenneth Fresquez, Water Resource
2 Engineering Specialist, State Engineer, Roswell District, and Barbara J.

3 Graves, John Hart and Associates, P.A., July 31, 1996.
4
5
6 Conversation Notes:
7
8 Mr. Fresquez provided the information that the Capitan Basin is included in the Pecos River

9 drainage basin. The basin also includes the following declared groundwater basins: Carlsbad,
10 Roswell, Hondo, Penasco, Fort Sumner, and Upper Pecos (New Mexico State Engineer,

11 1986). The WIPP site lies within the Carlsbad Basin (New Mexico State Engineer 1995).
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The following appendices are included in the application: C 6 =A-

Appendix Description
H Numerous borehole. have beew drilled around the WIPP site for characterization purposes and for monitoring Thefeinclude hole, for geological, hydrological, potash and soil investigations. Information and data Emus many of these hole./ were used in the preparation of Chapter 2.0. A comipendium of these holes, along with manmiary physical and geological

informpation is provided in Appendix BH. In addition, reference tables for non-WTPP hole. (such ws oil wells) that have
________been used in both site and relfonal studies by Various investiatort; are provided in Anpeadix BH.

MIC Tids appendix includes the DOE's plans for active intitutional controls that will be used inisnediately following facilityclosure. The appendix provides the rationale for the desgn and the details of the various meaisures that the DOE intends
to take for active institutional control. Active institutional controls are summarized in Section 7. 1.

DThe CAO QAPD requires that the WIPP participants underg independent QA ssesments (audits and surveilianoes) toawnr compliance to the requiremnts of NQA-l, NQA.2. Paut 2.7. and NQA-3. T'his appendix documnents audits andsurveillances conducted recently that were not included in Capter 5.0 directly.

A backfill consisting of MgO has been defined for the WIPP faclity as an engineered barrier. It substantially delays themovement of radionuclides by limiting their solubility. Its configuration is defined in Chapter 3.0. This appendix
contains background information on its purpose and distribution. Backfill fulfills the requrement for implementing the~ concept of multiple barriers in Section 7.4.

13: Ok The Biennial Environmental Compilliance Report is required by the WIPP LWA. It summsarizes the DOE's compliance
with aplicable environmental protection standards.

~ The DOE has assembled a database of waste information that serves to define the waste-related parameter values for thepfomnance anssent. These data are tabulated in Chapter 4.0. T'his database covers existing waste and estmates offuture waste. The most-recent version of this database is in this appendix. 
(4

BRAGFLO BRAGFLO estimates brine and gas flow everywhere within the controlled area and beyond fromn the Castile to thesurface. Conceptual models implemented in BRAGFLO are discussed in Section 6.4. BRAGFLO couples the flow ofbrine and gas to other important repository processes such as creep closure and gas generation. The resuling brine-
_________phase. transient flow fields are used by NUT~S to simulate radionuclide transport in these flow fields.

CCDFGF CCDFGF is used to calculate and present statistical performance assesurnent results. CCDFGF scales BRAGFLO) andSECOTP2D results to match radionuclide outputs calculated by NMI' and PANEL It combines all the calculatedrelease data to simulate miany different repository histories, generating random sequences of future events, calculating theprobabilities associated with those random sequences, and preparing the data required to produce the CCDF plots that~~ summarize the WIPP's predicted performnce as presented in Section 6.5.

CtI.~- ~ Appendix CU is a technical study that was performed to determine climate changes in the recent past as a meams ofanticipating further changes in the next 10,000 years. Climate variation is modele as described in Section 6.4.9 and
___________ Appendix MASS.

~ CODELINK This appendix presents overviews of and backgrounds for (1) the principal codes, and (2) the principal code-linkagesequences that support the 1996 performance assessment as reported in Chapter 6.0. Detailed user's manuals, one foreach performance assessment code, have been compiled and archived as part of the QA procedure for the performance
_________ assessment. and functional descriptions of each modeling code are included elsewhere as appenices.

- - CUTT'INGS This appenidi describes the CUlTINGS_S code. This code estimates the direct removal of radionuclides from therepository as the result of penetration by a borehole inadvertently drilled into the disposal system at some time in thefuture. The word direct refers to the fact that CUYTTNGSS releases to the surface occur at the time of dilling, The
_________conceptual models for direct release are discussed in Section 6.4.7.

'b~pThe DOE has prepared an initial decommissioning and decontamination (D&D) plan for the facility. T'his plan is in thisappendix A finl plan will be prepared just prior to final closure and will reflect the condition of the facility at the timeof closure. Documents and regulations applicable to D&D are included in tis appendix This activity precedes active~jinstitutional controls as discussed in Section 7. 1.1

dissolution of salt. This appendix summarizes those investigations and the conclusions reached as the result This
________ supplements the summary informnation in Chapter 2.0.1



Appendix Description
DEL The DOE has compiled information regarding drilling in the Delaware Basi. Thi appendix includes a walmary ofcurrent drilling practices, current well-plugging practices, presents an inventory of deep and shallow wells and proposesassumptions for the inadvertent human intrusion scenarios in the performnance assesnei Thes dat we used in the

________ erformnance assessment. Section 6.4 contains the conceptual model of drilling&

DMP This appendix contains the Delaware Basin drilling activity surveillance program as described in Section 7.2. Thlisprogram will focus on those drilling activities whose changes over time may impact the disposal system. These may__________ ,xWude drillinit rates. drill diameters, and borehole niusinit Practices.

The Desien Validation Report discusses the analysis used in the design of the disposa system
The DOE performed a study of engineered barriers in accordance with the criteia.i 40 CFR Part 194. Thie final reportof this study is contained i this appendix This study was peer reviewed and those results are suniuarized in Capkte 9.0

________and Appendix PEER. T'his supports the c-oncept of multiple barriers in Section 7.4.
The WiPP Envirornental Monitoring Plan (EMP) is included in Appendix EM?. It describes the ongoing enviroeain"asampling activities at the WIPP. Results are reported annually. T1he EMP encompasses all possible eavirownentalpathways along which humasm may be exposed to radionuclides. Media sampled include giroundwater, surface was"r.soil air, airbone paalicuWae penetrating radiation, vegetation and other biota. The EMP is relevant to the backgoumd

________ enviromna conditions discussed in Chapter 2.0.

EPIC This appendix provides the DOE's rationale for taking credit for 700 years of passive institutional ontrols in thecalculation of the peirformance of the disposal system. 7his mearis that the likelihood of an inadvertent intrusion duringthis period of time is significantly diminished by active and passive intitutional controls. This appendix supports the
________ discussion of passive institutional controls in Section 7.3.

~ Thie WIPP shafts provided an excellent opportunity to study the sediments and evaporites at the WIPP site. This reportprovides in-depth interpretations of the geological evidence in the safts and proposes depositional theories for the rocksc ~of the site revion. This report is the source of som of the detailed litholosticall information in Chapter 2.0.
Much of Chapter 2.0 was prepared based on the 1978 Geological Characterization Report prepared by Sandia NationalLaboratories (SNL) as a summary of the investigations performed for the WIPP. It includes a sunmmary of workperformed in the area by numerous other scientists as well as specific studies funded by the federal govermentspecifically for selecting a radioactive waste disposal facility site. Thie basic geological featues such as stratigraphy,lithology, geomorphology, physiography are established in this report Discussions of regional features such as\ dissolution and deformation are included; however, conclusions regarding many of these features are reserved for laterstudies (see, for example. Appendices SUM and DEFl.

G T1his appendix contains the code manuals for the nurnercaj codes used to calculate Uhe doses to human receptors as theresult of releases to the accessible environment

C This appendix contains the geotechnical surveillance program that the DOE currently operates at the WIPP site and plansto continue to operate as part of the preclosure monitoring system as discussed in Section 7.2. The program will focus onobservations of excavation effects such as creep closure and stresses that are useful I n detecting deviafions in expectationsfor near-term disturbed rock zone developmenL7 7i apedxcnan h groundwater srelacpogmththeDOE cunlyoperates at hWPP site and plans
/ will focus on those characteristics of the Culebra, Magenta Member of the Rustler, and Dewey Lake whose changes over_____ timemay be diagnsicof changes inthe disoa sysem. These include watersalinit and water levels.

DRO The USGS performned investigations and offered interpretations of the hydrological regime in the region around the WIPPsite. Much of the subsequent hydrological testing and modeling are the results of the initial observations reported inAppendix HYDRO. Significant portions of the hydrological data in Chapter 2.0 ame derived from this report.

T1his appendix supports the discussion in Section 7.5 and documents that the DOE considered natural resources and theirimpact during site selection and characterization. This discussion, along with the analysis of disposal systemperformance in Chapter 6.0, shows that the favorable features of the WIPP compensate for any increased risk fromn the
Presence of resources.

IRES T"his appendix contains intermediate results calculated during the performance assessment including L-atin hypercubesamplinig (LHS) output for each of the three replicates, time dependent shaft-seal peimeabilities used in BRAGFLO, andactinide concentrations as discussed in Chapter 6.0.

MASS Numerous modeling assumptions are used to simplify the calculations when such simplifications are justified. Thisappendix discusses the major modeling assumptions that are used in the WIPP performance asseassment and attachesappropriate supportive information. Numerous references to Appendix MASS occur in Chapter 6.0. The appendix also___I__ discusses some alterniative approaches that were considered by the DOE in develoving th concetuall model. I



Appendix Description
MON The DOE has conducted an analysis of the significant perfomancesessment paraneters to determine wictii, if any, arecandidates for monitoring. This analysis is included in this appendix along with the details of bow the DOE has aetected

the parameters that will be subject to monitoring and the rationale for the monitoring methods that are planned as
________ discussed in Section 7.2.

NUTS NMT is a radioisotope transport code thai is used for the analysis in Chapter 6.0. Its principal capabilities are (1) todecay the inventory, using Bateman's equations, and (2) to tranisport radionuclide through porous or fractured media.
_________ NUIS is capable of resolving and tracking many individual radioisotopes.

PANEL PANEL is a radionuclide mobilization and decay code that is used for the analysis, (inCapter 6.0. Its principal funatiomsare (1) to decay the inventory, using Batseman's equiations, and (2) to use the decayed inventory together with therepository brine volume and outflow rate, and the dissolved and colloidal actinide source terms, to esimsate the quanitity
__________ of all modeled radionuclides that are transorte uo the intnsion borehole.

PAR ~Specific paramieters are identified in Section 6.4 as necessary to describe the geological sysemn the h)*dological systmn
engineered systems, and the waste for the purposes ofunumerical modeling. The parameter values, luieed as either rangesor constants. are included in Appendix PAI. Paramete values in Appendix PAR go directy into the peirformance
assessment

Chapter 3.0 discusses the closur of filled waste panels. This appendix contains the design of the Panel Closur Systemnthat will be used to close waste panels after they are filled. Ti's closure contaius conventional cement and block7 components to ensure that ventilation air will not enter a closed panel, thereby limiting the amount of volaie organic
cmonsthat may be in the mine air at any gven time.

Th is appendix includes the details of the peer reviews that are discussed in Chapter 9.0. Included are the results of the
r<," peer panels deliberations, conitnents, and DOE responses.

PIC This appendix contains the DOE's design for passive institutional controls as discussed in Section 7.3. This
involves a defense in depth approach that includes monuments, markers, records and arc-hives in addition to

__________ continued federal control of the land. The details of the designs and messages to be used are provided.

PORSURF Creep closure of the excavation and the presence of either brine or gas in the waste disposal region bothinfluence the time-dependent changes in void volume in the waste disposal region. In order to vary them in

~~ DOE contractors, specifically Westinghouse Electric Corporation and SNL, have prepared QAPDs that are
- ~tiered to the CAO's QAPD. All three are provided in this appendix. The QAPDs are an integral part of the

7. .. ~Quality Assurance Program described in Chapter 5.0.

P The first three years of environmenta sampling that were conducted at the WIPP site were designed toXR compile the radiological baseline described in Chapter 2.0 against which future sampling will be compared.
These comparisons will allow the DOE to identify instances where the environmental conditions are
deteriorating. The DOE investigates all deteriorating environmental conditions to determine if WIPP
activities are the cause. Mitigative actions can be taken based on ongoing observations to ensure no

___________ irreparable damage results from WIPP activities.

SA The final step in a Monte Carlo study is sensitivity analysis, which provides information about the senisitivity
of the modeling system to uncertainty in specific input parameters. Appendix SA is the sensitivity analysis

___________ for the performance assessment described in Chapter 6.0.

SCR The natural FEPs that have been identified for the WIPP site region and are discussed in Chapter 2.0 are
screened for inclusion in the performance analysis. Appendix SCR documents the screening process and

____________ decisions.

S Aý/ The final design for repository seals is described in Chapter 3.0. This appendix provides the details of the
'. design, including component descriptions, performance predictions, and materials selections. Seal

/ parameters are an input to Chapter 6.0. The seal conceptual model is discussed in Section 6.4.4.



Appendix Description
SECOFL2D The SECOFL2D code calculates a groundwater flow field. The two-dinmnsionaj groundwater nlow is

governed by Darcy's L.aw. Different hydrological transmissivities are specified in the code for every nodethroughout the region because they vary from node to node. Direct measurements of Culebra
transmjssivjties exist at a number of locations throughout the WIPP region. The DOE used those data togenerate an ensemble of fields that define transmissivity values at each node in the computationall domain.

SECOTP2D For each flow field, SECOTP2D) (1) combines the flow results with material and transport parameters thataffect radionuclide transport in the Culebra, (2) calculates the concentration of radionuclides everywhere inthe local domain as a function of time, and (3) calculates the integrated discharge across user-defined
boundaries. The conceptual model implemented by SECOTP2D3 for the performance assessment is
discussed in Section 6.4.61.

R The DOE reports environmental conditions at the W PP and in the vicinity as far away as Hobbs and

measurements made during 1995, is included as Appendix SER to augment the summary background
__________environmental conditions in Chapter 2.-0.

SMEP This appendix contains the subsidence surveillance program that the DOE plans to operate as thepostelosure monitoring system as discussed in Section 7.2. This program monitors subsidence.
Subsidence predictions will be compared to actual measurements to investigate any potential deviations that

___________may indicate a change in repository performance.

~ SOT ERM This appendix describes the actinide source term for the WIPP performance calculations in Chapter 6.0.The source term is defined by the sum of dissolved actinide species and mobile colloidal actinide species.
Appendix SOTERM establishes the mobile concentration of actinides that may be released from the
repository in brine.

UNI Following the final selection of the site in 1980 and a review by the NAS and the EEG, numerous additionalstudies were identified to resolve specific site-related issues. These included regional studies, site studies,
and underground tests. These were, for the most part, to a point of completion in 1988 that the DOE couldpreparesa summary of the findings and offer revised interpretations of geological relationships. Theseresults were definitive in developing conceptual models for the FEPs that were expected to act on the WIPP

__________ disposalsystemn. This report is the source of some of the detailed information in Chapter 2.0.
TFIELD GRASP-N4V is used outside of the performance assessment. It generates a field of transmissivities in theCulebra for a regional scale for each of the n input vectors. The conceptual model implemented by these

codes for the performance assessment is described in Section 6.4.6.2.

USDW The criteria in 40 CER Part 194 mandate a map showing the location of any underground source ofdrinking water within the vicinity of the controlled area as discussed in Chapter 8.0. This appendix includesan analysis of the available groundwater information and concludes, based on limited information, that thereare three possible underground sources of drinking water near the WIPP controlled area. One is in the\~ x Dewey Lake Redbeds, another is in the Santa Rosa Formation, and the other is in the Culebra Member of
the Rustler Formation.

V This appendix describes the volatile organic compound confirmatory monitoring plan that will be used toV evaluate the efficacy of panel closures. The DOE believes that these measurements may provide
-information regarding the gas generation process and creep closure processes in closed panels as discussed

[in Section 7.2.4 7 / The DOE has prepared a comprehensive plan for determining the physical and chemical characteristics ofthe waste as required by the RCRA. This plan (referred to as the Waste Analysis Plan or WAP) specifiesacceptable sampling and analysis techniques and establishes data quality objectives for characterization. Inaddition, it defines the methodology for collecting and using acceptable knowledge in the characterization
~ process.

WCA The certification criteria state that the DOE shall perform an analysis of the TRU waste to determine thecomponents that are important to disposal system performance. This analysis, which supports the
Idescription of waste components in Chapter 4.0 is presented in this appendix.


